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PEPTIDES

The present invention relates to variants of parathyroid hormene
(PTH), a process for their production, pharmaceutical
preparations comprising them and their use as a pharmacéutical.

The term "PTH" as used herein refers to any genetically encoded
form of parathyroid hormone, including the mature form containing
84 amino acids of a given vertebrate PTH species, e.g human,
porcine, rat, bovine, chicken, and fragments thereof as well as
analogues and derivatives thereof having PTH-like activity. The
position of each amino acid involved in the PTH sequence is
nunbered according to the internationally accepted procedure. For
consistency and as is conventicnal, in the following description,
the same numbering system will be applied to the amino acids of
the PTH sequence independently of the substitution pattern in the
molecule.

More particularly, the present invention provides a PTH campound having

PTH-1like activity and comprising at least one modification, said modi-

fication being either

1. at least one radical selected from a L~ or D-e-amino acid,
C,-galcoxycarbonyl and optionally substituted C;-galkyl, Cz-galkenyl,
C2-galkynyl, aralkyl, aralkenyl or C3.gcycloalkyl-C;-_s4alkyl and
attached to the terminal amino group of the PTH compound, and/or at
least one radical selected from C;_galcoxycarbonyl and optionally
substituted C;.galkyl, C,.galkenyl, C,_.galkynyl, aralkyl, aralkenyl

This Sheel Has Been Replaced

MR

AN



T -

ANALOGS OF PTH The present invention relates to variants of parathyroid
hornone (PTH), a process for their production, pharmaceutical preparations
conprising themand their use as a pharmaceuti cal .

-8 - Case 100-7908

the alkyl, alkenyl, aralkyl, aralkenyl or cycloalkylalkyl group
are hydroxy, amino and for the aryl moiety also halogen and/or
Ci-galkoxy. The alkyl group or alkyl moiety may be linear or
branched and optionally interrupted by O, § or N. Preferably any
Ci-galkyl, Co_galkenyl, aralkyl, aralkenyl or
C3-gcycloalkyl=C;-salkyl on the amino group of a PTH compound, is
non-substituted. Examples for C;.galkyl are C;.galkyl,
preferably methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
t.-butyl; for C,_galkenyl, C,_galkenyl, preferably allyl; for
C,-galkynyl, C,_galkynyl, preferably prop-2-ynyl: for aralkyl,
phenyl or benzyl; for aralkenyl, styryl; for Cz_gcyclo-
alkyl-Ci-4alkyl, cyclohexyl-methyl. Cs.galkoxycarbonyl is
preferably formyl or acetyl. Suitable examples of D~ or L-g-amino
acids attached to the N~terminus include e.g. D- or L- Pro, Ala.
Preferred substituents when present are alkyl, alkynyl, alcoxy-
carbonyl or a D- or L-e-amino acid attached to the N-terminus of
the PTH compound and/or at least one alkyl or alkoxycarbonyl
attached to one or more side chain amino groups.

Preferred PTH compounds of the invention are those comprising at
least one amino acid unit replaced in one of the following
positions of the PTH sequence: 1, 2, 3, 8-11, 13 to 19, 21, 22,
29 to 34, particularly 8-11, 16-19, 33 and/or 34. Further
preferred PTH compounds of the invention are those comprising
more than one amino acid unit replaced, particularly more than
two amino acid units, more particularly more than three amino
acid units, especially from 5 to 7 amino acid units replaced,
preferably at any combination of the above mentioned positions of
- the PTH sequence.

In a series of specific or alternative embodiments, the present
invention provides a PTH compound as disclosed above wherein in
particular the a~amino acids in positions 1 and 2 at the amino

terminus of the PTH sequence are replaced by a pseudo-dipeptide.
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Compounds of this type are well-known, e.g., see WD 9211286. The term
"PTH' as used herein refers to any genetically encoded form of parathyroid
hor mone, including the mature form containing 84 am no acids of a given
vertebrate PTH species, e.g human, porc ne, rat, bovicigs 1ghLfdegn, and
fragnents thereof as well as anal ogues and derivatives thereof having
PTH-1i ke activity. The position of each amno acid involved in the PTH
sequence i s nunbered according to the internationally accepted procedure:

For consistency and as is conventional, in the follow ng description, the
sanme nunbering systemw || be applied to the am no acids of the PTH
sequence The term "pseudo-dipeptide"™ as used herein refers to a dipeptide

isostere in which the peptide bond between the 2 amino acid
residues, whether natural or unnatural, is replaced with any
isosteric group, e.g. -CH;-NH-, -C(Halogen)=CH- or -C(alkyl)=CH-,

Examples of compounds of the invention wherein the e-amino acids
in positions 1 and 2 are replaced by a pseudo~dipeptide include
e.g compounds of formula I

X - Py I
wherein
X is a residue of formula (a)

v
|
Z-N-CH~-C=CH - CH - CO- (a)
| | ]
yAd W b
or (b)
Y, A
I ] '
2-N - T - CH, - N - CH - CO- (b)
I [
2’ Y, Y’

wherein each of 2 and 2/, independently) is H; optionally
substituted Cy_galkyl, Cp.galkenyl, aralkyl, aralkenyl or
Ci-gCycloalkyl-C;-4alkyl; or a protecting group, at most
one of Z and Z’ being a protecting group,

Z'' is H, Cj-galkyl or a protecting group

each of Y and Y’, independently, is an oﬁtionally protec~
ted side chain of a natural or unnatural e-amino acid,
one of Y, and Yy, is hydrogen and the other is an
optionally protected side chain of a natural or unnatural
aw-amino acid or Y, and Y, form together with the carbon
atom to which they are attached a Ciz-gcycloalkyl group,

e

—
Replaced

“i\i\\\\\\\\\\\\\\\\\\\\x




I ndependently of the substitution pattern in the nol ecul e. Mor e
particularly, the present invention provides a PTH conpound having PTH1i ke

activity of formula 1

Ser-Val -Ser-GQ@ u-Ile-Gn-Leu-Rerr]-Hs-glerr]-Rerr]- < [ Hi s-Leu-R e
rr]-Rlerr]-Rerr]-Rerr]-Arg-Val -G u-Tr}:'?[Leu- Eade 06 'fgba
Arg-Rerr]-Lys-Leu-d n-Asp-Val-H s-Rerr]-Rerr]-(Rerr]-X

and
W is halogen or Cj.-salkyl,
or W and Y’ together with the moiety —C=CH-CH-

to which they are attached, form an optionally substituted
aromatic cyclic or heterocyclic residue, and

P; is a PTH sequence, as defined above, in which amino acid units
in positions 1 and 2 of the N-terminus are omitted,
in free form or in salt or complex form.

In compounds of formula I, P; may be a fragment (3-z) of PTH
wherein z is 84 or an integer from 27 to 38, preferably from 34
to 38, particularly 34, 36, 37 or 38, especially 34 or 36. The
PTH sequence represented by P; may correspond either to a
naturally occurring PTH sequence, or to a naturally occurring PTH
sequence'wherein at least one e-amino acid unit has been replaced
by a natural or unnatural amino acid optionally in protected form
and/or one or more a-amino acid units are also omitted. P; may
also comprise at least one side chain amino group substituted as
disclosed above.

Halogen is preferably fluorine or chlorine.
In the residue of formula (a), the double bond has preferably the
configuration trans (E).

As residue attaching to the a-carbon atom of a natural e-amino
acid, Y, ¥', Y, or Y, may be the side chain present in a natural
ae-amino acid as listed above, e.g. as present in Gly (i.e. H),
Ala, Val, Ser, Leu, Ile, Phe, Trp. ¥, Y’, ¥, or Y, may also be
the residue attaching to the a-carbon atom of an unnatural
ao-amino acid as indicated above, e.g. as present in Nva, Orn,
aAbu, Aib, Nle. If the side chain of the natural or unnatural
amino acids as ¥, Y', Y, or ¥y includes heteroatoms such as 0, S
or N, the hetercatoms on the side chain may optionally be pro-

S

. This Sheet Has Been Replaced

AR



wherein Rlerr] is Met or Leu; R2is Asn, Asp, Ay, Gn, GQu, H's, Ser, Thr

or Tyr;

- Asn,
d n,

R3
-Trp,

Is Leu or Lys; - R4 is Lys or D or L-Ala, -Cys, -dAn, -lle,
-Asp, -val, -Thr, -Ser, -Tyr, -Met, -Leu or -Ay; R5 is Asn

DAdn or D or L-Lys, -Ser. -Leuli-Ala or -Ay;case 100-7908

tected with an 0-, S- or N-protecting group, e.g. as indicated
above.

Protecting groups as Z or Z’ or Z" may be as disclosed above.
Ci-palkyl as Z or 2’ or 2" may be as indicated above.

Preferably Z or Z’ is hydrogen or Cj-salkyl, particularly
hydrogen or methyl.

Preferably Y is H or CHs.
When W is C;-g4alkyl, it is preferably CHj.

When W and Y' together with the moiety to which they are attached
form an optionally substituted aromatic cyclic or heterocyclic
residue, it may be an aromatic 5- or 6-membered cyclic residue
comprising optionally 1 or 2 hetercatoms selected from N, S

and 0, e.g. phenyl, imidazolyl, pyridyl, oxazolyl or thiazolyl.

A preferred substituent is hydroxy or methoxy, particularly for
the phenyl ring. |

Y’ is preferably H, CH3, isopropyl or benzyl.
When Z" is Cj;-galkyl, it is preferably CH3, CyHs or isoprdpyl.

Ci-gcycloalkyl as Y, and Y together is preferably cyclopropyl or
cyclopentyl.

When Z" is a protecting group, it is preferably acyl,
particularly acetyl.

In a series of specific and alternative embodiments, the present
invention provides a PTH compound as disclosed above wherein the
e-amino acid unit in position 1 and/or the a-amino acid unit in

e

et Has Been Replaced

\\\l\!\\ \\\l\\ |



R6 is Ser Asp, Ala. Qu, Gn, Phe, H's; Ile or Lys; Rerr] is Gl nR8is
GQu, Arg, Ala. Val, Tyr, Ser, Lys, Met, Hs, Gy, Pro, Asn or lle; RO is
Lys, d n or Arg; Rerr] is Asn, Thr, D-Thr or D or L-Ser, -Leu, -Qy,

-@n, -Arg, -Pro, -Asp, -lle or -Lys; -Rzcr] is Phe @r‘as@dl@g ﬂogrr] s Val,
Val -Ala, Val-Ala-Leu or Val-Ala-Leu-G@y; nis 0 or 1

position 2 of the N-terminus of the PTH sequence is replaced by
an optionally protected natural or unnatural amino acid residue,
provided that

when the PTH compound is free from D- or L-m-amino acid attached
to the N-terminus or from C;.galkoxycarbonyl or optionally
substituted C;.galkyl, Co-galkenyl, C,_galkynyl, aralkyl,
aralkenyl or Ca.gcycloalkyl-C;-4alkyl, it is other than a PTH
compound having a naturally occurring e-amino acid sequence;

or the PTH compound is other than PTH(1-34) wherein

i. the g-amino acid in position 1 is Aib, Gly, D-Ser, D-Ala
or Tyr; or

ii. the a=-amino acid in position 2 is Ala, D-Val, Lys, Cit or
Arg and the c-amino acid in position 34 is Tyr; or the
a-amino acid in position 2 is D-Val and the e-amino acid
in position 34 is D-Tyr and optionally the e-amino acids
in positions 8 and 18 are each Nle; or

iii. the a-amino acid in position 1 is Aib and at least one
further a-amino acid unit has been replaced as follows:
the n-amino acid in posipion 8 and/or 18 is Leu, Ile,
Val, Phe or Trp, and/or the a-amino acid in position 11
is Ser, Lys, Phe, p-Nal, Trp or Tyr, and/or the a=-amino
acid in position 12 is D-Leu, D-Ile, D-Nlg, D-Val, D-Ser,
D-Ser (Butyl), D-Abu, D-Thr, D-Nva, D-Met, D-§-Nal, D-Trp,
D-Lys, D-Tyr, D-Lys(Fmoc), D-Phe or D-Asn, and/or the
-a-amino acid in position 13 is Leu, and/or the a-amino
acid in position 19 and/or in position 21 is Arg, Lys,
Asn or His, and/or the a-aminc acid in position 23 is
2-(1,3~dithiolane-2-yl) Trp, and/or the e-amino acid in
position 25 and/or in position 26 is His, and/or the
a-amino acid in position 27 is Gln or Leu,

R

Been Replaced

"“‘\’\ii‘\\\i\\\\\\\\\\\\\\\\\



- 13 - Case 100-7908

or the PTH compound is other than PTH(1-84) wherein

i, the a-amino acid in position 1 is Tyr, Val, Pro, Asp or
Cys; or

ii. the e-amino acid in position 2 is Ala, Glu, Leu, Ser or
Arg. '

Examples of compounds of the invention wherein the a-amino acids
in position 1 and/or in position 2 are replaced as indicated
above include e.g compounds of formula II

X1a = Y24 = P2 II
wherein
X;a is a residue of an optionally protected natural a-amino acid
or a residue of formula (IIa)

Ry
[
Z,-N -[C], - CO - {IIa)
I |
z'a Rz

wherein

each of Z, and 2’,, independently, is H, Ci-galkyl or a

protecting group, at most one of Z; and Z’, being a

protecting group, and either n is 1 and

i. each of R; and Ry, independently, is Cj-galkyl, or

ii. one of Ry and R; is methyl or ethyl and the other is
an optionally protected residue attaching to the
e-carbon atom of a natural e-amino acid other than
Ala, Leu, Ile or Val, or

iii.one of R; and Rp; is H, methyl or ethyl and the other
is an optionally protected residue attaching to the
a-carbon atom of an unnatural c-amino acid, or

iv. R; and R; form together with the carbon atom to which
they are attached a Cj-gcycloalkyl group, or
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-2- Xis OH ORerr] NHerr] or NRerr]Rerr] wherein Rerr] is
Cerr]al kyl, one of Rlerr] and R err] is Hand the other is (err]alkyl,

t he conpound optionally conprising at | east one radical selected froma L-
or D-[err]-amino acid, (Jerr]. [err]akkpxy-carbonyl amds@pipporalgl y
substituted CJerr] alkyl, Clerr]al kenyl, Cferr] al kynyl, aral kyl, aral kenyl
or (Jerr]

v. the residue Z, - répresents a heterocyclic

K )X}
!

N
|
77

a K2

residue optionally condensed to a benzene ring,
ornis 2, 3, 4 or 5 and each of R; and R, is H or CHj,

Y,, is a residue of an'éptionally protected natural a-amino acid
or a residue of formula (IIb)

. R3
|
-N -[C]ly = CO - {IIb)
| |
Zy Ry

Zp is H or C;_galkyl and either m is 1 and

i. each of R; and R4, independently, is C;-galkyl, or

ii. one of R3 and Ry is methyl or ethyl and the other is
an optionally protected residue attaching to the
a-carbon atom of a natural a-amino acid other than
Ala, Leu, Ile or Val, or

iii.one of R3 and Ry is H, methyl or ethyl and the other
is an optionally protected residue attaching to the
ae-carbon atom of an unnatural e-amino acid,

ormis 2, 3, 4 or 5 and each of R; and Ry is H or CHj,

and

Py is as defined above.

Ry
When the residue 2, - N - T - is a heterocyclic residue
2'a Ry
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cycloal kyl-Clerr]al kyl and attached to its term nal am no group, and/or
t he conpound optionally conprising at | east one radical selected from
d err] al koxycar bonyl and optionally substituted Cerr]-al kyl,

(err]alkenyl, Clerr]al kynyl, aralkyl, jaralkenyl or czse 100-7908 | _
(err]cycloal kyl -C[ err] al kyl attached to one or nore side chain am no
groups of the conpound, in free formor in salt or conplex form

optionally condensed to a benzene ring, it may be a residue
derived from a saturated or unsaturated 5- or 6-membered
"heterocycle comprising one or more heteroatoms selected from N, O
and S. Examples of such heterocyclic residues include e.q.
2-pyridyl, 3-morpholinyl, hexahydropyridazinyl, 2- or 3-indolyl.

When n or m is > 1, the moiety CRjR; or CR3R; may be
-CH(CH3) ~CH;-, propyl, butyl or pentyl.

Ci-gcycloalkyl as Ry and Ry together is preferably cyclopropyl or
cyclopentyl.

as reéidue attaching to the a-carbon atom of a natural a-amino
acid, Ry, Ry, Ry or Ry may be the side chain present in a natural
e-amino acid as listed above, e.g. as present in Gly, Ser or Thr.
One of R; and R, or one of R3; and Ry may be methyl or ethyl and
the other may be CH3, isopropyl, isobutyl or CH3-CH,~CH(CH3)-.
Ri, Rz, R3 or Ry may also be the residue attaching to the
a-carbon atom of an unnatural a-amino acid as indicated above,
e.g. as present in Abu, Gaba, Nva, Aib, TMSA or Nle. If the side
chain of the natural or unnatural amino acids as Ry, Rz, R3z or Ry
includes heteroatoms such as O, S or N, the heteroatoms on the
side chain may optionally be protected with an 0-, S- or
N-protecting group, e.g. as indicated above. Protecting group as
Za 6r 2', may be as disclosed above. Cj_galkyl as Zy is
preferably methyl or ethyl. Preferably Z, is H. Cj-galkyl as Z,
or Z’, is preferably straight chain or branched C;.4alkyl.
Preferably one of Z, and Z', is H and the other is H, C;_szalkyl
or a protecting group, particularly H.

In a further or alternative embodiment, the present invention
also provides a PTH compound as disclosed above wherein the
g-amino acid unit in position 8 and/or the e=-amino acid unit in
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Herei nafter, these conmpounds will be referred to as conmpounds of the

I nventi on. "Natural am no acids" refer to those well known in the art.
They are listed and standard abbrevi ati ons are provided in the

US P.T.O publication, Trademark O fici@l- Gazette. puwaké Shed7d@y 15, 1990,
P. 33 at 46. These ami no acids and abbreviations are specifically

I ncorporated herein by reference.

position 18 is replaced by an optionally protected natural or
unnatural amino acid residue, provided that

wﬁen the PTH compound is free from D- or L-z-amino acid attached
to the N-terminus or from C,._galkoxycarbonyl or optionally

. substituted C;-galkyl, Cy_galkenyl, Cy-galkynyl, aralkyl,
aralkenyl or Cs.gcycloalkyl-Ci_4alkyl, it is other than a PTH
compound having a natugally occurring e-amino acid sequence;

or the PTH compound is other than PTH(1-34) wherein

i, the e-amino acids in positions 8 and 18 are each Nle or
each Met (0) and optionally the a-amino acid in position 34
is Tyr; or the e-amino acids in positions 8 and 18 are
each Nle and the a-amino acid in position 34 is Tyr and

" either the a-amino acid in position 12 is L~ or D-Pro, L-
or D-Ala, Aib or NMeGly or the a-amino acid in position 23
is Phe, Leu, Nle, Val, Tyr, a-Nal or B-Nal; or the e-amino
acids in positions 8 and 18 are each Nle and the a-amino
acid in position 2 is D-Val and the a=-amino acid in
position 34 is D-Tyr; or

ii. the a-amino acid in position 8 and/or 18 is Leu, Ile, Val,
Phe or Trp and optionally at least one further a-amino
acid unit has been replaced as follows: the a-amino acid
in position 1 is Aib and/or the a-amino acid in position
11 is Ser, Lys, Phe, p-Nal, Trp or Tyr, and/or the a-amino
acid in position 12 is D-Leu, D-Ile, D-Nle, D-Val, D-Ser,
D-Ser (Butyl), D-abu, D-Thr, D-Nva, D-Met, D-f-Nal, D-Trp,
D-Lys, D-Tyr, D-Lys(Fmoc), D-Phe or D-Asn, and/or the
e-amino acid in position 13 is Leu, and/or the a-amino
acid in position 19 and/or in position 21 is Arg, Lys, Asn
or His, and/or the a-amino acid in position 23 is
2-(1,3-dithiolane-2-yl)Trp, and/or the a-amino acid in
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The natural am - no acids are shown bel ow A Al a al ani ne
D Asp aspartic acid E Au glutamc acid
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position 25 and/or in position 26 is His, and/or the
e-amino acid in position 27 is Gln or Leu; or

iii. the a-amino acid in position 8 and/or 18 is Ala or Ser; or
the a-amino acid in position 8 and/or 18 is Leu, and the
o-amino acid in position 34 is Tyr; or

the PTH compound is other than PTH(1-84) wherein
the a~amino acid in position 8 is Met, Met(0), Ala, Val, Leu,
Ile, Ser, Trp, Asn, Gln, Asp, Glu, Lys, Arg, Tyr or Gly and the
e-amino acid in position 18 is Leu; or the a~-amino acid in
position 8 and in position 18 are each Met (0); or the a~amino
acid in position 8 is Leu and the a-amino acid in position 18 is
Met (0); or

the PTH compound is other than [Leul8 Tyr34]hPTH(1 84),
(Leu®, Tyr341hPTH(1-84), [Ile8,Leuls,Tyr34]hPTH(1-84) or
[Leu®, Leul8, Tyr34]hPTH (1-84).

When the a-amino acid unit in position 8 is replaced by an
unnatural amino acid, it may be an unnatural amino acid as
disclosed above e.g. Nva, Nle or Cha. Preferably it is an
unnatural lipophilic amino acid preferably such containing a
straight chain alkyl residue.

Nva (norvaline) and its homologues are particularly preferred.
The unnatural amino acid in position 8 of the PTH sequence may
also be a Ca-methylated or Ca-ethylated natural e-amino acid.

Examples of PTH compounds of the invention wherein the a-amino
acid unit in position 18 is replaced, are e.g. PTH compounds
wherein the a-amino acid residue in position 18 is replaced by a
natural amino acid residue such as Gln, Tyr or Lys, for example
(Glnl8)-PTH, [Lysl8)-PTH and [Tyrl®]-PTH, particularly [Glnl® or
Lysl8 or Tyrl®]-hPTH-(1-x) wherein x is 84 or an integer from 27
to 38, particularly from 34 to 38. Ala in position 18 is also

eet Has Been Replaced
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preferred particularly when the PTH sequence is a {1-36) PTH
fragment. In these compounds, the amino acid in position 8 may be
Met or it may be replaced by an amino acid selected from Leu,
Ile, Val, Phe, Gln, Trp, Ser and Ala or it may be an unnatural
lipophilic amino acid residue, e.g. Nva or Nle.

Another group of such PTH compounds of the invention comprises
e.g. PTH compounds wherein the amino acid residue in position 8
is replaced by an unnatural lipophilic amino acid residue, e.q.
Nle or more preferably Nva. In these compounds the amino acid in
position 18 may be Met or it may be replaced by an amino acid
selected from Leu, Ile, Val, Phe, Trp, Ser, Ala, Gln, Lys or Tyr,
preferably Leu, Gln, Ala or Tyr.

A further group of such PTH compounds of the invention are those
wherein one or more amino acid units in the remaining positions,
e.g. 1to7, 9 to 17 and/or 19 to 38 are either omitted or
replaced in addition to the replacement of the a-amino acid unit
in position 8 and/or 18. 1In such a case, the a-amino acid in
position 8 is preferably replaced by Leu and the e-amino acid in
position 18 by Gln, Leu, Ala or Tyr.

In a yet further or alternative embodiment, the present invention
also provides a PTH compound as disclosed above wherein at least
one of the a¢-amine acid unit of the PTH sequence is replaced by
the e-amino acid unit which is present at the corresponding
position in PTHrP,

provided that

when the PTH compound is free from D- or L-a-amino acid attached
to the N-terminus or from C,.galkoxycarbonyl or optionally
substituted C;_galkyl, C,.galkenyl, C,_galkynyl, aralkyl, aralke-
nyl or Ci_gcycloalkyl-C;-4alkyl, it is other than a PTH compound
having a naturally occurring a-amino acid sequence;
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or the PTH compound is other than PTH(1-34) wherein
i. the «-amino acid in position 8 and/or 18 is Leu:'and/or |
the a=-amino acid in position 11 is Lys; and/or the a-amino
acid in position 19 and/or 21 is Arg; and/or the e-amino
acid in position 25 and/or 26 is His; and/or the a-amino
acid in position 27 is Leu; or
ii. the a-amino acid in position 25 in Gln and/or the a=-amino
acid in position 26 is Asn, the a-amino acid in
position 27 being optionally Leu; or
the PTH compound is other than [Leu8,Leul8]PTH{1-84).

The term "PTHrP" refers to any genetically encoded form of PTHrP,
e.g. human, chicken, rat or mouse PTHrP. For consistency and as
is conventional, in the following description, the same numbering
system will be applied to the amino acids of the PTHrP sequence
starting with Ala in position 1 and comprising e.g. Ala in
position 38.

This group of compounds according to the invention are hybrids
between PTH and the homologous PTHrP sequences (referred to
herein as PTH-rP hybrids). The amino acid sequence wherein the
substitution according to the invention takes place is from
position 1 up to position 38, particularly 1 up to 36, especially
1 up to 34.

Preferred PTH compounds of the invention are PTH~-rP hybrids
wherein more than one a-amino acid unit of the PTH sequence, e.g.
at least 2, preferably from 3 to 5 e-amino acid units, are
replaced according to the invention.

A preferred group of the PTH-rP hybrids according to the
invention comprises PTH compounds wherein at least one e-amino
acid unit of the PTH a-amino acid sequence in positions 8 to 11,
i.e. Met®, His®, Asnl0 or Leull is replaced by the corresponding
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ag~-amino acid unit of the corresponding sequence of PTHrP, i.e.
Leu8, His%, Aspl® or Lysil. The replacement at positions 8
and/or 10 is preferred, particularly at positions 8 and 10. More
preferably the a-amino acids at positions 8, 10 and 11 of said
PTH sequence are replaced by Leu®, Aspl® and Lysll, respectively.

Another preferred group of the PTH-rP hybrids according to the
invention comprises PTH compouﬁds wherein at least one a-amino
acid unit of the PTH a~amino acid sequence in positions 16 to 19
is replaced by the corresponding a-amino acid unit of the
corresponding sequence of PTHrP, i.e. Glnl®, Aspl?, Leul®, Argl$,
Preferably 3 or all 4 a-amino acids of said sequence are
replaced. Particularly preferred are PTH compounds of the
invention wherein the e-amino acid in position 16 is Gln, the
a-amino acid in position 18 is Leu and the e-amino acid in
position 19 is Arg.

A further preferred group of the PTH~rP hybrids according to the
invention comprises PTH compounds wherein at least one a-amino
acid unit of the PTH a-amino acid sequence in positions 33 and 34
is replaced by the corresponding a=-amino acid unit of the
corresponding sequence of PTHrP, i.e. Thr33, Ala34, Preferably
both a-amino acids are replaced.

- Yet further preferred groups of the PTH-rP hybrids according to

the invention are PTH compounds comprising any combination of the
above mentioned a-amino acid substitutions (8-11, 16-19, 33-34),

more preferably a combination of substitutions selected from the

above indicated 8-11 and 33-34 sequences.

As it will be appreciated, in the PTH-rP hybrids according to the
invention one or more c-amino acids in positions 1 up to 38 may
be further replaced by a natural or unnatural amino acid unit as
indicated above or be omitted. In position 10 there may be a
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Y Tyr tyrosi ne By amno acid in protected formis neant a
natural am no acid having e.g. a side chain including an heteroatom such as
0, S or N which can be protected with an 0-, S- or N-protecting group. The

-21 - Case 100-7908

e-amino acid selected from Gly, Gln, Glu, His, Ser, Thr or Tyr.
In position 13 there may be a D-or L-a-amino acid other than Arg,
e.g. Ala, Cys, Gln, Ile, Asn, Trp, Asp, Val, Ser, Thr, Tyr, Met,
Leu or Gly; in position 16 there may be a D- or L-g—-amino acid,
e.qg. Lys, Ser, lLeu, Ala, Gln or Gly; in position 17 Ala or Ser or
preferably an amino acid having a bigger side chain than Ala or
Ser, e.g. Glu, Gln, Phe, His, Ile or Lys; in position 18 Gln or
Tyr; in position 19 Ala, Arg, Val, Tyr, Ser, Lys, Met, His, Gly,
Pro, Asn or Ile; Gln or Arg in position 26; and/or in position 33
a D- or L-a~amino acid e.g. Ser, Thr, Leu, Gly, Gln, Arg, Pro,
Asp, Ile, Lys, or Thr. They also may be substituted on the
N-terminus or on a side chain amino group as indicated above. If
desired, S- or O-containing side chains of the PTH~-rP hybrids of
the invention may also be protected as disclosed above.

Examples of preferred PTH-rP hybrids according to the invention
are [Leu8, Glnl®, Thr33, Ala34]PTH, [Leu®, Alal®, Glnl®, Thr33,
Ala34)PTH, [LeuB, Aspl®, Lysll, AlalS, Glnl8, Thr33, Ala34]PTH,
{Leu®, Aspl9, Lysll, Alal®, Glnl®)PTH, [Leu®, Alalé, GlnlS,
Ala19]PTH, [Leu®, Aspl®, Lysli, Glnl®]PTH, [Leu8, AsplO, Lysll,
Alal®, Glnl®, Alal9)PTH, [Leu®, Alal€, Glnl®, Alal®, Thr33,
Ala34]PTH and [Leu®, Asplf®, Lys!l, Glnl®, Thr33, Ala34]PTH,

Preferred PTH-rP hybrids according to the invention are PTH(1-x')
compounds wherein x’ is an integer from 34 to 38, particularly
34, 36, 37 or 38 especially hPTH(1-x'), wherein one or more
«-amino acids are replaced by the c-amino acid(s) present at the
corresponding position in PTHrP preferably as indicated above. -
When the positions 33 and 34 are replaced by the corresponding
a-amino acid sequence of PTHrP, the PTH compound is preferably a
hPTH fragment comprising 34 «c-amino acid units. PTH-rP hybrids
with carboxy terminus are preferred.

Preferably PTHrP is hPTHrP.
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N-term nus of the PTH conpounds of the invention may also be in protected

form

chain am no groups of amino acid units include such groups as e.g.

disclosed in "Protective Goups in Orgaap e Synt hesi s" Cade 19¢-1@0eene,
J.Wley & Sons NY (1981), 219-287, for exanple acyl such as fornyl,

N-protecting groups as may be present on the N-terminus or side

acetyl,

trifluoroacetyl, nethoxysuccinyl, hydroxysuccinyl or benzoyl optionally
substituted on the phenyl ring with e.g. p-nethoxycarbonyl, p-nethoxy,
p-nitro or p-phenyl sul fonam docarbonyl; al koxycarbonyl such as

t - but yl oxycar bonyl, isobutyl oxycarbonyl or nethoxycarbonyl;

al | yl oxycar borthke ; campounds; of the invention may exist e.g. in free form, salt

form or in the form of complexes thereof. Acid addition salts may

be formed with e.g. organic acids, polymeric acids and inorganic
acids. Such acid addition salt forms include e.g. the hydro-
chlorides and the acetates. Complexes are e.g. formed from the
compound of the invention on addition of inorganic substances,
e.g. inorganic salts or hydroxides such as Ca- and Zn-salts,
and/or an addition of polymeric organic substances.

The present invention also provides a process for the production
of the compounds of the invention. They may be prepared in a
stepwise manner either in solution or using the solid phase
synthesis process or genetic engineering.

The compounds of the invention may be produced for example as
follows:

a) removing at least one protecting group which is present in a
compound of the invention in protected form; or

b) linking together by an amide bond two peptide fragments, the
peptide fragments being such that the desired amino acid

sequence of the desired compound is obtained, and then effec-

ting optionally stage a) of the process,

c) for the production of a PTH compound wherein the a-amino acid
units in positions 1 and 2 at the amino terminus are replaced

by a pseudo-dipeptide, reacting a pseudo-dipeptide in

protected or unprotécted form with a PTH peptide in protected

or unprotected form in which the amino acid residues in
positions 1 and 2 are omitted and if necessary carrying out
process step a); or
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2,2,5,7,8-pent anet hyl - chr oman- 6- sul fonyl ; aryl met hoxycar bonyl such as

9-fl uor enyl net hoxycar bonyl or benzyl oxy carbonyl optionally substituted on
t he phenyl ring with p-nmethoxy, p-nitro, o- or p-chloro, mphenyl or
3,4-dinethyl; arylnethyl such as benzyl23ptionally riggseubstigdgeted with

p- met hoxy, p-nitro or p-chloro; or arylsulfonyl such as phenyl sul f onyl
optionally ring substituted with p-nethyl or p-nethoxy, or naphthyl sul fonyl
optionally ring substituted with e.g. amno or di((err]alkyl)am no.

d) for the production of a PTH compound comprising at least one
radical selected from D- or L-g-amino acid attached to the
N-terminus and C,.galkoxycarbonyl and optionally substituted
Ci-galkyl, Cy-galkenyl, Cp_galkynyl, aralkyl, aralkenyl or
Ci-gcycloalkyl-C;_4alkyl attached to the terminal amino group
and/or to a side chain amino group, introducing such a
radical in a PTH compound in protected or unprotected form
and free from such a radical, and if necessary carrying out
process step a);

and recovering the compodnds thus obtained in free form, in salt
form or in complex form.

Process steps a), b) and ¢) may be effected in analogy with known
methods, e.g. as known in the art of peptide chemistry or as
described in the folldwing examples. Where desired, in these
reactions, protecting groups which are suitable for use in
peptides may be used for functional groups which do not parti-
cipate in the reaction. The term protecting group may also inclu-
de a polymer resin having functional groups.

In process step b), for the production of a PTH compound wherein
the a-amino acid units in positions 1 and 2 at the amino terminus
are replaced by a pseudo-dipeptide, one peptide fragment used as
starting material may comprise the pseudo-dipeptide at its
N-terminus. This starting material may be prepared in accordance
with process step c).

In process step ¢) the pseudo-dipeptide used as starting material
may be a compound of formula IIaa or IIbb

ZZ'N - CHY - CH = CH - CHY" - COOH (IIaa)

e
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O-protecting groups of 0O-containing side chains are e.g. as described in
"The Peptides", 3, (1981), E. G oss and J. Meienhofer (Ed.). For aliphatic
hydroxy functionalities, suitable O-protecting groups are e.g. as disclosed
in the above reference in "Protection-ofg the Hydroxy Gaaindo-oBl Stewart,
169- 201 and include the benzyl, t.-butyl and nethyl groups. For aromatic
hydroxy functionalities, suitable O-protecting groups include the benzyl,
t.-butyl, nethyl, tosyl and benzyl oxycarbonyl groups. O-protecting groups

for carboxy function | €S.,0p ar d Sider chay are mell own ester
groups and describedqéié %¥5ﬂThgb@%ptldes g: 13@?&35 (11C316§§

Protecting Goups"” by R W Roeske) and |nclude the methyl, ethyl, t.-butyl
and benzyl gr%g§emsy{zr20t eptlggdgr%pssz,ogn& I 94e #Qﬁﬂ ek esmpn am no

acid side chains are known 2And 'deScr i’ bed ) Pept I des*, 3, 137-167
("Sul f hydryl @ éwgstional derivative thereof, e.g. ester, acid halide or a’

symetric or asymetric anhydride. Compounds of formula IIaa
wherein W and Y’ together with the moiety -C=CH-CH- to which they

are attached, form an optionally substituted aromatic cyclic or
heterocyclic residue, and compounds of formula IIbb wherein 27’
is alkyl or a protecting group, e.g. acetyl, or wherein -CY,Yy is
Ci-gCycloalkyl and Z'’ is H are novel and form part of the
invention.

Process step d) may be carried out in analogy with known methods,
e.g. alkylating methods. In a preferred embodiment of the
invention, the alkylation is performed under reductive
conditions, e.g. using a corresponding aldehyde or ketone. It may
be performed for example in the presence of NaBH3CN,-preferably
at an acidic pH, e.g. from 5 to 7. The temperature of the
reaction may be e.g. from -20° C to 100° C. It may be
advantageous to carry out the reaction in an inert solvent, e.q.
water, an alcohol, dioxane or DMF or a mixture thereof. A D- or
L-e-amino acid may also be attached to the N-terminus in
accordance with known procedure.

The peptide fragment used as starting material in process step b)
may comprise one or more unnatural amino acid units; it may also
be substituted on the N-terminus and/or on a side chain amino
group by a radical selected from C,.galkoxycarbonyl, optionally
substituted C;.galkyl, C,-galkenyl, Cs_galkynyl, aralkyl,
aralkenyl or Ci.gcycloalkyl-C;-4alkyl or it may bear a D- or
L-e~amino acid on the N-terminus.

e
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Protection” by R G Hiskey). Exanples include the nmethyl, t.-butyl, benzyl,
p- met hoxyphenyl net hyl , et hyl am no- carbonyl and benzyl oxycar bonyl groups.
According to the invention the PTH conpounds nay bear on their term nal
am no group at |least one radical selgcied froma L- 1 am no acid,
( err] al koxycarbonyl and optionally sugztsst ituted CJerr g?{hp@ fgbs
Cerr]al kenyl, Cerr]al kynyl, aral kyl, aral kenyl or
C[err]cycloalkyI-C[err]aIkyI, and/ or on one or nore side chain

The compounds of the invention or fragments thereof comprising

natural e-amino acid units may also be prepared using recombinant

technology.

According to a preferred embodiment of the invention there is
also provided a process for the production of a medium-sized

- polypeptide, in which a fusion protein comprising an N-terminal
bacteriophage T4 gene 55 polypeptide having the desired
polypeptide linked to the C-terminal thereof, is expressed in
bacterial cells.

The gene 55 polypeptide may comprise the complete gp55 protein of
bacteriophage T4 (188 amino acid residues) which is described in
Gram, H. and Riiger, R; 1985; The EMBO Journal, 4, (1), pp
257-264. Alternatively a fragment, preferably an N-terminal
fragment of the gp55 protein may be used. For example, a gp55
protein fragment comprising the first 112 N-terminal amino acid
residues of the protein may be used. Typically, however, the gene
55 polypeptide comprises at least the first 25 N-terminal
residues of the gp55 protein.

The medium-sized polypeptide may be from about 20 up to 100, e.qg.
150, preferably from about 20 to about 50, amino acids in length.
Examples of medium~sized polypeptides include calcitonins,
endorphins, gastric inhibitory peptide(s), glucagon, neuropeptide
Y, growth hormone releasing factor (GHRF), amyloid p protein
fragments, hirudin, insulin, somatostatin, epidermal growth
factor, nerve growth factor and PTH or fragments thereof.
Particularly preferred medium-sized polypeptide which may be
prepared according to the process of the present invention are
the compounds of the invention or fragments thereof having
natural amino acid substitutions.
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am no group(s) at |east one radical selected from [ err]al koxycarbonyl and
optionally substituted

- 26 - : Case 100-7908

.Conveniently the gene 55-PTH fusion protein also comprises a
cleavable linker between the gene 55 polypeptide and the desired
polypeptide. Preferably the cleavable linker is chemically
cleavable and more preferably contains the amino acid sequences
Asp~Pro-Pro or Asn-Gly-Pro.

In a further aspect the invention provides a nucleotide sequence
coding for a fusion protein comprising an N-terminal
bacteriophage T4 gene 55 polypeptide and a desired medium-sized
polypeptide linked to the C-terminal thereof.

The nucleotide sequence is preferably a DNA sequence suitable for
expression in bacteria. The sequence typically contains
nucleotides coding for a cleavable linker between the gene 55 and
desired polypeptide coding sequences.

The invention also provides a bacterial expression vector
comprising a DNA sequence coding for the fusion protein.

The expression vector typically contains, in addition to the
fusion protein coding sequence, appropriate expression control
sequences including a suitable promoter, an operator and a
ribosome binding site and other appropriate regulatory sequences.
Usually, also the expression vector contains one or more
selectable markers.

Any suitable promoter may be used, such as the TrpE, APl, APr,
lac or Tac promoter. Preferably the promoter is the bacteriophage
T7 promoter and the expression vector is a plasmid. For E. coli
expression an Rl or Col-El plasmid-derived vector may be used.
For example, expression vector pET 17B, obtainable from Novagen,
or similar expression vectors may be used.

~—
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-4- (Jerr]alkyl, (err]al kenyl, Cerr]al kynl, aral kyl, aral kenyl or
Cerr]cycloal kyl-Cerr]al kyl Wen such a group is attached to a side chain
amno group, it is preferably on the [err]-amno group of a Lys unit.
Preferred substituents for the al kyly 28l Kenyl, aral kghse ap@lgepyl or

cycl oal kyl al kyl group are hydroxy, am no and

In another aspect the invention provides bacterial host cells
transformed with a fusion protein coding sequence or an '
expression vector as described above. Any suitable bacterial host
may be used, though preferably the host is E. coli. For example,
E. coli strain BL21 (DE3) Lys E and similaf strains may be used.

Advantageously the fusion protein accumulates within the host
cells in the form of insoluble inclusion bodies, and thereby
facilitates recovery of the fusion protein product from the
cells. In order to recover the desired polypeptide product from
the fusion protein, the protein of the inclusion bodies is
solubilised, and the desired polypeptide product cleaved from the
fusion protein. Any suitable solubilisation treatment may be
used, including acid treatment, e.g. at about pH 2 to 4,
preferably with acid at about pH 2.5, or treatment with a
denaturing agent, e.g. a mild denaturating agent such as
guanidine hydrochloride . In addition it may be necessary to
remove one or more unwanted N-terminal'amino acid residues from
the product which remain after cleavage.

Thus in a further aspect the invention provides a process for the
production of a desired medium-sized polypeptide, in a bacterial
host, the process comprising:

causing transformed bacterial host cells as defined above to
express the fusion protein in the form of inclusion bodies;
isolating the inclusion bodies;

solubilizing the inclusion bodies, and

cleaving the desired polypeptide from the fusion protein.

In the case of some medium-sized polypeptides, such as the PTH
compounds, it is not normally necessary to carry out carefully-
controlled denaturation and renaturation procedures to obtain PTH
products in active form, e.g. having PTH-like activity. The
medium-sized polypeptide products may be obtained in active form
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for the aryl noiety also hal ogen and/or (err]al koxy. The al kyl group or
al kyl noiety may be |linear or branched and optionally interrupted by 0, S
or N. Preferably any (Jerr]alkyl. C[err]al kenyl, aral kyl, aral kenyl or

Clerr]cycloal kyl-Clerr]al kyl on the amgo-group of a Pidd ¢grpopsnd, is
non-substituted. Exanples for Cerr]alkyl are CJerr]al kyl, preferably

nmet hyl , ethyl, propyl, isopropyl, butyl, isobutyl, t.-butyl; for
C err]al kenyl, C24al kenyl , preferably allyl; for (Jerr]al kynyl,

C err]al kynyl, referabl for ral kyl henyl or benzyl for
aral kenyl , st J¢{§8LY }P%rne@f/‘@ﬂ ﬁ?c?%a%ﬁﬂ de‘??‘?nasl ﬁ?ﬁd Q%’i/cl ohexyl - net hyl .
Clerr]al koxycabb.mulsataomr abbsdbisation el cleawsyet 9f th&usidn erevednpl es of
D -or L-a-am Rgif%%l gasr ggé%% q} ﬁ,ﬁ%‘épe g er m nus include e.g. D or L-

2 .

Pro, Ala. Pre red-su n présent are al kyl, alkynyl,

The invention also includes a fusion protein comprising an
N-terminal bacteriophage T4 gene 55 polypeptide'and, linked to
the C-terminal thereof, a desired medium-sized polypeptide.

Using the processes and vectors of the invention it has been
found that it is possible to produce high levels of medium-sized
polypeptides, particularly PTH products. In E., coli, we have
found that up to about 50% of the total protein expressed is the
desired fusion protein. Also, the fusion protein forms inclusion
bodies which are easy to separate from the other material of the
cells. Moreover the inclusion bodies often consist of at least
about 90% of the desired fusion protein which can significantly
reduce the amount of purification that is required. Further,
expressing the PTH product, in the form of the fusion protein can
substantially decrease endogenous processing of the polypeptide
in the bacterial cell, allowing homogenous products to be
obtained.

Preferably the cleavable linker contains chemically cleavable
amino acids adjacent the N~-terminus of the desired polypeptide,
to permit the desired polypeptide to be cleaved from the fusion
protein by simple chemical means. Preferably the desired
polypeptide does not contain the chemically cleavable groups.

Preferred chemically cleavable linkers contain the amino acids
Asp-Pro-Pro or Asn-Gly-Pro. The Asp-Pr¢o or Asn-Gly bonds may be
chemically cleaved using acid conditions e.g. formic acid
(normally about pH 2.5) or hydroxylamine respectively. The di-
peptides Pro-Pro or Gly-Pro that remain on the N-terminus of the
desired polypeptide may then be removed using a suitable
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al coxycarbonyl or a D0 or L-a-amno acid attached to the N-term nus of the
PTH conpound and/or at |east one al kyl or al koxycarbonyl attached to one
or nore side chain am no groups. Exanpl es of preferred conpounds '
according to the invention are [Leu[ernp, .G n[err], Thideigfd-7908
Alalerr] PTH(I -x"), [Leu[err], Alaferr], dAn[err], Thr[err]. Ala[err]PTH
(1- x'), [Leu[err], Asp[err], Lys[err], AlaJerr], dn[err], Thr[err],

Al a[err] PTH

dipeptidyl-peptidase. For example the L. lactis X-Pro
dipeptidyl-peptidase EC 3.4.14.5 can be used. This peptidase is
described in Nardi et al; 1991; Applied and Environmental

Microbiology, 57, p45 to 50,

The desired polypeptide may be purified following cleavage from
the fusion protein. HPLC purification techniques may be used.
Purification may be carried out before removal of any unwanted
N-terminal amino acid residues.

The process of the invention is further illustrated in the
examples 308 to 314 Fig. 1 shows the amino acid sequence and
corresponding DNA sequence of a truncated gp55-Asp-Pro-Pro-
hPTH(1-38)0H fusion protein as cloned into the plasmid pET17B,
and Fig. 2 shows the amino acid sequence and corresponding DNA
sequence of a full length gp55-Asn-Gly-Pro-hPTH(1-38)OH fusion
protein as cloned into the plasmid'pET17B.

In the following Examples all temperatures are in °C. The follo-
wing abbreviations are employed. In the present specification the
term PTH without any further indication includes the carboxy
terminus as well as a carboxamide terminus.

BOC = tert.Butyloxycarbonyl

DMF = dimethylformamide

DCM = dichloromethane

Fmoc =  9-fluorenylmethoxycarbonyl

HOBt = l-hydroxybenzotriazole

TFA = trifluorocacetic acid

Trt = trityl = triphenylmethyl

RP-HPLC = reverse phase high performance liguid
chromatography

r.t. =  room temperature

DNP = Dinitrophenyl
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(1-x"), [Leu[err], Asp[ err], Lys[err], AlaJerr], An[err] PTH(lI- x"),

[ Leu[err], Alaerr], nferr], Ala[err]PTH(l- x'), [Leu[err], Aspl[err],
Lys[err], d nI8]PTH(I- x"), [Leu[err], Asp[err], Lys[err], A aferr],
Gnferr], Alalerr] PTH(I- x"), [Leu[er[_]3OAIa[err] CQ% bq%ﬁlsa[err],
Thr[err], AlaJerr] PTH(1- x'), and [Leu[err], Asp[err] ys err Gnferr],
Thr[err], Ala[err]PTH, wherein x' is an integer from34 to 38,
particularly 34, 36, 37 or 38. Especially PTH (1- x') is hPTH (1- x').

Tos = Tosyl

DIPC = Diisopropylcarbodiimide

Pmc = 2,2,5,7,8-Pentamethylchroman-6-sulfonyl
Ip =  Isopropyl

For = Formyl

Cpe = l-amino-cyclopentane-l-carboxylic acid
Cpp = l-amino-cyclopropane-l-carboxylic acid
Cha = c¢yclohexylalanine

tBu = t.butyl

EXAMPLE 1l: Nz-Isopropyl hPTH(1-34) NH,

This peptide is assembled in a stepwise manner on a poly-styrene-
based resin support. The Boc-group is used for protection of the
alpha amino-group and side-chain functional groups are protected
as follows: Lys{2-chlorobenzyloxycarbonyl), Ser(benzyl),

Thr (benzyl), Glu(benzyl), Asp(benzyl), Met(0), His(DNP), Arg(Tos),
and Trp(HCO)}. Other residues are left unprotected.

Amino-4-methylphenyl-méthyl-co(polystyrene-divinylbenzene = MBHA-
resin) (0,7 mmol/g) is subjected to the following cycle, steps (1)
to (7), of treatments:

(1) DCM

(2) trifluoracetic acid (50 %) in DCM
(3) DCM

(4) diisopropylethylamine (10 %) in DMF
(5) DMF

(6) preformed symmetrical anhydride (1.4 mmol per g
starting resin) of Boc-amino acid in DMF
(7) DMF

I
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The conpounds of the invention may exist e.g. in free form salt formor in
the form of conplexes thereof. Acid addition salts may be forned with e.g.
organi ¢ acids, polyneric acids and inorganic acids. Such acid addition salt
forms include e.g. the hydrochlorides.ajd.the acet at eg,;.Copgus94es are e.g.
formed fromthe conmpound of the invention on addition of inorganic

subst ances, e.g. inorganic salts or hydroxides such as Ca- and Zn-salts,

and/ or an addition of polynmeric organic substances. The present invention
al so provides a process for the production of the conpounds of the
i nventi on. Volumes of washes and reagents are from 5 to 20 per gram of

starting resin. Each step is repeated as many times as necessary
for either complete reaction of the resin (steps 2, 4, 6) or
complete displacement of the previous reagent from the resin
{steps 1, 3, 5, 7). Samples of resin are removed after each cyéle
and checked for completeness of the coupling reaction by a colo-
rimetric test for residual amino groups using ninhydrin.

Symmetrical anhydrides of Boc-amino acids are prepared just prior
to use by reacting Boc-amino acid (2,8 mmol per g resin) and DCCI
(1,4 mmol per g resin) in DCM, containing DMFin amounts sufficient
for complete dissolution of the Boc-amino acid. The mixture is
filtered, more DMF is added to the filtrate which is concentrated
by evaporation of the volatile components at a temperature not
exceeding 15°C and the resulting solution is used in step (6).

The cycle of reactions, (1) to (7), is repeated for each amino
acid residue such as to provide the sequence of the title compound
except for Boc-Gln-OH and Boc-Arg(Tos)-OH, which are coupled in
step (6) as their preformed l-hydroxybenzo-triazole esters in DMF.

The fully assembled peptide resin is treated twice with 20 ml of
thiophenol 5% in DMF at r.t. for 1 hour and washed with DMF, '
methanol and dichloromethane. The peptide resin is again subjected
to steps (1) to (5) followed by the addition of 0.5 ml of acetone,
84 mg of sodium cyanoborohydride and 0.2 ml of acetic acid in 20
ml of DMF per gram of resin. After 16 hours at RT the resin is
washed with DMF and dichloromethane and dried.

The peptide resin is treated with liquid HF, dimethyl sulfide,
p-cresol and ethane-1,2-dithiol according to the ’low-high’
procedure which is described, e.g., in International Journal of
Peptide and Protein Research, vol.26, page 262-273 (1985). After
removal of the volatile components and washing with ethylacetate
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They may be prepared in a stepw se manner either in solution or using the
solid phase synthesis process or genetic engineering. The conpounds of
the invention may be produced for exanple as foll ows:

- 32 - Case 100-7908

the residue is extracted with several portions of l%-acetic acid,
filtered and the filtrate liophilized. The lyophilized product is
purified by repeated reversed-phase chromatography on a column of
octadecyl-silica using a gradient of acetonitril in 2%-phosphoric
acid or in 20 mM tetramethylamménium phosphate. Fractions contai-
ning the pure compound are combined, filtered through a weakly
basic ion-exchange resin in the acetate form and the filtrate
lyophilized to give the title compound.

MS (Ion-Spray): 4160.

EXAMPLE 2: [Lys (Me.-Isopropyl)2€.27}hPTH(1-34) NH,

The peptide is assembled as described for Example 1 but using
" Lys(Fmoc) for incorporation in position 13 and Fmoc-Ser(tBu) in
terminal position 1.

The fully assembled peptide resin is treated twice with 20 ml of
thiophenol 5% in DMF at r.t. for 1 hour and washed with DMF,
methanol and dichloromethane. The dry resin is treated with liquid
HF as described for Example 1. The cleavage product (350 mg) is
suspended in a mixture of methanol (5 ml), phosphate buffer pH =
5.0 (5 ml), sodium cyanoborohydride (48 mg) and acetone (0.28 ml).
After 16 hours at RT the reaction mixture is filtered and the
filtrate evaporated. The residue is suspended in 20%-piperidine in
DMF for 15 minutes, diluted with 20 volumes of ether and filtered.
The residue is dissolved in 100 ml of water and acetic acid added
to pH = 3, filtered and the filtrate lyophilized. The lyophilizate
is purified by reversed-phase chromatography on a column of octa-
decyl-silica using a gradient of acetonitril in 2%-phosphoric
acid. Fractions containing the pure compound are combined, filte-
red through a weakly basic ion-exchange resin in the acetate form
and the filtrate lyophilized to give the title compound.

MS (Ion Spray): 4205.6.
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- 5- a) renoving at |east one protecting group which is present in a
conpound of the invention in

- 33 - Case 100-7908

EXAMPLE 3: N=-Isopropyl [Lys (Ne-Isopropyl)i3.26,27 1hPTH-(1-38)-OH

a) Solid phase peptide synthesis
The peptide is synthesized in a stepwise manner on a
polystyrene based resin support. The alpha-amino group is
protected by Fmoc and the side-chain functional groups as
followed: Asp(OtBu),.Glu(OtBu), His(Trt), Lys(Boc), Asn{Trt),
Gln(Trt), Arg(Pmc) and Ser(tBu). Other amino acids are left
unprotected. '

Fmoc-Gly esterified to 4-Hydroxymethyl-phenoxymethyl-
co(polystyrene-1%-divinylbenzene), 0.5 mmol/g, is used as
starting material for the stepwise solid phase synthesis,
which consists of repetitive cycles of alpha-amino
deprotection, washing, coupling (attachment of new amino acid)
and washing. A three to five fold excess of Fmoc-amino acids
is coupled as preformed HOBt-esters using DIPC.

Fmoc-Arg(Pmc), Fmoc-Asn(Trt) and Fmoc-Gln(Trt) are coupled as
symmetrical anhydrides using DIPC. After complete assembly of
the peptide chain the Fmoc-protecting group of Serl is removed
by 20% piperidine/DMF. Cleavage of the peptide from the
polystyrene resin and removal of all side chain protecting
groups is obtained by treatment of the peptide resin with a
mixture of 10% ethanedithiol, thicanisole, thiocresole and
water in 90% TFA for three hours at room temperature. The
resin particles are filtered off and washed with some TFA.

The product is precipitated from the combined filtrates by
addition of ether, filtered and dried. The product is
purified by chromatography on a C-18 silica column using a
gradient of acetonitrile in 2% H3P04/water. Fractions
containing the pure compound are collected, filtered through
an anion-exchange resin (Biorad, AG 4-X4, 100-200mesh acetate
form) and lyophilized to give hPTH-(1-38)-0H.
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protected form or b) | i nki ng together by an am de bond two peptide
fragnments, the peptide fragnents bei ng such that the desired am no
aci d sequence of the desired conmpound is obtained, and then effecting
optionally stage a) of the process, =-@g - for the proghectogrood a PTH
conpound conprising at | east one radical selected fromD or

b) Alkylation
40 mg (9 umol) hPTH-(1-38)-CH(4458.2 g/mol) are dissolved in
1.2 ml methanol, 1.2 ml phosphate buffer (Merck no. 9887
‘adjusted to pH 5.0), 45 mg (716 mmol) NaBH3CN (62.84 g/mol)
and 0.8 ml (11 mmol) acetone (73.52 ml/mol). The reaction is
monitored by RP-HPLC on a C-18 silica column and finished
after 15 hours at room temperature. The reaction mixture is
diluted with water and chromatographied on a C-18 silica
column using a gradient of acetonitrile in 2% H3PO4/water.
'Fractions containing the pure compound are collected, filtered
through an anion-exchange resin (acetate form) and lyophilized
to give the title compound as polyacetate, polyhydrate.

[n]§° = - 5.7° {c = 0.317 in 95 % AcOH)

MS (Ion-Spray): 4626

EXAMPLE 4: Ne-Methyl {Alal]PTH-(1-38)-OH

The peptide chain is assembled in the same manner as in
example 3a. At position 1 instead of Fmoc-Ser(tBu)-OH the
unnatural amino acid Fmoc-N*-Methyl-Ala-OH is coupled to the
peptide resin. Cleavage, deprotection and purification is
performed as in example 3a.

MS (Ion Spray) = 4455,91

His26,Leu27,Thr33,A1a341hPTH(1-34)CH

This peptide is prepared in analogy with the procedure of Example
3a. Instead of Fmoc-Gly esterified to 4-hydroxymethyl-phenoxy-
methyl-co(polystyrene-divinylbenzene} the appropriate Fmoc-amino
acid, e.g. Fmoc-Ala, Fmoc-Phe, Fmoc-D-Ala, Fmoc-D-Phe, etc. is
used. Additionally the side-chain functional groups are protected
as follows: Thr(t.-butyl), Trp(Boc) and Tyr(t.-butyl).
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L-a-amno acid attached to the N-term nus and ([ err]al koxycarbonyl and
optionally substituted Cerr]al kyl, Cerr]alkenyl, Cerr]al kynyl,
aral kyl, aral kenyl or Cerr]cycloal kyl-C[err]al kyl attached to the

term nal am no group and/or to a side_cfgain am no groy Il A& T cing such a
radical in a PTH conmpound in prot%gct ed or unproF%sce[ égéf@ﬁgn and free
fromsuch a radical, and if necessary carrying out process step a);
and recovering the conpounds thus obtained in free form in salt formor in
conpl ex form

By repeating the procedure disclosed in Examples 3 and 5 but
using the appropriate starting materials, the following compounds
may be obtained:

EXAMPIE 6: [Leu®,Aspl0,Alal€,Glnl8,Thr33]hPTH(1-34)0H

EXAMPLE 7: [Ilel]hPTH(1-38)0H (IS-MS: 4484)

EXAMPLE 8: [Alai,AbuZJhPTH(1-38)OH (IS-MS: 4428)

EXAMPLE 9: [Alal,Nva?]hPTH(1-38)OH (IS-MS: 4442)

EXAMPLE 10: (Alal,Ile2]hPTH(1-38)OH (IS-MS: 4456)

EXAMPLE 11: [Alal,Ala3,Leu®,Gln?3,Alal®,Glnl8,Alal%,His26,Leu2?,
Thr33,Ala34]hPTH(1-34)0H

EXAMPLE 12: [N-MeAlal]hPTH(1-36)0H (IS-MS: 4286)

EXAMPLE 13: [Alal,Ala3,Leu®,Glnl8]hPTH(1-36)0H (IS-MS: 4235)

EXAMPLE 14: [Thrl]-hPTH-(1-38)OH (IS-MS: 4472)

EXAMPLE 15: [Leul]-hPTH-(1-38)OH (IS-MS: 4484)

EXAMPLE 16: [Abul]-hPTH-{1-38)0H (IS-MS: 4456)

EXAMPLE 17: [Gabal]-hPTH~(1-38)OH (IS-MS: 4456)

EXAMPLE 18: (Leu®,Lysl!,Glnl8]hPTH(1-36)0H

EXAMPLE 19: [Leu®,Glnl®, Aspl7?,Leul8,Argl?,Arg221hPTH(1~36)0H
(IS-MS: 4347)

EXAMPLE 20: {Leu®,Glnl®,Thr33,A1a34]-hPTH(1-34)0H (IS-MS: 4007)

EXAMPLE 21: [Leu®,Alal6,Glnl8,Alal®, Thr33,Ala34]hPTH(1-34)0H
{IS-MS: 3906)

EXAMPLE 22: [Leu®,Alal3,Glnl®,G1ln26,Phe27,Thr33,
Ala34)hPTH(1-34)0H

EXAMPLE 23: Ip-[Leu®,Lys(Ip)13,Glni8,Lys(Ip)26-27,Thr33,
Ala34]hPTH(1-34)0H (IS-MS: 4175)

EXAMPLE 24: Ip-(Leu®,Alal?,Glnl®,Gln26,Phe2?,Thr33,
Ala341hPTH(1-34)0H .

EXAMPLE 25: [Glnl6]hPTH(1-38)0H

EXAMPLE 26: ([Serl4]hPTH(1-38)COH
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Process steps a), b) and c) may be effected in anal ogy with known nethods,
e.g. as known in the art of peptide chem stry or as described in the
foll ow ng exanpl es. Where desired, in these reactions, protecting groups
which are suitable for use in peptides gpy. be used forpefUncfolosal groups
whi ch do not participate in the reaction. The term protecting group nmay

al so include a polyner resin having functional groups.

EXAMPLE 27: [Alal,Ala3,Leu8,Glnl3,Alalé,Gln8,Alal®, His?5, His?26,
Leu27,Thr33,A1a34]hPTH(1-34)0H

EXAMPIE 28: [Alal,Ala3,Leu®,Gln!3,Alalé,Glnl8,Alal9,G1ln28,Phe??,
Thr33,A1a34]hPTH(1-34)OH

EXAMPLE 29: (Leu®,Alal6,Glnl8,Thr33,Ala34]hPTH(1~34)0H
(IS-MS: 3965)

EXAMPLE 30: [Leu®,Glnl8,Ala29,Glu39,Ile31]1hPTH(1-34)0H

EXAMPLE 31: [Leu8,Aspl9,Lys!l,Glnl8]hPTH(1-36)0H

EXAMPLE 32: [Leu8,Aspl9,Lysll,Serl4,Ilel5,Glnl®, Aspl7?, Leuls,
Argl9]hPTH (1-36)0H

EXAMPLE 33: [Leu8,Aspl®,Lysll,Leul®]hPTH(1-36)0H

EXAMPLE 34: [Leu®,Glni6,Aspl?,Leul®,Argl9]hPTH(1-36)0H

EXAMPLE 35: [Leu®,Aspl®, Lysil,nlal7,leul®)}hPTH(1-36)0H (IS-MS:
4252)

EXAMPLE 36: [Leu®,Glnl6,Aspl?,Lleul?,Argl®, Thr33,Alad4]
hPTH(1-34) OH

EXAMPLE 37: [Leu®,Aspl®,Lysll,Glnl8,Thr33,Ala341hPTH(1-34)0H
(IS-MS: 4022)

EXAMPLE 38: (Leu®,Alal®, Aspl7,Leul®,AlalS}hPTH(1-36)0H

EXAMPLE 39: [Leu8,Asp®,Alal€, Aspl?,Leul®, Alald1hPTH(1-36)0H

EXAMPLE 40: {[Leu®,Glnl®,Arg22,Thr33,ala34]1hPTH(1-34)0H

EXAMPLE 41: [Leu®,Aspl®,Lysll, Glnl6,Aspl7,Leul8, Argl®, Thr33,
Ala34]hPTH(1-34)0H (IS-MS: 4077)

EXAMPLE 42: [Leu®,Aspl®,Lysll, Alal®,Glnl8,Alal®]hPTH(1~-36)0H
(IS-MS: 4181)

EXAMPLE 43: [Leu8,Alal$,Aspl?,Glnl®, Alal9]hPTH(1-36)0H (IS~MS:
4193) _

EXAMPLE 44: [Leu®,Alalé,Alal7?,Glnl®,Alal9]hPTH(1-36)OH (IS-MS:
4149)

EXAMPLE 45: (Leu®,Alal7?,Glnl®,Alal®]hPTH(1-36)0H

EXAMPLE 46: [Leu®,Alal?,Gln!8,A1al% Arg22)hPTH(1-36)0H (IS-MS:
4219) '

EXAMPLE 47: [Leu®,Alal?,Glnl8,Alal%, Arg?2,Thr33,Ala34]
hPTH(1-34)OH (IS-MS: 3960)

e
e
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Process step c) may be carried out in anal ogy with known nethods,

al kyl ati ng net hods.

In

a preferred enbodi nent-of the invention, the

al kylation is performed under reductive conditions, e.g. using a

correspondi ng al dehyde or ketone. It 413y be perfornmedcdser1@<apgd e i n the
presence of NaBH3CN, preferably at an acidic pH e.g.

from5 to 7. The

tenperature of the reaction may be e.g. from-20 Cto 100[err]C It nay be

advant ageous to carry out the reaction in an i nert sol vent,

e.g. water,

an

al cohol , di ox A D or L-a-amno acid may
al so _be attac M{W“éwmﬁ%@g’

49:

EXAMPLE

50

EXAMPLE 50:

51:

EXAMPLE

52:

EXAMPLE

EXAMPLE

53:

54:

EXAMPLE

EXAMPLE
EXAMPLE
EXAMPLE

EXAMPLE

EXAMPLE 59:

EXAMPLE

EXAMPLE

EXAMPLE

EXAMPLE

EXAMPLE

EXAMPLE

EXAMPLE
EXAMPLE

ordance w th known procedure.

