Office de la Propriete Canadian CA 2572770 A1 2006/01/19

Intellectuelle Intellectual Property
du Canada Office (21) 2 572 770
g,lnngaﬁfi‘:g:na " ml"j‘gtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2005/06/21 (51) CLInt./Int.Cl. A67K 47/48 (2006.01),

A61P 3/08 (2006.01), A67P 3/70(2006.01)

(71) Demandeur/Applicant:
NOVO-NORDISK A/S, DK

(72) Inventeurs/Inventors:

(87) Date publication PCT/PCT Publication Date: 2006/01/19
(85) Entree phase nationale/National Entry: 200//01/02
(86) N° demande PCT/PCT Application No.: EP 2005/052874

(87) N° publication PCT/PCT Publication No.: 2006/005667 DOERWALD, FLORENCIO ZARAGOZA. DK:
(30) Priorités/Priorities: 2004/07/08 (DKPA 2004 01083); SCHIODT, CHRISTINE BRUUN, DK
2005/03/18 (EP05102167.3) HANSEN, THOMAS KRUSE, DK;

MADSEN, KJELD, DK
(74) Agent: DIMOCK STRATTON LLP

(54) Titre : MARQUAGES DE PROLONGATION DE POLYPEPTIDE
(54) Title: POLYPEPTIDE PROTRACTING TAGS COMPRISING A TETRAZOLE MOIETY

(57) Abregé/Abstract:
Method for increasing (protracting) half-life of LGP analogs in plasma and novel derivatives of such peptides based on covalently
inking them to a tetrazole moiety which acts as a carboxylic acid bioisostere.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




wO 2006/005667 A3 I HU 0 AL AN Y100 A ERA 00 0 0 0 R0

CA 02572770 2007-01-02

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
19 January 2006 (19.01.2006)

(51) International Patent Classification:
AG6IK 47/48 (2006.01) AG6IP 3/10 (2006.01)
AGIP 3/08 (2006.01)

(21) International Application Number:
PCT/EP2005/052874

(22) International Filing Date: 21 June 2005 (21.06.2005)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
PA 2004 01083
05102167.3

DK
EP

8 July 2004 (08.07.2004)
18 March 2005 (18.03.2005)

(71) Applicant (for all designated States except US): NOVO
NORDISK A/S [DK/DK]; Novo Allé, DK-2880 Bagsvard
(DK).

(72) Inventors; and

(75) Inventors/Applicants (for US only): DORWALD, Flo-
rencio Zaragoza [DE/DK]; Ngddelunden 22, DK-2765
Smgrum (DK). SCHIODT, Christine Bruun [DK/DK];
Risbyholmvej 20, st, DK-2700 Brgnshgj (DK). HANSEN,
Thomas Kruse [ DK/DK]; Tibbevangen 78, DK-2730 Her-
lev (DK). MADSEN, Kjeld [DK/DK]; Nyvestergardsve;
3, DK-3500 Vea&rlgse (DK).

(10) International Publication Number

WO 2006/005667 A3

(74) Common Representative: NOVO NORDISK A/S; Cor-
porate Patents, Novo Allé, DK-2880 Bagsvard (DK).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KL,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,
SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,
VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, ELE, ES, Il,
FR, GB, GR, HU, ILE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,

GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(88) Date of publication of the international search report:
12 October 2006

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: POLYPEPTIDE PROTRACTING TAGS COMPRISING A TETRAZOLE MOIETY

(57) Abstract: Method for increasing (protracting) half-life of LGP analogs in plasma and novel derivatives of such peptides based
on covalently linking them to a tetrazole moiety which acts as a carboxylic acid bioisostere.



10

15

20

25

30

CA 02572770 2007-01-02

WO 2006/005667 PCT/EP2005/052874

POLYPEPTIDE PROTRACTING TAGS

FIELD OF THE INVENTION

The present invention relates to compounds comprising a heterocyclic carboxylic acid
bioisostere, methods for preparing the compounds and the medical applications of such

compounds.

BACKGROUND OF THE INVENTION

It is often desirable to maintain well-defined concentrations of a given compound in the
blood stream for a long time. This would for instance be the case when an immunogen is
administered and a strong immune response is desired, or when a therapeutic target has to
be exposed continuously to a therapeutic agent for a long time. Currently there are no
universally applicable strategies to enhance the plasma half-life of any type of compound.
The number of known endogenous polypeptides with interesting biological activities Is
growing rapidly, also as a result of the ongoing exploration of the human genome. Due to
their biological activities, many of these polypeptides could in principle be used as
therapeutic agents. Endogenous peptides are, however, not always suitable as drug
candidates because these peptides often have half-lives of few minutes due to rapid
degradation by peptidases and/or due to renal filtration and excretion in the urine. The hali-
life of polypeptides in human plasma varies strongly (from a few minutes to more than one
week). Similarly, the half-life of small molecule drugs is also highly variable. The reason for
this strong vai'iability of plasma half-lives of peptides, proteins, or other compounds is,
however, not well understood.

Serum albumin has a half-life of more than one week, and one approach to increasing the
plasma half-life of peptides has been to derivatised the peptides with a chemical entity that
binds to serum albumin.

Knudsen et al. (J. Med. Chem. 2000, 43, 1664-1669) have shown that acylated GLP-1
peptides exhibit high receptor potency and a tenfold increase of plasma hali-lite in pigs.
Zobel et al. (Bioorg. Med. Chem. Leit. 2003, 13, 1513-1515) have shown that the plasma
half-life of an anticoagulant peptide in rabbits increased by 10-50 fold on derivatisation of

the amino terminus with phosphate ester based small molecules binding to serum albumin.
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SUMMARY OF THE INVENTION

According to the present invention there is provided a method for increasing the plasma
half-life of a molecule, comprising covalently linking this molecule to a heterocyclic

carboxylic acid bioisostere.

The present invention also relates t0 a method for increasing the plasma half-life of a

molecule, comprising covalently linking this molecule to a 1H-tetrazole.

According to the present invention there is also provided a method for increasing the
plasma half-life of a molecule, comprising converting said molecule into a compound of the

general formula (l):

N —X—Y—Z—A—Q+R—molecule
N\.N

" t ()

wherein

G, X, and Y independently represent
- abond, -S-, -O-, -NH-, -(CHz)4.10-, OF
arylene, optionally substituted with one or more alkyl, amino, cycloalkyl, aryl, heteroaryl,
halogen, nitro, lower alkoxy, hydroxy, MeCONH-, alkanoyl, or cyano, or
heteroarylene, optionally substituted with one or more alkyl, amino, cycloalkyl, aryl,
heteroaryl, halogen, nitro, lower alkoxy, hydroxy, MeCONH-, alkanoyl, or cyano, and

Z represents a bond or
-(CHa)n-, -O-(CHa)n-, -S-(CHz)n-, -{(OCH>CHy)=, <(CF2)n=, -O-CHa-(CF2)s-, -S-CHao-(CF5),-,

wherein nis 1-40, and

A represents
-C(=0)-, -0O-C(=0)-, -NH-C(=0)-, ~-C(C=0)NH-S(=0),-, -S(=0)oNH-C(=0)-, -(CHy);.5-, -O-
(CHa)y.5-, or -O-(CHy)+.5-C(=0)-, and
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Q represents a bond or

-[NH-(CH2CH20)m~(CHy)-E-C(=0)]4-, or

-O~(CH2CH20)m~(CHy),-E-C(=0)-, or

-S-(CHCH20)m-(CHy)o-E-C(=0)-, wherein E is a bond, O, S, or NH, and m, p, and g
independently are 1-40, and

R represents a bond or a polyradical, such as [-NH{CHy)sCH(NH-)-C(=0)-]s.s, and
tis 1-40, and

the term 'molecule’ refers to a compound comprising an amino group or a mercapto group,

to which the group A or Q may be covalently linked.

