US 20130184203A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2013/0184203 A1

Alfaro-Lopez et al.

(43) Pub. Date:

Jul. 18, 2013

(54)

(735)

(73)

@
(22)

(86)

GLP-1 RECEPTOR AGONIST COMPOUNDS
HAVING STABILIZED REGIONS

Inventors: Josue Alfaro-Lopez, San Diego, CA
(US); Abhinandini Sharma, San Diego,
CA (US); Christopher J. Soares, San
Diego, CA (US); Eugene Coats, San
Diego, CA (US); Soumitra S. Ghosh,
San Diego, CA (US)

Assignees: AstraZeneca Pharmaceuticals LP,
Wilmington, DE (US); Amylin
Pharmaceuticals, LL.C, San Diego, CA

(US)
Appl. No.: 13/812,445
PCT Filed: Jul. 27, 2011
PCT No.: PCT/US11/45614
§371 (D),
(2), (4) Date:  Apr. 4,2013

(60)

D

(52)

&7

Related U.S. Application Data

Provisional application No. 61/368,522, filed on Jul.
28, 2010.

Publication Classification

Int. Cl1.
CO7K 14/605 (2006.01)
U.S. CL
CPC i CO7K 14/605 (2013.01)
USPC ........... 514/5.3; 530/308; 514/11.7; 514/7.2;
514/6.7
ABSTRACT

The disclosure provides GLP-1 receptor agonist compounds
having stabilized regions corresponding to alpha-helical
regions of the natural peptide compounds. The disclosure also
provides benzamide-containing exendin-4 analogs and alk-
ene-constrained exendin-4 analogs, both of which have sta-
bilized regions corresponding to alpha-helical regions of
exendin-4.
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GLP-1 RECEPTOR AGONIST COMPOUNDS
HAVING STABILIZED REGIONS

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Application
No. 61/368,522 filed Jul. 28, 2010, the disclosure of which is
incorporated herein by reference.

FIELD

[0002] The disclosure is directed to glucagon-like pep-
tide-1 (GLP-1) receptor agonist compounds having stabilized
regions, pharmaceutical compositions containing the GLP-1
receptor agonist compounds, therapeutic treatments using the
GLP-1 receptor agonist compounds, and methods for making
the GLP-1 receptor agonist compounds.

BACKGROUND

[0003] Peptides and proteins play critical roles in the regu-
lation of biological processes. Peptides, for example, play a
regulatory role as hormones and inhibitors, and are also
involved in immunological recognition. The significant bio-
logical role of peptides makes it important to understand their
interactions with the receptors to which they bind.

[0004] The determination of the receptor-bound conforma-
tion of a peptide is invaluable for the rational design of pep-
tide analogs. Because peptides are highly flexible molecules,
the structures of which are strongly influenced by the envi-
ronment in which they reside, the peptides themselves are
generally not useful for determining their receptor-bound
conformation. Therefore, it is necessary to perform structure-
function studies in a systematic way to provide information
about the specific amino acid residues and functional groups
in peptides that are important to biological activity. Studies of
this nature can utilize conformationally constrained peptide
mimetics. For example, Hruby, Trends Pharmacol. Sci.,
8:336-339 (1987) suggests that conformational constraints
can provide information about the different requirements that
a receptor has for a ligand to be an agonist or antagonist.
[0005] Peptide mimetics or peptidomimetics are structures
which serve as appropriate substitutes for peptides and/or
amino acids in interactions with receptors and enzymes. The
development of rational approaches for discovering peptide
mimetics is a major goal of medicinal chemistry. Such devel-
opment has been attempted both by empirical screening
approaches and specific synthetic design. Specific design of
peptide mimetics has utilized peptide backbone modifica-
tions, chemical mimics of peptide secondary structures and
covalent constraints on the peptide parent to facilitate such
peptide secondary structures.

[0006] Alpha helices present the side chains of the residues
thereof along a rod-like helical structure. Approximately 3.6
amino acid residues make up a single turn of an alpha-helix.
Thus, side chains that are adjacent in space form a “side” ofan
alpha-helix with residues which occur every three to four
residues along the linear amino acid sequence. As customary
in the art, this spacing can be referred to as “i, i+3/i+4, i+7”
and the like to indicate that the side chains of residues offset
from residue “i” lie approximately along a side of the alpha
helix, in spatial proximity. The term “face” in the context of
alpha helices is synonymous with the term “side” It is
believed that the i, 14+3/i+4 and i+7 residues can make crucial
contacts with a target protein, and that such contacts consti-
tute the majority of binding energy. Fairlie et al., Curr. Med.
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Chem., 5:29 (1998). The alpha-helix conformation is stabi-
lized by steric interactions along the backbone as well as
hydrogen bonding interactions between the backbone amide
carbonyls and NH groups of each amino acid. The side chains
of an alpha helix project with well known distances and
angular relationships. Jain et al., Mol. Divers., 8:89-100
(2004).

[0007] The syntheses of peptidomimetics having a stabi-
lized alpha-helical conformation have been achieved by
introducing synthetic templates into the peptidic, by using
[p-hairpin mimetics, by using f-peptide sequences, and by
using unnatural oligomers with discrete folding propensities.
Small synthetic molecules able to mimic the surfaces of con-
strained peptides offer the advantage of improved stability,
lower molecular weight and in some cases better bioavailabil-
ity. Synthetic small molecules that adopt various well-defined
secondary structures are well-documented in the art. A vari-
ety of strategies to enhance the propensity for alpha helix
formation in peptides are known in the art. Exemplary meth-
ods include side-chain constraints, capping, and nonnatural
amino acid substitutions.

[0008] Another class of constraints for alpha helices
employ ring closing metathesis (RCM) reactions to form side
chain to side chain bridges which incorporate a double bond
(e.g., alkenylenyl bridges) or no double bond (e.g., alkylenyl
bridges). The discovery of the olefin metathesis reaction pro-
vided a convenient path for synthesis and cleavage of carbon-
carbon bonds under mild conditions. In particular, the use of
RCM reactions catalyzed by ruthenium complexes has
become a popular method for the formation of alkenylenyl
bridged structures in organic syntheses. Application of this
method to amino acids bearing unsaturated side chains (e.g.,
allylglycine, homoallylglycine and the like) and located in
strategic positions of the peptide motif allows the preparation
of cyclic peptides by solid-phase peptide synthesis (SPPS)
methods.

[0009] There is a need in the art for new GLP-1 receptor
agonist compounds that have good stability, resistance to
degradation, and good glucagon-like peptide-1 (GLP-1)
receptor binding activity and in vivo glucose lowering activ-
ity and that are useful for treating diabetes and reducing body
weight. To solve these needs, the disclosure herein provides,
among other things, GLP-1 receptor agonist compounds hav-
ing stabilized alpha-helical regions.

SUMMARY

[0010] The alpha-helical conformation is adopted by 40%
of all amino acid residues in proteins and, according to the
helix-coil transition theory, alpha-helixes composed of 10 or
fewer amino acids are expected to be essentially unstable due
to low nucleation probability. In the case of GLP-1 receptor
agonists, such as exendin-4 and GLP-1 (7-37), the alpha-helix
represents an important sequence-selective recognition
motif. The alpha-helical receptor binding region in exendin-4
is general at positions 9-30, while the alpha-helical receptor
binding region in GLP-1(7-37) is at positions 15-37 inclusive.
The helical character of exendin-4 and GLP-1 (7-37) expands
about 20 amino acids.

[0011] The disclosure provides GLP-1 receptor agonist
compounds, such as exendin-4, having alpha-helix mimetics
or alpha-helix stabilization that can retain in vitro and in vivo
activity. This provides a better understanding of key side
chain residues that may be involved in the molecular recog-
nition event and can be used to develop smaller GLP-1 recep-
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tor agonist compounds having superior metabolic stability
and enhanced properties, such that they may be used in oral
formulations. This also provides new GLP-1 receptor agonist
compounds useful for treating numerous diseases and disor-
ders.

[0012] Thedisclosure provides benzamide-containing pep-
tide compounds comprising an amino acid sequence having
at least 50% sequence identity to Formula (I):

Xaa,-Xaa,-Xaay-GTFTSDLSKQ-Xaa ,-EEEAVR-
LFIE-Xaa,s-LKN—Z o,
wherein Formula (I) has at least one benzamide moiety that
mimics the side chain of one or more physiologic amino
acids; and wherein Xaa, , Xaa,, Xaa;, Xaa, ,, Xaa,s, and Z are
as defined herein. In one embodiment, the benzamide-con-
taining peptide compounds have an amino acid sequence
having at least 80%, at least 90%, or at least 95% sequence
identity with Formula (I). The disclosure provides pharma-
ceutical composition comprising these benzamide-contain-
ing compounds. The disclosure provides methods of treating
numerous diseases (e.g., diabetes) using the benzamide-con-
taining compounds and the pharmaceutical compositions
containing them.
[0013] The disclosure provides constrained alkene peptide
compounds comprising an amino acid sequence having at
least 50% sequence identity to Formula (IV):

Xaa -Xaa,-Xaa;-GTFTSDLSKQ-Xaa ,-EEEAVR-

LFIE-Xaa,s-LKN—Z )
wherein at least one pair of amino acid residues in the peptide
compound are linked by an alkenyleny! bridge or an alkylenyl
bridge; and wherein Xaa,, Xaa,, Xaa;, Xaa,,, Xaa,s, and Z
are as defined herein. In one embodiment, the constrained
alkene peptide compounds have an amino acid sequence hav-
ing at least 80%, at least 90%, or at least 95% sequence
identity with Formula (IV). The disclosure provides pharma-
ceutical composition comprising these constrained alkene
compounds. The disclosure provides methods of treating
numerous diseases (e.g., diabetes) using the constrained alk-
ene compounds and the pharmaceutical compositions con-
taining them.
[0014] Thedisclosure provides methods for the solid-phase
synthesis of the benzamide-containing peptide compounds
described herein. A resin-bound reagent having a free amine
is reacted with a substituted phenyl having a side chain sur-
rogate moiety, a free carboxylic acid and a nitro moiety
thereby forming a resin-bound substituted benzamidyl. The
nitro moiety is reduced to form a free amine thereby forming
a resin-bound substituted benzamidyl having a free amine,
which is therefore available for additional solid-phase reac-
tion.

BRIEF DESCRIPTION OF THE FIGURES

[0015] For purposes of the Figures and the Examples they
represent, Cmpd T1 is HaPGTFTSDLSKQLEEEAVR-
LFIEFLKN—NH,; wherein the lower case “a” in position 2
is dAla; and Compound T2 is HGEGTFTSDLSKQLEEE-
AVRLFIEFLKN—NH,. Throughout the specification, the
lower case “a” in a sequence represented by single letter
amino acid abbreviations is dAla.

[0016] FIG. 1 depicts the time course of blood glucose
concentration as a percentage of pre-treatment levels, for
certain benzamide-containing compounds described herein.
The pre-treatment glucose concentration was 123 mg/dL.
Points represent meants.d. (standard deviation. Compounds
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were injected IP (100 nmol/kg) at t=0 immediately following
baseline sample into 2-hr fasted NIH/Swiss mice. Samples
were taken at t=30, 60, 120, 180 and 240 min. Blood glucose
was measured using One Touch® Ultra® (LifeScan, Inc.,
Milpitas, Calif.) following manufacturer’s instructions. Leg-
end: Vehicle (closed box); Cmpd 12 (open diamond); Cmpd
14 (close triangle tip down); Cmpd 13 (closed triangle tip up);
Cmpd T2 (open triangle); Cmpd T1 (cross).

[0017] FIG. 2 depicts the time course of blood glucose
concentration as a percentage of pre-treatment levels, for
certain alkenylenyl-containing compounds described herein.
Experimental conditions were the same as those described for
FIG. 1. Legend: Vehicle (closed box); Cmpd 22 (open dia-
mond); Cmpd 27 (close triangle tip down); Cmpd 34 (closed
triangle tip up); Cmpd T2 (open triangle); Cmpd T1 (cross).
[0018] FIG. 3 depicts the results of molecular modeling
studies of the overlap available between the side chains of
Cmpd T1 and the side chain surrogate moieties of Cmpd 13.
[0019] FIG. 4 depicts the results of molecular modeling
studies of the overlap available between the side chains of
Cmpd T1 and the side chain surrogate moieties of Cmpd 27
and Cmpd 34.

DETAILED DESCRIPTION

[0020] The abbreviations used herein have their conven-
tional meaning within the chemical and biological arts. The
chemical structures and formulae set forth herein are con-
structed according to the standard rules of chemical valency
known in the chemical arts. Where there are differences
between the conventional meaning and the definitions
described herein, the definitions described herein should pre-
vail.

[0021] Where substituent groups are specified by their con-
ventional chemical formulae, written from left to right, they
equally encompass the chemically identical substituents that
would result from writing the structure from right to left, e.g.,
—CH,0— is equivalent to —OCH,—.

[0022] The term “alkyl,” by itself or as part of another
substituent, means a straight (i.e., unbranched) or branched
chain, or combination thereof, which may be fully saturated,
mono- or polyunsaturated and can include di- and multivalent
radicals, having the number of carbon atoms designated (i.e.,
C,-C,, means one, two, three, four, five, six, seven, eight,
nine, and ten carbons). Examples of saturated hydrocarbon
radicals include, but are not limited to, groups such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-bu-
tyl, (cyclohexyl)methyl, homologs and isomers of, for
example, n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like. An
unsaturated alkyl group is one having one or more double
bonds (i.e., “alkenyl”) or triple bonds (i.e., “alkynyl”).
Examples of unsaturated alkyl groups include, but are not
limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(buta-
dienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl), ethynyl, 1- and
3-propynyl, 3-butynyl, and the higher homologs and isomers.
An alkoxy is an alkyl attached to the remainder of the mol-
ecule via an oxygen linker (—O—). An alkylthio is an alkyl
attached to the remainder of the molecule via a sulfer linker
—S—).

[0023] The terms “alkylene” and “alkylenyl” alone or as
part of another substituent mean a divalent radical derived
from an alkyl, as exemplified, but not limited by,
—CH,CH,CH,CH,—. Typically, an alkyl (or alkylene)
group will have from 1 to 24 carbon atoms, preferably 10 or
fewer carbon atoms, more preferably 4 or fewer carbon



US 2013/0184203 Al

atoms. A “lower alkyl” or “lower alkylene” is a shorter chain
alkyl or alkylene group, generally having eight or fewer car-
bon atoms. The terms “alkenylene” and “alkenylenyl” alone
or as part of another substituent, means a divalent radical
derived from an alkene.

[0024] The term “heteroalkyl,” by itself or in combination
with another term, means, a stable straight or branched chain,
or combinations thereof, consisting of at least one carbon
atom and at least one heteroatom selected from the group
consisting of O, N, P, Si, and S, and wherein the nitrogen and
sulfur atoms may optionally be oxidized, and the nitrogen
heteroatom may optionally be quaternized. The heteroatom
(s) O, N, P, S, and Si may be placed at any interior position of
the heteroalkyl group or at the position at which the alkyl
group is attached to the remainder of the molecule. Examples
include, but are not limited to: —CH,—CH,—O—CHj,
—CH,—CH,—NH—CH,, —CH,—CH,—N(CH,)—CHj;,
—CH,—S—CH,—CH,;, —CH,—CH,, —S(0O)—CH,,
—CH,—CH,—S(0),—CH,, —CH—CH—0—CH,, —Si
(CH;);,—CH,—CH—N—OCH,, —CH—CH—N(CH;)—
CH,, —O—CH;, —O—CH,—CH;, and —CN. Up to two
heteroatoms may be consecutive, such as, for example,
—CH,—NH—OCH,;.