[Leu®,AsplO, Lysll, Alal®, Glnlé, Thr33, Ala34]
hPTH(1-34)0H (IS-MS: 3980)
{Leu®,Aspl®, Lysll, Alal6, Glnl8]hPTH(1-36)0H
(IS-MS: 4240)
[Leu®,Aspl?,Lysll, Alalé,Glni®, Alal%, Thr33,Ala34]
hPTH{1-34)0H (IS-MS: 3923)
[Leus,Asp1°,Ala15,Gln13}hPTH(1-36)OH

(IS-MS: 4225)

(Leu8,Aspl®,Lysll, Alalé,Glnl8,Alal?, Thr33]
hPTH(1-34)0H (IS-MS: 3999)
{Leu®,Glnl3,A1al6,G1nl8,A1a19, His2€, Leu2?, Thr33]
hPTH(1-34)0H

(Leu8,Alal®,Glnl8,Alal®, Arg22)hPTH({1~36)OH
(Ilel51hPTH(1~38)0H
(Leu®,Glnl3,Alalé,G1in18,A1a19,Arg22,His26, Leud’?,
Thr33,Ala34]hPTH(1~34)0H
{Leu®,Glnl3,A1al6,G1nl8,Argl®, His2€,Leu?, Thr33,
Ala34)hPTH(1-34)0H
{Leu®,Serl3,alal€,Glnl8,Alal9, Arg22hPTH(1-36) OH
(Leu8,Alal3, Alal®é,Ginl8,Alald,Arg26,Arg27]
hPTH(1-36)0H
[Leu®,Gln13,A1316,G1n18,A1a19,His26, Leud?, Arg33,
Ala34]hPTH(1-34)0H
[Leu8,Al316,17,18,191hPTH(1~36)OH

[Leu8,Alal3, Alalé,Glnl8,Alal®%,G1n26,Phe? 7]
hPTH(1-36)0H (IS-MS: 4127)

Ip-[Leut, Ala13,AlalG,Glnle,Ala”,Gln26 Phe27]
hPTH(1-36)0H

Ip-{Leu®, Lys(Ip)13,Alal®,Glnl8,AlalY,

Lys (Ip)26,27)hPTH(1-36) OH

(Leu®,Alalé,Glnl®,Alal9]hPTH(1~36)OH (IS-MS: 4166)

Ip-[Leu®, Lys(Ip)13,Alal®,Alal?,Ala28,31a319,

Lys(Ip)26-27]hPTH(1-36)OH -
,/
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The pepti de fragnment used as starting material in process step b) may be
substituted on the N-term nus and/or on a side chain am no group by a
radi cal selected from ([ err]al koxycarbonyl ,

Cerr]al kyl,
d err]cycl oal kyl
N-term nus.

C err]al kenyl, C2.8 alkyn%g
-Cerr]alkyl or it may

optionally substituted

: aralkyl ar
ear a D or L- ﬂ¥ 3&§%id on the

EXAMPLE 68: [Aib3,Glnl®)hPTH(1-36)0H (IS-MS: 4283)

69

EXAMPLE 69:

70:

EXAMPLE

71

EXAMPLE 71:

72:

EXAMPLE

73:

EXAMPLE

74:

EXAMPLE

75:

EXAMPLE

76

EXAMPLE :

EXAMPLE
EXAMPLE

- EXAMPLE
EXAMPLE
EXAMPLE

EXAMPLE

EXAMPLE
EXAMPLE
EXAMPLE
EXAMPLE
EXAMPLE
EXAMPLE
EXAMPLE
EXAMPLE
EXAMPLE

77:
78:

EXAMPLE

79:
80:

EXAMPLE

81:

EXAMPLE

EXAMPLE

92:

hPTH (1-36) OH

Ip-{Leu8,Sert3,Alals,Glnl8, Alald, Arg?2,
Lys (Ip)28,271hPTH(1-36)OH
[Leu®, Tyr18]hPTH(1-36)OH

[Ser33}-hPTH~(1-38)-0OH
(Thr33]-hPTH-(1-38)-0H
{Leu33] ~-hPTH-(1-38) -0H
(Gly33]-hPTH-(1-38) -OH
(Leu®,Hisl9,G1lnl8, Arg22

,Thr33,A1a341hPTH(1-34)0H

(Leu®,Glyl9,G1lnl8,Arg22, Thr33,A1a34]hPTH(1-34}OH

[Leua,Glu1°,Gln1§,Arg22,
{Leu8, Thrl®,Glnl8,Arg22,
{Leu®,Glnl0%,Glnl8, Arg22,

[Gln33]-hPTH~(1~38) -OH

[Leu®, Tyri%,Glnl®, Arg22,

Thr33,A1a341hPTH(1-34) OH
Thr33,A1a34]hPTH(1-34)0H
Thr33,A1a34]hPTH(1-34)0H

Thr33,A1a341hPTH(1~-34) OH

[l-amino-cyclopentane-l-carboxylic

acidl,Leu8,alalé,Glnls,

Alal91hPTH(1~36)0H

[1-amino-cyclopentane-1-carboxylic acid?,Leu8,
Alal3.16,G1n18,Alal%,Arg26. 27 hPTH(1-36) OH
{1-amino-cyclopentane-l-carboxylic acid3,Glnl8]
hPTH(1-36)0H (IS-MS: 4309)

{Argl2]-hPTH-(1-38) -0H
[Serl2]-hPTH-(1-38)-0H
[Cysi3]-hPTH~-(1-38)-OH

[Ilel3)-hPTH-(1-38)-OH

(Asnl3]-hPTH~(1-38)-OH
[Trpl3]-hPTH-(1-38) -OH
[Aspl3]-hPTH~(1-38)-0H
[Vall3]-hPTH~(1-38) ~OH
{Thrl3]-hPTH- (1-38)~0H
[Serl3]-hPTH-(1-38)~OH

Ul
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EXAMPLE
EXAMPLE
EXAMPLE
EXAMPLE
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97:
98:
99:
100:

EXAMPLE

EXAMPLE

101:
102:

EXAMPLE

103:

EXAMPLE

EXAMPLE

104:

EXAMPLE

105:
106:

EXAMPLE

107:

EXAMPLE

108:

EXAMPLE

109:

EXAMPLE

110:

EXAMPLE

111:

EXAMPLE

112:

EXAMPLE

113:

EXAMPLE

114;

EXAMPLE
EXAMPLE

115:

EXAMPLE

116:

EXAMPLE
EXAMPLE
EXAMPLE

117:
118:
119:
120:

EXAMPLE

121:

EXAMPLE

122:

EXAMPLE

EXAMPLE

123:

EXAMPLE
EXAMPLE

124:
125:
126:

EXAMPLE

EXAMPLE

127:
128:

EXAMPLE

EXAMPLE

129:

- 30 -

(Tyri3]-hPTH-(1-38)-OH
[Met13)-hPTH- (1-38) -OH
[Glnl3]-hPTH-(1-38)-OH
[Leul3]-hPTH-(1-38) -OH
[Alal3]-hPTH-(1~38)-0H
[Gly!3]-hPTH~(1-38) -OH
(Vall4]-hPTH-(1-38)-OH
{Alal4]-hPTH-(1-38) -OH
[Lysi4]-hPTH-(1-38) -OH
{Argl4]-hPTH~(1-38)-0H
[Thrl4]-hPTH-(1-38)-0H
[Ilel4]-hPTH~(1-38)-OH
[Tyri4]-hPTH~(1-38)~-0H
[TyrlS}-hPTH~-(1-38)~-0H
{ArglS]-hPTH- (1-38) -OH
[VallS)-hPTH-(1-38)-OH
[Lys!€]-hPTH~-(1-38) -OH
[Serl6]-hPTH-(1-38) -OH
[Leul§]-hPTH- (1-38) -OH
{Alal6]-hPTH- (1-38)-OH
[Gly'®)~hPTH-(1-38)-0H
(Alal?]-hPTH-(1-38) -OH
[Met17)-hPTH-(1-38)-CH
[Ilel?]-hPTH-(1-38)-OH
[Serl®]-hPTH~-(1-38)-OH
(Lys19]-hPTH-({1-38)-OH
{Leul9]-hPTH- (1-38) -OH
[Alal®]-hPTH-(1-38)-OH
[Tyrl®]-hPTH- (1-38) -OH
[Met19]-hPTH-(1-38) -OH
[His19]-hPTH- (1-38)-OH
[Vall9]-hPTH-(1-38) -OH
(Glyl9]~hPTH-(1-38)-OH
[Prol%]~hPTH-(1-38)~0H

Case 100-7908
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The conpounds of the invention or fragments thereof conprise natural
a-amno acid units and may al so be prepared using reconbi nant technol ogy.
According to a preferred enbodi nent of the invention there is al so provided

a process for the production of a conpoypd of the inveptio [ ich a
fusion protein conprising an N—terninéTLiﬂacteriophage‘%iﬁe @%55§g¥h

EXAMPLE 130: {Asp!9]-hPTH~(1-38)-0H
EXAMPLE 131: [Ilel®)-hPTH-(1-38)-OH
EXAMPLE 132: [Vall9,Gln24]-hPTH-(1-38)~OH
EXAMPLE 133: [Argl®]-hPTH-(1-38)-0OH
EXAMPLE 134: {Phe20]-hPTH-(1-38)~0H
EXAMPLE 135: (Ala2l]-hPTH-(1-38)-OH
EXAMPLE 136: [Gly2l]-hPTH-(1-38)-0H
EXAMPLE 137: (Phe2l]-hPTH-(1-38)-OH
EXAMPLE 138: [Leu2l)-hPTH-(1-38)-0OH
EXAMPLE 139: [Asn2l]-hPTH-(1-38)-OH
EXAMPLE 140: [Gln21]-hPTH-(1-38)-CH
EXAMPLE 141: [Ser2l]-hPTH-(1-38)-OH
EXAMPLE 142: [Gly22]-hPTH-(1-38)~0H
EXAMPLE 143: [Leu22)-hPTH-(1-38)~OH
EXAMPLE 144: [His22]-hPTH-(1-38)~OH
EXAMPLE 145: [Ala22]-hPTH-(1-38)-OH
EXAMPLE 146: [Ile22]-hPTH-(1-38)-OH
EXAMPLE 147: (Val22]-hPTH-(1~38)-OH
EXAMPLE 148: [Ser22]-hPTH-(1-38)-0H
EXAMPLE 149: [Arg22]-hPTH-(1-38)-OH
EXAMPLE 150: ([Arg26]-hPTH-(1-38)-0H
EXAMPLE 151: [Val27]~hPTH-(1~38)-0H
EXAMPLE 152: [Ile27]~hPTH-(1-38)-OH
EXAMPLE 153: [Leu27]~hPTH-(1-38)-0H
EXAMPLE 154: (Arg27]~hPTH-(1-38)-OH
EXAMPLE 155: [Ala27]-hPTH-(1-38)-OH
EXAMPLE 156: [Val28]-hPTH-(1-38)-OH
EXAMPLE 157: [Ile28]-hPTH-(1-38)-OH
EXAMPLE 158: [Pro3,Thr33]~hPTH-(1-38)-0H
EXAMPLE 159: (Arg33]-hPTH-(1-38)-OH
EXAMPLE 160: [Pro33]-hPTH-(1-38)-0H
EXAMPLE 161: (Asp33]-hPTH-(1-38)-OH
EXAMPLE 162: [Ile33]-hPTH-(1-38)-OH
EXAMPLE 163: [Lys33]-hPTH-(1-38)-0H
o~
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pol ypepti de having the desired conpound |inked to the C-termnal thereof,

I s expressed in bacterial cells and where required, introducing a

( err]al koxy carbonyl or optionally substituted CJerr]al kyl, Cerr]al kenyl,
Clerr] alkynyl, aralkyl, aralkenyl or-@err]cycloal ky¢55@[ﬁmr_]79d§<yl on the
term nal and/or si de chaln am no group of the conpound in protected or
unprotected formand, if required, renoving the protecting group present in
the protected form The gene 55 pol ypeptide may conprise the conplete

gp55 protein of bacterioph % 8188 aming acid
EXAMPLE 164: [Ile Arg -hPTH- (1-38) -OH

EXAMPLE 165: [l-aminocyclopentane-~l-carboxylic acid:]hPTH-
{1-36)NH,

The peptide is assembled in a stepwise manner on a polystyrene
based resin support. The Fmoc-group is used for protection of the
alpha-amino groups.

Side-chain functional groups are protected as Arg(Pmc), Asn(Trt),
Asp(OtBuj, Gln(Trt}, Glu(OtBu), His(Trt), Lys(Boc), Ser(tBu),
Thr(tBu),Trp(Boc) and Tyr(tBu). Other amino acids are left
unprotected.

4-(2',4’ -Dimethoxyphenyl-Fmoc-amino-methyl) -phenoxy-co {polystyre~
ne-divinylbenzene), 0.4 mmol/g, which may be prepared, e.g., as
described in Tetrah. Letters, 28, 3787-3790 (1987) is subjected
to the following cycle, steps (1) to (5), of treatments:

(1) DMF

(2) piperidine (20%) in DMF

(3) DMF

(4) mixture of HOBt, diisopropylcarbodiimide, and Fmoc-ala
nine (0.8 mmol per gram starting resin each)

(5) DMF

Volumes of washes and reagents are from 5 to 20 mL per gram of
starting resin.

In the next cycle of treatments (1) to (5), Fmoc-valine is subs-
tituted for Fmoc-alanine and so on for each cycle such as to as-
semble on the resin the correct amino acid sequence of the title
compound.
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resi dues) which is described in Gam H and Ruger, R 1985; The EMBO
Journal, 4, (1), pp 257-264. Alternatively a fragnent, preferably an
N-term nal fragment of the gp55 protein may be used. For exanple, a gp55
protein fragnment conprising the first-142-N-term nal aggase®Qoaciodsr esi dues of
the protein may be used. Typically, however, the gene 55 pol ypeptide
conprises at least the first 25 Ntermnal residues of the gp[err]

pr ot ei n. Conveniently the gene 55-PTH fusion protein also conprises a

cl eavabl e |i nker between the gene 55

Each step is repeated as many times as necessary for either com-
plete reaction of the resin (steps 2, 4) or complete displacement
of the previous reagent(s) from the resin {steps 3, 5). Samples
of the resin are removed after each cycle and checked for comple-
teness of the coupling reaction by a colorimetric test for resi-
dual amino groups using ninhydrin.

At the end of the synthesis a final cycle comprising steps (1) to
(3) only is performed and the peptide resin is washed with 2-pro-~
panol, then with a mixture of methanol and methylene chloride
(1:1 v/v) and dried throughly in a vacuum desiccator.

The peptide resin (1 g) is suspended in a mixture (20 ml) of
trifluoroacetic acid, water, and 1,2-ethanedithiol (90:5:5 v/v)
for 2 hours at room temperature, the resin particles are filtered
off and washed with a small volume of TFA. The product is preci-
pitated from the combined filtrates by addition of ether (20 vo-
lumes), filtered, washed with more ether and dried. The residue
is dissolved in 2 % acetic acid, the solution let to stand at
r.t. for 8 hours prior to lyophilization. The lyophilisate is
chromatographed on a C-18 silica column using a gradient of
acetonitrile in 2% H3PO,. Fractions are checked by analytical
HPLC and those containing the pure compound are collected, fil-
tered through an anion-exchange resin in the acetate form and
lyophilised to give the title compound as a polyacetate,
-polyhydrate.

Fmoc-l-aminocyclopentane-l-carboxylic acid used in the prepara-
tion of the peptide resin intermediate may be prepared, e.g. as
described by G. Valle et al.,1988, in Can.J.Chem.66:2575-2582.
MS (Ion-Spray): 4312
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pol ypeptide and the desired conpound. Preferably the cleavable linker is
chem cally cl eavabl e and nore preferably contains the am no acid sequences
Asp-Pro-Pro or Asn-d y-Pro. In a further aspect the invention provides a
nucl eoti de sequence coding for a fusi eM3protei n conpriCasend 087908t er mi nal
bact eri ophage T4 gene 55 pol ypeptide and a desired conpound of the

i nvention linked to the C-term nal thereof.

EXAMPLE 166: [1-(l-aminocyclopropane-l-carboxylic acid) JhPTH-
(1-36)NH,

This peptide is prepared in analogy with the procedure of Example
165, Fmoc-l-aminocyclopropane-l-carboxylic acid used in the
preparation of the peptide resin intermediate may be prepared,
e.g., as described by M. Crisma et al. (1989) in
Int.J.Biol.Macromol.11:345-352. MS(Ion-Spray): 4283

By repeating the procedure as disclosed in Example 165 but using
the appropriate starting materials, following compounds may be
obtained:

EXAMPLE 167: [D-Prol]hPTH(1-36)NH,

EXAMPLE 168: [Nval]lhPTH(1-36)NH,

EXAMPLE 169: [N-Me-Serl]hPTH(1-36)NH;

EXAMPLE 170: [Indole-2-carboxylic acidl]hPTH(1-36)NH,

EXAMPLE 171: [Indole-3-carboxylic acid!]hPTH({1-36)NH,

EXAMPLE 172: [Pyridine-3-carboxylic acid!]hPTH(1-36)NH,

EXAMPLE 173: [Pyridine-2-carboxylic acid!]hPTH(1-36)NH,

EXAMPLE 174: [Hexahydropyridazine-3-carboxylic
acidl1hPTH(1-36)NH,

EXAMPLE 175: [Morpholine-2-carboxylic acid!]hPTH(1-36)NH,

EXAMPLE 176: [Prol]hPTH(1-36)NH,

EXAMPLE 177: [Leul]hPTH(1-36)NH;

EXAMPLE 178: [Ilel]hPTH(1-36)NH,

EXAMPLE 179: (Thr33,Ala34)hPTH(1-34)NH,

EXAMPLE 180: [Nva®]hPTH(1-36)NH,

EXAMPLE 181: (Glnl8JhPTH (1-36)NH,

EXAMPLE 182: [Tyrl®]hPTH(1-36)NH,

EXAMPLE 183: [Lysl8]hPTH(1-36)NH,

EXAMPLE 184: [Alal®]hPTH(1-36)NH,

EXAMPLE 185: (Phe23,His25,His?6, Leu27]~hPTH(1-34)NH;

EXAMPLE 186: [Phe23]-hPTH(1-36)NH, (IS-MS: 4247)
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The nucl eotide sequence is preferably a DNA sequence suitable for
expression in bacteria. The sequence typically contains nucl eotides coding
for a cleavable |inker between the gene 55 and desired conpound codi ng
sequences. The invention also provideg & bacterial gaqar egsh9ge vect or
conprising a DNA sequence coding for the fusion protein.

EXAMPLE 187: [Phe23,His25,His26,Leu27,I1e28,A1a29%,G1lu30,Ile3l,
Thr33,21a34]-hPTH(1~34)NH, (IS-MS:3934)

- EXAMPLE 188: [Ala29]-hPTH(1-36)NH, (IS-MS: 4248)

EXAMPLE 189: [Ala34]-hPTH(1-36)NH, (IS-MS: 4210)

EXAMPLE 190: [Gln25]hPTH(1-36)NH,

EXAMPLE 191: [Leu®,Aspl9,Lysil,Thr33,Ala34]hPTH(1-34)NH,

EXAMPLE 192: [Alal,HisS5,Leu8,Aspl®,Lysll,Thr33,Ala34]
hPTH (1-34) NH,

EXAMPLE 193: [Serl4,IlelS,Glnl®, Aspl7,Leul8,Argl?,Thr33,Ala34]
hPTH (1-34) NH,

EXAMPLE 194: [D-Phe34, D-Ala36]hPTH(1-36)-NH, [MS(IS): 4290]

EXAMPLE 195: [Ala3]hPTH(1-36)NH; [MS(IS):4271 ]

EXAMPLE 196: [D-Ser3]hPTH(1-36)NH, [MS(IS):4290]

EXAMPLE 197: ([D-Glu4]hPTH(1-36)NH, [MS(IS):4290]

EXAMPLE 198: [D-His®]hPTH(1-36)NH, [MS(IS):4286]

EXAMPLE 199: ({AlalO]hPTH(1-36)NH, [MS(IS):4243]

EXAMPLE 200: (D-AsnlO]hPTH(1-36)NH, [MS(IS): 4288]

EXAMPLE 201: [Alal2]hPTH(1-36)NH, [MS(IS): 4299]

EXAMPLE 202: [GInl3]hPTH(1-36)NH, [MS(IS): 4287]

EXAMPLE 203: [Hisl3]hPTH(1-36)NH, [MS(IS): 4296]

EXAMPLE 204: [Leul3]hPTH(1-36)NH, [MS(IS): 4371)]

EXAMPLE 205: [Alal31hPTH(1-36)NH, [MS(IS): 4228]

EXAMPLE 206: [Alal3,G1ln26,Phe27,D-Phe34,D-Ala36]hPTH(1-36)NH;
[MS(IS): 4249)

EXAMPLE 207: [Alal4]hPTH(1-36)NH, [MS(IS): 4219]

EXAMPLE 208: [D-Hisl4)hPTH(1-36)NH, [MS(IS): 4288]

EXAMPLE 209: [D-Asnl6]hPTH(1-36)NH, [MS(IS): 4284]

EXAMPLE 210: [Alal7hPTH(1-36)NH, [MS(IS): 4270]

EXAMPLE 211: [D-Serl7]hPTH(1-36)NH, [MS(IS): 4288]

EXAMPLE 212: [Alal®]hPTH(1-36)NH, [MS(IS): 4228)]

EXAMPLE 213: [D-Glul®]hPTH(1-36)NH, [MS(IS): 4288]

EXAMPLE 214: [Ala2l]hPTH(1-36)NH, [MS(IS): 4257]

EXAMPLE 215: [Ala22]hPTH(1-36)NH, [MS(IS): 4227]

EXAMPLE 216: [Gln26]hPTH(1-36)NH, [MS(IS): 4287
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EXAMPLE 217: [N1e26]hPTH(1-36)NH, [MS(IS): 4271]
EXAMPLE 218: [D-Lys26]hPTH(1-36)NH, [MS(IS): 4288]
EXAMPLE 219: [Nle8.18,27]hPTH(1-36)NH;
EXAMPLE 220: [His27]hPTH(1-36)NH, [MS(IS):4294]
EXAMPLE 221: [Phe27]hPTH(1-36)NHp [MS(IS): 4304]
EXAMPLE 222: [N1e27]hPTH(1-36)NH, [MS(IS): 4271}
EXAMPLE 223: [Asn27)hPTH(1-36)NH, [MS(IS): 4271}
EXAMPLE 224: [Ala27]hPTH(1-36)NH, [MS(IS): 4228]
EXAMPLE 225: [D-Gln291hPTH(1-36)NH, [MS(IS): 4289]
EXAMPLE 226: [D-Asp39]hPTH(1-34)NH, [MS(IS): 4118]
EXAMPLE 227: [Ala30]hPTH(1-36)NH, [MS(IS): 4241]
EXAMPLE 228: [D-Val3l]hPTH(1-36)NH, [MS(IS): 4290]
EXAMPLE 229: [Ala3l1]hPTH(1-36)NH, [MS(IS): 4258}
EXAMPLE 230: ([Lys32]hPTH(1-34)NH, [MS(IS): 3832]
EXAMPLE 231: [D-His32]hPTH(1-36)NHp [MS(IS): 4288]
EXAMPLE 232: [Ala32]hPTH(1-36)NH, [MS(IS): 4219]
EXAMPLE 233: [D-Asn33]hPTH(1-36)NH, [MS(IS): 4288]
EXAMPLE 234: [Ala33]hPTH(1-36)NH, [MS(IS): 4210]
EXAMPLE 235: [NMePhe34]hPTH(1-36)NH, [MS(IS): 4301]
EXAMPLE 236: [D-Asp3°]hPTH(1-36)NH, [ MS(IS): 4290]
EXAMPLE 237: Ip-[Nle®,18,Lys(Ip)l3-26,27, D-Asn33,D-Phe34]
hPTH (1-34) NH,
EXAMPLE 238: Ip-[Nle®:18,27,Lys(Ip)13,26]hPTH (1-36)NH,
EXAMPLE 239: [Nle®.18,D-Asn33,D-Phe34]1hPTH(1-34)NH;
[MS(IS): 4080]
EXAMPLE 240: (Lys(Ip)13]hPTH(1-36)NH, [MS(IS): 4331]
EXAMPLE, 241: Propargyl-(Al]-hPTH-(1-36)-NH;
EXAMPLE 242: [Ala®]-hPTH-(1-36)-NH,
EXAMPLE 243: [Pro®]-hPTH-(1-36)~NH;
EXAMPLE 244: Acetyl-hPTH-(1-36)-NH;
EXAMPLE 245: [HyProl]-hPTH-(1-36)-NH;
EXAMPLE 246: N-Dimethyl-[Alal]-hPTH-(1-36)-NH>
EXAMPLE 247: [D-Serl]-hPTH-(1-36)-NH, [MS(IS): 4288]
EXAMPLE 248: [Lys (For)!]-hPTH-(1-36)-NH, [MS(IS): 4356)
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The expression vector typically contains, in addition to the fusion
protein coding sequence, appropriate expression control sequences i ncl uding
a suitable pronoter, an operator and a ribosone binding site and ot her
appropriate regulatory sequences. Usualggy. al so the exgpdec3§9-a90yector
contains one or nore sel ectable markers. Any suitable pronoter may be
gﬁgd, such as the TrpE, [err]Pl, [err]Pr, lac or Tac pronoter. Preferably
EXAMPLE 249: [D-Glyceric acid!]-hPTH-{1-36)-NH;
EXAMPLE 250: [Asn!}-hPTH-(1-36)-NH;
EXAMPLE 251: [4-Aminobenzoic acidl]-hPTH~-(1-36)-NH;
EXAMPLE 252: [4-Aminosalicylic acidl]-hPTH-(1-36)-NH;
- EXAMPLE 253: [TMSAl]-hPTH-(1-36)~NHp [MS(IS): 4343]
EXAMPLE 254: [Phel]-hPTH-(1-36)-NHz
EXAMPLE 255: [Propargylglycinl]-hPTH-(1-36)-NH;
EXAMPLE 256: {Alal,His5,LeuS,Asp1°,Lysll,Glnlé,Phezz,Phe23,HisZS,Hiszs,
Leu2?,Thr33,Ala34]-hPTH- (1-34) -NH,
EXAMPLE 257: (Abu2]-hPTH-(1-36)-NH;
EXAMPIE 258: {D-Val2]-hPTH-(1-36)-NH, [MS(IS): 4288]
EXAMPLE 259: [tert.Leu2)-hPTH-{1-36)-NH;
EXAMPLE 260: {Alal]-hPTH-(1-36)-NH;
EXAMPLE 261: {D-Ile®]-hPTH-(1-36)-NH; [MS(IS): 4288]
EXAMPLE 262: [D-Gln®]-hPTH-(1-36)-NH, [MS(IS): 4288]
EXAMPLE 263: [D-Leu’]-hPTH-(1-36)-NH, [MS(IS): 4288]
EXAMPLE 264: [Nle8]-hPTH-(1-36)-NHp [MS(IS): 4268]
EXAMPLE 265: [Phe®]-hPTH-(1-36)-NH, [MS(IS): 4303]
EXAMPLE 266: [Cha®]-hPTH-(1-36)-NH, [MS(IS): 4309]
EXAMPLE 267: [Leu®]-hPTH-(1-38)-NH;
EXAMPLE 268: [D-Leull]-hPTH-{1-36)-NH, [MS(IS): 4287]
EXAMPLE 269: [Alall]-hPTH-(1-36)-NH, [MS(IS): 4244]
EXAMPLE 270: (D-Lysl3]-hPTH-(1-36)-NH, [MS(IS): 4288]
EXAMPLE 271: [D-LeulS]-hPTH~(1-36)-NH, [MS(IS): 4288]
EXAMPLE 272: [AlalS]-hPTH-(1-36)-NH, [MS(IS): 4243]
EXAMPLE 273: [Alal€]-hPTH-(1-36)-NH; [MS(IS): 4243]
EXAMPLE 274: [Met(0,)18]-hPTH~-(1-36)=-NH, [MS(IS): 4320]
EXAMPLE 275: [Nlel®]-hPTH=-(1-36)-NH, [MS(IS): 4268]
EXAMPLE 276: [D-Metl8]-hPTH-(1-36)-NH, [MS(IS): 4288]
EXAMPLE 277: [Lys2®]-hPTH=-(1-36)-NH, [MS(IS): 4259]
EXAMPLE 278: [D-Arg20]-hPTH-(1-36)-NH, [MS(IS): 4288]
EXAMPLE 279: [D-Val2l]-hPTH-(1-36)=NH, [MS(IS): 4288]
EXAMPLE 280: [Trp(SO,Pmc)23]-hPTH-(1-38)-NH, [MS(IS): 4723]
EXAMPLE 281: [Trp(Pmc)23]-hPTH-(1-38)-NH, [MS(IS): 4660]
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pronoter is the bacteriophage T7 pronoter and the expression vector

is a

plasm d. For E. coli expression an Rl or Col -El plasm d-derived vector
be used. For exanple, expression vector pET 17B, obtainable from Novagen,

or simlar expression vectors may be «sgd- | n anot hegseagpe<ctoos he

may

I nvention provides bacterial host cells transformed with a fusion protein

codi ng sequence or an expression vector as descri bed above.
bacterial host may be used, though preferably the host is E. coli.

For

Any suitable

exanpl e, E. cMr%ﬂ %_%%piQE§QT}{=¥f_3§)% Nsrr(llls)ar 4§§§}ai ns may be used.

EXAMPLE 283: (Ala23]-hPTH-(1-36)-NH, [MS(IS):

EXAMPLE 284: [D-LeuZ4]-hPTH-(1-36)=-NH, [MS(IS):

EXAMPLE 285: [Phe25]-hPTH-(1-36)-NH, [MS(IS):
EXAMPLE 286: [Lys25]-hPTH-(1-36)-NH, [MS(IS):
EXAMPLE 287: [Ala25]~hPTH-(1-36)-NHy [MS(IS):
EXAMPLE 288: (Ala26]-~hPTH-(1-36)-NH, [MS(IS):
EXAMPLE 289: [Lys26/27 (For)]-hPTH-(1-34)-NH,

EXAMPLE 290: [D-Lys27]-hPTH-(1-36)-NH, [MS(IS):
EXAMPLE 291: [D-Leu28]-hPTH-(1-36)-NH, [MS(IS):
EXAMPLE 292: {D-Phe34]-hPTH-(1-36)-NH, [MS(IS):

EXAMPLE 293: {D-Val35]-hPTH-(1-36)-NH,
EXAMPLE 294: [Ala35)~hPTH-(1-36)-NH,
EXAMPLE 295: [Pro35]-hPTH-(1-36)-NH,
EXAMPLE 296: [NMeVal35]-hPTH-(1-36)-NH,
EXAMPLE 297: [Thr35,A1a36]~hPTH-{1-36)~NH,
EXAMPLE 298: [D-Ala36]-hPTH-(1-36)-NH,
EXAMPLE 299: [NMeAla36]-hPTH-(1-36)-NH,

4171}
4288]
4277]
4258]
4201]
4229]

42881
4288]
4288]

EXAMPLE 300: (S—Amino-4-f1uoro-2~isoprqpyl)-hex-3-enoyl—hPTH{34

36)NH,
a) Preparation of hPTH-(3-36)-NH~-resin

This intermediate is prepared in analogy with
Example 165.

the procedure of

b) [(5-Amino-4~fluoro-2-isopropyl)-hex-3-enoyl]hPTH({3-36)~amide

204.6 mg Fmoc~hPTH(3-36)-NH-resin obtained in

a) above are

treated with DMF for S5 min. and then washed several times with

isopropanol and DMF. The Fmoc-protecting group is removed by

treatment with DMF/piperidin 8:2 for 10 min..

The deprotected
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Advant ageously the fusion protein accunulates within the host cells in the
form of insoluble inclusion bodies, and thereby facilitates recovery of the
fusion protein product fromthe cells. In order to recover the desired

pol ypeptide product fromthe fusion progein, the prot i ncl usi on
bodies is solubilised, and the desiredq%olypeptlde prgé%%?a P@g%ed fromthe

fusion protein. Any suitable solubilisation treatnent may be used,
including acid treatnent, e.g. at about pH 2 to 4, preferably with acid at
about pH 2.5, or treatnent with a denaturing agent, e.g. a mld

denat ur ati ng aférfiraguenh, a3f. gumpﬁll%élerbthMMb‘5-tn-mudx3{qaobmt may be

necessary 1o pGIMMasHag- PlenBDE GciIVEE IR tlg NehestHi 211 -2 0 13y EGistpyr~
rolidino)phosphonium hexafluorophosphate (PyBOP) and 26.6 mg
4-methylmorpholin are shaken for 80 min. in 0.7 ml DMF. After
several washings with isopropanol and DMF, the solid residue is
treated with 4.5 ml TFA/0.25 ml water/0.25 ml ethanedithiol for
55 min. This mixture is then filtered and by addition of diethyl
ether the title compound precipitated from the remaining solu-
tion. The title compound is purified by prep. HPLC (Vydac column,
gradient A = water, B = 7 acetonitril/3 water/0.2 phosphoric
acid).
MS (Ion-spray): mass 4272

[a]ﬁg .= =66,8° (¢=0.25 in 95% AcOH)
EXAMPLE 301 4~-Fluoro~2~isopropyl~5-tert. butoxycarbony;amlno-hex-
3-enoate

a) (S)=~3-(1-0xo(4-fluoro-3-hydroxy-2-isopropyl)hex-4-enyl)-4-

phenylmethyl-2-oxazolidinone

The title compound is prepared analogous to the procedure
described by D.A. Evans et al., Org. Synth. 68, 1990; starting
from (S)=-3~(l-oxoisobutyl)-4-phenylmethyl-2-oxazolidinone and 2-
fluoro-but-2-enal.

MS (FAB): MH* 350

b) (§)=3-(1-0x0(4-fluoro-3-0-(2,2,2trichlorethanimino) -2~
isopropyl)hex~4-enyl) ~4-phenylmethyl~-2~oxazolidinone

1.5 g of the compound of Example 30la) are dissolved in 6 ml DCM.
At 0° 0.0958 ml 1,8-diazabicyclo(5,4,0)undec-7-en (DBU) are
added. To this soiution 0.475 ml trichloroacetonitril in 2 ml DCM
is added dropwise at 0°. After 1 hour the reaction mixture is
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resi dues fromthe product which remain after cleavage. Thus in a further
aspect the invention provides a process for the production of a desired
compound of the invention, in a bacterial host, the process conprising:
causing transforned bacterial host cellgy as defined akgye 1100-Ey0Br €ss the
fusion protein in the formof inclusion bodies; isolating the inclusion
bodi es; solubilizing the inclusion bodies, and cleaving the desired

pol ypeptide fromthe fusion protein

evaporated and the residue is purified by column chromatography
on silica gel (hexan/diethyl ether 2:1).
MS (FAB): MH* 493

¢) (S)-3~(1-0xo (4-fluoro-5-N-2,2,2~trichloracetylamino-2-
isopropyl)hex-B—enyl)-4-phenylmethyl-2-oxazolidinone

2 g of the compound of 301b) is dissolved in 150 ml o-xylene and
stirred under reflux at 160° for 3 hours. Then o-xylene is
removed and the residue is purified by column chromatography on
silica gel (toluol/ethyl acetate 98:2).

MS (FAB): MH+ 493

d) 4-Fluoro-5-N-2,2,2-trichloracetylamino-Z-isopropyl-hex-3-énoic

acid

The title compound is prepared analogous to the procedure
described by D.A. Evans et al. Org. Synth. 68 1990, but using as
starting material the compodnd of 301lc).

MS (FAB): MH* 335

e) 5-Amino-4-fluoro-2-isopropyl-hex-3-enoic acid

899 mg of the compound of 301d) are dissolved in 20 ml ethanol
and 13.5 ml 6N sodium hydroxide solution are added. This mixture
is stirred for 20 hours at r.t. Then ethanol is removed and the
remaining aqueous fraction is acidified with 2N HCl to pH=2 and
extracted with n-butanol. The extract is evaporated and the
residue is filtered through silica gel (DCM/methanol 1:1), thus
yielding pure title compound.

MS (FAB): MH* 190
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In the case of PTH compounds, it is not normally necessary to carry out
carefully controlled denaturation and renaturation procedures to obtain PTH
products in active form e.g. having PTH-Ilike activity. The mediumsized

pol ypepti de products may be obtained Jdggactive form negsel yogyogeeutral i sing
the acid conditions used for solubilisation. Solubilisation and cl eavage of
the fusion protein may be carried out in a single step.

£) 4-Fluoro-Z-isopropyl-S-tert.butoxycarbonylamino-hex-B-enoic

acid

0.56 g of the compound of 30le) are dissolved in 12 ml water and
1.5 g sodium carbonate are added. To this solution 0.4 g di-
tert.butylcarbonate dissolved in 12 ml tetrahydrofuran are added.
This mixture is stirred at room temperature for 18 hours. Then 50
ml n-butanol and 50 ml water are added and under vigorous stir-
ring IN HCL is added until pH=2. The organic fraction is evapora-
ted and the residue purified by column chromatography on silica
gel (hexan/acetone 1:2).

MS (FAB): MH* 290

lalp = -61,3° (1% in methanol)

By repeating the above procedures but using the appropriate
starting materials the following compounds may be prepared:

4-Fluoro-2-methyl-5-tert .butoxycarbonylamino-hex-3-enoic acid
4-Chloro-2-methyl-5-tert.butoxycarbonylamino-hex-3-enoic acid
4-Fluoro-2-benzyl-5-tert.butoxycarbonylamino-hex-3-enoic acid’
4-Chloro-2-isopropyl-5-tert .butoxycarbonylamino-hex-3-enoic acid
4-Methyl-2-isopropyl-5-tert.butoxycarbonylamino-hex-3-enoic acid

EXAMPLE, 302:

By following the procedure of Example 300 above but using the
appropriate starting materials, the following compounds may be
prepared:
- (5-Amino-4-fluoro-2-methyl) -hex-3-enoyl-hPTH(3-36) -amide

MS (Ion-Spray): Mass 4245

- (5-Amino-4-chloro-2-methyl) -hex-3-enoyl-hPTH (3-36) -amide
MS (Ion-Spray): Mass 4260
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- (5-Amino-4-fluoro-2-benzyl) -hex~3-enoyl-hPTH(3-36) -amide
MS (Ion-Spray): Mass 4320

-.(5-Amino-4-chloro-2-isopropyl)-hex-3-enoyl-hPTH(3-36)-amide
MS (Ion-Spray): Mass 4289

- {(5-Amino-4-methyl-2-isopropyl) -hex-3-enoyl-hPTH (3~36) -amide
M5 (Ion-Spray): Mass 4269

EXAMPLE 303:

By following the procedure of Example 300 above but using the

appropriate starting materials, the following compounds may be

prepared:

a) (S-amino-3-aza-2-isopropyl)-hexanoyl-hPTH(3-36)-amide {MS
(Ion-Spray) : 4257] using as starting material:
(4-aza-2-t.-butoxycarbonylamino-5-isopropyl)~hexanoic acid

b) (5-amino-3-aza-3-N-acetyl-2-isopropyl)-hexanoyl-hPTH (3-36)~-
amide [MS (Ion-Spray): 4299] using as starting material:
(4-aza-4-N-acetyl-2-t.-butoxycarbonylamino-5-isopropyl) -hexa-
noic acid '

c} (5-amino-3-aza-3-N-acetyl)~hexanoyl-hPTH(3-36)-amide [MS
{Ion-Spray): 4257] using as starting material: (4-aza-
4-N-acetyl-2-t.~-butoxycarbonylamino) -hexanoic acid

d) (5-methylamino-3-aza-2-isopropyl)-hexanoyl-hPTH(3-36)-amide"
[MS (Ion-Spray): 4271) using as starting material:
(4-aza-2~(N-t.-butoxycarbonyl, N-methylamino)-5-isopropyll-
hexanoic acid

_— .
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The invention also includes a fusion protein conprising an N-term nal
bact eri ophage T4 gene 55 pol ypeptide and, |linked to the Cterm nal

t hereof, a desired conpound of the invention. Usi ng the processes and
vectors of the invention it has been fgynd that it isa Sﬂqbliﬁ)Bto produce
hi gh | evel s of PTH products. In E. coli, we have foun at” up to about

50% of the total protein expressed is the desired fusion protein. Al so,
the fusion protein forms inclusion bodies which are easy to separate

e) (5-methylamino-3-aza-3-N-methyl-2-isopropyl)-hexanoyl-hPTH (3~
36) -amide [MS (Ion-Spray): 4285] using as starting material:
{4~aza-4-N-methyl-2-(N-t.-butoxycarbonylamino,N-methyl-
amino) -5-isopropyl]-hexanoic acid

£) (5-amino-3-aza-3-N-methyl-2-isopropyl)-hexanoyl-hPTH(3-36)-
amide [MS (Ion-Spray): 4271) using as starting material:
(4-aza-4-N-methyl-2-t.~butoxycarbonylamino-5-isopropyl) -
hexanoic acid

g) (5-amino-3-aza-3-N-isopropyl)-hexanoyl-hPTH(3-36)-amide [MS
(Ion-Spray) : 4257] using as starting material:
{4-aza-4-N-isopropyl-2-t.-butoxycarbonylamino-5-isopropyl) -
hexanoic acid

h) ({l-cyclopentane-l-amino-l-carboxylic acid(psi CHp~NH)-Val2]-
hPTH (1-36) -amide using l-cyclopentane-l-t.-butoxycarbonyl-
amino-l-carboxylic acid (psi CH2-NH)-Val-OH as starting
material.

EXAMPLE 304:

By following the procedure of Example 3a) above but using the
appropriate starting material, the following compound may be
prepared:

(5-amino-3-aza-2-isopropyl) -hexanoyl-[Leu®,6Alal€,G1lnl8,Alal®) hPTH
(3-36)0H [MS (Ion-Spray): 4135] using as starting material:
(4-aza-2-t .-butoxycarbonylamino)-hexanoic acid
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fromthe other material of the cells. Mreover the inclusion bodies often
consi st of at |east about 90% of the desired fusion protein which can
significantly reduce the amount of purification that is required.

Furt her, expressing the PTH product, krg3he form of thesd ugporoprotei n can
substantially decrease endogenous processing of the polypeptide in the
bacterial cell, allow ng honbgenous products to be obt ai ned.

EXAMPLE 305: (4-Aza-4-N-acetyl-2-tert.butoxycarbonylamino-5-
isopropyl)-hexanoic acid

a) Methyl (4-aza-2-tert.butoxycarbonylamino-5-isopropyl)-hexanoic

acid

Boc-Ala-Val-OMe is treated with the Lawesson-reagent (S.-0. La-
wesson, et al, Tetrahedron 1981, 37, 3635). The resulting
endothiopeptide is then reduced in accordance with the procedure
described by F.S. Guziec et. al. THL, 1990, 23-26.

MS (EI): MH* 289

b) Methyl (4-aza-4-N-acetyl-2-tert.butoxycarbonylamino-5-

isopropyl) hexanoate

264 mg of the compound of 305a) is dissolved in 5 ml DCM and then
0.14 ml triethylamin and 0.072 ml acetyl chloride are added. This
mixture is stirred for 24 hours at 40°. After addition of 50 ml
DCM, the solution is washed twice with water. The organic frac-
tion is dried and evéporated. The title compound thus obtained is
purified by column chromatography (hexan/ethyl acetate 4:1)

MS (EI): M* 330

¢) (4-Aza-4-N~-acetyl-2-tert.butoxycarbonylamino=5- .

isopropyl) ~hexanoic acid

356 mg of the compound of 305b) are dissolved in 4 ml methanol/-
water 3:1 and 53 mg lithium hydroxide are added. This mixture is
stirred at 60° for two hours. Then 25 ml DCM are added and 1IN HCl
is added under vigorous stirring until pH=2. The organic fraction
is separated, dried and evaporated, thus yielding the title
compound in pure form.

MS (FAB): MH* 317

BT



Preferably the cleavable linker contains chemcally cleavable am no acids
adj acent the N-term nus of the desired polypeptide, to permit the desired
pol ypeptide to be cleaved fromthe fusion protein by sinple chem cal
neans. Preferably the desired conpound gpes not contaidyshhgocheysi cally

cl eavabl e groups. Preferred chem cally cl eavabl e Ilnkers contain the
am no acids Asp-Pro-Pro or Asn-@y-Pro. The Asp-Pro or. Asn-Ay bonds nmay

be chemi cally cleaved using acid conditions e.g. formc acid (normally

about pH 2.5) or r oxyl am ne Qf gectlvely The di peptides Pro-Pro or
G y-Pro that r%ﬂrﬁ?$%§5hn ftge procedure but using the appro rlate starting

materials, following compounds may be obtained:

(4-Aza-4-N~acetyl-2-tert.butoxycarbonylamino)-hexanoic acid
{4-Aza-2-tert .butoxycarbonylamino-5~-isopropyl) -hexanoic acid
{4-aza-2-(N-t .-butoxycarbonyl,N-methylamino)-5-isopropyl]~
hexanoic acid
(4-aza-4-N-methyl-2-t.-butoxycarbonylamino-5-isopropyl) -hexanoic
acid '

(4-aza-4-N-isopropyl-2-t. -butoxycarbonylamxno-s isopropyl) -
hexanoic acid

(4-aza-2-t.-butoxycarbonylamino) -hexanoic acid

The compounds of Examples 1 to 300 and 302 to 304 show correct
amino acid ratios in quantitative amino acid analysis.

In the following examples illustrating the recombinant process of
the invention, if not otherwise specified, the standard
procedures described in Ausubel et al; 1991; Current Protocols in
Molecular Biology, John Wiley & Sons, New York are used.

EXAMPLE 306: Cloning bacteriophage T4 gene 55

Two DNA fragments, one containing the entire coding sequence of
bacteriophage T4 gene 55, and the other fragment encoding part of
it are amplified by polymerase chain reaction (PCR) using
purified T4 DNA as the template. Oligonucleotides which contain
NdeI or BamHI endonuclease recognition sequences are used as
primers. The PCR reactions (25 cycles, each 30™ 94 oC, 30" 50 ©C,
30" 72 oC) are performed with 1 ng of template and 100 pM of the
upstream primer (GAGGTGCATA TGTCAGAAAC TAAGCCT 27), the Ndel
recognition site being provided by nucleotides 7-12 thereof) and
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N-term nus of the desired pol ypeptide may then be renoved using a suitable
di pepti dyl - pepti dase. For exanple the L. lactis X-Pro

di pepti dyl - peptidase EC 3.4.14:5 can be used. This peptidase is described
in Nardi et al:199 1; Applied and Envir@nsental M crolSas¢ d§9-798, p4d5 to
50. The conpound of the invention nmay be purified foll ow ng cl eavage
fromthe fusion protein. HPLC purification techniques nay be used.
Purification nay be carried out before renoval of any unwanted

100 pM of the downstream primer

(GGTCGGATCC ATCGTTAGCG TTAGCCTCAT ATAAAAAATC 40 the BamHI,
recognition site being provided by nucleotides 5-10 thereof) in
100 pl reaction buffer containing 10 mM Tris-HCl, 50 mM KCl, 1.5
mM MgCl,, 0.2 mM of each of dATP, dCTP, dGTP, dTTP, and 0.1%
Triton X 100, pH 9.0. A 0.6kb fragment is obtained.

The truncated form of gene 55 is prepared by PCR as described for
the entire gene, except that a different oligonucleotide is used
as downstream primer (GGTCGGATCC TACGTTGGAC GAATGCAT 28, the
BamHI recognition site being provided by nucleotides 5-10
thereof). A 0.35 kb fragment is obtained.

The 0.6 kb and 0.35 kb DNA fragments are digested with
restriction endonucleases NdeI/BamHI and are cloned into a
NdeI/BamHI digest of expression vector pET17B (obtained from
Novagen). The 0.6 kb DNA fragment encodes the entire gp55 protein
(188 amino acid residues_- see Fig. 1), whereas the 0.35 kb
fragment encodes a 12 kD amino-terminal fragment of gp55 (112
amino acid residues - see Fig. 2).

Example 307: Preparation and cloning of the DNA encoding PTH
(1-38)

DNA fragments encoding a) the linker peptide corresponding to
amino acid residues 110-115 of Fig. 1 and PTH (1-38) or b) the
linker peptide corresponding to amino acid residues 186-191 of
Fig. 2 and PTH (1-38) are generated by PCR using a cloned
synthetic PTH (1-38) coding sequence as a template. The
oligonucleotides encoding the linker a)

(GAGTGGATCC ATCGATCCAC CATCCGTATC AGAAATACAA CT 42), or
encoding linker b

GAGTGGATCC GTTAACGGTC CATCCGTATC AGAAATACAA CT 42

are used as upstream primers. The downstream primer
TCTACTCGAG TTAACCCAGA GCTACAAAAT TATG 34



N-term nal am no acid residues. The process of the invention is further
illustrated in the exanples 25 to 31 which however only relate to fusion
proteins conprising (1-38)PTH which are not conprised in the invention SEQ
10 no. 1 shows the am no acid sequence- 88d- corr espondi CegeDNB-3egpience of a
truncat ed gp55- Asp- Pro- ProhPTH(1-38)OH fusion protein as cloned into the

pl asm d pET17B, and SEQ 10 no. 3 shows the am no acid sequence and
correspondi ng DNA sequence of a full |ength gp55-Asn-Qd y-Pro-hPTH(1-38) OH

fusion protein.gs cloned 1904 BErP AFolrRE T4 B3iar cloning site and
| the downstream primer contains a XhoI recognition site

(nucleotides 5-10 of each sequence). The PCR reaction is
pérformed under the same conditions as described in Example 306.
After cleavage with BamHI and XhoI, the 0.14 kb PCR products are
inserted into BamHI-XhoI digests of the gp55-pET17B plasmids,
obtained in Example 306.
For expression of the fusion proteins the resultant plasmid
constructs are fransformed into E.coli BL21 (DE3) LysE and single
bacterial colonies are further propagated. The expression of the
fusion proteins is obtained by incubating a preculture at 37°C on
a rotary shaker overnight in circle growth medium (Bio 101). A
main culture is inoculated with the preculture making up 1 to 5 %
of the volume of the main culture. The main culture is then
fermented at a temperature of 37°C and at a pH of 6.9 to 7.1
whilst being aerated at 10 1l/min and agitated at 200-400 rpm.
Expression is induced by the addition of 1 mM IPTG as soon as the
culture reaches an ODsgg of about 1.0 to 5.0. After induction the
fermentation is continued for five hours and then the
fermentation broth is harvested without killing the E. coli
cells. The harvested cells are spun down with a tubular
centrifuge and resuspended in sample buffer and assayed for
expression by SDS PAGE. The cell pellet is then frozen until
purification. The procedures and host cells used are fully
described in Studier et al; 1990; "Use of T7 RNA Polymerase to
direct expression of Cloned Genes", Methods in Enzymology,

Academic Press, pages 60 to 89.

EXAMPLE 308: Preparation of inclusion bodies

Frozen E. coli pellets obtained from Example 307 are resuspended
to 25% w/v in Buffer A (50mM Tris pH 8.0; containing 2mM DTT, 5mM
Benzamidine-HCl, 1.5mM MgCl,, 1.0mM MnClp, 10pg/ml DNAse 1 and
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- 57 - Case 100-7908

2mg/ml Lysozyme) and mixed by stirring for 1 hour at room
temperature. The resuspended cells are lysed by passage through
a Manton-Gaulin homogeniéer (2 passes at 1200 bar) and the
resultant lysate kept on ice. The lysate is diluted 2 fold with
ice-cold buffer B (50mM Tris pH 8.0; containing 2mM DIT, 5mM
Benzamidine-HCl and 4mM EDTA) and centrifuged for 30min at
27,500q.

The supernatant from the centrifuge is carefully removed and
discarded. The pellet is resuspended in buffer B to 25% w/v,
passed once more through the Manton-Gaulin and centrifuged as
before. This process is repeated once using buffer B and once
using water. The resultant inclusion body pellets are weighed and
frozen at -20°C until required.

EXAMPLE 309: Solubilisation and cleavage of gp55-Asp-Pro-Pro-(1-
' 38)hPTH inclusion bodies

Frozen inclusion bodies containing gp55-Asp~Pro-Pro-~(1-38)hPTH as
obtained in Example 308 are suspended in 10 mM HCl acid solution
(analytical grade) to a final concentration of 6%w/v. The
solution is incubated for 24 hours at 50°C and the reaction
terminated by addition of 1 volume of aqueous 100 mM NaOAc
solution. The diluted supernatant is clarified by centrifugation
at 27,5009 for 30 minutes and filtered through a glass fibre
filter.

EXAMPLE 310: Solubilisation and cleavage of gp55-Asn-Gly-Pro-{1-~
38)hPTH inclusion bodies

Frozen inclusion bodies containing gp55-Asn-Gly—Pro-(i-38)hPTH
and obtained from example 308 are dissolved in 6M Guanidine-HCl
{containing 2M Hydroxylamine-HCl and brought to pH 9.0 by '
addition of 4.5M LiOH) to give an estimated Smg/ml protein. The
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-9- In the follow ng Exanples all tenperatures are in O[err]C. The
foll ow ng abbreviations are enployed. In the present specification the term
PTH wi t hout any further indication includes the carboxy term nus as well as
a carboxam de term nus. BOC tectggBut yl oxycar bogyke 100-7908

pH is readjusted to pH 9 by further addition of LiOH and the
solution incubated for 4 hours at 45°C. The reaction is
terminated by addition of formic acid to pH 4 and the solution
centrifuged and filtered as described in example 309.

EXAMPLE 311: Preparative HPLC of Gly-Pro and Pfo-Pro (1-38) hPTH

Filtered cleavage supernatants are analysed on analytical
reversed phase HPLC (Orpogen HD-Gel~-RP-7s-300; 4 x 150mm column)
and compared with a known (1-38)hPTH standard (Bachem) to
determine the PTH concentration. The column is equilibrated with
85% HPLC buffer A (90% water, 10% acetonitrile; containing
0.1%v/v TFA) and 15% HPLC buffer B (10% water, 90% acetonitrile;
containing 0.1% TFA) and is eluted with a gradient of 15% HPLC
buffer B to 100% HPLC buffer B over 15 minutes at a flow rate of
0.75ml/min.

Depending upon the scale of the preparation, supernatants are
either loaded on a 1.0 x 25cm C4 Vydac or a 2.2 x 25cm C4 Vydac.
The columns are equilibrated with 85% HPLC buffer A and 15% HPLC
buffer B at flow rates of 4ml/min and 10ml/min respectively. The
columns are eluted with gradients of 15%B to 85%B over 80ml and
15%B to 55%B over 300ml respectively.

‘Gly-Pro-hPTH(1-38) or Pro-Pro-hPTH(1-38) peaks are collected
manually and the acetonitrile is later removed under vacuum.
Analytical HPLC is used to determine the peptide concentration
both after cleavage and in the collected fractionms.

The solvent free peptide solutions are diluted with an equal
volume of 100mM sodium acetate and the pH adjusted, if nedessary,
to pH 5.4. Following filtration (0.2pm), the solution is loaded
on a cation exchange column (either Mono S or SP-Sepharose High
Performance, packed into HR10/10 or XK16/10 columns respectively)
equilibrated with 50mM sodium acetate pH 5.4 (buffer C). The
_column is eluted with a 0 to 500mM NaCl gradient in buffer C over
7.5 column volumes. 10ml fractions are collected and the
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DVF di met hyl f or mam de DCM di chl or onet hane Fnoc

9-fl uor enyl net hoxycar bonyl HOBt 1- hydr oxybenzotri azol e TFA
trifluoroacetic acid Trt trityl = triphenyl methyl RP-HPLC reverse
phase hi gh performance |iquid chromategoaphy r.t. CasON00-eper at ure DNP
Di ni trophenyl

X-X-(1-38) hPTH peak is pooled. The peptide concentration is
determined as before using HPLC.

This column serves both to exchange the peptides into a more
physiological buffer and to remove additional peptides produced
by chemical cleavage of the fusion protein itself.

EXAMPIE 312: Enzymatic removal of X-X from X-X-(1-38)hPTH

Pooled peptide fractions, as obtained in Example 311,
(concentration range 1.5 - 2.0 mg/ml) are brought to pH 8.0 by
addition of solid Tris. Purified X-Prolyl dipeptidase (0.5mg/ml
in PBS pH 7.2) (Nardi et al. (1991) App. Env. Microbiol. 57,
No.1l, 45-50) is added to 1:1000 and the solution is incubated for
24h at 37 C. The reaction is stopped by addition of TFA to 0.2%
(pH = 5.0) and the resultant (1-38)hPTH is iscolated using
preparative HPLC (using the same conditions as described in
Example 311). The solvent is removed and the product is
lyophilised after removal of aliquots for N-terminal sequence and
mass spectroscopic analyses.

Examples of the yields which are obtained using the two fusion
protein approaches described above are as follows:

Gen55-Asp-Pro-Pro-(1-38)PTH (using the “truncated” form of Gen55)

Under partially optimized fermentation conditions, a 215 g wet
cell pellet is obtained from a 10 litre fermentation. The
percentage level of expression of the fusion protein is
approximately 37%. From this pellet, 31 g of inclusion bodies are
isolated. The protein purity (with respect to the fusion protein)
of these bodies is 61%. After solubilisation, cleavage and
centrifugation/filtration approximately 620mg Pro-Pro-PTH are
detected. This material yields 580mg Pro-Pro-PTH after subsequent
C4-vydac HPLC. After dilution, cation-exchange on Mono S,
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Tos Tosyl DI PC Di i sopropyl car bodi i m de Pnt

2,2,5,7, 8- Pent anet hyl chroman- 6-sul fonyl IP | sopropyl For

Fornyl Cpe 1-am no-eycl opent ane- 1-carboxylic acid Cpp

1- am no- cycl opropane- | -carboxylic acid ggha cycl ghexybedmpgne t Bu
t. butyl

digestion with X-Prolydipeptidypeptidase (at a Pro-Pro-PTH
concentration of 2mg/ml), HPLC and lyophilisation, 440mg of
lyophilized pure product with full biological activity is
obtained. This represents a yield of 71% between the stopped
cleavage step and the final product.

Gen55-Asn-Gly-Pro-(1~38)PTH (using the *long®™ form of Gen55)

From a non-optimized 20 litre fermentation a 78g wet cell pellet
with 50% expression of the fusion protein is harvested. Following
lysis and centrifugation, 18g of "90% pure™ inclusion bodies are
obtained. Following the acid stop step and centrifugation/fil-
tration about 470mg Gly-Pro-PTH are detected. After HPLC on
C4-Vydac, 355mg of peptide are detected, decreasing to 32img
after SP-Sepharose cation-exchange. Enzymatic removal of the Gly
and Pro residues is carried out at 2mg/ml. After the final HPIC
step and lyophilization, 244mg of pure, fully biologically active
(1-38)PTH is recovered representing a yield of 52% from the
stopped cleavage reaction stége.

Compounds of Examples 25, 26, 56 and 86 to 164 are also prepared
using the process of Examples 306 to 312.

The compounds of the invention in free fbrm or in the form of
pharmaceutically acceptable salts and complexes exhibit valuable
pharmacological properties'as indicated in animal tests and are
therefore indicated for therapy.

The biological activity of the compounds of the invention is
assessed in vitro by measuring their ability of stimulating the
synthesis of c¢yclic AMP in UMR 106-06 rat and Sa0S-2 human
osteosarcoma cells according to the method of Marcus and Aurbach
in Endocrinology, 85, 801-810 (1969). Rat osteosarcoma UMR 106
cells are grown to confluence in Eagle’s Minimum Essential Medium
- 10% FCS in 12 well plates, human Sa0S$-2 osteosarcoma cells are
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Conpar ative EXAVPLE 1: Nerr]-Isopropyl hPTH(1-34) NH err] Thi s peptide

i s assenbled in a stepwi se manner on a pol ystyrene based resin support. The
Boc-group is used for protection of the al pha am no-group and si de-chain
functional groups are protected as fokl &ws: Lys(2-chl @asbdlfay?d®8ycar bonyl ),
Ser (benzyl), Thr(benzyl), G u(benzyl), Asp(benzyl), Mt (0O, H s(DNP)
Arg(Tos), and Trp(HCO . O her residues are |left unprotected.

grown in McCoy’s 5A medium - 10% FCS. The medium is then changed
to medium with 2% FCS and 1-5 pCi/well [3H]-adenine is added. Two
hours later, cells are washed twice with serum-free medium and
incubated in DMEM - 1% BSA containing 1 mM 3-isobutyl-l-methyl-
xanthine to exclude actions on phosphodiesterases. Test
substances are added 20 min later. The reaction is stopped and

- CAMP extracted after 15 min by adding ice cold 5% trichloroacetic
acid. A carrier solution (0.5 ml/well) containing 5 mM of
unlabelled adenine, adenosine, AMP, ADP, ATP, and cAMP as well as
0.4 uCi [14C]-adenosine for determination of recovery is added.
[3H]-cAMP is separated using serial Dowex 50W-X4 (200-400 mesh)
and alumina chromatography and counted. Results are calculated in
% of solvent control and ECsg values determined from DRC curves.
Compounds of the invention stimulate cAMP production in UMR
106-06 rat and Sa0S-2 human osteosarcoma cells at a concentration
of 10-11 to 10-6 M.

The compounds of the invention also have binding affinity to PTH
receptors, e.g. as follows:

Chicken ([Tyr3€]PTHrP(1-36)amide is iodinated to a specific
activity of 2,200 Ci/mmol using the lactoperoxidase method (Anawa
Lab. AG, Wangen). Monolayers of opossum kidney cells are washed-
with 200 pl DMEM and HAM’s F12 (1:1) containing 1% BSA and
incubated at 16°C with 50.000cpm of [125I-Tyr36]chPTHrP(1-36)-
amide per well in the presence or absence of 1 uM [Tyr38]chPTHrP-
(1-36)amide. After incubation, cells are washed with 0.5 ml
medium (4°C), lysed with 0.5 ml IN NaOH and radioactivity is
determined. Specific binding is defined as total binding minus
nonspecific binding. Competition curves are analyzed using
SCTFIT, a non-linear regression computer program {Feyen et al,
1992, Biochem. Biophys. Res. Commun. 187:8-13) and data presented
as mean pKp values (n=2 to 3). Compounds of the invention show in
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Am no- 4- net hyl phenyl - et hyl - co( pol yst yrene-di vi nyl benzene = MBHA resin)
(0,7 mmol/g) is subjected to the following cycle, steps (I) to (7), of
treatnments: (1) DCM (2) trifluoracetic acid (50 % in DCM

- 62 - Case 100-7908

this test a binding affinity expressed as a mean pKp value of
from 7 to 10.

Furthermore, the compounds of the invention increase plasma
calcium level after continuous s.c. infusion, e.g. as determined
in male thyroparathyroidectomized Wistar rats weighing 140 to 170
g. 5 days after thyroparathyroidectomy, rats are implanted in the
neck with Alzet minipumps and test compounds infused at rates of
0.3 to 30 ng/day/rat. Blood is drawn by retro-orbital puncture in
the morning of days 1, 2, 3, and 6 thereafter and plasma calcium
concentrations are determined photometrically. In this test com-
pounds of the invention increase plasma calcium.

The compounds of the invention are accordingly indicated for pre-
venting or treating all bone conditions which are associated with
increased calcium depletion or resorption or in which calcium
fixation in the bone is desirable, e.g. osteoporosis of various
genesis (e.g. juvenile, menopausal, post-menopausal, post-trauma-
tic, caused by old age or by cortico-stercid therapy or inactivi-
ty), fractures, osteopathy, including acute and chronic states
associated with skeletal demineralisation, osteo-malacia, perio-
dontal bone loss or bone loss due to arthritis or osteoarthritis
or for treating hypoparathyroidism.

The compounds of the invention are particularly indicated for
preventing or treating osteoporosis of various genesis.

For all the above uses, an indicated daily dosage is in the range
from about 0.003 to about 10 mg preferably 0.003 to 3, more
preferably 0.01 to 1 mg of a compound of the invention.

Compounds of the invention may be administered once a day or up
to twice a week.
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The compounds of the invention may be administered in free form
or in pharmaceutically acceptable salt form or complexes. Such

salts and complexes may be prepared in conventional manner and .

exhibit the same order of activity as the free compounds. The

present invention also provides a pharmaceutical composition

comprising a compound of the invention in free base form or in

pharmaceutically acceptable salt form or complex form in associa=-

tion with a pharmaceutically acceptable diluent or carrier. Such

compositions may be formulated in conventional manner. The com-

'pounds of the invention may be administered by any conventional

route, for example parenterally e.g. in form of injectable solu-

tions or suspensions, enterally, e.g. orally, for example in the

form of tablets or capsules or in a transdermal, nasal or a sup-

pository form.

In accordance with the foregoing the present invention further

provides:

a)

b)

a compound of the invention or a pharmaceutically acceptable
salt or complex thereof for use as a pharmaceutical;

a method for improving bone formation, e.g. preventing or
treating all bone conditions which are associated with in-
creased calcium depletion or resorption or in which calcium
fixation in the bone is desirable, e.q. osteoporoéis of va-
rious genesis (e.g. juvenile, menopausal, post-menopausal,
post-traumatic, caused by old age or by cortico-steroid the-
rapy or inactivity), fractures[ osteopathy, including acute
and chronic states associated with skeletal demineralisation,
osteo-malacia, periodontal bone loss or bone loss due to
arthritis or osteocarthritis, or for treating hypoparathyro-
idiom in a subject in need of such treatment, which method
comprises administering to said subject an effective amount
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(3) DCM (4) diisopropylethylamne (10 %9 in DVF (5) DWF (6) preforned
symmetrical anhydride (1.4 mmol per g starting resin) of Boc-amino acid in
DMF (7) DVF

- 64 - Case 100-7908

of a compound of the invention or a pharmaceutically
acceptable salt or complex thereof;

c) a compound of the invention or a pharmaceutically acceptable
salt or complex thereof for use in the preparation of a phar-
maceutical composition for use in the method as in b) above.

According to a further embodiment of the invention, the compounds
of the invention may be employed as adjunct or adjuvant to other
therapy, e.g. a therapy using a bone resorption inhibitor, for
example as in osteoporosis therapy, in particular a therapy em-
ploying calcium, a calcitonin or an analogue or derivative
thereof, e.g. salmon, eel or human calcitonin, a steroid hormone,
e.g. an estrogen, a partial estrogen agonist or estrogen-gestagen
combination, a biphosphonate, vitamin D or an analog thereof, or
any combination thereof.

When the compounds of the invention are administered in conjunc~
tion with, e.g. as an adjuvant to bone resorption inhibition the-
rapy, dosages for the co-administered inhibitor will of course
vary depending on the type of inhibitor drug employed, e.g. whe~-
ther it is a steroid or a calcitonin, on the condition to be
treated, whether it is a curative or prevéntive therapy, on the
regimen and so forth.

In accordance with the foregoing the present invention provides
in a yet further aspect:

d) a method for improving bone formation, e.g. preventing or
treating calcium depletion, for example for preventing or
treating any of the specific conditions or diseases herein-
before set forth, in a subject in need of such a treatment
which method comprises administering to said subject an ef-
fective amount of a) a compound of the invention and b) a
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Vol umes of washes and reagents are from5 to 20 ml per gramof starting
resin. Each step is repeated as nmany tines as necessary for either conplete
reaction of the resin (steps 2, 4, 6) or conplete displacenment of the
previous reagent fromthe resin (steps6%,-3, 5, 7). Sasel t&0-dP0&esin are
renoved after each cycle and checked for conpl eteness of the coupling
reaction by a colorinetric test for residual am no groups using ninhydrin.
Symmet ri cal anhydri des of Boc-am no acids are prepared just prior to use by

reacti ng Boc-am g%{:%}c&ngﬁégM&eégg%iﬁgéﬁhnaman&mce(geiﬁgngml per g

resin) in DCM c o
bone resorption inhibitor, for example as indicated above.