The present invention thus provides compounds of the general formula (l):

[ﬁl \ —X—Y—Z/—A—QTR—molecule
N"“'N

" : ()

wherein

G, X, and Y independently represent
a bond, -S-, -O-, -NH-, -(CH3)1-10-, OF
arylene, optionally substituted with one or more alkyl, amino, cycloalkyl, aryl, heteroaryl,
halogen, nitro, lower alkoxy, hydroxy, MeCONH-, alkanoyl, or cyano, or
heteroarylene, optionally substituted with one or more alkyl, amino, cycloalkyl, aryl,

heteroaryl, halogen, nitro, lower alkoxy, hydroxy, MeCONH-, alkanoyl, or cyano, and
Z represents a bond or
-(CHa)y=, -O-(CHy)n-, -S-(CHa)-, (OCHLCHy)s-, (CF2)p-, -O-CHo-(CF2)n-, -S-CHa-(CF2)nr,

wherein nis 1-40, and

A represents
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4
C(=0)-, -O-C(=0)-, -NH-C(=0)-, -C(C=0)NH-5(=0)s-, -S(=0)eNH-C(=0)-, ~(CHz)1.5-, -O-
(CH2)1-5', Or 'O'(CH2)1-5"C(=O)', and

Q represents a bond or

-[NH-(CH2CH20)m=(CHy)p-E-C(=0)],-, or

-O-(CH2CH20)m~(CH2),-E-C(=0)-, or

-S~(CH,CH20)m-(CH2),-E-C(=0)-, wherein E is a bond, O, S, or NH, and m, p, and g
independently are 1-40, ana

R represents a bond or a polyradical, such as [-NH(CH,),CH(NH-)-C(=0)-]:.5, and
tis 1-40, and

the term ‘molecule’ refers to a compound comprising an amino group or a mercapto group,

to which the group A or Q may be covalently linked.

The present invention also provides a compound according to formula (l), wherein G, X and

Y are all a bond.

The present invention also provides a compound according to formula (1), wherein G, X and

Y are all selected from -(CHa)1-10-.

The present invention also provides a compound according to formula (1), wherein t is 1.

DEFINITIONS

In the present specification, the following terms have the indicated meaning:

The term “polyradical” means a molecule or molecular moiety with more than one unshared
electron. A polyradical according to this definition may be used to covalently link two or
more (mono-)radicals together.

The term “small molecule drug” means a therapeutic agent with a molecular weight < 1500

g/mol.
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The term "therapeutic agent" means a peptide, protein, small molecule drug, or any other

type of compound, able to elicit a biological response.

The term “plasma half-life” means the time required for the concentration of a given
compound present in the plasma of a living mammal, such as a human, to decrease to one
half of its original concentration.

The term "analog" refers to a polypeptide in which less than 30% of the amino acids of the
original polypeptide have been removed or replaced by other amino acids (including
stereoisomeric, unnatural or chemically modified amino acids) or have been chemically
modified, for instance by acylation or alkylation of the side chain. The term "analog" also
refers to polypeptides in which the N-terminal amino group has been removed, alkylated
with lower alkyl, or acylated with lower alkanoic, arylalkanoic, heteroarylalkanoic, or benzoic
acids. The term "analog" also includes polypeptides in which the C-terminal carboxyl group
has been removed or converted 10 an amide by condensation with ammonia, lower alkyil
amines, lower dialkyl amines, aziridine, azetidine, pyrrolidine, piperidine, or azepine. The
term "analog" also includes polypeptides in which the disulfide functionalities between two
or more cystein groups have been reduced or the connectivity between ftwo or more cystein
groups has been modified.

The term “derivative” as used herein in relation to a peptide means a chemically modified
peptide or an analogue thereof, wherein at least one substituent is not present in the unmodified
peptide or an analogue thereof, i.e. a peptide which has been covalently modified. Typical
modifications are amides, carbohydrates, alkyl groups, acyl groups, esters and the like. An
example of a derivative of GLP-1(7-37) is Arg>'Lys®™(N*-(y-Glu(N*-hexadecanoyl)))-GLP-1(7-37).
The term "unnatural amino acid" refers to any compound comprising at least one primary or
secondary amino group and at least one carboxyl group, without being L-alanine, L-
arginine, L-asparagine, L-aspartic acid, L-cysteine, L-glutamine, L-glutamic acid, L-glycine,
| -histidine, L-isoleucine, L-leucine, L-lysine, L-methionine, L-phenylalanine, proline, L-
serine, L-threonine, L-tryptophan, L-tyrosine, or L-valine.

The term "GLP-1(7-37)" refers 1o a peptide with the amino acid sequence
HAEGTFTSDVSSYLEGQAAKEFIAWLVKGRG (SEQ ID No. 1).

The term “GLP-1 peptide” as used herein means GLP-1(7-37), a GLP-1 analog, a GLP-1
derivative or a derivative of a GLP-1 analog. In one embodiment the GL.P-1 peptide is an
insulinotropic agent.

The term "exendin-4(1-39)" refers to a peptide with the amino acid sequence
HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS (SEQ ID No. 2).
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The term “insulinotropic agent” as used herein means a compound which is an agonist of

the human GLP-1 receptor, i.e. a compound which stimulates the formation of cAMPhin a
suitable medium containing the human GLP-1 receptor. The potency of an insulinotropic
agent is determined by calculating the ECs, value from the dose-response curve as
described below.

Baby hamster kidney (BHK) cells expressing the cloned human GLP-1 receptor (BHK-467-12A)
were grown in DMEM media with the addition of 100 IU/mL. penicillin, 100 ul/mL streptomycin,
10% fetal calf serum and 1 mg/mL Geneticin G-418 (Life Technologies). Plasma membranes
were prepared by homogenisation in buffer (10 mM Tris-HCl, 30 mM NaCl and 1 mM
dithiothreitol, pH 7.4, containing, in addition, 5 mg/L. leupeptin (Sigma, St. Louis, MO, USA), 5

- mg/L pepstatin (Sigma), 100 mg/L bacitracin (Sigma), and 16 mg/L. aprotinin (Calbiochem-

Novabiochem, La Jolla, CA). The homogenate was centrifuged on top of a layer of 41 w/v%
sucrose. The white band between the two layers was diluted in buffer and centrifuged. Plasma
membranes were stored at -80°C until used.