[0025] The terms “heteroalkylene” and “heteroalkylenyl”
alone or as part of another substituent, means a divalent
radical derived from heteroalkyl, as exemplified, but not lim-
ited by, —CH,—CH,—S—CH,—CH,—and —CH,—S—
CH,—CH,—NH—CH,—. For heteroalkylene groups, het-
eroatoms can also occupy either or both of the chain termini
(e.g., alkyleneoxy, alkylenedioxy, alkyleneamino, alkylene-
diamino, and the like). Still further, for alkylene and het-
eroalkylene linking groups, no orientation of the linking
group is implied by the direction in which the formula of the
linking group is written. For example, the formula —C(O)
LR'— represents both —C(O),R'— and —R'C(O),—. As
described above, heteroalkyl groups, as used herein, include
those groups that are attached to the remainder of the mol-
ecule through a heteroatom, such as —C(O)R', —C(O)NR',
—NR'R", —OR', —SR', and/or —SO,R'. Where “het-
eroalkyl” is recited, followed by recitations of specific het-
eroalkyl groups, such as —INR'R" or the like, it will be under-
stood that the terms heteroalkyl and —NR'R" are not
redundant or mutually exclusive. Rather, the specific het-
eroalkyl groups are recited to add clarity. Thus, the term
“heteroalkyl” should not be interpreted herein as excluding
specific heteroalkyl groups, such as —INR'R" or the like.

[0026] The terms “cycloalkyl” and “heterocycloalkyl,” by
themselves or in combination with other terms, mean cyclic
versions of “alkyl” and “heteroalkyl,” respectively. Addition-
ally, for heterocycloalkyl, a heteroatom can occupy the posi-
tion at which the heterocycle is attached to the remainder of
the molecule. Examples of cycloalkyl include, but are not
limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like.
Examples of heterocycloalkyl include, but are not limited to,
1-(1,2,5,6-tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl,
3-piperidinyl, 4-morpholinyl, 3-morpholinyl, tetrahydrofu-
ran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-yl, tetrahy-
drothien-3-yl, 1-piperazinyl, 2-piperazinyl, and the like. A
“cycloalkylene” or “cycloalkylenyl,” and a “heterocycloalky-
lene” or “heterocycloalkylenyl,” alone or as part of another
substituent, means a divalent radical derived from a
cycloalkyl and heterocycloalkyl, respectively.
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[0027] The terms “halo” or “halogen,” by themselves or as
part of another substituent, mean a fluorine, chlorine, bro-
mine, or iodine atom. Additionally, terms such as “haloalky]”
are meant to include monohaloalkyl and polyhaloalkyl. For
example, the term “halo(C,-C,)alkyl” includes, but is not
limited to, fluoromethyl, difluoromethyl, trifluoromethyl,
2,2 2-trifluoroethyl, 4-chlorobutyl, 3-bromopropyl, and the
like.

[0028] The term “acyl” means —C(O)R where R is a sub-
stituted or unsubstituted alkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heteroalkyl, substi-
tuted or unsubstituted heterocycloalkyl, substituted or unsub-
stituted aryl, or substituted or unsubstituted heteroaryl.
[0029] Theterm “aryl” means a polyunsaturated, aromatic,
hydrocarbon substituent, which can be a single ring or mul-
tiple rings (preferably from 1 to 3 rings) that are fused
together (i.e., a fused ring aryl) or linked covalently. A fused
ring aryl refers to multiple rings fused together wherein at
least one of the fused rings is an aryl ring. The term “het-
eroaryl” refers to aryl groups (or rings) that contain from one
to four heteroatoms selected from N, O, and S, wherein the
nitrogen and sulfur atoms are optionally oxidized, and the
nitrogen atom(s) are optionally quaternized. Thus, the term
“heteroaryl” includes fused ring heteroaryl groups (i.e., mul-
tiple rings fused together wherein at least one of the fused
rings is a heteroaromatic ring). A 5,6-fused ring heteroarylene
refers to two rings fused together, wherein one ring has 5
members and the other ring has 6 members, and wherein at
least one ring is a heteroaryl ring. Likewise, a 6,6-fused ring
heteroarylene refers to two rings fused together, wherein one
ring has 6 members and the other ring has 6 members, and
wherein at least one ring is a heteroaryl ring. And a 6,5-fused
ring heteroarylene refers to two rings fused together, wherein
one ring has 6 members and the other ring has 5 members, and
wherein at least one ring is a heteroaryl ring. A heteroaryl
group can be attached to the remainder of the molecule
through a carbon or heteroatom. Non-limiting examples of
aryl and heteroaryl groups include phenyl, 1-naphthyl,
2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl,
3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazinyl, 2-ox-
azolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isox-
azolyl, 4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl,
S-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl,
3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothia-
zolyl, purinyl, 2-benzimidazolyl, 5-indolyl, 1-isoquinolyl,
S-isoquinolyl, 2-quinoxalinyl, 5-quinoxalinyl, 3-quinolyl,
and 6-quinolyl. Substituents for each of the above noted aryl
and heteroaryl ring systems are selected from the group of
acceptable substituents described below. An “arylene” and a
“heteroarylene,” alone or as part of another substituent, mean
adivalent radical derived from an aryl and heteroaryl, respec-
tively.

[0030] The term “aryl” when used in combination with
other terms (e.g., aryloxy, arylthioxy, arylalkyl) includes both
aryl and heteroaryl rings as defined above. Thus, the term
“arylalkyl” is meant to include those radicals in which an aryl
group is attached to an alkyl group (e.g., benzyl, phenethyl,
pyridylmethyl, and the like) including those alkyl groups in
which a carbon atom (e.g., a methylene group) has been
replaced by, for example, an oxygen atom (e.g., phenoxym-
ethyl, 2-pyridyloxymethyl, 3-(1-naphthyloxy)propyl, and the
like).

[0031] The term “oxo” means an oxygen that is double
bonded to a carbon atom.
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[0032] Theterm “alkylsulfonyl” means a moiety having the
formula —S(0,)—R', where R' is an alkyl group as defined
above. R' may have a specified number of carbons (e.g.,
“C,-C, alkylsulfonyl”).

[0033] Eachoftheaboveterms (e.g., “alkyl,” “heteroalkyl,”
“aryl,” and “heteroaryl”) includes both substituted and unsub-
stituted forms of the indicated radical. Preferred substituents
for each type of radical are provided below.

[0034] Substituents for the alkyl and heteroalkyl radicals
(including those groups often referred to as alkylene, alkenyl,
heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, heterocy-
cloalkyl, cycloalkenyl, and heterocycloalkenyl) can be one or
more of a variety of groups selected from, but not limited to,
—OR', —0, —NR', —N—OR', —NR'R", —SR’, -halogen,
—SiRR"R™, —OC(O)R!, C(O)R', —CO,R', —CONR'R",

—OC(O)NRR", —NR"C(O)R', —NR'—C(O)NR"R™,
—NR"C(O),R', —NR—C(MNRR"R")=NR"", —NR—C
(NRR")=NR"™, —S(O)R, —S(O),R, —S(O),NRR",

—NRSO,R', —CN, and —NO, in a number ranging from
zero to (2 m'+1), where m' is the total number of carbon atoms
in such radical. R', R", R"', and R"" each preferably indepen-
dently refer to hydrogen, substituted or unsubstituted het-
eroalkyl, substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubsti-
tuted aryl (e.g., aryl substituted with 1-3 halogens), substi-
tuted or unsubstituted alkyl, alkoxy, or thioalkoxy groups, or
arylalkyl groups. When a compound of the invention includes
more than one R group, for example, each of the R groups is
independently selected as are each R', R",R™, and R" 1 group
when more than one of these groups is present. When R' and
R" are attached to the same nitrogen atom, they can be com-
bined with the nitrogen atom to form a 4-, 5-, 6-, or 7-mem-
bered ring. For example, —NR'R" includes, but is not limited
to, 1-pyrrolidinyl and 4-morpholinyl. From the above discus-
sion of substituents, one of skill in the art will understand that
the term “alkyl” is meant to include groups including carbon
atoms bound to groups other than hydrogen groups, such as
haloalkyl (e.g.,—CF; and —CH,CF) and acyl (e.g., —C(O)
CH,, —C(O)CF;, —C(O)CH,OCHj;, and the like).

[0035] Similar to the substituents described for the alkyl
radical, substituents for the aryl and heteroaryl groups are
varied and are selected from, for example: —OR', —NR'R",
—SR', -halogen, —SiR'R"R"™, —OC(O)R', —C(O)R,
—CO,R', —CONR'R", —OC(O)NR'R", —NR"C(O)R,
—NR'—C(O)NR"R™, —NR"C(O),R, —NR—C
(NRIR"RIII):NR"", 7NR4C(NRIR"):NRHI, 7S(O)Rl,
—S(0),R', —S(0),NR'R", —NRSO,R', —CN, —NO,,
—R',—N;, —CH(Ph),, fluoro(C, -C,)alkoxy, and fluoro(C, -
C,)alkyl, in anumber ranging from zero to the total number of
open valences on the aromatic ring system; and where R', R",
R™, and R" are preferably independently selected from
hydrogen, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, and substituted or unsubsti-
tuted heteroaryl. When a compound of the invention includes
more than one R group, for example, each of the R groups is
independently selected as are each R', R", R"',; and R"" groups
when more than one of these groups is present.

[0036] Two or more substituents may optionally be joined
to form aryl, heteroaryl, cycloalkyl, or heterocycloalkyl
groups. Such so-called ring-forming substituents are typi-
cally, though not necessarily, found attached to a cyclic base
structure. In one embodiment, the ring-forming substituents
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are attached to adjacent members of the base structure. For
example, two ring-forming substituents attached to adjacent
members of a cyclic base structure create a fused ring struc-
ture. In another embodiment, the ring-forming substituents
are attached to a single member of the base structure. For
example, two ring-forming substituents attached to a single
member of a cyclic base structure create a spirocyclic struc-
ture. In yet another embodiment, the ring-forming substitu-
ents are attached to non-adjacent members of the base struc-
ture.

[0037] Two ofthe substituents on adjacent atoms of the aryl
or heteroaryl ring may optionally form a ring of the formula
-T-C(O)—(CRR"),—U—, wherein T and U are indepen-
dently —NR—, —O—, —CRR'—, or a single bond, and q is
an integer of from 0 to 3. Alternatively, two of the substituents
on adjacent atoms of the aryl or heteroaryl ring may option-
ally be replaced with a substituent of the formula -A-(CH,)
,—B—, wherein A and B are independently —CRR'—,
—0—, —NR—, —S8—, —S(0)—, —S(0),—, —S(0)
,NR'—, ora single bond, andris an integer of from 1 to 4. One
of'the single bonds of the new ring so formed may optionally
be replaced with a double bond. Alternatively, two of the
substituents on adjacent atoms of the aryl or heteroaryl ring
may optionally be replaced with a substituent of the formula
—(CRR")—X'—(C"R™),—, where s and d are indepen-
dently integers of from O to 3, and X' is —O—, —NR'—,
—S—, —S(0)—, —8(0),—, or —S(0),NR'—. The sub-
stituents R, R, R", and R" are preferably independently
selected from hydrogen, substituted or unsubstituted alkyl,
substituted or unsubstituted cycloalkyl, substituted or unsub-
stituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl.

[0038] The terms “heteroatom” or “ring heteroatom” mean
oxygen (O), nitrogen (N), sulfur (S), phosphorus (P), and
silicon (Si).

[0039] A “substituent group” means a group selected from
the following moieties:

[0040] (A) —OH, —NH,, —SH, —CN, —CF;, —NO,,
oxo, halogen, unsubstituted alkyl, unsubstituted heteroalkyl,
unsubstituted cycloalkyl, unsubstituted heterocycloalkyl,
unsubstituted aryl, unsubstituted heteroaryl, and

[0041] (B)alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl, and heteroaryl, substituted with at least one substituent
selected from:

[0042] (i) oxo, —OH, —NH,, —SH, —CN, —CF;,
—NO,, halogen, unsubstituted alkyl, unsubstituted het-
eroalkyl, unsubstituted cycloalkyl, unsubstituted hetero-
cycloalkyl, unsubstituted aryl, unsubstituted heteroaryl,
and

[0043] (ii)) alkyl, heteroalkyl, cycloalkyl, heterocy-
cloalkyl, aryl, and heteroaryl, substituted with at least
one substituent selected from:

[0044] (a) oxo, —OH, —NH,, —SH, —CN, —CF,,
—NO,, halogen, unsubstituted alkyl, unsubstituted
heteroalkyl, unsubstituted cycloalkyl, unsubstituted
heterocycloalkyl, unsubstituted aryl, unsubstituted
heteroaryl, and

[0045] (b) alkyl, heteroalkyl, cycloalkyl, heterocy-
cloalkyl, aryl, or heteroaryl, substituted with at least
one substituent selected from: oxo, —OH, —NH,,
—SH, —CN, —CF;, —NO,, halogen, unsubstituted
alkyl, unsubstituted heteroalkyl, unsubstituted
cycloalkyl, unsubstituted heterocycloalkyl, unsubsti-
tuted aryl, and unsubstituted heteroaryl.
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[0046] The term “pharmaceutically acceptable salts” is
meant to include salts of the active compounds that are pre-
pared with relatively nontoxic acids or bases, depending on
the particular substituents found on the compounds described
herein. When compounds of the present invention contain
relatively acidic functionalities, base addition salts can be
obtained by contacting the neutral form of such compounds
with a sufficient amount of the desired base, either neat or in
a suitable inert solvent. Examples of pharmaceutically
acceptable base addition salts include sodium, potassium,
calcium, ammonium, organic amino, or magnesium salt, or a
similar salt. When compounds of the present invention con-
tain relatively basic functionalities, acid addition salts can be
obtained by contacting the neutral form of such compounds
with a sufficient amount of the desired acid, either neat or in
a suitable inert solvent. Examples of pharmaceutically
acceptable acid addition salts include those derived from
inorganic acids like hydrochloric, hydrobromic, nitric, car-
bonic, monohydrogencarbonic, phosphoric, monohydrogen-
phosphoric, dihydrogenphosphoric, sulfuric, monohydro-
gensulfuric, hydriodic, or phosphorous acids and the like, as
well as the salts derived from relatively nontoxic organic
acids like acetic, propionic, isobutyric, maleic, malonic, ben-
7oic, succinic, suberic, fumaric, lactic, mandelic, phthalic,
benzenesulfonic, p-tolylsulfonic, citric, tartaric, oxalic,
methanesulfonic, and the like. Also included are salts of
amino acids such as arginate and the like, and salts of organic
acids like glucuronic or galactunoric acids and the like. Cer-
tain specific compounds of the present invention contain both
basic and acidic functionalities that allow the compounds to
be converted into either base or acid addition salts.

[0047] The compounds described herein may exist as salts,
such as with pharmaceutically acceptable acids. The present
invention includes such salts. Examples of such salts include
hydrochlorides, hydrobromides, sulfates, methanesulfonates,
nitrates, maleates, acetates, citrates, fumarates, tartrates (e.g.,
(+)-tartrates, (-)-tartrates, or mixtures thereof including race-
mic mixtures), succinates, benzoates, and salts with amino
acids such as glutamic acid. These salts may be prepared by
methods known to those skilled in the art.

[0048] The neutral forms of the compounds are preferably
regenerated by contacting the salt with a base or acid and
isolating the parent compound in the conventional manner.
The parent form of the compound differs from the various salt
forms in certain physical properties, such as solubility in
polar solvents.