Compounds of Examples 20, 29, 37, 49 and 50 are preferred.
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sufficient for conplete dissolution of the Boc-am no acid. The m xture is
filtered, nore DMF is added to the filtrate which is concentrated by
evaporation of the volatile conponents at a tenperature not exceeding
15[err]C and the resulting solution i § f&ed in step (6pse 10#nE08ycl e of
reactions, (1) to (7), is repeated for each am no acid residue such as to
provi de the sequence of the title conpound except for Boc-G | n-OH and
Boc- Arg(Tos)-OH, which are coupled in step (6) as their preforned

1- hydr oxybenziamugzol e esters in DVF

1.

A PTH compound having PTH-like activity and comprising at

least one modification, said modification being either

1. at least one radical selected from a L- or D-e-amino acid,
Ca-galcoxycarbonyl and optionally substituted C;-galkyl,
Co-galkenyl, Cz-galkynyl, aralkyl, aralkenyl or
Ca-gCycloalkyl-Cy_4alkyl and attached to the terminal
amino group of the PTH compound, and/or at least one
radical selected from Cy_galcoxycarbonyl and optionally
substituted C;-galkyl, Cs-galkenyl, Ca_galkynyl, aralkyl,
.aralkenyl or Cs_gcycloalkyl-C;.zalkyl and attached to one
or more side chain amino groups of the PTH compound,

2. at least one a-amino acid unit in the positions 1 to 38
of a naturally occurring PTH sequence being replaced by a
natural or unnatural amino acid unit optionally in
protected form, whereby the e-amino acid units present in
positions 1 and 2 at the amino terminus of the PTH
sequence together may be replaced by a pseudo-peptide,

or a combination of such modifications,

provided that

when the PTH compound is free from D- or L-e-amino acid
attached to the N-terminus or from C,_galcoxycarbonyl or
optionally substituted Cj_galkyl, Cz-galkenyl, C,_galkynyl,
aralkyl, C,_galkynyl, aralkenyl or Ci_gcycloalkyl-Cy_4alkyl,
it is other than a PTH compound having a naturally occurring
e-amino acid sequence;

-------------- e
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The fully assenbl ed peptide resin is treated twice with 20 ml of thiophenol
Ain DV at r.t. for 1 hour and washed wi th DVF, nethanol and

di chl oronet hane. The peptide resin is again subjected to steps (1) to (5)
followed by the addition of 0.5 nl of-éJetone, 84 ny 6&sesdddithos

cyanobor ohydride and 0.2 ml of acetic acid in 20 ml of DWW per gram of
resin. After 16 hours at RT the resin is washed with DWF and

di chl oronet hane and dri ed. The peptide resin is treated with |iquid HF,

di methyl sulfide, p-CHL80H BgbuakNANGthel Endll bR @L3ACGREAIRY tO

i. the «-amino acid in position 1 is Gly, D-Ser, D-Ala
or Tyr;
or

ii. the a-amino acid in position 2 is Ala, D-Val, Lys,
Arg or Cit and the e¢-amino acid in position 34 is
Tyr; or the a-amino acid in position 2 is D-Val and
the a-amino acid in position 34 is D-Tyr and
optionally the ¢-amino acids in positions 8 and 18
are each Nle; or

iii. the a-amino acid in positions 3 and/or 6 and/or 9 are
replaced by a natural or unnatural amino acid; or

iv. the o-amino acid in position 23 is replaced by Ala,
Arg, Asn, Asp, Cys, Gln, Glu, Gly, His, Ile, Lys,
Met, Pro, Ser or Thr; or

v. the a-amino acid in position 25 and/or 26 and/or 27
is replaced by Ala, Asn, Asp, Cys, Gln, Glu, Gly,
His, Ile, Leu, Met, Phe, Pro, Ser, Thr, Trp, Tyr or
Val; or

vi. the e-amino acids in positions 8 and 18 are each Nle
or each Met (0) and optionally the a-amino acid in
position 34 is Tyr; or the a-amino acids in positions
8 and 18 are each Nle and the a-amino acid in
position 34 is Tyr and either the a-amino acid in
position 12 is L- or D-Pro, L- or D-Ala, Aib or
NMeGly or the a-amino acid in position 23 is Phe,
Leu, Nle, Val, Tyr, a-Nal or p-Nal; or

vii. the e-amino acid in position 28 is Lys and the
a-amino acid in position 30 is Leu; or

viii.the a-amino acid in position 1 is Aib; and/or the
e~-amino acid in position 8 and/or 18 is Leu, Ile,
Val, Phe or Trp; and/or the a-amino acid in position
11 is Ser, Lys, Phe, p-Nal, Trp or Tyr; and/or the
e-amino acid in position 12 is D-Leu, D-Ile, D-Nle,

This Sheet Has Been Rep.
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the 'l ow high' procedure which is described, e.g., in International Journal
of Peptide and Protein Research, vol.26, page 262-273 (1985). After

renoval of the volatile conponents and washing with ethylacetate the
residue is extracted with several portiggns of | % aceCise agf-d90§iltered and
the filtrate Iyophilized. The I|yophilized product is purified by repeated
rever sed- phase chromat ography on a columm of octadecyl-silica using a

gradi ent of acetonitrile in 2% phosphoric acid or in 20 n

et ranet hyl amroni um phoggt &, 5% AL LONS.EAT! A-AbEY oL, PHragOMPOUNd are

D-Met, D-p-Nal, D-Trp, D-Lys, D-Tyr, D-Lys(Fmoc),
D-Phe or D-Asn; and/or the w-amino acid in position
13 is Leu; and/or the a-amino acid in position 19
and/or in position 21 is Arg, Lys, Asn or His; and/or
the a-amino acid in position 23 is 2-(1,3-dithiolane-
2-yl)Trp; and/or the e-amino acid in position 25
and/or in position 26 is His; and/or the e-amino acid
in position 27 is Gln or Leu; or

ix. the a-amino acid in position 8 and/or 18 is Ala or
Ser; or the a-amino acid in position 8 and/or 18 is
Ala, Val, Leu, Ile, Ser or Trp and the e-amino acid
in position 34 is Tyr; or

the PTH compound is other than PTH(1~-84) wherein

i. the e-amino acid in position 1 is Tyr, Val, Pro, Asp
or Cys; or

ii. the «-amino acid in position 2 is Ala, Glu, Leu, Ser

" or Arg; or

iii. the w-amino acid in positions 3 and/or 6 and/or 9 are
replaced by a natural or unnatural amino acid; or

iv. the «-amino acid in position 23 is replaced by Ala,
Arg, Asn, Asp, Cys, Gln, Glu, Gly, His, Ile, Lys,
Met, Pro, Ser or Thr; or

v. the e-amino acid in position 25 and/or 26 and/or 27
is replaced by Ala, Asn, Asp, Cys, Gln, Glu, Gly,
His, Ile, Leu, Met, Phe, Pro, Ser, Thr, Trp, Tyr or
Val; or _

vi. the c-amino acid in position 8 is Met, Met(0), Ala, Val,
Leu, Ile, Ser, Trp, Asn, Gln, Asp, Glu, Lys, Arg, Tyr
or Gly and the e-amino acid in position 18 is Leu; or
the a-amino acid in position 8 and/or 18 is Ala, Val,
Leu, Ile, Ser or Trp, and optionally the e«-amino acid

This Sheet Has Been Replace / /
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in position 34 is Tyr; or the a-amino acid in
positionla and in position 18 are each Met(0):; or the
a-amino acid in position 8 is Leu and the a-amino
acid in position 18 is Met(Q); or

vii. the a-amino acid in position 26 is Gln;

the compound is other than Pro®PTH(1-84) or [Metl,Leud,
Leul®]PTH(1-84); or

the PTH compound is other than hPTH(1-36) wherein the
ac-amino acid in position 36 is Leu;

in free form or in salt form or complex form.

2. A PTH compound according to claim 1 comprising at least one
amino acid unit replaced in one of the following positions
of the PTH sequence: 1, 2, 3, 8-11, 13 to 19, 21, 22, 29 to
34.

3. A PTH compound according to claim 1 or 2 wherein the
e-amino acid units in positions 1 and 2 at the amino
terminus of the PTH sequence is replaced by a pseudo-di-
peptide.

4. A PTH compound according to claim 3 of formula I

X-P I
wherein
X is a residue of formula (a)

Y
l .
Z-N - CH - C=CH - CH - CO- (a)
I I l
A4 W Y’

or (b)

: L
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t hrough a weakly basic ion-exchange resin in the acetate formand the
filtrate lyophilized to give the title conpound. MS (lon-Spray): 4160.
Conpar ative EXAMPLE 2: [Lys (N err]-Ilsopropyl)[err]hPTH(1-34) NH err] The
peptide is assenbl ed as described for- Fyanpl e 1 but ugdsad;desgédgroc) for
I ncorporation in position

Ya er
I I
z-N-<|:-CH2 - N - CH - CO- {b)
! |
20 Yy Y

wherein each of Z and Z’, independently, is H; opticnally
substituted Cj-galkyl, Cs-galkenyl, aralkyl, aralkenyl or
Ci_gCycloalkyl-Ci_4alkyl; or a protecting group, at most
one of Z and Z' being a protecting group,

2'7 is H, Ci-galkyl or a protecting group

each of Y and Y', independently, is an optionally protec-
ted side chain of a natural or unnatural e-amino acid,
one of Y, and Yp is hydrogen and the other is an
optionally protected side chain of a natural or unnatural
a~-amino acid or ¥, and Y, form together with the carbon
atom to which they are attached a Cs-gcycloalkyl group,
and

W is halogen or C;-jalkyl,

or W and Y' together with the moiety —C=CH-CH-

to which they are attached, form an optionally substituted
aromatic cyclic or heterocyclic residue, and
P; is a PTH sequence in which amino acid units in positions
1 and 2 of the N-terminus are omitted.

5. A PTH compound according to claim 1 or 2, wherein the
e-amino acid unit in position 1 and/or the e-amino acid unit
in position 2 of the N-terminus of the PTH sequence is
replaced by an optionally protected natural or unnatural
amino acid residue,
provided that

when the PTH compound is free from D- or L-a-amino acid
attached to the N-terminus or from C,_galkoxycarbonyl or

T —
~o———
e

This Sheet

lIll/l//llu/;///i’/,ﬁi,}“" T



13 and Fnoc-Ser(tBu) in

hour and washed with DVF, nethanol and di chl oromet hane. The dry resin is

and ) term nal position 1. The fully assenbl ed peptide
resinis treated twice with 20 m of thiophenol 5%in DVF at r.t. for 1

treated with liquid HF as described feor7iExanple 1. Theasd eag<iges pr oduct
n a mxture of nethanol (5 m ), phosphate buffer pH

(350 ng) is suspended
5.0 (5 mM), sodiumcyan

hours at RT the reaction nixture is filtered and the filtrate evaporated.

The residue i s suspenpde

with 20 vol umes of°PE¢@ l5ér7‘(‘:} ?ﬁtﬁg‘iél S Egylr'eg?'&ﬁékﬁ%rgl’l% siyfigr, o1 futed

oborohydri de (48 ng) and acetone (0.28 m).

aralkyl, aralkenyl or Cs-gcycloalkyl-C;.4alkyl, it is other

than a

PTH compound having a naturally occurring e-amino

acid sequence;

or the
i.

ii.

iii.

or the

PTH compound is other than PTH(1-34) wherein

the a-amino acid in position 1 is Aib, Gly, D-Ser,
D-Ala or Tyr; or

the e-amino acid in position 2 is Ala, D-Val, Lys,
Cit or Arg and the m-amino acid in position 34 is
Tyr: or the w-amino acid in position 2 is D-Val and
the e-amino acid in position 34 is D-Tyr and
optionally the a-amino acids in positions 8 and 18
are each Nle; or

the «~amino acid in position 1 is Aib and at least
one further e-amino acid unit has been replaced as
follows: the a-amino acid in position 8 and/or 18 is
Leu, Ile, Val, Phe or Trp, and/or the e-amino acid in
position 11 is Ser, Lys, Phe, g-Nal, Trp or Tyr,
and/or the e-amino acid in position 12 is D-Leu,
D-Ile, D-Nle, D-Val, D-Ser, D-Ser(Butyl), D-Abu,
D-Thr, D-Nva, D-Met, D-p-Nal, D-Trp, D-Lys, D-Tyr,
D-Lys (Fmoc), D-Phe or D-Asn, and/or the e-amino acid
in position 13 is Leu, and/or the a-amino acid in
position 19 and/or in position 21 is Arg, Lys, Asn or
His, and/or the s-amino acid in position 23 is
2-(1,3-dithiolane-2-yl) Trp, and/or the a-amino acid
in position 25 and/or in position 26 is His, and/or
the a-amino acid in position 27 is Gln or Leu,

PTH compound is other than PTH(1-84) wherein

the a-amino acid in position 1 is Tyr, Val, Pro, Asp
or Cys; or

—————

LT
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di ssolved in 100 mM of water and acetic acid added to pH = 3, filtered and
the filtrate Iyophilized. The |yophilizate is purified by reversed- phase
chromat ography on a col umm of octadecyl-silica using a gradient of
acetonitrile in 2% phosphoric acid. Fractions contai ni Agset AB0I3P& conpound
are conbined, filtered through a weakly basic ion-exchange resin in the
acetate fornland the filtrate Iyophilized to give the title conpound. M5
(lon Spray): 4205.6. Conparative EXAMPLE 3: N err]-Isopropyl [Lys

(N[err]-lsopropyl)1[e{r] BRT-4dind8ci@En position 2 is Ala, Glu, Leu, Ser
or Arg.

6. A PTH compound according to claim 5 of formula II

Xia = Y2a = Py I
wherein
Xya is a residue of: an optionally protected natural a-amino
acid or a residue of formula (IIa)

Ry
!

Za-N -{C]n - CO - (IIa)
I
27, R

wherein
each of 2, and 2’,, independently, is H, C;-.galkyl or
a protecting group, at most one of Z, and 2', being a
protecting group, and either n is 1 and
i. each of Ry and Ry, independently, is C;-galkyl, or
ii. one of R; and Ry is methyl or ethyl and the other
is an optionally protected residue attaching to
the a-carbon atom of a natural e«-amino acid other
than Ala, Leu, Ile or Val, or
iii. one of R; and Ry is H, methyl or ethyl and the
other is an optionally protected residue
attaching to the a-carbon atom of an unnatural
a-amino acid, or
iv. R; and R; form togethér with the carbon atom to
which they are attached a Ciz_gcycloalkyl group, or

Ry
v. the residue 2, - T - C - represents a heterocyclic
Z’a Rz

_ -
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a) Solid phase peptide synthesis The peptide is synthesized in a
stepwi se manner on a pol ystyrene based resin support. The al pha-am no
group is protected by Fnoc and the side-chain functional groups as

fol | oned: Asp(GBu), u(OQBu), H-s{Jr<), Lys(Boc)GasAsiy0*7808 A n(Trt),
Arg(Pnt) and Ser(tBu). O her am no acids are |eft unprotected.

Frmoc-Ay esterified to 4-Hydroxynet hyl - phenoxynet hyl co( pol ystyrene-

% di vi nyl benzene), 0.5

residue optionally condensed to a benzene ring,

ornis 2, 3, 4 or 5 and each of Ry and R; is H or
CH3 r

Y>. is a residue of an optionally protected natural e-amino
acid
or a residue of formula (IIb)

R3
|
-N ~-[C}lgp - CO ~ {IIb}
| ]
Zp R4

Zp is H or Cy-galkyl and either m is 1 and

i. each of Rz and R4, independently, is Cj_galkyl, or

ii. one of R3; and R4 is methyl or ethyl and the other is
an optionally protected residue attaching to the
a-carbon atom of a natural a-amino acid other than
Ala, Leu, Ile or val, or

iii.one of R3 and Ry is H, methyl or ethyl and the other
is an optionally protected residue attaching to the
a=-carbon atom of an unnatural e-amino acid,

ormis 2, 3, 4 or 5 and each of Ry and Ry is H or CHs,

and

P; is as defined in claim 4.

7. A PTH compound according to any one of the preceding claims
wherein the e-amino acid unit in position 8 and/or the
ac-amino acid unit in position 18 is replaced by an
optionally protected natural or unnatural amino acid
residue, provided that

when the PTH compound is free from D- or L-a-amino acid
attached to the N-terminus or from C,_galkoxycarbonyl or

e
e
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mol /g, is used as starting material for the stepw se solid phase

synt hesi s, which consists of repetitive cycles of al pha-am no

deprot ection, washing, coupling (attachnent of new am no acid) and
washing. A three to five fold excess off4Fnoc-amni no actake i1@-@dUl ed as
preformed HOBt-esters using Dl PC. Fnoc-Arg(Pnt), Fnoc-Asn(Trt) and
Frmoc-A@ n(Trt) are coupled as symetrical anhydrides using DIPC. After
conpl ete assenbly of the peptide chain the Fnoc-protecting group of

Ser[err] is r egpviRda QQSécthaI@ig RelYF. c,Cheneage, ef _Jaigymaptide from
t he pol ystyrene resin ? renoval of

aralkyl, aralkenyl or C3 gcycloalkyl-Ci_4alkyl, it is other

than a PTH compound having a naturally occurring e-amino

acid sequence;
or the PTH compound is other than PTH(1-34) wherein

i. the a-amino acids in positions 8 and 18 are each Nle
or each Met (0) and optionally the e-amino acid in
position 34 is Tyr; or the a-amino acids in positions
8 and 18 are each Nle and the a-amino acid in position
34 is Tyr and either the e-amino acid in position 12
is L- or D-Pro, L- or D-Ala, Aib or NMeGly or the
a-amino acid in position 23 is Phe, Leu, Nle, Val,
Tyr, a-Nal or B-Nal; or the e=-amino acids in
positions 8 and 18 are each Nle and the a-amino acid
in position 2 is D-Val and the a-amino acid in
position 34 is D-Tyr; or

ii. the a-amino acid in position 8 and/or 18 is Leu, Ile,
Val, Phe or Trp and optionally at least one further
a-amino acid unit has been replaced as follows: the
a-amino acid in position 1 is Aib and/or the a-amino
acid in position 11 is Ser, Lys, Phe, B-Nal, Trp or
Tyr, and/or the a-amino acid in position 12 is D-Leu,
D-Ile, D-Nle, D-Val, D-Ser, D-Ser(Butyl), D-Abu,
D-Thr, D-Nva, D-Met, D-p-Nal, D-Trp, D-Lys, D-Tyr,
D-Lys(Fmoc), D-Phe or D-Asn, and/or the e-amino acid
in position 13 is Leu, and/or the e-amino acid in
position 19 and/or in position 21 is Arg, Lys, Asn or
His, and/or the a-amino acid in position 23 is
2-(1,3-dithiolane-2-yl)Trp, and/or the a-amino acid in
position 25 and/or in position 26 is His, and/or the
ae-amino acid in position 27 is Gln or Leu; or

‘RN O R ﬂmslljmﬁmfml i”m
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iii. the o-amino acid in position 8 and/or 18 is Ala or
Ser; or the e-amino acid in position 8 and/or 18 is
Leu, and the a-amino acid in position 34 is Tyr; or

the PTH compound is other than PTH(1-84) wherein

the a-amino acid in position 8 is Met, Met(0), Ala,
val, Leu, Ile, Ser, Trp, Asn, Gln, Asp, Glu, Lys, Argq,
Tyr or Gly and the a-amino acid in position 18 is Leu;
or the a-amino acid in position 8 and in position 18
are each Met(0); or the a-amino acid in position 8 is
Leu and the e-amino acid in position 18 is Met(0Q); or

the PTH compound is other than [Leul®,Tyr34]hPTH(1-84),
{Leu®, Tyr341hPTH(1-84), [Ile8, Leul8, Tyr34]hPTH(1-84) or
(Leu®,Leul®, Tyr341hPTH(1-84).

8. A PTH compound having PTH-like activity wherein at least one
of the a-amino acid units in the positions 1 to 38 of a PTH
sequence is replaced by the a-amino acid unit which is
present at the corresponding position in PTHrP, the PTH
compound optionally comprising at least one radical selected
from a L- or D-e~amino acid, C,-galcoxycarbonyl and
optionally substituted C;-galkyl, Cz-galkenyl, C-galkynyl,
aralkyl, aralkenyl or Ci_gcycloalkyl-C;.galkyl and attached
to the terminal amino group of the PTH compound, and/or at
least one radical selected from C_galcoxycarbonyl and
optionally substituted C;.galkyl, Cs-galkenyl, C,_galkynyl,
aralkyl, aralkenyl or Cz.gcycloalkyl-C;. 4alle and attached
to one or more side chain amino groups of the PTH compound,
prov1ded that

when the PTH compound is free from D- or L-e-amino acid
attached to the N-terminus or from C,-galkoxycarbonyl or
optionally substituted Cj-galkyl, Cy_galkenyl, C.galkynyl,

This Sheet Has Been Replace
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all side chain protecting groups is obtained by treatnment of the peptide
resin wwth a mxture of 10% et hanedi thiol, thioanisole, thiocresole
and water in 90% TFA for three hours at roon1tenperature The resin
particles are filtered off and washed Vfth some TFA. Jase ptlodBet is
precipitated fromthe conbined filtrates by addition of ether,
filtered and dried. The product is purified by chromatography

aralkyl, aralkenyl or C3_scyéloalkyl-cl_4alkyl, it is other
than a PTH compound having a naturally occurring a-amino
acid sequence; '

or the PTH compound is other than PTH(1-34) wherein

i. the a=-amino acid in position 8 and/or 18 is Leu;
and/or the e-amino acid in position 11 is Lys:; and/or
the e-amino acid in position 19 and/or 21 is Arg;
and/or the a-amino acid in position 25 and/or 26 is
His; and/or the a-amino acid in position 27 is Leu;
and optionally at least one further e-amino acid unit
has been replaced as follows: the a-amino acid in
position 1 is Aib and/or the e-amino acid in position
11 is Ser, Phe, B-Nal, Trp or Tyf, and/or the a-amino
acid in position 12 is D-Leu, D-Ile, D-Nle, D-Val,
D-Ser, D-Ser(Butyl), D-Abu, D-Thr, D~Nva, D-Met,
D-p-Nal, D-Trp, D-Lys, D-Tyr, D-Lys(Fmoc), D-Phe or
D~Asn, and/or the e-amino acid in position 13 is Leu,
and/or the a-amino acid in position 19 and/or in
position 21 is Lys, Asn or His, and/or the a=-amino
acid in position 23 is 2-(1,3-dithiolane-2-yl)Trp,
and/or the e-amino acid in position 27 is Gln; or

ii. the a-amino acid in position 25 in Gln and/or the
e-amino acid in position 26 is Asn, the a-amino acid
in position 27 being optionally Leu; or

the PTH compound is other than [Leu®,Leul®]PTH(1-84),
in free form or in salt or complex form.

9. A PTH compound according to claim 8 wherein at least 2
c-amino acid units of the PTH sequence is replaced by the
e-amino acid unit which is present at the corresponding
position in PTHrP.

.,
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on a G 18 silica colum using a gradient of acetonitrile in 2%
Herr]PJerr]/water. Fractions containing the pure conpound are
collected, filtered through an ani on-exchange resin (Biorad, AG 4-X4,
100- 200nesh acetate form and |yophil+zgd-to give hPTkhdel18697968

Al kyl ati on 40 mg (9 [err]mol) hPTH-(1-38)-0H(4458.2 g/nol) are
dissolved in 1.2 mM nethanol, 1.2 m phosphate

10. A PTH compound having PTH-like activity wherein at least one
of the a-amino acid units in the positions 8 to 11 of a PTH
sequence is replaced by the a-amino acid unit which is
present at the corresponding position in PTHrP, the PTH
compound optionally comprising at least one radical selected
from a L- or D-g-amino acid, Cp-galcoxycarbonyl and
optionally substituted C;-galkyl, Cp.galkenyl, C,_galkynyl,
aralkyl, aralkenyl or Cs-gcycloalkyl-C;.4alkyl and attached
to the terminal amino group of the PTH compound, and/or at
least one radical selected from Cy_galcoxycarbonyl and
optionally substituted C;_galkyl, Cy.galkenyl, Cs_galkynyl,
aralkyl, aralkenyl or Ci.gcycloalkyl-C;i-jsalkyl and attached
to one or more side chain amino groups of the PTH compound,
provided that the PTH compound is other than [Leu®,leul®]-
PTH(1~84) or PTH(1-34) wherein the a-amino acid in position 8
is Leu and/or the a-amino acid in position 11 is Lys and
optionally at least one further e-amino acid unit is replaced
as follows: the a-amino acid unit in position 1 is Aib,
and/or the w-amino acid in position 18 is Leu, Ile, Val, Phe
or Trp, and/or the a=-amino acid in position 11 is Ser, Phe,
B~Nal, Trp or Tyr, and/or the e-amino acid in position 12 is
D~Leu, D~Ile, D~Nle, D-Val, D-Ser, D-Ser(Butyl), D-2abu,
D-Thr, D-Nva, D-Met, D-fp-Nal, D-Trp, D-Lys, D-Tyr,

D~Lys (Fmoc), D-Phe or D-Asn, and/or the w-amino acid in
position 13 is Leu, and/or the a¢-amino acid in position 19
and/or in position 21 is Arg, Lys, Asn or His, and/or the
e-amino acid in position 23 is 2-(1,3~-dithiolane-2-yl)Trp,
and/or the e-amino acid in position 25 and/or in position 26
is His, and/or the a-amino acid in position 27 is Gln or Leu,
in free form or in salt or complex form.

11. A PTH compound which is [Leu®,Aspl9]PTH or [Leu®,Aspl?®,
Lysl!]PTH, the PTH compound optionally comprising at least
one radical selected from a L- or D-e-amino acid,

e e
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buffer (Merck no. 9887 adjusted to pH 5.0), 45 ng (716 nm ) NaBH3CN (62. 84

g/ nmol ) and 0.8 m (11 mmol) acetone (73.52 m/nol). The reaction is
nonitored by RP-HPLC on a C 18 silica colum and finished after 15
hours at roomtenperature. The reaction8nftxture is di Fareed0ly79p8 wat er

and chromat ographied on a G 18 silica colum using a gradi ent of
acetonitrile in 2%

Cao~galcoxycarbonyl and optionally substituted C;_galkyl,
Cz-galkenyl, Cy.galkynyl, aralkyl, aralkenyl or
Ci-gcycloalkyl-C;_4alkyl and attached to the terminal amino
group of the PTH compound, and/or at least one radical
selected from Cz_salcoxycarbonYI and optionally substituted
Cy-galkyl, C,_galkenyl, Cy_galkynyl, aralkyl, aralkenyl or
Ci-gCcycloalkyl-Ci_4alkyl and attached to one or more side
chain amino groups of the PTH compound,

in free form or in salt or complex form.

12. A PTH compound having PTH-like activity wherein at least one
of the a-amino acid units in the positions 16 to 19 of a PTH
sequence is replaced by the o-amino acid unit which is
present at the corresponding position in PTHrP, the PTH
compound optionally comprising at least one radical selected
from a L- or D-e-amino acid, Cz-galcoxycarbonyl and
optionally substituted C;_galkyl, Cp_galkenyl, C,-galkynyl,
aralkyl, aralkenyl or Csz.gcycloalkyl-Ci_jzalkyl and attached
to the terminal amino group of the PTH compound, and/or at
.least one radical selected from C,-galcoxycarbonyl and
optionally substituted C;_galkyl, C,_galkenyl, C,-galkynyl,
aralkyl, aralkenyl or Ciz.gcycloalkyl-C;-.jsalkyl and attached
to one or more side chain amino groups of the PTH compound,
provided that the PTH compound is other than[Leu®,Leul8]-
PTH(1-84) or PTH(1-34) wherein the e-amino acid in position
18 is Leu and/or the d-amino acid in position 19 is Arg and
optionally at least one further e-amino acid unit is replaced
as follows: the e-amino acid unit in position 1 is Aib,
and/or the e-amino acid in position 8 is Leu, Ile, Val, Phe
or Trp, and/or the a-amino acid in position 11 is Ser, Lys,
Phe, B-Nal, Trp or Tyr, and/or the e-amino acid in position
12 is D-Leu, D-Ile, D-Nle, D-Val, D-Ser, D-Ser(Butyl), D-Abu,
D-Thr, D-Nva, D-Met, D-B-Nal, D-Trp, D-Lys, D-Tyr,

D-Lys (Fmoc}, D-Phe or D-Asn, and/or the w-amino acid in
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| Herr]PJerr]/water. Fractions containing the pure conpound are collected,

filtered through an ani on- exchange resin (acetate form and
lyophilized to give the title conpound as pol yacetate, pol yhydr at e.
[err] = 5.7[err] (c= 0.317 in 95% ASOH) . Case 100-7908

position 13 is Leu, and/or the e-amino acid in position 19 is
Lys, Asn or His and/or the a-amino acid in position 21 is
Arq, Lys, Asn or His, and/or the a-amino acid in position 23
is 2-(1,3-dithiolane~2-yl)Trp, and/or the e-amino acid in
position 25 and/or in position 26 is His, and/or the a-amino
acid in position 27 is Gln or leu,

in free form or in salt or complex form.

13. A PTH compound having PTH-like activity wherein at least one
of the w-amino acid units in the positions 33 and 34 of a
PTH sequence is replaced by the a-amino acid unit which is
present at the corresponding position in PTHrP, the PTH
compound optionally comprising at least one radical selected
from a L- or D-g=-amino acid, Cy-galcoxycarbonyl and
optionally substituted Cj_galkyl, Cp-galkenyl, Cp_galkynyl,
aralkyl, aralkenyl or Cs.gcycloalkyl-Ci_salkyl and attached
to the terminal amino group of the PTH compound, and/or at
least one radical.selected from Cy-galcoxycarbonyl and
optionally substituted C;.galkyl, C,-galkenyl, C,.galkynyl,
aralkyl, aralkenyl or Ca.gcycloalkyl-C;_salkyl and attached
to one or more side chain amino groups of the PTH compound,
in free form or in salt or complex form.

14, A PTH compound according to claims 10 and 13 wherein at least
2 a~amino acid units in the positidns 8-11 and 33-34 of a PTH
sequence are replaced.

15. A PTH compound selected from [Thr33,Ala34]PTH, [Leu®,Thr33,
Ala34]PTH and (Leu®,Aspl®,Lysll,Thr33,Ala34]PTH, the PTH
compound optionally comprising at least one radical selected
from a L- or D-a-amino acid, C;-galcoxycarbonyl and
optionally substituted C;-galkyl, Cp-galkenyl, C,_galkynyl,
aralkyl, aralkenyl or Ci_gcycloalkyl-C;-.salkyl and attached
to the terminal amino group of the PTH compound, and/or at

This Sheet Has Been Replaced
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M5(1 on- Spray): 4626 Conmpar ati ve EXAMPLE 4: Na- Met hyl

[Ala[err]-]PTH (1-38)-OH The peptide chain is assenbled in the sane
manner as in Conparative exanple 3a. At position 1 instead of

Frnoc- Ser (tBu) - OH t he unnatural am no acB6l +noc- N err] -ddsehydo-ApE- OH i s
coupled to the peptide

least one radical selected from Cy.galcoxycarbonyl and
optionally substituted Cj.galkyl, Ca-galkenyl, Cp-galkynyl,
aralkyl, aralkenyl or Ci_gcycloalkyl-C;.salkyl and attached
to one or more side chain amino groups of the PTH compound,
in free form or in salt or complex form.

16. A PTH compound according to any one of claims 8 to 15,
wherein one or more a=-amino acid units in the remaining
positions 1 to 38 is further replaced by a natural or

unnatural amino acid unit.

17. A PTH compound according to claim 16 wherein the a-amino acid
in position 10 is selected from Gly, Gln, Glu, His, Ser, Thr,
Lys and Tyr.

18. A PTH compound according to claim 16 or 17, wherein the
a~amino acid in position 13 is a D- or L-ec-amino acid other

than Arg.

19. A PTH compound according to claim 16, 17 or 18, wherein the
e-amino acid in position 16 is a D- or L-a-amino acid.

20. A PTH compound according to any one of claims 16 to 19
wherein the e¢-amino acid in position 18 is Gln or Tyr.

21. A PTH compound according to any one of claims 16 to 20,
wherein the e¢-amino acid in position 19 is selected from Ala,
Arg, Val, Tyr, Ser, Lys, Met, His, Gly, Pro, Asn and Ile.

22. A PTH compound according to any one of claims 16 to 21,
wherein the o-amino acid in position 33 is a D- or L-g-amino
acid other than Thr, Phe or Ala.

This Sheet Has Been Replaced
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resin. C eavage,

deprotection and purification is perforned as in exanple

3a. M5 (lon Spray) = 4455,91 Conpar ati ve EXAMPLE 5:

[Ala[err],Al aferr],
G@nferr],A aferr],

Leu[err],dn[err],Al a[err]
Phe[err],Hi s[err] =81~ Case 100-7908

His[err],Leu[err] Thr[err],Ala[err] hPTH (1-34)COH

23.

24.

25.

26.

27.

This Sheet Has B

A PTH compound which is selected from [Leuf, Glnl®, Thr33,
Ala34]PTH, [Leu®, Alal®, Glni®, Thr33, Ala34]PTH, [Leu®,
Asp!®, Lysll, Alal€, Glnl®, Thr33, Ala34]PTH, [Leu®, aspl?,
Lysll, Alal6é, Glnl®]PTH, ([Leu®, Alal€, Glnl®, Alal®)PTH,
(Leu®, Aspl®, Lysll, Glnl®)PTH, [Leu®, Aspl®, Lysll, Alals,
Glnl®, Alal®]PTH, ([Leu®, Alalé, Glnl®, Alal®, Thr33,
Ala34]PTH and [Leu®, Aspl®, Lys!l, Glnl®, Thr33, Ala34]PTH,
the PTH compound optionally comprising at least one radical
selected from a L- or D-a-amino acid, C,-galcoxycarbonyl and
optionally substituted Cj-galkyl, Cp-galkenyl, C,_galkynyl,
aralkyl, aralkenyl or Cz_gcycloalkyl-C;_4alkyl and attached
to the terminal amino group of the PTH compound, and/or at
least one radical selected from Cr_galcoxycarbonyl and
optionally substituted C;_galkyl, C;-galkenyl, C,_galkynyl,
aralkyl, aralkenyl or Cj_gcycloalkyl-C;_zalkyl and attached
to one or more side chain amino groups of the PTH compound,
in free form or in salt or complex form.

A PTH compound according to any one of preceding claims which
is a N-terminal PTH fragment comprising 1-34 to 1-38 amino
acid units.

A PTH compound according to claim 24 which is a N-terminal -
hPTH fragment.

A PTH compound according to any one of claims 1 to 24 which
is hPTH(1-34) or hPTH(1-36).

A PTH compound according to any one of the preceding claims
wherein the C-terminus is ~-COOH, esterified -COOH, -CONHj,
mono~- or disubstituted -CONH,.

Replaced
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This peptide is prepared in analogy with the procedure of conparative
Exanpl e 3a. Instead of Fnoc-Ay esterified to

4- hydr oxymnet hyl - phenoxynet hyl - co( pol ystyrene-di vi nyl benzene) the
appropriate Fnmoc-am no acid, e.g. Frmec8Al-a, Fnoc- Phe,CaBanld0Bi¥8a,
Frnoc-D-Phe, etc. is used. Additionally the side-chain functional groups
are protected as follows: Thr(t.-butyl), Trp(Boc) and Tyr(t.-butyl).

28. A PTH compound selected from
{Leu®,Gln18,Thr33,A1a34]-hPTH(1-34)0H
[Leu®,Alal®,Glnl®,alal®, Thr33,a1a34) hPTH (1-34) OH
[Leu®,Alal®, Glnl8,Thr33,A1a341hPTH(1-34)0H
[Leu8,Asp!?,Lysil,Glnl8 1 hPTH(1-36)OH
[Leud,Aspl®,Lysll,Glnl8, Thr33,A1a34]hPTH(1~-34)COH
[Leu®,Aspi®,Lysll, Alalé,Glnl8,Alal®)hPTH(1~36)0H
{Leu®,Aspl®,Lysll, Alal®,G1lnl8,Thr33,A1a34]hPTH(1-34)OH
{Leu®,Aspl®,Lysil,Alal6,Glnl81hPTH(1-36)0H, and
[Leu8,Alal$,G1lnl®,Alal®]hPTH (1-36) OH |

in free form or in salt or complex form.

29. A process for the production of a desired medium-sized
polypeptide in which a fusion protein comprising an
N-terminal bacteriophage T4 gene 55 polypeptide having the
desired polypeptide linked to the C-terminal thereof, is
expressed in bacterial cells.

30. A process according to claim 29 in which the fusion protein
comprises a chemically cleavable linker between the gene 55
and the desired polypeptides.

31. A process according to claim 30 in which the cleavable
linker comprises the amino acid sequences Asp-Pro-Pro or
Asn-Gly-Pro.

32. A process according to any one of the claims 29 to 31 in
which the desired polypeptide is selected from the group
consisting of calcitonins, endorphins, gastric inhibitory
peptide(s), glucagon, neuropeptide Y, growth hormone
releasing factor (GHRF), amyloid B protein fragments,
hirudin, insulin, somatostatin, epidermal growth factor,

Thls Sheet Has Bee

II!MI] [m[[ [[], m ]m HIIIIII II!III IIIlI IIIII ll llll



33.

34.

35.

36.

37.

38.

- 83 - Case 100~7908

nerve growth factor, parathyroid hormone (PTH), and
fragments thereof. '

A nucleotide sequence which codes for a fusion protein
comprising an N-terminal bacteriophage T4 gene 55
polypeptide and a desired medium-sized polypeptide linked to
the C-terminal thereof.

A bacterial expression vector comprising a DNA sequence
according to claim 33.

Bacterial host cells transformed with a DNA sequerce
according to claim 33, or a bacterial vector according to
claim 34.

A process for the production of a desired medium-sized
polypeptide comprising causing bacterial host cells
according to claim 35 to express the fusion protein in the
form of inclusion bodies; isolating the inclusion bodies;
solubilising the inclusion bodies, and cleaving the desired
polypeptide from the fusion protein.

A fusion protein comprising an N-terminal bacteriophage T4
gene 55 polypeptide and a desired medium-sized polypeptide

' linked to the C-terminal thereof.

A process for the production of a desired medium-sized
polypeptide comprising cleavin§ the desired polypeptide from
a fusion protein according to claim 37, and optionally
removing unwanted amino acid residues from the N-terminus
thereof.

e
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- 13- By repeating the procedure disclosed in Exanples 3 and 5 but

using the appropriate starting materials, the foll owi ng conpounds may be
obt ai ned:

- 84 - Case 100-7908

39, A process according to any one of claims 29-32, 36 or 38 in
which the desired medium-sized polypeptide comprises a PTH
polypeptide.

40. A nucleotide sequence according to claim 33, in which the
desired medium-sized polypeptide comprises a PTH
polypeptide.

41. A bacterial expression vector comprising a DNA sequence
according to claim 40.

42. Bacterial host cells transformed with a DNA sequence
according to claim 31 or a bacterial expression vector
according to claim 41.

43. A process for the production of a medium-sized polypeptide

comprising:

culturing bacterial host cells transformed with a
vector containing a DNA sequence coding for expression of a
fusion protein comprising an N-terminal bacteriophage T4
polypeptide having the desired polypeptide linked to the
C-terminal thereof by a chemically cleavable linker selected
from the group consisting of peptides containing the amino
acid sequence Asp-Pro-Pro or Asn-Gly-Pro and expressing'the
fusion protein in the form of inclusion bodies;

isolating the inclusion bodies;

solubilising the inclusion bodies under acid
conditions;

cleaving the desired polypeptide from the fusion
protein, and _

removing unwanted N-terminal amino acid residues from
the desired polypeptide product.

e .
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Exanple 1: [Leu[err], Asp[err], A aferr], An[err]. Thr[err]hPTH (1-34)CH
Exanple 2: [Leu[err], Lys[err], d@n[err]hPTH (1-36)CH Exanpl e 3:
[Leu[err], An[err], Thr[err], AlaJerr]-hPTH (1-34)COH (I S-Ms: 4007)
Exanple 4: [Leu[err], Ala[err], @n[err85 -Aa[err], TRaseAPP=7988a[ err] hPTH
(1-34)CH Exanpl e 5: [Leu[err] Al alerr], Gln[err] Thrlerr],

Al aferr] hPTH (1-34)CH (I S- Vs 3965) Exarrple 6: [Leu[err], Asp[err],
Lys[err], A@n[err] hPTH (1-36) CH Conparative Exanple 7: [Leu[err],

Anferr], Asplgrrly 'h?%ﬁ;fd d DeBEEnElto [Rerds cBligker kb- 2P Ebk (1- 34) OH
Exanpl e 8 [Leu errf err], Lys err] nferr], Thr[err], Al a[err]hPTH
(1-34)OH (1 S-MB: 4528s a phamaceutlca

45, A pharmaceutical composition comprising a PTH compound as
defined in any one of claims 1 to 28, in free form or in
physiologically acceptable salt form, together with a
pharmaceutically acceptable diluent or carrier therefor.

46. A PTH compound substantially as herein before described with
reference to any one of Examples 1 to 300, 302-304 and 306
to 312.

6300/BW/RE6002
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Conpar ati ve Exanple 9:
Leu[err], Arg[err],
Exanpl e 10: [Leu[err],
(1-36)OH (1 S-Ms: 4181) .
Anferr], Aaferr]hPTH (1-36)CH (1 S-MsS: 4193)
Alalerr], A aferr],

13: [Leu[err], Alaferr] @nf[err},
[Leu[err], Aspl[err],

[ Leu[err],

Threrr],

Asp[err]

Anlerr],

Lys[err],

(1-34)OH (1S-MS: 3980)
A n[err] hPTH (1-36) OH (I S-MS: 4240)

AGATCTCGAT CCCGCGAAAT TAATACGACT CACTATAGGG AGACCACAAC GGTTTCCCTC

Aspl[err],
Al aferr] hPTH (1-34)CH (1 S-
, Ly[err],
Exanpl e 11: FL8fufFerr],

Al alerr],

Lys[err],

Gnferr],

Asplerr],
MB: 4077)
Anferr],

Al a[ err] hPTH

Al a eCage 1084719081,
Exanpl e 12:

Al a[ err] hPTH (1-36) OH (I S-MB: 41409)

[ Leu[err],

Exanpl e

Al a[err] hPTH (1-36) OH Exanpl e 14:
Al aferr],
Exampl e 15: [Le

irl

TAGAAATAAT TTTGTTTAAC TTTAAGAAGG AGATATACAT

CCT

Pro

GAT
Asp

CGT
Arg

GAA
Glu
70

TTT

Lys

TGG
Trp

CAG
Gln

TCT
Ser
55

ATG
Met

GAT

TAT
Tyr
Lys

AAT
Asn
40

Lys

ATT
Ile

GAA

Phe Asp Glu

AAT TAC

Asn Tyr
10

ACA GRA
Thr Glu
25

GAT ACT
Asp Thr

CGT TTC
Arg Phe

GCA GAT
Ala Asp

ACG AAA
Thr Lys
90

e@ﬂaced
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GTA

val

ITA
Leu

ATC

Ile

AAC
Asn

GGT
Gly
75

TAT
Tyr

AAC AAT ARAA

Asn Asn Lys

GCA AAT AAT
Ala Asn Asn
30

GGA TTA GCC
Gly Leu Ala
45

TTT TCA GGA
Phe Ser Gly
60

ATA GAA GCT

Ile Glu Ala

AAA AAC CCA
Lys Asn Pro

GAG

Glu

135

Lys

ATT
Ile

TAC
Iyr

TCT
Ser

CAT
His
95

CTT

Leu

GAC
Asp

ATG
Met

ACC
Thr

ATT
Ile
80

GCG
Ala

Thr[err],
- Asp[err]

ATG TCA
Met Ser
1

TTA CAA

Leu Gln

CCA AAT
Pro Asn

CTT ATT
Leu Ile
50

CAG TCT
Gln Ser
65

AAG GGG

Lys Gly

TAT ATA
Tyr Ile

Lys",

GAA ACT
Glu Thr

GCT ATT

Ala Ile
20

AAA GTA
Lys Val
35

GCA GARA
Ala Glu

TGG AAA
Trp Lys

CTT CAC
Leu His

ACT CAA
Thr Gln
100

AAG
Lys

ATT

Ile

GIT
Val

GGC
Gly

CAA -

Gln

AAT
Asn
85

GCT
Ala

Al a[ err] hPTH
Al alerr],

60

115

163

211

259

307

335

403



Exanpl e 16: [Leu[err], Asp[err], Lys[err], Alaferr], dn[err], Ala 9,
Thr33, Ala[err]hPTH ( -34)H (I S-Ms: 3923) Exanple 17: [Leu[err],
Asp[err], Al aferr], n[err] hPTH (1-36) OH (1 S- M5: 4225) Exanpl e 18:

[ Leu[err], Asp[err] Lys[err], Ala[erri 837G nn[err], Al afaser190-Thoq err] hPTH
(1-34)CH (I S-Ms: 3999) Exanpl e 19: [Leu[err], A aferr], dnferr],

Al aferr] hPTH (1-36)CH (I S-Ms: 4166) Conpar ati ve Exanpl e 20:

[ Thr[err]-hPTH (1-38)-CH Conpar ati ve EXAMPLE 6:

[ 1- ani nocycl opggyt ane-darCaabey i€ &l @retéd ThE Rt (Gar3&oNeb£ et gTa 451

Cys Phe Asn Ala Phe Val Gln Arg Gly Ser Ile Asp Pro Pro Ser Val
105 110 115

TCA GAA ATA CAA CTA ATG CAT AAT CTG GGT AAA CAT CTG AAT TCA ATG 499
Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn Ser Met
120 : 125 130

GAA CGT GTA GAA TGG CTG CGT AAA AAA CTG CAG GAT GTA CAT AAT TTT 547
Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val His Asn Phe

135 - 140 145
GTA GCT CTG GGT TAACTCGAGC AGATCCGGCT GCTAACAAAG CCCGAAAGGA 599
Val Ala Leu Gly
150

AGCTGAGTTG GCTGCTGCCA CCGCTGAGCA ATAACTAGCA TAACCCCTTG GGGCCCTTGG 659

GGCCTCTAAA CGGGTCTTGA GGGGTTTTTT GCTGRAAGGA GGAACTATAT CCGGATAA 717

eet Has Been Replaced
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-The peptide is assenbled in a stepw se manner on a pol ystyrene based resin
support. The Fnoc-group is used for protection of the al pha-am no groups.
Si de-chain functional groups are protected as Arg(Pnt), Asn(Trt),
Asp(QtBu), An(Trt), du(QBu), Hi s(Ti88)- Lys(Boc), Gae(1647908

Thr (tBu), Trp(Boc) and Tyr(tBu). Other am no acids are |eft unprotected.

FIGURE 2

AGATCTCGAT CCCGCGAAAT TAATACGACT CACTATAGGG AGACCACAAC GGTTTCCCTC 60

TAGAAATAAT TTTGTTTAAC TTTAAGAAGG AGATATACAT ATG TCA GAA ACT AAG 115
Met Ser Glu Thr Lys
1 5

CCT AAA TAT AAT TAC GTA AAC AAT AAA GAG CTT TTA CAA GCT ATT ATT 163
Pro Lys Tyr Asn Tyr Val Asn Asn Lys Glu Leu Leu Gln Ala Ile Ile
10 15 20

GAT TGG AAA ACA GAA TTA GCA AAT AAT AAA GAC CCA AAT AAA GTA GTT 211
Asp Trp Lys Thr Glu Leu Ala Asn Asn Lys Asp Pro Asn Lys Val Val
25 30 35

CGT CAG AAT GAT ACT ATC GGA TTA GCC ATT ATG CTT ATT GCA GAA GGC 259
Arg Gln Asn Asp Thr Ile Gly Leu Ala Ile Met Leu Ile Ala Glu Gly
40 45 50

TTA TCT AAA CGT TTC AAC TTT TCA GGA TAC ACC CAG TCT TGG AARA CAA 307
Leu Ser Lys Arg Phe Asn Phe Ser Gly Tyr Thr Gln Ser Trp Lys Gln
55 60 65

GAA ATG ATT GCA GAT GGT ATA GAA GCT TCT ATT AAG GGG CTT CAC AAT 355
Glu Met Ile Ala Asp Gly Ile Glu Ala Ser Ile Lys Gly Leu His Asn
70 75 80 85

TTT GAT GAA ACG AAA TAT AAA AAC CCA CAT GCG TAT ATA ACT CAA GCT 403
Phe Asp Glu Thr Lys Tyr Lys Asn Pro His Ala Tyr Ile Thr Gln Ala
9% - 95 100

Sheet Has Been Replaced
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-14-

TGT
Cys

GCA
Ala

GAC
Asp

GAT
Asp
150

GAA
Glu

GAG
Glu

CTA
Leu

TGG
Trp

Thi

TTT
Phe

ARG
Lys

GAT
Asp
135

Lys

AAG
Lys

GCT
Ala

ATG
Met

CIG
Leu
215

ART
Asn

Lys
120

ATG

Met

ATG
Met

Lys

AAC
Asn

CAT
His
200

CGT
Arg

GCA TTC

Ala
105

TAT

Tyr

GTT
Val

ACG
Thr

AGT
Ser

GAT
Asp
185

AAT
Asn

Lys

Phe

AGT
Ser

GCG
Ala

CAT
His

GIT
val
170

GGA

Gly

CTG
Leu

AAR
Lys

GIC CRA
Val Gln

TAC TTC
Tyr Phe

TTA GTA
Leu Val
140

TAC GAA
Tyr Glu
155

GTA GAT
Val Asp

TcC GTT
Ser Val

GGT AAA
Gly Lys

CTG CAG
Leu Gln
220

P
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- 89 -

CGT
Arg

GIT
Val
125

GAT

Asp

GAA
Glu

GAT
Asp

ARC
Asn

CAT
His
205

GAT

ATT
Ile
110

CAC

His

GAA
Glu

TCA
Ser

TCT
Ser

GGT
Gly
190

CTIG
Leu

GTA

Case 100-7908

ABA AAA GAA CGT AAG
Lys Glu Arg Lys

Lys

AAT
Asn

ACT
Thr

ACC
Thr

CCT
Pro
175

cca
Pro

AAT
Asn

CAT

Asp Val His

GTC
Val

TTT
Phe

TAT
Tyr
160

AGT

Ser

TCC
Ser

TCA
Ser

AAT
Asn

TAT
Tyr

ATT
Ile
145

AGA
Arg

TTG
Leu

GTA

Val.

ATG
Met

TTT
Phe
225

115

GAC AGC
Asp Ser
130

CAA GAC
Gln Asp

ACA CCG
Thr Pro

GAT TTT
Asp Phe

TCA GAA
Ser Glu
195

GAA CGT
Glu Arg
210

GTA GCT
Val Ala

GAA
Glu

CGT
Arg

ATC
Ile

GGG
Gly

TTA
Leu
180

ATA

Ile

GTA
Val

CTG
Leu

GIT
Val

GAC
Asp

TAT
Tyr

GCT
Ala
165

TAT
Tyr

Gln

GAA
Glu

GGT
Gly

451

499

547

595

643

691

739

787



4-(2',4' -D met hoxyphenyl - Fnoc- am no- net hyl ) - phenoxy- co( pol ystyrene-di vinyl b
enzene) 0.4 mol /g, which may be prepared, e.g., as described in Tetrah.
Letters, 28, 3787-3790 (1987) is subject 8d to the fol | ow n? cycle, steps
(1) to (5), of treatnents: (1) DI\/F(’Z)9 pt peri di ne (2omp 1H-

TAACTCGAGC AGATCCGGCT GCTAACAAAG CCCGAAAGGA AGCTGAGTTG GCTGCTGCCA

847
CCGCTGAGCA ATAACTAGCA TAACCCCTTG GGGCCCTTGG GGCCTCTAAA CGGGTCTTGA 907
GGGGTTTTTT GCTGAAAGGA GGAACTATAT CCGGATAA 945

———
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(3) DVF (4) mxture of HOBt, diisopropylcarbodiimde, and Fnoc-al anine (0.8
mol per gramstarting resin each) (5) DM  Volunmes of washes and reagents
are fromb5 to 20 nL per gram of starting resin.

Case 100-7908

Abstract of the invention

PTH compounds having PTH-like activity and comprising

at

1.

least one modification, said modification being either

at least one radical selected from a L- or D-a-amino acid,
C,-galcoxycarbonyl and optionally substituted C;_galkyl,
Co-galkenyl, Cy_galkynyl, aralkyl, aralkenyl or
Ci-gcycloalkyl-C;-4alkyl and attached to the terminal amino
group of the PTH compound, and/or at least one radical
selected from Cp.galcoxycarbonyl and optionally substituted
Cy-galkyl, Cs_galkenyl, Cy_galkynyl, aralkyl, aralkenyl

or Ci-gcycloalkyl-C;-_galkyl and attached to one or more side
chain amino groups of the PTH compound,

. at least one «x-amino acid unit in the positions 1 to 38 of a

naturally occurring PTH sequence being replaced by a natural
or unnatural amino acid unit optionally in protected form,
whereby the e-amino acid units present in positions 1 and 2 at
the amino terminus of the PTH sequence may be replaced by a
pseudo-peptide,

a combination of such modifications,

in free form or in salt form, have pharmacological activity,
e.g. for preventing or treating all bone conditions which are
associated with increased calcium depletion or resorption or
in which calcium fixation in the bone is desirable.
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S O |
or Cg_scycloalkyl-cl-qalkyl and attached to one of more side chain

amino groups of the PTH compound,
- or

2. at least one @~amino acid unit in the positions 1 to 38 of a
naturally occurring PTH sequence being replaced by a natural or

unnatural amino acid unit optionally in protected form,

whereby the

a-amino acid unitg Present in positions 1 and 2 at the amino terminus
of the PTH Sequence together may be replaced by a Pseudo-peptide,

Or a combination of such modifications,

provided that

when the PTH Compound is free from D- or L-e-amino acid attached to the
N-terminus or from Cz-salcoxycarbonyl or optionally substituted
Ci-galkyl, C2-galkenyl, C2-galkynyl, aralkyl, Cz-galkynyl, aralkenyl or
C3_5cycloalkyl-C1-4alkyl, it is other than a PTH compound having a

naturally occurring a-amino acid sequence;

or the PTH compound is other than PTH(1-34) wherein
i. the a~amino acid in position 1 is Gly, D-Ser, D-Ala

or Tyr; or

ii.  the w-amino acid in position 2 is ala, p-val, Lys, Arg or Cit
and the e-amino acid in Position 34 is Tyr; or the a-amiﬁb\acid _
in position 2 is D-Val and the a-amino acid in position 34 is.

D~Tyr and optionally the e~-amino acids in positions
each Nle; or

8_and 18 are

iii. the a-amino acid in positions 3 and/or 6 and/or 9 are replaced

by a natural or unnatural amino acid; or
iv.  the e-amino acid in position 23 is replaced by Ala,

Arg, Asn,

Asp, Cys, Gln, Glu, Gly, His, Ile, Lys, Met, Pro, Ser or Thr; or

v. the e-amino acid in Position 25 and/or 2§ and/or 27

is replaced

by Ala, asn, Asp, Cys, Gin, Glu, Gly, His, Ile, Leu, Met, Phe,

Pro, Ser, Thr, Trp, Tyr or val; or_:

vi. the a-amino acids in positions 8 and 18 are each Nle or each
Met (0) and optionally the ae-amino acid in position 34 is Tyr; or
the «-amino acids in Positions 8 and 18 are each Nle and the

—-~—~\_\_\
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At the end of the synthesis a final ‘cycle conprising steps (1) to (3) only
is perfornmed and thefpeptlde.re5|n i's washed with;2= ropqpqhw then with a
m xture of nethanoi;and et hyl-enesichl oride (1:1'VFy nd- aRS throughly in
a vacuum desi ccat or : The- peptide resin (1 g) i-s-suspended-id a mixture
(20 m) of trifluorbaceti.c.agid, 'water, and 1, 2- ethanedlthlol (90:5:5 v/v)
for 2 hours at roonatenperétUre the resin partlcles ééered of f and
washed with a smal | =wmol.une..of. TEA € product |s a£ % ed fromthe
conbi ned f||trates by addltlon ;

3,4~-dimethyl; arylmethyl such as benzyl optionally ring
substituted with p-methoxy, p-nitro or p-chloro; or arylsulfonyl
such as phenylsulfonyl optionally ring substituted with p-methyl
or p-methoxy, or naphthylsulfonyl optionally ring substituted
with e.g. amino or di(C;.4alkyl)amino.

O-protecting groups of O-containing side chains are e.g. as
described in "The Peptides", 3, (1981), E. Gross and J. Meien-
hofer (Ed.). For aliphatic hydroxy functionaiities, suitable
O-protecting groups are e.g. as disclosed in the above reference
in "Protection of the Hydroxy Group", J.M. Stewart, 169-201 and
include the benzyl, t.-butyl and methyl groups. For arcmatic
hydroxy functionalities, suitable O-protecting groups include the
benzyl, t.-butyl, methyl, tosyl and benzylocharbonyl groups.
O-protecting groups for carboxy functionalities on amino acid
side chains are well known ester groups and described e.g. in
“The Peptides™, 3, 101-135 ("Carboxyl Protecting Groups" by
R.W. Roeske) and include the methyl, ethyl, t.-butyl and benzyl
groups. S-protecting groups for thiol functionalities on amino
acid side chains are known and described e.g. in "The Peptides",
3, 137-167 ("Sulfhydryl Group Protection" by R.G. Hiskey).

. Examples include the methyl, t.-butyl, benzyl, p-methoxyphenyl-
methyl, ethylamino-carbonyl and benzyloxycarbonyl groups.

According to the invention the PTH compounds may bear on their
terminal amino group at least one radical selected from a L- or
D-a-amino acid, Cz-galkoxycarbonyl and optionally substituted
Ci-salkyl, Ca.galkenyl, C,_galkynyl, aralkyl, aralkenyi or
Ci~gcycloalkyl-C;_4alkyl, and/or on one or more side chain amino
group({s) at least one radical selected from C,_galkoxycarbonyl
and optionally substituted Cj.galkyl, C,_galkenyl, Cs_galkynyl,
aralkyl, aralkenyl or Cs-gcycloalkyl-C;-4alkyl. When such a
group is attached to a side chain amino group, it is preferably
on the e-amino group of a Lys unit. Preferred substituents for

PSS
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of ether (20 volunes), filtered, washed with nore ether and dried. The
residue is dissolved in 2 %acetic acid, the solution let to %ﬁ g gakeds. t.
for 8 hours prior to |yophilization. The |yophilisate is chro o0graphed on
a C 18 silica colum using a gradient of acetonitrile in 2% Herr]PJerr].
Fractions are checked by anal ytical HPLC and those containing the pure
conpound are collected, filtered thrdugh an ani on-exchange resin in the
acetat§wLoLn%§ng:&yQ@h'Liﬁed~&grg¥v¢ the title conpound as a pol yacet at e,
polyhy@%ﬁté""”"” AL e E

e .;”: - '-;?S, ;
oo 86 giBYS,
L el B

xR
O

B A

The present invention relates to variants of parathyroid hormone
(PTH), a process for their production, pharmaceutical
preparations comprising them and their use as a pharmaceutical.

The term "PTH" as used herein refers to any genetically encoded
form of parathyroid hormone, including the mature form containing
84 amino acids of a given vertebrate PTH species, e.g human,
porcine, rat, bovine, chicken, and fragments thereof as well as
analogues and derivatives thereof having PTH-like activity. The
position of each amino acid involved in the PTH sequence is
nunbered according to the intermationally accepted procedure. For
consistency and as is conventional, in the following description,
the same numbering system will be applied to the amino acids of
the PTH sequence independently of the substitution pattern in the
molecule. |

More particularly, the present invention provides a PTH compound having
PTH-like activity and comprising at least one modification, said modi-
fication being either '

1. at least one radical selected from a L- or D—g-amino acid,
Cz-galcoxycarbonyl and optionally substituted Cj-galkyl, Cp.galkenyl,
Ca-galkynyl, aralkyl, aralkenyl or Cs-gcycloalkyl-C,-4alkyl and
attached to the terminal amino group of the PTH compound, and/or at
least one radical selected from Cy-galcoxycarbonyl and optionally
substituted C;.galkyl, Cp-galkenyl, Cz-galkynyl, aralkyl, aralkenyl

— —
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or C3.gcycloalkyl-C;_4alkyl and attached to one or more side chain

amino groups of the PTH compound,

[a}

NlO

. at least one «-amino acid unit in the positions 1 to 38 of a

naturally occurring PTH sequence being replaced by a natural or
unnatural amino acid unit optionally in protected form, whereby the
e-amino acid units present in positions 1 and 2 at the amino terminus
of the PTH sequence together may be replaced by a pseudo-peptide,

or a combination of such modificatiens, |

provided that .
when the PTH compound is free from D- or L-c-amino acid attached to the

N-terminus or from C,_galcoxycarbonyl or optionally substituted
Ci-galkyl, Ca_galkenyl, Cy_galkynyl, aralkyl, C,-.galkynyl, aralkenyl or
C3-gcycloalkyl-C;-4alkyl, it is other than a PTH compound having a
naturally occurring e-amino acid sequence;

or the PTH compound is other than PTH(1-34) wherein

i.
ii.

iii.

iv.

vi.

the e-amino acid in position 1 is Gly, D-Ser, D-Ala or Tyr: or
the e~amino acid in position 2 is Ala, D-Val, Lys, Arg or Cit
and the z-amino acid in position 34 is Tyr; or the s-amino acid
in position 2 is D-Val and the a-amino acid in position 34 is
D-Tyr and optionally the ez-amino acids in positions 8 and 18 are
each Nle; or

the a-amino acid in positions 3 and/or 6 and/or 9 are replaced
by a natural or unnatural amino acid; or

the c-amino acid in position 23 is replaced by Ala, Arqg, Asn,
Asp, Cys, Gln, Glu, Gly, His, Ile, Lys, Met, Pré, Ser or Thr; or
the e-amino acid in position 25 and/or 26 and/or 27 is replaced
by Ala, Asn, Asp, Cys, Gln, Glu, Gly, His, Ile, Leu, Met, Phe,
Pro, Ser, Thr, Trp, Tyr or Val; or

the a~-amino acids in positions 8 and 18 are each Nle or each

Met (0) and optionally the a-amino acid in position 34 is Tyr; or
the e-amino acids in positions 8 and 18 are each Nle and the

This Sheet Has Been Replaced
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Qﬁﬁﬁ& ation of the

Froc- | - ani nocycl opent ane- 1- carboxylic acid 'ﬁkﬁﬁ

peptide resin internediate may be prepared, g@k@ﬁ éi‘ﬂ%@e e& by G Valle
et al., 1988, in Can.J.Chem 66: 2575- 2582. I"'6n- Spr a 312 By
repeating the procedure as disclosed in Conpa abzvywﬂxﬁﬁg but using the

appropriate starting materials, followng c ounds _may_ be -obt ai ned:

-3 -

e o™

e-amino acid in position 34 is Tyr and either the a-amino acid
in position 12 is L- or D-Pro, L- or D-Ala, Aib or NMeGly or the
e-amino acid in position 23 is Phe, Leu, Nle, Val, Tyr, a-Nal or
g-Nal; or

vii. the a-amino acid in position 28 is Lys and the «-amino acid in
position 30 is Leu; or

viii. the a-amino acid in position 1 is Aib; and/or the c-amino acid
in position 8 and/or 18 is Leu, Ile, Val, Phe or Trp; and/or the
e-amino acid in position 11 is Ser, Lys, Phe, f-Nal, Trp or Tyr;
and/or the e-amino acid in position 12 is D-Leu, D-Ile, D-Nle,
D-Val, D-Ser, D-Ser(Butyl), D-Abu, D-Thr, D-Nva, D-Met, D-f-Nal,
D-Trp, D-Lys, D-Tyr, D-Lys(Fmoc), D-Phe or D-Asn; and/or the
e-amino acid in position 13 is Leu; and/or the e¢-amino acid in
position 19 and/or in position 21 is Arg, Lys, Asn or His;
and/or the e-amino acid in position 23 is 2-(1,3-dithiolane-
2-yl)Trp; and/or the c-amino acid in position 25 and/or in
position 26 is His; and/or the w-amino acid in position 27 is
Gln or Leu; or

ix. the c-amino acid in position 8 and/or 18 is Ala or Ser; or the
e-amino acid in position 8 and/or 18 is Ala, Val, Leu, Ile, Ser
or Trp and the e-amino acid in position 34 is Tyr; or

the PTH compound is other than PTH({1-84) wherein

i. the e¢-amino acid in position 1 is Tyr, Val, Pro, Asp or Cys; or

ii. the e¢-amino acid in position 2 is Ala, Glu, Leu, Ser or Arg; or

iii. the c-amino acid in positions 3 and/or 6 and/or 9 are replaced by
a natural or unnatural amino acid; or

iv. the a-amino acid in position 23 is replaced by Ala, Arg, Asn,
Asp, Cys, Gln, Glu, Gly, His, Ile, Lys, Met, Pro, Ser or Thr; or

v. the e-amino acid in position 25 and/or 26 and/or 27 is replaced
by Ala, Asn, Asp, Cys, Gln, Glu, Gly, His, Ile, Leu, Met, Phe,
Pro, Ser, Thr, Trp, Tyr or Val; or

e ———
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Conparative Exanple 21: [Thr[err], Ala[err]hPTH (1-34)NH err Exanplé 22

[G@n" 8] hPTH (1-36)NH err] Conparative Exanple 23: o R
(1-36)NH err] (1S-Ms: 4210) Conparative Exanple ZJg”P%EQf£¥‘ Lh-igi
Lys[err],

Threrr], Alan[err] hPTH (1-34) NH err]
2 2 MAY 1997
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vi. the w-amino acid in position 8 is Met, Met(Q), Ala, Val, Leu,
Ile, Ser, Trp, Asn, Gln, Asp, Glu, Lys, Arg, Tyr or Gly and the

e-amino acid in position 18 is Leu; or the a-amino acid in
position 8 and/o: 18 is Ala, Val, Leu, Ile, Ser or Trp, and

err],

optionally the c-amino acid in position 34 is Tyr; or the e-amino.

acid in position 8 and in position 18 are each Met(Q); or the

a~amino acid in position 8 is Leu and the g-amino acid in
position 18 is Met(Q); or .
vii. the c-amino acid in position 26 is Gln;

the compound is other than Pro9PTH(1-84) or [Met©®,Leud, Leul8]PTH(1-84);

or

the PTH compound is other than hPTH(1-36) wherein the a=-amino acid in

position 36 is Leu;
in free form or in salt form or complex form.