The functional receptor assay was carried out by measuring cAMP as a response to stimulation
by the insulinotropic agent. Incubation were carried out in 96-well microtiter plates in a total
volume of 140 pyL and with the following final concentrations: 50 mM Tris-HCI, 1 mM EGTA, 1.5
mM MgSO,, 1.7 mM ATP, 20 mM GTP, 2 mM 3-isobutyl-1-methylxanthine (iBMX), 0.01 %
Tween-20, pH 7.4. Compounds to be tested for agonist activity were dissolved and diluted in
buffer. GTP was freshly prepared for each experiment : 2.5 ug of membrane was added to each
well and the mixture was incubated for 90 min at room temperature in the dark with shaking. The
reaction was stopped by the addition of 25 pL of 0.5 M HC!l. Formed cAMP was measured by a
scintillation proximity assay (RPA 542, Amersham, UK). Dose-response curves were plotted for
the individual compounds and ECs, values calculated using GraphPad Prism software.

The term “DPP-1V protected” as used herein referring to a polypeptide means a polypeptide
which has been chemically modified in order to render said compound resistant to the plasma
peptidase dipeptidyl aminopeptidase-4 (DPP-IV). The DPP-IV enzyme in plasma is known to be
involved in the degradation of several peptide hormones, e.g. GLP-1, GLP-2, Exendin-4 etc.
Thus, a considerable effort is being made to develop analogues and derivatives of the
polypeptides susceptible to DPP-IV mediated hydrolysis in order to reduce the rate of
degradation by DPP-|V.

Resistance of a peptide to degradation by dipeptidyl aminopeptidase |V is determined by
the following degradation assay :
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Aliquots of the peptide (5 nmol} are incubatead at 37 oC with 1 pL of purified dipeptidy!

aminopeptidase IV corresponding to an enzymatic activity of 5 mU for 10-180 minutes in
100 pL of 0.1 M triethylamine-HCI buffer, pH 7.4. Enzymatic reactions are terminated by the
addition of 5 uL of 10% trifluoroacetic acid, and the peptide degradation products are
separated and quantified using HPLC analysis. One method for performing this analysis is :
The mixtures are applied onto a Vydac C18 widepore (30 nm pores, 5 um particles) 250 x
4 68 mm column and eluted at a flow rate of 1 ml/min with linear stepwise gradients of
scetonitrile in 0.1% trifluoroacetic acid (0% acetonitrile for 3 min, 0-24% acetonitrile for 17
min, 24-48% acetonitrile for 1 min) according to Siegel et al., Regul. Pept. 1999;79:93-102
and Mentlein et al. Eur. J. Biochem. 1993;214:829-35. Peptides and their degradation
products may be monitored by their absorbance at 220 nm (peptide bonds) or 280 nm
(aromatic amino acids), and are quantified by integration of their peak areas related 1o
those of standards. The rate of hydrolysis of a peptide by dipeptidyl aminopeptidase IV is

estimated at incubation times which result in less than 10% of the peptide being hydrolysed.

The term "factor VII" refers to the human factor Vi of the blood clotting cascade.

The term "bioisostere” refers to a molecular fragment capable of mimicking the biological
properties of another molecular fragment. Typical bioisosteres of carboxylic acids include
tetrazoles, phenols, N-acylsulfonamides, or other compounds with an acidic NH- or OH-
group.

The term “halogen” means F, Cl, Bror I.

The term “alkyl” as used herein is intended to mean straight, branched, or cyclic C1-C+o
alkyl.

The term "lower alkyl" refers to G1-Ce alkyl.

The term “aryl” as used herein is intended to include carbocyclic aromatic ring systems such
as phenyl, biphenylyl, naphthyl, anthracenyl, phenanthrenyl, fluorenyl, indenyl, pentalenyl,
azulenyl and the like. Aryl is also intended to include the partially hydrogenated derivatives :
of the carbocyclic systems enumerated above. Non-limiting examples of such partially
hydrogenated derivatives are 1,23 4-tetrahydronaphthyl, 1,4-dihydronaphthyl and the like.
The term “arylene” as used herein is intended to include arene-derived diradicals such as
1,2-phenylene, 1,3-phenylene, 1,4-phenylene, 1 2-naphthylene, 1,4-naphthylene, 4,4'-
biphenylene, 4,4"-terphenylene, 4.4"'-quaterphenylene, and the like.

The term “heteroarylene” as used herein is intended to include heteroarene-derived
diradicals, such as 1,2,4-pyrazol-2,5-diyl, imidazol-1,2-dlyi, thiazol-2,4-diyl, and the like, as



10

15

20

25

30

CA 02572770 2007-01-02

WO 2006/005667 PCT/EP2005/052874

8
well as combinations of arylene with heteroarylene diradicals, such as (4-phenylimidazole)-

4,1'-diyl, (3,5-diphenyl-1,2,4-oxadiazole)-4,4"-diyl, and the like.

The term “aryloxy” as used herein refers to the radical -O-aryl where aryl is as defined
above. Non-limiting examples are phenoxy, naphthoxy, anthracenyloxy, phenanthrenyloxy,
fluorenyloxy, indenyloxy and the like.

The term “heteroaryl” as used herein is intended 1o include heterocyclic aromatic ring
systems containing one or more heteroatoms selected from nitrogen, oxygen and sulfur
such as furyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, isoxazoiyl, isothiazolyl, 1,2,3-
triazolyl, 1,2,4-triazolyl, pyranyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, 1,2,3-triazinyl,
1,2,4-triazinyl, 1,3,5- triazinyi, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-
oxadiazolyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl,
tetrazolyl, thiadiazinyl, indolyl, isoindolyl, benzofuryl, benzothienyl, indazolyl, benzimidazolyl,
benzthiazolyl, benzisothiazolyl, benzoxazolyl, benzisoxazolyl, purinyl, quinazolinyl,
quinolizinyl, quinolinyl, isoquinolinyl, quinoxalinyl, naphthyridinyl, pteridinyl, carbazolyl,
azepinyl, diazepinyl, acridinyl and the like. Heteroaryl is also intended 1o include the partially
hydrogenated derivatives of the heterocyclic systems enumerated above. Non-limiting
examples of such partially hydrogenated derivatives are 2,3-dihydrobenzofuranyl, pyrrolinyl,
pyrazolinyl, indanyl, indolinyl, oxazolidinyl, oxazolinyl, cxazepiny! and the like.

Certain of the above defined terms may occur more than once in the structural formulae,
and upon such occurrence each term shall be defined independently of the other.

The term “optionally substituted” as used herein means that the groups in question are
either unsubstituted or substituted with one or more of the substituents specified. When the
groups in question are substituted with more than one substituent the substituents may be

the same or different.

DETAILED DESCRIPTION OF THE INVENTION

In one aspect the present invention provides a method for increasing the plasma half-life of
a molecule, comprising covalently linking this molecule o a heterocyclic carboxylic acid
bioisostere.

In another aspect the present invention provides a method for increasing the plasma half-
life of @ molecule, comprising covalently linking this molecule to a 1H-tetrazole.