[0049] In addition to salt forms, the present invention pro-
vides compounds in a prodrug form. Prodrugs of the com-
pounds described herein are those compounds that readily
undergo chemical changes under physiological conditions to
provide the compounds of the present invention. Addition-
ally, prodrugs can be converted to the compounds of the
present invention by chemical or biochemical methods in an
ex vivo environment. For example, prodrugs can be slowly
converted to the compounds of the present invention when
placed in a transdermal patch reservoir with a suitable
enzyme or chemical reagent.

[0050] Certain compounds of the present invention can
exist in unsolvated forms as well as solvated forms, including
hydrated forms. In general, the solvated forms are equivalent
to unsolvated forms and are encompassed within the scope of
the present invention. Certain compounds of the present
invention may exist in multiple crystalline or amorphous
forms. In general, all physical forms are equivalent for the
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uses contemplated by the present invention and are intended
to be within the scope of the present invention.

[0051] Certain compounds of the present invention possess
asymmetric carbon atoms (optical centers) or double bonds;
the racemates, diastereomers, tautomers, geometric isomers,
and individual isomers are encompassed within the scope of
the present invention.

[0052] The compounds of the present invention may also
contain unnatural proportions of atomic isotopes at one or
more of the atoms that constitute such compounds. For
example, the compounds may be radiolabeled with radioac-
tive isotopes, such as for example trititum (°H), iodine-125
(**°I), or carbon-14 (**C). All isotopic variations of the com-
pounds of the present invention, whether radioactive or not,
are encompassed within the scope of the present invention.
[0053] The symbol “..n > denotes the point of attachment
of'a chemical moiety to the remainder of a molecule or chemi-
cal formula.

[0054] “Analog” as used herein in the context of peptides
refers to a compound that has insertions, deletions and/or
substitutions of amino acids relative to a parent compound.
An analog may have superior stability, solubility, efficacy,
half-life, and the like. In some embodiments, an analog is a
compound having at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 98%, sequence
identity to the parent compound. In one embodiment, the
parent compound is exendin-4.

[0055] A “derivative” is defined as a molecule having the
amino acid sequence of a parent or analog thereof, but addi-
tionally having a chemical modification of one or more of its
amino acid side groups, a-carbon atoms, terminal amino
group, or terminal carboxylic acid group. A chemical modi-
fication includes, but is not limited to, adding chemical moi-
eties, creating new bonds, and removing chemical moieties.
Modifications at amino acid side groups include, without
limitation, acylation of lysine e-amino groups, N-alkylation
of arginine, histidine, or lysine, alkylation of glutamic or
aspartic carboxylic acid groups, and deamidation of
glutamine or asparagine. Modifications of the terminal amino
include, without limitation, the desamino, N-lower alkyl,
N-di-lower alkyl, constrained alkyls (e.g. branched, cyclic,
fused, adamantyl) and N-acyl modifications. Modifications
of'the terminal carboxy group include, without limitation, the
amide, lower alkyl amide, constrained alkyls (e.g. branched,
cyclic, fused, adamantyl) alkyl, dialkyl amide, and lower
alkyl ester modifications. Furthermore, one or more side
groups, or terminal groups, may be protected by protective
groups known to the ordinarily-skilled synthetic chemist. The
alpha-carbon of an amino acid may be mono- or dimethy-
lated.

[0056] Derivatives of the agonists and analogs are also
included within the methods provided in which the stere-
ochemistry of individual amino acids may be inverted from
(L)/S to (D)/R at one or more specific sites. Also included
within the methods provided are the agonists and analogs
modified by glycosylation of Asn, Ser and/or Thr residues.
[0057] The terms “identity,” “sequence identity” and the
like in the context of comparing two or more nucleic acids or
peptide sequences, refer to two or more sequences or subse-
quences that are the same or have a specified percentage of
amino acid residues or nucleotides that are the same (i.e.,
about 50% identity, preferably 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
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97%, 98%, 99% over a specified region, when compared and
aligned for maximum correspondence over a comparison
window or designated region) as measured using a sequence
comparison algorithms as known in the art, for example
BLAST or BLAST 2.0. This definition includes sequences
that have deletions and/or additions, as well as those that have
substitutions, as well as naturally occurring, e.g., polymor-
phic or allelic variants, and man-made variants. In preferred
algorithms, account is made for gaps and the like, as known in
the art. For sequence comparison, typically one sequence acts
as a reference sequence, to which test sequences are com-
pared. When using a sequence comparison algorithm, test and
reference sequences are entered into a computer, subse-
quence coordinates are designated if necessary, and sequence
algorithm program parameters are designated. Preferably,
default program parameters can be used, or alternative param-
eters can be designated. The sequence comparison algorithm
then calculates the percent sequence identities for the test
sequences relative to the reference sequence, based on the
program parameters. Optimal alignment of sequences for
comparison can be conducted, e.g., by the local homology
algorithm of Smith & Waterman, Adv. Appl. Math., 2:482
(1981), by the homology alignment algorithm of Needleman
& Wunsch, J. Mol. Biol., 48:443 (1970), by the search for
similarity method of Pearson & Lipman, Proc. Nat’l. Acad.
Sci., USA 85:2444 (1988), by computerized implementations
of these algorithms (GAP, BESTFIT, FASTA, and TFASTA
in the Wisconsin Genetics Software Package, Genetics Com-
puter Group, 575 Science Dr., Madison, Wis.), or by manual
alignment and visual inspection. See, e.g., Current Protocols
in Molecular Biology (Ausubel et al., eds. 1995 supple-
ment)). Preferred examples of algorithms that are suitable for
determining percent sequence identity and sequence similar-
ity include the BLAST and BLAST 2.0 algorithms, which are
described in Altschul et al., Nuci. Acids Res., 25:3389-3402
(1977) and Altschul et al., Mol. Biol. 215:403-410 (1990).
BLAST and BLAST 2.0 are used, as known in the art, to
determine percent sequence identity for the nucleic acids and
proteins of the invention. Software for performing BLAST
analyses is publicly available through the web site of the
National Center for Biotechnology Information. This algo-
rithm involves first identifying high scoring sequence pairs
(HSPs) by identifying short words of length W in the query
sequence, which either match or satisfy some positive-valued
threshold score T when aligned with a word of the same
length in a database sequence. T is referred to as the neigh-
borhood word score threshold (Altschul et al., Id.). These
initial neighborhood word hits act as seeds for initiating
searches to find longer HSPs containing them. The word hits
are extended in both directions along each sequence for as far
as the cumulative alignment score can be increased. Cumu-
lative scores are calculated using, e.g., for nucleotide
sequences, the parameters M (reward score for a pair of
matching residues; always >0) and N (penalty score for mis-
matching residues; always <0). For amino acid sequences, a
scoring matrix is used to calculate the cumulative score.
Extension of the word hits in each direction are halted when:
the cumulative alignment score falls off by the quantity X
from its maximum achieved value; the cumulative score goes
to zero or below, due to the accumulation of one or more
negative-scoring residue alignments; or the end of either
sequence is reached. The BLAST algorithm parameters W, T,
and X determine the sensitivity and speed of the alignment.
The BLASTN program (for nucleotide sequences) uses as
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defaults a wordlength (W) of 11, an expectation (E) of 10,
M=5, N=—4 and a comparison of both strands. For amino acid
sequences, the BLASTP program uses as defaults a
wordlength of 3, and expectation (E) of 10, and the BLO-
SUMS62 scoring matrix (see Henikoff& Henikoff, Proc. Nat.
Acad. Sci. USA, 89:10915 (1989)) alignments (B) of 50,
expectation (E) of 10, M=5, N=-4, and a comparison of both
strands.

[0058] To determine the percent identity or similarity of
two amino acid sequences or of two nucleic acids, the
sequences are aligned for optimal comparison purposes (e.g.,
gaps can be introduced in the sequence of a first amino acid or
nucleic acid sequence for optimal alignment with a second
amino or nucleic acid sequence). The amino acid residues or
nucleotides at corresponding amino acid positions or nucle-
otide positions are then compared. When a position in the first
sequence is occupied by the same or similar amino acid
residue or nucleotide as the corresponding position in the
second sequence, then the molecules are identical or similar
atthat position. The percent identity or similarity between the
two sequences is a function of the number of identical or
similar positions shared by the sequences (i.e., % identity=#
of identical positions/total # of positions (e.g., overlapping
positions)x100). The similarity of two amino acids can be
assessed by a variety of methods known in the art. For
example, nonpolar neutral residues (e.g., Ala, Cys, Gly, Ile,
Leu, Met, Phe, Pro, Trp, Val) can be considered similar, as can
in turn acidic charged polar (e.g., Glu, Asp), basic charged
polar (e.g., Arg, His, Lys) and neutral polar (e.g., Asn, Gln,
Ser, Thr, Tyr) residues.

[0059] Both identity and similarity may be readily calcu-
lated. For example, in calculating percent identity, only exact
matches may be counted, and global alignments may be per-
formed as opposed to local alignments. Methods commonly
employed to determine identity or similarity between
sequences include, e.g., those disclosed in Carillo et al., 1988,
SIAM J. Applied Math. 48:1073. Exemplary methods to
determine identity are designed to give the largest match
between the sequences tested. Exemplary methods to deter-
mine identity and similarity are also provided in commercial
computer programs. A particular example of a mathematical
algorithm utilized for the comparison of two sequences is the
algorithm of Karlin et al., 1990, Proc. Natl. Acad. Sci. USA
87:2264-2268, and as modified e.g., as in Karlin et al., 1993,
Proc. Natl, Acad. Sci. USA 90:5873-5877. Such an algorithm
is incorporated into the NBLAST and XBLAST programs of
Altschul et al., 1990, J. Mol Biol. 215:403-410. To obtain
gapped alignments for comparison purposes, Gapped
BLAST can be utilized as described in Altschul et al., 1997,
Nucleic Acids Res. 25:3389-3402. Alternatively, PSI-Blast
can be used to perform an iterated search, which detects
distant relationships between molecules. When utilizing
BLAST, Gapped BLAST, and PSI-Blast programs, the
default parameters ofthe respective programs (e.g., XBLAST
and NBLAST) can be used, as known in the art. Additionally,
the FASTA method (Atschul et al., 1990, 1d.) can be used.
Another particular example of a mathematical algorithm use-
ful for the comparison of sequences is the algorithm of Myers
etal., 1988, CABIOS 4:11-17. Such an algorithm is incorpo-
rated into the ALIGN program (version 2.0), which is part of
the GCG sequence alignment software package (Devereux et
al., 1984, Nucleic Acids Res. 12(1):387). Percent identity can
be determined by analysis with the AlignX® module in Vec-
tor NTI® (Invitrogen; Carlsbad Calif.).
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[0060] “Patient” refers to warm-blooded animals. Patients
include humans; companion animals (e.g., dogs, cats); farm
animals (e.g., cows, horses, sheep, pigs, goats); wild animals;
and the like. In one embodiment, the patient is a human. In
one embodiment, the patient is a human having type 2 diabe-
tes. In one embodiment, the patient is an obese human having
type 2 diabetes.

[0061] The terms “peptide” and “polypeptide” in the con-
text of components of the peptide conjugates described herein
are synonymous. The term “peptide” refers in the customary
sense to a polymer of amino acids connected by amide bonds.
Theterms “des-amino acid,” “des-AA,” “desLys” and the like
refer to the absence of the indicated amino acid. An amino
acid being “absent” means that the residues (or functional-
ities) formerly attached at the N-terminal and C-terminal side
of the absent amino acid have become bonded together.
[0062] Theterms “side chain surrogate” and the like referto
chemical moieties which mimic the side chain moieties of
naturally physiologic amino acids.

[0063] It should be noted that throughout the application
that alternatives are written in Markush groups, for example,
each amino acid position that contains more than one possible
amino acid. It is specifically contemplated that each member
of the Markush group should be considered separately,
thereby comprising another embodiment, and the Markush
group is not to be read as a single unit.

[0064] “GLP-1 receptor agonist compounds” refer to com-
pounds that elicit a biological activity of an exendin reference
peptide (e.g., exendin-4) or a GLP-1 (7-37) reference peptide
when evaluated by art-known measures such as receptor
binding studies or in vivo blood glucose assays as described
by, e.g., Hargrove et al, 2007, Regulatory Peptides, 141:113-
119, the disclosure of which is incorporated by reference
herein. GLP-1 receptor agonist compounds include, for
example, native exendins, exendin analogs, native GLP-1,
GLP-1 analogs, GLP-1 (7-37), and GLP-1 (7-37) analogs.
[0065] Theterm “exendin” includes naturally occurring (or
synthetic versions of naturally occurring) exendin peptides as
described herein. Exendins include the amidated forms, the
acid form, the pharmaceutically acceptable salt form, and any
other physiologically active form of the molecule. In one
embodiment, the term exendin can be used interchangeably
with the term “exendin agonist.” Absent express indication to
the contrary, all peptides described herein are contemplated in
the amidated and free acid forms.

[0066] “Exendin analog” refers to peptides, peptides con-
taining peptide mimetics, amino acid substitutions, and/or
other modifications, peptides containing the N-terminus con-
formationally constrained compounds described herein, and/
or other chemical moieties, or other compounds which elicit
a biological activity similar to that of an exendin reference
peptide (e.g., exendin-4), when evaluated by art-known mea-
sures such as receptor binding assays or in vivo blood glucose
assays as described, e.g., by Hargrove et al., 2007, Regulatory
Peptides 141:113-119, the disclosure of which is incorpo-
rated by reference herein and for all purposes. Preferably, the
exendin analogs will bind in such receptor binding assays
with an affinity ofless than 1 pM; an affinity ofless than 5 nM;
an affinity of less than 1 nM, or an affinity of less than 0.1 nM.
In one embodiment, the term “exendin analog” refers to a
peptide that has an amino acid sequence with 1, 2, 3, 4, 5, 6,
7, or 8 amino acid substitutions, insertions, deletions, or a
combination of two or more thereof, when compared to the
amino acid sequence of exendin-4. In one embodiment, the
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term exendin analog is an exendin-4 analog. In other embodi-
ment, the term “exendin analog” refers to a peptide that has at
least 85%, at least 88%, at least 90%, at least 93%, at least
95%, or at least 98% sequence identity to the amino acid
sequence of exendin-4. Exendin analogs include the amidated
forms, the acid form, the pharmaceutically acceptable salt
form, and any other physiologically active form of the mol-
ecule. In one embodiment, the term exendin analog can be
used interchangeably with the term “exendin agonist analog.”

[0067] “GLP-1(7-37) analogs” refers to peptides, peptides
containing peptide mimetics and/or other modifications, pep-
tides containing the N-terminus conformationally con-
strained compounds described herein, and/or other chemical
moieties, or other compounds which elicit a biological activ-
ity similar to that of GLP-1 (7-37), when evaluated by art-
known measures such as receptor binding assays or in vivo
blood glucose assays as described, e.g., by Hargrove et al.,
2007 (Id.) In one embodiment, the term “GLP-1 (7-37) ana-
log” refers to a peptide that has an amino acid sequence with
1,2,3,4, 5, 6,7, or 8 amino acid substitutions, insertions,
deletions, or a combination of two or more thereof, when
compared to the amino acid sequence of GLP-1 (7-37). In one
embodiment, the GLP-1 (7-37) analog is GLP-1 (7-36).
GLP-1 (7-37) analogs include the amidated forms, the acid
form, the pharmaceutically acceptable salt form, and any
other physiologically active form of the molecule.