When the PTH sequence is derived from a PTH fragment, it is a PTH
fragment having PTH-like activity and comprising at least tle
first 27 N-terminal amino acid units of PTH, preferably up to the
first 38 N-terminal amino acid units of PTH, e.g. 1-34 to 1-38,
e.g. 1-34, 1-36, 1-37 or 1-38 PTH, at least one of the w«-amino
acids being replaced according to the invention. One or more
e-amino acid units normally present in the naturally occurring
PTH sequence may also be omitted. hPTH fragments, particularly
hPTH(1-34) and hPTH(1-36), are preferred.

The C-terminus of the PTH compounds may be -COOH, esterified
-CO0H, e.g. -COOR, wherein R, is lower alkyl, for example
Ci-g4alkyl, -CONH; or a mono- or disubstituted amide,'e.g.
-CONR,R. wherein one of Ry, and R. is H and the other is an
aliphatic residue, e.g. Cy_galkyl, or both are an aliphatic
residue, or Ry and R. together with the nitrogen atom to which

ot Has Been Replaced.
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The conmpounds of Exanples |
quantitative am no acid anal ysis.

to 24 show correct anmino acid ratios in
In the following exanples illustrating

t he reconbi nant process of the invention, if not ot herW| se_specified, the
standard procedures described in Ausubel et al; 1 : rp’pol s in
Mol ecul ar Bi ol ogy. John Wley & Sons, New York ar{g -ph;
proteins obtained in this process conprising (1-28) {PTH are not cbnpri sed
in the invention. Conparative EXAMPLE 25 O onind Hac2@N&brde 4l gene 55
they are attached form a heterocyclic residue, e.g. pyrrelidinyl
or piperidinyl.
Hereinafter, these compounds will be referred to as compounds of
the invention.
"Natural amino acids™ refer to those well known in the art. They
- are listed and standard abbreviations are provided in the
U.5.P.T.0. publication, Trademark Official Gazette, published
May 15, 1990, p. 33 at 46. These amino acids and abbreviations
are specifically incorporated herein by reference.
The natural amino acids are shown below:
A Ala alanine
: i iatamie wee REPLACEMENT SHEET
F Phe phenylalanine 22 d 4\\{ 1097
G Gly glycine s
H His histidine
I Ile isoleucine
K Lys lysine
L Leu leucine g
M Met methionine
N Asn asparagine
Q Gln glutamine
R Arg arginine
S Ser serine
T Thr threonine
v Val valine
W Trp tryptophane
Y Tyr tyrosine
— e 2s Been Replaced.
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Two DNA fragnents, one containing the entire coding sequence of

bact eri ophage T4 gene 55, and the other fragnment encodi ng part of
anplified by polynmerase chain reaction (PCR) using TEG-

tenplate. di
recognition sequences are used as priners. The PCR|r¢actions (25 dy
each 30" 94[err]C, 30" 50[err]C, 30" 72[err]C) arelpérfpp il ®@%h Q1
tenpl ate and 100 pM of the upstream priger (GAGGT A TGTCAGAAAC

27)

and 100 pM of the downstream priner (GGICGGATCC AT

t he Ndel

AL L

gonucl eoci des which contain Ndel or B

recognition site being provided by nucl
TAGCG

The term "unnatural amino acid" unit means an amino acid unit
which is not genetically encoded. Examples of unnatural amino
acid units include e.g. the D isomers of the natural e-amino
acids as indicated above, Aib (amino-isobutyric acid), bAib
(3-aminoisobutyric acid), Nva (norvaline), p-ala, Aad (2-amino-
adipic acid), blad (3-aminocadipic acid), Abu (2-aminocbutyric
acid), Gaba (y-aminobutyric acid), Acp (6~aminocaproic acid), Dbu
(2,4-diaminobutyric acid), TMSA (trimethylsilyl-Ala), alle
(allo-Isoleucine), Nle (Norleucine), tert.Leu, Cit (Citrulline),
Orn, Dpm (2,2'~-diaminopimelic acid), Dpr (2,3-diaminopropionic
acid), ae-or f-Nal, Cha(cyclohexyl-Ala), hydroxy-proline, Sar
(Sarcosine) etc., cyclic amino acid units and N®-alkylated amino
acid units, e.g. MeGly (N®-Methyl-glycine), EtGly
(Ne-ethylglycine), EtAsn (N*-ethyl-asparagine).

By amino acid in protected form is meant a natural or unnatural
amino acid having e.g. a side chain including an heteroatom such
as 0, S or N which can be protected with an 0-, S- or
N-protecting group. The N-terminus of the PTH compounds of the
invention may also be in protected form.

N-protecting groups as may be present on the N-terminus or side
chain amino groups of amino acid units include such groups as
e.g. disclosed in "Protective Groups in Organic Synthesis", T. W.
Greene, J.Wiley & Sons NY (1981), 219-287, for example acyl such
as formyl, acetyl, trifluorcacetyl, methoxysuccinyl,
hydroxysuccinyl or benzoyl optionally substituted on the phenyl
ring with e.g. p-methoxycarbonyl, p-methoxy, p-nitro or
p-phenylsulfonamidocarbonyl; alkoxycarbonyl such as
t-butyloxycarbonyl, isobutyloxycarbonyl or methoxycarbonyl;
allyloxycarbonyl; trityl: 2,2,5,7,8-pentamethyl-chroman-6-
sulfonyl; arylmethoxycarbonyl such as 9-fluorenylmethoxycarbonyl
or benzyloxy carbonyl optionally substituted on the phenyl ring

are
s the

| es,
ng of
GCCT

- t her eof)
TTAGCCICA

with p-methoxy, p-nitro, o- or p~chloro, m-phenyl or ————--

This Sheet Haé Been Replaced
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ATAAAAAATC 40 the BanHl,

5-10 thereof)

mMMKCl, 1.5 mMMCl[err], 0.2 mM of each of dATP, dCTP, ﬁgrm
0.1% Triton X 100, pH 9. 0. A 0.6kb fragment i s obtained
of gene 55 is prepared by PCR as described for the enti

a different

TACGITGGAC GAATGCAT 28, the BanH recognition site bei
nucl eoti des 5-10 thereof). A 0.35 kb fragnent is obtai

in 100 [err]l reaction buffer containing

ol i gonucl eotide is used.ap downstream pri

3,4-dimethyl; arylmethyl such as benzyl optionally ring

substituted with p-methoxy, p-nitro or p-chloro; or arylsulfonYl '

such as phenylsulfonyl optionally ring substituted with p-methyl
or p-methoxy, or naphthylsulfonyl optionally ring substituted
with e.g. amino or di(C,-galkyl)amino.

O-protecting groups of O-containing side chains are e.g. as
described in "The Peptides™, 3, (1981), E. Gross and J. Meien-
hofer (Ed.). For aliphatic hydroxy functionalities, suitable
O-protecting groups are e.g. as disclosed in the above reference
in "Protection of the Hydroxy Group", J.M. Stewart, 169-201 and
include the benzyl, t.-butyl and methyl groups. For aromatic
hydroxy functionalities, suitable O-protecting groups include the
benzyl, t.-butyl, methyl, tosyl and benzyloxycarbonyl groups.
O-protecting groups for carboxy functionalities on amino acid
side chains are well known ester groups and described e.g. in
"The Peptides®, 3, 101-135 ("Carboxyl Protecting Groups” by

R.W. Roeske) and include the methyl, ethyl, t.-butyl and benzyl
groups. S-protectigq groups for thiol functionalities on amino
acid side chains are known and described e.g. in "The Peptides®,
3, 137-167 ("Sulfhydryl Group Protection" by R.G. Hiskey).
Examples include the methyl, t.-butyl, benzyl, p-methoxyphenyl-
methyl, ethylamino-carbonyl and benzyloxycarbonyl groups.

According to the invention the PTH compounds may bear on their
terminal amino group at least one radical selected from a L- or
D-z-amino acid, Cj-galkoxycarbonyl and optionally substituted
Ci-galkyl, Cy-galkenyl, C,_galkynyl, aralkyl, aralkenyl or
C3-gcycloalkyl-C;_szalkyl, and/or on one or more side chain amino
group(s) at least one radical selected from C,.galkoxycarbonyl
and optionally substituted Cy.galkyl, C,.galkenyl, Ca_galkynyl,
aralkyl, aralkenyl or C3-gcycloalkyl-C;.salkyl. When such a
group is attached to a side chain amino group, it is preferably
on the ¢~-amino group of a Lys unit, Preferred substituents for

recognition site being provided by nucl eotides
Tris-HC,

50
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The 0.6 kb and 0.35 kb DNA fragnents are digested with restriction
endonucl eases Ndel/BanH and are cloned into a Ndel/BanHl digest of
expression vector pET 17B (obtai ned from Novagen). The

-8 -

the alkyl, alkenyl, aralkyl, aralkenyl or cycloalkylalkyl group
are hydroxy, amino and for the aryl moiety also halogen and/or
Cy-4alkoxy. The alkyl group or alkyl moiety may be linear or
branched and optionally interruptad by 0, S or N. Preferably any
Cy-galkyl, Cy-galkenyl, aralkyl, aralkenyl or
Ca-gcycloalkyl-C;_4alkyl on the amino group of a PTH compound, is
non-substituted. Examples for Cy-galkyl are Cy-galkyl,
preferably methyl, ethyl, propyl, isopropvl, butyl, isobutyl,

t.-butyl; for Cy.galkenyl, C,-_4alkenyl, preferab y allyl; for
C,-galkynyl, Cs-salkynyl, preferably prop-2-ynyl; for aralkyl,
phenyl or benzyl; for aralkenyl, styryl; for Cz_gcyclo-
alkyl-C;_4alkyl, cyclohexyl-methyl. Cjy_galkoxycarbonyl is
preferably formyl or acetyl. Suitable examples of D- or L-c-amino
acids attached to the N-terminus include e.g. D- or L- Pro, Ala.
Preferred substituents when present are alkyl, alkynyl, alcoxy-
carbonyl or a D- or L-a-amino acid attached to the N-terminus of
the PTH compound and/or at least one alkyl or alkoxycarbonyl
attached to one or more side chain amino groups.

Preferred PTH compounds of the invention are those comprising at
least one amino acid unit replaced in one of the following
positions of the PTH sequence: 1, 2, 3, 8-11, 13 to 19, 21, 22,
29 to 34, particularly 8-11, 16-19, 33 and/or 34. Further

- preferred PTH compounds of the invention are those comprising
more than one amino acid unit replaced, particularly more than
two amino acid units, more particularly more than three amino
acid units, especially from 5 to 7 amino acid units replaced,
preferably at any combination of the above mentioned positions of
the PTH sequence.

In a series of specific or alternative embodiments, the present
invention provides a PTH compound as disclosed above wherein in
particular the e-amino acids in positions 1 and 2 at the amino

terminus of the PTH sequence are replaced by a pseudo—dlpeptlde

This Sheet Has Been Rep

(o Iﬂl I !lll d



-16- Kb DNA fragnent encodes the entire gp55 protein (188 am no acid
resi dues - see SEQ 10 no. 1), whereas the

am no-term nal fragnment of gp55 (112 anmino acid resid

-9 -

0. 35 kb fragnent __encodes.a

iy

REPEACERERTSHET
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2

The term "pseudo-dipeptide" as used herein refers to a dipeptide
isostere in which the peptide bond between the 2 amino acid
residues, whether natural or unnatural, is replaced with any
isosteric group, e.g. -CHy-NH-, -C(Halogen)=CH- or -C(alkyl)=CH-.

Examples of compounds of the invention wherein the e-amino acids
in positions 1 and 2 are replaced by a pseudo-dipeptide include

e.g compounds of formula I

X-pP

wherein

X is a residue of formula (a)

or (b)

Y
I
Z-N - CH ~-C=CH - CH - CO-
I l I
z’ W Y’

! [
Z-N-C‘:-CHZ - N -CH - CO-
| |
AR Y

(a)

{b)

wherein each of Z and 2/, independently, is H; optionally
substituted Cj.galkyl, Cy-galkenyl, aralkyl, aralkenyl or

Ci-stycloalkyl-C;_4alkyl; or

a protecting group, at most

one of Z and 2’ being a protecting group,

Z'' is H, Cy-galkyl or a protecting group
each of Y and Y’, independently, is an optionally protec-
ted side chain of a natural or unnatural a-amino acid,

one of ¥, and Y, is hydrogen

and the other is an

optionally protected side chain of a natural or unnatural

e-amino acid or Y, and Y, form together with the carbon
atom to which they are attached a Cjy_gcycloalkyl group,

is Sheet Has Been Replaced
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Conpar ati ve Exanple 26: Preparation and cloning of the DNA encodi ng PTH
(1-38) DNA fragnments encoding a) the |inker peptide corresponding to
am no acid residues 110-115 of SEQ 10 no. 1 and PTH (1-38) or the |inker
pepti de corresponding to am no acid residues 3o o) Y §¥FET o. 3 and

: 1

REPLACEMEN]
]
- 10 - \\ 22 MAY 597 \

W is halogen or C;.4alkyl,
or W and Y’ together with the moiety —C=CH-CH-

and

to which they are attached, form an optionally substituted
aromatic cyclic or heterocyclic residue, and

P; is a PTH sequence, as defined above, in which amino acid units
in positions 1 and 2 of the N-terminus are omitted,
in free form or in salt or complex form.

In compounds of formula I, P; may be a fragment (3-z) of PTH
wherein z is 84 or an integer from 27 to 38, preferably from 34
to 38, particularly 34, 36, 37 or 38, especially 34 or 36. The
PTH sequence represented by P; may correspond either to a
naturally occurring PTH sequence, or to a naturally occurring PTH
sequence wherein at least one e¢-amino acid unit has been replaced
by a natural or unnatural amino acid optionally in protected form
and/or one or more e-amino acid units are also omitted. P; may
also comprise at least one side chain amino group substituted as
disclosed above.

Halogen is preferably fluorine or chlorine.
In the residue of formula (a), the double bond has preferably the
. configuration trans (E).

As residue attaching to the a-carbon atom of a natural s-amino
acid, ¥, ¥', Y. or Y, may be the side chain present in a natural
«-amino acid as listed above, e.g. as present in Gly (i.e. H),
Ala, Val, Ser, Leu, Ile, Phe, Trp. ¥, ¥/, Y. or Y, may also be
the residue attaching to the a-carbon atom of an unnatural
e-amino.acid as indicated above, e.g. as present in Nva, Orn,
Abu, Aib, Nle. If the side chain of the natural or unnatural
amino acids as ¥, Y’, ¥, or Y, includes heteroatoms such as O, §
or N, the heteroatoms on the side chain may optionally be pro-
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PTH (1-38) are generated by PCR using a cloned synthetic PTH (1-38) coding
sequence as a tenpl ate. The ol i gonucl eoti des encodi ng-the |inker a)
( GAGTGATCC ATCGATCCAC CATCCGTATC AGAAATACAA CT 42), QQJng§§ gsbnﬁfﬁ: b
GAGTGGATCC GTTAACGGTC CATCCGTATC  AGAAATACAA CT 42 are| used u:,‘“ siLE

prinmers. The downstream priner TCTACTCGAG TTAACCCAGA GCWA T};%;G 34
..ll- ll j

tected with an 0-, S- or N-protecting group, e.g. as indicated

above,

Protecting groups as Z or 2' or 2" may be as disclosed above.
Ci-galkyl as Z or Z/ or 2" may be as indicated above.

Preferably 2 or Z’ is hydrogen or Cj_4alkyl, particularly
hydrogen or methyl.

Preferably Y is H or CHj.
When W is Cy.4alkyl, it is preferably CHj.

When W and Y’ together with the moiety to which they are attached
form an optionally substituted aromatic cyclic or heterocyclic
residue, it may be an aromatic 5~ or 6-membered cyclic residue
comprising optionally 1 or 2 heterocatoms selected from N, S

and 0, e.g. phenyl, imidazolyl, pyridyl, oxazolyl or thiazolyl.

A preferred substituent is hydroxy or methoxy, particularly for
the phenyl ring.

Y’ is preferably H, CHi, isopropyl or benzyl.
When 2" is Cj.galkyl, it is preferably CH3, C;Hs or isopropyl.

Ci-gcycloalkyl as Y, and Y, together is preferably cyclopropyl or
cyclopentyl.

When Z" is a protecting group, it is preferably acyl,
particularly acetyl.

In a series of specific and alternative embodiments, the present
invention provides a PTH compound as disclosed above wherein the
ae-amino acid unit in position 1 and/or the a-amino acid unit in
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The upstream prinmers each incorporate a BanH clonlng S|te and the

downstream priner contains a Xhol recognition sitepfngete ) of
each sequence). The PCR reaction is performed under R &£§ Hettilons
as described in Exanple 25. After cleavage with BanH d“XhoI the 0.114 kb

PCR products are inserted into BanH - Xhol digests ¢f it keagpySsEETI7

pl asm ds, obtained in Exanple 25. For expression of } the fusion prptiei ns
the resultant plasm d constructs ateg ransforned int eot-t--Bt-24— 3)
LysE and single bacterial colonies are further propa ated. The expressi on

of the fusion proteins I s obtained by incubating aprecurture at 37[err]C
on a rotary shaker overnight in circle growmh nmedi um

position 2 of the N-terminus of the PTH sequence is replaced by
an optionally protected natural or unnatural amino acid residue,
provided that '

when the PTH compound is free from D- or L-e-amino acid attached
to the N-terminus or from C,.galkoxycarbonyl or optionally
substituted C;.galkyl, Cy-galkenyl, C-galkynyl, aralkyl,
aralkenyl or Cj.gcycloalkyl-C;_qalkyl, it is other than a PTH
compound having a naturally occurring e-amino acid sequence;

or the PTH compound is other than PTH(1l-34) wherein

i. the e¢-amino acid in position 1 is Aib, Gly, D-Ser, D-Ala
or Tyr; or

ii. the e-amino acid in position 2 is Ala, D-Val, Lys, Cit or
Arg and the c¢-amino acid in position 34 is Tyr; or the
ez-amino acid in position 2 is D-Val and the «-amino acid
in position 34 is D-Tyr and optionally the a-amino acids
in positions 8 and 18 are each Nle; or

iii. the e-amino acid in position 1 is Aib and at least one
further e¢-amino acid unit has been replaced as follows:
the e-amino acid in position 8 and/or 18 is Leu, Ile,
Val, Phe or Trp, and/or the a-amino acid in position 11
is Ser, Lys, Phe, p-Nal, Trp or Tyr, and/or the x-amino
acid in position 12 is D-Leu, D-Ile, D-Nle, D-Val, D-Ser,
D-Ser(Butyl), D-Abu, D-Thr, D-Nva, D-Met, D-f-Nal, D-Trp,
D-Lys, D-Tyr, D-Lys(Fmoc), D-Phe or D-Asn, and/or the
e-amino acid in position 13 is Leu, and/or the «-amino
acid in position 19 and/or in position 21 is Arg, Lys,
Asn or His, and/or the e¢-amino acid in position 23 is
2-(1,3-dithiolane-2-yl) Trp, and/or the e-amino acid in
position 25 and/or in position 26 is His, and/or the
e~-amino acid in position 27 is Gln or Leu,
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(Bio 101). A main culture is inoculated with the preculture making up 1 to

5 % of the volune of the main culture. The main cU
fermented at a tenperature of 37[err]C and at a pH of
being aerated at 10 1/mn and agitated at 200-400 rpn
I nduced by the addition of 1 MM I PTG as soon as tHh
O err] of about 1.0 to 5.0. After induction the fe
continued for five hours and then the fernentatlon br

p)

REPLACE R SHERT
h |Expression is
e loud LA’ fbch
rqentation i s

oth I's harvested

st

(1%

S| an

wi thout killing the

or the PTH compound is other than PTH({1-84) wherein

i. the a-amino acid in position 1 is Tyr, Val, Pro, Asp or

Cys; or

ii. the c-amino acid in position 2 is Ala, Glu, Leu, Ser or

Arg.

Examples of compounds of the invention wherein the «-amino acids
in position 1 and/or in position 2 are replaced as indicated

above include e.g compounds of formula II

X1a - Y22 - P
wherein

II

X1a is a residue of an optionally protected natural a-amino acid

or a residue of formula (IIa)

Ry
I
Z4-N -[C], - CO -
|
Z'4 Ry

wherein

each of Z, and 2’,, independently, is H, C;-

(IIa)

salkyl or a

protecting group, at most one of Z, and 2’, being a

protecting group, and either n is 1 and
i. each of R; and R, independently, is C

-galkyl, or

ii. one of Ry and R, is methyl or ethyl and the other is

an optionally protected residue attachi

ng to the

e-carbon atom of a natural e-amino acid other than

Ala, Leu, Ile or Val, or

iii.one of Ry and R, is H, methyl or ethyl and the other
is an optionally protected residue attaching to the
a-carbon atom of an unnatural c-amino acid, or

iv. Ry and R; form together with the carbon

they are attached a Cj_gcycloalkyl group, or

atom to which
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E. coli cells. The harvested cells are spun down with a tubular centrifuge
and resuspended in sanple buf fer and assayed for expreSS|on by SDS PAGE.
The cell pellet is then frozen until purification. (h

host cells used are fully described in Studier et alpxk d‘\‘ﬁ’
Pol ynerase to di rect expression of C oned Cenes” a5~ T Enzly
Academ c Press. pages 60 to 89. -Cppmar ative EXA EE% .aﬁyqyﬁra

i ncl usi on bodi es

v. the residue Z, - represents a heterocyclic

— —
]

N
|
Z’

a %2

residue optionally condensed to a benzene ring,
ornis 2, 3, 4 or 5 and each of Ry and R is H or CHj,

Y,a is a residue of an optionally protected natural e-amino acid
or a residue of formula (IIb)

R3
{
“N ~[Clq - €O ~ (IIb)
I &
Zn R4

Zp is H or Cy.galkyl and either m is 1 and

i. each of R3 and Ry, independently, is Ci.galkyl, or

ii. one of R3 and R4 is methyl or ethyl and the other is
an optionally protected residue attaching to the
a-carbon atom of a natural e-amino acid other than
Ala, Leu, Ile or Val, or

iii.one of R3 and Ry is H, methyl or ethyl and the other
is an optionally protected residue attaching to the
a-carbon atom of an unnatural e-amino acid,

ormis 2, 3, 4 or 5 and each of R; and Ry is H or CHj,

and

Py is as defined above.

When the residue Z, - is a heterocyclic residue

cq——zz
w——«ﬁ——

2 T

S
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Frozen E. coli pellets obtained from Exanple 26 are resuspended to 25% w' v
in Buffer A (50nM Tris PH 8.0: containing 2mM DTT, 5mM Benzam di ne- HC ,
1.5mM Mg [err], 1.0nM MhC [err], 10pg/m . DNAse | and

S

AT SHEET

J.-.t
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optionally condensed to a benzene ring, it may be a residue
derived from a saturated or unsaturated 5- or 6-membered
heterocycle comprising one or more heterocatoms selected from N, O
and S. Examples of such heterocyclic residues include e.g.
2-pyridyl, 3-morpholinyl, hexahydropyridazinyl, 2- or 3-indolyl.

When n or m is > 1, the moiety CR;R; or CR3R4 may be
-CH{CHj3) -CH,-, propyl, butyl or pentyl.

Csy-gcycloalkyl as R; and R; together is preferably cyclopropyl or
cyclopentyl.

As residue attaching to the a=-carbon atom of a natural e-amino
acid, Ry, Rz, R3 or Ry may be the side chain present in a natural
e-amino acid as listed above, e.g. as present in Gly, Ser or Thr.
One of R; and Ry or one of R3 and Ry may be methyl or ethyl and
the other may be CH3, isopropyl, isobutyl or CH3-CH;-CH(CH3)-.
Ry, Rz, R3 or Ry may also be the residue attaching to the
e-carbon atom of an unnatural e¢-amino acid as indicated above,
e.g. as present in Abu, Gaba, Nva, Aib, TMSA or Nle. If the side
chain of the natural or unnatural amino acids as R;, Ry, R3 or Ry
includes heteroatoms such as 0, S or N, the heteroatoms on the
side chain may optionally be protected with an 0-, §- or

'N-protecting group, e.g. as indicated above. Protecting group as
Z, or Z', may be as disclosed above. Cj_galkyl as Zp is
preferably methyl or ethyl. Preferably Zy is H. Cj-galkyl as Z,
or 2, is preferably straight chain or branched C;-galkyl.
Preferably one of Z, and Z’, is H and the other is H, Cy-galkyl
or a protecting group, particularly H.

In a further or alternative embodiment, the present invention
also provides a PTH compound as disclosed above wherein the
e-amino acid unit in position 8 and/or the e-amino acid unit in

This Sheet Has Been Re; placed
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-17- 2ng/ M Lysozyne) and m xed by stirring for %&@@g Pa"7ﬁ
tenperature. The resuspended cells are ptons

22 MAY 1957
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position 18 is replaced by an optionally protected natural or
unnatural amino acid residue, provided that

when the PTH compound is free from D- or L-e-amino acid attached
to the N-terminus or from C;.galkoxycarbonyl or optionally
substituted Cy.galkyl, Cz-galkenyl, Cp.galkynyl, aralkyl,
aralkenyl or Cj.gcycloalkyl-Ci-4alkyl, it is other than a PTH
compound having a naturally occurring e-amino acid sequence;

or the PTH compound is other than PTH(1~-34) wherein

i. the e-amino acids in positions 8 and 18 are each Nle or
each Met (0} and optionally the a-amino acid in position 34
is Tyr; or the a-amino acids in positions 8 and 18 are
each Nle and the e-amino acid in position 34 is Tyr and
either the a-amino acid in position 12 is L- or D-Pro, L-
or D-Ala, Aib or NMMeGly or the e-amino acid in position 23
is Phe, Leu, Nle, Val, Tyr, a-Nal or B-Nal; or the e-amino
acids in positions 8 and 18 are each Nle and the e-amino
acid in position 2 is D-Val and the a-amino acid in
position 34 is D-Tyr; or

ii. the c-amino acid in position 8 and/or 18 is Leu, Ile, Val,
Phe or Trp and optionally at least one further e-amino
acid unit has been replaced as follows: the s-amino acid
in position 1 is Aib and/or the c-amino acid in position
11 is Ser, Lys, Phe, B-Nal, Trp or Tyr, and/or the a-amino
acid in position 12 is D-Leu, D-Ile, D-Nle, D-Val, D-Ser,
D-Ser(Butyl), D-Abu, D-Thr, D-Nva, D-Met, D-f-Nal, D-Trp,
D-Lys, D-Tyr, D-Lys{(Fmoc), D~Phe or D-Asn, and/or the
e-amino acid in position 13 is lLeu, and/or the e-amino
acid in position 19 and/or in position 21 is Arg, Lys, Asn
or His, and/or the a-amino acid in position 23 is
2-(1,3-dithiolane-2-yl)Trp, and/or the az-amino acid in
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| ysed by passage through a Manton-Gaulin honogeni ser (2 passes at 1200 bar)
and the resultant |ysate kept on ice. The lysate i [ A\UHEg firadiy f Mt h
ice-cold buffer B (50mM Tris pH 8.0; containing 2mM %$K£§%&§§S%g%w
Benzam di ne- HCl and 4mM EDTA) and centrifuged for 30fmn at 27,500 1 The
supernatant fromthe centrifuge is carefully renovkd] a@d Hi¥¥ct %P8ed. |The
pellet is resuspended in buffer Bto 25% w v, passgdl once nore th@ough
the Manton-Gaulin and centrifuged-ag before. This prpc&SE™ 'S TEpeat ed
once using buffer B and once using water. The resultant_inclusion.hod
pellets are wei ghed and frozen at -20[err]Cuntil required.

position 25 and/or in position 26 is His, and/or the
e-amino acid in position 27 is Gln or Leu; or

iii. the e¢-amino acid in position 8 and/or 18 is Ala or Ser; or
the e-amino acid in position 8 and/or 18 is Leu, and the
a~amino acid in position 34 is Tyr; or

the PTH compound is other than PTH(1-84) wherein
the ¢~amino acid in position 8 is Met, Met(O), Ala, Val, Leu,
Ile, Ser, Trp, Asn, Gln, Asp, Glu, Lys, Arg, Tyr or Gly and the
e-amino acid in position 18 is Leu; or the e¢-amino acid in
position 8 and in position 18 are each Met(0):; or the a-amino
acid in position 8 is Leu and the ec-amino acid in position 18 is
Met (0); or .

the PTH compound is other than (Leul®,Tyr34]hPTH(1-84),
{Leu®, Tyr341hPTH(1-84), ([Ile8,Leul®,Tyr34]nPTH(1-84) or
{Leud,Leul®, Tyr341hPTH(1-84).

When the e-amino acid unit in position 8 is replaced by an
unnatural amino acid, it may be an unnatural amino acid as
disclosed above e.g. Nva, Nle or Cha. Preferably it is an
unnatural lipophilic amino acid preferably such containing a
straight chain alkyl residue. )

Nvé (norvaline) and its homologues are particularly preferred.
The unnatural amino acid in position 8§ of the PTH sequence may
also be a Ca-methylated or Ce-ethylated natural e-amino acid.

Examples of PTH compounds of the invention wherein the a-amino
acid unit in position 18 is replaced, are e.g. PTH compounds
wherein the e-amino acid residue in position 18 is replaced by a
natural amino acid residue such as Gln, Tyr or Lys, for example
(Glnl8)-PTH, (Lysl®]-PTH and (Tyrl8]-PTH, particularly (Glnl® or
Lysl8 or Tyrl8]-hPTH-(1l-x) wherein x is 84 or an integer from 27
to 38, particularly from 34 to 38. Ala in position 18 is also
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Conpar ati ve EXAMPLE 28: Sol ubilisation and cl eavage of
qp55- Asp- Pro- Pro- (1- 38) hPTH i ncl usi on bodi es Fr ozgmreT: “' ’n gﬁTes
cont ai ni ng gp55- Asp- Pro- Pro-(1-38) hPTH as obtai ned i n{f aﬁﬁﬁé‘Z? o

suspended in 10 nM HCl acid solution (analytical grade)fto a flnal i
concentration of 6%Wv. The solution is incubated f r;24'hmu%$nap B!
50[err] C and the reaction term nated bi$addition of % wolune of aq§e0us

100 mM NaOAc sol ution. The diluted sdpéfriatant is cl af i Fieeketymmmmmm
centrifugation at 27,500g for 30 mnutes and filterjed through a gl as
fibre filter.

UF

preferred particularly when the PTH sequence is a (1-36) PTH
fragment. In these compounds, the amino acid in position 8 may be
Met or it may be replaced by an amino acid selected from Leu,
Ile, Val, Phe, Gln, Trp, Ser and Ala or it may be an unnatural
lipophilic amino acid residue, e.g. Nva or Nle.

Another group of such PTH compounds of the invention comprises
e.g. PTH compounds wherein the amino acid residue in position 8
is replaced by an unnatural lipophilic amino acid residue, e.g.
Nle or more preferably Nva. In these compounds the amino acid in
position 18 may be Met or it may be replaced by an amino acid
selected from Leu, Ile, Val, Phe, Trp, Ser, Ala, Gln, Lys or Tyr,
preferably Leu, Gln, Ala or Tyr.

A further group of such PTH compounds of the invention are those
wherein one or more amino acid units in the remaining positions,
e.g. 1 to 7, 9 to 17 and/or 19 to 38 are either omitted or
replaced in addition to the replacement of the as-amineo acid unit
in position 8 and/or 18. In such a case, the a-amino acid in
position 8 is preferably replaced by Leu and the c-amino acid in
position 18 by Gln, Leu, Ala or Tyr.

In a yet further or alternative embodiment, the present invention
- also provides a PTH compound as disclosed dbove wherein at least

one of the e-amino acid unit of the PTH sequence is replaced by

the e~amino acid unit which is present at the corresponding

position in PTHrP,

provided that

when the PTH compound is free from D- or L-g-amino acid attached

to the N-terminus or from C,.galkoxycarbonyl or optionally

substituted Cj.galkyl, Cy_galkenyl, C,.galkynyl, aralkyl, aralke-

nyl or Ci-gcycloalkyl-Cy_4alkyl, it is other than a PTH compound

having a naturally occurring s-amino acid sequence; . —-
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Conpar ative EXAMPLE 29: Sol ubilisation and cl eavage of _ _

gp55- Asn-d y- Pro- (1- 38) hPTH i ncl usi on bodi es Frozen inclusion bodies
cont ai ni ng gp55-Asn-3 y-Pro-(1-38)hPIH and obt ai ned from exanple 27 are

di ssol ved in 6M Guani di ne-HCl (containing 2M Hydr oxyl am ne-.HCl..and. broughL
to pH 9.0 by addition.__of 4.5MLIOH) to give an esti mat é@l Snglid - protei::
The pH is readjy Eﬁxt ngIQ by further addition of Li OH~and 't he solutlon

i ncubated for 4 a cedThe reaction is term nated py.addition of |
formc acid to r{ H} , !

” |l ution ggntrifuged and flltered“as Uescrlbed
I n exanpl e 28.
or the PTH compound is other than PTH{1-34) wherein

i. the «-amino acid in position 8 and/or 18 is Leu; and/or

the a-amino acid in position 11 is Lys; and/or the w-amino
acid in position 19 and/or 21 is Arg; and/or the e-amino
acid in position 25 and/or 26 is His; and/or the a-amino
acid in position 27 is leu; or

ii. the e-amino acid in position 25 in Gln and/or the c-amino
acid in position 26 is Asn, the a-amino acid in
position 27 being optionally Leu; or

the PTH compound is other than [Leu®,leul8]PTH(1-84).

The term "PTHzP" refers to any genetically encoded form of PTHrP,
e.g. human, chicken, .rat or mouse PTHrP. For consistency and as
is conventional, in the following description, the same numbering
system will be applied to the amino acids of the PTHrP sequence
starting with Ala in position 1 and comprising e.g. Ala in
positicn 38.

This group of compounds according to the invention are hybrids
between PTH and the homologous PTHrP sequences (referred to
herein as PTH-rP hybrids). The amino acid sequence wherein the
;ubstitution according to the invention takes place is from
position 1 up to position 38, particularly 1 up to 36, especially
1 up to 34,

Preferred PTH compounds of the invention are PTH-rP hybrids
wherein more than one e-amino acid unit of the PTH sequence, e.g.
at least 2, preferably from 3 to 5 z-amino acid units, are
replaced according to the invention.

A preferred group of the PTH-rP hybrids according to the
invention comprises PTH compounds wherein at least one a-amino
acid unit of the PTH a-amino acid sequence in positions 8 to 11,
i.e. Met®, His% Asnl? or Leul! is replaced by the corresponding



acetonitril e;

‘\45
L' ﬁﬁ*"i

APy

tion.
The colum is eqU|I|brated with 85% HPLC buffer A (90% ve#f h?ilogb
acetonitrile; containing 0.1%/v TFAY and 15% HPLC|buffer B (10% watjer, 90%

Conpar ative EXAMPLE 30: Preparative HPLC of G vy-Pro~and. Pro-Pro (1-38)hPTH
Filtered cl eavage supernatants are anal ysed on anal&ql '
HPLC ( Or pogen HD- Gel - RP- 7s- 300; 4 x 150mm col um)

ed-phase
known (1-38)hPTH standard (Bachemn) to determ ne tihg P H concent r

N a

e-amino acid unit of the corresponding sequence of PTHrP, i.e.
Leu®, His®, Aspl® or Lysll. The replacement at positions §
and/or 10 is preferred, particularly at positions 8 and 10, More
oreferably the a-amino acids at positions 8, 10 and 1l of said
PTH sequence are replaced by Leu®, Aspl® and Lysll, respectively.

Another preferred group of the PTH-rP hybrids according to the
invention comprises PTH compounds wherein at least one ¢-amino
acid unit of the PTH a-amino acid sequence in positions 18 to 19
is replaced by the corresponding c-amino acid unit of the
corresponding sequence of PTHrP, i.e. GlnlS, Aspl?, Leul®, Argl?,
Preferably 3 or all 4 c-amino acids of said sequence are
replaced. Particularly preferred are PTH compounds of the
invention wherein the e-amino acid in position 16 is Gln, the
e-amino acid in positién 18 is Leu and the a-amino acid in
position 19 is Arg.

A further preferred group of the PTH-rP hybrids according to the
invention comprises PTH compounds wherein at least one e-amino
acid unit of the PTH e-amino dcid sequence in positions 33 and 34
is replaced by the corresponding e-amino acid unit of the
corresponding sequence of PTHrP, i.e. Thr33, Ala34. Preferably
both e-amino acids are replaced.

Yet further preferred groups of the PTH-rP hybrids according to
the invention are PTH compounds comprising any combination of the
above mentioned a-amino acid substitutions {(8-11, 16-19, 33-34),
more preferably a combination of . substitutions selected from the
above indicated 8-11 and 33-34 sequences.

As it will be appreciated, in the PTH-rP hybrids according to the
invention one or more e¢-amino acids in positions 1 up to 38 may
be further replaced by a natural or unnatural amino acid unit as
indicated above or be omitted. In position 10 there may be a

This Sheet Has Been Rep
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containing 0.1 % TFA) and is eluted with a gradient of 15% HPLC buffer B to
100% HPLC buffer B over 15 mnutes at a flowrate of 0.75m /m n.
Dependi ng upon the scale of the preparation, super nat-anht-s “"ﬁ\“'? e
| oaded on a 1.0 x 25cm C4 Vydac or a 2.2 x 25cm C4 Vyﬂ@@lfﬁﬁgﬂh@f‘ 5 Hr e
equilibrated with 85% HPLC buffer A and 15% HPLC buf f ¢r pB=at~f1"6W 7 atle§ of
4m /nin and l o n AT €37 |

- 21 =

a-amino acid selected from Gly, Gln, Glu, His, Ser, Thr or Tyr.
In position 13 there may be a D-or L-o-amino-acid other than Arg,
e.g. Ala, Cys, Gln, Ile, Asn, Trp, Asp, Val, Ser, Tar, Tvr, Met,
Leu or Gly; in position 16 there may be a D- or L-u-amino acid,
e.g. Lys, Ser, Leu, Ala, Gln or Gly; in position 17 Ala or Ser or
preferably an amino acid having a bigger side chain than Ala or
Ser, e.g. Glu, Gln, Phe, His, Ile or Lys; in position 18 Gln or
Tyr; in position 19 Ala, Arg, Val, Tyr, Ser, Lys, Met, His, Gly,
Pro, Asn or Ile; Gln or Arg in position 26; and/or in position 33
a D- or L-o-amino acid e.g. Ser, Thr, Leu, Gly, Gln, Arg, Pro,
Asp, Ile, Lys, or Thr. They also may be substituted on the
N-terminus or on a side chain amino group as indicated above. If
desired, S~ or O-containing side chains of the PTH-rP hybrids of
the invention may &lso be protected as disclosed above.

Examples of preferred PTH-rP hybrids according to the invention
are [Leud®, Glnl®, Thr33, ala34)pTH, [Leu®, Alal$, Glnl®, Thr33,
Ala34]PTH, (Leu’, Aspll, Lysl?, AlalS, GIn!8, Thr33, Ala34]pTH,
(Leu®, Aspl®, Lysll, Alal®, Glnl8]PTH, (Leud®, Alalé, Glnls,
Alal®]PTH, [Leu®, Aspl®, Lysll, Glnl®]PTH, (Leu®, Aspl?, Lys!l,
AlalS, Glnl8®, Alal®]PTH, [Leu®, Alal®, Glnl®, Alal®, Thr33,
Ala34]PTH and [Leu®, Aspl?, Lysll, Glnl®, Thr33, Ala34]PTH.

Preferred PTH-rP hybrids according to the invention are PTH(1-x')
compounds wherein x" is an integer from 34 to 38, particularly
34, 36, 37 or 38 especially hPTH(1-x"), wherein cne or more
e-amino acids are replaced by the e-amino acid(s) preseat at the
corresponding position in PTHrP preferably as indicated above.
When the positions 33 and 34 are replaced by the corresponding
e-amino acid sequence of PTHrP, the PTH compound is preferably a
hPTH fragment comprising 34 a-amino acid units. PTH-rP hybrids
with carboxy terminus are preferred.

Preferably PTHrP is hPTHrP. -_ s She tHasBeenReplax.ed
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- 18- |OmM /m n respectively. The columms are eluted with gradients of 15%8
to 85%8 over 80m and 15%B

- 22 -

The compounds of the invention may exist e.g. in free form, salt
form or in the form of complexes thereof. Acid addition salts may
be formed with e.g. organic acids, polymeric acids and inorganic
acids. Such acid addition salt forms include e.g. the hydro-
chlorides and the acetatés. Complexes are e.g. formed from the
compound of the invention on addition of inorganic substances,
e.g. inorganic salts or hydroxides such as Ca- and Zn-salts,
and/or an addition of polymeric organic substances.

The present invention also provides a process for the production '
of the compounds of the invention. They may be prepared in a
stepwise manner either in solution or using the solid phase
synthesis process or genetic engineering.

The compounds of the invention may be produced for example as
follows:

a) removing at least one protecting group which is present in a
compound of the invention in protected form; or

b) linking together by an amide bond two peptide fragments, the
peptide fragments being such that the desired amino acid
sequence of the desired compound is obtained, and then effec-
ting optionally stage a) of the process,

c) for the production of a PTH compound wherein the a-amino acid
units in positions 1 and 2 at the amino terminus are replaced
by a pseudo-dipeptide, reacting a pseudo-dipeptide in
protected or unprotected form with a PTH peptide in protected
or unprotected form in which the amino acid residues in
positions 1 and 2 are omitted and if necessary carrying out
process step a); or — -

" "This Sheet Has Been Rep laced
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to 55%8 over 300m respectively. dy-Pro-hPTH(1-38) or Pr ﬁ&f qﬁPT =t QQF”W
peaks are collected manually and the acetonitrile is |ater renﬁVeﬂ -GRdEr- 1£
vacuum Analytical HPLC is used to determ ne the peptide c nqpﬂtrgulgy1 5

both after cleavage and in the collected fractions. The s “fyde 957 }

peptide solutions are diluted with an equal volune of 10 edLunlacetat§
and the pH adjusted, if necessary, to pH5.4. Following ffiltration
(0.2pnm), the solution is |oaded on a cation exchange col um éTThe+—~mbng_£

or SP-Sepharose Hi gh Performance, pack@d-into HR10/10 or XK16/ 10 col umms
respectively) equilibrated with 50nM sodi um acetate pH 5.4 (buffer C. The
colum is eluted with a 0 to 500nM NaCl gradient in buffer C over 7.5
colum volumes. 10m fractions are collected and the X-X-(1-38)hPTH peak

s pooled. Tje pEPLhg%LaRaI8hId b Wrel SoflfthAl TBRBE; Ag A M&wWEE0 HPLC

radical selected from D- or L-a~amino acid attached to the
N-terminus and Cj-galkoxycarbonyl and optionally substituted
Ci-galkyl, Cp.galkenyl, C,_galkynyl, aralkyl, aralkenyl or
Ciz-gcycloalkyl-C;_4alkyl attached to the terminal amino group

and/or to a side chain amino group, introducing such a

radical in a PTH compound in protected or unprotected form

and free from such a radical, and if necessary carrying out

process step a);

and recovering the compounds thus obtained in free form, in salt

form or in complex form.

Process steps a), b) and ¢) may be effected in analogy with known
nmethods, e.g. as known in the art of peptide chemistry or as
described in the following examples. Where desired, in these

reactions, prctecting groups which ars suitable for use in
peptldes may be used for functional groups which do not parti-
cipate in the reaction. The term protecting group may also inclu-
de a polymer resin having functional groups.

In process step b), for the production of a PTH compound wherein
‘the e-amino acid units in positions 1 and 2 at the amino terminus
are replaced by a pseudo~dipeptide, one peptide fragment used as
starting material may comprise the pseudo-dipeptide at its
N-terminus. This starting material may be prepared in accordance
with process step c).

In process step ¢) the pseudo-dipeptide used as starting material
may be a compound of formula IIaa or IIbb

ZZ'N - CHY - CW = CH - CHY’ - COOH (ITaa)
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col umm serves both to exchange the peptides into a nore physi ol ogical

buf f er

( Nar di

and to renove additional peptides produced by 3§§f iﬁmgﬁqg.

the fusion protein itself. Conpar ati ve EXAMPLE 31: Ept¥yaa

X-X from X- X-(1-38) hPTH Pool ed peptide fractions, asjoptained in Exanp

30, (concentration range 1.5 - 2.0 ng/m) are brought {o]pk 3 GS‘nbyr addi t
i

et

o Oty =Y 08 AV A=

.'_(;t _fga:
Tl

of solid Tris. Purified X-Prolyl dipeptidase (0.5nmg/m {ip PBS pH 7 _)%
- 24 -
ZZ'N - CY¥,¥, - CH, - NZ’’ - CHY" - COCH {IZbb)

wherein Y, Y, Y., Yo, Z, 2', Z'’ and W are as defined above, or
a functional derivative thereof, e.g. ester, acid halide or a
symetric or asymetric anhydride. Compounds of formula IIaa
wherein W and Y’ together with the moiety -C=CH-CH- to which they

are attached, form an optionally substituted aromatic cyclic or
heterocyclic residue, and compounds of formula IIbb wherein Z'’
is alkyl or a protecting group, e.g. acetyl, or wherein ~-CY,Y, is
Cs-gcycloalkyl and Z/f is H are novel and form part of the
invention.

Process step d) may.be carried out in analogy with known methods,
e.g. alkylating methods. In a preferred embodiment of the
invention, the alkylation is performed under reductive
conditions, e.g. using a corresponding aldehyde or ketone. It may

pe periormed for example in the presence of NaBH;CN, preferably

at an acidic pH, e.g. from-5 to 7. The temperature of the
reaction may be e.g. from -20° C to 100° C. It may be
advantageous to carry out the reaction in an inert solvent, e.g.
water, an alcohol, dioxane or DMF or a mixture thereof. A D- or

L-g-amino acid may also be attached to the N-terminus in

accordance with known procedure.

The peptide fragment used as starting material in process step b)
may comprise one or more unnatural amino acid units; it may also
be substituted on the N-terminus and/or on a side chain amino
group by a radical selected from C,-galkoxycarbonyl, optionally
substituted C;.-.galkyl, Cy.galkenyl, Cz.galkynyl, aralkyl,
aralkenyl or C3-5cycloalkyl-cl;4alkyl or it may bear a D- or
L-c-amino acid on the N-terminus.

Sheet Has Been Replaced
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al . (1991) App. Env. Mcrobiol. 57. No.1l, 45-50) is a
solution is incubated for 24h at 37 C. The reaction i
of TFAto 0.2% (pH = 5.0) and the resultant (1-38)hPT Sheslnt bd “11g1ig
preparative HPLC (using the sanme conditions as descri aggLn\gxgnple 30).
The solvent is renoved and the product is |yophilised ér< yanoval of
aliquots for N-term nal sequence and mass spectrosco |d“anaLM§g§

Exanpl es of the yields which are obtained using the tjwo fusion protein
approaches descri bed above are as fold Qps= .

0 _1:1000 and the
Rgﬁggnga!,by'66§§zl on

The compounds of the invention or fragments thereof comprising
natural e-amino acid units may also be prepared using recombinant
technology.

According to a preferred embodiment of the invention there is
also provided a process for the production of a medium-sized
polypeptide, in which a fusion protein comprising an N-terminal
bacteriophage T4 gene 55 polypeptide having the desired
polypeptide linked to the C-terminal thereof, is expressed in
bacterial cells.

The gene 55 polypeptide may comprise the complete gp5SS5 protein of
bacteriophage T4 (188 amino acid residues) which is described in
Gram, H. and Riiger, R; 1985; The EMBO Journal, 4, (1), pp
257-264. Alternatively a fragment, preferably an N-terminal
fragment of the gp55 protein may be used. For example, a gp55
protein fragment comprising the first 112 N-terminal amino acid
residues of the protein may be used. Typically, however, the gene
55 polypeptide comprises at least the first 25 N-terminal
residues of the gp55 protein.

The medium-sized polypeptide may be from about 20 up to 100, e.q.

150, preferably from about 20 to about 50, amino acids in length.
Examples of medium-sized polypeptides include calcitonins,
endorphins, gastric inhibitory peptide(s), glucagon, neuropeptide
Y, growth hormone releasing factor (GHRF)}, amyloid § protein
fragments, hirudin, insulin, somatostatin, epidermal growth
factor, nerve growth factor and PTH or fragments thereof.
Particularly preferred medium-sized polypeptide which may be
prepared according to the process of the present invention are
the coméounds of the invention or fragments thereof having
natural amino acid substitutions.
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Gen55- Asp- Pro-Pro-(1-38) PTH (using the "truncated" form of Genb5) Under
partially optimzed fernentation conditions, a 215 gswet.cell eIkeL I s
obtained froma 10 litre fernentation. The percentaggw' )

of the fusion protein is approximately 37% Fromthi} ;

i nclusion bodies are isolated. The protein purity (w
fusion protein) of these bodies is 61 % After solu
centrifugation/filtrati on approximately 620ny

- 26 -
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Conveniently the gene 55-PTH fusion protein also comprises a
cleavable linker between the gene 55 polypeptide and the desired
polypeptide. Preferably the cleavable linker is chemically
cleavable and more preferably contains the amino acid sequences
Asp-Pro-Pro or Asn-Gly-Pro.

In a further aspect the invention provides a nucleotide sequence
coding for a fusion protein comprising an N-terminal
bacteriophage T4 gene 55 polypeptide and a desired medium-sized
polypeptide linked to the C-terminal thereof.

The nucleotide sequence is preferably a DNA sequence suitable for
expression in bacteria. The sequence typically contains
nucleotides coding for a cleavable linker between the gene 55 and
desired polypeptide coding sequences.

The invention also provides a bacterial expression vector
comprising a DNA sequence coding for the fusion protein.

The expression vector typically contains, in addition to the
fusion protein coding sequence, appropriate expression control
sequences including a suitable promoter, an operator and a

" ribosome binding site and other appropriate regulatory sequences.
Usually, also the expression vector contains one or more
selectable markers.

Any suitable promoter may be used, such as the TrpE, APl, APr,
lac or Tac promoter. Preferably the promoter is the bacteriophage
T7 promoter and the expression vector is a plasmid. For E. coli
expression an Rl or Col-El plasmid-derived vector may be used.
For example, expression vector pET 17B, obtainable from Novagen,
or similar expression vectors may be used.

This Sheet Has Been Replaced
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Pro-Pro-PTH are detected. This naterial yields 580ng Pro-Pro-PTH after
subsequent C4-Vydac HPLC. After dilution, cation-exch
di gestion with X-Prolydi peptidypepti dase (at a Pro-Pr T

2ng/ M), HPLC and |yophilisation, 440ng of |yophiliz dipure~‘

-27 -

In another aspect the invention provides bacterial host cells
transformed with a fusion protein coding sequence or an
expression vector as described above. Any suitable bacterial host

may be used, though preferably the host is E. coli. For example,
E. coli strain BL21 (DE3) Lys E and similar strains may be used.

Advantageously the fusion protein accumulates within the host
cells in the form of insoluble inclusion bodies, and thereby
facilitates recovery of the fusion protein product from the
cells. In order to recover the desired polypeptide product from
the fusion protein, the protein of the inclusion bodies is
solubilised, and the desired polypeptide product cleaved from the
fusion protein. Any suitable solubilisation treatment may be
used, including acid treatment, e.g. at about pH 2 to 4,
preferably with acid at about pH 2.5, or treatment with a
denaturing agent, e.g. a mild denaturating agent such as
guanidine hydrochloride . In addition it may be necessary to
remove one or more unwanted N-terminal amino acid residues from
the product which remain after cleavage.

Thus in a further aspect the invention provides a process for the
production of a desired medium-sized polypeptide, in a bacterial
. host, the process comprising: _

causing transformed bacterial host cells as defined above to
express the fusion protein in the form of inclusion bodies;
isolating the inclusion bodies;

solubilizing the inclusion bodies, and

cleaving the desired polypeptide from the fusion protein.

In the case of some medium-sized polypeptides, such as the PTH
compounds, it is not normally necessary to carry out carefully-
controlled denaturation and renaturation procedures to obtain PTH
products in active form, e.g. having PTH-like activity. The
medium-sized polypeptide products may be obtained ln actlve form

This Sheet Has Been Replaced
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REPLACENMENT SHEET -19- with full biological is obtained. This
represents a yield of 71% between the stopped cl egvage..st.g and Lha final
pr oduct . REPL -
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merely by neutralising the acid conditions used for
lubilisation. Solubilisation and cleavage of the fusion protein
v be carried out in a single step.

The invention also includes a fusion protein comprising an
N-terminal bacteriophage T4 gene 55 polypeptide and, linked to
the C-terminal thereof, a desired medium-sized polypeptide.

Using the processes and vectors of the invention it has been
found that it is possible to produce high levels of medium-sized
polypeptides, particularly PTH products. In E. coli, we have
found that up to about 50% of the total protein expressed is the
desired fusion protein. Also, the fusion protein forms inclusion
bodies which are easy to separate from the other material of the
cells. Moreover the inclusion bodies cften consist of at least
about 90% of the desired fusion protein which can significantly
reduce the amount of purif*cation that is required. Further,

exprassing the PTH product, in the form of the fusion protein can
substantially decrease endogenous processing of the polypeptide
in the bacterial cell, allowing homogenous products to be
obtained.

Preferably the cleavable linker contains chemically cleavable
‘amino acids adjacent the N-terminus.of the desired polypeptide,
to permit the desired polypeptide to be cleaved from the fusion
protein by simple chemical means. Preferably the desired
polypeptide does not contain the chemically cleavable groups.

Preferred chemically cleavable linkers contain the amino acids
Asp-Pro-Pro or Asn-Gly-Pro. The Asp-Pro or Asn-Gly bonds may be
chemically cleaved using acid conditions e.g. formic acid
(normally about pH 2.5) or hydroxylamine respectively. The di-
peptides Pro-Pro or Gly-Pro that remain on the N-terminus of the
desired polypeptide may then be removed using a suitable
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Gen55- Asn-d y-Pro-(1-38) PTH (using the "long" form of Genb55) From a
non-optimzed 20 litre fermentation a 789 wet cell pellet with 50%
expression of the fusion protein is harvested. Follo 14 ”'?ﬁﬁﬁg
centrifugation, 18g of "90% pure" inclusion bodies ark Sbtained: ! EEy
the acid stop step and centrifugation/filtration about {470nmg G y- Pro;
are detected. After HPLC on C4-Vydac, 355ng of peptide jar é 20é£6dP#d,

decreasing to 321ng after SP—SepharosezgaIion-exchaner Enzymatic refo

of the Gy and Pro residues is carried out at !

dipeptidyl-peptidase. For example the L. lactis X-Pro
dipeptidyl-peptidase EC 3.4.14.5 can be used. This peptidase is
described in Nardi et al; 1991; Applied and Environmental

Microbiology, 57, p45 to 50.

The desired polypeptide may be purified following cleavage from
the fusion protein. HPLC purification techniques may be used.
Purification may be carried out before removal of any unwanted

N-terminal amino acid residues.

The process of the invention is further illustrated in the
examples 308 to 314 Fig. 1 shows the amino acid sequence and
corresponding DNA sequence of a truncated gp55-Asp-Pro-Pro-
hPTH(1-38)OH fusion protein as cloned into the plasmid pET17B,
and Fig. 2 shows the amino acid sequence and corresponding DNA
secquence of a full length gpS5-Asn-Gly-Pro-hPTH({1-38)0H fusion
protein as cloned into the plasmid pET17B.

In the following Examples all temperatures are in °C. The follo-
wing abbreviations are employed. In the present specification the
term PTH without any further indication includes the carboxy
terminus as well as a carboxamide terminus.

BOC =  tert.Butyloxycarbonyl

DMF = dimethylformamide
DCM = dichloromethane
Fmoc =  9-fluorenylmethoxycarbonyl
HOBt = l-hydroxybenzotriazole
TFA = trifluoroacetic acid
Trt = trityl = triphenylmethyl
RP-HPLC =  reverse phase high performance liquid

chromatography
r.t. = room temperature

This Sheet Has Been Replaced

DNP = Dinitrophenyl l

i




2mg/m . After the final HPLC step and |yophilization, 244mg of pure, fully
biologically active (1-38)PTH is recovered representing a yield of 52@6from
the stopped cl eavage reaction stage. The conpounds of the inventi.
free formor in the formof pharmaceutically acceptable salt 'and'ﬁ@
exhi bit val uabl e pharmacol ogi cal properties as indica : -
and are therefore indicated for therapy.

- 30 -
Tos =  Tosyl
DIPC = Diisopropvlcarbodiimide
Pme = 2,2,5,7,8-Pentamethylchroman-6-sulfonyl
Ip =  Isopropyl
For = Formyl
Cpe = l-amino-cyclopentane-l-carboxylic acid
Cpp =  l-amino-cyclopropane-l-carboxylic acid
Cha =  cyclohexylalanine
tBu = t.butyl

EXAMPLE 1: N=-Isopropyl hPTH(1-34) NH»

This peptide is assembled in a stepwise manner on a poly-styrene-
based resin support. The Boc-group is used for protection of the
alpha amino-group and side-chain functional groups are protected
as follows: Lys{2-chlorobenzyloxycarbonyl), Ser(benzyl},
Thr(benzvl), Glu(benzyl), Asp(ben;yl), Met (Q), His(DNP), Arg(Tos),
and Trp(HCO). Other residues are left unprotected.

Amino-4-methylphenyl-methyl-co{polystyrene-divinylbenzene = MBHA-
resin) (0,7 mmol/g) is subjected to the following cycle, steps (1)
to (7), of treatments:

(1) DCM

(2) trifluoracetic acid (50 %) in DCM
(3) DCM

(4) diisopropylethylamine (10 %) in DMF
(5) DMF

(6) preformed symmetrical anhydride (1.4 mmol per g
starting resin) of Boc-amino acid in DMF
(7) DMF
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The bi ol ogical activity of the conpounds of the invention is assessed in
vitro by nmeasuring their ability of stinmulating the synthesi.s..of dehkquNP

in UMR 106-06 rat and Sa0S-2 human osteosarcoma cells gq@uf divw g thexT
met hod of Marcus and Aurbach in Endocrinol ogy, 85. 801-{8L6--(-1969)~ ~Rat}
osteosarconma UVR 106 cells are grown to confluence in Ea@le;s;ggyié&qni
Essential Medium- 10% FCS in 12 wel|l plates, human Sads-2 6§ﬁéﬁédféoni
cells are grown in MCoy's 5A medi un-3410% FCS. The nedj uin_i.s._then.chaaged
to mediumwith 2% FCS and 1-5 pCG /well [3H]-adenine is added. Two hours
| ater, cells are washed twice with serumfree nedi um and—redbat-ed—mDVEM
- 1% BSA containing 1 nmM 3-isobutyl -1-nethyl xant hi ne to excl ude actions on
phosphodi est g5 ages . ofl @8énesUbSd 2asQMLar Sreade@d 5260 MNml akergradhe reaction is

stopped and cAWP extracted after 15 m n by addiqg i ce
starting resin. Each step is repeated as many times as necessary

for either complete reaction of the resin (steps 2, 4, 6) or
complete displacement of the previous reagent from the resin
{steps 1, 3, 5, 7). Samples of resin are removed after each cycle
and checked for completeness of the coupling reaction by a colo-
rimetric test for residual amino groups using ninhydrin.

Symmetrical anhydrides of Boc-amino acids are prepared just prior
to use by reacting Boc-amino acid (2,8 mmol per g resin) and DCCI
(1,4 mmol per g resin) in DCM, containing DMFin amounts sufficient
for complete dissolution of the Boc-amino acid. The mixture is
filtered, more DMF is added to the filtrate which is concentrated
. by evaporation of the volatile components at a temperature not
exceeding 15°C and the resulting solution is used in step (6).

The cycle of reactions, (1) to (7), is repeated for each amino
acid residue such as to provide the sequence of the title compound
except for Boc-Gln-OH and Boc-Arg'(Tos)-OH, which are coupled in
step (6) as their preformed l-hydroxybenzo-triazole esters in DMF.

The fuliy'assembled peptide resin is treated twice with 20 ml of
thiophenol 5% in DMF at r.t. for 1 hour and washed with DMF,
'methanol and dichloromethane. The peptide resin is again subjected
to steps (1) to (5) followed by the addition of 0.5 ml of acetone,
84 mg of sodium cyanoborchydride and 0.2 ml of acetic acid in 20
ml of DMF per gram of resin. After 16 hours at RT the resin is
washed with DMF and dichloromethane and dried.

The peptide resin is treated with liquid HF, dimethyl sulfide,
p-cresol and ethane-1,2-dithiol according to the /low-high’
procedure which is described, e.g., in International Journal of
Peptide and Protein Research, vol.26, page 262-273 (1985). After
removal of the volatile components and washing with ethylacetate
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cold 5%trichloroacetic acid. A carrier solution (0.5 m/well) containing 5
mM of unl abel | ed adeni ne, adenosi ne, AMP, ADP, ATP, and cCAVMP as well as 0.4

[err]C [ 14C] -adenosi ne for determ nation of recover

i s separated using serial Dowex 50W X4 (200-400 nesh) Rﬁﬁ ﬁtﬁh%hé' dﬁ

Troreorer

chromat ogr aphy and counted. Results are calculated in 9@“?“§Utvent*tﬂ troI

and EC50 val ues determ ned from DRC curves. Conpounds jof q?e 4 RV |

stinmulate cAVMP production in UVR 106- rat and SaCS-2 hunman 6§tédéaﬁcqna

cells at a concentration of 10[err] td“l0[err] M The

~conpounds..of J He

I nvention al so have binding affinity to PTH receptors§ e.g. as follows:

the residue is extracted with several portions of l%-acetic acid,
filtered and the filtrate liophilized. The lyophilized product is
purified by repeated reversed-phase chromatography on a column of
octadecyl-silica using a gradient of acetonitril in 2%-phosphoric
acid or in 20 mM tetramethylammonium phosphate. Fractions contai-
ning the pure compound are combined, filtered through a weakly
basic ilon-exchange resin in the acetate form and the filtrate
lyophilized to give the title compound.

MS (Ion-Spray): 4160.

EXAMPLE 2: [Lys (Ne-Isopropyl)2€.27]1hPTH(1-34) NH,

The peptide is assembled as described for Example 1 but using
Lys (Fmoc) for 1nco~yo ation in pesition 13 and Fmoc-Ser({tBu) in
terminal position 1.

The fully assembled peptide resin is treated twice with 20 ml of
thiophenol 5% in DMF at r.t. for 1 hour and washed with DMF,
methanol and dichlcromethane. The dry resin is treated with liquid
HF as described for Example 1. The cleavage product (350 mg) is
suspended in a mixture of methanol (5 ml), phosphate buffer pH =
5.0 (5 ml), sodium cyanoborohydride (48 mg) and acetone (0.28 ml).

"After 16 hours at RT the reaction mixture is filtered and the

filtrate evaporated. The residue is suspended in 20%~-piperidine in
DMF for 15 minutes, diluted with 20 volumes of ether and filtered.
The residue is dissolved in 100 ml of water and acetic acid added
to pH = 3, filtered and the filtrate lyophilized. The lyophilizate
is purified by reversed-phase chromatography on a column of octa-
decyl-silica using a gradient of acetonitril in 2%-phosphoric
acid. Fractions containing the pure compound are combined, filte-
red through a weakly basic ion-exchange resin in the acetate form
and the filtrate lyophilized to give the title compound.

MS (Ion Spray): 4205.6. e
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EXAMPLE 3: Ne-Isopropyl [Lys (Ne-Isopropyl)l3.26.27]1hPTH-(1-38)-0H

a) Solid phase peptlde synthesis
The peptide is synthesized in a stepwzse manner on a
polystyrene based resin support. The alpha-amino group is
protected by Fmoc and the side-chain functional groups as
followed: Asp(OtBu), Glu(OtBu), His{Trt), Lys(Boc), Asn(T:ct),
Gla(Trt), Arg(Pmc) and Ser(tBu). Other amino acids are left

unprotected.,

Fmoc-Gly esterified to 4-Hydroxymethyl-phenoxymethyl-
co({polystyrene-1%-divinylbenzene), 0.5 mmol/g, is used as
starting material for the stepwise solid phase synthesis,
which consists of ‘repetitive cycles of alpha-amino
deprotection, washing, coupling (attachment of new amino acid)
and washing. A three to five fold excess of Fmoc-amino acids
is coupled as preformed HOBt-esters using DIPC.
Fmoc-Arg(Pmc), Fmoc-Asn(Trt) and Fmoc-Gln(Trt) are couplad as
symmetrical anhydrides using DIPC. After complete assembly of
the peptide chain the Fmoc-protecting group of Ser! is removed
by 20% piperidine/DMF. Cleavage of the peptide from the
polystyrene resin and removal of all side chain protecting
groups is obtained by treatment of the peptide resin with a
mixture of 10% ethanedithiol, thicanisole, thiocresole and
water in 90% TFA for three hours at room temperature. The
resin particles are filtered off and washed with some TFA.
The product is precipitated from the combined filtrates by
addition of ether, filtered and dried. The product is
purified by chromatography on a C-18 silica column using a
gradient of acetonitrile in 2% H3PQ4/water. Fractions
containing the pure compound are collected, filtered through
an anion-exchange resin (Biorad, AG 4-%¥4, 100-200mesh acetate
form) and lyophilized to give hPTH-(1-38)-0OH.
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-20- Chicken [Tyr[err] PTHP(1-36)am de is iodinated to a specific activity
of 2,200 G /mmol using the |actoperoxidase nethod (Anawa Lab. AG Wangen).
Monol ayers of opossum ki dney cells are washed with 200 T[err]l DVEM and
HAM s F12 (1:1) containing 1% BSA and i ncubated at J;fgﬁ;g_rgr{};@;ﬁw.;’t*h:g._,ﬁ;@;rgf 00cpm
Of Adiir Bl laa s § LAk
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b) Alkylation
40 mg (9 pmol) hPTH-(1-36)-OH(4458.2 g/mol) are dissolved in
1.2 ml methanol, 1.2 ml phosphate buffer (Merck no. 9887
adjusted to pH 5.0), 45 mg (716 mmol) NaBH3;CN (62.84 g/mol)
and 0.8 ml (11 mmol) acetone (73.52 ml/mol). The reaction is
monitored by RP-HPLC on a C-18 silica column and finished
after 15 hours at room temperature. The reaction mixture is
diluted with water and chromatographied on a C-18 silica
column using a gradient of acetonitrile in 2% H3PQ4/water.
Fractions containing the pure compound are collected, filtered
through an anion-exchange resin (acetate form) and lyophilized
to give the title compound as polyacetate, polyhydrate.