In
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In another aspect the present invention provides a method for increasing the plasma half-

life of a molecule, comprising converting said molecule into a compound of the general
formula (l):

E I\\B—G-—X-—~Y'---~Z~—-10\-—Q R—molecule
N

H
" (1

wherein

G, X, and Y independently represent

a bond, -5-, -O-, -NH-, -(CHa)1.10-, OF

arylene, optionally substituted with one or more alkyl, amino, cycloalkyl, aryl, heteroaryl,
halogen, nitro, lower alkoxy, hydroxy, MeCONH-, alkanoyl, or cyano, or

heteroarylene, optionally substituted with one or more alkyl, amino, cycloalkyl, aryi,
heteroaryl, halogen, nitro, lower alkoxy, hydroxy, MeCONH-, alkanoyl, or cyano, and

Z represents a bond or
~(CHa)n-, ~O-(CHg)y-, ~S-(CHg)n-, -(OCH2CHa)n-, -(CF2)n-, -O-CHa-(CF2)y-, -S-CHo-(CFo),r,
wherein n is 1-40, and

A represents
-C(=0)-, -0-C(=0)-, -NH-C(=0)-, -C(C=0)NH-S(=0)z-, -S(=0)oNH-C(=0)-, ~(CH,):.5-, -O-
(CH2)1-5", Or -O“(CH2)1-5-C(=O)", anad

Q represents a bond or

INH-(CHCH0)~(CH)-E-C(=0)]-, o

-O-(CHoCH0)m-(CHy)o-E-C(=0)-, or

-S-(CHCHzO)-(CHz),~-E-C(=0)-, wherein E is a bond, O, S, or NH, and m, p, and ¢
Independently are 1-40, and

R represents a bond or a polyradical, such as [-NH(CHz)sCH(NH-)-C({=0)-};.5, and

tis 1-40, and
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the term 'molecule’ refers to a compound comprising an amino group or a mercapio group,
to which the group A or Q may be covalently linked.

Tetrazoles are slightly more lipophilic than carboxylic acids, but are resistant to many of the
metabolic degradation pathways which befall carboxylic acids. Because tetrazoles cannot

act as acylating reagents no protective group is required when acylating a protein with an o-
(tetrazol-5-yl)carboxylic acid.

We have found that the derivatization of polypeptides with tetrazole-containing molecular
entities is readily performed, and that, surprisingly, the resulting protein-tetrazole conjugates
show highly improved biological and pharmacological properties.

As illustrated by the examples below, between the tetrazole and the molecule of which a
prolonged half-life in plasma is required there may be an optional spacer, i.e. a divalent or
polyvalent molecular fragment able {0 covalently connect one or several tetrazoles to the
molecule. This divalent or polyvalent molecular fragment may also have an influence on the
biological properties of the conjugate compound-tetrazole(s), and structural modifications of
this spacer may be used to adjust and improve the properties of the conjugate. This spacer
may be a combination of one or several different siructural elements selected from but not
limited to alkylene chains, partially or fully fluorinated alkylene chains, arylenes,
heteroarylenes, oligo(ethylene glycol), amide bonds, lysine, short peptides, short
oligoamides, and other, similar fragments.

For connecting the tetrazole-bearing spacer to a compound of interest, such as a
therapeutically relevant protein or peptide, various different strategies may be envisioned.
Many polypeptides contain amino groups (e.g. the N-terminal amino group or lysine-side-
chain amino groups), which can be acylated by a suitable acylating reagent, such as a
carboxylic acid in the presence of a coupling reagent, a carboxylic acid O-
hydroxysuccinimidy! ester, hydroxybenzotriazole esters, carboxylic acid anhydrides,
carboxylic acid halides, carboxylic acid azides, nitrophenyl! esters, mixed carboxylic carbonic
anhydrides, mixed carboxylic sulfonic anhydrides, imidazolides, and the like. Alternatively,
amino-group bearing polypeptides may be derivatized by conversion into a carbamate by
treatment with an alkyl haloformiate, an O-succinimidylcarbonate, an alkyl azidoformiate, or
a related reagent. Alternatively, amino-group bearing polypeptides may be derivatized by
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conversion into a urea by treatment with an isocyanate, a carbamoyl halide, a nifrophenyi

carbamate, or a related reagent. Alternatively, amino-group bearing polypeptides may be
derivatized by conversion into a sulfonamide by treatment with a sulfonyl halide or sulfony!
imidazolide.

All these derivatization reactions can be conducted without the need of any protective group
for the tetrazole ring, and are therefore particularly well suited for the derivatization of
sensitive polypeptides. Non-limiting, illustrative derivatization procedures of an amino-

group-bearing molecule with specific tetrazole derivatives are sketched below:

O o O
E/R\B—\_«(—‘( + H_N—molecule — E A\
~N 12 Lg ~N N molecule

H H 12

E“'N\ 13 ] + HEN—molecule - E\M o
— ule
g k 0 molec
O
H H
ﬁrw 4- H,N—molecule — E’M
~N Lg =N molecule
H H H

, H
W%—w——o_ +  H,N-molecule —> E/ D e\

molectule
H H 4

O

ﬁ '\S—(@Q\—Lg + H, N—molecule _— E N\ 13 S\\—H—molecule
~— O ~
H H

Lg = Cl, F, Br, I, N,, CN, OPh,
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Many polypeptides contain thiol groups, which can be alkylated by treatment with a suitable
alkylating reagent, such as an alkyl halide, an alkyl sulfonate, an N-alkylmaleimide, an
acrylamide, or a related alkylating reagent, to covalently bind the tetrazole-bearing fragment
to the polypeptide. Alternatively, thiol groups may also be arylated by treatment with a
suitable arylating reagent, such as an aryl halide, an aryl iodonium salt, an aryldiazonium
salt or a similar reagent.

Polypeptides with N-terminal serine or a related functional group (a 1,2-diol, a 2-
aminoethanol) can be oxidized by treatment with periodate to an aldehyde. This aldehyde
reacts with O-alkylhydroxylamines to yield oximes, and may therefore be used to attach an
O-alkylhydroxylamine-containing tetrazole to the polypeptide. The aldehyde formed by
oxidation of N-terminal serine also reacts with 2-aminoethylthiols (HS-C-C-NH) to yield
thiazolidines, or with hydrazines to yield hydrazones, and these reactions may also be used
for the attachment of a tetrazole-bearing fragment to a polypeptide. Aldehydes also react
with C,H-acidic compounds such as 1,3-diketones, 3-oxobutyramides, malonodinitriles,
barbituric acid derivatives, malonic acid derivatives, and the like to yield alcohols (aldol
addition) or alkenes (Knoevenagel condensation). These reactions may also be used 1o
attach tetrazoles to polypeptides.

Enzymes enable the selective derivatization of polypeptides. Thus, carboxypeptidases can
be used to form amides from amines and the C-terminal carboxylic acid group of a
polypeptide. Transglutaminases may be used to form new amides from amines and the side
chain of glutamine. If these enzymatic reactions are performed with a tetrazole-bearing
amine, compounds as claimed in this invention will result. Alternatively, these enzymatic
reactions may aiso be conducted with an amine which contains a functional group which
enables a selective covalent attachment of a tetrazole-bearing fragment in a second
operation. Such functional groups may be aldehydes, ketones, hydroxylamines,
alkoxylamines, hydrazines, thiols, azides, 2-aminoethylthiols, 3-aminopropylthiols, 2-
hydroxyethyithiols, 3-hydroxypropylthiols, alkynes, alkenes, nitriles, C,H-acidic compounds,
or other functional groups which enable the selective covalent attachment of a tetrazole-
bearing fragment. Treatment of an amine containing one or several of these functional
groups wili yield a polypeptide, which can be selectively derivatized.