[0068] Thedisclosure provides benzamide-containing pep-
tide compounds having at least 50% amino acid sequence
identity with Formula (I):

Xaa,-Xaa,-Xaay-GTFTSDLSKQ-Xaa ,-EEEAVR-
LFIE-Xaays-LKN—Z @

wherein the Xaa substituents are as defined herein and
wherein one or more contiguous amino acid residues of For-
mula (I) are substituted with a 1-6 benzamide groups. The
benzamide groups are designed to mimic one or more prop-
erties (e.g., shape, charge distribution, bulk and the like) of
the side chain of a physiologic amino acid (e.g., Ala, Cys,
Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln,
Arg, Ser, Thr, Val, Trp or Tyr) of Formula (I). The side chain
surrogate moiety is attached to the phenyl ring forming the
benzamide element. In one embodiment, 2, 3, 4, 5, 6,7,8, 9,
10, 11, or 12 contiguous amino acid residues of Formula (I)
are substituted with the benzamide group Y, described herein.
In one embodiment, 4, 5, 6, 7, 8, 9, or 10 contiguous amino
acid residues of Formula (I) are substituted with the benza-
mide group Y, described herein. In one embodiment, 5, 6, 7,
8, or 9 contiguous amino acid residues of Formula (I) are
substituted with the benzamide group Y, described herein. In
one embodiment, the benzamide-containing peptide com-
pounds have at least 75% sequence identity with Formula (I).
In one embodiment, the benzamide-containing peptide com-
pounds have at least 80% sequence identity with Formula (I).
In one embodiment, the benzamide-containing peptide com-
pounds have at least 85% sequence identity with Formula (I).
In one embodiment, the benzamide-containing peptide com-
pounds have at least 88% sequence identity with Formula (I).
In one embodiment, the benzamide-containing peptide com-
pounds have at least 92% sequence identity with Formula (I).
In one embodiment, the benzamide-containing peptide com-
pounds have at least 95% sequence identity with Formula (I).
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[0069]

wherein R, is a bond, substituted or unsubstituted alkylenyl,
or substituted or unsubstituted alkenylenyl. In one embodi-
ment, R, is abond. In one embodiment, R, isaC,, C,, C;, or
C, alkylenyl optionally substituted with alkyl, hydroxy or
carboxy. In one embodiment, R, is methylene. In one embodi-
ment, R, is ethylenyl substituted with one or more substitu-
ents Ry, wherein Ry is independently alkyl, hydroxy or car-
boxy. In one embodiment, R, is unsubstituted alkenylenyl,
preferably ethenylenyl. In one embodiment, Xaa, has the
structure following:

In Formula (I), Xaa, is His, des-amino His, or
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In one embodiment, Xaa, is His or des-amino His.

[0070] InFormula (1), Xaa,is Gly, Ala,D-AlaorAib.Inone
embodiment, Xaa, is Gly, d-Ala or Ala. In one embodiment,
Xaa, is Gly or Ala. In one embodiment, Xaa, is Gly.

[0071] In Formula (I), Xaa; is Gly, Ala, D-Ala, Aib, Glu,
Pro, or a moiety selected from the group consisting of:

3
A,
X YT 0

In one embodiment, Xaa; is Gly, Ala, Glu, or Pro. In one
embodiment, Xaa, is Gly or Pro, In one embodiment, Xaa, is
Gly. In one embodiment, Xaaj is Pro.

[0072] InFormula (), Xaa,,is Met or Leu. In one embodi-
ment, Xaa, , is Met. In one embodiment, Xaa, , is Leu.

[0073] InFormula (I), Xaa,s is Trp or Phe. In one embodi-
ment, Xaa,s is Trp. In one embodiment, Xaa,s is Phe.

[0074] In Formula (I), Z is —OH; —NH,; Gly Gly-OH;
Gly Gly-NH,; Gly Gly Pro Ser Ser Gly Ala Pro Pro Pro
Ser-OH; or Gly Gly Pro Ser Ser Gly Ala Pro Pro Pro Ser-NH,.
In one embodiment, Z is —OH; —NH,; Gly Gly-OH; or Gly
Gly-NH,. In one embodiment, Z is —OH or —NH,. In one
embodiment, Z is —NH,.
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[0075] InFormula (I),Y, is:
— o -
—N
H
X
i N (CH)—Ria_|
[0076] In the structure represented by Y,, X is a bond,

oxygen, sulfur, —NH—, —NR'—, substituted or unsubsti-
tuted alkylenyl, or substituted or unsubstituted alkenylenyl.
In one embodiment, X is oxygen or a C, or C, alkenylenyl
group. In one embodiment, X is oxygen.

[0077] In the structure represented by Y, R' is substituted
or unsubstituted alkyl. In one embodiment, R'is a C1, C2, or
C3 unsubstituted, straight or branched alkyl.

[0078] In the structure represented by Y, n is an integer
from 0 to 6. In one embodiment, n is 1, 2, or 3. In one
embodiment, nis 1 or 2.

[0079] In the structure represented by Y,, R, , is hydrogen,
halogen, hydroxy, thiol, carboxyl, substituted or unsubsti-
tuted carboxamido, carbamoyl, substituted or unsubstituted
amino, substituted or unsubstituted imino, substituted or
unsubstituted urea, nitro, nitroso, substituted or unsubsti-
tuted, straight or branched alkyl, substituted or unsubstituted
alkenyl, substituted or unsubstituted cycloalkyl, substituted
orunsubstituted heteroalkyl, substituted or unsubstituted het-
erocycloalkyl, substituted or unsubstituted aryl, substituted
or unsubstituted heteroaryl, substituted or unsubstituted alky-
loxy, substituted or unsubstituted alkenyloxy, substituted or
unsubstituted cycloalkyloxy, substituted or unsubstituted het-
eroalkyloxy, substituted or unsubstituted heterocycloalky-
loxy, substituted or unsubstituted aryloxy, substituted or
unsubstituted heteroaryloxy, substituted or unsubstituted
alkylthio, substituted or unsubstituted alkenylthio, substi-
tuted or unsubstituted cycloalkylthio, substituted or unsubsti-
tuted heteroalkylthio, substituted or unsubstituted heterocy-
cloalkylthio, substituted or unsubstituted arylthio, substituted
or unsubstituted heteroarylthio, substituted or unsubstituted
alkylsulfinyl, substituted or unsubstituted alkenylsulfinyl,
substituted or unsubstituted cycloalkylsulfinyl, substituted or
unsubstituted heteroalkylsulfinyl, substituted or unsubsti-
tuted heterocycloalkylsulfinyl, substituted or unsubstituted
arylsulfinyl, substituted or unsubstituted heteroarylsulfinyl,
substituted or unsubstituted alkylsulfonyl, substituted or
unsubstituted alkenylsulfonyl, substituted or unsubstituted
cycloalkylsulfonyl, substituted or unsubstituted heteroalkyl-
sulfonyl, substituted or unsubstituted heterocycloalkylsulfo-
nyl, substituted or unsubstituted arylsulfonyl, or substituted
or unsubstituted heteroarylsulfonyl. In one embodiment, R,
is hydrogen, halogen, hydroxy, thiol, carboxyl, a substituted
orunsubstituted, straight or branched C, C,, C;,C,, Cs, 0r Cq
alkyl group; a substituted or unsubstituted cycloalkyl, a sub-
stituted or unsubstituted heteroalkyl, a substituted or unsub-
stituted heterocycloalkyl, a substituted or unsubstituted aryl,
a substituted or unsubstituted heteroaryl. In one embodiment,
R, , is an unsubstituted straight or branched C, C,, C;, or C,
alkyl group, an unsubstituted aryl, or an unsubstituted het-
eroaryl. In one embodiment, R, is an unsubstituted straight
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orbranched C, C,, or C; alkyl group, or an unsubstituted aryl.
In one embodiment, R , is unsubstituted.

[0080] Inthe structure represented by Y, S is an integer of
1,2,3,4,5, or 6. In one embodiment, S is an integer of 2, 3,
or 4. In one embodiment, S is 3.

[0081] In some embodiments, each substituted group
described above for the compounds of the present invention is
substituted with at least one substituent group. More specifi-
cally, in some embodiments, each substituted alkyl, substi-
tuted heteroalkyl, substituted cycloalkyl, substituted hetero-
cycloalkyl, substituted aryl, substituted heteroaryl,
substituted alkylene, substituted heteroalkylene, substituted
cycloalkylene, substituted heterocycloalkylene, substituted
arylene, and/or substituted heteroarylene described above is
substituted with at least one substituent group.

[0082] In other embodiments of the compounds described
above, each substituted or unsubstituted alkyl is a substituted
or unsubstituted C,-C,, alkyl, each substituted or unsubsti-
tuted heteroalkyl is a substituted or unsubstituted 2 to 20
membered heteroalkyl, each substituted or unsubstituted
cycloalkyl is a substituted or unsubstituted C,-Cg cycloalkyl,
each substituted or unsubstituted heterocycloalkyl is a sub-
stituted or unsubstituted 4 to 8 membered heterocycloalkyl,
each substituted or unsubstituted alkylene is a substituted or
unsubstituted C,-C,, alkylene, each substituted or unsubsti-
tuted heteroalkylene is a substituted or unsubstituted 2 to 20
membered heteroalkylene, each substituted or unsubstituted
cycloalkylene is a substituted or unsubstituted C,-Cq
cycloalkylene, and each substituted or unsubstituted hetero-
cycloalkylene is a substituted or unsubstituted 4 to 8 mem-
bered heterocycloalkylene.

[0083] Alternatively, each substituted or unsubstituted
alkyl is a substituted or unsubstituted C,-Cy alkyl, each sub-
stituted or unsubstituted heteroalkyl is a substituted or unsub-
stituted 2 to 8 membered heteroalkyl, each substituted or
unsubstituted cycloalkyl is a substituted or unsubstituted
C,-C, cycloalkyl, each substituted or unsubstituted heterocy-
cloalkyl is a substituted or unsubstituted 5 to 7 membered
heterocycloalkyl, each substituted or unsubstituted alkylene
is a substituted or unsubstituted C,-Cg alkylene, each substi-
tuted or unsubstituted heteroalkylene is a substituted or
unsubstituted 2 to 8 membered heteroalkylene, each substi-
tuted or unsubstituted cycloalkylene is a substituted or unsub-
stituted C5-C,, cycloalkylene, and each substituted or unsub-
stituted heterocycloalkylene is a substituted or unsubstituted
5 to 7 membered heterocycloalkylene.

[0084] Inoneembodiment, the benzamide-containing pep-
tide compound of Formula (I) is more particularly repre-
sented by the following benzamide-containing peptide com-
pound of Formula (II):

Xaa; Xaa, Xaay Gly Thr Phe Thr Ser Asp Xaa,,
Xaa,, Xaa, Xaa 3 Xaa, Xaas

Xaa s Xaa,; AlaXaa o Xaa,o Xaa, -Y,—2Z (1)

Wherein Xaa,, Xaa,, Xaa;, Xaa, ,, Xaa,s, Y, and Z have the
same meaning as set forth for the peptide compound of For-
mula (I), and wherein Xaa, , is Leu or absent (preferably Leu);
Xaa,, is Ser or absent (preferably Ser); Xaa,, is Lys or absent
(preferably Lys); Xaa,, is Gln or absent (preferably Gln);
Xaa, 5 is Glu or absent (preferably Glu); Xaa, s is Glu or Ala
(preferably Glu); Xaa, is Glu or Ala (preferably Glu); Xaa, 5 is
Val or absent (preferably Val); Xaa,, is Arg or absent (pref-
erably Arg); and Xaa,, is Leu or absent (preferably Leu).
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[0085] The disclosure also provides benzamide-containing
peptide compounds have at least 75% sequence identity with
Formula (II). In one embodiment, the benzamide-containing
peptide compounds have at least 80% sequence identity with
Formula (II). In one embodiment, the benzamide-containing
peptide compounds have at least 85% sequence identity with
Formula (II). In one embodiment, the benzamide-containing
peptide compounds have at least 88% sequence identity with
Formula (II). In one embodiment, the benzamide-containing
peptide compounds have at least 92% sequence identity with
Formula (II). In one embodiment, the benzamide-containing
peptide compounds have at least 95% sequence identity with
Formula (IT).

[0086] Representative compounds that fall within the scope
of the peptide compound of Formula (IT) include Compound
Nos. 12, 13, 14, and 15.

[0087] Inoneembodiment, the benzamide-containing pep-
tide compound of Formula (I) is more particularly repre-
sented by the following benzamide-containing peptide com-
pound of Formula (III):

Xaa, Xaa, Xaaz Gly Thr Xaags Xaa,; Xaag Xaa, Xaa,q

Xaa,, Xaa, Xaa3 Xaa , Xaa s Xaa,; s Xaa;; AlaVal
Arg

Leu Phe Ile Glu Xaa,5 Leu Lys Asn-Z (I11)

Wherein Xaa,, Xaa,, Xaa;, Xaa,,, Xaa,s, and Z have the
same meaning as set forth for the peptide compound of For-
mula (I). In the compound of Formula (II1), Xaa,-Xaa,, are
collectively taken together to be selected from the following:
Phe Thr SerY,; PheY, Gln Met; Phe ThrY, Met; Y, Lys Gln
Met; PheY, GlnLeu; Phe ThrY, Leu; Y, Lys Gln Leu; Y, Ser
Lys Gln Met; Phe Y, Lys Gln Met; Phe Thr Y, Gln Met; Phe
Thr SerY, Met; Phe Thr Ser AspY,; Y, Ser Lys Gln Leu; Phe
Y, Lys Gin Leu; Phe ThrY, Gln Leu; Phe Thr SerY, Leu; Phe
Thr Ser Asp LeuY,; Phe Thr Ser Asp Y, Met; Phe Thr SerY,
GlnMet; Phe ThrY, Lys Gln Met; Phe Y, Ser Lys Gln Met; Y,
Leu Ser Lys Gln Met; Phe Thr Ser AspY, Leu; Phe Thr SerY,
Gln Leu; Phe Thr Y, Lys Gln Leu; Phe Y, Ser Lys Gln Leu;
and Y, Leu Ser Lys Gln Leu. The skilled artisan will appre-

Jul. 18,2013

ciate that in order for Xaags-Xaa,, to be collectively taken
together to represent these amino acid residues in conjunction
with the chemical moiety Y, some of the amino acid residues
represented by Xaa,-Xaa,, will be absent from the com-
pound. In other words, each of Xaa, through Xaa,, will not
correspond to an amino acid residue or Y, and will thus be
absent from the compound.

[0088] For the compound of Formula (IIT), Y, has the same
meaning as defined for the compound of Formula (I); Xaa, 5 is
Glu or absent (preferably Glu); Xaa, s is Glu or Ala (prefer-
ably Glu); and Xaa, - is Glu or Ala (preferably Glu).

[0089] The disclosure also provides benzamide-containing
peptide compounds have at least 75% sequence identity with
Formula (I1I). In one embodiment, the benzamide-containing
peptide compounds have at least 80% sequence identity with
Formula (I1I). In one embodiment, the benzamide-containing
peptide compounds have at least 85% sequence identity with
Formula In one embodiment, the benzamide-containing pep-
tide compounds have at least 88% sequence identity with
Formula (I1I). In one embodiment, the benzamide-containing
peptide compounds have at least 92% sequence identity with
Formula (I1I). In one embodiment, the benzamide-containing
peptide compounds have at least 95% sequence identity with
Formula (III).

[0090] Representative compounds that fall within the scope
of'the peptide compound of Formula (I1I) include Compound
Nos. 16, 17, and 18.