[a]§° = - 5.7° (c = 0.317 in 95 % AcOH)

MS (Ion-Spray): 4626

EXAMPIE 4: Ne-Methyl [Alal]PTH-(1-38)-OH

The peptide chain is assembled in Ehe same manner as in
example 3a. At position 1 instead of Fmoc-Ser(tBu)-OH the
unnatural amino acid Fmoc-Ne-Methyl-Ala-OH is coupled to the
peptide resin. Cleavage, deprotection and purification is
performed as in example 3a.

MS (Ion Spray) = 4455,91

EXAMPLE 5: [Ala,Ala3,leu8,GIn3,Alal€,Gln18®,Alal9,Phe23,His25,
His26,Leu?7,Thr33,A1a34]1hPTH(1-34)0H

This peptide is prepared in analogy with the procedure of Example
Ja. Instead of Fmoc-Gly esterified to 4-hydroxymethyl-phenoxy-
methyl-co (polystyrene-divinylbenzene) the appropriate Fmoc-amino
acid, e.g. Fmoc-Ala, Fmoc-Phe, Fmoc-D-Ala, Fmoc-D-Phe, etc. is
used. Additionally the side-chain functional groups are protected
as follows: Thr(t.-butyl), Trp(Boc) and Tyr(t.-butyl). —

This Sheet Has Been Replaced




[err]I-Tyr[err]chPTH P(1 -36)am de per well in the presence or absence of |
[err]M [Tyr[err]chPTH P( 1-36)ami de. After incubation, cells are washed
with 0.5 mM medium (4[err]C), lysed with 0.5 m IN NaCH an
is determ ned. Specific binding is defined as total bindi
nonspeci fi ¢ binding. Conpetition curves are anal yzed usin
non-1i near regression conputer program (Feyen et al, 1992

Bi ophys. Res. Conmun. 187:8-13) and dat3s presented as nea eréTf uvﬁbmeé

(n=2 to 3). Conpounds of the invention showin this test amb“adLﬂgu\\~d
affinity expressed as a nean pK[err] value of from7 to ig‘““-~h\ﬁ\\~ﬁj\/

Bv repeating the procedure disclosed in Examples 3 and 5 but
using the appropriate starting materials, the following compounds
may be obtained:

EXAMPLE 6: (Leu®,Aspl9,Alal§,Glnl8,Thr33]hPTH(1-34)0H

EXAMPLE 7: [Ilel]hPTH(1-38)0H (IS~MS: 4484)

EXAMPLE 8 8: [Alal,Abu2]hPTH(1-38)0H (IS-MS: 4428)

EXAMPLE 9: [Alal,Nva2]hPTH(1-38)O0H (IS-MS: 4442)

EXAMPLE 10: [Alal,Ile2]hPTH(1-38)0H (IS-MS: 4456)

EXAMPLE 11: ([Alal,Ala3,Leu®,Glnl3,Alal®,Glnl8,Alal% His28 Leu??,
Thr33,Ala34]hPTH(1-34)0H

EXAMPLE 12: [N-MeAlal]hPTH(1-36)O0H (IS-MS: 4286)

EXAMPIE 13: [Alal,Ala3,LeuB,Glnl8]hPTH(1-36)0H (IS-MS: 4233)

EXAMPLE 14: (Thrl]-hPTH-(1~38)0H (IS-MS: 4472)

EXAMPLE 15: (Leul]-hPTH-(1-38)Q0H (IS-MS: 4484)

EXAMPLF, 16: [Abul]-hPTH-(1-38)0H (IS-MS: 4456)

EXAMPLIE 17: [Gaba']-hPTH-(1-38)0H (IS-MS: 4456)

EXAMPLE 18: [Leu®,Lys!!,Glnl®]hPTH(1-36)OH

EXAMPLE 19: [Leu®,GlnlS, Aspl?,Leul®, Argl9,Arg22]hPTH(1~36)CH
(IS-MS: 4347)

EXAMPLE 20: [Leu®,Glnl®,Thr33,A1a34]-hPTH(1-34)0H (IS-MS: 4007)

~ EXAMPLE 21: [Leud,Alal®,Glnl8,A1al®, Thr33,A1a341hPTH(1~34)0H

(IS-M5: 3906) '

EXAMPLE 22: [Leu®,2l1al3,G1lnl8,G1ln26,Phe?, Thr33,
Ala34]hPTH(1-34)0H

EXAMPLE 23: Ip-{Leu®,Lys(Ip)!3,Glnl®, Lys(Ip)28-27,Thr33,
Ala34]hPTH(1-34)OH (IS-MS: 4175)

EXAMPLE 24: Ip-[Leu®,Alal3,Gln®,G1ln2€,Phe27,Thr33,
Ala34]hPTH(1-34)0H

EXAMPLE' 25: {GlnlS]hPTH(1-38)0H e

EXAMPLE 26: [Serl4]hPTH(1-38)0H This Sheet Has Been Repl

T



Furt hernore, the conpounds of the invention increase plasma cal cium | evel
after continuous s.c.

t hyr opar at hyr oi dect om zed W st ar
t hyr opar at hyr oi dect ony,

I nfusion, e.g. as determned in male

and test conpounds infused at rates of 0.3 to 30 [err]g/d

drawn by retro-orbital
thereafter and plasna cal ci um concent 3gt+ons are determ ne

puncture in the norning of days 1,

photonetrically. In this test conpounds of the

27:

EXAMPLE

28

EXAMPLE :

EXAMPLE

EXAMPLE 30

EXAMPLE

29:

30:
31:
32:

EXAMPLE

33

EXAMPLE 33:

34:

EXAMPLE

EXAMPLE

35:

36:

EXAMPLE

EXAMPLE

37:

38:

EXAMPLE

EXAMPLE
EXAMPLE
EXAMPLE

EXAMPLE

39:
40:
4]1:

42:

EXAMPLE

EXAMPLE

EXAMPLE
EXAMPLE

EXAMPLE

rats weighing 140 to 170 g
rats are inplanted in the neck wth/ A
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{Alal,ala3,Leu®,Glnl3,Alal6,G1nl8,Alal9,His25,4i5285,

Leu?7?,Thr33,Ala34)hPTH(1-34)0H

[Alal,Ala3,Leu8,GLlnl3,A1al6,GLlnl®,Alal9,Gln26,Phe??,

Thr33,Ala34]hPTH(1-34)0H

(Leu®,Alal6,Glnl8, Thr33,Ala34]hPTH(1-34) OH
(IS-MS: 39635)
[Leu8,Glnl®,Ala29,Glu30, T1e31 ] hPTH (1-34) OK
{Leud, Aspl®, Lysli!,Glnl8 ] hPTH(1-36)0H

(Leud,AsplQ, Lysli,Serl4,Ilel5,Glnl 6, Aspl7, Leuls,

Argl?]nhPTH(1-36)OH
(Leu®,Aspl®, Lysll, Leul®]hPTH(1-36)0H
(Leu®,Glnl6,Aspl7?,Leul8, Argl91hPTH (1~36) OH

(Leu®,Aspl?,Lysll,Alal?,Leul8]hPTH(1-36)0H (IS-MS:

4252)
[Leu?,Glnl6,Aspl7?,Leul®, Argl?d, Thr33, alad4]
hPTH (1-34) OH

(Leu®,Aspi9,Lysil,Glnl8, Thr33,21a34]nPTH(1~-34)0H

{IS-MS: 4022).
(Leu®,Alal6,Aspl?,Leul®, Alal?]hPTH (1-36) OH

(Leu®,Asplf,Alalf, Aspl?, Leul8, Alal9 ) hPTH (1-36) 0K

(Leu®,Glnl8,Arqg22,Thr33,Ala34]hPTH (1~34)OH

[Leu®,Aspld,Lysll,GInl6,Aspl7,Leuld, Argl?®, Thr33,

Ala34]hPTH(1-34)OH (IS-MS: 4077)

(Leu8,Aspl®,Lysll,Alal®,Glnl®,Alal 9] hPTH (1-36) OH

(IS-MS: 4181)

[Leu®,Alal6, Aspl7,GLlnl8, Alal9]hPTH(1-36)0H (IS-MS:

4193)

(Leu®,Alalb,Alal7?,G1nl8,A1al9]hPTH(1-36)0H (IS-MS:

4149)
(Leu®,Alal?,Glnl8, Alal9]hPTH(1-36)OH

(Leu®,Alal?,Glnl8, Alal%, Arg22]hPTH(1-36)0K (IS-MS:

4219)
[Leu®,Alal?,Glnl®,Alal9,Arg22,Thr33,Ala34]
hPTH(1-34)0H (IS-MS: 3960)
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I nvention increase plasma cal ci um The conmpounds of the invention are
| bone conditions which

resorption or in which
calciumfixation in the bone is desirable, e.g. osteoporqpl§ppﬁ*va§fé§a

accordingly indicated for preventing or treating al
are associated with increased cal ci um depl etion or

genesis (e.g. juvenile, nenopausal, post-nenopausal,

by old age or by cortico-steroid therapy or inactiv
ost eopat hy, including acute and chroni¢ 3jjstates ass
dem neral i sati on, osteo-nalacia, periodontal bone

EXAMPLE 48: [Leu?®,GInl@]hPTH(1-36)0H

posit -f-Fauivh

ity),f fira tures,
oci atled \/\ft‘-ﬁ 18K EP% a

oss qgr {bone | oss due

.L__I

i
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EXAMPLE 49: (Leu®,Asp9,Lysll,Alalé,Glnl8, Thr33,Ala34]

hPTH({1-34)0H (IS-MS: 3980)

EXAMPLE 50: ([Leu®,AsplO,Lysll, Alal®,Glnl8]hPTH(1-36)0H

(IS-MS: 4240)
EXAMPLE 51: [Leu8,AsplO,Lysll,alal,Glnl®,Ala
hPTH(1-34)0H (IS-MS: 3923)
EXAMPLE 52: [Leu®,AsplO,Alal®, Glnl®]hPTH(1-36
(IS-MS: 4225)

EXAMPLE 53: (Leu®, Aspl, Lysll, Alal®, Glnl®, Alatl

hPTH(1-34)0H (IS-MS: 3999)

) OH

9,Thr33]

EXAMPLE 54: (Leu%,Glnl3,Alal€,Glnl®,Alal%, His26,Leu27,Thri3]

hPTH(1-34)0H

EXAMPLE 55: ([Leu®,Alal®,Glnl®,Alal®,Arq22}hPTH(1-36)0H

EXAMPLE 56: [IlelS]hPTH(1-38)0H

EXAMPLE 57: [Leu®,Glnl3,Alal€é,Gln18®,Alal®, Arg22,His26,Leu??,

Thr33,Ala341hPTH (1-34) OH

EXAMPLE 58: (Leu®,Gln*3,Alals,Glnl8,Arqgl%, His28,Leu?, Thrl3s,

Ala341hPTH(1-34)OH

EXAMPLE 59: [Leu®,Serl3,Alal®,Glnl®,6Alalf® Arg22]hPTH(1-36)0H
EXAMPLE 60: (Leuf,Alal3,Alal®,Glnl8,Alal%, Arg28,arg?]

hPTH(1-36)0H

EXAMPLE 61: [Leu®,Glnl3,Alal6,Glnl8,Alald, His26,Leu2?,Arg33,

Ala341hPTH(1-34)0H
EXAMPLE 62: (Leu®,6Alal€,17,18,191hpTH(1-36)0H

EXAMPLE 63: [Leu®,Alal3,Alalé,Glnl8,Alal?,G1ln26,Phe??]

hPTH(1-36)0H (IS-MS: 4127)

EXAMPLE 64: Ip-(Leu®,Alal3, Alalé,Glnl8,Alal%,Gln26,Phe?]

hPTH(1-36)0H

EXAMPLE 65: Ip-{Leu®, Lys(Ip)l3,alal6,Glnl8, Alals,

Lys (Ip)26-27]hPTH (1~36) OH

EXAMPLE 66: [Leu®,Alal®,Glnl8,Alal®]hPTH(1-36)0H (IS-MS: 4166)

EXAMPLE 67: Ip-[Leus,Lys(Ip)13,Alal5,Ala17,Ala13,Ala19,

Lys(Ip)26-27]1hPTH(1-36)0H

is Sheet Has Been Replaced
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arthritis or osteoarthritis or for treating hypoparathyroidi sm The
conpounds of the invention are particularly indicated for preventing or

treati ng osteoporosis of various genesis. For all the
i ndicated daily dosage is in the range from about 0.003

preferably

EXAMPLE
EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE

EXAMPLE 80:
EXAMPLE 81:
EXAMPLE 82:

EXAMPLE

EXAMPLE

EXAMPLE

EXAMPLE
EXAMPLE
EXAMPLE
EXAMPLE
EXAMPLE
EXAMPLE
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EXAMPLE
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EXAMPLE

EXAMPLE
EXAMPLE
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{Aib3,Glnl8 1 hPTH (1-36)OH (IS-MS: 4283)
Ip-{Leu?,Aspld,Lys (Ip)tl,13,26,27, Glnll]
hPTH(1-36) OH
Ip-(Leu8,Serl3,alal®,Glnl8,Alald, arg?2,
Lys (Ip)26+27]hPTH(1-36)OH
(Leu®, Tyrl8]hPTH(1-36)OH
{Ser33]-hPTH-(1-38)-CH
{Thr33]-hPTH-(1-38)-OH
(Leu33]-heTH~ (1-38) -OH
(Gly33]-hPTH~-(1-38) -OH
{Leu8,His%,Glnl8,Arg?2,Thr33,Ala34]hPTH(1-34) OH
{Leu?,Glyl0,Glnl8, Arg?2, Thr33,Ala34 | hPTH (1-34) OH
[LeuahGlu1°,Gln13,Arg22,Thr33,Ala34]hPTH(1-34)OH
{Leu8, Thrl9,Glnl8,Arg22,Thr33,A1a34]hPTH(1-34) OH
{Leu®,Gln!?,Glnl®,Arg22,Thr33,Ala34]hPTH (1-34) O
[Gln33}-hPTH~(1-38)-0H
{Leud,Tyzl0,Glnl8,Arg?2,Thr33 ,Ala34 ] hPTH(1-34) 0H
(1-amino-cyclopentane-l-carboxylic
acidl,Leu®,Alalé,Glnl8, Alal®]hPTH(1-36)OH
{l-aminoc-cyclopentane-l-carboxylic acid!,Leu®,
Alal3.,16,G1nl8,A1al%,Arg28.271hPTH(1-36) OH
[l-amino-cyclopentane-l-carboxylic acid3®,Ginl®]
hPTH(1-36)0H (IS-MS: 4309)

(Argl2]-hPTH-(1-38)-OH

(Serl2]-hPTH-(1-38)-OH

{Cysl3]-hPTH-(1-38)-OH

(Ilel3]-hPTH-(1-38)-0H T

{Asnl3]-hPTH-(1-38) -CH s Sheet Has Been Replaced
\\\\\\\\\\\\\\\\\\\l\\l\\
{Aspt3]-hPTH-(1-38) -OH

(Vall3]-hPTH-(1-38) -OH

[Thrl3]-hPTH-(1-38)-OH

(Serl3]-hPTH-(1-38)~0H



0.003 to 3, nore preferably 0.01 to |
Compounds of the invention nmay be adm ni stered once a day or

ng of a conmpound of the invention.
up to twice a

week. The conpounds of the invention may be administered in free formor

i n pharmaceutically acceptable salt form or conpl exes.

conpl exes may be prepared in conventional

of activity as the free conpounds.
conposi tion conprising d%conpound of th

phar maceut i cal
in pharmaceutically acceptable salt formior: complgx for mi

base form or

EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE
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EXAMPLE

(Tyrl3]-hPTH-(1-38)-OH
(Met13]-hPTH-(1-38) -OH
(Glnl3]-hPTH~-(1-38) -OH
(Leul3]-hPTH-(1-38)-0H
(Alal3]-hPTH-(1-38)-0H
(GLy!3]-hPTH~-(1-38) -OH
[Vall4]-hPTH-(1-38)-OH
[Alal4]-hPTH-(1-38)-0H
[Lysl4]-hPTH-(1~38)-0H
{Argt4]-hPTH-(1-38)-0H
(Thrl4]-hPTH-(1-38)-0H
{Ilel4]-hPTH-(1-38)-OH
(Tyrl4]-hPTH-(1-38)-OH
{TyrlS5}-hPTH-(1-38)-0H
(ArglS]-hPTH-(1-38)-0H
[VallS5]-hPTH-(1-38) -OH
[Lys16]-hPTH~(1-38) -OH
(Serl€]-hPTH-(1-38)~0H
{Leul®é]-hPTH-(1-38)-OH
(Alal6]-hPTH-(1-38)-OH
(Glyl6]-hPTH-(1-38)-0H
(Alal7]-hPTH-(1-38)-0H
[Met17]-hPTH-(1-38) -OH

[Ilel7]-hPTH-(1-38)-OH

{Serl9]-hPTH-(1-38)-OH
{LyslS]-hPTH-(1-38)-OH
[Leul®}-hPTH-(1-38)-0H
(Alal9]-hPTH-(1-38)-OH
(Tyrl®]-hPTH-(1-38)-0H
[Met19]-hPTH-(1-38) -OH
(Hisl9]-hPTH-(1-38)-0H
(Vall®]-hPTH-(1-38)-OH
(GLyl9]-hPTH-(1-38)-OH
(Prol9]-hPTH-(1-38)-0H

The present inventi

manner and exiy-]

Such salts and

i nvention
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EX2MPLE
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152:.

EXAMPLE
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EXAMPLE
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EXAMPLE:

161:

EXAMPLE
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EXAMPLE

163:

EXAMPLE
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(Aspl?]-hPTH-(1-38) -0H
(Ilel®)-hPTH-(1-38)-OH

(Vall®,Gln24)-hPTH~-(1-38)-0H

(Argl9]-hPTH-(1-38)-0H
(Phe20}-hPTH-(1-38) ~OH
[Ala2l]-hPTH-(1-38) -0H
[Gly2l]-hPTH~-(1-38) -OH
(Phe2l]}-hPTH-(1-38) -OH
{Leu2l]-hPTH-(1-38)-0H
(Asn2l]-hPTH-(1-38) -CH
(Gln2l]-hPTH-(1-38)-0H
(Ser2l]-hPTH-(1-38)-OH
[Gly22]-hPTH-(1-38) -OH
{Leu22]-hPTH~(1-38) -0H
(His22]-hPTH-(1-38) -OH
{Ala22]-hPTH-(1-38) -OH
[I1e22]-hPTH-(1-38)-OH
(Val22]-hPTH~(1-38) -0H
(Ser22]-hPTH~(1-38) -OH
[Arg22]-hPTH-(1-38) ~OH
(Arg26]-hPTH-(1-38) -OH
(Val27]-hPTH~-(1-38)-0H
(I1e27}-hPTH-(1-38)-OH
[Leu27] -nPTH-(1-38) -OH
[Arg27]-hPTH-(1-38) -0H
{Ala27]-hPTH- (1-38) -OH
(Val28]-hPTH-(1-38) -OH
{Ile28]-hPTH-(1~-38)-OH

{Pro3,Thr33]-hPTH-(1-38)-0H

(Arg33]-hPTH-(1-38) -0H
{Pro33]-hPTH-(1-38) -OH
(Asp33]-hPTH-(1-38)-0H
(Ile33]-hPTH-(1-38) -OH
(Lys33]-hPTH- (1-38) -OH

eet Has Been Replac:.d
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REPLACEMENT SHEET -21-
association with a pharmaceutically acceptable diluent or carrier. Such
conpositions may be fornul ated i n-conventional nmanner. The conpounds of the
i nvention may be admi ni stered by any conventional route, for exanple
parenterally e.g. in formof injectable solutions or HBPG%QHS
enterally, e.g. orally, for exanple in the formof ta @ﬁﬁ#fﬁ? :
in a transdernmal, nasal or a supposifoﬁb'Tornl o N

[“Ediﬁ%"“? -
i

R _Jﬁ ’5

EXAMPLE 164: [Ile3!,Arg33]-hPTH-(1-38)-0H _ ' /

EXAMPLE 165: [l-aminocyclopentane~l-carboxylic acidl]hPTH-
(1-36) NH,

The peptide is assembled in a stepwise manner on a polystyrene
based resin support. The Fmoc~group is used for protection of the
alpha-amino groups.

Side-chain functional groups are protected as Arg(Pmc), Asn(Trt),
Asp(OtBu), Gln(Trt), Glu(OtBu), His(Trt), Lys(Boc), Ser{tBu),
Thr(tBu),Trp(Boc) and Tyr(tBu). Other amino acids are left
unprotected.

4-(2',4' -Dimethoxyphenyl-Fmoc-amino-methyl) -phenoxy-co (polystyre-
ne-divinylbenzene}, 0.4 mmol/g, which may be prepared, e.g., as
described in Tetrah. Letters, 28, 3787-3790 (1987) is subjected
to the following cycle, steps (1) to (5), of treatments:

(1) DMF

(2) piperidine (20%) in DMF

(3) DMF

{4) mixture of HOBt, diisopropylcarbodiimide, and Fmoc-ala
nine (0.8 mmol per gram starting resin each)

{5) DMF '

Volumes of washes and reagents are from 5 to 20 mL per gram of
starting resin.

In the next cycle of treatments (1) to (5), Fmoc-valine is subs-
tituted for Fmoc-alanine and so on for each cycle such as to as-
semble on the resin the correct amino acid sequence of the title
compound.

Been Replaced
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I nvention further provides:

In accordance with the foregoing the present
able salt or

a) a conpound of the invention or a pharmaceutically a
conpl ex thereof for use as a pharnmaceutical;

- 42 -

Each step is repeated as many times as necessary for either com-
plete reaction of the resin (steps 2, 4) or complete displacement
of the previous reagent(s) from the resin (steps 3, 5). Samples
of the resin aze removed after each cycle and checked for comple-
teness of the coupling reaction by a colorimetric test for resi-
dual amino groups using ninhydrin.

At the end of zhe synthesis a final cycle comnrxsxng steps (1) to
(3) only is pesformed and the peptide resin is washed with 2-pro-
panol, then with a mixture of methanol and methylene chloride
(1:1 v/v) and dried throughly in a vacuum desiccator.

The peptide resin (1 q) is suspended in a mixture (20 ml) of
trifluoroacetic acid, water, and 1,2-ethanedithiol (90:5:5 v/v)
for 2 hours at xoom temperature, the resin particles are filtered
off and washed with a small volume of TFA. The product is preci-
pitated from tXa combined filtrates by addition of ether (20 vo-
lumes), filteres, washed with more ether and dried. The residue
is dissolved iz 2 % acetic acid, the solution let to stand at
r.t. for 8 houxs prior to lyophilization. The lyophilisate is
chromatographec on a C-18 silica column using & gradient of

.acetonitrile in 2% H3PO4. Fractions are checked by analytical
HPIC and those zontaining the pure compound are collected, fil-
tered through ax anion-exchange resin in the acetate form and
lyophilised to give the title compound as a polyacetate,
polyhydrate.

Fmoc-1-aminocyc opentane-1-carboxylic acid used in the prepara-
tion of the perzide resin intermediate may be prepared, e.g. as
described by G. valle et al., 1988, in Can.J.Chem.66:2575-2582.
MS (Ion-Spray): 2312

"his Sheet Has Been Replaced
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b) a pharmaceutical conposition for inproving bone fornafj]
preventing or treating all bone conditions which are assogk
i ncreased cal cium depl etion or resorption or in which ca#c

the bone is desirable, e.g. osteoporosis of various genegig (@ng M}uyenl
menopausal , post-nenopausal, post-traumatic, caused by ol djage or by’ 7!
cortico-steroid therapy or inact|V|ty) fractures ost eopatty~i-ncl udi n
acute and chronic states associated w t43 skel etal dem nefalisation,
ost eonul aci a, periodontal bone | oss or bone | oss due to a~"ﬁTTrrs~e#
osteoarthritis, or for treating hypoparathyroidiomin a subject in need of
such treatnent; or

EXAMPLE 166: [1-{l-aminocyclopropane-l-carboxylic acid)]hPTH-
{1-36) NH,

This peptide is prepared in analogy with the procedure of Example
165. Fmoc-l-aminocyclopropane~-l-carboxylic acid used in the
preparation of the peptide resin intermediate may be prepared,
e.g., as described by M. Crisma et al. (1989) in
Int.J.Biol.Macromol.11:345-352, MS(Ion-Spray): 4283

By repeating the procedure as disclesed in Example 165 but using
the appropriate starting materials, following compounds may be
obtained:

EXAMPLE 167: [D-Prol]hPTH(1-36)NH,
EXAMPLE, 168: (Nval]hPTH(1-36)NH,
EXAMPLE 169: [N-Me-Serl]hPTH(1-36)NH,
EXAMPLE 170: (Indole-2-carboxylic acid!]hPTH(1-36)NH,
EXAMPLE 171: [Indole-3-carboxylic acid®]hPTH(1-36)NH,
EXAMPLE 172: (Pyridine-3-cidrboxylic acidl]hPTH(1-36)NH,
EXAMPLE 173: {Pyridine-2-~carboxylic acidl]hPTH{1-36)NH,
EXAMPLE 174: (Hexahydropyridazine-3-carboxylic
acid!]hPTH(1-36)NH,

. EXAMPLE 175: [Morpholine-2-carboxylic acid!}hPTH(1-36)NH,
EXAMPLE 176: [Prol]hPTH(1-36)NH,
EXAMPLE 177: (Leul!]hPTH(1-36)NH,
EXAMPLE 178: [Ilel]hPTH(1-36)NH,
EXAMPLE 179: (Thr33,Ala34]hPTH(1-34)NH,
EXAMPLE 180: (Nva8lhPTH(1-36)NH,
EXAMPLE 181: [Glnl®]hPTH(1-36)NH,
EXAMPLE 182: [Tyrl®]hPTH(1-36)NH,
EXAMPLE 183: [Lys'®]hPTH(1-36)NH,
EXAMPLE 184: [Alal®]hPTH(1-36)NH,
EXAMPLE 185: [Phe?3,6His25,His26,Leu2?]-hPTH(1-34)NH,
EXAMPLE 186: (Phe23]-hPTH(1-36)NH, (IS-MS: 4247)

This Sheet Has Been Replaced
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c) a conmpound of the invention or a pharmaceutically acceptable salt or
conpl ex thereof for use in the preparation of a pharnace TtﬁwwﬁeanSItlon
for use in the nethod as in b) above. According to a f fﬁbﬁ enbaﬁlnenﬁwé
of the invention, the conpounds of the invention nmay be n§1oyed as- adju t&
or adjuvant to other therapy, e.g. a therapy using a bon Vespﬁp 30?1 .
inhibitor, for exanple as in osteoporosis therapy, in paft cul ‘ar Heér g
enpl oying calcium a calcitonin or an_anLpgue or derivati

EXAMPLE 187: (Phe?3,His25,4is26,Leu27,I1e28, 71a29,GLlu30, Ile3?,
Thr33,Ala34]-hoTH(1-34)NH, (IS-MS:3934)

EXAMPLE 188: (Ala29]-hPTH(1-36)NH, (IS-MS: 4248)

EXAMPLE 189: (Ala34]-nPTH(1-36)NH, (IS-MS: 4210)

EXAMPLE 190: [Gln25]hPTH(1-36)NH,

EXAMPLE 191: (Leu8,Aspl®,Lysil,Thr33,Ala34]hPTH(1-34)NH,

EXAMPLE 192: [Alal,HisS, Leu8,Aspl?,Lysll, Thr33,Ala34]
hPTH (1-34) NH,

EXAMPLE 193: (Seri4,IlelS,Glnl6,Aspl7,Leul®, Argl?, Thr33, Ala3d]
hPTH (1-34) NH,

EXAMPLE 194: [D-Phe34, D-Ala36]hPTH(1-36)-NH, [MS(IS): 4290]

EXAMPLE 195: (Ala3]hPTH(1-36)NH, [MS(IS):4271 ]

EXAMPLE 196: (D-Ser3]hPTH(1-36)NH, [MS(IS):4290]

EXAMPLE 197: [D-Glu®]hPTH(1-36)NH, [MS(IS):4290]

EXAMPLE 198: [D-His9]hPTH(L-36)NH, [MS(IS):4286]

EXAMPLE 199: [AlalO]hPTH(1-36)NH, ([MS(IS):4243]

EXAMPLE 200: [D-AsnlO]hPTH(1-36)NH, (MS(IS): 4288]

EXAMPLE 201: [Alal2]hPTH(1-36)NH, (MS(IS): 4299]

EXAMPLE 202: [Glnl3]hPTH(1-36)NH, [MS(IS): 4287]

EXAMPLE 203: [Hisl3]hPTH(1-36)NH, (MS(IS): 4296]

EXAMPLE 204: [Leul3]hPTH(1-36)NH, [MS(IS): 4371]

EXAMPLE 205: [Alal3]hPTH(1-36)NH, (MS(IS): 4228]

. EXAMPLE 206: [Alal3, Glnzs,Phe27,D-Phe34,D-Ala3‘]hPTH(1-36)NH2

(MS(IS): 4249]

EXAMPLE 207: [Alal4]hPTH(1-36)NH, (MS(IS): 4219]

EXAMPLE 208: ([D-Hisl4]hPTH(1-36)NH, [MS(IS): 4288]

EXAMPLE 209: ([D-AsnlS]hPTH(1-36)NH, [MS(IS): 4284]

EXAMPLE 210: ({Alal7hPTH(1-36)NH, [MS(IS): 4270]

EXAMPLE 211: (D-Serl7]hPTH(1-36)NH, [MS(IS): 4288]

EXAMPLE 212: [Alal®]hPTH(1-36)NH, (MS(IS): 4228]

EXAMPLE 213: [D-Glul9]hPTH(1-36)NH, (MS(IS): 4288]

EXAMPLE 214: [Ala2l}hPTH(1-36)NH, [MS(IS): 4257] R —

This
EXAMPLE 215: [Ala22]hPTH(1-36)NH, (MS(IS): 4227] 5 Sheet Has Been Re
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t hereof, e.g. salnon, eel or human calcitonin, a steroid hornone, e.g. an
estrogen, a partial estrogen agonist or estrogen-gestagen conbination, a
bi phosphonate, vitam n D or an anal og thereof, or any ;e,ﬁ'"a$|on thereof
When t he compounds of the invention are adni ni stered i ?iunuwunctlon Wikt i,
e.g. as an adjuvant to bone resorption inhibition theraéF dosages forn ?he

co-admi nistered inhibitor will of courge vary dependin nﬁuhe‘tYBé”of
i nhibitor drug enployed, e.g. whether it is a steroid pr a.QQLELEQP'ni n
the condition to be treated, whether it is a curative jor preéventive™
t herapy, on the reginen and so forth. i;

EXAMPLE 217: [N1e2S]hoTH(1-36)NH, [MS(IS): 4271}

EXAMPLE 218: {D~Lys28]hPTH(1- 36)NH2 (MS(IS): 4288]

EXAMPLE 219: [Nle8.18.271hPTH(1-36)NH,

EXAMPLE 220: [His27]hPTH(1-36)NH, (MS(IS):4294]

EXAMPLE 221: ([Phe27]hPTH(1-36)NH, [MS(IS): 4304]

EXAMPLE 222: (N1le27}hPTH(1-36)NH, [MS(IS): 4271]

EXAMPLE 223: [Asn27]hPTH(1-36)NH, ([MS(IS): 4271]

EXAMPLE 224: (Ala27]1hPTH(1l-~36)NH, (MS(IS): 4228]

EXAMPLE 225: [D-Gln2%]hPTH(1-36)NH, [MS(IS): 4289]

EXAMPLE 226: (D-Asp30]hPTH(1-34)NH, [MS(IS): 4118]

EXAMPLE 227: {Ala30]hPTH(1-36)NH, (MS(IS): 4241]

EXAMPLE 228: [D-Val31]hPTH(1-36)NH, [MS(IS): 4290]

EXAMPLE 229: (Ala3l]hPTH(1-36)NH, [MS(IS): 4258]

EXAMPLE 230: {Lys32]hPTH(1-34)NH, [MS(IS): 3832]

EXAMPLE 231: [D-His32]hPTH(1-36)NH, [MS(IS): 4288]

EXAMPLE 232: ([Ala32]hPTH(1-36)NH, (MS(IS): 4219]

EXAMPLE 233: [D-Asn33]hPTH(1-36)NH, [MS(IS): 4288)

EXMPLE 234: (Ala33]hPTH(1-36)NHp (MS(IS): 4210]

EXAMPLE 235: {NMePhe341hPTH(1-36)NH, ([MS(IS): 4301}

EXAMPLE 236: [D-Asp30]hPTH(1-36)NH, [ MS{IS): 4290]

EXAMPLE 237: Ip-[Nlef®,18,Lys(Ip)13,26,27, D-Asn33, D-Phed4]

hPTH (1-34) NH,
EXAMPLE 238: Ip-([Nle®.18.27 Lys(Ip)13-26]hPTH(1-36)NH,
' EXAMPLE 239: (Nle8.18,D-Asn33,D-Phe34]hPTH(1-34)NH,
(MS(IS): 4080]

EXAMPLE 240: (Lys{Ip)13]hPTH(1-36)NH, [MS(IS): 4331]

EXAMPLE 241: Propargyl-([Al]-hPTH-(1-36)~NH,

EXAMPLE 242: [Ala®]-hPTH-(1-36)-NH,

EXAMPLE 243: [Pro®]-hPTH-(1-36)-NH;

EXAMPLE 244: Acetyl-hPTH-(1-36)-NH, bect Has Been Replaced

i . e 30 i

EXAMPLE 246: N-Dimethyl-[Alal]-hPTH-(1-36)-NH,

EXAMPLE 247: [D-Serl]~hPTH~-(1-36)-NH, [MS(IS): 4288]

EXAMPLE 248: (Lys(For)l]-hPTH-(1-36)-NH, (MS(IS): 4356]

s |




In accordance with the foregoing the present invention provides in a yet

further

aspect :
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{D-Glyceric acidl]-hPTH~(1-36)-NH,
(Asnl]-hPTH-(1-36) -NH,
{4-Aminobenzoic acid!]-hPTH-(1-36)-NH,
(4-Aminosalicylic acid!]-hPTH-(1-36)-NH,
[TMSA']-hPTH-(1-36) -NH, [MS(IS): 4343]

[Phel]-hPTH~-(1-36) -NH,

{Propargylglycin!]~hPTH-(1-36) -NH,

(Alal, HisS,Leu®,Aspl9,Lysll,Glnl8, Phe?2,Phe?3,His25, Hig2s6,
Leu27,Thr33,A1a34]-hPTH~(1-34) -NH,

(Abu2]-hPTH-(1-36) -NH,

(D-Val2]-hPTH-(1-36) -NH, [MS(IS): 4288]
[tert.Leu?]-hPTH-(1-36)-NH,

{Alal]-hPTH-(1-36) -NH,

(D-I1e5]-hPTH~-(1-36)-NH, (MS(IS): 4288]
[D-GLln6]-hPTH-(1-36) -NH, [MS(IS): 4288]
(D-Leu?]-hPTH-(1-36) -NH, [MS(IS): 4288]
[Nle8}-hPTH-(1-36)-NH, [MS(IS): 4268]

(Phe8]-~hPTH~-(1-36) -NH, [MS(IS): 4303]

{Cha8]-hPTH-(1-36)-NH, (MS(IS): 4309]

(Leu®]-hPTH~-(1-38) -NH,

[D-Leull]-hPTH~(1-36)-NH, (MS(IS): 4287)]
(Alall]-hPTH-(1-36) -NH, [MS(IS): 4244]
[D-Lys13]-hPTH-(1-36) -NHp [MS(IS): 4288]
(D-LeulS]-hPTH-(1-36) ~-NHy [MS(IS): 4288]
{AlalS]-hPTH-(1-36) -NH, [MS(IS): 4243]
(Alal6]-hPTH-(1-36) -NH, [MS(IS): 4243]

(Met (0;) 18] -hPTH~(1-36) -NH, [MS(IS): 4320) e __
[Nlel®]-hPTH-(1-36)-NH, [MS(IS): 4268] This Sheet Has Been R
II"IIIH"IIHIIHIIIIHI
{Lys29]~hPTH-(1-36) -NH, [MS(IS): 4259]

(D-Arg2%] -hPTH-(1-36) -NH, [MS(IS): 4288]
[D-Val21]-hpTH-(1-36)-NH, [MS(IS): 4288]
(Trp(SO;Pmc) 23] -hPTH~(1~38)~NH, [MS(IS): 4723]
(Trp(Pmec)23]-hPTH-(1-38) -NH, [MS(IS): 4660]
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EXAMPLE 282: (D-Trp23]-hPTH-(1-36)-NH, [MS(IS): 4288]
EXAMPLE 283: (Ala23}-hPTH-(1-36)-NE, [MS(IS): 4171]
EXAMPLE 284: [D-Leu24]-hPTH-(1-36)-NH, [MS(IS): 4288]
EXAMPLE 285: [Phe25]-hPTH~(1-36)-NH, (MS(IS): 4277]
EXAMPLE 286: ([Lys23]-hPTH-(1-36)~NH, [MS(IS): 4258]
EXAMPLE 287: [Ala25]-hPTH-(1-36)-NH, (MS(IS): 4201]
EXAMPLE 288: [Ala28]-hPTH-(1-36)-NH, (MS(IS): 4229]
EXAMPLE 289: [Lys26/27(For)]-hPTH~-{1-34)-NH,

EXAMPLE 290: ([D-Lys27]-hPTH-(1-36)-NH, [MS(IS): 4288]
EXAMPLE 291: [D-Leu28]-hPTH-(1-36)-NH; [MS(IS): 4288]
EXAMPLE 292: (D-Phe34]-hPTH-(1-36)-NH, [MS(IS): 4288]
EXAMPLE 293: [D-Val3S]-hPTH-(1-36)-NH,

EXAMPLE 294: [Ala35]-hPTH-(1-36)-NH;

EXAMPLE 295: (Pro35]-hPTH-(1-36)-NH,

EXAMPLE 296: [NMeVal3S)]-hPTH~(1-36)-NH;

EXAMPLE 297: [Thr35,Alal36]-hPTH~{1-36)-NH,

EXAMPLE 298: {D-Ala38)~hPTH-(1-36)-NH,

EXAMPLE 299: [NMeAla3§]-hPTH-(1-36)-NH,

EXAMPLE 300: (5-Amino-4-fluoro-2-isoprggyl)—hex-3-enoyl—hPTH(3-
36)NH,

a) Preparation of hPTH-(3-36)-NH-resin

This intermediate is prepared in analogy with the procedure of
Example 165.

b} [((5-Amino-4-fluoro-2-isopropyl)-hex~3-enoyl]hPTH(3-36)-amide

204.8 mg Fmoc-hPTH(3-36)-NH-resin obtained in a) above are
trezted with DMF for 5 min. and then washed several times with
iscrropanol and DMF. The Fmoc-protecting group is removed by
trsatment with DMF/piperidin 8:2 for 10 min.. The deprotected

This Sheet Has Been Rep
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in a subject in need of such treatnent conprising a) a conpound of the
I nvention and b) a second drug substance, said second drug subst ance belng

a bone resorption inhibitot, for exanple as indicated e 5
of Exanples 3,5,8,14 and 15 are preferred. ﬁ%f?& ARINNT 0L R?

U

- clanaard
P L

- 48 - g %

PTH-fragment, 38.1 mg of 4-fluoro-2-isopropyl-5-t.-butoxycarbo-
nylamino-hex~-3-enoic acid, 68.7 mg benzotriazol-l-yloxytris (pyr-
rolidino)phosphonium hexafluorophosphate (PyBOP) and 26.6 mg
4-methylmorpholin are shaken for 80 min. in 0.7 ml DMF. After
several washings with isopropanol and DMF, the solid residue is
treated with 4.5 ml TFA/0.25 ml water/0.25 ml ethanedithiol for
55 min. This mixture is then filtered and by addition of diethyl
ether the title compound precipitated from the remaining solu-
tion. The title compound is purified by prep. HPLC (Vydac column,
gradient A = water, B = 7 acetonitril/3 water/0.2 phosphoric
acid).

MS (Ion-spray): mass 4272

[a]?is = -66,8° (c=0.25 in 95% AcOH)

an

EXAMPLE 301: 4-Fluoro-2-isopropyl-5-tert.butoxycarbonylamino-hex~
3-enoate

a) (§)=3-(1-0xo(4-fluoro-3-hydroxy-2-isopropyl) hex-4-envl)-4-

phenvimethyl-2-oxazolidinone

The title compound is prepared analogous to the procedure
described by D.A. Evans et al., Org. Synth. 68, 1990; starting

. from (S)=3-(l-oxoisobutyl)~-4-phenylmethyl-2-oxazolidinone and 2-
£luoro-but~2-enal. '
MS (FaB): MH* 350

b) (§)-3-(1-0xo(4-fluoro-3-0-(2,2,2trichlorethanimino)-2-
isopropyl) hex-4-enyl) -4-phenylmethyl-2-oxazolidinone

1.5 g of the compound of Example 30la) are dissolved in 6 ml DCM.
At 0° 0.0958 ml 1,8-diazabicyclo(5,4,0)undec-7-en (DBU) are
added. To this solution 0.475 ml trichloroacetonitril in 2 ml DCM
is added dropwise at 0°. After 1 hour the reaction mixture is

g
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evaporated and the residue is purified by column chromatography
on silica gel (hexan/diethyl ether 2:1).
MS (FAB): MH* 493

¢) (§)=3-(1-Oxo{4-fluoro-5-N-2,2,2-trichloracetylamino-2-
isopropyl)hex-3-envl) -4-phenylmethyl-2-oxazolidinone

2 g of the compound of 301b) is dissolved in 150 ml o-xylene and
stirred under reflux at 160° for 3 hours. Then o-xylene is
removed and the residue is purified by column chromatography on
silica gel (toluol/ethyl acetate 98:2).

MS (FAB): MH+ 493

d) 4-Fluoro=-5-N-2,2,2-trichloracetylamino~2-isopropyl-hex-3-enoic

acid

The title compound is prepared analogous to the procedure
described by D.A. Evans et al, Org. Synth. 68 1990, but using as
starting material the compound of 301lc).

 MS (FAB): MH* 335

‘e) S-Amino-4-fluorc-2-isopropyl-hex-3-encic acid

899 mg of the compound of 301d) are dissolved in 20 ml ethanol

and 13.5 ml 6N sodium hydroxide solution are added. This mixture
is stirred for 20 hours at r.t. Then ethanol is removed and the
remaining aqueous fraction is acidified with 2N HCl to pH=2 and
extracted with n-butanol. The extract is evaporated and the
residue is filtered through silica gel (DCM/methanol 1:1), thus
yielding pure title compound.

MS (FAB): MH* 190 ) I

et Has Been Replaced
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(1) GENERAL | NFORMATI ON: (i) APPLI CANT: (A) NAME: SANDOZ

LTD
STATE: BS

(B) STREET: PO BOX (C) CTY: BASEL (D)
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f) 4-Fluoro-2-isoproovl-5-tert.butoxvcarbonylamino-hex-3-enoic

acid

0.56 g of the compound of 30le) are dissolved in 12 ml water and
1.5 g sodium carbonate are added. To this solution 0.4 g di-
tert.butylcarbonate dissolved in 12 ml tetrahydrofuran are added.
This mixture is stirred at room temperature for 18 hours. Then 50
ml n-butanol and 50 ml water are added and under vigorous stir-
ring 1IN HCl is added until pH=2. The organic'fraction is evapora-
ted and the residue purified by column chromatography on silica
gel (hexan/acetone 1:2).

MS (FAB): MH* 290

[e]lp = -61,3° (1% in methanol)

By repeating the above procedures but using the appropriate
starting materials the following compounds may be prepared:

4-Fluoro-2-methyl-5-tert.butoxycarbonylamino-hex-3-enoic acid
4-Chloro-2-methyl-5-tert.butoxycarbonylamino-hex-3-enoic acid
4-Fluoro-2-benzyl-5-tert.butoxycarbonylamino-hex-3-enoic acid
4-Chloro-2-isopropyl-5-tert.butoxycarbonylamino-hex-3-enoic acid
4-Methyl-2-isopropyl-5-tert.butoxycarbonylamino-hex~3-enoic acid

EXAMPLE 302:

By following the procedure of Example 300 above but using the
appropriate starting materials, the following compounds may be

prepared:
~ (5-Amino-4-fluoro-2-methyl) -hex-3-enoyl-hPTH (3~36) -amide
MS (Ion-Spray): Mass 4245

- (9-Amino-4-chloro-2-methyl) -hex-3-enoyl-hPTH (3-36) -amide
MS (Ton-Spray): Mass 4260

et Has Been Replaced
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(E) COUNTRY: SW TZERLAND (F) POSTAL CCDE (ZIP): CH 4002

(G TELEPHONE: 061 324 11112 (H TELEFAX: 061 322 7572
(1) TELEX: 965 050 55 (i) TITLE OF | NVENTI ON: Organgj ouhds:
(iii) NUMBER OF SEQUENCES: 12 | s"".?
d _§
|
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- (S5-Amino-4-fluoro-2-benzyl) -hex-3-enoyl-hPTH (3-36) -amide
MS (Ion-Spray): Mass 4320

- (5-Amino-4-chloro-2-isopropyl) ~hex-3-enoyl-hPTH(3-36) -amide
MS (Ion-Spray): Mass 4289

- (5-Amino-4-methyl-2-isopropyl)-hex-3-enoyl-hPTH (3-36) -amide
MS (Ion-Spray): Mass 4269

EXAMPLE 303:

By following the procedure of Example 300 above but using the

appropriate starting materials, the following compounds may be

prepared:

a) (5-amino-3-aza-2-isopropyl)-hexanoyl-hPTH(3-36)-amide [MS
(Ion-Spray): 4257] using as starting material:
{(4-aza-2-t.-butoxycarbonylamino-S-isopropyl) -hexanoic acid

b) (5-amino-3-aza-3-N-acetyl-2-isopropyl)-hexanoyl-hPTH(3-36) -
amide (MS (Ion-Spray): 4299] using as starting material:
(4-aza-4-N—acetyl-2-t.-butoxycarbonylamino-s-isopropyl)-hexa—
noic acid

c) (5-amino—3-aza—3-N-acetyl)-hexaﬁoyl-hPTH(3-36)-amide (MS
(Ion-Spray) : 4257] using as starting material: (4-aza-
4-N-acetyl-2-t.-butoxycarbonylamino) ~hexanoic acid

d) (S-methylamin6-3-aza-2-isopropyl)-hexanoyl-hPTH(3-36)-amide
[MS (Ion-Spray): 4271] using as starting material:
[4-aza-2-(N-t.-butoxycarbonyl,N—methylamino)-S—isopropyl]-
hexanoic acid

—
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(i v) COVPUTER READABLE FORM (A) MEDI UM TYPE: Floppy di sk
| BM PC conpati bl e (C) OPERATI NG SYSTEM
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(3-methylamino-3-aza-3-N-methyl-2-isopropyl) -hexanoyl-hPTH (3~
36) -amide (MS (Ion-Spray): 4285] using as starting material:
{4-aza-4-N-methyl-2-(N-t.-butoxycarbonylamino, N-methyl-
amino) -5-isopropyl] ~hexanoic acid

(5-amino-3-aza-3-N-methyl-2-isopropyl) -hexanoyl-hPTH (3-36) -
amide (MS (Ion-Spray): 4271] using as starting material:
(4-aza-4-N-methyl-2-t.-butoxycarbonylamino-5-isopropyl) -
hexanoic acid

(5-amino~3-aza-3-N-isopropyl) -hexanoyl-hPTH(3-36) ~amide [MS
(Ion-Spray) : 4257] using as starting material:
(4-aza-4-N-isopropyl-2-t.-butoxycarbonylamino-s-isopropyl)-
hexanoic acid

{l-cyclopentane-l-amino-1-carboxylic acid(psi CH,-NH)-Val2]-
hPTH(1-36) -amide using l-cyclopentane-1-t.-butoxycarbonyl-
amino-l-carboxylic acid (psi CH2-NH)-Val-OH as starting
material.

EXAMPLE 304:

By following the procedure of Example 3a) above but using the
appropriate starting material, the following compound may be
prepared:

(3-amino-3-aza-2-isopropyl) -hexanoyl-[Leu®,Alal6,Glnl8,Alal9]hPTH

(3-

36)0H [MS (Ion-Spray): 4135] using as starting material:

(4-aza-2-t.~butoxycarbonylamino) -hexanoic acid

e ——
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(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 717 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: |inear (ii) MOLECULE TYPE: cDNA

22 MAY 197 %
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EXAMPLE 305: (4-Aza-4-N-acetyl-2-tert.butoxycarbonylamino-5-
isopropyl) -hexanoic acid

a) Methyl(4-aza-2-tert.butoxycarbonylamino-5-isopropvl)-hexanoic

acid

Boc-Ala-Val-OMe is treated with the Lawesson-reagent (S.-0. La-
wesson, et al. Tetrahedron 1981, 37, 3635). The resulting
endothiopeptide is then reduced in accordance with the procedure
described by F.S. Guziec et. al. THL, 1990, 23-26.

MS (EI): MH* 289

b) Methyl (4-aza-4-N-aéetyl-2-tert.butoxycarbonylamino—s-

isopropyl) hexanoate

264 mg of the compound of 305a) is dissolved in 5 ml DCM and then

0.14 ml triethylamin and 0.072 ml acetyl chloride are added. This
- mixture is stirred for 24 hours at 40°. After addition of 50 ml

DCM, the solution is washed twice with water. The organic frac-

tion is dried and evaporated.-The title compound thus obtained is

purified by column chromatography (hexan/ethyl acetate 4:1)

MS (EI): M* 330

c) (4-Aza~4-N-acetyl-2-tert.butoxycarbonylamino-5-

isopropyl) ~hexanoic acid

356 mg of the compound of 305b) are dissolved in 4 ml methanol/-

water 3:1 and 53 mg lithium hydroxide are added. This mixture is
stirred at 60° for two hours. Then 25 ml DCM are added and 1N HCL

is added under vigorous stirring until pH=2. The organic fraction

is separated, dried and evaporated, thus yielding the title

compound in pure form. i

MS (FAB): MH* 317 eplaced
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(iii) HYPOTHETI CAL: NO (1ii) ANTI-SENSE: NO (v) FRAGMVENT TYPE
I nt ernal (vi) ORI A NAL SOURCE: (A) ORGANI SM Bat eri ophage
T4/ Honmo sapi ens
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By repeating the procedure but using the appropriate starting
materials, following compounds may be obtained:

(4-Aza-4-N-acetyl-2-tert.butoxycarbonylamino) -hexanoic acid
(4-Aza-2-tert.butoxycarbonylamino-5-isopropyl) ~hexanoic acid
[4-aza-2-(N-t.-butoxycarbonyl,N-methylamino)-5-isopropyl]-
hexanoic acid
(4-aza-4-N-methyl-2-t.-butoxycarbonylamino-5-isopropyl) ~hexanoic
acid g |
(4-aza-4-N-isopropyl-2-t.-butoxycarbonylamino-5-isopropyl) -
hexanoic acid

(4-aza-2-t.-butoxycarbonylamino) ~hexancic acid

The compounds of Examples 1 to 300 and 302 to 304 show correct
amino acid ratios in quantitative amino acid analysis.

In the following examples illustrating the recombinant process of
the invention, if not otherwise specified, the standard
procedures described in Ausubel et al; 1991; Current Protocols in
Molecular Biology, John Wiley & Sons, New York are used.

EXAMPLE 306: Cloning bacteriophage T4 gene 55

Two DNA fragments, one containing the entire coding sequence of
bacteriophage T4 gene 55, and the other fragment encoding part of
it are amplified by polymerase chain reaction (BCR) using
purified T4 DNA as the template. Oligonucleotides which contain
NdeI or BamHI endonuclease recognition sequences are used as
primers. The PCR reactions (25 cycles, each 30" 94 °C, 30" S0 ©C,
30" 72 °C) are performed with 1 ng of template and 100 pM of the
upstream primer (GAGGTGCATA TGTCAGAAAC TAAGCCT 27), the Ndel
recognition site being provided by nucleotides 7- 12 thereof) and
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100 pM of the downstream primer !
(GGTCGGATCC ATCGTTAGCG TTAGCCTCAT ATAAAAAATC 40 the BamiI,
recognition site being provided by nucleotides S-10 thereof) in
100 ul reaction buffer containing 10 mM Tris-HCl, 50 mM KCl, 1.5
mM MgCl,, 0.2 mM of each of dATP, dCTP, dGTP, 4ITP, and 0.1%
Triton ¥ 100, pH 9.0. A 0.6kb fragment is obtained.

The truncated form of gene 55 is prepared by PCR as described for
the entire gene, except that a different oligonucleotide is used
as downstream primer (GGICGGATCC TACGTTGGAC GAATGCAT 28, the
BamHI recognition site being provided by nucleotides 5-10
thereof). A 0.35 kb fragment is obtained.

The 0.6 kb and 0.35 kb DNA fragments are digested with
restriction endonucleases Ndel/BamHI and are cloned into a
NdeI/BamHI digest of expression vector pET17B (obtained from
Novagen). The 0.6 kb DNA fragment encodes the entire gp35 protein
{188 amino acid residues - see Fig. 1), whereas the 0.35 kb
fragment encodes a 12 kD amino-terminal fragment of gp55 (112
amino acid residues - see Fig. 2).

Example 307: Preparation and cloning of the DNA encoding PTH
(1-38)

DNA fragments encoding a) the linker peptide corresponding to
amino acid residues 110-115 of Fig. 1 and PTH (1-38) or b) the
linker peptide corresponding to amino acid residues 186-191 of
Fig. 2 and PTH (1-38) are generated by PCR using a cloned
synthetic PTH (1-38) coding sequence as a template. The
oligonucleotides encoding the linker a) '
(GAGTGGATCC ATCGATCCAC CATCCGTATC AGAAATACAA CT 42), or
encoding linker b

GAGTGGATCC GTTAACGGTC CATCCGTATC AGAAATACAA CT 42

are used as upstream primers. The downstream primer
TCTACTCGAG TTAACCCAGA GCTACAAAAT TATG 34

This Sheet Has Been Replaced
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TAGAAATAAT TTTGITTAAC TTTAAGAAGG AGATATACAT ATG TCA GAA ACT AAG
115 Met Ser (.1 asuw—
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The upstream primers each incorporate a BamHI cloning site and
the downstream primer contains a Xhol recognition site
(nucleotides 3-10 of each sequence). The PCR reaction is
performed under the same conditions as described in Example 306.
After cleavage with BamHI and XhoI, the 0.14 kb PCR products are
inserted into BamHI-XhoI digests of the gp55~-pETL78 plasmids,
obtained in Example 306.
For expression of the fusion proteins the resultant plasmid
constructs are transformed into E.coli BL21 (DE3} LysE and single
bacterial colonies are further propagated. The expression of the
fusion proteins is obtained by incubating a preculture at 37°C on
a rotary shaker overnight in circle growth medium (Bio 101). A
main culture is inoculated with the preculture making up 1 to 5 %
of the volume of the main culture. The main culture is then
fermented at a temperature of 37°C and at a pH of 6.9 to 7.1
whilst being aerated at 10 l/min and agitated at 200~400 rpm.
Expression is induced by the addition of 1 mM IPTG as soon as the
culture reaches an ODssq of about 1.0 to 5.0. After induction the
fermentation is continued for five hours and then the
fermentation broth is harvested without killing the E. coli
cells. The harvested cells are spun down with a tubular
centrifuge and resuspended in sample buffer and assayed for
expression by SDS PAGE. The cell pellet is then frozen until
'purification. The procedures and host cells used are fully
described in Studier et al; 1990; "Use of T7 RNA Polymerase to
direct expression of Cloned Genes", Methods in Enzymology,

Academic Press, pages 60 to 89. neet Has Been Replaced
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Frozen E. coli pellets obtained from Example 307 are resuspended
to 25% w/v in Buffer A (50mM Tris pH 8.0; containing 2mM DTT, SmM
Benzamidine-HCl, 1.5mM MgCl,, 1.0mM MnCl,, 10pg/ml DNAse 1 and

EXAMPLE 308: Preparation of inclusion bodies
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2mg/ml Lysozyme) and mixed by stirring for 1 hour at room
temperature. The resuspended cells are lysed by passage through
a Manton-Gaulin homogeniser (2 passes at 1200 bar) and the
resultant lysate kept on ice. The lysate is diluted 2 fold with
ice-cold buffer B (50mM Tris pH 8.0; containing 2mM DTT, SmM
Benzamidine-HCl and 4mM EDTA) and centrifuged for 30min at
27,500q.
The supernatant from the centrifuge is carefully removed and
iscarded. The pellet is resuspended in buffer B to 25% w/v,
passed once more through the Manton-Gaulin and centrifuged as
before. This process is repeated once using buffer B and once
using water. The resultant inclusion body pellets are weighed and
frozen at -20°C until required.

EXAMPLE 309: Solubilisation and cleavage of gpSS5-Asp-Pro-Pro-(1-
38)hPTH inclusion bodies

Frozen inclusion bodies containing gp55-Asp-Pro-Pro-(1-38)hPTH as
obtained in Example 308 are suspended in 10 mM HCl acid solution
(analytical grade) to a final concentration of 6%w/v. The
solution is incubated for 24 hours at 50°C and the reaction
terminated by addition of 1 volume of aqueous 100 mM NaQAc
solution. The diluted supernatant is clarified by centrifugation
at 27,500g for 30 minutes and filtered through a glass fibre
filter.

EXAMPLE 310: Solubilisation and cleavage of gp55-Asn-Gly-Pro-(1-
38)hPTH inclusion bodies '

Frozen inclusion bodies containing gp55-Asn-Gly-Pro-(1-38)hPTH
and obtained from example 308 are dissolved in 6M Guanidine-HCl
(containing 2M Hydroxylamine-HCl and brought to pH 9.0 by

addition of 4.5M LiOH) to give an estimated 5mg/ml protein The
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pH is readjusted to pH 9 by further addition of LiOH and the
solution incubated for 4 hours at 45°C. The reaction is
terminated by addition of formic acid to pH 4 and the solution
centrifuged and filtered as described in example 309.

EXAMPLE 311: Preparative HPLC of Gly-Pro and Pro-Pro {1-38)hPTH

Filtered cleavage supernatants are analysed on analytical
reversed phase HPLC (Orpogen HD-Gel-RP-7s-300; 4 x 150mm column)
and compared with a known (1-38)hPTH standard (Bachem) to
determine the PTH concenﬁration. The column is equilibrated with
85% HPLC buffer A (90% water, 10% acetonitrile; containing
0.1%v/v TFA) and 15% HPLC buffer B (10% water, 90% acetonitrile;
containing 0.1% TFA) and is eluted with a gradient of 15% HPLC
buffer B to 100% HPLC buffer B over 15 minutes at a flow rate of
0.75ml/min.
Depending upon the scale of the preparation, supernatants are
either loaded on a 1.0 x 25cm C4 Vydac or a 2.2 x 25cm C4 Vydac.
- The columns are equilibrated with 85% HPLC buffer A and 15% HPLC
buffer B at flow rates of 4ml/min and 10ml/min respectively. The
columns are eluted with gradients of 15%B to 85%B over 80ml and
15%B to 55%B over 300ml respectively.
Gly-Pro-hPTH(1-38) or Pro-Pro-hPTH(1-38) peaks are collected
manually and the acetonitrile is later removed under vacuum.
Analytical HPIC is used to determine the peptide concentration
both after cleavage and in the collected fractions.
The solvent free peptide solutions are diluted with an equal
volume of 100mM sodium acetate and the pH adjusted, if necessary,
to pH 5.4. Following filtration (0.2pm), the solution is loaded
on a cation exchange column (either Mono S or SP-Sepharose High
Performance, packed into HR10/10- or XK16/10 columns respectively)
equilibrated with 50mM sodium acetate pH 5.4 (buffer C). The
column is eluted with a 0 to 500mM NaCl gradient in buffer C over

7.5 column volumes, lOml'fractions are collected and the—— e ———
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X-X-(1-38)hPTH peak is pooled. The peptide concentration is
determined as before using HPLC.

This column serves both to exchange the peptides into a more
physiological buffer and to remove additional peptides produced
by chemical cleavage of the fusion protein itself.

EXAMPLE 312: Enzymatic removal of X-X from X-X-(1-38)hPTH

Pooled peptide fractions, as obtained in Example 311,
(concentration range 1.5 - 2.0 mg/ml) are brought to pH 8.0 by
addition of solid Tris. Purified X-Prolyl dipeptidase (0.3mg/ml
in PBS pH 7.2) (Nardi et al. (1991) App. Eav. Microbiol. 57,
No.l, 45-50) is added to 1:1000 and the solution is incubated for
24h at 37 C. The reaction is stopped by addition of TFA to 0.2%
{pH = 5.0) and the resultant (1-38)hPTH is isolated using
preparative HPLC (using the same conditions as described in
Example 311). The solvent is removed and the product is
lyophilised after removal of aliquots for N-terminal sequence and
mass spectroscopic analyses.

Examples of the yields which are obtained using the two fusion
protein approaches described above are as follows:

Gen55-Asp-Pro~Pro-(1-38)PTH (using the “truncated® form of GenS5)

Under partially optimized fermentation conditions, a 215 g wet
cell pellet is obtained from a 10 litre fermentation. The
percentage level of expression of the fusion protein is
approximately 37%. From this pellet, 31 g of inclusion bodies are
isolated. The protein purity {(with respect to the fusion protein)
of these bodies is 61%. After solubilisation, cleavage and
centrifugation/filtration approximately 620mg Pro-Pro-PTH are
detected. This material yields 580mg Pro-Pro-PTH after subsequent

Tr—

Cé4-Vydac HPLC. After dilution, cation-exchange on Mono S, T
This g1
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digestion with X-Prolydipeptidypeptidase (at a Pro~Pro-PTH
concentration of 2mg/ml), HPLC and lyophilisation, 440mg of
lyophilized pure product with full biclogical activity is
obtained. This represents a yield of 71% between the stopped
cleavage step and the final product.

Gen55-Asn-Gly-Pro-(1-38)PTH (using the "long* form of Gen55)

From a non-optimized 20 litre fermentation a 78g wet cell pellet
with 50% expression of the fusion protein is harvested. Following
lysis and centrifugation, 18g of "90% pure™ inclusion bodies are
obtained. Following the acid stop step and centrifugation/fil-
tration about 470mg Gly-Pro-PTH are detected. After HPLC on
C4-Vydac, 355mg of peptide are detected, decreasing to 321lmg
after SP-Sepharose cation-exchange. Enzymatic removal of the Gly
and Pro residues is carried out at 2mg/ml. After the final HPLC
step and lyophilization, 244mg of pure, fully biologically active
(1-38)PTE is recovered representing a yield of 52% from the
stopped cleavage reaction stage.

Compounds of Examples 25, 26, 56 and 86 to 164 are also prepared
using the process of Examples 306 to 312.

The compounds of the invention in free form or in the form of
pharmaceutically acceptable salts and complexes exhibit valuable
pharmacological properties as indicated in animal tests and are
therefore indicated for therapy.

The biological activity of the compounds of the invention is
assessed in vitro by measuring their ability of stimulating the
synthesis of cyclic AMP in UMR 106-06 rat and SaQS-2 human
osteosarcoma cells according to the method of Marcus and Aurbach
in Endocrinology, 85, 801-810 (1969). Rat osteosarcoma UMR 106
cells are grown to confluence in Eagle’s Minimum Essential Medium
- 10% FCS in 12 well plates, human Sa0S-2 osteosarcoma cells are
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grown in McCoy’s SA medium - 10% FCS. The medium is then changed
to medium with 2% FCS and 1-5 uCi/well [3H]-adenine is added. Two
hours later, cells are washed twice with serum-free medium and
incubated in DMEM - 1% BSA containing 1 mM 3-isobutyl-l-methyl-
xanthine to exclude actions on phosphodiesterases. Test
substances are added 20 min later. The reaction is stopped and
CAMP extracted after 15 min by adding ice cold 5% trichloroacetic
acid. A carrier solution (0.5 ml/well) containing 5 mM of
unlabelled adenine, adenosine, AMP, ADP, ATP, and cAMP as well as
0.4 pCi [14C]-adenosine for determination of recovery is added.
(JE]~cAMP is separated using serial Dowex 50W-X4 (200-400 mesh)
and alumina chromatography and counted. Results are calculated in
% of solvent control and ECsq values determined from DRC curves.
Compounds of the invention stimulate cAMP production in UMR
106-06 rat and Sa0S-2 human osteosarcoma cells at a concentration
of 10-11 to 10-§ M,

The compounds of the invention also have binding affinity to PTH
receptors, e.g. as follows:

Chicken [Tyr36]PTHrP(1-36)amide is iodinated to a specific
activity of 2,200 Ci/mmol using the lactoperoxidase method (Anawa
Lab. AG, Wangen). Monolayers of opossum kidney cells are washed
with 200 pl DMEM and HAM's F12 (l:1) containing 1% BSA and
incubated at 16°C with 50.000cpm of [125I-Tyr36]chPTHrP(1-36)~
amide per well in the presence or absence of 1 uM ([Tyr38)chPTHrE-
(1-36)amide. After incubation, cells are washed with 0.5 ml
medium (4°C), lysed with 0.5 ml 1N NaQH and radicactivity is
determined. Specific binding is defined as total binding minus
nonspecific binding. Competition curves are analyzed using
SCTFIT, a non-linear regression computer program (Feyen et al,
1992, Biochem. Biophys. Res. Commun. 187:8-13) and data presented
as mean pKp values (n=2 to 3). Compounds of the invention show in
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this test a binding affinity expressed as a mean pKp value of
from 7 to 10.