A methodology for the production of proteins containing unnatural amino acids by
fermentation has recently been described (for instance L. Alfonta et al., J. Am. Chem. Soc.

2003, 125, 14662-14663; Z. Zhang et al., Biochemistry, 2003, 42, 6735-6746). This
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methodology may also be used to prepare proteins with tetrazole-containing amino acids

directly or proteins with an unnatural amino acid which enables facile chemical
derivatization. These could, for instance, be amino acids containing a formyl group, a keto
group, an azido group, a mercapto group, an alkoxylamino group, a hydrazino group, an
alkyne, an alkene, an aryl iodide, or an aryl bromide. The resulting protein, containing this
unnatural amino acid, may then be converted into a tetrazole-containing protein by covalent
binding of a suitable tetrazole derivative to the side chain of the unnatural amino acid.
Polypeptides may contain one or several tyrosines. These may be selectively derivatized by
azocoupling with an aryldiazonium salt. This technique may also be used to prepare
compound according to the present invention, by treating said tyrosine-containing

polypeptide with a tetrazole-containing aryldiazonium salt.

In another aspect the present invention provides a compound of the general formula (1):

h‘ I\\B—G~--X---Y--—Z-—1f3\—0 R—molecule
N~p
H

" ()

wherein

G, X, and Y independently represent

a bond, -S-, -O-, -NH-, -(CHa)4.10-, Or

arylene, optionally substituted with one or more alkyl, amino, cycloalkyl, aryl, heteroaryl,
halogen, nitro, lower alkoxy, hydroxy, MeCONH-, alkanoyl, or cyano, or

heteroarylene, optionally substituted with one or more alkyl, amino, cycloalkyl, aryl,
heteroaryl, halogen, nitro, lower alkoxy, hydroxy, MeCONH-, alkanoyl, or cyano, and

Z represents a bond or
«(CHg)p-, -O-(CHa)n-, -S-(CH2)n-, -(OCH2CHy)n-, ~(CF2)n-, -O-CHa-(CF2)n-, -S-CHa-(CF2),-,

wherein n is 1-40, and

A represenis
C(=0)-, -0-C(=0)-, -NH-C(=0)-, -C(C=O)NH-S(=0)s-, -S(=0):NH-C(=0)-, -(CHz)1.5-, -O-
(CH2)1.5', Oor 'O“(CH2)1-5'C(=O)', and
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Q represents a bond or
-[NH-(CH2CH20)m-(CHz2)p-E-C(=0)]q-, or
-O-(CH2CH20)-(CHy)p-E-C(=0)-, or
-§-(CH2CHz0)m-(CH,)p-E-C(=0)-, wherein E is a bond, O, S, orNH, and m, p, and g
5 independently are 1-40, and

R represents a bond or a polyradical, such as [-NH(CHz)4CH(NH-)-C(=0)-]:.5, and

tis 1-40, and

10
the term 'molecule’ refers to a compound comprising an amino group or a mercapto group,

to which the group A or Q may be covalently linked.

In one embodiment the invention provides a compound according to formula (1), wherein G,

15 X andY are all a bond.

In another embodiment the invention provides a compound according to formula (1), wherein

G, X and Y are all selected from -(CHz)1-10-.

20 In another embodiment the invention provides a compound according to formula (1), wherein

tis 1.

In another embodiment the invention provides a compound according to formula (1), wherein

'ﬁ'fh\S—G—x—Y—-z——A—o
N\
H
25 is 16-(5-tetrazolyl)hexadecanoyl,
4-[N-(1 6-{5-tetrazolyl}hexadecanoyl)sulfamoyl]butyryl,
2-(2-(2-(1 6-(tetrazol-5-yl)(hexadecanoylamino)e’thoxy)ethoxy)acetyl) or
16-(1H-tetrazol-5-yl)hexadecanoic acid [2-(2-{[2-(2-
carbamoylmethoxyethoxy)ethylcarbamoyl]methoxy}ethoxy)ethyl]amide.

30
In another embodiment the invention provides a compound according to formula (1), wherein

the molecule is covalently linked to R via the e-amino group of a lysine residue.
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in another embodiment the invention provides a compound according o formula (l), wherein

the molecule is covalently linked to R via the thiol group of a cysteine residue.

5 In another embodiment the invention provides a compound according to formula (1), wherein

the molecule is a therapeutic agent.

In another aspect the invention provides a compound according 1o formula (1), wherein the
therapeutic agent is a biopolymer.

10
In another aspect the invention provides a compound according o formula (1), wherein the

therapeutic agent is a polypeptide.

In another aspect the invention provides a compound according 1o formula (1), wherein the

15  therapeutic agent is a small molecule drug.

In another aspect the present invention provides a compouna according o formula (1),

wherein the molecule is a polypeptide which is an insulinotropic peptide.

20 In one embodiment the invention provides a compound according to formula (1), wherein the
molecule is a polypeptide which is GLP-1(7-37) or a variant thereof.

In another embodiment the invention provides a compound according to formula (1), wherein
the molecule is a polypeptide which is GLP-1(7-37) or an analog thereof.

25
in another embodiment the invention provides a compound according to formula (1), wherein

the molecule is a polypeptide comprising the amino acid sequence of the formula (1V):
Xaa,-Xaas-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Xaais-Ser-Xaais-Xaa: o-Xaaso-Glu-Xaaz-Xaays-Ala-
Xaags-Xaags-Xaaerhe-Ile-Xaago-Trp-Leu-Xaa33-Xaag4~Xaa35-Xaass-Xaasy-Xaagg-Xaagg-
30 Xaas-Xaas-Xaas-Xaass-Xaaus-Xaass-Xadss
Formula (IlI) (SEQ ID No: 3)

wherein
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Xaay is L-histidine, D-histidine, desamino-histidine, 2-amino-3-(2-aminoimidazol-4-
yl)propionic acid, B-hydroxy-histidine, homohistidine, N®-acetyl-histidine, a-f[uoromethyl-
histidine, a-methyl-histidine, 3-pyridylalanine, 2-pyridylalanine or 4-pyridylalanine;
Xaag is Ala, Gly, Val, Leu, lle, Lys, Aib, 1-aminocyclopropanecarboxylic acid, 1-
aminocyclobutanecarboxylic acid, 1-aminocyclopentanecarboxylic acid, 1-
aminocyclohexanecarboxylic acid, 1-aminocycloheptanecarboxylic acid, or 1-
aminocyclooctanecarboxylic acid;
Xaaig is Val or Leu:;
Xaayg Iis Ser, Lys or Arg;
Xaaqg is Tyr or GIn;
Xaayg is Leu or Met;
Xaass is Gly, Glu or Aib;
Xaays is Gin, Glu, Lys or Arg;
Xaaos is Ala or Val;
Xaags is Lys, Glu or Arg;
Xaa,7 is Glu or Leu;
Xaagg is Ala, Glu or Arg;
Xaaaz is Val or Lys;
Xaagas is Lys, Glu, Asn or Arg;
Xaaas is Gly or Aib;
Xaagg is Arg, Gly or Lys;
Xaaay is Gly, Ala, Glu, Pro, Lys, amide or is absent;
Xaaag is Lys, Ser, amide or is absent;
Xaaag is Ser, Lys, amide or is absent;
Xaayg is Gly, amide or is absent;
Xaayq is Ala, amide or is absent;
Xaaue is Pro, amide or is absent;
Xaags is Pro, amide or is absent;
Xaaus is Pro, amide or is absent;
Xaays is Ser, amide or is absent;
Xaayg is amide or is absent ;
provided that if Xaass, Xaase, Xaas, Xaas, Xaas, Xaass, Xaass, Xaass or Xaays Is absent