[0091] Exemplary compounds described herein are set
forthin Table 1 following. As customary in the art and as used
herein, a lower case one-letter amino acid code (e.g., “a”)
indicates a D-amino acid (such that “a” in a sequence listing
refers to D-Ala). The symbols “—NH—,” ““—NH,” and the
like refer to amine nitrogen with attached hydrogen(s), and
the symbol “N” as part of a peptide, and not part of a bridge-
head, refers to Asn. “Bridgehead” as used herein refers in the
customary sense to the point of attachment of a bridge (e.g.,
an alkenylenyl bridge) in a molecule (e.g., a peptide). The
term “H” when part of a peptide refers to His, whereas “H”
when used in the terms “—NH—" “—NH,” and the like
refers to hydrogen.

TABLE 1

Cmpd
No. Compound

H
HGPGT—N

e}

(€]
H
N AQ—“— SKQLEEEAVRLFIEFLKN—NH,
O/‘ \
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TABLE 1-continued

Cmpd
No. Compound

13

14

2

15

G

16

(€] (€]
H H
HaPGTFTSDLSKQLEEEAVRL—N N LKN—NH,
(6] (6]

S G

(€] (€]
H H
HaPGTFTSD—N N EEEAVRLFIEFLKN—NH,
(6] (6]

2

(€] (€] (€]
H H H
HaPGT—N N N EEEAVRLFIEFLKN—NH,
(6] (6] (6]

SE.

(€] (€]
H H
HaPGTFTSDAAAVRL—N N NH,
(6] (6]

G G

17

0 0 0
H H H
HaPGTFTSDLSKQLEEEA—NAQ—“—NAQ—“—NAQ—“—NHZ

o o o

oo
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TABLE 1-continued
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Cmpd
No. Compound
18 (€] (€]
H H
HaPGTFTSDAAARL—N N NH,
[0092] In another aspect, there is provided a constrained [0094] Incertain embodiments, the alkenylenyl bridge con-

alkene peptide compounds comprising an amino acid
sequence having at least 50% sequence identity with the
structure of Formula (IV):

Xaa -Xaa,-Xaa;-GTFTSDLSKQ-Xaa ,-EEEAVR-

LFIE-Xaa,s-LKN—Z av)

Wherein Xaa,, Xaa,, Xaa;, Xaa,,, Xaa,s, and Z have the
same definition as that for Formula (I) and wherein at least
one pair of amino acid residues is linked by an alkenylenyl
bridge or an alkylenyl bridge. In one embodiment, at least one
pair of amino acid residues is linked by an alkenylenyl bridge.
Inone embodiment, the amino acid residues that are linked by
the alkenylenyl bridge are separated by 2, 3, or 4 amino acid
residues; preferably by 3 amino acid residues. The terms
“constrained GLP-1 receptor agonist,” “constrained peptide
compound,” “constrained compound,” “constrained alkene
compound” and the like refer to peptide compounds wherein
at least one pair of residues has been substituted such that an
alkenylenyl bridge or an alkylenyl bridge connects the pair.
The disclosure also provides constrained alkene peptide com-
pounds have at least 75% sequence identity with Formula
(IV). In one embodiment, the constrained alkene peptide
compounds have at least 80% sequence identity with Formula
(IV). In one embodiment, the constrained alkene peptide
compounds have at least 85% sequence identity with Formula
(IV). In one embodiment, the constrained alkene peptide
compounds have at least 88% sequence identity with Formula
(IV). In one embodiment, the constrained constrained alkene
peptide compounds have at least 92% sequence identity with
Formula (IV). In one embodiment, the constrained alkene
peptide compounds have at least 95% sequence identity with
Formula (IV).

[0093] In Formula (IV), the alkenylenyl bridge is repre-
sented by the following:

(CHy)p—=—"——(CHy)p

wherein m and p are each independently 1, 2, 3, 4, 5, or 6;
preferably 1, 2, or 3; more preferably 1 or 2. In certain
embodiments, a single alkenylenyl bridge is present. In cer-
tain embodiments, a plurality, e.g., 2, 3 or even 4, of alkenyle-
nyl bridges are present.

nects the backbone C_ atoms of the amino acid pair joined by
the alkenylenyl bridge. In certain embodiments, the alkenyle-
nyl bridge connects a backbone N of one residue with the
backbone C, carbon of the other amino acid. In certain
embodiments, the alkenylenyl bridge connects a backbone
N, of one residue with the backbone N, of the other amino
acid. In certain embodiments, the alkenylenyl bridge is
reduced to form an alkylenyl bridge, as known in the art.
[0095] Inone embodiment, the constrained alkene peptide
compounds of Formula (IV) is more particularly represented
by the following constrained alkene peptide compounds of
Formula (V):

Xaa, Xaa, Xaay Gly Thr Phe Thr Ser Asp Leu
Ser Lys Gln Xaa, Glu Glu Glu Ala Val Arg

Leu Phe lle Y,—Z (V);

Wherein Xaa,, Xaa,, Xaa;, Xaa,,, and Z have the same
meanings as set forth in Formula (I) and wherein Y, is:

e}

0 )l_
LX&&25 Leu Lys—NH (CHy)b
—NH ]/ (CHp)b
(CHy)a (CHp)a

Wherein Xaa, is Pheor Trp;ais 1,2,0r3; bis 0,1, or2; and
Vis i, { or | . In one embodiment, Xaa,s is Phe. In one
embodiment, Xaa, is Trp. In one embodiment, ais 1 or 2. In
one embodiment, a is 1. In one embodiment, bis O or 1. In one
embodiment, b is 1. In one embodiment, b is 0. When b is 0,
then (CH,), is a single bond in which the carbon atom to the
left of (CH,), is linked to the carbon atom to the right of
(CH,), by a single bond. For the sake of clarity, the only
amino acids identified in Y, are Xaa,5, Leu, and Lys; all other
letters refer to nitrogen, oxygen, and carbon.

[0096] The disclosure also provides constrained alkene
peptide compounds have at least 75% sequence identity with
Formula (V). In one embodiment, the constrained alkene
peptide compounds have at least 80% sequence identity with
Formula (V). In one embodiment, the constrained alkene
peptide compounds have at least 85% sequence identity with
Formula (V). In one embodiment, the constrained alkene
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peptide compounds have at least 88% sequence identity with
Formula (V). In one embodiment, the constrained alkene
peptide compounds have at least 92% sequence identity with
Formula (V). In one embodiment, the constrained alkene
peptide compounds have at least 95% sequence identity with
Formula (V).

[0097] Representative compounds that fall within the scope
of'the constrained alkene peptide compounds of Formula (V)
include Compound Nos. 22, 23, 24, 25, 26, and 27.

[0098] In one embodiment, the constrained alkene peptide
compounds of Formula (IV) is more particularly represented
by the following constrained alkene peptide compounds of
Formula (VI):

Xaa, Xaa, Xaay Gly Thr Phe Thr Ser Asp Leu
Ser Lys Gln Xaa 4 Glu Glu Glu Ala Val Arg

LeuPhelleY;—Z (VD);

Wherein Xaa,, Xaa,, Xaa;, Xaa,,, and Z have the same
meanings as set forth in Formula (I), and wherein Y is:
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Wherein Xaa, s is Phe or Trp;ais 1,2,0r3;bis 0, 1, or2; and
lis i, { or ". In one embodiment, Xaa,s is Phe. In one
embodiment, Xaa, is Trp. In one embodiment, ais 1 or 2. In
one embodiment, b is O or 1. In one embodiment, b is 0. When
b is 0, then (CH,), is a single bond in which the carbon atom
to the left of (CH,)b is linked to the carbon atom to the right
of (CH,)b by a single bond. For the sake of clarity, the only
amino acids identified in Y are Xaa,5, Leu, and Lys; all other
letters refer to nitrogen, oxygen, and carbon; except for Z
which has the same definition as that set forth for Formula (I).
[0099] The disclosure also provides constrained alkene
peptide compounds have at least 75% sequence identity with
Formula (VI). In one embodiment, the constrained alkene
peptide compounds have at least 80% sequence identity with
Formula (VI). In one embodiment, the constrained alkene
peptide compounds have at least 85% sequence identity with
Formula (VI). In one embodiment, the constrained alkene
peptide compounds have at least 88% sequence identity with
Formula (VI). In one embodiment, the constrained alkene
peptide compounds have at least 92% sequence identity with
Formula (VI). In one embodiment, the constrained alkene
peptide compounds have at least 95% sequence identity with
Formula (VI).

[0100] Representative compounds that fall within the scope
of'the constrained alkene peptide compounds of Formula (VI)
include Compound Nos. 34, 35, and 36.

[0101] Exemplary peptide compounds of Formula (IV),
(V), and (VI) described herein are provided in Table 2 fol-
lowing. It is understood that the term “N” when representing
a bridgehead as described herein refers to nitrogen. It is
further understood that the symbol “NH,—H-" refers to
N-terminal His having an N-terminal amide functionality.

TABLE 2

0
0
J— Xaays Leu Lys—N Z

—NH (CHL)b |

/(CHz)a NH,

/

(CHya=""
0
Cmpd

No. Compound

22 0
H
NH,—H—N
23 0
H
NH,—H—N
24 0
H
NH,—H—N
25 0
H
NH,—H—N

H H
PGTFTSDLSKQLEEEAVRLFI— N\)‘— F—L—K—N

H
PGTFTSDLSKQLEEEAVRLFI—N.

(€] (6]
H H
PGTFTSDLSKQLEEEAVRLFI— N\H‘; F—L—K— Nj)‘— NH,

(€] (6]
H H
PGTFTSDLSKQLEEEAVRLFI—N. F—L—K—N NH,

(€] (6]

NH,




US 2013/0184203 Al

Jul. 18,2013

14

TABLE 2-continued

Cmpd
No. Compound
26 O (€]
H H H
NH,—H—N PGTFTSDLSKQLEEEAVRLFI—N F—L—mNHZ
= — o]
27 o]
H
NH,—H—N. PGTFTSDLSKQLEEEAVRLFI— F—L—K— NWNHZ
E - E o
34
(6]
H
NH,—H— N\H—
35
(6]
H
NH,—H— Nj)‘—
36 o]
(6] (€]
H H
NH,—H—N PGTFTSDLSKQLEEEAVRLFI—N F—L—K—N r NH;
[0102] In certain embodiments, the peptide compounds N-terminal amino acid residue, an internal amino acid residue

described herein are linked to one, two, or three polyethylene
glycol polymers. In one embodiment, the compounds are
linked to one polyethylene glycol. The polyethylene glycol
can have a molecular weight from about 200 daltons to about
80,000 daltons; from about 5,000 from about 10,000 daltons
to about 60,000 daltons; from about 10,000 daltons to about
50,000 daltons; or from about 15,000 daltons to about 40,000
daltons. The polyethylene glycol may be linear or branched.

[0103] In certain embodiments, compounds are linked to
one or two polyethylene glycols, where the polyethylene
glycol is further linked to a lipophilic moiety. In one embodi-
ment, the polyethylene glycol may have a molecular weight
from about 200 to about 7,000 daltons or from about 500 to
about 5,000 daltons. The lipophilic moiety may be an alkyl
group (e.g., C1-20 alkyl group; C1-10 alkyl group; C1-6 alkyl
group; C1-4 alkyl group), a fatty acid (e.g., C4-28 fatty acid
chain; C8-24 fatty acid chain; C10-20 fatty acid chain), cho-
lesteryl, adamantyl, and the like. The alkyl group may be
linear or branched, preferably linear. In one embodiment, the
fatty acid is an acetylated fatty acid or an esterified fatty acid.
The -(polyethylene glycol)-(lipophilic moiety) may be linked
to the compound at a C-terminal amino acid residue, an

(e.g., an internal Lys amino acid residue), or a combination
thereof (e.g., the compound is linked at the N-terminal and
C-terminal amino acid residues).

[0104] In certain embodiments, the compounds are linked
to a polyamino acid. Exemplary polyamino acids include
poly-lysine, poly-aspartic acid, poly-serine, poly-glutamic
acid, and the like. The polyamino acid may be in the D or LL
form, preferably the L. form. The polyamino acids may com-
prise from 1 to 12 amino acid residues; from 2 to 10 amino
acid residues; or from 2 to 6 amino acid residues.

[0105] In certain embodiments, compounds are linked to a
fatty acid. The fatty acid may be a C,-C,, fatty acid chain, a
Cg-C,, fatty acid chain, or a C,,-C,,, fatty acid chain. In one
embodiment, the fatty acid is an acetylated fatty acid. In one
embodiment, the fatty acid is an esterified fatty acid.

[0106] In certain embodiments, the compounds are linked
to albumin. The albumin may be a recombinant albumin,
serum albumin, or recombinant serum albumin. In another
embodiment, the compounds are linked to an albumin-fatty
acid (i.e., an albumin linked to a fatty acid).

[0107] Inone embodiment, the compounds are linked to an
immunoglobulin or an immunoglobulin Fc¢ region. The
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immunoglobulin may be IgG, IgE, IgA, IgD, or IgM. In one
embodiment, the compounds are linked to an IgG Fc region or
an IgM Fc region. The immunoglobulin Fc region is (i) the
heavy chain constant region 2(CH2) of an immunoglobulin;
(i) the heavy chain constant region 3(CH3) of an immuno-
globulin; or (iii) both the heavy chain constant regions
2(CH2) and 3(CH3) of an immunoglobulin. The immunoglo-
bulin Fc region may further comprise the hinge region at the
heavy chain constant region. Other embodiments for the
immunoglobulin Fc region that can be linked to exendin
analog peptides are described in WO 2008/082274, the dis-
closure of which is incorporated by reference herein.

[0108] When the compounds described herein are
covalently linked to one or more polymers, such as those
described herein, any linking group known in the art can be
used. The linking group may comprise any chemical group(s)
suitable for linking the peptide to the polymer. Alternatively,
compounds can be directly attached to the polymer without
any linking group. Exemplary linking groups include amino
acids, maleimido groups, dicarboxylic acid groups, succin-
imide groups, or a combination of two or more thereof. Meth-
ods for linking peptides to one or more polymers are known in
the art and described, for example, in U.S. Pat. No. 6,329,336;
U.S. Pat. No. 6,423,685; U.S. Pat. No. 6,924,264; WO 2005/
077072, WO 2007/022123, WO 2007/053946; WO 2008/
058461; and WO 2008/082274, the disclosures of which are
incorporated by reference herein.

[0109] General methods of peptide synthesis. Certain pep-
tide elements of the compounds described herein may be
prepared using biological, chemical, and/or recombinant
DNA techniques that are known in the art. Exemplary peptide
synthetic methods are described herein and in U.S. Pat. No.
6,872,700, WO 2007/139941; WO 2007/140284; WO 2008/
082274; WO 2009/011544; and US Publication No. 2007/
0238669, the disclosures of which are incorporated herein by
reference in their entireties and for all purposes. Other meth-
ods for preparing the compounds are set forth herein and/or
known in the art.

[0110] For example, the peptide components of the com-
pounds described herein may be prepared using standard
solid-phase peptide synthesis techniques, such as an auto-
mated or semi-automated peptide synthesizer. Typically,
using such techniques, an alpha-N-carbamoyl protected
amino acid and an amino acid attached to the growing peptide
chain on a resin are coupled at room temperature in an inert
solvent (e.g., dimethylformamide, N-methyl pyrrolidinone,
methylene chloride, and the like) in the presence of coupling
agents (e.g., dicyclohexylcarbodiimide, 1-hydroxybenzo-
triazole, and the like) in the presence of a base (e.g., diiso-
propylethylamine, and the like). The alpha-N-carbamoyl pro-
tecting group is removed from the resulting peptide-resin
using a reagent (e.g., trifluoroacetic acid, piperidine, and the
like) and the coupling reaction repeated with the next desired
N-protected amino acid to be added to the peptide chain.
Suitable N-protecting groups are well known in the art, such
as t-butyloxycarbonyl (tBoc) fluorenylmethoxycarbonyl
(Fmoc), and the like. The solvents, amino acid derivatives and
4-methylbenzhydryl-amine resin used in the peptide synthe-
sizer may be purchased from a variety of commercial sources,
including for example Applied Biosystems Inc. (Foster City,
Calif.).