Furthermore, the compounds of the invention increase plasma
calcium level after continuous s.c. infusion, e.g. as determined
in male thyroparathyroidectomized Wistar rats weighing 140 to 170
g. 5 days after thyroparathyroidectomy, rats are implanted in the
neck with Alzet minipumps and test compounds infused at rates of
0.3 to 30 pg/day/rat. Blood is drawn by retro-orbital puncture in
the morning of days 1, 2, 3, and 6 thereafter and plasma calcium
concentrations are determined photometrically. In this test com-
pounds of the invention increase plasma calcium.

The compounds of the invention are accordingly indicated for pre-
venting or treating all bone conditions which are associated with
increased calcium depletion or resorption or in which calcium
fixation in the bone is desirable, e.g. osteoporosis of various
genesis (e.g. juvenile, menopausal, post-menopausal, post-trauma-
tic, caused by old age or by cortico-steroid therapy or inactivi-
ty), fractures, osteopathy, including acute and chronic states
associated with skeletal demineralisation, osteo-malacia, perio-
dontal bone loss or bone loss due to arthritis or osteoarthritis
or for treating hypoparathyroidism.

The compounds of the invention are particularly indicated for
preventing or treating osteoporosis of various genesis.

For all the above uses, an indicated daily dosage is in the range
from about 0.003 to about 10 mg preferably 0.003 to 3, more
preferably 0.01 to 1 mg of a compound of the invention.

Compounds of the invention may be administered once a day or up
to twice a week. '
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The compounds of the invention may be administered in free fomm
or in pharmaceutically acceptable salt form or ccmplexes. Such
salts and complexes may be prepared in conventional manner and
exhibit the same order of activity as the free compounds. The
present invention also provides a pharmaceutical composition
comprising a compound of the invention in free base form or in
pharmaceutically acceptable salt form or complex form in associa-
tion with a pharmaceutically acceptable diluent or carrier. Such
compositions may be formulated in conventional manner. The com-
pounds of the invention may be administered by any conventional
route, for example parenterally e.g. in form of injectable solu-
tions or suspensions, enterally, e.g. orally, for example in the
form of tablets or capsules or in a transdermal, nasal or & sup-
pository form.

In accordance with the foregoing the present invention further
provides:

a) a compound of the invention or a pharmaceutically acceptable
salt or complex thereof for use as a pharmaceutical;

b) a method for improving bone formation, e.g. preventing or
~ treating all bone conditions which are associated with in-

creased calcium depletion or resorption or in which calcium
fixation in the bone is desirable, e.g. osteoporosis of va-
rious genesis (e.g. juvenile, menopausal, post-menopausal,
post-traumatic, caused by old age or by cortico-steroid the-
rapy or inactivity), fractures, osteopathy, including acute
and chronic states associated with skeletal demineralisation,
osteo-malacia, periodontal bone loss or bone loss due to
arthritis or osteoarthritis, or for treating hypoparathyro-
idiom in a subject in need of such treatment, which method

'éomprises administering to said subject an effective amount
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of a compound of the invention or a pharmaceutically
acceptable salt or complex thereof;

¢) a compound of the invention or a pharmaceutically acceptable
salt or complex theresof for use in the preparation of a phar-
maceutical composition for use in the method as in b) above.

According to a further embodiment of the invention, the compounds
of the invention may be employed as adjunct or adjuvant to other
therapy, e.g. a therapy using a bone resorption inhibitor, for
example as in osteoporosis therapy, in particular a therapy em-
ploying calcium, a calcitonin or an analogue or derivative
thereof, e.g. salmon, eel or human calcitonin, a steroid hormone,
e.g. an estrogen, a partial estrogen agonist or estrogen-gestagen
combination, a biphosphonate, vitamin D or an analog thereof, or
any combination thereof.

When the compounds of the invention are administered in conjunc-
tion with, e.g. as an adjuvant to bone resorption inhibition the-
rapy, dosages for the co-administered inhibitor will of course
vary depending on the type of inhibitor drug employed, e.g. whe-
ther it is a steroid or a calcitonin, on the condition to be
treated, whether it is a curative or preventive therapy, on the
regimen and so forth.

In accordance with the foregoing the present invention provides
in a yet further aspect:

d) a method for improving bone formation, e.g. preventing or
treating calcium depletion, for example for preventing or
treating any of the specific conditions or diseases herein-
before set forth, in a subject in need of such a treatment
which method comprises administering to said subject an ef-
fective amount of a) a compound of the invention and b) a



Leu Ile Ala u Ay Leu Ser Lys Arg Phe Asn Phe Ser Ay Tyr Thr 50

55 60 dAn Ser Trp Lys Gn Gu Mt Ile Ala Asp Ay Ile Qu
Ala Ser Ile 65 ' 70 75 80
Lys Ay Leu H's Asn Phe Asp Qu Thr Lys Tyr Lys Asn Pro Hs Ala
85 90 y 95

- 65 =

second drug substance, said second drug substance being a
bone resorption inhibitor, for example as indicated above.

Compounds of Examples 20, 29, 37, 49 and 50 are preferred.
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1. A PTH compound having PTH-like activity and comprising at
least one modification, said modification being either

1.

at least one radical selected from a L- or D-e-amino acid,
Cz-galcoxycarbonyl and optionally substituted Cj.galkyl,
Ca~galkenyl, Cy_galkynyl, aralkyl, aralkenyl or
Ci-gcycloalkyl-C;_4alkyl and attached to the terminal
amino group of the PTH compound, and/or at least one
radical selected from Cjy_galcoxycarbonyl and optionally
substituted C;_galkyl, C,.galkenyl, Cs-galkynyl, aralkyl,
aralkenyl or Ci_gcycloalkyl-C;-4alkyl and attached to one
or more side chain amino groups of the PTH compound,

. at least one e-amino acid unit in the positions 1 to 38

of a naturally occurring PTH sequence being replaced by a
natural or unnatural amino acid unit optionally in
protected form, whereby the a-amino acid units present in
positions 1 and 2 at the amino terminus of the PTH
sequence together may be replaced by a pseudo-peptide,

a combination of such modifications,

provided that

when the PTH compound is free from D- or L-e=-amino acid
attached to the N-terminus or from C,.galcoxycarbonyl or
optionally substituted Cj_galkyl, C,_galkenyl, C,_galkynyl,
aralkyl, Cy.galkynyl, aralkenyl or C3-5cycloalkyl-tl-4alkyl;

it

is other than a PTH compound having a naturally occurring

c-amino acid sequence;
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or the PTH compound is other than PTH(1-34) wherein
the ¢-amino acid in position 1 is Gly, D-Ser, D-Ala

-

or Tyr;
or

-
-
.

the a-amino acid in position 2 is Ala, D-Val, Lys,

Arg or Cit and the e-amino acid in position 34 is

Tyr; or the s-amino acid in position 2 is D-Val and

the c-amino acid in position 34 is D-Tyr and

optionally the a-amino acids in positions 8 and 18

are each Nle; or

iii. the e-amino acid in positions 3 and/or 6 and/or 9 are
replaced by a natural or unnatural amino acid; or

iv. the e-amino acid in position 23 is replaced by RAla,
Arg, Asn, Asp, Cys, Gln, Glu, Gly, His, Ile, Lys,
Met, Pro, Ser or Thr; or

v. the e-amino acid in position 25 and/or 26 and/or 27
is replaced by Ala, Asn, Asp, Cys, Gln, Glu, Gly,
His, Ile, Leu, Met, Phe, Pro, Ser, Thr, Trp, Tyr or
Val; or

vi. the «-amino acids in positions 8 and 18 are each Nle
or each Met(O) and optionally the a-amino acid in
position 34 is Tyr; or the a-amino acids in positions
8 and 18 are each Nle and the «-amino acid in
position 34 is Tyr and either the «-amino acid in
position 12 is L- or D-Pro, L- or D-Ala, Aib or
NMeGly or the a-amino acid in position 23 is Phe,
Leu, Nle, Val, Tyr, «-Nal or f-Nal; or

vii. the a-amino acid in position 28 is Lys and the
a-amino acid in position 30 is Leu; or

viii.the a-amino acid in position 1 is Aib; and/or the

e-amino acid in position 8 and/or 18 is Leu, Ile,

Val, Phe or Trp; and/or the e-amino acid in position

11 is Ser, Lys, Phe, f-Nal, Trp or Tyr: and/or the

a-amino acid in position 12 is D- Leu, D-Ile, D-Nle, _ ,///’////
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D-Val, D-Ser, D-Ser(Butyl), D-Abu, D-Thr, D-Nva,
D-Met, D-f-Nal, D-Trp, D-Lys, D-Tyr, D-Lys(Fmoc},
D-Phe or D-Asn; and/or the a-amino acid in position
13 is Leu; and/or the «x-amino acid in position 19
and/or in position 21 is Arg, Lys, Asn or His; and/or
the a-amind acid in position 23 is 2-(1,3-dithiclane-
2-yl)Trp; and/or the «-amino acid in position 25
and/or in position 26 is His; and/or the «-amino acid
in position 27 is Gln or Leu; or

ix. the c-amino acid in position 8 and/or 18 is Ala or
Ser; or the a-amino acid in position 8 and/or 18 is
Ala, Val, Leu, Ile, Ser or Trp and the e¢-amino acid
in position 34 is Tyr; or

the PTH compound is other than PTH(1-84) wherein

i. the a=-amino acid in position 1 is Tyr, Val, Pro, Asp
or Cys; or

ii. the «-amino acid in position 2 is Ala, Glu, Leu, Ser
or Arg; or

iii. the e¢=-amino acid in positions 3 and/or 6 and/or 9 are
replaced by a natural or unnatural amino acid; or

iv. the e-amino acid in position 23 is replaced by Ala,
Arg, Asn, Asp, Cys, Gln, Glu, Gly, His, Ile, Lys,
Met, Pro, Ser or Thr; or

v. the e-amino acid in position 25 and/or 26 and/or 27
is replaced by Ala, Asn, Asp, Cys, Gln, Glu, Gly,
His, Ile, Leu, Met, Phe, Pro, Ser, Thr, Trp, Tyr or
val; or

vi. the e¢-amino acid in position 8 is Met, Met(Q), Ala, Val,

. Leu, Ile, Ser, Trp, Asn, Gln, Asp, Glu, Lys, Arg, Tyr
or Gly and the e-amino acid in position 18 is Leu; or
the e-amino acid in position 8 and/or 18 is Ala, Val,
Leu, Ile, Ser or Trp, and optionally the a-amino acid

LT I ——
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in position 34 is Tyr; or the a-amino acid in
position 8 and in position 18 are each Met(0); or the
ae~amino acid in position 8 is Leu and the a-amino
acid in position 18 is Met(0); or

vii. the «-amino acid in position 26 is Gln;

the compound is other than Pro®PTH(1-84) or [Met9,Leu8,
Leul8]PTH(1-84); or

the PTH compound is other than hPTH(1-36) wherein the
e-amino acid in position 36 is Leu; '

in free form or in salt form or complex form.

A PTH compound according to claim 1 comprising at least one
amino acid unit replaced in one of the following positions
of the PTH sequence: 1, 2, 3, 8-11, 13 to 19, 21, 22, 29 to
34,

A PTH compound according to claim 1 or 2 wherein the
a-amino acid units in positions 1 and 2 at the amino
terminus of the PTH sequence is replaced by a pseudo-di-
peptide.

A PTH compound according to claim 3 of formula I

X-p I
wherein
X is a residue of formula (a)

Y
|
Z-N - CH - C =CH - CH ~ CO- {a)
l | l
Al W Y’

or (b) . e T
et Has Been R,
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wherein each of Z and 2, independently, is H; optionally
substituted C;.galkyl, C,.galkenyl, aralkyl, aralkenyl or
Ci-gcycloalkyl-C;.g4alkyl; or z protecting group, at most
one of Z and Z’ being a protecting group,

2’ is H, Cy.galkyl or a protecting group

each of Y and Y/, independently, is an optionally protec-
ted side chain of a natural or umnatural e¢-amino acid,
one of ¥, and ¥, is hydrogen and the other is an
optionally protected side chain of a natural or unnatural
e¢-amino acid or ¥, and Y, form together with the carbon
atom to which they are attached a Ci_gcycloalkyl group,
and

W is halogen or Cy.galkyl,

or W and ¥’ together with the moiety —C=CH-CH-

to which they are attached, form an optionally substituted
aromatic cyclic or heterocyclic residue, and

P; is a PTH sequence in which amino acid units in positions

1 and 2 of the N-terminus are omitted.

A PTH compound according to claim 1 or 2, wherein the
e-amino acid unit in position 1 and/or the s-amino acid unit
in position 2 of the N-terminus of the PTH sequence is
replaced by an optionally protected natural or unnatural
amino acid residue, '
provided that

when the PTH compound is free from D- or L-e¢-amino acid
attached to the N-terminus or from C-galkoxycarbonyl or

"G T
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optionally substituted Cy_galkyl, Cy-galkenyl, C,.galkynyl,
aralkyl, aralkenyl or Cj_gcycloalkyl-C;_galkyl, it is other
than a PTH compound having a naturally occurring e-amino

acid sequence;

or the PTH compound is other than PTH(1-34) wherein

i. the a-amino acid in position 1 is Aib, Gly, D-Ser,
D-Ala or Tyr; or

ii. the c-amino acid in position 2 is Ala, D-Val, Lys,
Cit or Arg and the c-amino acid in position 34 is
Tyr; or the a-amino acid in position 2 is D-Val and
the a-amino acid in position 34 is D-Tyr and
optionally the e~-amino acids in positions 8§ and 18
are each Nle; or

iii. the e-amino acid in position 1 is Aib and at least
one further c-amino acid unit has been replaced as
follows: the w-amino acid in position 8 and/or 18 is
Leu, Ile, Val, Phe or Trp, and/or the e¢-amino acid in
position 11 is Ser, Lys, Phe, B-Nal, Trp or Tyr,
and/or the e¢-amino acid in position 12 is D-Leu,
D-Ile, D-Nle, D-Val, D-Ser, D-Ser(Butyl), D-Abu,
D-Thr, D-Nva, D-Met, D-B-Nal, D-Trp, D-Lys, D-Tyr,
D-Lys(Fmoc), D-Phe or D-Asn, and/or the e¢-amino acid
in position 13 is Leu, and/or the «-amino acid inm
position 19 and/or in position 21 is Arg, Lys, Asn or
His, and/or the c-amino acid in position 23 is
2-(1,3-dithiolane-2-yl)Trp, and/or the a-amino acid
in position 25 and/or in position 26 is His, and/or
the a-amino acid in position 27 is Gln or Leu,

or the PTH compound is other than PTH(1-84) wherein

i. the «-amino acid in position 1 is Tyr, Val, Pro, Asp
or Cys; or —————r e
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the c-amino acid in position 2 is Ala, Glu, Leu, Ser
or Arg.

A PTH compound according to claim 5 of formula II

wherein

X1a = Y22 =~ B3 II

Xia is 2 residue of an optionally protected natural c-amino

acid or a residue of formula (IIa)

Ry
I
Zy=N ~[Clp - CO - (IIa)
| |
z’a. R2

wherein

each of Z, and Z’,, independently, is K, Cj.galkyl or

a protecting group, at most one of Z, and Z’, being a

protecting group, and either n is 1 and

i. each of R; and R, independently, is Cj.galkyl, or

ii. one of R; and R, is methyl or ethyl and the other
is an optionally protected residue attaching to
the a-carbon atom of a natural c-amino acid other
than Ala, Leu, Ile or Val, or

iii. one of R; and R; is H, methyl or ethyl and the
other is an optionally protected residue
attaching to the a-carbon atom of an unnatural
e-amino acid, or

iv. R; and R, form together with the carbon atom to
which they are attached a Cj.gcycloalkyl group, or

Ry

v. the residue Z, - N -C - represents a heterocycllc

s N
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residue optionally condensed to a benzene ring,

ornis 2, 3, 4 or 5 and each of Ry and R; is H or
CH3[

Y2 is a residue of an optionally protected natural c-amino
-acid
or a residue of formula (IIb)

R3
|
-N -{Clnp - CO - ' (IIb)
P
iy Ry

Zy is H or C;-galkyl and either m is 1 and

i. each of Ry and Ry, independently, is C;-galkyl, or

ii. one of Ry and Ry is methyl or ethyl and the other is
an optionally protected residue attaching to the
e-carbon atom of a natural a-amino acid other than
Ala, Leu, Ile or Val, or

iii.one of Ry and Ry is H, methyl or ethyl and the other
is an optionally protected residue attaching to the

- - a=carbon atom of an unnatural e-amino acid,
ormis 2, 3, 4 or 5 and each of R3 and Rq is H or CHj,
and
Py is as defined in claim 4.

7. A PTH compound according to any one of the preceding claims
wherein the wc-amino acid unit in position 8 and/or the
e-amino acid unit in position 18 is replaced by an
optionally protected natural or unnatural amine acid
residue, provided that

when the PTH compound is free from D- or L-e-amino acid
attached to the N-terminus or from C,.galkoxycarbonyl or

TIHISm!*'ii“H”m“ld llllllll Hllll IIIII IIIII ll IIII
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optionally substituted Ci-galkyl, Cz-galkenyl, Cy.galkynyl,
aralkyl, aralkenyl or Ci.gcycloalkyl-C;.salkyl, it is other
than a PTH compound having a naturally occurring a-amino

acid sequence;

or the PTH compound is other than PTH(1-34) wherein

i. the a-amino acids in positions 8 and 18 are each Nle
or each Met(0) and optionally the e-amino acid in
position 34 is Tyr:; or the e-amino acids in positions

8 and 18 are each Nle and the a-amino acid in

position

34 is Tyr and either the a-amino acid in position 12

is L- or D-Pro, L- or D-Ala, Aib or NMeGly or
e-amino acid in position 23 is Phe, Leu, Nle,
Tyr, e-Nal or B-Nal; or the a~-amino acids in

the
val,

positions 8 and 18 are each Nle and the «-amino acid
in position 2 is D-Val and the «-amino acid in

position 34 is D-Tyr; or

ii. the e¢-amino acid in position 8 and/or 18 is Leu, Ile,
Val, Phe or Trp and optionally at least one further
ae-amino acid unit has been replaced as follows: the
e-amino acid in position 1 is Aib and/or the «-amino
acid in position 11 is Ser, Lys, Phe, §-Nal, Trp or
Tyr, and/or the e-amino acid in position 12 is D-Leu,
D-Ile, D-Nle, D-Val, D-Ser, D-Ser(Butyl), D-Abu,

D-Thr, D-Nva, D-Met, D-B-Nal, D-Trp, D-Lys,

D"TYI,

D-Lys(Fmoc), D-Phe or D-Asn, and/or the a-aminc acid
in position 13 is Leu, and/or the w-amino acid in
position 19 and/or in position 21 is Arg, Lys, Asn or
His, and/or the a-amino acid in position 23 is
2-(1,3-dithiolane-2~yl) Trp, and/or the c-amino acid in
position 25 and/or in position 26 is His, and/or the

e-amino acid in posxtlon 27 is Gln or_ Leu, or

\\\\\\\\ \\\\\\ll\\\ i
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iii. the e-amino acid in position 8 and/or 18 is ala cr
Ser; or the a-amino acid in position 8 and/or 18 is
Leu, and the a-amino acid in position 34 is Tyr; or

the PTH compound is other than PTH({1-84) wherein
the ae-amino acid in position 8 is Met, Met({0O), Ala,
Val, Leu, Ile, Ser, Trp, Asn, Gln, Asp, Glu, Lys, Arg,
Tyr or Gly and the a-amino acid in position 18 is Leu;
or the e-amino acid in position 8 and in position 18
are each Met (0); or the a-amino acid in position 8 is
Leu and the a-amino acid in position 18 is Met(Q); or

the PTH compound is other than [Leul?,Tyr34]hPTH(1-84),
{Leu®, Tyr341hPTH(1~84), [Ile®,Leul®, Tyr34]hPTH(1-84) or
{Leud,Leul8, Tyr341hPTH(1-84) .

A PTH compound having PTH-like activity wherein at least one
of the e-amino acid units in the positions 1 to 38 of a PTH
sequence is replaced by the e-amino acid unit which is
present at the corresponding position in PTHrP, the PTH
compound optionally comprising at least one radical selected
from a L- or D-e-amino acid, Cp.galcoxycarbonyl and
optionally substituted Cj_galkyl, Cy-galkenyl, Cy_galkynyl,
aralkyl, aralkenyl or Cz.gcycloalkyl-Ci_galkyl and attached
to the terminal amino group of the PTH compound, and/or at
least one radical selected from C;.galcoxycarbonyl and
optionally substituted C;-galkyl, Cz;-galkenyl, Cz-galkynyl,
aralkyl, aralkenyl or Cj_gcycloalkyl-C;-salkyl and attached
to one or more side chain amino groups of the PTH compound,
provided that

when the PTH compound is free from D- or L-z-amino acid
attached to the N-terminus or from Cy.galkoxycarbonyl or

optionally substituted Cj.galkyl, Cp.galkenyl, Cp-galkynyl,

s
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aralkyl, aralkenyl or Ci.gcycloalkyl-Cj-4alkyl, it is other
than a PTH compound having a naturally occurring e-amino
acid sequence;

or the PTH compound is other than PTH(1-34) wherein

i. the «-amino acid in position § and/or 18 is Leu;
and/or the «-amino acid in position 11 is Lys; and/or
the e-amino acid in position 19 and/or 21 is Arg;
and/or the a-amino acid in position 25 and/or 26 is
His; and/or the sz-amino acid in position 27 is Leu;
and optionally at least one further e-amino acid unit
has been replaced as follows: the e-amino acid in
position 1 is Aib and/or the a-amino acid in position
11 is Ser, Phe, B-Nal, Trp or Tyr, and/or the a-amino
acid in position 12 is D-Leu, D-Ile, D-Nle, D-Val,
D-Ser, D-Ser(Butyl), D-Abu, D-Thr, D-Nva, D-Met,
D-f-Nal, D-Trp, D-Lys, D-Tyr, D-Lys(Fmoc), D-Phe or
D-Asn, and/or the a-amino acid in position 13 is Leu,
and/or the e-amino acid in position 19 and/or in
position 21 is Lys, Asn or His, and/or the e-amino
acid in position 23 is 2-(1,3-dithiolane-2-yl)Trp,
and/or the e¢-amino acid in position 27 is Gln; or

ii. the c-amino acid in position 25 in Gln and/or the
z-amino acid in position 26 is Asn, the a-amino acid
in position 27 being optionally Leu; or

the PTH compound is other than (Leu®,Leul8]PTH(1- 84),
in free form or in salt or complex form.

9. A PTH compound according to claim 8 wherein at least 2
e-amino acid units of the PTH sequence is replaced by the
e-amino acid unit which is present at the corresponding

position in PTHrP. —
B - This Sheet Has Been Rep
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A PTH compound having PTH-like activity wherein at least one
of the e-amino acid units in the positions 8 to 11 of a PTH
sequence is replaced by the e-amino acid unit which is
prasent at the corresponding position in PTHrP, the PTH
compound optionally comprising at least one radical selected
from a L- or D-e-amino acid, Cy-galcoxycarbonyl and
optionally substituted Cj._galkyl, Cy-galkenyl, Cp-galkynyl,
aralkyl, aralkenyl or C3_gcycloalkyl-Cy_galkyl and attached
to the terminal amino group of the PTH compound, and/or at
least one radical selected from Cy.galcoxycarbonyl and
optionally substituted C;_galkyl, Cz-galkenyl, Cj.galkynyl,
aralkyl, aralkenyl or Cs.gcycloalkyl-Cj_zalkyl and attached
to one or more side chain amino groups of the PTH compound,
provided that the PTH compound is other than [Leu®, Leul®]-
PTH(1-84) or PTH(1-34) wherein the a-amino acid in position 8
is Leu and/or the s-amino acid in position 1l is Lys and
optionally at least one further ae-amino acid unit is replaced
as follows: the a-amino acid unit in position 1 is Aib,
and/or the e-amino acid in position 18 is Leu, Ile, Val, Phe
or Trp, and/or the c-amino acid in position 11 is Ser, Phe,
p-Nal, Trp or Tyr, and/or the «=-amino acid in position 12 is
D-Leu, D-Ile, D-Nle, D-Val, D-Ser, D-Ser(Butyl), D-aAbu,
D~-Thr, D-Nva, D-Met, D-f-Nal, D-Trp, D-Lys, D-Tyr,

D-Lys (Fmoc), D-Phe or D-Asn, and/or the a-amino acid in
position 13 is Leu, and/or the ¢-amino acid in position 19
and/or in position 21 is Arg, Lys, Asn or His, and/or the
e~-amino acid in position 23 is 2-(1,3-dithiolane-2-yl)Trp,
and/or the a-amino acid in position 25 and/or in position 26
is His, and/or the w-amino acid in position 27 is Gln or Leu,
in free form or in salt or complex form.

A PTH compound which is [Leu®,AsplO]PTH or (Leu8,aspl?®,
Lys!1]PTH, the PTH compound optionally comprising at least

one radical selected from a L- or D—a-amlno acid,
e This Sheet Has Been Re lace
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Cz-galcoxycarbonyl and optionally substituted Cy-galkyl,
Cz2-galkenyl, Cz.galkynyl, aralkyl, aralkenyl or
Ci-gcycloalkyl-C;._4alkyl and attached to the terminal amino
group of the PTH compound, and/or at least one radical
selected from C;-galcoxycarbonyl and optionally substituted
Ci-galkyl, Cz_galkenyl, C,-galkynyl, aralkyl, aralkenyl or
Ci-gcycloalkyl-C;_4alkyl and attached to one or more side
chain amino groups of the PTH compound,

in free form or in salt or complex form.

12. A PTH compound having PTH-like activity wherein at least one
of the e-amino acid units in the positions 16 to 19 of a PTH
sequence is replaced by the w-amino acid unit which is
present at the corresponding position in PTHrP, the PTH
compound optionally comprising at least one radical selected
from a L- or D-e-amino acid, C2.galcoxycarbonyl and
optionally substituted C;_galkyl, Cj.galkenyl, Cz-galkynyl,
aralkyl, aralkenyl or Cjz_gcycloalkyl-C;_salkyl and attached
to the terminal amino group of the PTH compound, and/or at
least one radical selected from Cz~galcoxycarbonyl and
optionally substituted C;.galkyl, Cy-galkenyl, Cy_galkynyl,
aralkyl, aralkenyl or C3-gcycloalkyl-Ci-4alkyl and attached
to one or more side chain amino groups of the PTH compound,
provided that the PTH compound is other than[Leu8,Leul®]-
PTH(1-84) or PTH(1-34) wherein the wz-amino acid in position
18 is Leu and/or the e-amino acid in position 19 is Arg and
optionally at least one further c-amino acid unit is replaced
as follows: the a-amino acid unit in position 1 is Aib,
and/or the a-amino acid in position 8 is Leu, Ile, Val, Phe
or Tip, and/or the e-amino acid in position 11 is Ser, Lys,
Phe, f-Nal, Trp or Tyr, and/or the a-amino acid in position
12 is D-Leu, D-Ile, D-Nle, D-Val, D-Ser, D-Ser(Butyl), D-abu,
D-Thr, D-Nva, D-Met, D-B-Nal, D-Trp, D-Lys, D-Tyr,

D-Lys (Fmoc), D-Phe or D-Asn, and/or the e-amino acid in . . _. . .

I R




TGG CTG CGI' AAA AAA CTG CAG GAT GTA CAT AAT TTT GIA GCT CTG CIET

787 Trp Leu Arg Lys Lys Leu G n Asp Val H's Asn Phe Vsf-

220 225 TAACTCGAGC AGATCCGGCT GCTAACNRAGE AAG

AGCTGAGTTG GCTGCTGCCA 847 CCGCTGAGCA ATAACTAGEA TAACCCCTTG;

GGGCCCTTGG GGCCTCTAAA CGGGTCTTGA ' 907 2R LAY 5T ;
- 79 - |

13.

14,

15.

position 13 is Leu, and/or the a-amino acid in position 19 is
Lys, Asn or His and/or the «-amino acid in position 21 is
Arg, Lys, Asn or His, and/or the «-amino acid in position 23
is 2-(1,3-dithiolane-2-yl)Trp, and/or the c-amino acid in
position 25 and/or in position 26 is His, and/or the a-amino
acid in position 27 is Gln or Leu,

in free form or in salt or complex form.

A PTH compound having PTH-like activity wherein at least one
of the a-amino acid units in the positions 33 and 34 of a
PTH sequence is replaced by the e-amino acid unit which is
present at the corresponding position in PTHrP, the PTH
compound optionally comprising at least one radical selected
from a L- or D-w-amino acid, Cj-galcoxycarbonyl and
optionally substituted C;_galkyl, Cz-galkenyl, Cz-galkynyl,
aralkyl, aralkenyl or Ci.gcycloalkyl-Ci.galkyl and attached
to the terminal amino group of the PTH compound, and/or at
least one radical selected from C;-galcoxycarbonyl and
optionally substituted C;_galkyl, Cy-galkenyl, Ca-galkynyl,
aralkyl, aralkenyl or Ci.gcycloalkyl-Ci_salkyl and attached
to one or more side chain amino groups of the PTH compound,
in free form or in salt or complex form.

A PTH compound according to claims 10 and 13 wherein at least
2 g-amino acid units in the positions 8-11 and 33-34 of a PTH
sequence are replaced.

A PTH compound selected from [Thr33,Ala34]PTH, (Leu8,Thr33,
Ala34]PTH and [Leu®,Asp!®,Lysil,Thr33,ala34]PTH, the PTH
compound optionally comprising at least one radical selected
from a L- or D-e-amino acid, Cj-galcoxycarbonyl and
optionally substituted C;.galkyl, C,.galkenyl, Cp-galkynyl,
aralkyl, aralkenyl or Cj_gcycloalkyl-Cj_salkyl and attached
to the terminal amino group of the PTH compound, and/or at
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GGGGTTTTTT GCTGAAAGGA GGAACTATAT CCGGATAA 945
(2) I NFORVATI ON FOR SEQ I D NO 4: (i) SEQUENCE CHARACTERI STI CS

(A) LENGTH 229 ami no acids (B) TYPE: am
TOPOLOGY: |inear

- 80 -

least one radical selected from C,.galcoxycarbonyl and
optionally substituted Cj.galkyl, C,-galkenyl, Cp-galkynyl,
aralkyl, aralkenyl or Cz.gcycloalkyl-C;-galkyl and attached
to one or more side chain amino groups of the PTH compound,
in free form or in salt or complex form.

16. A PTH compound acéording to any one of claims 8 to 15,
wherein one or more g-amino acid units in the remaining
positions 1 to 38 is further replaced by a natural or
unnatural amino acid unit.

17. A PTH compound according to claim 16 wherein the z-amino acid
in position 10 is selected from Gly, Gln, Glu, His, Ser, Thr,
Lys and Tyr.

18. A PTH compound according to claim 16 or 17, wherein the
e-amino acid in position 13 is a D- or L-z-amino acid other
than Arg.

19. A PTH compound according to claim 16, 17 or 18, wherein the
e-amino acid in position 16 is a D- or L-e-amino acid.

©20. A PTH compound according to any one of claims 16 to 19
wherein the e-amino acid in position 18 is Gln or Tyr.

21. A PTH compound according to any one of claims 16 to 20,
wherein the e-amino acid in position 19 is selected from Ala,
Arg, Val, Tyr, Ser, Lys, Met, His, Gly, Pro, Asn and Ile.

22. A PTH compound acéording to any one of claims 16 to 21,
wherein the a-amino acid in position 33 is a D- or L-a-amino
acid other than Thr, Phe or Ala.
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(i) MOLECULE TYPE: protein
A u Thr

Met Ser
5

Thr G u Leu Ala Asn Asn Lys Asp

23.

24.

25,

26,

27.

(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 4:
Lys Pro Lys Tyr Asn Tyr Val Asn Asn Lys Qu Leu 1
10 15 Leu @n ' .

22 MAY B

- 81 -

et rim s ey,

A PTH compound which is selected from (Leu®, Glnt8, Thr33,
Ala34]BTH, {Leu®, AlalS, Gln!%, Thr33, Ala3¢4ipTH, (Leus,
Aspl®, Lysll, Alal®, Glal®, Thr33, Ala34]pTH, (Leu®, Asplo,
Lystl, Blal®, Glnl8]PTH, (Leu8, Alal®, Glnl8, Alal9]PTH,
{Leu®, Aspl®, Lysll, Glnl®]PTH, (Leu®, Asp'9, Lysli, Alals,
Glnl®, Alal?]PTH, [Leu®, Alal®, Glnl8, Alal®, Thr33,
Ala34]PTH and (Leu®, Aspld, Lysll, Glnl®, Thr33, Ala34]pTH,
the PTH compound optionally comprising at least one radical
selected from a L- or D-e¢-amino acid, Cy-galcoxycarbonyl and
optionally substituted C;.galkyl, Cyp-galkenyl, C;_galkynyl,
aralkyl, aralkenyl or Ci.gcycloalkyl-Cy-4alkyl and attached
to the terminal amino group of the PTH compound, and/or at
least one radical selected from C,.galcoxycarbonyl and
optionally substituted C;._galkyl, C,-galkenyl, Cy_galkynyl,
aralkyl, aralkenyl or Cj_gcycloalkyl-C;.-4alkyl and attached
to one or more side chain amino groups of the PTH compound,
in free form or in salt or complex form.

A PTH compound according to any cne of preceding claims which
is a N~terminal PTH fragment comprising 1-34 to 1-38 aminc

acid units.

A PTH compound according to claim 24 which is a N-terminal
hPTH fragment.

A PTH compound according to any one of claims 1 to 24 which
is hPTH(1-34) or hPTH(1-36).

A PTH compound according to any one of the preceding claims
wherein the C-terminus is ~-COQH, esterified -COOH, -CONH,,
mono- or disubstituted -CONH,.
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20 25 + 30 Pro Asn Lys Val Val Arg A n Asn
40

Asp Thr Ile Ay Leu Ala Ile Mt 35
45 Leu lle Ala Gu Gy Leu Ser Lys Arg Phe Asn Phe Ser Gy Tyr Thr 50
55 60 Gn Ser Trp Lys Gn Gu Mt I} i® Qu
Ala Ser Ile

- 82 -

28. A PTH compound selected from
{(Leu?,GLlnl8, Thr33,A1a34]-hPTH(1-34)0H
{Leu®,Alalb,Glnl8, Alal9, Thr33,ALa34]hPTH(1-34)OH
{Leu®,Alal§,Glnl8, Thr33,A1a341hPTH(1-34) OH
(Leu® , Aspl9,Lysll, Glnl8 |hPTH(1-36)0H
(Leu®,Aspl®, Lysll, Glnl8,Thr33,Ala341hPTH(1-34)0H
(Leu®,Aspl®, Lysil, Alal®,Glnl8,ALal® | hPTH(1-36)0H
(Leu®,Aspl®, Lysll, Alal€,Glnl®,Thr33,Ala34]hPTH(1-34)0H
(Leu®,Aspl®,Lysll, Alalé,Glnl®]hPTH(1-36)0H, and
(Leu®,Alal®,Glnl8,Alal®)hPTH(1-36)OH

in free form or in salt or complex form.

29. A process for the production of a desired medium-sized
polypeptide in which a fusion protein comprising an
N-terminal bacteriophage T4 gene 55 polypeptide having the
desired polypeptide linked to the C~terminal thereof, is
expressed in bacterial cells.

30. A process according to claim 29 in which the fusion protein
comprises a chemically cleavable linker between the gene 55
and the desired polypeptides.

31. A process according to claim 30 in which the cleavable
linker comprises the amino acid sequences Asp-Pro-Pro or
Asn~Gly-Pro.

32. A process according to any one of the claims 29 to -3l in
which the desired polypeptide is selected from the group
consisting of calcitonins, endorphins, gastric inhibitory
peptide(s), glucagon, neuropeptide Y, growth hormone
releasing factor (GHRF), amyloid p protein fragments,
hirudin, insulin, somatostatln, epidermal growth factor,
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65 70 75 80 Lys Gly Leu
H s Asn Phe Asp A u Thr Lys Tyr Lys Asn Pro His Ala
90 95 Tyr Ile Thr G n Ala Cys Phe AsiizAla,

Il e Lys Lys 100 105 REFLAL

- 83 -

nerve growth-factor, parathyroid hormone (PTH), and
fragments thereof.

33. A nucleotide sequence which codes for a fusion protein
comprising an N-terminal bacteriophage T4 gene 53
polypeptide and a desired medium-sized polypeptide linked to
the C-terminal thereof.

34. A bacterial expression vector comprising a DNA sequence
according to claim 33.

35. Bacterial host cells transformed with a DNA sequence
according to claim 33, or a bacterial vector according to
claim 34.

36. R process for the production of a desired medium-sized
polypeptide comprising causing bacterial host cells
according to claim 35 to express the fusion protein in the
form of inclusion bedies; isolating the inclusion bodies;
solubilising the inclusion bodies, and cleaving the desired
polypeptide from the fusion protein.

37. A fusion protein comprising an N-terminal bacteriophage T4
gene 55 polypeptide and a desired medium-sized polypeptide
linked to the C-terminal thereof.

38. A process for the production of a desired medium-sized
polypeptide comprising cleaving the desired polypeptide from
a fusion protein according to claim 37, and optionally
removing unwanted amino acid residues from the N-terminus
thereof.

o ecet Has Been Replaced
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27

39.

40.

41.

42,

43.

- 84 -

A process according to any one of claims 29-32, 36 or 38 in
which the desired medium-sized polypeptide comprises a PTH
polypeptide.

A nucleotide sequence according to claim 33, in which the
desired medium-sized polypeptide comprises a PTH
polypeptide.

A bacterial expression vector comprising a DNA sequence
according to claim 40.

Bacterial host cells transformed with a DNA sequence
according to claim 31 or a bacterial expression vector
according to claim 41.

A process for the production of a medium-sized polypeptide
comprising:

culturing bacterial host cells transformed with a
vector containing a DNA sequence coding for expression of a
fusion protein comprising an N-terminal bacteriophage T4
polypeptide having the desired polypeptide linked to the
C-terminal thereof by a chemically cleavable linker selected
from the group consisting of peptides containing the amino
acid sequence Asp-Pro-Pro or Asn~Gly-Pro and expressing the
fusion protein in the form of inclusion bodies: |

isolating the inclusion bodies:;

solubilising the inclusion bodies under acid -
conditions;

cleaving the desired polypeptide from the fusion
protein, and

removing unwanted N-terminal amino acid residues from

the desired pol de .
polypeptide product This Sheet Has Been Rep
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GQu Arg Lys Qu Val Ala Lys Lys Tyr Ser Tyr Phe Val His Asn Val 115
120 125 Tyr Asp Ser Arg Asp Asp Asp Met Val Ala Leu Val Asp
A u Thr Phe 130 135 4

Tyr Asp Lys Met Thr His Tyr GQu Qu Ser Thr Tyr 145
155 160

-85 -

44. A PTH compound according to any one of claims 1 to 28 for
use as a pharmaceuticgl.

45. A pharmaceutical composition comprising a PTH compound as
defined in any one of claims 1 to 28, in free form or in
physiologically acceptable salt form, together with a
pharmaceutically acceptable diluent or carrier therefor.

46. A PTH compound substantially as herein before described with
reference to any one of Examples 1 to 300, 302-304 and 306
to 312.

heet Has Been Replaced
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Arg Thr Pro Gy Ala Qu Lys Lys Ser Val Val Asp Asp Ser Pro Ser

165 170 175 Leu Asp Phe Leu Tyr A u Ala Asn
Asp Ay Ser Val Asn Ay Pro Ser 180 185
190 Vval Ser Qu lle @n Leu Met Hi's Asn Leu (Hy Lys H s Leu Asn Ser
195 200 205
" 88 REPLACE,
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PEPTIDES 2218 597

o

Abstract of the invention

PTH compounds having PTH-like activity and comprising
at least one modification, said modification being either

1. at least one radical selected from a L- or D-e-amino acid,
Cz-galcoxycarbonyl and optionally substituted C;.galkyl,
Cz-galkenyl, Cy.galkynyl, aralkyl, aralkenyl or
C3-¢cycloalkyl-C;.4alkyl and attached to the terminal amino
group of the PTH compound, and/or at least one radical
selected from Cy.galcoxycarbonyl and optionally substituted
Ci-galkyl, Cy-galkenyl, C,_galkynyl, aralkyl, aralkenyl
or C3-gCycloalkyl-Cy_salkyl and attached to one or more side
chain amino groups of the PTH compound,

15

. at least one a¢-amino acid unit in the positions 1 to 38 of a
naturally occurring PTH sequence being replaced by a natural

~

or unnatural amino acid unit optionally in protected form,
whereby the c-amino acid units present in positions 1 and 2 at
the amino terminus of the PTH sequence may be replaced by a
pseudo-peptide,

or a combination of such modifications,
in free form or in salt form, have pharmacological actxvxty,
e.g. for preventing or treating all bone conditions which are
associated with increased calcium depletion or resorption or
in whieh calcium fixation in the bone is desirable.
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Met Gu Arg Val Qu Trp Leu Arg Lys Lys Leu A n-Asp Val H's Asn 210
215 220 Phe Val Ala Leu Ay 225 (2) INFORMATION FOR SEQ I D

NQO 5:

- 86 -

A representative corapound is e.g. of formula 1

Ser-Val-Ser-Glu-Tle-Gln-Leu-R,-His-R;-R;-Gly-Re-His-Leu-
Rs-R¢-Ry-Rg-Arg-Val-Glu-Trp-Leu-Arg-Rs-Lys-Leu-Gln-Asp-
Val-His-Rio-Ri1-(Riza-X

wherein cach of Ry to Ry; has a meaning within the invention, Rz is Val, Val-Ala, Val-Ala-Leu
or Val-Ala-Leu-Gly; n is 0 or J; and X js OH, NH; or substituted OH or NH3, provided that Ry
is Gln or Tyr, and/or Ry is Thr and/or Ry; is Ala. '
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(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 27 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: | i near (ii) MOLECULE TYPE: cDNA (iii1) HYPOTHETI CAL: NO
-1 -
REPLAC

2 2 MAY 1997

i A
i
i
i
!

FIGURE 1

AGATCTCGAT CCCGCGAAAT TAATACGACT CACTATAGGG AGACCACAAC GGTTTCCCIC 60

TAGAAATAAT TTTGTTTAAC TTTAAGAAGG AGATATACAT ATG TCA GAA ACT AAG 115
Met Ser Glu Thr Lys
1 5

CCT AAAR TAT AAT TAC GTA AAC AAT ARA GAG CTT TTA CAA GCT ATT AIT

163
Pro Lys Tyr Asn Tyr Val Asn Asn Lys Glu Leu Leu Gln Ala Ile Ile
10 15 20
GAT TGG AAA ACA GAA TTA GCA AAT AAT AAA GAC CCA AAT ARA GTA GTT 211
Asp Trp Lys Thr Glu Leu Ala Asn Asn Lys Asp Pro Asn Lys Val Val
25 30 35
CGT CAG AAT GAT ACT ATC GGA TTA GCC ATT ATG CTT ATT GCA GAA GGC 259
Arg GLn Asn Asp Thr Ile Gly Leu Ala Ile Met Leu Ile Ala Glu Gly
40 45 50
TTA TCT AAA CGT TTC AAC TTT TCA GGA TAC ACC CAG TCT TGG AAA CAA 307
Leu Ser Lys Arg Phe Asn Phe Ser Gly Tyr Thr Gln Ser Trp Lys Gln
55 60 65
GAA ATG ATT GCA GAT GGT ATA 'GAA GCT TCT ATT RAG GGG CTT CAC AAT 355
Glu Met Ile Ala Asp Gly Ile Glu Ala Ser Ile Lys Gly Leu His Asn
70 75 80 85
TTT GAT GAA ACG AAA TAT AAA AAC CCA CAT GCG TAT ATA ACT CAA GCT 403
Phe Asp Glu Thr Lys Tyr Lys Asn Pro His Ala Tyr Ile Thr Gln Ala
90 95 100
heet Has Been Replaced
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(iii) ANTI-SENSE: NO (v) FRAGMVENT TYPE: internal (xi) SEQUENCE
DESCRI PTION: SEQ | D NQO: 5:

TGT TTT BAAT GCA TTC GIC CAA CGT GGA TCC ATC GAT CCA CCA TCC GTA 451
' Cys Phe Asn Ala Phe Val Gla Arg Gly Ser Ile Asp Pro Pro Ser Val
105 110 115

TCA GAA ATA CAA CTA ATG CAT AAT CTG GGT AAA CAT CTG AAT TCA AIG 499
Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn Ser Met
129 125 ' 130

GAA CGT GTA GAA TGG CTG CGT AAA XEA CTG CAG GAT GTA CAT AAT TTT 547
Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val His Asn Phe
135 140 145

GTA GCT CTG GGT TAACTCGAGC AGATCCGGCT GCTAACAAAG CCCGAAAGGA 599
Val Ala Leu Gly
150

AGCTGAGTTG GCTGCTGCCA CCGCTGAGCA ATAACTAGCA TAACCCCITG GGGCCCTIGG 659

GGCCTCTARA CGGGTCTTGA GGGGTTTTTT GCTGAAAGGA GGAACTATAT CCGGATAA 717

cet Has Been Replaced
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GAGGIGCATA TGTCAGAAAC TAAGCCT
| NFORVATI ON FOR SEQ | D NG 6:

(A) LENGTH 40 base pairs
singl e

STRANDEDNESS:

(1) SEQUENCE CHARACTERI STI CS:
nucl eic acid
(D TOPOLOGY: |inear

(B) TYPE:

- 3 -

FIGURE 2

27

(O

LN AT
RE AL

e

N YT
QIARR
Adlndad

AGATCTCGAT CCCGCGAAAT TAATACGACT CACTATAGGG AGACCACAAC GGTTTCCCIC

TAGAAATAAT TTTGITTAAC TTTAAGAAGG AGATATACAT

CCT AAA TAT
Pro Lys Tyr

GAT TGG AAA
Asp Trp Lys

CGT CAG ARAT
aArg Gln Asn
40

TTA TCT AAA
Leu Ser Lys
55

GAA ATG ATT
Glu Met Ile
70

TTT GAT GAA
Phe Asp Glu

AAT TAC GTA AAC AAT AAA GAG CIT

Asn Tyr
10

ACA GAA
Thr Glu
25

GAT ACT
Asp Thr

CGT TITC
Arg Phe

GCA GAT
Ala Asp

ACG AAA
Thr Lys
90

Val

TTA
Lau

ATC
Ile

AAC
Asn

GGT

Gly

15

TAT
Tyr

Asn Asn

GCA AAT
Ala Asn

GGA TTA GCC

Gly Leu
435

TTT TCA
Phe Ser
&0

ATA GAA

Ile Glu

RAA AAC
Lys Asn

Pro

Lys Glu Leu

15

AAA GAC
Lys

AAT
Asn
30

Asp

ATG
Met

ATT

aAla Ile

GGA TAC ACC
Gly Tyr Thr

GCT
Ala

TCT ATT
Ser Ile
80

CAT
His
95

GCG
Ala

cca

ATG
Met
1

TTA

Leu

CCAa
Pro

CIT
Leu

CAG
Gln

AAG
Lys

TAT
Tyr

TCA GAA ACT AAG
Ser Glu Thr Lys
5

CaA GCT
Gln Alz

ATT
Ile
20

ATT
Ile

AAA GTA GTT
Val Val

AAT
Asn Lys

35

GCA GAA GGC
Ala Glu Gly

ATT
Ile
50

TGG AAA CAA
Gln

TCT

Ser Trxp Lys

CAC
His

CTT
Leu

AAT
Asn
85

Gly

CAA GCT
Gln Ala
100

ATA
Ile

ACT
Thr

60

115

163

211

259

307

355

403
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(1i1) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO (1i11) ANTI-SENSE
NO (v) FRAGVENT TYPE:. internal

L aanmrar v Ay

TGT TTT AAT GCA TTC GIC CAA CGT ATT AAA AAA GAA CGT AAG GAA GTT 451
Cys Phe Asn Ala Phe Val Gln Arg Ile Lys Lys Glu Arg Lys Glu Val
105 110 115

GCA AAG AAA TAT AGT TAC TTC GTT CAC AAT GIC TAT GAC AGC CGT GAC 499
Ala Lys Lys Tyr Ser Tyr Phe Val His Asn Val Tyr Asp Ser Arg Asp
120 125 ' 130

GAC GAT ATG GTT GCG TTA GTA GAT GAA ACT TTT ATT CAA GAC ATC TAT 547
Asp Asp Met Val Ala Leu Val Asp Glu Thr Phe Ile Gln Asp Ile Tyr
135 140 145

GAT ARA ATG ACG CAT TAC GAA GAA TCA ACC TAT AGA ACA CCG GGG GCT 595
Asp Lys Met Thr His Tyr Glu Glu Ser Thr Tyr Arg Thr Pro Gly Ala
150 _ 155 160 165

GAA AAG AAA AGT GTT GTA GAT GAT TCT CCT AGT TTG GAT TTT TTA TAT 643
Glu Lys Lys Ser Val Val Asp Asp Ser Pro Ser Leu Asp Phe Leu Tyr
170 175 180

GAG GCT AAC GAT GGA TCC GTT AAC GGT CCA TCC GTA TCA GAA ATA CRA 691
Glu Ala Asn Asp Gly Ser Val Asn Gly Pro Ser Val Ser Glu Ile Gla
185 190 195

CTA ATG CAT AAT CTIG GGT AAA CAT CTG AAT TCA ATG GAA CGT GTA GAA 739
Leu Met His Asn Leu Gly Lys His Leu Asn Ser Met Glu Arg Val Glu
200 205 210

TGG CTG CGT AAR AAA CTG CAG GAT GTA CAT AAT TTT GTA GCT CTG GGT 787
Trp Leu Arg Lys Lys Leu Gln Asp Val His Asn Phe Val Ala Leu Gly
215 220 225

This Sheer
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(xi) SEQUENCE DESCRI PTION: SEQ ID NO 6: GGTCGGATCC.AICGITAGEG-
ATAAAAAATC 40 '

2 o !‘\}_a #707

TAACTCGAGC AGATCCGGCT GCTAACAAAG CCCGAMAGGA AGCTGAGITG GCTGCTGCCA

CCGCTGAGCA ATAACTAGCA TAACCCCTTG GGGCCCTTGG GGCCTCTAAA CGGGTCTTGA

GGGGTTTTTT GCTGAAAGGA GGAACTATAT CCGGATAA

eet Has Been Replaced
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' ANALOGS OF PTH

qeo8052:8 F107
REPLACEMENT SHEET

pharmaceutical preparations comprising them and their use as a pharmaceutical.

The term “PTH”™ as used herein refers to any genetically encoded form of parathyroid hormone,
including the mature form containing 84 amino acids of a given vertebrate PTH species, e.g human,
porcine, rat, bovine, chicken, and fragments thereof as well as analogues and derivatives thereof having
PTH-like activity. The position of each amino acid involved in the PTH sequence is numbered according
to the intemationally accepted procedure: For consistency and as is conventional, in the following

descnpnon same numbenng system will be applied to the amino aclds of the PTH sequence

‘independently of the subsutuuon pattern in the molecule.

\.
\ ot
More particularly, the prysent invention provides 2 PTH compound having

PTH-like activity of rmuja 1

Ser-Val-Ser-Glu-I]e-Gln-Leu-R,-His-Rz-R_-,-Gly-ReHis-Leu-Rs-Rs-RrRg-Arg-Va.l-Glu-Trp-Leu-
Arg-Rg-Lys-Leu-Gln-Asp-Val-His-R lU'Rl 1'(R12)n-x

REFLACEMENT SHEET
wherein
R, is Met or Leu; 13 APR 1959
R: is Asn, Asp, Gly, Gl1n, Glu, His, Ser, Thr or Tyr;
Rz is Len or Lys;

R4 is Lys or D- or L-Ala, -Cys, -Gln, -Ile, -Asn, -Trp, -Asp, -Val, -Thr, -Ser, -Tyr, -Met,
-Leu or -Gly;

Rs is Asn, Gln, D-Gln or D- or L-Lys, -Ser. -Leu. -Ala or -Gly;

Ry is Ser, Asp, Ala. Glu, Gln, Phe, His, Ile or Lys;

R,is Gln |

Rq is Glu, Arg, Ala. Val, Tyr, Ser, Lys, Met, His, Gly, Pro, Asn or Ile;

Ry is Lys, Gln or Arg; _

Rio is Asn, Thr, D-Thr or D- or L-Ser, -Leu, -Gly, -Gln, -Arg, -Pro, -Asp, -Ile or -Lys;

Ry is Phe or Ala;

Ryz is Val, Val-Ala, Val-Ala-Leu or Val-Ala-Leu-Gly;

nis0 or 1; and

Sheet Has Been Replaced
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(2) | NFORVATI ON FOR SEQ ID NO'7: . (i) SEQUENCE CHARACTERI STI CS:

(+A) LENGTH: 28 base pairs (B). TYPE: nucleic aci PLACEMENT SHEETC)
STRANDEDNESS: si ngl e (D) TOPOLOGY: |inear (| i) MOLECULE
TYPE:- cDNA * C 2 '

Xis OH, OR,, NH; or NRyR. wherein R, is C_;alkyl, one of Ry and R, is H and the other is C,salkyl,

the compound optionally comprising at least one radical selected from a L- or D-ct-amino acid, C.
salkoxy-carbony) and optionally substituted C, s alkyl, Csalkenyl, C,4 alkynyl, arakyl, aralkenyl or C3
cycloalkyl-C,4alkyl and attached to its terminal amino group, and/or

the compound optionally comprising at least one radical selected from C,¢alkoxycarbonyl and
optionally substituted C, salkyl, C;salkenyl, Cysalkynyl, aralkyl, aralkenyl or C;.cycloalkyl-Cyalkyl
attached to one or more side chain amino groups of the compound, in free form or in salt or complex

form.

Hereinafter, these compounds will be referred to as compounds of the invention.

“Natural amino acids” refer to those well known in the art. They are listed and standard abbreviations
are provided in the US.P.T.O. publication, Trademark Official Gazette published May 15, 1990, P. 33

at 46. These amino acids and abbreviations are specifically incorporated herein by reference.

The natural amino acids are shown below:

A Ala alanine

D Asp aspartic acid
E Glu glutamic acid
F Phe phenylalanine
G Gly glycine

H His histidine

I Ile isoleucine

K Lys lysine

L Leu leucine

M Met methionine

N Asn asparagine

Q Gln glutamine

R Arg arginine

S Ser serine

T Thr threonine

v Val valine

w Trp tryptophane TTr———

This Sheet Hag
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i ) - HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (v) FRAGMVENT TYPE:

( [
i nt er nal REPLACEMENT SHEET

{'3_

3.

| Y Tyr tyrosine

By amino acid in protected form is meant a natural amino acid having e.g. a side chain including an
heteroatom such as 0, S or N which can be protected with an 0-, S- or N-protecting group. The

N-terminus of the PTH compounds of the invention may also be in protected form. '

N-protecting groups as may be present on the N-terminus or side chain amino groups of amino acid
units include such groups as e.g. disclosed in "Protective Gl;oups in Organic Synthesis”, T. W. Greene,
J.Wiley & Sons NY (1981), 219-287, for example acyl such as formyl, acetyl, trifluoroacetyl,
methoxysuccinyl, hydroxysuccinyl or benzoy! optionally substituted on the phenyl ring with e.g.
p-methoxycarbonyl, p-methoxy, p-nitro or p-phenylsulfonamidocarbonyl; alkoxycarbonyl such as
t-butyloxycarbonyl, isobutyloxycarbonyl or methoxycarbonyl; allyloxycarbonyl; trityl;
2.2,5,7,8-pentamethyl-chroman-6-sulfonyl; arylmethoxycarbonyl such as 9-ﬂuorenylmethoxycarbonxl
or benzyloxy carbonyl optionally substituted on the phenyl ring with p-methoxy, p-nitro,

o- or p-chloro, m—phet'nyl or 3,4-dimethyl; arylmethyl such as benzyl optionally ring substituted with
p-methoxy, p-nitro or p-chloro; or arylsulfonyl such as phenylsulfonyl optionally ring substituted with
p-methyl or p-methoxy, or naphthylsuifonyl optionally ring substituted with e.g. amino or
di(C;alkyl)amino.

0O-protecting groups of O-containing side chains are e.g. as described in "The Peptides”, 3, (1981), E.
Gross and J. Meienhofer (Ed.). For aliphatic hydroxy functionalities, suitable 0-protecting groups are
e.g. as disclosed in the above reference in "Protection of the Hydroxy Group", J.M. Stewart, 169-201
and include the benzyl, t.-butyl and methyl groups. For aromatic hydroxy functionalities, suitable
0-protecting groups include the benzyl, t.-butyl, methyl, tosyl and benzyloxycarbonyl groups.’". '
O-protecting groups for carboxy functionalities on amino acid side chains are well known ester groups
and described e.g. in "The Peptides”, 3, 101-135 (11Carboxyl Protecting Groups" by R.W. Roeske) and
include the methyl, ethyl, t.-butyl and benzyl groups. S-protecting groups for thiol functionalities on
amino acid side chains are known and described e.g. in "The Peptides”, 3, 137-167 ("Sulfhydryl Group
Protection” by R.G. Hiskey). Examples include the methyl, t.-butyl, benzyl, p-methoxyphenylmethyl,

ethylamino-carbonyl and benzyloxycarbony! groups.

According to the invention the PTH compounds may bear on their terminal amino group at least one
radical selected from a L- or D-a-amino acid, Cy.alkoxycarbony! and optionally substituted Cigalkyl,
Ca.salkenyl, C,galkynyl, aralkyl, aralkenyl or C;4cycloalkyl-C,4alkyl, and/or on one or more side chain

amino group(s) at least one radical selected from Cj¢alkoxycarbonyl and optionally substituted

REPLACEMENT SHERT
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-C,.galkyl, Casalkenyl, Cyqalkynyl, aralkyl, aralkeny! or C;4cycloalkyl-C,ualkyl. When such a group is
attached to a side chain amino group, it is preferably on the €-amino group of a Lys unit. Preferred
substituents for the alkyl, alkenyl, aralkyl, aralkenyl or cycloalkylalky! group are hydroxy, amino and
for the aryl moiety also halogen and/or Csalkoxy. The alkyl group or alkyl moiety may be linear or
branched and optionally interrupted by 0, S or N. Preferably any C,alkyl, Cysalkenyl, aralkyl,
aralkenyl or C;.scycloalkyl-C,alkyl on thé amino group of 2 PTH compound, is non-substituted.
Examples for C,salky! are Cyqalkyl, preferably methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t.-butyl;
for Cysalkenyl, Cy4alkenyl, preferably allyl; for Cy.4alkynyl, C,ialkynyl, preferably prop-2-ynyl; for
aralkyl, phenyl or benzyl; for aralkenyl, styryl; for Ciscycloalkyl-Cisalkyl, cyclohexyl-methyl.
Ca.salkoxycarbonyl is preferably formyl or acetyl. Suitable examples of D- or L-ct-amino acids attached
to the N-terminus include e.g. D- or L- Pro, Ala. Preferred substituents when present are alkyl, alkynyl,
alcoxycarbonyl or a D- or L-ot-amino acid éuached to the N-terminus of the PTH compound and/or at

least one alkyl or alkoxycarbony! attached to one or more side chain amino groups.

Examples of preferred compounds according to the invention are [Leu®, G1n'®, Thr®, A1a*]PTH(1-x"),
[Lew®, Ala', GIn®, Thr®. A1a*JPTH (1- x), [Len®, Asp®, Lys", Ala'$, G1n'®, Thr®, Ala*JPTH
(1-x"), [Leu®, Asp'®, Lys", Ala", GIn"*JPTH(I- x"), [Leu®, Ala'®, G1n', Al1a"®JPTH(1- x?, [Leu®,
Asp, Lys", GIn18]PTH(1- x), [Le’, Asp'’, Lys", Ala'’, GIn'®, A1a®|PTH(1- x), [Leu®, Ala",
Glin®, Ala®, Thr®, A1a*JPTH(I- x"), and [Leu®, Asp'®, Lys"", GIn'®, Thr®, A1a*]PTH, wherein x’ is
an integer from 34 to 38, particularly 34, 36, 37 or 38. Especially PTH (1- x") is hPTH (1- x").

The compounds of the invention may exist e.g. in free form, salt form or in the form of complex_w
thereof. Acid addition salts may be formed with e.g. organic acids, polymeric acids and inorgaiiic a.u:ids.
Such acid addition salt forms include e.g. the hydrochlorides and the acetates. Complexes are e.g.
formed from the compound of the invention on addition of inorganic substances, e.g. inorganic salts or

hydroxides such as Ca- and Zn-salts, and/or an addition of polymeric organic substances.
The present invention also provides a process for the production of the compounds of the invention.
They may be prepared in a stepwise manner either in solution or using the solid phase synthesis process

or genetic engineering.

The compounds of the invention may be produced for example as foilows:

'ﬂQT
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a)  removing at least one protecting group which is present in a compound of the invention in

protected form; or

b) linking together by an amide bond two peptide fragments, the peptide fragments being such that
the desired amino acid sequence of the desired compound is obtained. and then effecting

bptionally stage a) of the process,

¢) for the production of 2a PTH compound comprising at least one radical selected from b— or
L-c-amino acid attached to the N-terminus and Cj.salkoxycarbonyl and optionally substituted
Cysalkyl, C, salkenyl, C;salkynyl, aralkyl, aralkenyl or Cs.cycloalkyl-Cyalkyl attached to the
terminal amino group and/or to a side chain amino group, introducing such a radical in a PTH
compound in protected or unprotected form and free from such a radical, and if necessary

carrying out process step a);

and recovering the compounds thus obtained in free form, in salt form or in complex form.

Process steps a), b) and c) may be effected in analogy with known methods, e.g. as known in the art of
peptide chemistry or as described in the following examples. Where desired, in these reactions,
protecting groups which are suitable for use in peptides may be used for functional groups which do not
participate in the reaction. The term protecting group may also include a polymer resin having
functional groups.

Process step c) may be carried out in analogy with known methods, e.g. alkylatmg methods. In a .
preferred embodiment of the invention, the alkylation is performed under reductive condmons, e.g. using
a corresponding aldehyde or ketone. It may be performed for example in the presence of NaBH,CN,
preferably at an acidic pH, e.g. from 5 to 7. The temperature of the reaction may be e.g. from -20° C to
100°C. It may be advantageous to carry out the reaction in an inert solvent, e.g. water, an alcohol,
dioxane or DMF or a mixture thereof. A D- or L-c-amino acid may also be attached to the N-terminus

in accordance with known procedure.

The peptide fragment used as starting material in process step b) may be substituted on the N-terminus
and/or on a side chain amino group by a radical selected from C;salkoxycarbonyl, optionally substituted
Ci.salkyl, C,galkenyl, C,.4 alkynyl, aralkyl, aralkenyl or C;4cycloalkyl-C,salkyl or it may bear a D- or

L-o-amino acid on the N-terminus.

e i
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The compounds of the invention or fragments thereof comprise natural at-amino acid units and may also

be prepared using recombinant technology.

According to a preferred embodiment of the invention there is also provided a process for the production of
a compound of the invention, in which a fusion protein comprisiné an N-terminal bacteriophage T4 gene 55
polypeptide having the desired compound linked.to the C-terminal thereof, is expressed in bacterial cells
and where required, introducing a Cj.salkoxy carbonyl or optionally substituted C,.qalkyl, C;salkenyl, C,.
salkynyl, aralkyl, aralkenyl or C;4cycloalkyl-Ciialkyl on the terminal and/or side chain amino group of the
compound in protected or unprotected form and, if required, removing the protecting group present in the

protected form.

The gene 55 polypeptide may comprise the complete gp55 protein of bacteriophage T4 (188 amino acid
residues) which is described in Gram, H. and Riiger, R; 1985; The EMBO Journal, 4, (1), pp 257-264.
Alternatively a fragment, preferably an N-terminal fragment of the gp55 protein may be used. For
example, a gp55 protein fragment comprising the first 112 N-terminal amino acid residues of the protein
may be used. Typically, however, the gene 55 polypeptide comprises at least the first 25 N-terminal

residues of the gp** protein.

Conveniently the gene 55-PTH fusion protein also comprises a cleavable linker between the gene 55
polypeptide and the desired compound. Preferably the cleavable linker is chemically cleavable and more
preferably contains the amino acid sequences Asp-Pro-Pro or Asn-Gly-Pro.

In a further aspect the invention provides a nucleotide sequence coding for a fusion protein comprising
an N-terminal bacteriophage T4 gene 55 polypeptide and a desired compound of the invention linked to

the C-terminal thereof.

The nucleotide sequence is preferably a DNA sequence suitable for expression in bacterizi. The sequence
typically contains nucleotides coding for a cleavable linker between the gene 55 and desired compound

coding sequences.

The invention also provides a bacterial expression vector comprising a DNA sequence coding for the

fusion protein.

e

) ThlS Shee Been Replace,d

v

e




(1) SEQUENCE. CHARACTERI STICS: (A) LENGTH 42 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single ' _ (D)..
TCPC]_OGY | i near (ii) MOLECULE TYPE: cDNA o REPLACEMENT SH::ET_
. .7.

The expression vector typically contains, in addition to the fusion protein coding sequence, appropriate
expression control sequences including a suitable promoter, an operator and a ribosome binding site and
- other appropriate regulatory sequénces. Usually, also the expression vector contains one or more

selectable markers.

Any suitable promoter may be used, such as the TrpE, APl, APr, lac or Tac promoter. Preferably the
promoter is the bacteriophage T7 promoter and the expression vector is a plasmid. For E. coli
expression an Rl or Col-E1 plasmid-derived vector may be used. For example, expression vector pET

17B, obtainable from Novagen, or similar expression vectors may be used.