then each amino acid residue downstream is also absent.
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In another embodiment the invention provides a compound according to formula (l), wherein

the molecule is a polypeptide comprising the amino acid sequence of formula (V):
Xaa;-Xaag-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Xaa g-Tyr-Leu-Glu-Xaag-Xaags-Ala-Ala-
Xaa.s-Glu-Phe-lle-Xaagy-Trp-Leu-Val-Xaass-Xaass-Xaags-Xaas-Xaasg

Formula (IV) (SEQ ID No: 4)
wherein
Xaa- is L-histidine, D-histidine, desamino-histidine, 2-aminohistidine, B-hydroxy-histidine,
homohistidine, N®-acetyl-histidine, a-fluoromethyl-histidine, a-methyl-histidine, 3-
pyridylalanine, 2-pyridylalanine or 4-pyridylalanine;
Xaag is Ala, Gly, Val, Leu, lle, Lys, Aib, 1-aminocyclopropanecarboxylic acid, 1-
aminocyclobutanecarboxylic acid, 1-aminocyclopentanecarboxylic acid, 1-
aminocyclohexanecarboxylic acid, 1-aminocycloheptanecarbdxylio acid, or 1-
aminocyclooctanecarboxylic acid;
Xaaig is Ser, Lys or Arg;
Xaag is Gly, Glu or Alb;
Xaays is Gln, Glu, Lys or Arg;
Xaags is Lys, Glu or Arg;
Xaag is Ala, Glu or Arg;
Xaaa, is Lys, Glu or Arg;
Xaass is Gly or Aib;
Xaasg is Arg or Lys;
Xaasy is Gly, Ala, Glu or Lys;

Xaaas is Lys, amide or is absent.

In another embodiment the invention provides a compound according to formula ([), wherein
the molecule is a polypeptide selected from GLP-1(7-35), GLP-1(7-36), GLP-1(7-36)-amide,
GLP-1(7-37), GLP-1(7-38), GLP-1(7-39), GLP-1(7-40), GLP-1(7-41) or an analog thereof.

In another embodiment the invention provides a compound according to formula (), wherein
the molecule is a polypeptide comprising no more than fifteen amino acid residues which
have been exchanged, added or deleted as compared to GLP-1(7-37) (SEQ ID No. 1), or
no more than ten amino acid residues which have been exchanged, added or deleted as
compared to GLP-1(7-37) (SEQ ID No. 1).
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In another embodiment the invention provides a compound according to formula (1), wherein

the molecule is a polypeptide comprising no more than six amino acid residues which have
been exchanged, added or deleted as compared to GLP-1(7-37) (SEQ ID No. 1).

In another embodiment the invention provides a compound according to formula (1), wherein
the molecule is a polypeptide comprising no more than 4 amino acid residues which are not
encoded by the genetic code.

In another embodiment the invention provides a compound according to formula (1), wherein
the molecule is a polypeptide which is a DPP-1V protected insulinotropic peptide.

In another embodiment the invention provides a compound according to formuia (1), wherein

the molecule is a polypeptide comprising an Aib residue in position 8.

In another embodiment the invention provides a compound according to formula (i), wherein
the molecule is a GLP-1(7-37) analog wherein the amino acid residue in position 7 of said
polypeptide is selected from the group consisting of D-histidine, desamino-histidine, 2-
amino-3-(2-aminoimidazol-4-yi)propionic acid, B-hydroxy-histidine, homohistidine, N®-acetyl-
histidine, a-fluoromethyl-histidine, a-methyl-histidine, 3-pyridylalanine, 2-pyridylalanine and
4-pyridylalanine.

In another embodiment the invention provides a compound according to formula (1), wherein
the molecule is a GLP-1(7-37) analog selected from the group consisting of Arg**GLP-1(7-
37), Lys®Arg®>*'GLP-1(7-38), Lys**Arg®®>*'GLP-1(7-38)-OH, Lys®Arg®**GLP-1(7-36),
Aib®*** GLP-1(7-37), Aib>* GLP-1(7-37), Aib®* GLP-1(7-37),

A% Arg™**Lys**GLP-1(7-38), Aib>* Arg®™***Lys**GLP-1(7-38),

Aib®* Arg™**Lys®®GLP-1(7-38), Aib®**% Arg®®*'Lys*®*GLP-1(7-38),

Aib®® Arg™ > Lys™GLP-1(7-38), Aib®*® Arg®Lys>**GLP-1(7-38),

Aib®® Arg™Lys*GLP-1(7-38), Aib®* Arg®Lys*GLP-1(7-38),

Aib®*>% Arg™Lys®GLP-1(7-38), Aib®**Arg*Lys*GLP-1(7-38), Aib**Arg*Lys**GLP-1(7-38),
Aib***Ala* Lys®GLP-1(7-38), Aib®*Ala* Lys™GLP-1(7-38), Aib**?Ala* Lys®**GLP-1(7-38),
Aib®**% Lys* GLP-1(7-37), Aib> > Lys* GLP-1(7-37) and Aib**#Lys* GLP-1(7-38).
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In another embodiment the invention provides a compound according to formula (1), wherein

the molecule is GLP-1(7-37) or an analog thereof which is attached to R via the amino acid
residue in position 23, 26, 34, 36 or 38 relative to the amino acid sequence SEQ ID No:1.

In another aspect the present invention provides a compound according to formula (1),
wherein the molecule is exendin-4(1-39) or an analog thereof.

In one embodiment the invention provides a compound according to formula (1), wherein the
molecule is an exendin-4 analog comprising no more than twelve amino acid residues which
have been exchanged, added or deleted as compared to exendin-4(1-39) (SEQ ID No. 2),
or no more than eight amino acid residues which have been exchanged, added or deleted
as compared o exendin-4(1-39) (SEQ ID No. 2).

In another embodiment the invention provides a compound according to formula (1), wherein
the molecule is ZP-10, i.e.
HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPSKKKKKK-amide (SEQ ID No. 5).