[0111] For chemical synthesis solid phase peptide synthe-
sis can be used for the peptide conjugates, since in general
solid phase synthesis is a straightforward approach with
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excellent scalability to commercial scale, and is generally
compatible with relatively long peptide conjugates. Solid
phase peptide synthesis may be carried out with an automatic
peptide synthesizer (Model 430A, Applied Biosystems Inc.,
Foster City, Calif.) using the NMP/HOBt (Option 1) system
and tBoc or Fmoc chemistry (See Applied Biosystems User’s
Manual for the ABI 430A Peptide Synthesizer, Version 1.3B
Jul. 1, 1988, section 6, pp. 49-70, Applied Biosystems, Inc.,
Foster City, Calif.) with capping. Boc-peptide-resins may be
cleaved with HF (-5° C.10 0° C., 1 hour). The peptide may be
extracted from the resin with alternating water and acetic
acid, and the filtrates lyophilized. The Fmoc-peptide resins
may be cleaved according to standard methods (e.g., Intro-
duction to Cleavage Techniques, Applied Biosystems, Inc.,
1990, pp. 6-12). Peptides may also be assembled using an
Advanced Chem Tech Synthesizer (Model MPS 350, Louis-
ville, Ky.).

[0112] The compounds described herein may also be pre-
pared using recombinant DNA techniques using methods
known in the art, such as Sambrook et al., 1989, MOLECU-
LAR CLONING: A LABORATORY MANUAL, 2d Ed., Cold
Spring Harbor. Non-peptide compounds may be prepared by
art-known methods. For example, phosphate-containing
amino acids and peptides containing such amino acids may be
prepared using methods known in the art, such as described in
Bartlett et al., 1986, Biorg. Chem., 14:356-377.

[0113] Purification. Peptides may be purified by RP-HPL.C
(preparative and analytical) using e.g., a Waters Delta Prep
3000 system. A C,, C4 or C 4 preparative column (10p, 2.2x
25 cm; Vydac, Hesperia, Calif.) may be used to isolate pep-
tides, and purity may be determined using a C,, Cg or C 4
analytical column (5p, 0.46x25 cm; Vydac). Solvents (A=0.
1% TFA/water and B=0.1% TFA/CH3CN) may be delivered
to the analytical column at a flow rate of 1.0 ml/min and to the
preparative column at 15 ml/min. Amino acid analyses may
be performed on the Waters Pico Tag system and processed
using the Maxima program. Peptides may be hydrolyzed by
vapor-phase acid hydrolysis (115° C., 20-24 h). Hydrolysates
may be derivatized and analyzed by standard methods. See,
e.g., Cohen et al., 1989, THE PICO TAG METHOD’ 4
MANUAL OF ADVANCED TECHNIQUES FOR AMINO
ACID ANALYSIS, pp. 11-52, Millipore Corporation, Milford,
Mass.). Fast atom bombardment analysis may be carried out
by M-Scan, Incorporated (West Chester, Pa.). Mass calibra-
tion may be performed using cesium iodide or cesium iodide/
glycerol. Plasma desorption ionization analysis using time of
flight detection may be carried out on an Applied Biosystems
Bio-lon 20 mass spectrometer.

[0114] Reagents for solid-phase synthesis. Reagents (i.e.,
synthetic building blocks) having a side chain surrogate moi-
ety, a free carboxylic acid and a nitro moiety useful for the
solid-phase synthetic methods described herein are available
by a variety of synthetic methods known in the art and/or
described herein.

[0115] For example, as shown in Scheme 1, methyl 3-hy-
droxy-4-nitrobenzoate can react with an alcohol to provide a
reagent useful for synthesis of the compounds described
herein. By varying the substituent R in the alcohol in the
reaction of Scheme 1, side chain surrogate moieties can be
introduced into reagents. Exemplary syntheses are provided
in the Examples.
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Scheme 1
NO,
OH
) R/OH 1) PPh3, DIAD
THF, Microwave 6 min
at 100° C.
2) MP—CO; resin, DCM
o o RT,16h
HO

NH,

(6]
S1 S2

1) HBTU, HOBT
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-continued
NO, NO,
o 1) 2N NaOH 0

~R ) ~R
MeOH:THF (1:2)
reflux 4 h, 60° C.

0 o 0 OH
[0116] Synthesis of benzamide-containing peptide com-

pounds. Solid-phase synthesis of benzamide-containing
compounds is conveniently conducted on a resin (e.g., Rink
amide resin). With reference to the following Scheme 2, reac-
tion of the free amine of a nascent resin-bound peptide S1
with the carboxyl group of a suitable substituted nitrophenyl
benzoate S2 results in the covalent introduction of a terminal
benzamidyl moiety in resin-bound peptide S3.

Scheme 2

Rink amide resin

Ry

\
o)
\

N 0

NH
6] NI,

o

S6

NMM, DMF, RT

o
2) SnCl,—2H,0
(10 eq)
NO, NMM, DMF, RT
Microwave 6 min @ 100° C.
R,
O/
HO
NO,
A ©
O $5
3) PyBrop, lutidine, DCE
NH, Microwave 30 min @ 110° C.

repeated 2 x

4)SnCl,— 2H,0 (10 eq)

Microwave 6 min @ 100° C.

HO NHFmoc
:53
R3

S7
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[0117]
group of S3 can be easily reduced to the level of an amine,
thereby forming a free amine for subsequent solid-phase
reaction.

Surprisingly, it has been discovered that the nitro

[0118] For example, in Scheme 2 an additional suitable
substituted nitrophenyl benzoate is introduced, thereby form-
ing a bis-benzamidyl compound. The terms “polybenza-
mide,” “polybenzamidyl” and the like refer, in the customary
sense, to a plurality of substituted phenyl moieties attached
via amide linkage. The terms “bis-benzamide,” “tris-benza-
mide” and the like refer, in the customary sense, to a specific
number of phenyl moieties thus bonded. After introduction of
one or more benzamide (polybenzamide) chemical features
into a compound described herein, an N-terminal peptide
sequence can be introduced prior to cleavage and purification.

[0119] Synthesis of benzamide-containing compounds. In
a first aspect, there is provided a method for solid-phase
synthesis of a substituted benzamide-containing peptide
compound. The method includes the step of reacting a resin-
bound reagent having a free amine with a substituted phenyl
having a side chain surrogate moiety, a free carboxylic acid
and a nitro moiety thereby forming a resin-bound substituted
benzamidyl. The nitro moiety is reduced to form a free amine
thereby forming a resin-bound substituted benzamidyl hav-
ing a free amine. The terms “benzamide-containing com-
pound,” “benzamide-containing peptide” and the like refer to
compounds described herein having a peptide component
covalently bonded to a substituted phenyl via an amide bond.
Two or more benzamides can be contiguous and linked by an
amide bond, and this combination can in turn be linked to one
or more peptide elements via amide bond(s). For example, if
the benzamide (polybenzamide) is linked to the N-terminal or
C-terminal residue of the peptide, then a single amide bond
links the peptide element and the benzamide (polybenza-
mide). Alternatively, if the benzamide (polybenzamide)
replaces one or more contiguous internal (i.e., neither N-ter-
minal nor C-terminal) residues of the peptide element, then
the benzamide (polybenzamide) attaches in turn to both the
N-terminal and C-terminal amino acid residues of the peptide
via amide bonds.

H R;

\
0 R
\
N 0
NH
o N
0
o
NH 0
O
R} HN 0
HN
o N
\ H
R, o
\
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6) Fmoc-based SPPS

7) Cleavage/purification

NHFmoc

—[FEFE—c

Ry

[0120] In certain embodiments, the previous steps are
repeated to add one or more additional substituted phenyl
moieties to the resin-bound substituted benzamidyl thereby
forming an extended resin-bound substituted benzamidyl
having a free amine.

[0121] In certain embodiments, the free amine of the ben-
zamidyl moiety, either alone or as part of an extended resin-
bound substituted benzamidyl, is reacted with additional
amino acids thereby forming a substituted benzamide-con-
taining compound.

[0122] Incertain embodiments, the resin-bound reagentis a
primary (i.e., “free”) amine moiety bound to said resin.
Accordingly, in this case the benzamide is conjugated to the
C-terminal of the resulting benzamide-containing peptide.
[0123] In one embodiment, a polybenzamide reagent is
reacted with the resin-bound reagent having a free amine. The
polybenzamide reagent has a carboxylic group suitable to
react with a resin-bound reagent having a free amine and a
nitro group. The polybenzamide reagent is formed from phe-
nyl groups linked via amide bonds, each phenyl having a
side-chain surrogate moiety. After addition of the polybenza-
mide reagent to the resin, synthesis may proceed as described
above.

[0124] Further to any of the synthesis methods described
herein, it is understood that cleavage from a resin and subse-
quent purification is employed to afford compounds
described herein.

[0125] The peptide compounds described herein and phar-
maceutical compositions comprising the peptide compounds
are useful for treating diabetes. The diabetes can be Type 1
diabetes, Type 2 diabetes, or gestational diabetes. In one
embodiment, the diabetes is Type 2 diabetes. The methods for
treating diabetes include administering to a patient in need
thereof a therapeutically effective amount of one or more of
the benzamide-containing peptide compounds (e.g., a peptide
compound of Formula (I), (IT) or (II1)) or one or more of the
constrained alkene peptide compounds (e.g., a peptide com-
pound of Formulat (IV), (V) or (VI)) described herein to treat
diabetes in the patient. In one embodiment, the methods pro-
vide administering a pharmaceutical composition comprising
one or more of the benzamide-containing peptide compounds
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(e.g., a peptide compound of Formula (I), (II) or (III)) or one
or more of the constrained alkene peptide compounds (e.g., a
peptide compound of Formulat (IV), (V) or (VI)) described
herein.

[0126] The compounds described herein and pharmaceuti-
cal compositions comprising the compounds are useful for
treating pre-diabetes. The methods for treating diabetes
include administering to a patient in need thereof a therapeu-
tically effective amount of one or more of the benzamide-
containing peptide compounds (e.g., a peptide compound of
Formula (1), (II) or (III)) or one or more of the constrained
alkene peptide compounds (e.g., a peptide compound of For-
mulat (IV), (V) or (V1)) described herein to treat pre-diabetes
in the patient. In one embodiment, the methods provide
administering a pharmaceutical composition comprising one
or more of the benzamide-containing peptide compounds
(e.g., a peptide compound of Formula (I), (II) or (III)) or one
or more of the constrained alkene peptide compounds (e.g., a
peptide compound of Formulat (IV), (V) or (VI)) described
herein.

[0127] The compounds described herein and pharmaceuti-
cal compositions comprising the compounds are useful for
treating insulin resistance and stimulating insulin release. The
methods for treating insulin resistance include administering
to a patient in need thereof a therapeutically effective amount
of one or more of the benzamide-containing or constrained
alkene compounds described herein to treat insulin resistance
in the patient. The methods for stimulating insulin release
include administering to a patient in need thereof a therapeu-
tically effective amount of one or more of the benzamide-
containing peptide compounds (e.g., a peptide compound of
Formula (1), (II) or (III)) or one or more of the constrained
alkene peptide compounds (e.g., a peptide compound of For-
mula (IV), (V) or (V])) described herein to stimulate insulin
release in the patient. In one embodiment, the methods pro-
vide administering a pharmaceutical composition comprising
one or more of the benzamide-containing peptide compounds
(e.g., a peptide compound of Formula (I), (II) or (III)) or one
or more of the constrained alkene peptide compounds (e.g., a
peptide compound of Formulat (IV), (V) or (VI)) described
herein.

[0128] The compounds described herein and pharmaceuti-
cal compositions comprising the compounds are useful for
treating postprandial hyperglycemia. The methods for treat-
ing postprandial hyperglycemia include administering to a
patient in need thereof a therapeutically effective amount of
one or more of the benzamide-containing peptide compounds
(e.g., a peptide compound of Formula (I), (II) or (III)) or one
or more of the constrained alkene peptide compounds (e.g., a
peptide compound of Formula (IV), (V) or (VI)) described
herein to treat postprandial hyperglycemia in the patient. In
one embodiment, the methods provide administering a phar-
maceutical composition comprising one or more of the ben-
zamide-containing peptide compounds (e.g., a peptide com-
pound of Formula (I), (II) or (IIT)) or one or more of the
constrained alkene peptide compounds (e.g., a peptide com-
pound of Formulat (IV), (V) or (VI)) described herein.

[0129] The compounds described herein and pharmaceuti-
cal compositions comprising the compounds are useful for
lowering blood glucose levels and lowering HbAlc levels.
The methods for lowering blood glucose levels include
administering to a patient in need thereof a therapeutically
effective amount of one or more of the benzamide-containing
or constrained alkene compounds described herein to lower
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blood glucose levels in the patient. In one embodiment, the
blood glucose levels can be fasting blood glucose levels. The
methods for lowering HbAlc levels include administering to
a patient in need thereof a therapeutically effective amount of
one or more of the benzamide-containing peptide compounds
(e.g., a peptide compound of Formula (I), (I) or (III)) or one
or more of the constrained alkene peptide compounds (e.g., a
peptide compound of Formula (IV), (V) or (VI)) described
herein to lower HbAlc levels in the patient. Hb Alc levels are
generally a long-term measure of a patient’s blood glucose
levels. In one embodiment, the methods provide administer-
ing a pharmaceutical composition comprising one or more of
the benzamide-containing peptide compounds (e.g., a peptide
compound of Formula (I), (IT) or (II1)) or one or more of the
constrained alkene peptide compounds (e.g., a peptide com-
pound of Formula (IV), (V) or (V1)) described herein.

[0130] The compounds described herein and pharmaceuti-
cal compositions comprising the compounds are useful for
reducing gastric motility and delaying gastric emptying. The
methods for reducing gastric motility include administering
to a patient in need thereof a therapeutically effective amount
of one or more of the benzamide-containing peptide com-
pounds (e.g., a peptide compound of Formula (I), (I) or (II1))
or one or more of the constrained alkene peptide compounds
(e.g., a peptide compound of Formula (IV), (V) or (VI))
described herein to reduce gastric motility in the patient. The
methods for delaying gastric emptying include administering
to a patient in need thereof a therapeutically effective amount
of one or more of the benzamide-containing peptide com-
pounds (e.g., a peptide compound of Formula (I), (I) or (II1))
or one or more of the constrained alkene peptide compounds
(e.g., a peptide compound of Formula (IV), (V) or (VI))
described herein to delay gastric emptying in the patient. In
one embodiment, the methods provide administering a phar-
maceutical composition comprising one or more of the ben-
zamide-containing peptide compounds (e.g., a peptide com-
pound of Formula (I), (II) or (IIT)) or one or more of the
constrained alkene peptide compounds (e.g., a peptide com-
pound of Formulat (IV), (V) or (VI)) described herein.