In another aspect the invention provides bacterial host cells transformed with a fusion protein coding
sequence or an expression vector as described above. Any suitable bacterial host may be used, though
preferably the host is E. coli. For example, E. colj strain BL21 (DE3) Lys E and similar strains may be
used.

Advantageously the fusion protein accumulates within the host cells in the form of insolﬁble inclusion
bodies, and thereby facilitates recovery of the fusion protein product from the cells. In order to recover
the desired polypeptide product from the fusion protein, the protein of the inclusion bodies is solubilised,
and the desired polypeptide product cleaved from the fusion protein. Any suitable solubilisation
treatment may be used, including acid treatment, €.g. at about pH 2 to 4, preferably with acid at about
PH 2.5, or treatment with a denaturing agent, e.g. a mild denaturating agent such as guanidine
hydrochloride . In addition it may be necessary to remove one or more unwanted N-terminal amino acid
residues from the product which remain after cleavage.

Thus in a further aspect the invention provides a process for the production of a desired compound of
the invention, in a bacterial host, the process comprising: causing transformed bacterial host cells as
defined above to express the fusion protein in the form of inclusion bodies; isolating the inclusion

bodies; solubilizing the inclusion bodies, and cleaving the desired polypeptide from the fusion protein.

In the case of PTH compounds, it is not normally necessary to carry out carefully controlled
denaturation and renaturation procedures to obtain PTH products in active form, e.g. having PTH-like
activity. The medium-sized polypeptide products may be obtained in active form merely by neutralising
the acid conditions used for solubilisation. Solubilisation and cleavage of the fusion protein may be

carried out in a single step.
//
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The invention also includes a fusion protein comprising an N-terminal bacteriophage T4 gene 55

polypeptide and. linked to the C-terminal thereof, a desired compound of the invention.

Using the processes and vectors of the invention it has been found that it is possible to produce high
levels of PTH products. In E. coli, we have found that up to about 50% of the total protein expressed is
the desired fusion protein. Also. the fusion protein forms inclusion bodies which are easy to separate
from the other material of the cells. Moreover the inclusion bodies often consist of at least about 90% of
the desired fusion protein which can significantly reduce the amount of purification that is required.
Further, expressing the PTH product. in the form of the fusion protein can substantially decrease
endogenous processing of the polypeptide in the bacterial cell, allowing homogenous products to be

obtained.

Preferably the cleavable linker contains chemically cleavable amino acids adjacent the N-terminus of the
desired polypeptide, to permit the desired polypeptide to be cleaved from the fusion protein by simple

chemical means. Preferably the desired compound does not contain the chemically cleavable groups.

Preferred ;henlically cleavable linkers contain the amino acids Asp-Pro-Pro or Asn-Gly-Pro. The
Asp-Pro or Asn-Gly bonds may be chemically cleaved using acid conditions e.g. formic acid (normally
about pH 2.5) or hydroxylamine respectively. The dipeptides Pro-Pro or Gly-Pro that remain on the
N-terminus of the desired polypeptide may then be removed using a suitable dipeptidyl-peptidase. For
example the L. lactis X-Pro dipeptidyl-peptidase EC 3.4.14.5 can be used. This peptidase is described

in Nardi et al; 1991; Applied and Environmental Microbiology, 57, p45 to 50.

The compound of the invention may be purified following cleavage from the fusion protein. HPLC
purification techniques may be used. Purification may be carried out before removal of any unwanted

N-terminal amino acid residues.

The process of the invention is further illustrated in the examples 25 to 31 Fig. 1 shows the amino acid
sequence and corresponding DNA sequence of a truncated gp55-Asp-Pro-ProhPTH(1-38)OH fusion
protein as cloned into the plasmid pET17B, and Fig. 2 shows the amino acid sequence and
corresponding DNA sequence of a full length gp55-Asn-Gly-Pro-hPTH(1-38)OH fusion protein as
cloned into the plasmid pET17B.
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In the following Examples all temperatures are in 0°C. The following abbreviations are employed. In the

present specification the term PTH without any further indication includes the carboxy terminus as well

as a carboxamide terminus.

BOC tert. Butyloxycarbony!
DMF dimethylformamide
DCM dichloromethane
Fmoc 9-fluorenylmethoxycarbony!
HOBt 1-hydroxybenzotriazole
TFA trifluoroacetic acid
~Trt trityl = triphenylmethyl
RP-HPLC reverse phase high performance liquid chromatography
r.t. room temperature
DNP Dinitrophenyl

Tos Tosyl

DIPC Diisopropylcarbodiimide

Pme 2,2,5,7,8-Pentamethylchroman-6-sulfony 1
14 Isopropyl

For Formyl

Cpe l-amino-eyclopentane—l-carboxyiic acid
Cpp 1-amino-cyclopropane-l-carboxylic acid
Cha cyc!phexylalanine

tBu t.butyl

Comparative EXAMPLE 1: N*--Isopropyl hPTH(1-34) NH,

This peptide is assembled in a stepwise manner on a polystyrene based resin support. The Boc-group is
used for protection of the alpha amino-group and side-chain functional groups are protected as follows:
Lys(2-chlorobenzyloxycarbonyl), Ser(benzyl), Thr(benzyl), Glu(benzyl), Asp(benzyl), Met(O),
His(DNP), Arg(Tos), and Trp(HCO). Other residues are left unprotected.

Amino-4-methylphenyl-methyl-co(polystyrene-divinylbenzene = MBHA resin) (0,7 mmol/g) is subjected.
to the following cycle, steps (1) to (7), of treatments:
(1) bDCM

(2) trifluoracetic acid (50 %) in DCM
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| (3) DCM
(4) diisopropylethylamine (10 %) in DMF
{5) DMF
(6) preformed symmetrical anhydride (1.4 mmol per g starting resin) of Boc-amino acid in DMF
(7) DMF '

Volumes of washes and reagents are from 5 to 20 ml per gram of starting resin. Each step is repeated as
many times as necessary for either complete reaction of the resin (steps 2, 4, 6) or complete
displacement of the previous reagent from the resin (steps [, 3, 5, 7). Samples of resin are removed after
each cycle and checked for completeness of the coupling reaction by a colorimetric test for residual

amino groups using ninhydrin.

Symmetric.al anhydrides of Boc-amino acids are prepared just prior to use by reacting Boc-amino acid
(2.8 mmol per g resin) and DCCI (1,4 mmol per g resin) in DCM, cbntaining DMF in amounts .
sufficient for complete dissolution of the Boc-amino acid. The mixture is filtered, more DMF is added to
the filtrate which is concentrated by evaporation of the volatile components at a temperature not

exceeding 15°C and the resulting solution is used in step (6).

The cycle of reactions, (1) to (7), is repeated for each amino acid residue such as to provide the
sequence of the title compound except for Boc-G1n-OH and Boc-Arg(Tos)-OH, which are coupled in
step (6) as their preformed 1-hydroxybenzo-triazole esters in DMF.

The fully assembled peptide resin is treated twice with 20 ml of thiophenol A in DMF atr, for 1 hour
and washed with DMF, methanol and dichloromethane. The peptide resin is again subjected to-'.stebs 03]
to (5) followed by the addition of 0.5 ml of acetone, 84 mg of sodium cyanoborohydride and 0.2 ml of
acetic acid in 20 ml of DMF per gram of resin. After 16 hours at RT the resin is washed with DMF and
dichloromethane and dried.

The peptide resin is treated with liquid HF, dimethy! sulfide, p-cresol and ethane-1,2-dithiol according to
the 'low-high' procedure which is described, e.g., in International Journal of Peptide and Protein
Research, vol.26, page 262-273 (198S5). After removal of the volatile components and washing with
ethylacetate the residue is extracted with several portions of 1%-acetic acid, filtered and the filtrate
lyophilized. The lyophilized product is purified by repeated reversed-phase chromatography on a
column of octadecyl-silica using a gradient of acetonitrile in 2%-phosphoric acid or in 20 mM

tetramethylammonium phosphate. Fractions containing the pure compoy
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through a weakly basic ion-exchange resin in the acetate form and the filtrate lyophilized to give the title

compound. MS (Ion-Spray): 4160.

Comparative EXAMPLE 2: {Lys (N°-Isopropyl ) *IhPTH(1-34) NH,

The peptide is assembled as described for Example | but using Lys(Fmoc) for incorporation in position

13 and Fmoc-Ser(tBu) in terminal position |.

The fully assembled peptide resin is treated twice with 20 ml of thiophenol 5% in DMF at r.t. for | hour
and washed with DMF, methanol and dichloromethane. The dry resin is treated with liquid HF as
described for Example 1. The cleavage product (350 mg) is suspended in a mixture of methanol (5 mi),
phosphate buffer pH 5.0 (5 ml), sodium cyanoborohydride (48 mg) and acetone (0.28 ml). After 16
hours at RT the reaction mixture is filtered and the filtrate evaporated. The residue is suspended in
20%-piperidine in DMF for 15 minutes, diluted with 20 volumes of ether and filtered. The residue is
dissolved in 100 ml of water and acetic acid added to pH = 3, filtered and the filtrate lyophilized. The
lyophiliiate is purified by reversed-phase chromatography on a column of octadecyl-silica using a
gradient of acetonitrile in 2%-phosphoric acid. Fractions containing the pure compound are combined,
filtered through a weakly basic ion-exchange resin in the acetate form and the filtrate lyophilized to give
the title compound. MS (Ion Spray): 4205.6. °

Comparative EXAMPLE 3: N®Isopropyl [Lys (N*-Isopropyh)113%%:% hPTH-(1-38)-OH

a) Solid phase peptide synthesis

The peptide is synthesized in a stepwise manner on a polystyrene based resin support. The ™~
alpha-amino group is protected by Fmoc and the side-chain functional groups as followed:
Asp(OtBu), Glu(OtBu), His(Trt), Lys(Boc), Asn(Trt), G1n(Trt), Arg(Pmc) and Ser(tBu). Other

amino acids are left unprotected.

Fmoc-Gly esterified to 4-Hydroxymethyl-phenoxymethylco(polystyrene-1%-divinylbenzene), 0.5
mmol/g, is used as starting material for the stepwise solid phase synthesis, which consists of
repetitive cycles of alpha-amino deprotection, washing, coupling (attachment of new amino acid) and
washing. A three to five fold excess of Fmoc-amino acids is coupled as preformed HOBt-esters using
DIPC. Fmoc-Arg(Pmc), Fmoc-Asn(Trt) and Fmoc-Gln(Trt) are coupled as symmetrical anhydrides
using DIPC. After complete assembly of the peptide chain the Fmoc-protecting group of Ser' is
removed by 20% pxpendmelDMF C leavage of the peptide from the polystyrene resin and removal of
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a2
all side chain protecting groups is obtained by treatment of the peptide resin with a mixture of 10%
ethanedithiol. thioanisole, thiocresole and water in 90% TFA for three hours at room temperature.
The resin particles are filtered off and washed with some TFA. The product is precipitated from the
combined filtrates by addition of ether. filtered and dried. The product is purified by chromatography
on a C-18 silica column using a gradient of acetonitrile in 2% H:POy/water. Fractions containing the

pure compound are collected. filtered through an anion-exchange resin (Biorad, AG 4-X4,

100-200mesh acetate form) and lvophilized to-give hPTH-(1-38)-OH.

b} Alkylation

40 mg (9 umol) hPTH-(1-38)-OH(4458.2 g/mol) are dissolved in 1.2 ml methanol, 1.2 ml phosphate
buffer (Merck no. 9887 adjusted to pH 5.0), 45 mg (716.nml) NaBH;CN (62.84 g/mol)

and 0.8 ml (11 mmol) acetone (73.52 ml/mol). The reaction is monitored by RP-HPLC ona C-18
silica column and finished after 15 hours at room temperature. The reaction mixture is diluted with
water and chromatographied on a C-18 silica column using a gradient of acetonitrile in 2%
H;P0,/water. Fractions containing the pure compound are collected, filtered through an
anion-exchange resin (acetate form) and lyophilized to give, the title compound as polyacetate,

polyhydrate.

fal® = 5.7° (c=0.317 in 95% AcOH).
MS(Ion-Spray): 4626

Comparative EXAMPLE 4: No-Methyl [Ala-]PTH-(1-38)-OH

The peptide chain is assembled in the same manner as in Comparative example 3a. At positiod"l instead
of Fmoc-Ser(tBu)-OH the unnatural amino acid Fmoc-N°-Methyl-Ala-OH is coupled to the peptide
resin. Cleavage, deprotection and purification is performed as in example 3a.

MS (Ion Spray) = 4455,91

Comparative EXAMPLE 5: [Ala',Al12’ Len®,G1n" Ala'" GIn'® Ala",Phe® His*
His*,Leu”, Thr*,A1a**]hPTH (1-34)OH

This peptide is prepared in analogy with the procedure of comparative Example 3a. Instead of
Fmoc-Gly esterified to 4-hydroxymethyl-phenoxymethyl-co(polystyrene-divinylbenzene) the appropriate
Fmoc-amino acid, e.g. Fmoc-Ala, Fmoc-Phe, Fmoc-D-Ala, Fmoc-D-Phe, etc. is used. Additionally the

side-chain functional groups are protected as follows: Thr(t.-butyl), Trp(Boc) and Tyr(t.-butyl).
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By repeating the procedure disclosed in Examples 3 and 5 but using the appropriate starting materials,

the following compounds may be obtained:

Example I: [Leu®, Asp', Ala". Gin", Thr'*}hPTH (1-34)OH

Example 2: [Leu®, Lys'', Gin"JhPTH (1-36)OH

Example 3: [Leu®, GIn'*, Thr”, Ala®]-hPTH (1-34)OH (IS-MS: 4007)

Example 4: [Leu®, Ala"®, GIn'®, Ala", Thr®, Ala®|hPTH (1-34)0H

Example 5: [Len®, Ala™, GIn'®, Thr®, Ala®JhPTH (1-34)OH (IS-MS: 3965)

Example 6: [Leu®, Asp™, Lys"", Gin'*]hPTH (1-36)OH

Example 7: [Lev®, GIn'®, Asp", Leu'®, Arg", Thr®, Ala™]-hPTH (1-34)OH

Example 8: {Len®, Asp®, Lys", GIn'®, Thr®, Ala**JhPTH (1-34)OH (IS-MS: 4022)

Example 9: [Leu®, Asp', Lys", Gin'®, Asp", Leu™, Arg, Thr®®, Ala*]hPTH (1-34)OH (IS-MS:
4077)

Example 10: [Leu®, Asp", Lys', Ala'®, GIn'"®, Ala"JhPTH (1-36)OH (IS-Ms: 4181)

Example 11:[Leu®, Ala'®, Asp”, GIn'®, Ala"JhPTH (1-36)OH (IS-MS: 4193)

Example 12: [Leu®, Ala™®, Ala", GIn'®, Ala”JhPTH (1-36)OH (IS-MS: 4149)

Example 13:[Leu®, Ala", GIn'®, Ala"JhPTH (1-36)OH

Example 14: [Leu®, Asp®, Lys", Ala'é, GIn'®, Thr™®, Ala®JhPTH (1-34)OH (IS-MS: 3980)
Example 15: [Lev®, Asp'®, Lys'!, Ala'®, GIn"*JhPTH (1-36)OH (IS-MS: 4240)

Example 16: [Leu®, Asp®, Lys", Ala'®, GIn'®, Ala"®, The®, Alag‘]hPTH (1-34)OH (IS-MS: 3923)
Example 17: [Leu®, Asp'®, Ala'®, GIn'*}JhPTH (1-36)OH (IS-MS: 4225)

Example 18: [Leu®, Asp'’, Lys'"!, Ala'é, GIn'"®, Ala"”, ThrJhPTH (1-34)OH (IS-M§: 3999)
Example 19: [Lev®, Ala'S, Gin'®, Ala"®JhPTH (1-36)OH (IS-MS: 4166)

Example 20:[Thr*]-hPTH-(1-38)-OH

The peptide is assembled in a stepwise manner on a polystyrene based resin support. The Fmoc-group is

used for protection of the alpha-amino groups.

Side-chain functional groups are protected as Arg(an), Asn(Trt), Asp(OtBu), Gl'n('l‘rt), Glu(OtBu),
His(Trt), LyS(Boc), Ser(tBu), Thr(tBu),Trp(Boc) and Tyr(tBu). Other amino acids are left unprotected.
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4-(2',4’-Dimethoxyphenyl-Fmoc-amino-methyl)-phenoxy-co(polystyrene-divinylbenzene), 0.4 mmol/g,
which may be prepared. e.g., as described in Tetrah. Letters, 28, 3787-3790 (1987) is subjected to the

following cycle, steps (1) to (5). of treatments:

(1) DMF

(2) piperidine (20%) in DMF

(3) DMF

(4) mixture of HOBt, diisopropylcarbodiimide, and Fmoc-alanine (0.8 mmol per gram starting resin
each)

(5) DMF

Volumes of washes and reagents are from 5 to 20 mL per gram of starting resin.

In the next cycle of treatments (1) to (5), Fmoc-valine is substituted for Fmoc-alanine and so on for each

cycle such as to assemble on the resin the correct amino acid sequence of the title compound.

Each step is repeated as many times as necessary for either complete reaction of the resin (steps 2, 4) or
complete displacement of the previous reagent(s) from the resin (steps 3, 5). Samples of the resin are
removed after each cycle and checked for completeness of the coupling reaction by a colorimetric test

for residual amino groups using ninhydrin.

At the end of the synthesis a final cycle comprising steps (1) to (3) only is performed and the peptide
resin is washed with 2-propanol, then with a mixture of methanol and methylene chloride (1:1 vl._v) and

dried throughly in a vacuum desiccator.

The peptide resin (1 g) is suspended in a mixture (20 ml) of trifluorocacetic acid, water, and
1,2-ethanedithiol (90:5:5 v/v) for 2 hours at room temperature, the resin particles are filtered off and
washed with a small volume of TFA. The produc;t is precipitated from the combined filtrates by addition
of ether (20 vblumes), filtered, washed with more ether and dried. The residue is dissolved in 2 % acetic
acid, the solution let to stand at r.t. for 8 hours prior to lyophilization. The Iyophilisate is
chromatographed on a C-18 silica column using a gradient of acetonitrile in 2% H;P0,. Fractions are
checked by analytical HPLC and those containing the pure compound are collected, filtered through an
anion-exchange resin in the acetate form and lyophilised to give the title compouhd as a polyacetate,

polyhydrate.
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Fmoc- [-aminocyclopentane-l-carboxylic acid used in the preparation of the peptide resin intermediate
may be prepared. e.g. as described by G. Valle et al.,1988, in Can.J.Chem.66:2575-2582.
MS(lon-Spray): 4312

By repeating the procedure as disclosed in Comparative Examble 6 but using the appropriate starting

materials, following compounds may be obtained:

Example 21: [Thr", Ala*JhPTH ( 1-34)NH2
Example 22: [GIn'*]hPTH (1-36)NH.
Example 23: [Ala*]-hPTH (1-36)NH, (IS-MS: 4210)
- Example 24: [Leu®, Asp®, Lys"", Thr™, Ala*]hPTH (1-34) NH,

The compounds of Examples 1 to 24 show correct amino acid ratios in quantitative amino acid analysis.

In the following examples illustrating the recombinant process of the invention, if not otherwise
specified, the standard procedures described in Ausubel et al; 1991; Current Protocols in Molecular
Biology, John Wiley & Sons, New York are used.

EXAMPLE 25: Cloning bacteriophage T4 gene 55

Two DNA fragments, one containing the entire coding sequence of bacteriophage T4 gene S5, and the
other fragment encoding part of if are amplified by polymerase chain reaction (PCR) using purified T4
DNA as the template. Oligonucleotides which contain Ndel or BamHI endonuclease recognition
sequences are used as primers. The PCR reactions (25 cycles, each 30" 94°C, 30" 50°C, 30" 72°C) are
performed with 1 ng of template and 100 pM of the upstream primer (GAGGTGCATA
TGTCAGAAAC TAAGCCT 27), the Ndel recognition site being provided by nucleotides 7-12 thereof)
and 100 pM of the downstream primer (GGTCGGATCC ATCGTTAGCG TTAGCCTCAT
ATAAAAAATC 40 the BamH], recognition site being provided by nucleotides 5-10 thereof) in 100 pl
reaction buffer containing 10 mM Tris-HCI, 50 mM KCl, 1.5 mM MgCl,, 0.2 mM of each of dATP,
dCTP, dGTP, dTTP, and 0.1% Triton X 100, pH 9.0. A 0.6kb fragment is obtained. The truncated

~ form of gene 55 is prepared by PCR as described for the entire gene, except that a different
oligonucleotide is used as downstream primer (GGTCGGATCC TACGTTGGAC GAATGCAT 28, the
BamHI recognition site being provided by nucleotides 5-10 thereof). A 0.35 kb fragment is obtained.
The 0.6 kb and 0.35 kb DNA fragments are digested with restriction endonucleases Ndel/BamHI and
are cloned into a Ndel/BarnHI digest of expression vector pETl7B (obtamed from Novagcn)theOé——q
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kb DNA fragment encodes the entire gp55 protein (188 amino acid residues - see Fig. 1), whereas the
0.35 kb fragment encodes a 12 kD amino-terminal fragment of gp55 (112 amino acid residues - see Fig.
2).

Example 26: Preparation and cloning of the DNA encoding PTH (1-38)

DNA fragments encoding a) the linker peptide corresponding to amino acid residues 110-115 of Fig, 1
and PTH (1-38) or b) the linker peptide corresponding to amino acid residues 186-191 of Fig. 2 and
PTH (1-38) are generated by PCR using a cloned synthetic PTH (1-38) coding sequence as a template.
The oligonucleotides encoding the linker a) (GAGTGATCC ATCGATCCAC CATCCGTATC
AGAAATACAA CT 42), or encoding linker b GAGTGGATCC GTTAACGGTC CATCCGTATC
AGAAATACAA CT 42 are used as upstream primers. The downstream primer TCTACTCGAG |
TTAACCCAGA GCTACAAAAT TATG 34

The upstream primers each incorporate a BamHI cloning site and the downstream primer contains a
Xhol recognition site (nucleotides 5-10 of each sequeﬁce). The PCR reaction is performed under the
same conditions as described in Example 25. After cleavage with BamHI and Xhol, the 0.14 kb PCR
products are inserted into BamHI-Xhol digests of the gp55-pET17B plasmids, obtained in Example 25.
For expression of the fusion proteins the resultant plasmid constructs are transformed into E.coli BL21
(DE3) LysE and single bacterial colonies are further propagated. The expression of the fusion proteins
is obtained by incubating a preculture at 37°C on a rotary shaker overnight in circle growth medium
(Bio 101). A main culture is inoculated with the preculture making up 1 to 5 % of the volume of the.
main culture. The main culture is then fermented at a temperature of 37°C and at a pH of 6.9 to 7 1
whilst being aerated at 10 1/min and agitated at 200-400 rpm. Expressxon is induced by the addxtlon of
I mM IPTG as soon as the culture reaches an ODssg of about 1.0 to 5.0. After induction the
fermentation is continued for five hours and then the fermentation broth is harvested without killing the '

E. coli cells. The harvested cells are spun down with a tubular centrifuge and resuspendéd in sample

buffer and assayed for expression by SDS PAGE. The cell pellet is then frozen until purification. The
procedures and host cells used are fully described in Studier et al; 1990; "Use of T7 RNA Polymerase to
direct expression of Cloned Genes", Methods in Enzymolog Academic Press. pages 60 to 89.

EXAMPLE 27: Preparation of inclusion bodies
Frozen E. coli pellets obtained from Example 26 are resuspended to 25% w/v in Buffer A (SOmM Tris

PH 8.0; containing 2mM DTT, SmM Benzamidine-HC!, 1.5mM MgC1,, 1.0mM MnCl,, 10pg/ml.
DNAse 1 and
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2mg/mI Lysozyme) and mixed by stirring for | hour at room temperature. The resuspended cells are

lysed by passage through a Manton-Gaulin homogeniser (2 passes at 1200 bar) and the resultant lysate
kept on ice. The lysate is diluted 2 fold with ice-cold buffer B (50mM Tris pH 8.0; containing 2mM
DTT, SmM Benzamidine-HC! and 4mM EDTA) and centrifuged for 30min at 27,500g. The supernatant
from the centrifuge is carefully removed and discarded. The pellet is resuspended in buffer B to 25%
wlv, passed once more through the Manton-Gaulin and centrifuged as before. This process is repeated
once using buffer B and once using water. The resultant inclusion body bellets are weighed and frozen
at -20°C until required. |

EXAMPLE 28: Solubilisation and cleavage of gp55-Asp-Pro-Pro-{(1-38)hPTH inclusion bodies

Frozen inclusion bodies containing gp55-Asp-Pro-Pro-(1-38)hPTH as obtained in Example 27 are
suspended in 10 mM HCI acid solution (analytical grade) to a final concentration of 6%w/v. The
solution is incubated for 24 hours at S0°C and the reaction terminated by addition of 1 volume of
aqueous 100 mM NaOAc solution. The diluted supernatant is clarified by centrifugation at 27,500g for

30 minutes and filtered through a glass fibre filter. T

Frozen inclusion bodies containing gp55-Asn-Gly-Pro-(1-38)hPTH and obtained from example 27 are
dissolved in 6M Guanidine-HCI (containing 2M Hydroxylamine-HCI and brought to pH 9.0 by addition
of 4.5M LiOH) to give an estimated Smg/m1 protein. The pH is readjusted to pH 9 by further addition
of LiOH and the solution incubated for 4 hours at 450C. The reaction is terminated by addition of

formic acid to pH 4 and the solution centrifuged and filtered as described in example 28.

EXAMPLE 30; Preparative HPLC of Gly-Pro and Pro-Pro (1-38)hPTH

Filtered cleavage supernatants are analysed on analytical reversed phase HPLC (Orpogen
HD-Gel-RP-7s-300; 4 x 150mm column) and compared with a known (1-38)hPTH standard (Bachem)
to determine the PTH concentration. The column is equilibrated with 85% HPLC buffer A (90% water,
10% acetonitrile; containing 0.1%v/v TFA) and 15% HPLC buffer B (10% water, 90% acetonitrile;
containing 0.1% TFA) and is eluted with a gradient of 15% HPLC buffer B to 100% HPLC buffer B
over 15 minutes at a flow rate of 0.75m1/min. Depending upon the scale of the preparation,
supernatants are either loaded on a 1.0 x 25¢m C4 Vydac or a 2.2 x 25cm C4 Vydac. The columns are
equilibrated'with 85% HPLC buffer A and 15% HPLC buffer B at flow rates__of 4m|!/min and

This Sheet Has Been Replaced . 13 APR 199%

A0




(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 12:

s REPLACEMENT SHEET

' 10m1/min respectively. The colﬁmns are eluted with gradients of 15%B to 85%B over 80m! and 15%B
10 55%B over 300m| respectively. Gly-Pro-hPTH(1-38) or Pro-Pro-hPTH(1-38) peaks are collected
manually and the acetonitrile is later removed under vacuum. Analytical HPLC is used to determine the
peptide concentration both after cleavage and in the collected fractions. The solvent free peptide
solutions are diluted with an equal volume of 100mM sodium acetate and the pH adjusted. if necessary.
to pH 5.4. Following filtration (0.2pm), the solution is loaded on a cation exchange column (either
Mono S or SP-Sepharose High Performance, packed into HR10/10 or XK16/10 columns respectively)
equilibrated with S0mM sodium acetate pH 5.4 (buffer C). The column is eluted with a 0 to 500mM
NaCl gradient in buffer C over 7.5 column volumes. 10m! fractions are collected and the
X-X-(1-38)hPTH peak is pooled. The peptide concentration is determined as before using HPLC. This
column serves both to exchange the peptides into a more physiological buffer and to remove additional

peptides produced by chemical cleavage of the fusion protein itself.
EXAMPLE 31: E tic removal of X-X from X-X.(1-38)hPTH

Pooled peptide fractions, as obtained in Example 30, (concentration range 1.5 - 2.0 mg/ml) are brought
to pH 8.0 by addition of solid Tris. Purified X-Prolyl dipeptida;e (0.5mg/ml in PBS pH 7.2) (Nardi et
al. (1991) App. Env. Microbiol. 57, No.1, 45-50) is added to 1:1000 and the solution is incui:ated for
24h at 37 C. The reaction is stopped by addition of TFA to 0.2% (pH = 5.0) and the resultant
(1-38)hPTH is isolated using preparative HPLC (using the same conditions as described in Example
30). The solvent is removed and the product is lyophilised after removal of aliquots for N-terminal

sequence and mass spectroscopic analyses.

Examples of the yields which are obtained using the two fusion protein approaches doscribéd

above are as follows:
GenS55-Asp-Pro-Pro-(1-38)PTH (using the "truncated” form of Gen55)

Under partially optimized fermentation conditions, a 215 g wet cell pellet is obtained from a 10 litre
fermentation. The percentage level of expression of the fusion protein is approximately 37%. From this
pellet, 31 g of inclusion bodies are isolated. The protein purity (with respect to the fusion protein) of
these bodies is 61%. After solubilisation, cleavage and centrifugation/filtration approximately 620mg
Pro-Pro-PTH are detected. This material yields 580mg Pro-Pro-PTH after subsequent C4-Vydac
HPLC. After dilution, cation-exchange on Mono S, digestion with X-Prolydipeptidypeptidase (at a
Pro-Pro-PTH concentration of 2mg/mi), HPLC and lyophilisation, 440mg of lyophilized pure product

—— REPLA
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with full biological activity is obtained. This represents a yield of 71% between the stopped cleavage

step and the final product.
Gen55-Asn-Gly-Pro-(1-38)PTH (using the “long” form of GenS5)

From a non-optimized 20 litre fermentation a 78g wet cell pellet with 50% expression of the fusion
protein is harvested. Following lysis and centrifugation. 18g of "90% pure" inclusion bodies are
obtained. Following the acid stop step and centrifugation/filtration about 470mg Gly-Pro-PTH are
detected. After HPLC on C4-Vydac, 355mg of peptide are detected, decreasing to 32 mg after
SP-Sepharose cation-exchange. Enzymatic removal of the Gly and Pro residues is carried out at
2mg/ml. After the final HPLC step and lyophilization, 244mg of pure, fully biologically active
(1-38)PTH is recovered representing a yield of 52% from the stopped cleavage reaction stage.

The compounds of the invention in free form or in the form of pharmaceutically acceptable salts and
complexes exhibit valuable pharmacological properties as indicated in animal tests and are therefore

indicated for therapy.

The biological activity of the compounds of the invention is assessed in vitro by measuring their ability

of stimulating the synthesis of cyclic AMP in UMR 106-06 rat and SaOS-2 human osteosarcoma cells
according to the method of Marcus and Aurbach in Endocrinology, 85. 801-810 (1969). Rat

osteosarcoma UMR 106 cells are grown to confluence in Eagle’s Minimum Essential Medium - 10% .

FCS in 12 well plates, human Sa0S-2 osteosarcoma cells are

grown in McCoy’s SA medium - 10% FCS. The medium is then changed to medium with 2% FCS and 1-5
pCi/well [3H]-adenine is added. Two hours later, cells are washed twice with serum-free medit'xrﬂfand incubated
in DMEM - 1% BSA containing 1 mM 3-isobutyl-l-methylxanthine to exclude actions on phosphodiesterases.

Test substances are added 20 min later. The reaction is stopped and cAMP extracted after 15 min by adding ice .

cold 5% trichloroacetic acid. A carrier solution (0.5 ml/well) containing 5 mM of unlabelled adenine, adenosine,
AMP, ADP, ATP, and cAMP as well as 0.4 uCi [14C]-adenosine for determination of recovery is added.
[M]-cAMP is separated using serial Dowex S0W-X4 (200-400 mesh) and alumina chromatography and
counted. Results are calculated in % of solvent control and ECs values determined from DRC curves.
Compounds of the invention stimulate cAMP production in UMR 106-06 rat and Sa0S-2 human osteosarcoma

cells at a concentration of 10" to 10® M.

The compounds of the invention also have binding affinity to PTH receptors. e.g. as follows:
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Chicken [Tyr®PTHrP(1-36)amidc is iodinated to a specific activity of 2.200 Cifmmol using the
lactoperoxidase method (Anawa Lah-. AG. Wungen). Monolayers of opossum Kidney cells are washed with 200
pl DMEM and HAM's F12 (1:1) containing 1% BSA and incubated at 16”°C with 30.000cpm of
["P1-Tyr*)chPTHrP( 1-36)amide per well in the presence or absence of | UM [Tyr*jchPTHrP(1-36)amide.
After incubation. cells are washed with 0.5 ml medium (4°C), lysed with 0.5 ml IN NaOH and radivactivity is
determined. Specific binding is defined as total binding minus nonspecific binding. Competition curves are
analyzed using SCTFIT, a non-linear regression computer program (Feyen et al. 1992, Biochem. Biophys. Res.
Commun. 187:8-13) and data presented as mean pKy, values (n=2 to 3). Compounds of the invention show in

this test a binding affinity expressed as a rhean pKp value of from 7 to 10.

Furthermore. the compounds of the invention increase plasma calcium level after continuous s.c. infusion, e.g.
as determined in male thyroparathyroidectomized Wistar rats weighing 140 to 170 g. S days after
thyroparathyroidectomy, rats are implanted in the neck with Alzet minipumps and test compounds infused at
rates of 0.3 to 30 ug/day/rat. Blood is drawn by retro-orbital puﬁcture in the morning of days 1, 2. 3, and 6
thereafter and plasma calcium concentrations are determined photometrically. In this test compounds of the

invention increase plasma calcium.

The compounds of the invention are accordingly indicated for preventing or treating all bone conditions which
are associated with increased calcium depletion or resorption or in which calcium fixation in the bone is
desirable, e.g. osteoporosis of various genesis (e;g'. juvenile, menopausal, post-menopausal, post-traumatic,
caused by old age or by cortico-steroid therapy or inactivity), fractures, osteopathy. including acute ahd chronic
states associated with skeletal demineralisation, osteo-malacia, periodontal bone loss or bone loss dﬁe to

arthritis or osteoarthritis or for treating hypoparathyroidism.

The compounds of the invention are particularly indicated for preventing or treating osteoporosis of various

genesis.

For all the above uses, an indicated daily dosage is in the range from about 0.003 to about 10 mg preferably
0.003 to 3, more preferably 0.01 to | mg of a compound of the invention. Compounds of the invention may be

administered once a day or up to twice a week.

The compounds of the invention may be administered in free form or in pharmacéutically acceptable salt form
or complexes. Such salts and complexes may be prepared in conventional manner and exhibit the same order of

activity as the free compounds. The present invention also provides a pharmaceutical composition comprising a

compound of the invention in free base form or in pharmaceutically acceptable hd.l«t Eo:m-epeemg{e-c-form"l
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association with a pharmaceutically acceptable diluent or carrier. Such compositions may be formulated in
conventional manner. The compounds of the invention may be administered by any conventional route, for
example parenterally e.g. in form of injectable solutions or suspensions, enterally, e.g. orally. for example in the

form of tablets o capsules or in a transdermal. nasal or a suppository form.
In accordance with the foregoing the present invention further provides:

a)  acompound of the invention or a pharmaceutically acceptable salt or complex thereof for use as a

pharmaceutical:

b)  a method for improving bone formation, e.g. preventing or treating all bone conditions which are
associated with increased calcium depletion or resorption or in which calcium fixation in the bone is desirable,
e.g. osteoporosis of various genesis (e.g. juvenile, menopausal, post-menopausal, post-traumatic, caused by old
age or by cortico-steroid therapy or inactivity), fractures, osteopathy, including acute and chronic states
associated with skeletal demineralisation, osteomalacia, periodontal bone loss or bone loss due to arthritis or
osteoarthritis, or for treating hypoparathyroidiom in a subject in.need of such treatment, which method
comprises administering to said subject an effective amount of a compound of the invention or a

pharmaceutically acceptable salt or complex thereof; or

¢)  acompound of the invention or a pharmaceutically acceptable salt or complex thereof for use in the

preparation of a pharmaceutical composition for use in the method as in b) above.

According to a further embodiment of the invention, the compounds of the invention may be er_npléyéd as
adjunct or adjuvant to other therapy, e.g. a therapy using a bone resorption inhibitor, for example as in
osteoporosis therapy, in particular a therapy employing calcium, a calcitonin or an analogue or derivative
thereof, e.g. salmon, eel or human calcitonin, a steroid hormone, e.g. an estrogen, a partial estrogen agonist or

estrogen-gestagen combination, a biphosphonate, vitamin D or an analog thereof, or any combination thereof.

When the compounds of the invention are administered in conjunction with, e.g. as an adjuvant to bone
tesorption inhibition therapy, dosages for the co-administered inhibitor will of course vary depending on the type
of inhibitor drug employed, e.g. whether it is a steroid or a calcitonin, on the condition to be treated. whether it

is a curative or preventive therapy. on the regimen and so forth.

In accordance with the foregoing the present invention provides in a yet further aspect:
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d)a method for improving bone formation, e.g. preventing or treating calcium depletion, for example for
preventing or treating any of the specific conditions or diseases hereinbefore set forth. in a subject in need of
such a treatment which method comprises administering to said subject an effective amount of a) a compound of
the invention and b) a second drug substance, said second drug substance being a

bone resorption inhibitor, for example as indicated above.

Compounds of Examples 3,5,8,14 and }5 are preferred.
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I. A Compound of formula [

Ser-Val-Ser-Glu-lle-Gin-Leu-R -His-R11:-Gly-R,-His-Leu REPLACEME NT SHEET
RS-R(,-Ry-R;—Arg—Val—Glu-Trp-Leu-Arg—R(;-Lys-Leu-GIn-Asp~ . ‘ "

. - N Q
val-Hi57R|o-R1|-(R|2)n-X k 1 3 A
wherein
R, is Met or Leu:

R is Asn, Asp, Gly, Gln, Glu, His, Ser, Thr or Tyr;

Rjis Leu or Lys; .

R4 is Lys or D- or L-Ala, -Cys, -Gln, -Ile, -Asn, -Trp,-Asp, -Val, -Thr, -Ser, -Tyr, -Met,
-Leu or -Gly;

Rs is Asn, Gln, D-Gln or D- or L-Lys, -Ser. -Leu. -Ala or -Gly;

R, is Ser, Asp, Ala. Glu, G1n, Phe, His, Ile or Lys; )

R;is Gln

Rs is Glu, Arg, Ala. Val, Tyr, Ser. Lys, Met, His, Gly, Pro, Asn or Ile;

Ry is Lys, Gln or Arg;

Ry is Asn, Thr, D-Thr or D- or L-Ser, -Leu, -Gly, -Gln, -Arg, -Pro, -Asp, -Ile or -Lys:

R;, is Phe or Ala;

" Ryzis Val, Val-Ala, Val-Ala-Leu or Val-Ala-Leu-Gly:

nis O or I; and

X is OH, OR,, NH; or NR,R. wherein R, is C,alkyl, one of

Ry and R. is H and the other is C,.salkyl,

the compound optionally comprising at least one radical selected from a L- or D-a-amino acid,
Cisalkoxy-carbonyl and optionally substituted C;.salkyl, Cysalkeny, Casalkynyl, arakyl, aralkenyi or
Cs.ecycloalkyl-C, salkyl and attached to its terminal amino group, and/or

the compound optionally comprising at least one radical selected from C,alkoxycarbonyl and
optionally substituted C,.salkyl, C..salkenyl, Cyyalkynyl, aralkyl, aralkenyl or Cz¢cycloalkyl-Ciyalky!
attached to one or more side chain amino groups of the compound., in free form or in salt or complex

form.

H“““ﬁ““ ““ ﬁﬁmd Hllllll llll!l IIIIl HIII Il Illl



REPLACEMENT spger
-24-

2. A compound according to claiin | wherein R;g is Thr.
3. A compound according to claim 1 or 2, wherein Ry, is Ala.

#. A compound selected from [Leu®, Gin', Thr®, Ala™JhPTH, [Lev®, Ala'®, Gin', Thr”, Ala*]hPTH,
[Leu® Asp", Lys'', Ala", GIn", Thr”, Ala™JhPTH, [Lev®, Asp™, Lys"', Ala'®, GIn"*JnPTH,

[Leu®. Ala', G1n®, Ala"IhPTM, [Leu®, Asp', Lys" G1n'*JhPTH [Leu®, Asp'®. Lys", Ala'®, Gin"®, Ala'®,
Thr®, Ala™]hPTH and [Leu®, Asp®, Lys"", GIn'®, Thr®, Ala*JhPTH

the compound optionally comprising at least one radical selected from a L- or D-a-amino acid, C;.¢alkoxy-
carbony! and optionally substituted C,salkyl, C 2.salkenyl, C,salkynyl, aralkyl, aralkenyl or C;scyclo-
alkyl-C,.alkyl and attached to its terminal amino group,

and/or at least one radical selected from C;4alcoxycarbonyl and optionally substituted C,.salkyl,
Casalkenyl, Cy alkynyl, aralkyl. aralkenyl or Cs¢cycloalkyl-C;4alkyl and attached to one or more side
chain amino groups of the compound,

in free form or in salt or complex form.

5.A compound selected from
[Lev®,GIn'®, Thr®, Ala*] 1-hPTH(1-34)OH
[Lev®, Ala’®, Gin'®, Ala', Thr®, Ala"]hPrH(l-s:i)OH
[Leu®, Ala", G1n'®, Thr®, Ala*hPTH(1-34)OH
[Leu®, Asp', Lys", G1n'*JnPTH(1-36)OH
[Len®, Asp'®, Lys",GIn", Thr®, Ala*JhPTH(1-34)0H f !
[Len®, Asp®, Lys", Ala", Gin %, Ala®hPTH(1-36)0H — S
[Leu®, Asp®, Lys", Ala'%, GIn'®, Thr®, Ala*]hPTH(1-34)0H
[Leu®, Asp', Lys", Ala'®, GIn'*JhPTH(1-36)OH, and
[Leu®, Ala',GIn'®, Ala"JhPTH(1-36)OH
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in free form or in salt or complex form.

6. A process for the production of a compound according to any one of the preceding claims in which a fusion
protein comprising a N-terminal bacteriophage T4 gene 55 polypeptide having the desired compound linked
to the C-terminal thereof, is expressed in bacterial cells, and, where required, introducing a
Casalkoxy-carbonyl or optionally substituted C, salkyl, Cy.alkenyl, C,galkynyl, aralkyl, aralkenyl or C;.
scycloalkyl-Crialkyl on the terminal and/or side chain amino group of the compound in protected or
unprotected form and, if required, removing the protecting group present in the protected form.
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7. A process accbrding to claim 6 in which the fusion protein comprises a chemically cleavable linker between

the gene 55 and the desired compound.

8. A process according to claim 7 in which the cleavable linker comprises the amino acid sequences

Asp-Pro-Pro or Asn-Gly-Pro.

9. A nucleotide sequence which codes for a fusion protein comprising an N-terminél bacterlophage T4
gene 55 polypeptide and a desired compound according to any one of the claims 1 to 5, linked to the

" C-terminal thereof.
10. A bacterial expression vector comprising a DNA sequence according to claim 9.

11. Bacterial host cells transformed with a DNA sequence according to claim 9, or a bacterial vector according
to claim 10.

12. A fusion protein comprising an N-terminal bacterlophage T4 gene 55 polypeptide and a desired compound
according to any of the claims 1 to 5, linked to the C-terminal thereof.

13. A compound according to any one of claims 1 to S in free form or in pharmaceutically acceptable salt form
for use as a pharmaceutical. '

14. A pharmaceutical composition comprising a compound as defined in any one of claims 1 to 5.in free form or
in pharmaceutically acceptable salt form, together with a pharmaceutically acceptable diluent or carrier

therefor.

15. A compound according to any one of claims 1 to 5, in free form or in pharmaceutically acceptable salt
or complex form, for use in the preparation of a pharmaceutical composition for use in improving bone

formation.

16. A compound according to any one of claims 1 to 5, in free form or in pharmaceutically acceptable salt or

‘complex form, for use in association with a bone resorption inhibitor to improve bone formation.
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V;I-His-R[err]-R[err]-(R[err]-X'T "~ wherein R[err] s Met or Leu;
Rlerr] is Asn, Asp, Ay, dn, Gu, Hs, Ser, Thr or Tyr,; REPLAQEWEN#.?HEF*'%

of Lys; Rlerr] is Lys or D or L-Ala, -Cys, -dn, -1I
~Val, -Thr, -Ser; -Tyr, -Met, -Leu or -Qy;
- 26 -

ANALOGS OF PTH

Abstract of the invention

8TH compounds having BTH-like activity and comprising
at least one mad.;-catxon, said modification being either

1. at deast one radical selected from a L- or D-ec-amino acid,
Ca-galcoxycarbonyl and optionally substituted C;-galkyl,
Ca-galkenyl, Ca.galkynyl, aralkyl, aralkenyl or
C3-gCycloalkyl-C;_salkyl and attached to the terminal amine
group of the PTH compound, and/or at least one radical
celectad from C,.galcoxycarbonyl and optionally substituted
Ci-galkyl, Cz.galkenyl, Cz-galkynyl, aralkyl, aralkeanyl
or Cz.scycloalkyl-Ci.4alkyl and attached to one or more side
chain amino groups of the PTH compound,

2. at least one g-amino acid unit in the positions 1 to 38 of 2
naturally occurring PTH sequence being replaced by a natural
or unnatural amino acid unit optionally in protected foim,
whereby the e-amino acid units present in positions 1 and 2 at
the amino terminus of the PTH sequence may be replaced by a
pseudo4peptide,

or a combination of such modifications, .

in free form or in salt form, have pharmacological activity,

e.qg. for preventing or treating all bone conditions which are

associated with increased calcium depletion or resorption or
in which calcium fixation in the bone is desirable.

This Sheet Has Been Replaced
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R5is Asn, dn, DAn or D or L-Lys, -Ser. -Leu. -Ala or -Gy, R6 is

Ser, Asp, Ala. Gu, G@n, Phe, H's, Ile or Lys; R7is @n 'RE ' _
Gu, Arg, Ala. Val, Tyr, Ser. Lys, Met, H's, Ay, Pro, Asn or H’@gﬂhmﬁ@"ﬁ@’

‘Lys, d@n or Arg; Rlerr] is Asn, Thr, D-Thr or D- or L-Ser, -Leu, -Gy,
-dn, -Arg, -Pro, -Asp, -Ile or -Lys; Rlerr] is Phe or Al a; Rlerr] is
Val, Val-Ala, Val-Al a-Leu or Val-A-az2leu-Ady; nis 0 or 1; and

A representative compound is e.g. of formula 1

Scr-Val-Ser-Glu-Tle-Gla-Leu-R;-His-R;-R;-Gly-Re-His-Leu-
Rs-Re-R7-Rg-Arg-Val-Glu-Trp-Leu-Arg-Re-Lys-Leu-Gln-Asp-
Val-His-Rig-Ri1-Riz)a-X. ' |

wherein cach of R, to Ry; has a meaning within the jnvention, R, is Val, Val-Ala, Val-Ala-Leu
or'Val-Ala-Leu-Gly; n is 0 or }; and X is OH, NH, or substituted O or NH,, provided that Ry
is Gln or Tyr, and/or Rg is Thr and/or Ry is Ala. o

g
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ANALOGS OF PTH

The present invention relates to variants of parathyroid hormone (PTH), a process for their producuon,
pharmaceutical preparations comprising them and their use as a pharmaceutical.

Compounds of this type are well-known, e.g., see WO 9211286.

The term “PTH” as used herein refers to any genetically encoded form of parathyroid hormone,
including the mature form containing 84 amino acids of a given vertebrate PTH species, e.g human,
porcine, rat, bovine, chicken, and fragments thereof as well as analogues and derivatives thereof having
PTH-like activity. The position of each amino acid involved in the PTH sequence is numbered according
to the internationally accepted procedure: For consistency and as is conventional, in the following
description, the same numbering system will be applied to the amino acids of the PTH sequence

independently of the substitution pattern in the molecule.

More particularly, the present invention provides a PTH compound having

PTH-like activity of formula 1

Ser—Val—Ser-Glu-I]e-Gln—Leu-R;-His-Rz-Rg-Gly-R4-His-Leu-Rs-Ré-R-,v-Rs-Arg-Val-Glu-Trp—Leu-
Ar g—RrLYS-LCU-G]Il—ASp-Val-HiS-Rm—R] 1-Ri2)e-X

wherein

R, is Met or Leu;

R is Asn, Asp, Gly, Gln, Glu, His, Ser, Thr or Tyr;

Ry is Leu or Lys;

R4 is Lys or D- or L-Ala, -Cys, -Gln, -Ile, -Asn, -Trp, -Asp, -Val, -Thr, -Ser, -Tyr, -Met,
~Leu or -Gly;

Rs is Asn, Gln, D-Gln or D- or L-Lys, -Ser. -Leu. -Ala or -Gly;

Rg is Ser, Asp, Ala. Glu, Glin, Phe, His, lle or Lys;

R, is Gln '

Rg is Glu, Arg, Ala. Val, Tyr, Ser, Lys, Met, His, Gly, Pro, Asn or Ile;

Rsis Lys, Gln or Arg;

Rio is Asn, Thr, D-Thr or D- or L-Ser, -Leu, -Gly, -Gin, -Arg, -Pro, -Asp, -Ile or -Lys;

Ry is Phe or Ala;

Rz is Val, Val-Ala, Val-Ala-Leu or Val-Ala-Leu-Gly;

nisQor 1;and
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X is OH, OR,, NH; or NRyR, wherein R, is C,_alkyl, one of Ry and R, is H and the other is Ci.ealkyl,

the compound optionally comprising at least one radical selected from a L- or D-0-amino acid, C,.

salkoxy-carbonyl and optionally substituted C,s alkyl, Cy.salkenyl, Cs.5 alkynyl, aralkyl, aralkenyl or C.

cycloalkyl-Cy4alkyl and attached to its terminal amino group, and/or

the compound optionally comprising at least one radical selected from C,alkoxycarbonyl and
optionally substituted Cl.salkyl, Casalkenyl, C;salkynyl, aralkyl, aralkenyl or Csscycloalkyl-Cyqalkyl

attached to one or more side chain amino groups of the compound, in free form or in salt or complex

form.

Hereinafter, these compounds will be referred to as compounds of the invention.

“Natural amino acids" refer to those well known in the art. They are listed and standard abbreviations
are provided in the U.S.P.T.O. publication, Trademark Official Gazette, published May 15, 1990, P. 33

at 46. These amino acids and abbreviations are specifically incorporated herein by reference.

The natural amino acids are shown below:

T m QO mmog >

£ <50 ®mOo Z g R

Ala
Asp
Glu
Phe
Gly
His
Ile
Lys
Leu
Met
Asn
Gln
Arg
Ser
Thr
Val
Trp

alanine
aspartic acid
glutamic acid
phenylalanine
glycine
histidine

isoleucine

~lysine

leucine
methionine
asparagine
glutamine
arginine
serine
threonine
valine

tryptophane



2{

i

A{gmaun@ ﬁé:g”pirdl ng to claiml wherein Rerr] is Thr.

(22080770 REPLACEMENT SHEET
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By amino acid in protected form is meant a natural amino acid having e.g. a side chain including an
heteroatom such as 0, S or N which can be protected with an 0-, S- or N-protecting group. The

N-terminus of the PTH compounds of the invention may also be in protected form.

N-protecting groups as may be present on the N-terminus or side chain amino groups of amino acid
units include such groups as e.g. disclosed in "Protective Groups in Organic Synthesis”, T. W. Greene,
].Wiley & Sons NY (1981), 219-287, for example acyl such as formyl, acetyl, trifluoroacetyl,
methoxysuccinyl, hydroxysuccinyl or benzoy! optionally substituted on the pheny! ring with e.g.
p-methoxycarbonyl, p-methoxy, p-nitro or p-phenylsulfonamidocarbonyl; alkoxycarbonyl such as
t-butyloxycarbonyl, isobutyloxycarbonyl or methoxycarbonyl; allyloxycarbonyl; trityl;
2,2,5,7,8-pentamethyl-chroman-6-sulfonyl; arylmethoxycarbonyl such as 9-fluorenylmethoxycarbonyl
or benzyloxy carbonyl optionally substituted on the phenyl ring with p-methoxy, p-nitro,

o- or p-chloro, m-phenyl or 3,4-dimethyl; arylmethyl such as benzyl optionally ring substituted with
p-methoxy, p-nitro or p-chloro; or arylsulfonyl such as i;henylsulfonyl optionally ring substituted with
p-methyl or p-methoxy, or naphthylsulfonyl optionally ring substituted with e.g. amino or

di(C, 4alkyl)amino.

0-protecting groups of O-containing side chains are e.g. as described in "The Peptides”, 3, (1981), E.
Gross and J. Meienhofer (Ed.). For aliphatic hydroxy functionalities, suitable 0-protecting groups are
e.g. as disclosed in the above reference in "Protection of the Hydroxy Group”, J.M. Stewart, 169-201
and include the benzyl, t.-butyl and methyl groups. For aromatic hydfoxy functionalities, suitable
O-protecting groups include the benzyl, t.-butyl, methyl, tosyl and benzyloxycarbonyl groups.
O-protecting groups for carboxy functionalities on amino acid side chains are well known ester groups
and described e.g. in "The Peptides"”, 3, 101-135 (11Carboxyl! Protecting Groups" by R.W. Roeske) and
include the methyl, ethyl, t.-butyl and benzyl groups. S-protecting groups for thiol functionalities on
amino acid side chains are known and described e.g. in "The Peptides”, 3, 137-167 ("Sulfhydryl Group
Protection” by R.G. Hiskey). Examples include the methyl, t.-butyl, benzyl, p-methoxyphenylmethyl,

ethylamino-carbonyl and benzyloxycarbonyl groups.

According to the invention the PTH compounds may bear on their terminal amino group at least one
radical selected from a L- or D-a-amino acid, C,.salkoxycarbonyl and optionally substituted C,salky!,
Casalkenyl, C,galkynyl, aralkyl, aralkenyl or Cmcycloalkyl-CMélkyl. and/or on one or more side chain

amino group(s) at least one radical selected from C;alkoxycarbonyl and optionally substituted
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[Leu[err],

Aspl[err],
Asplerr],
Anlerr]
Aspl[err].
Al alerr],
Asplerr],

o fg-—-0 claim1 or 2, wherein Rlerr] is Ala. 4. A

seIeEE Ktﬂ&. Hlﬁﬁiﬁfr] Gnlerr] , Tkr[SEr] ]A;a[err]hPTH

Al a[[er T anfers Thr[err], Al a[ err] hPTH, - [ Leu[err]
Lys[ er Ak , [dn[e , Thr[e Leu[ e ,
b2 *N:;’:%’ﬁ |G ey err]; RmberiF el Lot err]
Al af efFrprdH; rlnur erir], Asp[@rr], Lys[err] A@n[er]hPTH [Leu[err],
Lyg[err], Al aferr], [An[err], Al a[err] hPTH [ Leu[ err

WWM [aeaikedy] ord; a&e«im[uqyl-@]EzM éNh[dn iublgeuérmlpr i,

a!t‘a}éﬁe{d toa .Jnde cgaup lmmo J-réup,T Enre{;eral)l’y or'xb‘lthg.L.-anunl) group of a Lys unit. Preferred
substituents for the alkyl, alkenyl, aralkyl, aralkenyl or cycloalkylalkyl group are hydroxy, amino and

“for the aryl moiety also halogen and/or Ci4alkoxy. The alkyl group or alkyl moiety may be linear or

branched and optionally interrupted by 0, S or N. Preferably any Csalkyl, Ca.salkenyl, aralkyl,

aralkenyl or C;4cycloalkyl-C4alky! on the amino group of a PTH compound, is non-substituted.
Examples for Cgalkyl are Cy¢alkyl, preferably methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t.-butyl;
for Cysalkenyl, Cy4alkenyl, preferably allyl; for C,.salkynyl, Cp.4alkynyl, preferably prop-2-ynyl; for
aralkyl, phenyl or benzyl; for aralkenyl, styryl; for Cy¢cycloalkyl-Ci4alkyl, cyclohexyl-methyl.
Ca.ealkoxycarbonyl is preferably formyl or acetyl. Suitable examples of D- or L-ti-amino acids attached
to the N-terminus include e.g. D- or L- Pro, Ala. Preferred substituents when present are alkyl, alkynyl,

alcoxycarbonyl or a D- or L-0-amino acid attached to the N-terminus of the PTH compound and/or at

least one alkyl or alkoxycarbonyl attached to one or more side chain amino groups.

Examples of preferred compounds according to the invention are [Leu®, G1n®, Thr®, A1a*PTH(1-x"),
[Leu®, Ala'®, G1n®, Thr®®. A1a*PTH (I- x"), [Leu®, Asp™®, Lys", Ala'é, GIn®, Thr®®, A1a*|PTH
(1-x%), [Leu®, Asp', Lys'!, Ala'S, GIn'*JPTH(1- x"), [Leu®, Ala'®, GIn'"®, A1a"]PTH(1- x"), [Lev®,
Asp'®, Lys", GIn18]PTH(I- x), [Leu®, Asp', Lys"!, Ala'®, G1n", A1a”JPTH(1- x), [Leu®, Ala™,
GIn'®, Ala", Thr®, Ala*]PTH(I- x"), and [Leu®, Asp™, Lys", G1n'®, Thr®, A1a*]PTH, wherein x” is
an integer from 34 to 38, particularly 34, 36, 37 or 38. Especially PTH (1- x) is hPTH (1- x).

The compounds of the invention may exist e.g. in free form, salt form or in the form of complexes
thereof. Acid additior salts may be formed with e.g. organic acids, polymeric acids and inorganic acids.
Such acid addition salt forms include e.g. the hydrochlorides and the acetates. Complexes are e.g.
formed from the compound of the invention on addition of inorganic substances, e.g. inorganic salts or

hydroxides such as Ca- and Zn-salts, and/or an addition of polymeric organic substances.

The present invention also provides a process for the production of the compounds of the invention.
They may be prepared in a stepwise manner either in solution or using the solid phase synthesis process

or genetic engineering.

The compounds of the invention may be produced for example as follows:
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or conplex for protected form; or

b) linking together by an amide bond two peptide fragments, the peptide fragments being such that
the desired amino acid sequence of the desired compound is obtained, and then effecting

optionally stage a) of the process,

c)  for the production of a PTH compound comprising at least one radical selected from D- or
L-o-amino acid attached to the N-terminus and C,.¢alkoxycarbonyl and optionally substituted
Cisalkyl, C,.salkenyl, C;salkynyl, aralkyl, aralkenyl or Cs4cycloalkyl-Cysalkyl attached to the
terminal amino group and/or to a side chain amino group, introducing such a radical in a PTH
compound in protected or unprotected form and free from such a radical, and if necessary

carrying out process step a);
and recovering the compounds thus obtained in free form, in salt form or in complex form.

Process steps a), b) and ¢) may be effected in analogy with known methods, e.g. as known in the art of
peptide chemistry or as described in the following examples. Where desired, in these reactions,
protecting groups which are suitable for use in peptides may be used for functional groups which do not
participate in the reaction. The term protecting group may also include a polymer resin having

functional groups.

Process step c) may be carried out in analogy with known methods, e.g. alkylating methods. In a
preferred embodiment-of the invention, the alkylation is performed under reductive conditions, €.g. using
a corresponding aldehyde or ketone. It may be performed for example in the presence of NaBH;CN,

~ preferably at an acidic pH, e.g. from 5 to 7. The temperature of the reaction may be e.g. from -20° C to
100°C. It may be advantageous to carry out the reaction in an inert solvent, e.g. water, an alcohol,

dioxane or DMF or a mixture thereof. A D- or L-ai-amino acid may also be attached to the N-terminus

in accordance with known procedure.

The peptide fragment used as starting material in process step b) may be substituted on the N-terminus
and/or on a side chain amino group by a radical selected from C,.¢alkoxycarbonyl, optionally substituted
Cisalkyl, C,galkenyl, Cs. alkynyl, aralkyl, aralkenyl or C;.¢cycloalkyl-Ci4alky! or it may bear a D- or

L-o-amino acid on the N-terminus.
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The compounds of the invention or fragments thereof comprise natural o-amino acid units and may also

be prepared using recombinant technology.

According to a preferred embodiment of the invention there is also provided a process for the production of
a compound of the invention, in which a fusion protein comprising an N-terminal bacteriophage T4 gene 55
~ polypeptide héving the desired compound linked to the C-terminal thereof, is expressed in bacterial cells
and where required, introducing a Cs.salkoxy carbonyl or optionally substituted Cl.aail(yl, Casalkenyl, C,.
salkynyl, aralkyl, aralkenyl or Cs.¢cycloalkyl-C,.alkyl on the terminal and/or side chain amino group of the
compound in protected or unprotected form and, if required, rémoving the protecting group present in the

protected form.

The gene 55 polypeptide may comprise the complete gp55 protein of bacteriophage T4 (188 amino acid
residues) which is described in Gram, H. and Riiger, R; 1985; The EMBO Journal, 4, (1), pp 257-264.
Alternatively a fragment, preferably an N-terminal fragment of the gp55 protein may be used. For
example, a gp55 protein fragment comprising the first 112 N-terminal amino acid residues of the protein
may be used. Typically, however, the gene 55 polypeptide comprises at least the first 25 N-terminal

residues of the gp™ protein.

Conveniently the gene 55-PTH fusion protein also comprises a cleavable linker between the gene 55
polypeptide and the desired compound. Preferably the cleavable linker is chemically cleavable and more

preferably contains the amino acid sequences Asp-Pro-Pro or Asn-Gly-Pro.

In a further aspect the invention provides a nucleotide sequence coding for a fusion protein comprising
an N-terminal bacteriophage T4 gene 55 polypeptide and a desired compound of the invention linked to

the C-terminal thereof.

The nucleotide sequence is preferably a DNA sequence suitable for expression in bacteria. The sequence
typically contains nucleotides coding for a cleavable linker between the gene 55 and desired compound

coding sequences.

The invention also provides a bacterial expression vector comprising a DNA sequence coding for the

fusion protein.
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€ expression vector typically contains, in addition to the fusion protein coding sequence, appropriate

expression control sequences including a suitable promoter, an operator and a ribosome binding site and
other appropriate regulatory sequences. Usually, also the expression vector contains one or more

. selectable markers.

Any suitable promoter may be used, such as the TrpE, AP], APr, lac or Tac promoter. Preferably the
promoter is the bacteriophage T7 promoter and the expression vector is a plasmid. For E. coli
expression an Rl or Col-E1 plasmid-derived vector may be used. For example, expression vector pET

17B, obtainable from Novagen, or similar expression vectors may be used.

In another aspect the invention provides bacterial host cells transformed with a fusion protein coding
sequence or an expression vector as described above. Any suitable bacterial host may be used, though
preferably the host is E. coli. For example, E. coli strain BL21 (DE3) Lys E and similar strains may be
used.

Advantageously the fusion protein accumulates within the host cells in the form of insoluble inclusion
bodies, and thereby facilitates recovery of the fusion protein product from the cells. In order to recover
the desired polypeptide product from the fusion protein, the protein of the inclusion bodies is solubilised,
and the desired polypeptide product cleaved from the fusion protein. Any suitable solubilisation
treatment may be used, including acid treatment, e.g. at about pH 2 to 4, preferably with acid at about
pH 2.5, or treatment with a denaturing agent, e.g. a mild denaturating agent such as guanidine
hydrochloride . In addition it may be necessary to remove one or more unwanted N-terminal amino acid

residues from the product which remain after cleavage.

Thus in a further aspect the invention provides a process for the production of a desired compound of
the invention, in a bacterial host, the process cdmpriSing: causing transformed bacterial host cells as
defined above to express the fusion protein in the form of inclusion bodies; isolating the inclusion

bodies; solubilizing the inclusion bodies, and cleaving the desired polypeptide from the fusion protein.

In the case of PTH compounds, it is not normally necessary to carry out carefully controlled
denaturation and renaturation procedures to obtain PTH products in active form, e.g. having PTH-like
activity. The medium-sized polypeptide products may be obtained in active form merely by neutralising
the acid conditions used for solubilisation. Solubilisation and cleavage of the fusion protein may be

carried out in a single step.
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Using the processes and vectors of the invention it has been found that it is possible to produce high
levels of PTH products. In E. coli, we have found that up to about 50% of the total protein expressed is
the desired fusion protein. Also, the fusion protein forms inclusion bodies which are easy to separate
from the other material of the cells. Moreover the inclusion bodies often consist of at least about 90% of
the desired fusion protein which can significantly reduce the amount of purification that is required.
Further, expressing the PTH product, in the form of the fusion protein can substantially decrease
endogenous processing of the polypeptide in the bacterial cell, allowing homogenous products to be

obtained.

Preferably the cleavable linker contains chemically cleavable amino acids adjacent the N-terminus of the
desired polypeptide, to permit the desired polypeptide to be cleaved from the fusion protein by simple

chemical means. Preferably the desired compound does not contain the chemically cleavable groups.

Preferred chemically cleavable linkérs contain the amino acids Asp-Pro-Pro or Asn-Gly-Pro. The
Asp-Pro or, Asn-Gly bonds may be chemically cleaved using acid conditions e.g. formic acid (normally
about pH 2.5) or hydroxylamine respectively. The dipeptides Pro-Pro or Gly-Pro that remain on the -
N-terminus of the desired polypeptide may then be removed using a suitable dipeptidyl-peptidase. For
example the L. lactis X-Pro dipeptidyl-peptidase EC 3.4.14.5 can be used. This peptidase is described

in Nardi et al; 1991; Applied and Environrriental Microbiology, 57, p45 to 50.

The compound of the invention may be purified following cleavage from the fusion protein. HPLC
purification techniques may be used. Purification may be carried out before removal of any unwanted

N-terminal amino acid residues.

The process of the invention is further illustrated in the examples 25 to 31 which however only relate to
fusion proteins comprising (1-38)PTH which are not comprised in the invention.SEQ 10 no. 1 shows the .
amino acid sequence and corresponding DNA sequence of a truncated gp55-Asp-Pro-ProhPTH(1-38)OH
fusion protein as cloned into the plasmid pET17B, and SEQ 10 no.3 shows the amino acid sequence and
corresponding DNA sequence of a full length gp55-Asn-Gly-Pro-hPTH(1-38)OH fusion protein as cloned
into the plasmid pET17B.
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In the following Examples all temperatures are in 0°C. The following abbreviations are employed. In the
present specification the term PTH without any further indication includes the carboxy terminus as well

as a carboxamide terminus.