In another embodiment the invention provides a compound according to formula (1), wherein
sald compound is selected from the group consisting of
N-e-26-(16-[5-tetrazolyllhexadecanoyl)Arg>*GLP-1-(7-37),

Gly®, Arg™**GLP-1(7-37)Lys(16-(5-tetrazolyl)hexadecanoyl), Gly®, Arg?***GLP-1(7-37)Lys{4-
[N-(16-{5-tetrazolyl}hexadecanoyl)sulfamoyl]butyryl}, N-g-26-{4-[N-(16-{5-
tetrazolyl}hexadecanoyl)sulfamoyijbutyryl} Arg>*GLP-1(7-37),
N-e-37-(2-(2-(2-(16-(tetrazol-5-yl)(hexadecanoylamino)ethoxy)ethoxy)acetyl))
Aib>*Lys¥ GLP-1(7-37),

Gly®,Glu™=*°Arg"*#%** GLP-1(7-37)Lys(16-~(1H-tetrazol-5-yl)hexadecanoic acid [2-(2-{[2-(2-
carbamoylmethoxyethoxy)ethylcarbamoyl]methoxy}ethoxy)ethyljamide)-NH,, and
Gly°Arg®™**GLP-1 (7-37)Lys(4~(4-(4-(4-(5-tetrazolyl)phenyl)phenyl)phenoxy)butyryl). N-=°-(2-
(2-(2-(16-(4-(5-tetrazolyl)phenoxy)hexadecanoyl)ethoxy)ethoxy)acetyl)
1Gly8,Arg26,34,L.ys38]GLP-1(7-37) peptide
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N~ H |

NH2—~HGEGTFTSDVSSYLEGQAAREFIAWLVRGRG-EI(
(

N-epsilon37-(2-(2-(2-(16-(4-(5-
Tetrazolyl)phenoxy)hexadecanoyl)ethoxy)ethoxy)acetyl)[Aib8,22,35,Lys37|GLP-1 (7-37)

N - Q)
N\ H
b O
H

NHZ—H-N)JLEGT FTSDVSSYL E-N)<U-OAAKE F1AWL VK-N>§,—R-H |
H.C~ CH, H,C™ "CH, "o O

N=%.-(2-(2-(2-(16-(Tetrazol-5-y))hexadecanoyl)eth oxy)ethoxy)acetyl)
[AIb8,Arg26,34,Lys38|GLP-1(7-37) peptide

9,
H
N N

'N—NH O
0
NHQ-H-H%-EGTFTSDVSSYLEGQAAREF | AWLVRGRG-H OOH
H,C CH,

N=€-(4-(N-(1 o-(Tetrazol-5-yljhexadecanoyl)sulfamoyl)buiyryl)

[AIb8,Arg26,34,Lys38]GLP-1(7-37) peptide
N~n; O O
’y O O
. )\\/\/\/\/\/\/\/\/u\ S
H H
H O
NH2~H-N>(U—EGT FTSDVSSYLEGQAAREF | AWLVRGRGN OOH
H,C  CH,
N-epsilon32-(4-[N-(16-{5-Tetrazolyl}hexadecanoyl)sulfamoyllbutyryl)-
[Lys32]Exendin[1-39] peptide
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h?rNL\/\/\/\/\/\/\/ﬁ\ P f/\J\
‘N N NH
H H
H O

W, —H GEGTFTSDLSKQMEEEAVRLFIEWLKNGGPN NSGAPPP H\/Cu
;(

N-epsilon37-(1 6-(4’~(Tetrazol-5-yl)biphenyl)-4-yloxy)hexadecanoyl) [3-(4-
imidazolyl)propionyl7,Aib22,35,Arg26,34,Lys37]GLP-1 (7-37)

5 peptide
N=N ~ -
! , -
N—‘:No

HN"\
N
O
o H,G CH, (
H _
NYJL:GTFTSDVSSYLE-ﬁﬁ‘QAA REF | AWLVR——N%‘RN
CH, O H,C CH,
N-epsilon37-(16~(Tetrazol-5-yl)hexadecanoy!) [3-(4-
10 imidazolyl)propionyl7,Aib22,35,Arg26,34,Lys37]GLP-1 (7-37) |
H
I I
QA \N'A\/\/\/\/\/\/\/\/)LNH
HN \N
H,C CH,
JLEGT FTSDVSSYLEN‘{QAARE F i AWLVR-—N}J’—RN OH
O CH H,C CH, O

N-epsilon37-(16-(4-(Tetrazol-5-yl)phenoxy)hexadecanoyl) [3-(4-
15 imidazolyl)propionyl7,Aib22,35,Arg26,34,Lys37]GLP-1 (7-37)



10

15

CA 02572770 2007-01-02

WO 2006/005667 PCT/EP2005/052874
22
H
N--N/
HN
HN (
N
—
H.C CH, 0 1
\)LEGTFTSDVSSYLEH QAAREF | AWLVR—-N)&‘—R-’I_\I{
% &H O G CH,

3

N-epsilon37-(4-(4-(Tetrazol-5-y)[1,17,4",1" [terphenyl-4"yloxy)butyroyl) [3-(4-
imidazolyl)propionyl7,Aib22,35,Arg26,34,Lys371GLP-1 (7-37)

N
N“'N
/\
HN \N
~
o H.G CH, 0
H EGTFTSDVSSYLEEX"‘QAAREFIAWLVR—N%‘—RH {
O éH O H.G GH, -
3
N-epsilon37-(2-(2-(2-(16-(Tetrazol-5-
yl)hexadecanoyl)amino)ethoxy)ethoxy)acetyl)[Aib8,22,35,Arg26,34,Lys37] GLP-1 (7-37)
N~
: N\__/O\_/o_}\
H,C_ CH,
O O
NH;“H‘H%'\—EGT FTSDVSSYLE—QQ—QAAREF | AWLVR-N><||—R-
H.C™ CH, H.C  CH,

N-epsilon37-(2-(2-(2-(16-(Tetrazol-5-yl)
(hexadecanoylamino)ethoxy)ethoxy)acetyl))[3-(4-
imidazolyl)propionyl7,Aib22,35,Arg26,34,Lys37] GLP-1 (7-37) peptide
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N O O
Ny N~ o?_sNH
H 0 H,C ,CH,
N\)LEGTFTSDVSSYLE—Nﬁ—QAAREFIAWLVR-—'&':.JL—O R—N
° cH, "o HC” CH "o

N-epsilon37-(2-(2-(2-(16-(Tetrazol-5-
yl)hexadecanoyl)amino)ethoxy)ethoxy)acetyl))[3~(4-
imidazolyl)propiony!7,Aib8,22,35,Arg26,34,Lys37]) GLP-1 (7-37) peptide

N~NH O
N‘ ’;l\/\/\/\/\/\/\/\/”\H
N N O O
\_/ 7/
HN™N o
N
—
] 5 H,C CH, o
N)JLEGTFTSDVSSYLE-H)%FQAAREFIAWLVR"—H%“R-N
H
Qc” CH O O
3 3 H,C CH,

J

N-epsilon20-(2-(2-(2-(2-(2-(2-(2-(2-(2-(16-(Tetrazol-5-

yl)hexadecanoylamino)ethoxy)eth oxy)acetylamino)ethoxy)ethoxy)acetylamino)ethoxy)ethox

y)acetyl)[Lys20] Exendin-4 (1-39)amide

N-N
N'N’;K/\/\/\/W\/\i /\/O\,/\ H
} oY
0 O
O
H
Nj(\ O/\/O\/\N/k/o\/)
0 H
H—FGEGTFTSDLSKQVIEEEAW\JH LF | BNLKNGGPSSGAPPPSHH,