[0131] The compounds described herein and pharmaceuti-
cal compositions comprising the compounds are useful for
reducing food intake, reducing appetite, and increasing sati-
ety. The methods for reducing food intake include adminis-
tering to a patient in need thereof a therapeutically effective
amount of one or more of the benzamide-containing peptide
compounds (e.g., a peptide compound of Formula (I), (IT) or
(II1)) or one or more of the constrained alkene peptide com-
pounds (e.g., a peptide compound of Formula (IV), (V) or
(VD)) described herein to reduce food intake in the patient.
The methods for reducing appetite or increasing satiety
include administering to a patient in need thereof a therapeu-
tically effective amount of one or more of the benzamide-
containing peptide compounds (e.g., a peptide compound of
Formula (1), (II) or (III)) or one or more of the constrained
alkene peptide compounds (e.g., a peptide compound of For-
mula (IV), (V) or (V])) described herein to reduce appetite in
the patient. The patient may be of any weight, and can be
overweight or obese. In one embodiment, the methods pro-
vide administering a pharmaceutical composition comprising
one or more of the benzamide-containing peptide compounds
(e.g., a peptide compound of Formula (I), (I) or (III)) or one
or more of the constrained alkene peptide compounds (e.g., a
peptide compound of Formulat (IV), (V) or (VI)) described
herein.
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[0132] The compounds described herein and pharmaceuti-
cal compositions comprising the compounds are useful for
reducing body weight. The methods for reducing body weight
include administering to a patient in need thereof a therapeu-
tically effective amount of one or more of the benzamide-
containing peptide compounds (e.g., a peptide compound of
Formula (1), (II) or (III)) or one or more of the constrained
alkene peptide compounds (e.g., a peptide compound of For-
mula (IV), (V) or (VI)) described herein to reduce body
weight in the patient. The patient may be of any weight, and
can be overweight or obese. In one embodiment, the methods
provide administering a pharmaceutical composition com-
prising one or more of the benzamide-containing peptide
compounds (e.g., a peptide compound of Formula (I), (II) or
(II1)) or one or more of the constrained alkene peptide com-
pounds (e.g., a peptide compound of Formulat (IV), (V) or
(VD)) described herein.

[0133] The compounds described herein and pharmaceuti-
cal compositions comprising the compounds are useful for
treating overweight and obesity. The methods for treating
overweight provide administering to a patient in need thereof
a therapeutically effective amount of one or more of the
benzamide-containing peptide compounds (e.g., a peptide
compound of Formula (I), (IT) or (II1)) or one or more of the
constrained alkene peptide compounds (e.g., a peptide com-
pound of Formulat (IV), (V) or (VI)) described herein to treat
overweight in the patient. The methods for treating obesity
provide administering to a patient in need thereof a therapeu-
tically effective amount of one or more of the benzamide-
containing peptide compounds (e.g., a peptide compound of
Formula (1), (II) or (III)) or one or more of the constrained
alkene peptide compounds (e.g., a peptide compound of For-
mula (IV), (V) or (V])) described herein to treat obesity in the
patient. In one embodiment, the methods provide administer-
ing a pharmaceutical composition comprising one or more of
the benzamide-containing peptide compounds (e.g., a peptide
compound of Formula (I), (IT) or (II1)) or one or more of the
constrained alkene peptide compounds (e.g., a peptide com-
pound of Formula (IV), (V) or (VI)) described herein.

[0134] “Obesity” and “overweight” refer to patients having
a weight greater than normally expected, and may be deter-
mined by, e.g., physical appearance, body mass index (BMI)
as known in the art, waist-to-hip circumference ratios, skin-
fold thickness, waist circumference, and the like. The Centers
for Disease Control and Prevention (CDC) define overweight
as an adult human having a BMI of 25 to 29.9; and define
obese as an adult human having a BMI of 30 or higher.
Additional metrics for the determination of obesity exist. For
example, the CDC states that a person with a waist-to-hip
ratio greater than 1.0 is overweight.

[0135] The compounds described herein and pharmaceuti-
cal compositions comprising the compounds are useful for
treating cardiovascular disease. The methods for treating car-
diovascular disease provide administering to a patient in need
thereof a therapeutically effective amount of one or more of
the benzamide-containing peptide compounds (e.g., a peptide
compound of Formula (I), (IT) or (II1)) or one or more of the
constrained alkene peptide compounds (e.g., a peptide com-
pound of Formulat (IV), (V) or (VI)) described herein to treat
cardiovascular disease in the patient. The methods for treating
cardiovascular disease provide administering to a patient in
need thereof a therapeutically effective amount of one or
more of the benzamide-containing peptide compounds (e.g.,
a peptide compound of Formula (I), (I) or (IIT)) or one or
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more of the constrained alkene peptide compounds (e.g., a
peptide compound of Formula (IV), (V) or (VI)) described
herein to treat cardiovascular disease in the patient. In one
embodiment, the methods provide administering a pharma-
ceutical composition comprising one or more of the benza-
mide-containing peptide compounds (e.g., a peptide com-
pound of Formula (I), (II) or (IIT)) or one or more of the
constrained alkene peptide compounds (e.g., a peptide com-
pound of Formula (IV), (V) or (VI)) described herein. Car-
diovascular disease includes heart disease, congestive heart
failure, hypertension, peripheral vascular disease, angina,
atherosclerosis, myocardial infarction, hypertriglyceridemia,
and hypercholesterolemia.

[0136] The compounds described herein and pharmaceuti-
cal compositions comprising the compounds are useful for
treating neurodegenerative diseases. The methods for treating
neurodegenerative diseases provide administering to a patient
in need thereof a therapeutically effective amount of one or
more of the benzamide-containing peptide compounds (e.g.,
a peptide compound of Formula (I), (I) or (IIT)) or one or
more of the constrained alkene peptide compounds (e.g., a
peptide compound of Formulat (IV), (V) or (VI)) described
herein to treat neurodegenerative diseases in the patient. The
methods for treating neurodegenerative diseases provide
administering to a patient in need thereof a therapeutically
effective amount of one or more of the benzamide-containing
peptide compounds (e.g., a peptide compound of Formula (1),
(II) or (II1)) or one or more of the constrained alkene peptide
compounds (e.g., a peptide compound of Formula (IV), (V) or
(VD)) described herein to treat cardiovascular disease in the
patient. In one embodiment, the methods provide administer-
ing a pharmaceutical composition comprising one or more of
the benzamide-containing peptide compounds (e.g., a peptide
compound of Formula (I), (IT) or (II1)) or one or more of the
constrained alkene peptide compounds (e.g., a peptide com-
pound of Formula (IV), (V) or (VI)) described herein. Neu-
rodegenerative diseases include Alzheimer’s disease, Parkin-
son’s disease, Huntington’s disease, Pick’s disease, and the
like.

[0137] The compounds described herein and pharmaceuti-
cal compositions comprising the compounds are useful for
treating obstructive sleep apnea. The methods for treating
obstructive sleep apnea provide administering to a patient in
need thereof a therapeutically effective amount of one or
more of the benzamide-containing peptide compounds (e.g.,
a peptide compound of Formula (I), (I) or (IIT)) or one or
more of the constrained alkene peptide compounds (e.g., a
peptide compound of Formulat (IV), (V) or (VI)) described
herein to treat obstructive sleep apnea in the patient. The
methods for treating obstructive sleep apnea provide admin-
istering to a patient in need thereof a therapeutically effective
amount of one or more of the benzamide-containing peptide
compounds (e.g., a peptide compound of Formula (I), (IT) or
(II1)) or one or more of the constrained alkene peptide com-
pounds (e.g., a peptide compound of Formula (IV), (V) or
(VD)) described herein to treat obstructive sleep apnea in the
patient. In one embodiment, the methods provide administer-
ing a pharmaceutical composition comprising one or more of
the benzamide-containing peptide compounds (e.g., a peptide
compound of Formula (I), (IT) or (II1)) or one or more of the
constrained alkene peptide compounds (e.g., a peptide com-
pound of Formula (IV), (V) or (V1)) described herein.

[0138] The compounds described herein and pharmaceuti-
cal compositions comprising the compounds are useful for
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treating short bowel syndrome. The methods for treating
short bowel syndrome provide administering to a patient in
need thereof a therapeutically effective amount of one or
more of the benzamide-containing peptide compounds (e.g.,
a peptide compound of Formula (I), (I) or (IIT)) or one or
more of the constrained alkene peptide compounds (e.g., a
peptide compound of Formulat (IV), (V) or (VI)) described
herein to treat short bowel syndrome in the patient. The meth-
ods for treating short bowel syndrome provide administering
to a patient in need thereof a therapeutically effective amount
of one or more of the benzamide-containing peptide com-
pounds (e.g., a peptide compound of Formula (I), (IT) or (I11))
or one or more of the constrained alkene peptide compounds
(e.g., a peptide compound of Formula (IV), (V) or (VI))
described herein to treat short bowel syndrome in the patient.
In one embodiment, the methods provide administering a
pharmaceutical composition comprising one or more of the
benzamide-containing peptide compounds (e.g., a peptide
compound of Formula (I), (IT) or (II1)) or one or more of the
constrained alkene peptide compounds (e.g., a peptide com-
pound of Formula (IV), (V) or (VI)) described herein.

[0139] The compounds described herein may be tested in a
variety of receptor binding assays using methodologies gen-
erally known to those skilled in the art. Such assays include
those described herein.

[0140] GLP-1 receptor binding assay. GLP-1 receptor
binding activity and affinity may be measured using a binding
displacement assay in which the receptor source is RINmSF
cellmembranes, and the ligand is [***1]GLP-1. Homogenized
RINmSF cell membranes can be incubated in 20 mM HEPES
buffer with 40,000 cpm e25I1]GLP-1 tracer, and varying con-
centrations of test compound for 2 hours at 23° C. with
constant mixing. Reaction mixtures can be filtered through
glass filter pads presoaked with 0.3% PEI solution and rinsed
with ice-cold phosphate buffered saline. Bound counts can be
determined using a. scintillation counter. Binding affinities
can be calculated using GraphPad Prism software (GraphPad
Software, Inc., San Diego, Calif.).

[0141] GLP-1 adenylate cyclase assay (Functional Assay).
The GLP-1 receptor mediated adenylate cyclase activation
can be measured using, for example, an HTRF (Homoge-
neous Time-Resolved Fluorescence) cell-based cAMP assay
kit (CisBio) as known in the art.

[0142] Glucose lowering assay. Suitable test animals (e.g.,
NIH/Swiss mice) can be fasted (e.g., 2-hr) prior to the assay.
Pre-treatment glucose blood concentration can be deter-
mined. Compound or vehicle can be injected at zero time, and
samples can be withdrawn at fixed intervals (e.g., 30, 60, 120,
180 and 240 min) for blood glucose determination. A suitable
blood glucose measurement device is the One Touch®
Ultra® (LifeScan, Inc., Milpitas, Calif.). Results can be pre-
sented as the integrated area under the curve (“AUC”). For
example, “AUC,,,” refers to the integrated blood glucose
over 240 min.

[0143] Compounds useful in the biological assays
described herein include the following:

[0144] In one aspect, there is provided a pharmaceutical
composition which include benzamide-containing peptide
compounds described herein (e.g., a peptide compound of
Formula (I), (I) or (II1)) in combination with a pharmaceu-
tically acceptable excipient. In one aspect, there is provided a
pharmaceutical composition which include constrained alk-
ene peptide compounds described herein (e.g., a peptide com-
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pound of Formula (IV), (V) or (VI)) as described herein in
combination with a pharmaceutically acceptable excipient.
[0145] The peptide compounds described herein can be
prepared and administered in a wide variety of oral,
parenteral, and topical dosage forms. Thus, the compounds of
the present invention can be administered by injection (e.g.,
intravenously, intramuscularly, intracutaneously, subcutane-
ously, intraduodenally, or intraperitoneally). Also, the com-
pounds described herein can be administered by inhalation,
for example, intranasally. Additionally, the compounds of the
present invention can be administered transdermally. It is also
envisioned that multiple routes of administration (e.g., intra-
muscular, oral, transdermal) can be used to administer the
compounds of the invention. Accordingly, the present inven-
tion also provides pharmaceutical compositions comprising a
pharmaceutically acceptable carrier or excipient and one or
more compounds of the invention. The terms “pharmaceuti-
cally acceptable excipient” and the like refer to excipients,
carriers, other compounding agents and the like which are
generally deemed as acceptable for incorporation into a phar-
maceutical composition.

[0146] For preparing pharmaceutical compositions from
the compounds of the present invention, pharmaceutically
acceptable carriers can be either solid or liquid. Solid form
preparations include powders, tablets, pills, capsules,
cachets, suppositories, and dispersible granules. A solid car-
rier can be one or more substance that may also act as diluents,
flavoring agents, binders, preservatives, tablet disintegrating
agents, or an encapsulating material.

[0147] In powders, the carrier is a finely divided solid in a
mixture with the finely divided active component. In tablets,
the active component is mixed with the carrier having the
necessary binding properties in suitable proportions and com-
pacted in the shape and size desired.

[0148] The powders and tablets preferably contain from
5% to 70% of the active compound. Suitable carriers are
magnesium carbonate, magnesium stearate, talc, sugar, lac-
tose, pectin, dextrin, starch, gelatin, tragacanth, methylcellu-
lose, sodium carboxymethylcellulose, a low melting wax,
cocoa butter, and the like. The term “preparation” is intended
to include the formulation of the active compound with
encapsulating material as a carrier providing a capsule in
which the active component with or without other carriers, is
surrounded by a carrier, which is thus in association with it.
Similarly, cachets and lozenges are included. Tablets, pow-
ders, capsules, pills, cachets, and lozenges can be used as
solid dosage forms suitable for oral administration.

[0149] For preparing suppositories, a low melting wax,
such as a mixture of fatty acid glycerides or cocoa butter, is
first melted and the active component is dispersed homoge-
neously therein, as by stirring. The molten homogeneous
mixture is then poured into convenient sized molds, allowed
to cool, and thereby to solidify.

[0150] Liquid form preparations include solutions, suspen-
sions, and emulsions, for example, water or water/propylene
glycol solutions. For parenteral injection, liquid preparations
can be formulated in solution in aqueous polyethylene glycol
solution.

[0151] When parenteral application is needed or desired,
particularly suitable admixtures for the compounds of the
invention are injectable, sterile solutions, preferably oily or
aqueous solutions, as well as suspensions, emulsions, or
implants, including suppositories. In particular, carriers for
parenteral administration include aqueous solutions of dex-
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trose, saline, pure water, ethanol, glycerol, propylene glycol,
peanut oil, sesame oil, polyoxyethylene-block polymers, and
the like. Ampoules are convenient unit dosages. The com-
pounds of the invention can also be incorporated into lipo-
somes or administered via transdermal pumps or patches.
Pharmaceutical admixtures suitable for use in the present
invention include those described, for example, in PHARMA-
CEUTICAL SCIENCES (17th Ed., Mack Pub. Co., Easton,
Pa.) and WO 96/05309, the teachings of both of which are
hereby incorporated by reference.

[0152] Aqueous solutions suitable for oral use can be pre-
pared by dissolving the active component in water and adding
suitable colorants, flavors, stabilizers, and thickening agents
as desired. Aqueous suspensions suitable for oral use can be
made by dispersing the finely divided active component in
water with viscous material, such as natural or synthetic
gums, resins, methylcellulose, sodium carboxymethylcellu-
lose, and other well-known suspending agents.

[0153] Also included are solid form preparations that are
intended to be converted, shortly before use, to liquid form
preparations for oral administration. Such liquid forms
include solutions, suspensions, and emulsions. These prepa-
rations may contain, in addition to the active component,
colorants, flavors, stabilizers, buffers, artificial and natural
sweeteners, dispersants, thickeners, solubilizing agents, and
the like.

[0154] The pharmaceutical preparation is preferably in unit
dosage form. In such form the preparation is subdivided into
unit doses containing appropriate quantities of the active
component. The unit dosage form can be a packaged prepa-
ration, the package containing discrete quantities of prepara-
tion, such as packeted tablets, capsules, and powders in vials
or ampoules. Also, the unit dosage form can be a capsule,
tablet, cachet, or lozenge itself, or it can be the appropriate
number of any of these in packaged form.