BOC tert. Butyloxycarbonyl
DMF dimethylformamide
DCM dichloromethane

Fmoc 9-fluorenylmethoxycarbonyl

. HOBt 1-hydroxybenzotriazole

TFA trifluoroacetic acid |

i
t
1
‘ gRER

Trt trityl = triphenylmethyl

RP-HPLC reverse phase high performance liquid chromatography
.t room temperature

DNP Dinitrophenyl

Tos Tosyl

DIPC Diisopropylcarbodiimide

Pmc 2,2,5,7,8-Pentamethylchroman-6-sulfony 1
IP Isopropyl

For Formyl

Cpe 1-amino-eyclopentane-l-carboxylic acid
Cpp 1-amino-cyclopropane-I-carboxylic acid
Cha cyclohexylalanine .

tBu t.butyl

Comparative EXAMPLE 1: N°--Isopropyl hPTH(1-34) NH,

This peptide is assembled in a stepwise manner on a polystyrene based resin support. The Boc-group is
used for protection of the alpha amino-group and side-chain functional groups are protected as follows:
Lys(-2-chl§robenzyloxycarbonyl), Ser(beniyl), Thr(benzyl), Glu(benzyl), Asp(benzyl), Met(0O), .
His(DNP), Arg(Tos), and Trp(HCO). Other residues are left unprotected.

Amino-4-methylphenyl-methyl-co(polystyrene-divinylbenzene = MBHA resin) (0,7 mmol/g) is subjected
to the following cycle, steps (1) to (7), of treatmeﬁts:

(1) DCM

(2) trifluoracetic acid (50 %) in DCM
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(3) DCM L
(4) diisopropylethylamine (10 %) in DMF
(5) DMF
(6) preformed symmetrical anhydride (1.4 mmol per g starting resin) of Boc-amino acid in DMF
(7) DMF

Volumes of washes and reagents are from 5 to 20 ml per gram of starting resin. Each step is repeated as
many times as necessary for either complete reaction of the resin (steps 2, 4, 6) or complete
displacement of the previous reagent from the resin (steps 1, 3, 5, 7). Samples of resin are removed after
each cycle and checked for completeness of the coupling reaction by a colorimetric test for residual

amino groups using ninhydrin.

Symmetrical anhydrides of Boc-amino acids are prepared just prior to use by reacting Boc-amino acid
(2,8 mmol per g resin) and DCCI (1,4 mmol per g resin) in DCM, containing DMF in amounts
sufficient for complete dissolution of the Boc-amino acid. The mixture is filtered, more DMF is added to
the filtrate which is concentrated by evaporation of the volatile components at a temperature not

exceeding 15°C and the resulting solution is used in step (6).

The cycle of reactions, (1) to (7), is repeated for each amino acid residue such as to provide the
sequence of the title compound except for Boc-G1n-OH and Boc-Arg(Tos)-OH, which are coupled in
step (6) as their preformed 1-hydroxybenzo-triazole esters in DMF. .

The fully assembled peptide resin is treated twice with 20 ml of thiophenol A in DMF at r.t. for 1 hour
and washed with DMI:‘, methanol and dichloromethane; The peptide resin is again subjected to steps (1)
to (5) followed by the addition of 0.5 ml of acetone, 84 mg of sodium cyanoborohydride and 0.2 ml of

- acetic acid in 20 ml of DMF per gram of resin. After 16 hours at RT the resin is washed with DMF and

dichloromethane and dried.

The peptide resin is treated with liquid HF, dimethy! sulfide, p-cresol and ethane-1,2-dithiol according to
the ‘low-high' procedure which is described, e.g., in International Journal of Peptide and Protein
Research, vol.26, page 262-273 (1985). After removal of the volatile components and washing with
ethylacetate the residue is extracted with several portions of 1%-acetic acid, filtered and the filtrate
lyophilized. The lyophilized product is purified by repeated reversed-phase chromatography on a
column of octadecyl-silica using a gradient of acetonitrile in 2%-phosphoric acid or in 20 mM

tetramethylammonium phosphate. Fractions containing the pure compound are combined, filtered
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through a weakly basic ion-exchange resin in the acetate form and the filtrate lyophilized to give the title

compound. MS (lon-Spray): 4160.

Comparative EXAMPLE 2: [Lys (N°-Isopropyl)** “JhPTH(1-34) NH,

The peptide is assembled as described for Example 1 but using Lys(Fmoc) for incorporation in position

13 and Fmoc-Ser(tBu) in terminal position 1.

The fully assembled peptide resin is treated twice with 20 ml of thiophenol 5% in DMF at r.t. for 1 hour
and washed with DMF, methanol and dichloromethane. The dry resin is treated with liquid HF as
described for Example 1. The cleavage product (350 mg) is suspended in a mixture of methanol (5 ml),
phosphate buffer pH 5.0 (5 ml), sodium cyanoborohydride (48 mg) and acetone (0.28 ml). After 16
hours at RT the reaction mixture is filtered and the filtrate evaporated. The residue is suspended in
20%-piperidine in. DMEF for 15 minutes, diluted with 20 volumes of ether and filtered. The residue is
dissolved in 100 ml of water and acetic acid added to pH = 3, filtered and the filtrate Iyophilized. The
lyophilizate is purified by reversed-phase chromatography on a column of octadecyl-silica using a
gradient of acetonitrile in 2%-phosphoric acid. Fractions containing the pure compound are combined,
filtered through a weakly basic ion-exchange resin in the acetate form and the filtrate lyophilized to give
the title compound. MS (Ion Spray): 4205.6.

Comparative EXAMPLE 3: N°-Isopropyl [Lys (N‘-IsopropyD1"** 7 hPTH-(1-38)-OH

a) Solid phase peptide synthesis

The peptide is synthesized in a stepwise manner on a polystyrene based resin support. The
alpha-amino group is protected by Fmoc and the side-chain functional groups as followed:
Asp(OtBu), Glu(OtBu), His(Trt), Lys(Boc), Asn(Trt), G1n(Trt), Arg(Pmc) and Ser(tBu). Other

amino acids are left unprotected.

Fmoc-Gl); esterified to 4—Hydroxymethyl-phenoxymethylco(polystyrene-I%—divinylbenzene), 0.5
mmol/g, is used as starting material for the stepwise solid phase synthesis, which consists of
repetitive cycles of alpha-amino deprotection, washing, coupling (attachment of new amino acid) and
washing. A three to five fold excess of Fmoc-amino acids is coupled as preformed HOBt-esters using
DIPC. Fmoc-Arg(Pmc), Fmoc-Asn(Trt) and Fmoc-GIn(Trt) are coupled as symmetrical anhydrides
using DIPC. After complete assembly of the peptide chain the Fmoc-protecting group of Ser' is
removed by 20% piperidine/DMF. Cleavage of the peptide from the polystyrene resin and removal of
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all side chain protecting groups is obtained by treatment of the peptide resin with a mixture of 10%

ethanedithiol, thioanisole, thiocresole and water in 90% TFA for three hours at room temperature,
The resin particles are filtered off and washed with some TFA. The product is precipitated from the
combined filtrates by addition of ether, filtered and dried. The product is purified by chromatography
on a C-18 silica column using a gradient of acetonitrile in 2% H;PO,/water. Fractions containing the
pure compound are collected, filtered through an anion-exchange resin (Biorad, AG 4-X4,

100-200mesh acetate form) and lyophilized to give hPTH-(1-38)-OH.

b) Alkylation

40 mg (9 umol) hPTH-(1-38)-OH(4458.2 g/mol) are dissolved ih 1.2 ml methanol, 1.2 ml phosphate
buffer (Merck no. 9887 adjusted to pH 5.0), 45 mg (716 nml) NaBH;CN (62.84 g/mol)

and 0.8 ml (11 mmol) acetone (73.52 ml/mol). The reaction is monitored by RP-HPLC ona C-18
silica column and finished after 15 hours at room temperature. The reaction mixture is diluted with
water and chromatographied on a C-18 silica column using a gradient of acetonitrile in 2%
H;P0./water. Fractions containing the pure compound are collected, filtered through an
anion-exchange resin (acetate form) and lyophilized to give the title compound as polyacetate,

polyhydrate.

[ap® = 5.7° (c=0.317 in 95% AcOH).
MS(Ion-Spray): 4626

Comparative EXAMPLE 4: No-Methyl [Ala'-]PTH-(1-38)-OH

The pept{de chain is assembled in the same manner as in Comparative example 3a. At position 1 instead
of Fmoc-Ser(tBu)-OH the unnatural amino acid Fmoc-N"-Methyl-Ala-0H is coupled to the peptide
resin. Cleavage, deprotection and purification is performed as in example 3a.

MS (Ion Spray) = 4455,91

Comparative EXAMPLE 5: [Ala',Ala’,Leu®,G1n" Ala'" GIn®®,Ala" Phe® His*
His*,Leu”, Thr**,A1a*]hPTH (1-34)OH

This peptide is prepared in analogy with the procedure of comparative Example 3a. Instead of
Fmoc-Gly esterified to 4-hydroxymethyl-phenoxymethyl-co(polystyrene-divinylbenzene) the appropriate
Fmoc-amino acid, e.g. Fmoc-Ala, Fmoc-Phe, Fmoc-D-Ala, Fmoc-D-Phe, etc. is used. Additionally the

side-chain functional groups are protzcted as follows: Thr(t.-butyl), Trp(Boc) and Tyr(t.-butyl).

1 @%fwg conprising a DNA sequence according to

12.
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By repeating the procedure disclosed in Examples 3 and 5 but using the appropriate starting materials,

the following compounds may be obtained:

Example 1: [Leu®, Asp', Ala', GIn', Thr®JhPTH (1-34)OH
Example 2: [Leu®, Lys'', GIn")hPTH (1-36)OH
Example 3: [Leu®, GIn'®, Thr®, Ala*]-hPTH (1-34)OH (IS-MS: 4007)
Example 4: [Leu®, Ala'S, GIn'®, Ala", Thr®, Ala*]hPTH (1-34)OH
Example 5: [Leu®, Ala'S, GIn'®, Thr™, Ala*]hPTH (1-34)OH (IS-MS: 3965)
Example 6: [Leu®, Asp'®, Lys", GIn"JhPTH (1-36)OH
Comparative Example 7: [Leus, Gin'®, Asp”’, Leu®, Arg", Thr®, Ala‘u]-hPTH (1-34)0H
Example 8: [Leu®, Asp'®, Lys", Gln'%, Thr®, Ala*JhPTH (1-34)OH (IS-MS: 4022)
Comparative Example 9: [Leu®, Asp', Lys", GIn'®, Asp"/, Leu"®, Arg®, Thr™, Ala®*]hPTH (1-34)OH (IS-
MS: 4077)
Example 10: [Leu®, Asp®, Lys", Ala', GIn'®, Ala"®JhPTH (1-36)OH (IS-Ms: 4181)
Example 11:[Leu®, Ala'¢, Asp”, GIn*®, Ala"JhPTH (1-36)OH (IS-MS: 4193)
Example 12: [Leu®, Ala'S, Ala"7, GIn'%, Ala"JhPTH (1-36)OH (IS-MS: 4149)
Example 13:[Leu®, Ala", Gn'®, Ala'*JhPTH (1-36)OH
Example 14: [Leu®, Asp'®, Lys", Ala', GIn'®, Thr®, Ala*JhPTH (1-34)0OH (IS-MS: 3980)
Example 15: [Leu®, Asp'®, Lys", Ala', GIn'*JhPTH (1-36)OH (IS-MS: 4240)
Example 16: [Leu®, Asp®, Lys'!, Ala*, GIn'®, Ala®, The®, Ala*JhPTH (1-34)0H (IS-MS: 3923)
Example 17: [Leu®, Asp', Ala'®, GIn'*]hPTH (1-36)OH (IS-MS: 4225)
Example 18: [Leu®, Asp'®, Lys'"', Ala", GIn"®, Ala", Thr™®)hPTH (1-34)OH (IS-MS: 3999)
Example 19: [Leu®, Ala'®, GIn'®, Ala"]hPTH (1-36)OH (IS-MS: 4166)
Comparative Example 20: [Thr**]-hPTH-(1-38)-OH

Comparative EXAMPLE 6: 1-aminocvck_) entane-]-carboxvlic acid’-hPTH-

The peptide is assembled in a stepwise manner on a polystyrene based resin support. The Fmoc-group is

used for protection of the alpha-amino groups.

Side-chain functional groups are protected as Arg(Pmc), Asn(Trt), Asp(OtBu), G1n(Trt), Glu(OtBu),
His(Trt), Lys(Boc), Ser(tBu), Thr(tBu),Trp(Boc) and Tyr(tBu). Other amino acids are left unprotected.
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4-(2' 4'-Dimethoxyphenyl-Fmoc-amino-methyl)-phenoxy-co(polystyrene-divinylbenzene), 0.4 mmol/g,
which may be prepared, e.g., as described in Tetrah. Letters, 28, 3787-3790 (1987) is subjected to the

following cycle, steps (1) to (5), of treatments:

(1) DMF

(2) piperidine (20%) in DMF

(3) DMF

(4) mixture of HOBY, diisopropylcarbodiimide, and Fmoc-alanine (0.8 mmol per gram starting resin
each)

(5) DMF

Volumes of washes and reagents are from 5 to 20 mL per gram of starting resin.

In the next cycle of treatments (1) to (5), Fmoc-valine is substituted for Fmoc-alanine and so on for each

cycle such as to assemble on the resin the correct amino acid sequence of the title compound.

Each step is repeated as many times as necessary for either complete reaction of the resin (steps 2, 4) or
complete displacement of the p{evious reagent(s) from the resin (steps 3, 5). Samples of the resin are
removed after each cycle and checked for completeness of the coupling reaction by a colorimetric test

for residual amino groups using ninhydrin.

At the end of the synthesis a final cycle comprising steps (1) to (3) only is performed and the peptide
resin is washed with 2-propanol, then with a mixture of methanol and methylene chloride (1:1 v/v) and

dried throughly in a vacuum desiccator.

The peptide resin (1 g) is suspended in a mixture (20 ml) of trifluoroacetic acid, water, and
1,2-ethanedithiol (90:5:5 v/v) for 2 hours at room temperature, the resin particles are filtered off and
washed with a small volume of TFA. The. product is precipitated from the combined filtrates by addition
of ether (20 volumes), filtered, washed with more ether and dried. The residue is dissolved in 2 % acetic
acid, the solution let to stand at r.t. for 8 hours prior to lyophilization. The lyophilisate is
chromatographed on a C-18 silica column using a gradient of acetonitrile in 2% H3P0s. Fractions are
checked by analytical HPLC and those containing the pure compound are collected, filtered through an
anion-exchange resin in the acetate form and lyophilised to .give the title compound as a polyacetate,

polyhydrate. -
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Fmoc- 1-aminocyclopentane-l-carboxylic acid used in the preparation of the peptide resin intermediate
may be prepared, e.g. as described by G. Valle et al.,1988, in Can.J.Chem.66:2575-2582.
MS(lon-Spray): 4312

By repeating the procedure as disclosed in Comparative Example 6 but using the appropriate starting

materials, following compounds may be obtained:

Comparative Example 21: [Thr’, Ala*]hPTH (1-34)NH;

Example 22: [GIn"*JhPTH (1-36)NH,

Comparative Example 23: [Ala“]—hP’I'H (1-36)NH, (IS-MS: 4210)
Comparative Example 24: [Leu®, Asp’®, Lys", Thr*®, Ala*]hPTH (1-34) NH,

The compounds of Examples 1 to 24 show correct amino acid ratios in quantitative amino acid analysis.

In the following examples illustrating the recombinant process of the invention, if not otherwise specified, the
standard procedures described in Ausubel et al; 1991; Current Protocols in Molecular Biology, John Wiley &

~ Sons, New York are used. The fusion proteins obtained in this process comprising (1-28) PTH are not

comprised in the invention.

Comparative EXAMPLE 235: Cloning bacteriophage T4 gene 55

. Two DNA fragments, one containing the entire coding sequence of bacteriophage T4 gene 55, and the
other fragment er;coding part of it are amplified by polymerase chain reaction (PCR) using purified T4
DNA as the template. Oligonucleotides which contain Ndel or BamHI endonuclease recognition
sequences are used as primers. The PCR reactions (25 cycles, each 30" 94°C, 30" 50°C, 30" 72°C) are
performed with 1 ng of template and 100 pM of the upstream primer (GAGGTGCATA

“TGTCAGAAAC TAAGCCT 27), the Ndel reéognition site being provided by nucleotides 7-12 thereof)
and 100 pM of the downstream primer (GGTCGGATCC ATCGTTAGCG TTAGCCTCAT
ATAAAAAATC 40 the BamHI, recognitign site being provided by nucleotides 5-10 thereof) in 100 pl
reaction buffer containing 10 mM Tris-HCI, 50 mM KCI, 1.5 mM MgCl1,, 0.2 mM of each of dATP,
dCTP, dGTP, dTTP, and 0.1% Triton X 100, pH 9.0. A 0.6kb fragment is obtained. The truncated
form of gene 55 is prepared by PCR as described for the entire gene, except that a different
oligonucleotide is used as downstream primer (GGTCGGATCC TACGTTGGAC GAATGCAT 28, the
BamHI recognition site being provided by nucleotides 5-10 thereof). A 0.35 kb fragment is obtained.
The 0.6 kb and 0.35 kb DNA fragments are digested with restriction endonucleases Ndel/BamH]I and -
are cloned into a Ndel/BarnHI digest of expression vector pET17B (obtained from Novagen). The 0.6
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Kb DNA thgnem.eneedes%he‘eﬂﬂre'gpﬁ5 protein (188 amino acid residues — see SEQ 10 no. 1), whereas the

0.35 kb fragment encodes a 12 kD amino-terminal fragment of gp55 '(1 12 amino acid residues — see Fig. 2).

. Comparative Example 26: Preparation and cloning of the DNA encoding PTH.( 1-38)

DNA fragments encoding a) the linker peptide corresponding to amino acid residues 110-115 of S.EQ 1.0 no. 1
and PTH (1-38) or b) the linker peptide corresponding to amino acid residues 186-191 of SEQ 10 no. 3 and
PTH (1-38) are generated by PCR using a cloned synthetic PTH (1-38) coding sequence as a template.
The oligonucleotides encoding the linker a) (GAGTGATCC ATCGATCCAC CATCCGTATC
AGAAATACAA CT 42), or encoding linker b GAGTGGATCC GTTAACGGTC CATCCGTATC
AGAAATACAA CT 42 are used as upstream primers. The downstream primer TCTACTCGAG .
TTAACCCAGA GCTACAAAAT TATG 34 |

The upstream primers each incorporate a BamHI cloning site and the ciownstream prir;xer contains a
Xhol recognition site (nucleotides 5-10 of each sequence). The PCR reaction is performed under the
samne conditions as described in Example 25. After cleavage with BamHI and Xhol, the 0.14 kb PCR
products are inserted into BamHI-Xhol digests of the gp55-pET17B plasmids, obtained in Example 25. -
For expression of the fusion proteins the resultant plasmid constructs are transformed into E.coli BL21
(DE3) LysE and single bacterial colonies are further propagatéd. .The expression of the fusion proteins
is_ obtained by incubating a preculture at 37°C on a rotary shaker overnight in circle growth medium
(Bio 101). A main culture is inoculated with the preculture making up 1 to 5 % of the volume of the
main culture. The main culture is then fermented at a temperature of 37°C and at 2 pH of 6.9 to 7.1
whilst being aerated at 10 1/min and agitated at 200-400 rpm. Expression is induced by the addition of
1 mM IPTG as soon as the culture reaches an ODsso of about 1.0 to 5.0. After induction the

- fermentation is continued for five hours and tht;n the fermentation broth is harvested without killing the *

E. coli cells. The harvested cells-are spun down with a tubular centrifuge and resuspended in sample

buffer and assayed for expression by SDS PAGE. The cell pellet is then frozen until purification. The
procedures and host cells used are fully described in Studier et al; 1990; "Use of T7 RNA Polymerase to

direct expression of Cloned Genes”, Methods in Enzymolog Academic Press. pages 60 to 89.

Comparative EXAMPLE 27: Preparation of inclusion bodies
Frozen E. coli pellets obtained from Example 26 are resuspended to 25% wiv in Buffer A (50mM Tris

PH 8.0: containing 2mM DTT, SmM Benzamidine-HCL 1.5SmM MgCl,, 1.0mM MnCl,, 10pg/ml.
DNAse | and
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2mg/m! Lysozyme) and mixed by stirring for 1 hour at room temperature. The resuspended cells are
lysed by passage through a Manton-Gaulin homogeniser (2 passes at 1200 bar) and the resultant lysate
kept on ice. The lysate is diluted 2 fold with ice-cold buffer B (SOmM Tris pH 8.0; containing 2mM
DTT, 5mM Benzamidine-HCl and 4mM EDTA) and centrifuged for 30min at 27,500g. The supernatant
from the centrifuge is carefully removed and discarded. The pellet is resuspended in buffer B to 25%
w/v, passed once more through the Manton-Gaulin and centrifuged as before. This process is repeated
once using buffer B and once using water. The resultant inclusion body pellets are weighed and frozen

at -20°C until required.

Comparative EXAMPLE 28: Solubilisation and cleavage of qp55-Asp-Pro-Pro-(1-38)hPTH inclusion bodies

Frozen inclusion bodies containing gp55-A§p-Pro-Pro—(1-38)hP’I'H as obtained in Example 27 are

' suspended in 10 mM HCl acid solution (analytical gracie) to a final concentration of 6%w/v. The
solution is incubated for 24 hours at 50°C and the reaction terminated by addition of 1 volume of
aqueous 100 mM NaOAc solution. The diluted supernatant is clarified by centrifugation at 27,500g for
30 minutes and filtered through a glass fibre filter.

Comparative EXAMPLE 29: Solubilisation and cleavage of gp55-Asn-Gly-Pro-(1-38)hPTH inclusion bodies

Frozen inclusion bodies containing gp55-Asn-Gly-Pro-(1-38)hPTH and obtained from example 27 are
dissolved in 6M Guanidine-HCI (containing 2M Hydroxylamine-HCI and brought to pH 9.0 by addition
of 4.5M LiOH) to give an estimated 5mg/m1 protein. The pH is readjusted to pH 9 by further addition
of LiOH an.d the solution incubated for 4 hours at 450C. The reac;ion is terminated by addition of

formic acid to pH 4 and the solution centrifuged and filtered as described in example 28.

- Comparative EXAMPLE 30: Preparative HPLC of Gly-Pro and Pro-Pro (1-38)hPTH

Filtered cleavage supernatants are analysed on analytical reversed phase HPLC (Orpogen
HD-Gel-RP-75-300; 4 x 150mm column) and compared with a known (1-38)hPTH standard (Bachem)
to determine the PTH concentration. The column is equilibrated with 85% HPLC buffer A (90% water,
10% acetonitrile; containing 0.1%v/v TFA) and 15% HPLC buffer B (10% water, 90% acetonitrile;
containing 0.1% TFA) and is eluted with a gradient of 15% HPLC buffer B to 100% HPLC buffer B
over 15 minutes at a flow rate of 0.75m1/min. Depending upen the scale of the preparation,
supernatants are either loaded on a 1.0 x 25¢cm C4 Vydac or a 2.2 x 25cm C4 Vydac. The columns are

equilibrated with 85% HPLC buffer A and 15% HPLC buffer B at flow rates of 4m!/min and
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10m1/min respectively. The columns are eluted with gradients of 15%B to 85%B over 80m! and 15%B
to 55%B over 300m! respectively. Gly-Pro-hPTH(1-38) or Pro-Pro-hPTH(1-38) peaks are collected
manually and the acetonitrile is fater removed under vacuum. Analytical HPLC is used to determine the
peptide concentration both after cleavage and in the collected fractions. The solvent free peptide
solutions are diluted with an equal volume of 100mM sodium acetate and the pH adjusted, if necessary,
to pH 5.4. Following filtration (0.2pm), the solution is loaded on a cation exchange column (eithgr
Mono S or SP-Sepharose High Performance, packed into HR10/10 or XK16/10 columns respectively)
equilibrated with 50mM sodium acetate pH 5.4 (buffer C). The column is eluted with.a. 0 to S00mM -
NaCl gradient in buffer C over 7.5 column volumes. 10m1 fractions are collected and the
X-X-(1-38)hPTH peak is pooled. The peptide concentration is determined as before using HPLC. This
column serves both to exchange the peptides into a more physiological buffer and to remove additional

peptides produced by chemical cleavage of the fusion protein itself.

Comparative EXAMPLE 31: Enzymatic removal of X-X from X-X-(1-38)hPTH

Pooled peptide fractions, as obtained in Example 30, (concentration range 1.5 - 2.0 mg/mi) ai‘e brought
to pH 8.0 by addition of solid Tris. Purified X-Prolyl dipeptidase (0.5mg/ml in PBS pH 7.2) (Nardi et
al. (1991) App. Env. Microbiol. 57, No.1, 45-50) is added to 1:1000 and the solution is incubated for -
24h at 37 C. The reaction is stoppéd by addition of TFA to 0.2% (pH = 5.0) and the resultant
(1-38)hPTH is isolated using ?reparative HPLC (using the same conditions as described in Example
30). The solvent is removed and the product is lyophilised after removal of aliquots for N-terminal

sequence and mass spectroscopic analyses.

Examples of the yields which are obtained using the two fusion protein approaches described

above are as follows:
Gen55-Asp-Pro-Pro-(1-38)PTH (using the "truncated" form of GenS5)

Under partially optimized fermentation conditions, a 215 g wet cell pellet is obtained from a 10 litre
fermentation. The percentage level of expression of the fusion protein is approximately 37%. From this
pellet, 31 g of inclusion bodies are isolated. The protein purity (with respect to the fusion protein) of
these bodies is 61%. After solubilisation, cleavage and centrifugation/filtration approximately 620mg
Pro-Pro-PTH are detected. This material yields 580mg Pro-Pro-PTH after subsequent C4-Vydac
HPLC. After dilution, cation-exchange on Mono §, digesﬁon with X-Prolydipeptidypeptidase (at a
Pro-Pro-PTH concentration of 2mg/ml), HPLC and lyophilisation, 440mg of lyophilized pure product
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with full bi;)logical activity 15“66'?}ined. This represents a yield of 71% between the stopped cleavage
step and the final product.

CenSS-Asn—Gly-Pro—(l-SS)PTH (using the “long” form of Gen55)

From a non-optimized 20 litre fermentation a 78g wet cell pellet with 50% expression of the fusion
protein is harvested. Following lysis and centrifugation, 18g of "90% pure" inclusion bodies are
obtained. Following the acid stop step and centrifugation/filtration about 470mg Gly-Pro-PTH are
detected. After HPLC on C4-Vydac, 355mg of peptide are detected, decreasing to 321mg after
SP-Sepharose cation-exchange. Enzymatic removal of the Gly and Pro residues is carried out at
2mg/ml. After the final HPLC step and lyophilization, 244mg of pure, fully biologically active
(1-38)PTH is recovered representing a yield of 52% from the stopped cleavage reaction stage.

The compounds of the invention in free form or in the form of pharmaceutically acceptable salts and
complexes exhibit valuable pharmacological properties as indicated in animal tests and are therefore

indicated for therapy.

The biological activity of the compounds of the invention is assessed in vitro by measuring their ability

of stimulating the synthesis of cyclic AMP in UMR 106-06 rat and SaOS-2 human osteosarcoma cells
according to the method of Marcus and Aurbach in Endocrinology, &801-810 (1969). Rat

osteosarcoma UMR 106 cells are grown to confluence in Eagle’s Minimum Essential Medium - 10%

FCS in 12 well plates, human Sa0S-2 osteosarcoma cells are.

grown in McCoy’s SA medium - 10% FCS. The medium is then changed to medium with 2% FCS and 1-5
pCi/well [3H]-adenine is added. Two hours later, cells are washed twice with serum-free medium and incubated
in DMEM - 1% BSA containing 1 mM 3-isobutyl-l-methylxanthine to exclude actions on phosphodiesterases.
‘Test substances are added 20 min later. The reaction is stopped and cAMP extracted after 15 min by adding ice
cold 5% trichloroacetic acid. A carrier solution (0.5 mi/well) containing 5 mM of unlabelled adenine, adenosine,
AMP, ADP, ATP, and cAMP as well as 0.4 uCi [14C)-adenosine for determination of recovery is added.
[M]-cAMP is separated using serial Dowex 50W-X4 (200-400 mesh) and alumina chromatography and
counted. Results are calculated in % of solvent control and ECs, values determined from DRC curves.
Compounds of the invention stimulate cAMP production in UMR 106-06 rat and SaOS-2 human osteosarcoma

cells at a concentration of 10" to 10 M.

The compounds of the invention also have binding affinity to PTH receptors, e.g. as follows:
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Chicken [Tyr“’]PTHrP(!-Sﬁ)amide is iodinated to a specific activity of 2,200 Ci/mmol using the
lactoperoxidase method (Anawa Lab. AG, Wangen). Monolayers of opossum kidney cells are washed with 200
ul DMEM and HAM's F12 (1:1) containing 1% BSA and incubated at 16°C with 50.000cpm of
["B1-Tyr**)chPTHrP(1-36)amide per well in the presence or absence of 1 uM [Tyr*JchPTHrP(1-36)amide.
After incubation, cells are washed with 0.5 ml medium (4°C), lysed with 0.5 m! 1N NaOH and radioactivity is
determined. Specific binding is defined as total binding minus nonspecific binding. Competition curves are
analyzed using SCTFIT, a non-linear regression computer program (Feyen et al, 1992, Biochem. Biophys. Res.
Commun. 187:8-13) and data presented as mean pKp, values (n=2 to 3). Compounds of the invention show in

this test a binding affinity expressed as a mean pKp value of from 7 to 10.

Furthermore, the compounds of the invention increase plasma calcium level after continuous s.c. infusion, e.g.
as determined in male thyroparathyroidectomized Wistar rats weighing 140 to 170 g. 5 days after
thyroparathyroidectomy, rats are implanted in the neck with Alzet minipumps and test compounds infused at
rates of 0.3 to 30 pg/day/rat. Blood is drawn by retro-orbital puncture in the morning of days 1, 2, 3, and 6
thereafter and plasma calcium concentrations are determined photometrically. In this test compounds of the

invention increase plasma calcium.

The compounds of the invention are accordingly indicated for preventing or treating all bone conditions which
are associated with increased calcium depletion or resorption or in which calcium fixation in the bone is
desirable, e.g. osteoporosis of various genesis (e.g. juvenile, menopausal, post-menopausal, post-traumatic,
caused by old age or by cortico-steroid therapy or inactivity), fractures, osteopathy, including acute and chronic
states associated with skeletal demineralisation, osteo-malacia, periodontal bone loss or bone loss due to

arthritis or osteoarthritis or for treating hypoparathyroidism.

The compounds of the invention are particularly indicated for preventing or treating osteoporosis of various

genesis.

For all the above uses, an indicated daily dosage is in the range from about 0.003 to about 10 mg preferably
0.003 to 3, more preferably 0.01 to 1 mg of a compound of the invention. Compounds of the invention may be

administered once a day or up to twice a week.

The compounds of the invention may be administered in free form or in pharmaceutically acceptable salt form
or complexes. Such salts and complexes may be prepared in conventional manner and exhibit the same order of
activity as the free compounds. The present invention also provides a pharmaceutical composition comprising a

compound of the invention in free base form or in pharmaceutically acceptable salt form or complex form in



RE?Lf* £

22 saronrs

REPLACEMENT SHEET

21-

association with a pharmaceutically acceptable diluent or carrier. Such compositions may be formulated in
conventional manner. The compounds of the invention may be administered by any conventional route, for
example parenterally e.g. in form of injectable solutions or suspensions, enterally, e.g. orally, for example in the

form of tablets or capsules or in a transdermal, nasal or a suppository form.
In accordance with the foregoing the present invention further provides:

a) a compound of the invention or a pharmaceutically acceptable salt or complex thereof for use as a

pharmaceutical;

b) a pharmacentical composition for improving bone formation, e.g. preventing or treating all bone
conditions which are associated with increased calcium depletion or resorption or in which calcium fixation
in the bone is desirable, e.g. osteoporosis of various genesis (e.g. juvenile, menopausal, post-menopausal,
post-traumatic, caused by old age or by cortico-steroid therapy or inactivity), fractures; osteopathy,
including acute and chronic states associated with skeletal demineralisation, osteomalacia, periodontal bone
loss or bone loss due to arthritis or osteoarthritis, or for treating hypoparathyroidiom in a subject in need of

such treatment; or

¢)  acompound of the invention or a pharmaceutically acceptable salt or complex thereof for use in the

preparation of a phannaéeutical composition for use in the method as in b) above.

According to a further embodiment of the invention, the compounds of the invention may be employed as
adjunct or adjuvant to othef therapy, e.g. a therapy using a bone resorption inhibitor, for example as in
osteoporosis therapy, in particular a therapy employing calcium, a calcitonin or an analogue or derivative
.-thereof, e.g. salmon, eel or human calcitonin, a steroid hormone, e.g. an estrogen, a partial estrogen agonist or

estrogen-gestagen combination, a biphosphonate, vitamin D or an analog thereof, or any combination thereof.

When the compounds of the invention are administered in conjunction with, e.g. as an adjuvant to bone
resorption inhibition therapy, dosages for the co-administered inhibitor will of course vary depending on the type
of inhibitor drug employed, e.g. whether it is a steroid or a calcitonin, on the condition to be treated, whether it

is a curative or preventive therapy, on the regimen and so forth.

In accordance with the foregoing the present invention provides in a yet further aspect:



REPLACEMENT SHEET

-22-

d) apharmaceutical composition for improving bone formation, e.g. preventing or treating calcium
~ depletion, for example for preventing or treating any specific conditions or diseases hereinbefore set forth,
in a subject in need of such treatment compriéiug a) a compound of the invention and b) a second drug

substance, said second drug substance being a bone resorption inhibitot, for example as indicated above.

Compounds of Examples 3,5,8,14 and 15 are preferred.
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SEQUENCE LISTING )

{1) GENERAL INFORMATION:

(i) APPLICANT:
(A) NAME: SANDOZ LTID
(B) STREET: PO BOX
(C) CITY: BASEL
(D} STATE: BS
(E) COUNTRY: SWITZERLAND
(F) POSTAL CODE (ZIP): CH 4002
(G) TELEPHONE: 061 324 1111
(§) TELEFAX: 061 322 7572
(I) TELEX: 965 050 55

(ii) TITLE OF INVENTION: Organic Compounds

(iii) NUMBER OF SEQUENCES: 12

(iv} COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
{3) COMPUTER: IBM PC compatible

(C) OPERATING SYSTEM: PC-DOS/MS-DOS

(D) SOFTWARE: PatentIn Release #1.

{2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 717 base pairs
(8) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D}) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDN2
(iii) HYPOTHETICAL: NO
(iii) ANTI~SENSE: NO
(v} FRAGMENT TYPE: internal

(vi) ORIGINAL SOURCE:

0, Version #1.25 (EPO)

(A) ORGANISM: BRateriophage T4/Homo sapiens

{ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 101..558
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
AGATCTCGAT CCCGCGAAAT TAATACGACT CACTATAGGG
TAGAAATAAT TTTGTTTAAC TTTAAGAAGG AGATATACAT

CCT ARA TAT AAT TAC GTA ARC AAT AAA GAG CIT
Pro Lys Tyr Asn Tyr Val Asn Asn Lys Glu Leu
) 10 15

GAT TGG AAA ACA GAA TTA GCA AAT AAT AAA GAC
Asp Trp Lys Thr Glu Leu Ala Asn Asn Lys Asp
25 30

CGT CAG AAT GAT ACT ATC GGA TTA GCC ATT ATG

AGACCACAAC GGTTTCCCTC

ATG TCA GAA ACT AAG

Met Ser Glu Thr Lys

1 5

TTA CAA GCT ATT ATIT

Leu Gln Ala Ile Ile
' 20

CCA AAT AAA GTA GIT
Pro Asn Lys Val Val
35

CTT ATT GCA GAA GGC

60

163

259



Arg

TTA
Leu

GAA
Glu
70

TTT
Phe

TGT
Cys

TCA
Ser

GAA
Glu

GTA
vVal
150

24
Gln Asn Asp Thar Ile Gly Leu Ala Ile Met Leu
40 45

AAA CGT TTC AAC TTT TCA GGA TAC ACC CAG
Lys Arxg Phe Asn Phe Ser Gly Tyr Thr Gin
60 63

vl
mo 0
(VNI |

TG ATT GCA GAT GGT ATA Gaa GCT TCT ATT AAG
Me: Ile Ala Asp Gly Ile G- Ala Ser Ile lys
75 ' 80

GAT GAA ACG AAA TAT AAA AAC CCA CAT GCG TAT
Asp Glu Thr Lys Tyr Lys Asn Pro His Ala Tyr
80 95

TTT AAT GCA TTC GTC CAA CGT GGA TCC ATC GAT
Phe Asn Ala Phe Val Gln Arg Gly Ser Ile Asp
105 110

GAA ATA CAA CTA ATG CAT AAT CTG GGT AAA CAT
Glu Ile Gin Leu Met His Asn Leu Gly Lys Eis
120 125

GT GTA GAA TGG CTG CGT AAA AAA CTG CAG GAT
Arg Val Giu Trp Leu Arg Lys Lys Leu Gln Asp

133 140 1435

Ile
50

TCcT
Ser

ATA
Ile

cca
Pro

CIG
Leu
130

TA
Val

REPLACEMENT SHEET

Ala

TGG
Tzp

cTT
Leu

ACT
Thr

cca
Pro
115

AAT
Asn

CAT
His

Glu

ARR
Lys

Cac
His

CAA
Gln
100
TCcC
Ser

TCA
Ser

AAT
Asn

GCT CTG GGT TAACTCGAGC AGATCCGGCT GCTAACARAG CCCGAAAGGA

Ala Leu Gly

Gly

CAA
Gln

AAT
Asn
85

GCT
Ala

AGCTGAGTTG  GCTGCTGCCA CCGCTGAGCA ATAACTAGCA TAACCCCTTG GGGCCCTTGG

GGCCTCTAAA CGGGTICTITGA GGGGTTITTTT GCTGAAAGGA GGAACTATAT CCGGATAA

(2)

Leu

Gln
65

Lys

INFORMATION FOR SEQ ID NQO:2:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 153 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NQ:2:

Ser Glu Thf-Lys Pro Lys Tyr Asn Tyr Val Asn
5 10

Gln Ala Ile Ile Asp Trp Lys Thr Glu Leu Ala
20 25

Asn "Lys Val Val Arg Gln Asn Asp Thr Ile Gly
35 ' 40

Ile Ala Glu Gly lLeu Ser.lys Arg Phe Asn Phe
50 55 60

Ser Trp Lys Gln Glu Met Ile Ala Asp Gly Ile
70 75

Gly Leu His Asn Phe Asp Glu Thr Lys Tyr Lys
85 90

Ile Thr Gla Ala Cys Phe Asn Ala Phe Val Gin
100 105

.,-::..,;.......:::,.... .-
}\Eﬂpiﬁl L

B AT SIS R A 3 8

22 JAN

. oA 17 b

Ty Y YT
§osrpdl

SO00
FAV

3¢7

403

499

547

598

659

717

Asn

Asn

Leu

45

Ser

Glu

Asn

Lys
Asn

30
Ala
Gly
Ala

Pro

Gly
110

Glu
Lys
fe
Tyr
Ser
His

95

Ser

Leu
Asp
Met
Thr
Ile

80

Ala

Ile



25 REPLACEMENT SHEET

Asp Pro Pro Ser Val Ser Giu Ile Gln Leu Met His Asn Leu Gly Lys
115 120 125

Al

His Leu Asn Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln
130 135 - 140

Asp Val His Asn Phe Val Ala Leu Gly
" 145 150

{2) INFCRMATION FOR SEQ ID NO:3:

- ol ACEMENT SHEET
(i) SEQUENCE CHARACTERISTICS: . ?m? AL AJ\A S i
{A) LENGTH: 945 base pairs .
{(B) TYPE: nucleic acid _Qﬂﬁﬁﬁﬁ
(C) STRANDEDNESS: single 22 JA
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

{iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(v) FRAGMENT TYPE: internal

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Bacteriophage T4/Homo sapiens

(ix) FEATURE:

(A) NAME/KEY: CDS
(B) LOCATION: 101..787

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:3:

AGATCTCGAT CCCGCGAAAT TAATACGACT CACTATAGGG AGACCACAAC GGTTTCCCTC 60

TAGAAATAAT TTTGTTTAAC TITAAGAAGG AGATATACAT ATG TCA GAA ACT AAG 115
Met Ser Glu Thr Lys
1 5

CCT AAA TAT AAT TAC GTA AAC AAT AAA GAG CTT TTA CAA GCT ATT ATT 163
Pro lLys Tyr Asn Tyr Val Asn Asn Lys Glu Leu Leu Gln Ala Ile Ile

10 15 20

GAT TGG AAA ACA GAA TTA GCA AAT AAT AAA GAC CCA AAT AAA GTA GTT 211

Asp Trp Lys Thr Glu Leu Ala Asn Asn Lys Asp Pro Asn Lys Val Val
- 25 30 35

CGT CAG AAT GAT ACT ATC GGA TTA GCC ATT ATG CTT ATT GCA GARA GGC 259

Arg GIn Asn Asp Thr Ile Gly Leu Ala Iie Met Leu Ile Ala Glu Gly
40 45 ' 50

TTA TCT AAA CGT TTC AAC TTT TCA GGA TAC ACC CAG TCT TGG AAA éAA 307

Leu Ser Lys Arg Phe Asn Phe Ser Gly Tyr Thr Gln Ser Trp Lys Gln
55 60 65

GAA ATG ATT GCA GAT GGT ATA GAA GCT TCT ATT AAG GGG CTT CAC AAT 353
Glu Met Ile Ala Asp Gly Ile Glu Ala Ser Ile Lys Gly Leu His Asn
70 75 80 85

TTT GAT GAA ACG AAA TAT AAAR AAC CCA CAT GCG TAT ATA ACT CAA GCT 403
Phe Asp Glu Thr Lys Tyr Lys Asn Pro His Ala Tyr Ile Thr Gln Ala

90 95 100
TGT TTT AAT GCA TTC GTC CAA CGT ATT AAMA AAA GAA CGT AAG GAA GTT 451

Cys Pre Asn Ala Phe Val Gla Arg Ile Lys Lys Glu Arg Lys Glu Val
103 110 115
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GCA AAG AAA TAT AGT TAC TIC GIT Cgc'AAT GTC TAT GAC AGC CGT GAC 493
Ala Lys Lys Tyr Ser Tyr Phe Val His Asn Val Tyr Asp Ser Arg Asp
120 125 130
GAC GAT ATG GTT GCG TTA GTA GAT GAA ACT TTT ATT CAA GAC ATC TAT 547
Asp Asp Met Val Ala Leu Val Asp Glu Thr Phe Ile Gln Asp Ile Tyr
135 140 145
GAT AAA ATG ACG CAT TAC GAA GAA TCA ACC TAT AGA ACA CCG GGG GCT 595
Asp Lys Met Thr His Tyr Glu Glu Ser Thr Tyr Arg Thr Pro Gly Ala
150 155 160 165
GAA AAG AAA AGT GTT GTA GAT GAT TCT CCT AGT TTG GAT TTT TTA TAT 643
Glu Lys Lys Ser Val Val Asp Asp Ser Pro Ser Leu Asp Phe Leu Tyr
170 17s 180
GAG GCT AAC GAT GGA TCC GTT AAC GGT CCA TCC GTA TCA GAA ATA CAA 691
Glu Ala Asn Asp Gly Ser Val Asn Gly Pro Ser Val Ser Glu Ile Gln
185 190 195
CTA ATG CAT AAT CTG GGT AAA CAT CTIG AAT TCA ATG GAA CGT GTA GAA 739
Leu Met His Asn Leu Gly Lys His Leu Asn Ser Met Glu Arg Val Glu
200 205 210
TGG CTG CGT AAA AAA CTG CAG GAT GTA CAT AAT TTT GTA GCT CTG GGT 787
Trp Leu Arg Lys Lys Leu Gln Asp Val His Asn Phe Val Ala Leu Gly
215 220 225
TAACTCGAGC AGATCCGGCT GCTAACAAMAG CCCGAAAGGA AGCTGAGTTG GCTGCTGCCA 847
CCGCTGAGCA ATAACTAGCA TAACCCCTIG GGGCCCTTGG GGCCTCTAAA CGGGTCITGA 907
GGGGTTTTTT GCTGAAAGGA GGAACTATAT CCGGATAA - 945

(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 229 amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: T
Met Ser Glu.Thr Lys Pro Lys Tyr Asn Tyr Val Asn Asn Lys Glu Leu
5 ) 10
Leu Gln Ala Ile Ile Asp Trp Lys Thr Glu Leu Ala Asn Asn Lys Asp
20 25 30

Pro Asn Lys Val Val Arg Gln Asn Asp Thr Ile Gly Leu Ala Ile Met
35 : 40 45

Leu Ile Ala Glu Gly Leu Ser lys Arg Phe Asn Phe Ser Gly Tyr Thr
50 55 60

Gln Ser Trp Lys Gln Glu Met Ile Ala Asp Gly Ile Glu Ala Ser Ile

65 ) 70 75 80

Lys Gly Leu His Asn Phe Asp Glu Thr Lys Tyr Lys Asn Pro His Ala

b+ S
85 90 95

Tyr Ile Thr Gln Ala Cys Phe Asn Ala Phe Val Gln Arg Ile Lys Lys
100 105 110



Glu Arg Lys Glu Val Ala Lys Lys Tyr Ser Tyz
115 _ 120

Tyr Asp Ser Arg Asp Asp Asp Met Val Ala Leu
130 135

Ile Gln Asp Iie Tyr Asp Lys Met Thx His Tyr
145 150 155

Arg Thr Pro Gly Ala Glu Lys Lys Ser Val Val
165 170

Leu Asp Phe Leu Tyr Glu Ala Asn Asp Gly Ser
180 1835

Val Ser Glu Ile Gln Leu Met His Asn Leu Gly
185 200

Met Glu Arg Val Glu Trp Leu Arg Lys lys Leu
210 213

Phe Val Ala Leu Gly
225

(2) INFORMATION FOR SEQ ID NO:5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO

(v} FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
GAGGTGCATA TGTCAGAAAC TAAGCCT
(2} INFORMATION FOR SEQ ID NO:6:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 40 base pairs
{3) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: lineax
{(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO-
(1ii) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

GGTCGGATCC ATCGTTAGCG TAGCCTCAT ATAAAARATC

Phe
Val
140
Glu
Asp
Val

Lys

Gln
220

val
125

Asp
Glu
Asp
Asn
His
205

Asp
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His Asn

Ser Thr

Sex Pro
175

Gly Pro
190

Leu Asn

vVal His

val

Phe

Tyr

160

Ser

Ser

Ser

Asn

27

40
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(2) INFORMATION FOR SEQ ID NO:7:
(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 28 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO
(iii) ANTI~SENSE: NO

(v) FRAGMENT TYPE: internal

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
GGTCGGATCC TACGTTGGAC GAATGCAT
(2f INFORMATION FOR SEQ ID NO:8:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 42 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
{(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
GAGTGGATCC ATCGATCCAC CATCCGTATC AGAAATACAA CT
(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE. CHARACTERISTICS:

(A) LENGTH: 42 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NO

{iii) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
GAGTGGATCC GTTAACGGTC CATCCGTATC AGAAATACAA CT

(2) INFORMATION FOR SEQ ID NO:10:

REPLAGEMENT SHEET

28

42

42
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(i) SEQUENCE CHARACTERISTICS: REPLACEMENT SHEE]
(A) LENGTH: 34 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPEZ: cDNA

-
(iii) HYPOTHETICAL: NO SREDT ACRMENT SHERT

JAN Y AW MLV E RN L33

(iii) ANTI-SENSE: NO .
22 JANZI

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
TCTACTCGAG TTAACCCAGA GCTACAAAAT TATG
(2) INFORMATION FOR SEQ ID NO:11:
() SEQUENCE CHARACTERISTICS:
(A) LENGTH: 34 amino acids
{8) TYPE: amino acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown
{ii) MOLECULE TYPE: protein
{iii) HYPOTHETICAL: NO
{(iii) ANTI-SENSE: NO
{vi) ORIGINAL SOURCE:
{2) ORGANISM: Homo sapiens
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

Ser Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
1 5 ) "10 15

Ser Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val His
20 25 30

Asn Phe

(2) INFORMATION FOR SEQ ID NO:12:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 36 amino acids
" (B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: protein
{(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
{A) ORGANISM: Homo sapiens

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
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Ser Val Ser Giu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn
15

5 10

Ser Met Giu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val His
25 30

20

Asn Phe Val Ala

(2)
(1)

(x1i)

Ser

Ser

Asn

35

INFORMATION FOR SEQ ID NO:13:
SEQUENCE CHARACTERISTICS:

(A) LENGTH: 38 amino acids

(B} TYPE: amino acid

{C) STRANDEDNESS: single

(D) TOPOLOGY: unknown
MOLECULE TYPE: protein
HYPOTHETICAL: NO
ANTI-SENSE: NO

ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

SEQUENCE DESCRIPTION: SEQ ID NO:13:

Val Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn

S 10

15

Met Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp Val His
25

20

Phe Val Ala Leu Gly
35

30
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CLAIMS

1. A Compound of formula I

| 2DUSNZm

-

Ser-Val-Ser-Glu-1lle-Gln-Leu-R;-His-Rz R 3-Gly-R4-His-Leu
Rs-Re-R7-Re-Arg-Val-Glu-Trp-Leu-Arg-Rg-Lys-Leu-Gln-Asp~
Val-His-Rig-Ri1~(Ri2)a-X

HURPLACEMENT SHEET
”'l

!
{

vl

wherein

R, is Met or Leu;

R; is Asn, Asp, Gly, Gln, Glu, His, Ser, Thr or Tyr;

Rjis Leu or Lys;

Ry is Lys or D- or L-Ala, -Cys, -Gln, -Le, -Asn, -Trp,-Asp, -Val, -Thr, -Ser, -Tyr, -Met,
-Leu or -Gly;

Rsis Asn, Gln, D-Gln or D- or L-Lys, -Ser. -Leu. -Ala or -Gly;

R¢ is Ser, Asp, Ala. Glu, Gln, Phe, His, Ile or Lys;

R;is Gln

Rs is Glu, Arg, Ala. Val, Tyr, Ser. Lys, Met, His, Gly, Pro, Asn or Ile;

Ry is Lys, Gln or Arg; |

Ryo is Asn; Thr, D-Thr or D- or L-Ser, -Leu, -Gly, -Gln, -Arg, -Pro, -Asp, -Ile or -Lys;

Ruis Phe or Ala;

Ryzis Val, Val-Ala, Val-Ala-Leu or Val-Ala-Leu-Gly;

nis Oor 1;and

Xis OH, OR,, _NHz or NRyR, wherein R, is C;4alkyl, one of

Rpand R, is H and ihe other is C,¢alkyl,

the compound optionally comprising at least one radical selected from a L- or D-a-amino acid,

Cs.salkoxy-carbonyl and opiionally substituted Ci.salkyl, C; salkenyl, Cysalkynyl, aralkyl, aralkenyl or Cs.

scycloalkyl-Cy.4alkyl and attached to its terminal amino group, and/or

the compound optionally comprising at least one radical selected from C,4alkoxycarbony! and
optionally substituted C,.salkyl, Cysalkenyl, Cygalkynyl, aralkyl, aralkenyl or Cs.ccycloalkyl-Ciialkyl
attached to one or more side chain amino groups of the compound, in free form or in salt or complex

forr:.
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2. A compound according to claim | wherein Ryg is Thr. .
3. A compound according to claim 1 or 2, wherein R, is Ala.

4. A compound selected from [Leu®, G1n'®, Thr®, Ala*JhPTH, [Leu®, Ala", Gin'®, Thr®, Ala*hPTH,
[Leu® Asp'®, Lys'!, Ala', GIn'®, Thr®, Ala*]hPTH, [Leu®, Asp'®, Lys", Ala'é, Gin'JhPTH,
[Leu®. Ala’, GIn"®, Ala"JnPTH, [Leu®, Asp®®, Lys" GIn'*|hPTH [Leuv®, Asp™. Lys", Ala', GIn®,
Ala®JhPTH [Lev®, Ala'S, Gln®, Ala®, Thr®’, Ala**|hPTH and [Leu®, Asp™, Lys", GIn®, Thr*, Ala*|nPTH
the compound optionally comprising at least one radical selected from a L- or D-a-amino acid, Cy.salkoxy-
carbonyl and optionally substituted C.salkyl, C;salkenyl, C;salkynyl, aralkyl, aralkenyl or Cj¢cyclo-
alkyl-C,alkyl and attached to its terminal amino group,
and/or at Jeast one radical selected from Ca¢alcoxycarbonyl and optionally'substituted C;salkyl,
Ca.salkenyl, C4 alkynyl, aralkyl. aralkenyl or Cscycloalkyl-Ci4alkyl and attached to one or more sxde
chain amino groups of the compound,

in free form or in salt or complex form.

A compound selected from

[Leu®,GIn'®, Thr®, Ala*] 1-hPTH(1-34)OH REPL AC?‘»;E‘ o "HEFT
[Leu®, Ala'S, GIn'®, Ala®, Thr®, Ala*]hPTH(1-34)0H ety dodeecs
[Leu®, Ala', GIn'®, Thr®, Ala*]hPTH(1-34)OH g 23AN M

[Leu®, Asp'®, Lys", GIn"*JhPTH(1-36)0H i
[Leu®, Asp'®, Lys",GIn'®, Thr®, Ala*]hPTH(1-34)OH [

[Leu®, Asp'®, Lys'", Ala'®, GIn %, Ala”JhPTH(1-36)OH
[Leu®, Asp', Lys", Ala"®, GIn", Thr®, Ala*JhPTH(1-34)0OH
[Leu®, Asp'®, Lys", Ala", GIn*JhPTH(1-36)0H, and

[Leu®, Ala',GIn'3, Ala**]hPTH(1-36)OH

in free form or in salt or complex form.

6. A process for the production of a compound according to any one of the preceding claims in which a fusion
protein comprising a N-terminal bacteriophage T4 gene 55 polypeptide having the desired compound linked
to the C-terminal thereof, is expressed in bacterial cells, and, where.required, introducing a
C,.alkoxy-carbonyl or optionally substituted C.galkyl, Csgalkenyl, Cygalkynyl, aralkyl, aralkenyl or Cs.
scycloalkyl-Cyalkyl on the terminal and/or side chain amino group of the compound in protected or

unprotected form and, if required, removing the protecting group present in the protected form.
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7. A process according to claim 6 in which the fusion protein comprises a chemically cleavable linker between

the gene 55 and the desired compound.

8. A process according to claim 7 in which the cleavable linker comprises the amino acid sequences

Asp-Pro-Pro or Asn-Gly-Pro.

9. A nucleotide sequence which codes for 2 fusion protein comprising an N-terminal bacteriophage T4
gene 55 polypeptide and a desired compound according to any one of the claims 1 to 5, linked to the

C-terminal thereof.
10. A bacterial expression vector comprising a DNA sequence according to claim 9.

11. Bacterial host cells transformed with a DNA sequence according to claim 9, or a bacterial vector according

to claim 10..

12. A fusion protein comprising an N-terminal bacterlophage T4 géne 55 polypeptide and a desired compound
according to any of the claims 1 to 5, linked to the C-terminal thereof.

13. A compound according to any one of claims 1 to 5 in free form or in pharmaceutically acceptable salt form

for use as a pharmaceutical.

14. A pharmaceutical composition comprising a compound as defined in any one of claims 1 to 5 in free form or
in pharmaceutically acceptable salt form, together with a pharmaceutically acceptable diluent or carrier

therefor.

15. A compound according to any one of claims 1 to 5, in free form or in pharmaceutically acceptable salt
or complex form, for use in the preparation of a pharmaceutical composition for use in improving bone

formation.

16. A compound according to any one of claims 1 to 5, in free form or in pharmaceutically acceptable salt or

complex form, for use in association with a bone resorption inhibitor to improve bone formation.

R
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ANALOGS OF PTH

Abstract of the invention

PTH compounds having PTE-like activity and cemprising
at least one modification, said modification being either

1. at deast one radical selected from a L- or D-g-amino acid,
Cs-galcoxycazbonyl and opticnally .substituted Cy-galkyl,
Cz-galkenyl, C;_galkynyl, aralkyl, aralkenyl or
Ci.gcycloalkyl-C;_4alkyl and attached to the terminal amine
group of the PTH compound, and/er at least oné radical '
selacted from Cj.sgalcoxycarbonyl and optionally substituted
Ci-galkyl, Cj.galkenyl, Cz-galkynyl, aralkyl, aralkenyl
or Ci-gcycloalkyl-Cy-4alkyl and -attached to one or more side
chain amino groups of the PTH compound,

2. at least one c-amino acid unit in the positions 1 to 38 of a
naturally occurring PTH sequence being replaced by a na;ural
or unnatural amine acid unit optionally in protected form,

. whereby the g-amino acid units present in positions 1 and 2 at
the amino terminus of the PTH sequence may be replaced by a
pseudo-peptide,

a combination of such modificatiouns, .

in free fomm or in salt form, have pharmacological activity,

e.g. for preventing or treating all bone conditions which are

associated with increased calcium depletion or reso:ﬁtion or

in which calcium fixation in the bone is desirable.

|O
3 ]

A representative compound is ¢.g. of formulal

Ser-Val-Ser-Glu-Tle-Gln-Leu-R-His-R;-R3-Gly-Re-His-Leu-
Rs-R¢-Ry-Re-Arg-Val-Glu-Trp-Leu-Arg-Ry-Lys-Leu-Gln-Asp-
Val-His-Rig-Rit-Ruz)a-X

wherein cach of Ry to Ry, has 2 meaning within the invention, Ryz is Val, Vai-Ala, Val-Ala-Leu -
or Val-Ala-Leu-Gly; n is O or ; and X is OH, NH; or substituted OH or NH;, provided that Ry
is GIn or Tyr, and’or Ryg is Thr and/or Ry is Ala. _
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FIGURE 1
R t‘([(’{”‘ :
AGATCTCGAT CCCGCGAAAT TAATACGACT CACTATAGGG AGACCACRAC GGTTICCCIC 60
TAGAAATAAT TTTGTTTAAC TTTAAGAAGG AGATATACAT ATG TCA GAA ACT AAG 115
' Met Ser Glu Thr Lys

1 5

CCT ARA TAT AAT TAC GTA AAC AAT AAA GAG CTT TTA CAA GCT ATT ATT

163
Pro Lys Tyr Asn Tyr Val Asn Asn Lys Glu Leu Leu Gln Ala Ile Ile
10 15 - 20
GAT TGG AAA ACA GAR TTA GCA AAT AAT AAA GAC CCA AAT AAA GTA GTT 211
Asp Trp Lys Thr Glu Leu Ala Asn Asn Lys Asp Pro Asn Lys Val Val
25 30 35
CGT CAG RAT GAT ACT ATC GGA TTA GCC ATT ATG CTT ATT GCA GAR GGC 259
Arg Gln Asn Asp Thr Ile Gly Leu Ala Ile Met Leu Ile Ala Glu Gly
40 45 50
TTA TCT ARA CGT TTC AAC TTT TCA GGA TAC ACC CAG TCT TGG AAA CAA 307
Leu Ser Lys Arg Phe Asn Phe Ser Gly Tyr Thr Gln Ser Trp Lys Gln
55 . 60 65
GAA ATG ATT GCA GAT GGT ATA GAA GCT TCT ATT AAG GGG CTT CAC AAT 355
. Glu Met Ile Ala Asp Gly Ile Glu Ala Ser Ile Lys Gly Leu His Asn
70 75 - 80 85
TTT GAT GAAR ACG AAA TAT AAA AAC CCA CAT GCG TAT ATA ACT CAA GCT 403
Phe Asp Glu Thr Lys Tyr Lys Asn Pro His Ala Tyr Ile Thr Gln Ala
90 95 100

REPLACEMENT SHEET
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7GT TTT AAT GCA TTC GTC CAA CGT GGA TCC ATC GAT CCA CCA TCC GIA 451
' Cys Phe Asn Ala Phe Val Gln Arg Gly Ser Ile Asp Pro Pro Ser Val
105 110 115

TCA GAA ATA CAA CTA ATG CAT AAT CTG GGT ARA CAT CTG AAT TCA AIG 499
Ser Glu Ile Gln Leu Met His Asn Leu Gly Lys His Leu Asn Ser Met
120 125 : 130

GAR CGT GTA GAA TIGG CIG CG? AAA BER CTG CAG GAT GTA CAT AAT TIT 547
Glu Arg Val Glu Trp Leu Arg Lys Lys Leu Gln Asp'Val His Asn Phe

135 140 145
GTA GCT CTG GGT TAACTCGAGC AGATCCGGCT GCTAACAAAG CCCGAAAGGA 599
val Ala Leu Gly
150

AGCTGAGTTG GCIGCTGCCA CCGCTGAGCA ATARCTAGCA TAACCCCTTG GGGCCCTIGG 659

GGCCTCTAAA CGGGTCTTGA GGGGTITTTT GCTGAAAGGA GGAACTATAT CCGGATAA 717

REPLACTH
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FIGURE 2

AGATCTCGAT CCCGCGAAAT TAATACGACT CACTATAGGG

TAGAAATAAT TTTGTTTAAC TTTAAGAAGG AGATATACAT

CCT
Pro

GAT
Asp

CGT
Arg

TTA
Leu

GAA
Glu
70

TTT
Phe

AAA
Lys

IGG

Trp

CAG
Gln

TCT
Ser
55

ATG

Met

GAT
Asp

TAT
Tyr

RAR
Lys

AAT
Asn

. 40

AAR
Lys

ATT

Ile

GAA

Glu

AAT TAC
Asn Tyr
10

ACA GAA
Thr Glu
25

GAT ACT
Asp Thr

CGT TTC
Arg Phe

GCA GAT
Ala Asp

ACG AAA
Thr Lys
90

GTA AAC AAT AAA GAG CIT
Val Asn Asn Lys Glu Leu
15

TTA GCA AAT AAT AAA GAC
Leu Ala Asn Asn Lys Asp
30

ATC GGA TTA GCC ATT AIG
Ile Gly Leu Ala Ile Met
45

AAC TTT TCA GGA TAC ACC

Asn Phe Ser Gly Tyr Thr
60

GGT ATA GAA GCT TCT ATT

Gly Ile Glu Ala Ser Ile

75 © 80

TAT AAA AAC CCA CAT GCG
Tyr Lys Asn Pro His Ala
95

REPLACEMENT SHEET

ATG TCA GAA ACT AAG

Met
1

TTA
Leu

cca
Pro

CIT
Leu

CAG
Gln
65

ARG

Lys

TAT
Tyr

Ser

CAA
Gln

AAT
Asn

ATT
Ile
50

CT

Ser

GGG
Gly

ATA
Ile

AGACCACAAC GGTTTCCCTC 60

115
Glu Thr Lys
5

GCT ATT ATT 163
Ala Ile Ile

20

AAA GTA GTT 211

Lys Val val
35

GCA GAA GGC 259
Ala Glu Gly

TGG AAA CAA 307
Trp Lys Gln

CTIT CAC AAT 355
Leu His Asn
85

ACT CAA GCT 403
Thr Gln Ala

100
‘W“s\"w‘
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TGT
Cys

GCA
Ala

GAC
Asp

GAT

Asp L

150
GAA

Glu

GAG
Glu

CIa
Leu

TGG
Trp

TTT
Phe

AAT
Asn

‘GCA

Ala
105

AAG AAA TAT

Lys

GAT
Asp
135

AAA

AAG
Lys

GCT
Ala

ATG
Met

CIG
Leu
215

Lys
120

ATG

Met

ATG
Met

Lys

AAC
Asn

CAT
His
200

CGT
Arg

Tyr

GIT
val

ACG
Thr

AGT
Ser

GAT

Asp
185

AAT

Asn

Lys

TTC
Phe

AGT
Ser

GCG
Ala

CAT

His

GIT
Val
170

GGA
Gly

CTG
Leu

Lys

GTC CaA CGT ATT
Val Gln Arg Ile

110

TAC TTC GIT CAC

Tyr Phe Val His

125

AAR ARA

Lys

AAT
Asn

TTA GTA GAT GAA ACT
Leu Val Asp Glu

140

TAC GAA GAA TCA

Tyr Glu
155

GTA GAT
Val Asp

TCC GTT
Ser Vval

GGT AAA
Gly Lys

CTG CAG
Leu Gln
220

Glu

GAT
Asp

AAC
Asn

CAT
His
205

GAT
Asp

Ser

TCT
Ser

GGT
Gly
190

CIG

Leu

GTA
Val

Thr

ACC
Thr

CCT
Pro
175

CCA

Pro

AAT
Asn

CAT
His

REPLACEMENT SHEET

Lys

GTC
val

1T
Phe

TAT
Tyr
160

AGT

Ser

TCC
Ser

TCA
Ser

AAT
Asn

GAA CGT

Glu

TAT
Tyr

ATT

Ile
145

AGA
Arg

TG

Leu

GTA
val

ATG
Met

TTT
Phe
225

Arg

GAC
Asp
130

Caa
Gln

ACA
Thr

GAT
Asp

TCA
Ser

GAA
Glu
210

GTA GCT CTG GGT

AAG
Lys
115

AGC
Ser

GAC
Asp

CCG
Pro

TTT
Phe

GAA
Glu
195

CGT
Arg

GAA GTT
Glu Val

CGT GAC
Arg Asp

ATC TAT
Ile Tyr

GGG GCT
Gly Ala
165

TTA TAT
Leu Tyr
180

ATA CAR

Ile Gln

GTA GAA
Val Glu

Val Ala Leu Gly

451

499

547

595

643

691

739

787
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TAACTCGAGC AGATCCGGCT GCTAACAAAG CCCGAAAGGA AGCTGAGTTG GCTGCTGCCA 847
CCGCTGAGCA ATAACTAGCA TAACCCCTTG GGGCCCITGG GGCCTCTAAA CGGGTCTTGA 907

GGGGTTTTTT GCTGAAAGGA GGAACTATAT CCGGATAA 945
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