O

’

N**—(16-2H —Tetrazol-5-yl-hexadecanoyl) gamma~Glu-des(B30) human insulin,
N8295-4-[4"-(1 H-Tetrazol-5-yl)-[1,1',4',1"Jterphenyl-4-yloxy]-butyroy! des(B30) insulin
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G | VEQC CSLYQ
C T S | LENYC N=-COOH
FVNQHLCGSHLVEALYLVCGERGFFYTP-{_QI OH

8

NP¥.16-[4'-(1H-tetrazol-5-yl)-biphenyl-4-yloxy]-hexadecanoyl des(B30) insulin

G I VEQC

CSLYQ
C T3S | LENY C N=COOH

FVNQHLC GSHLVEALYLVGGERGEFYT pP-N Ny
5 T o
N**’-16-(4-(4-(5-Tetrazolyl)pheny!)ph enyloxy)hexadecanoyl)-[Gly8,Arg26,34|GLP-1-

(7-37) peptide
.
~ |
ﬁ:NH
H

NHQ—“HGEGTFTSDVSSYLEGQAAREFIAWLVRGRG—H OH
O

10 ,
N®’-(4-(4-(4-(4-(5-Tetrazolyl)phenyl)phenyl)ph enoxy)butyryl)[Gly8,Arg26,341GLP-1-
(7-37)
peptide

O

HN
®)

NHa-HGEGTFTSDVSSYLEGQAAREFIAWLVRGRG-E‘ OH
0 “\

Nopf

15
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N™-(17,17-Bis(5-tetrazolyl)heptadecanoyl)[Gly8,Arg26,34]GLP-1-(7-37) peptide

N=N

.N"'N
.,NHz—HGEGTFTSDVSSYLEGOAAREFIAWLVRGRG-N OH
H

O

b

N537-(4-(4‘-{5-[4-(5-Tetrazolyl)phenyl]-[1 ,2,4]oxadiazol-3-yilbiphenyl-4-
yloxy)butyryl)[Gly8,Arg26,34)GLP-1-(7-37) peptide

N~ ©
& A
+ 5 NH
O=N
OH

NHZ-HGEGTFTSDVSSYLEGQAAREFIAWLVF!GF!G-N

H o

N=7-(1 6-(4,5-Bis(5-Tetrazolyl)imidazol-1-yl)hexadecanoyl)[Gly8,Arg26,34]GLP-1-(7-
37) peptide

ltq HN’ -
N N
HVN
»

N\‘? N\/\/\./\/\./\/\./\)k NH

NH2—HGEGTFTSDVSSYLEGQAAF!EFIAWLVRGRG'NJ)H

H s

)

N*-((2-(2-(16-(5-Tetrazo lyl)hexadecanoylamino)
ethoxy)ethoxy)acetyl)[Gly8,Arg26,34]GLP-1-(7-37) peptide

9
H
N.N-:l/\/\/\/\/\/\/\/ﬁr"‘\/\o/\/o\/"\ NH

N=NH 0
NHsH G E G T F TS D ~ i
3 VSSYLEGQAARTETFI AWLVRGR G-N

H o

)

N°-(4-{1 6-(Tetrazol-5-yl)hexadecanoylsulfamoyl}butyryl)[(3-(4-
imidazolyl)propiony!7,Arg34]GLP-1-(7-37) peptide
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HN""\\N
¢:\EGTFTSDVSSYLEGQAﬁ;n))OLEF | AWLVR G R 6=COQH
O
JHYWW\/\/\/\“IEgSWNH
v [ 5% I

Nen 0
N'NJ\/\/\/\/\/W\/U‘
NH
H
NH,
NH2—HGEGTFTSDVSSYLEGQAAREFlAWLV“‘hI

N®°-({2-[2-(4-(16-(Tetrazol-5-
yl)hexadecanoylsulfamoyl)butyrylamino)ethoxy]ethoxy}acetyl)-[Arg34] GLP-1 (7-37) peptide

O

H
NH2-HAEGTFTSDVSSYLEGQAA-N EFIAWLVRG R G-COQH
Nwp
M W

Qo o O
N .S% 0 NH
N ﬁ \/\/"ﬁ’\/ \/\0’\3»

N=%-({2-[2-(4-(16-(Tetrazol-5-
yl)hexadecanoylsulfamoyl)butyrylamino)ethoxy]ethoxy}acetyl)-[Arg26] GLP-1 (7-34)
peptideamide |

kll l&l‘s/\/\[(}j\/\o/\/o\iNH
I\l: m/W\/\/W\/\r - 5 I

N- N O

NH
NHZ—HGEGTFTSDVSSYLEGQAAREFIAWLV-” 5

O

N28-({2-[2-(4-(16-(Tetrazol-5-
yl)hexadecanoylsulfamoyl)butyrylamino)ethoxylethoxy}acetyl)-[(3-(4-
imidazolyl)propionyl)7,Arg34]GLP-1 (7-37) peptide
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HN-

N
O
AEGT FTSDVSSYLEGQAA—H\/‘L—EF | AWLVR G R G—COOH
0, O Q |)/
:S,\/\/IL

HN H/\/O\/\OTNH
O N N
w :N
N

N“®-(4-(16-(Tetrazol-5-yl)hexadecanoylsulfamoyl)butyryl)-[Aib8,Arg34]GLP-1-(7-37)

peptide
H ﬁ H D
NHZ—H—N EGTFTSDVSSYLEGQAA™™N EFIAWLVR & R G~COOQOH
HaC CHa f
n H

N (Me)N*°-(4-(1 6-(Tetrazol-5-yl)hexadecanoylsulfamoyl)butyryl)-[Arg34]GLP-1-(7-

37) peptide
¢ | H O
HNtA EGTFTSDVSS YLEGQAA’;N))‘—E FIAWLVRG R G~COOH
HNJN A .
'H’me O‘S%V\g
N
N~ N
10
N®**°-(4-(16-(Tetrazol-5-yl)hexadecanoylsulfamoyl)butyry!)-[Gly8,Arg34]GLP-1-(7-37)
peptide :
NH2~—H G EGTFTSDVSSYLEGQAA—})CLEF |AWLVR G R G—=COOH
}l;Ii..S NH
q\/\/\/\/\/\g/ P ‘{)\/j.r
2
15 NE"*~(4-(1 6-(Tetrazol-5-yl)hexadecanoyisulfamoyl)butyry[Lys14;Arg26,34]GLP-1-

(7-37) peptide
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O
H
NﬂszAEGTFT—N\/“ DVSSYLEGQAARETF! AWLVY RGR G—coo

: 5

N-N O

J

N2 (4-(1 6-(Tetrazol-5-yl)hexadecanoylsulfamoyl)butyryl)[Lys18;Arg26,34]GLP-1-
5 (7-37) peptide

H
NHz_—HAEGTFTSDVS_NJ__YLEGQAAREFIAWLVHGRG-CC}G{

H
N N NH
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