[0155] The quantity of active component in a unit dose
preparation may be varied or adjusted from 0.1 mg to 10000
mg, more typically 1.0 mg to 1000 mg, most typically 10 mg
to 500 mg, according to the particular application and the
potency of the active component. The composition can, if
desired, also contain other compatible therapeutic agents.
[0156] Some compounds may have limited solubility in
water and therefore may require a surfactant or other appro-
priate co-solvent in the composition. Such co-solvents
include: Polysorbate 20, 60, and 80; Pluronic F-68, F-84, and
P-103; cyclodextrin; and polyoxyl 35 castor oil. Such co-
solvents are typically employed at a level between about
0.01% and about 2% by weight.

[0157] Viscosity greater than that of simple aqueous solu-
tions may be desirable to decrease variability in dispensing
the formulations, to decrease physical separation of compo-
nents of a suspension or emulsion of formulation, and/or
otherwise to improve the formulation. Such viscosity build-
ing agents include, for example, polyvinyl alcohol, polyvinyl
pyrrolidone, methyl cellulose, hydroxy propyl methylcellu-
lose, hydroxyethyl cellulose, carboxymethyl cellulose,
hydroxy propyl cellulose, chondroitin sulfate and salts
thereof, hyaluronic acid and salts thereof, and combinations
of'the foregoing. Such agents are typically employed at alevel
between about 0.01% and about 2% by weight.

[0158] The compositions of the present invention may
additionally include components to provide sustained release
and/or comfort. Such components include high molecular
weight, anionic mucomimetic polymers, gelling polysaccha-
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rides, and finely-divided drug carrier substrates. These com-
ponents are discussed in greater detail in U.S. Pat. Nos. 4,911,
920; 5,403,841; 5,212,162; and 4,861,760. The entire
contents of these patents are incorporated herein by reference
in their entirety for all purposes.

[0159] Also provided are drug delivery devices having at
least one therapeutically effective dose of the compounds
described herein or the pharmaceutical composition contain-
ing the compounds described herein. The drug delivery
devices can be single or multiple-use vials, single or multiple-
use pharmaceutical pens, single or multiple-use cartridges,
and the like. In one embodiment, the drug delivery devices
contain the compounds or pharmaceutical compositions
described herein in amounts capable of providing a patient
with from about 7 to about 40 doses or enough doses to last
about one week or about one month.

[0160] Pharmaceutical compositions provided by the
present invention include compositions wherein the active
ingredient is contained in a therapeutically effective amount,
i.e., in an amount effective to achieve its intended purpose.
The actual amount effective for a particular application will
depend, inter alia, on the condition being treated. For
example, when administered in methods to treat a specific
disease or disorder, such compositions will contain an
amount of active ingredient effective to achieve the desired
result (e.g., relieving the symptoms of the specific disease or
disorder).

[0161] Forexample, the therapeutically effective amount of
the compounds described herein to treat the diseases
described herein will typically be from about 0.01 png to about
5 mg; about 0.1 pg to about 2.5 mg; about 1 pg to about 1 mg;
about 1 pg to about 50 pg; or about 1 ug to about 25 pg.
Alternatively, the therapeutically effective amount of the
GLP-1 receptor agonist compounds may be from about 0.001
g to about 100 pg based on the weight of a 70 kg patient; or
from about 0.01 pg to about 50 pug based on the weight ofa 70
kg patient. These therapeutically effective doses may be
administered once/day, twice/day, thrice/day, once/week,
biweekly, or once/month, depending on the formulation. The
exact dose to be administered is determined, for example, by
the formulation, such as an immediate release formulation or
an extended release formulation. For transdermal, nasal or
oral dosage forms, the dosage may be increased from about
5-fold to about 10-fold. \

[0162] Thedosage and frequency (single or multiple doses)
of compound administered can vary depending upon a variety
of factors, including route of administration; size, age, sex,
health, body weight, body mass index, and diet of the recipi-
ent; nature and extent of symptoms of the disease being
treated (e.g., the specific disease responsive to amelioration);
presence of other diseases or other health-related problems;
kind of concurrent treatment; and complications from any
disease or treatment regimen. Other therapeutic regimens or
agents can be used in conjunction with the methods and
compounds of the invention.

[0163] For any compound described herein, the therapeu-
tically effective amount can be initially determined from a
variety of assays, including but not limited to cell culture
assays and behavioral assays. Target concentrations will be
those concentrations of active compound(s) that are capable
of eliciting a biological response in cell culture assay, or
eliciting a behavioral response.

[0164] Therapeutically effective amounts for use in
humans may be determined from animal models. For
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example, a dose for humans can be formulated to achieve a
concentration that has been found to be effective in animals.
The dosage in humans can be adjusted by monitoring the
underlying specific disease or disorder and adjusting the dos-
age upwards or downwards, as known in the art and/or as
described herein.

[0165] Dosages may be varied depending upon the require-
ments of the patient and the compound being employed. The
dose administered to a patient, in the context of the present
invention, should be sufficient to effect a beneficial therapeu-
tic response in the patient over time. The size of the dose also
will be determined by the existence, nature, and extent of any
adverse side effects. Generally, treatment is initiated with
smaller dosages, which are less than the optimum dose of the
compound. Thereafter, the dosage is increased by small incre-
ments until the optimum effect under circumstances is
reached. In one embodiment of the invention, the dosage
range is 0.001% to 10% w/v. In another embodiment, the
dosage range is 0.1% to 5% w/v.

[0166] Dosage amounts and intervals can be adjusted indi-
vidually to provide levels of the administered compound
effective for the particular clinical indication being treated.
This will provide a therapeutic regimen that is commensurate
with the severity of the individual’s disease state.

[0167] Utilizing the teachings provided herein, an effective
prophylactic or therapeutic treatment regimen can be planned
that does not cause substantial toxicity and yet is entirely
effective to treat the clinical symptoms demonstrated by the
particular patient. This planning should involve the careful
choice of active compound by considering factors such as
compound potency, relative bioavailability, patient body
weight, presence and severity of adverse side effects, pre-
ferred mode of administration, and the toxicity profile of the
selected agent.

[0168] The ratio between toxicity and therapeutic effect for
a particular compound is its therapeutic index and can be
expressed as the ratio between LDy, (the amount of com-
pound lethal in 50% of'the population) and ED5, (the amount
of compound effective in 50% of the population). Com-
pounds that exhibit high therapeutic indices are preferred.
Therapeutic index data obtained from cell culture assays and/
or animal studies can be used in formulating a range of dos-
ages for use in humans. The dosage of such compounds
preferably lies within a range of plasma concentrations that
include the ED,, with little or no toxicity. The dosage may
vary within this range depending upon the dosage form
employed and the route of administration utilized. See, e.g.
Fingl et al., In: THE PHARMACOLOGICAL BASIS OF
THERAPEUTICS, Ch. 1, p. 1, 1975. The exact formulation,
route of administration, and dosage can be chosen by the
individual physician in view of the patient’s condition and the
particular method in which the compound is used.

EXAMPLES

[0169] The examples below are meant to illustrate certain
embodiments of the invention, and not to limit the scope of
the invention.  Abbreviations: AcCN=acetonitrile;
BuOH=butanol; DCM=dichloromethane; DIEA, DIPEA=N,
N-diisopropylethylamine; DMA=N,N-dimethylacetamide;
DMAP=N,N-dimethylaminopyridine; DMF=N,N-dimethyl-
formamide; DMSO=dimethylsulfoxide; EDC=N-(3-dim-
ethylaminopropyl)-N'-ethylcarbodiimide hydrochloride;
EtOAc=Ethyl Acetate; HOBt=1-hydroxybenzotriazole;
HPLC=high pressure liquid chromatography; MS=mass-
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spectrometry; MsCl=methanesulfonylchloride;
NMR=nuclear magnetic resonance; TFA=trifluoroacetic
acid; THF=tetrahydrofuran; RT=room temperature;
LC/MS=liquid  chromatography mass  spectroscopy;
NCS=N-chlorosuccinimde; TMSI=trimethylsilylimidazole;
NMM=N-methylmaleimide; IBCF=isobutylchloroformate;
LDA=lithium diisopropylamide; Tf=triflate  (trifluo-
romethanesulfonate); CDlI=carbonyldiimidazole;
DPPA=diphenylphosphoryl azide; HATU=2-(7-Aza-1H-
benzotriazole-1-y1)-1,1,3,3-tetramethyluronium hexatluoro-
phosphate; DME=dimethyl ether; Boc=tert-butoxycarbonyl;
NBS=N-bromosuccinimide; EDCI=1-ethyl-3-(3-dimethy-
laminopropyl) carbodiimide; dppf=1,1'-bis(diphenylphos-
phino)ferrocene; SEM: 2-(trimethylsilyl) ethoxymethyl; pnW:
microwave. Starting materials for syntheses described herein
are commercially available or can be synthesized by methods
known in the art and/or described herein.

Example 1

Synthesis of Reagents for Benzamide Containing
Compounds

[0170] Compounds useful in the methods and composi-
tions described herein may be synthesized by a variety of
routes, including the synthetic route described in Scheme 3
following.

Scheme 3
NO,
OH +Benzyl alcohol
1) PPH3, DIAD, THF,
puw 100° C., 6 min,
Flash Chrom.
B ——
2) MP-Carbonate resin,
DCM, RT, 16 h
0 o
1
NO,
0 N NaOH
MeOH:THF
(1:2), 60° C., 3 h
0 o
2
NO,
(0]
(6] OH
3
Example la
Methyl-3-(benzyloxy)-4-nitrobenzoate (2)
[0171] Methyl-3-hydroxy-4-nitrobenzoate Cmpd 1(1.0 g,

1.0 eq) was dissolved in THF (6 mL) in a microwave vial.
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Benzyl alcohol (1.0 eq) and PPh; (1.0 eq) were added to the
vial. The reaction vial was put under nitrogen flow, and DIAD
(1.0eq) was added in the dark after stirring the reaction for 1.5
hours. The reaction was microwave irradiated at 100° C. for 6
min (Biotage Initiator™ FKight). The solution was concen-
trated, and purification of the resultant was performed on a
SP1 flash chromatography system (Biotage™) starting with
6% EtOAc:94% Hex to 60% EtOAc: 40% Hex. The recovered
yellow solid was treated with MP-Carbonate resin (2 eq) in
DCM and the mixture was shaken overnight at RT. The resin
was filtered and multiply washed with DCM. The filtrate was
concentrated under vacuum to give Cmpd 2 as a yellow solid
(1.39 g, 94% yield).

Example 1b

3-(benzyloxy)-4-nitrobenzoic acid (3). Cmpd 2

[0172] (1.53 g,1.0eq)wasdissolvedin THF (52.8 mL.) and
MeOH (26.4 mL) in a round bottom flask, followed by addi-
tion of 2N NaOH (13.2 mL,, 5.0 eq). The reaction was heated
at 60° C. for 3 hours, occasionally opening the flask to release
pressure. The reaction was monitored by TLC (5% MeOH:
95% DCM). The resulting mixture was concentrated, and the
residue was dissolved in water and acidified to pH=2-3 with
1IN HCI. The acidic solution was extracted with AcOEt 3x,
dried over Na,SO,, filtered and concentrated to afford Cmpd
3 as a light yellowish solid (1.25 g, 96% yield). Analytic: 'H
NMR (DMSO d6, 500 mHz): § 7.99 (d, 1H), 7.87 (s, 1H),
7.66 (dd, 1H), 7.46-7.40 (m, 4H), 7.33 (m, 11-1), 5.39 (s, 2H).
LCMS (C,3, 2-98% CH;CN in 0.1% TFA/H,O over 6 min);
Calculated mass for C,,H,;NO; (M+H)*274.06. Found by
LC-MS 274.

[0173] By varying the adducted alcohol reagent employed
in Scheme 3, a variety of useful reagents is available for
synthesis of the compounds described herein. For Cmpds 4, 5,
6 and 7 following (Scheme 4), the alcohols used were iso-
butanol, iso-propanol, 2-methyl-naphthol and sec-butanol,
respectively. Synthetic conditions were otherwise as pro-
vided for Scheme 3.

Scheme 4

NO,
O\)\

NO,

h
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-continued
6
NO,
(0]
(@) OH
7
NO,
Ow/\
(@) OH

Example 1c

3-(isobutyloxy)-4-nitrobenzoic acid (4)

[0174] Analytic: "HNMR (DMSO d6, 500 mHz): 87.98 (d,
1H), 7.74 (s, 1H), 7.65-7.63 (dd, 1H), 4.00 (d, 2H), 3.9 (s,
3H),2.02 (hp, 1H), 0.97 (d, 6H). LCMS (C,5, 2-98% CH,CN
in 0.1% TFA/H,O over 6 min); Calculated mass for
C,,H,:NO5 (M+H)*240.0. Found by LC-MS 240.1.

Example 1d

3-(isopropyloxy)-4-nitrobenzoic acid (5)

[0175] Analytic: '"HNMR (DMSO d6, 500 mHz): 8 7.94 (d,
1H), 7.77 (d, 1H), 7.64-7.62 (dd, 1H), 4.91 (hp, 1H), 1.3 (s,
6H). LCMS (C,g, 2-98% CH;CN in 0.1% TFA/H,O over 6
min); Calculated mass for C,,H,,NO5 (M+H)* 226.0. Found
by LC-MS 226.1.

Example le

3-(naphthylmethyloxy)-4-nitrobenzoic acid (6)

[0176] Analytic: 'H NMR (DMSO d6, 500 mHz): 8 8.0-7.
92 (m, 6H), 7.67 (dd, 1H), 7.58 (dd, 1H), 7.53 (d, 2H), 5.56 (s,
2H). LCMS (C,4, 2-98% CH,CN in 0.1% TFA/H,O over 6
min); Calculated mass for C;H,; ;NOs(M+H)* 323.0. Found
by LC-MS 323.8.

Example 1f

3-(secbutyloxy)-4-nitrobenzoic acid (7)

[0177] Analytic: '"HNMR (DMSO d6, 500 mHz): §7.91 (d,
1H), 7.73 (s, 1H), 7.61-7.59 (dd, 1H), 4.72-4.68 (hx, 1H),
1.26 (d, 3H), 0.91 (t, 3H). LCMS (C,4, 2-98% CH,CN in
0.1% TFA/H,O over 6 min); Calculated mass for C,;H, ;NO
(M+H)™ 240.0. Found by LC-MS 240.1.

Example 2

Synthesis of Benzamide Compounds

[0178] Preparation of compounds described herein incor-
porating benzamide and/or polybenzamide moieties gener-
ally followed the reaction steps provided in Scheme 5 follow-
ing.
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Scheme 5
HO (0]
NH,
1) HBTU, HOBT
+ —_—
Rink amide resin NMM, DMF, RT
(0]
NO,
7
O 2) SnCL——2H,0 (10 eq)
NMM, DMF, RT
Microwave 6 min @ 100° C
NO,
[0)
8
HO (0]
0 3) PyBrop, lutidine, DCE
+
i Microwave 30 min @ 110° C
(O] repeated 2 x
NH, NO, 4) §nCly— 2H,0 (10 eq)
(6] Microwave 6 min @ 100° C
9 3

: NHFmoc 5y pyBrop, lutidine, DCE
Microwave 30 min @ 110° C
OtBu
NH.

}_@7 6) Frmoc-based SPPS
)_( OtBu 7) Cleavage/purification

NHFmoc

11
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-continued
O
BuOt HN O
HN
q ¥ c
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Example 2a 2:1), precipitated by methyl-tert-Butyl ether. The resultant
was dissolved and applied to a reverse-phase HPL.C column
Cmpd 12 (C,g 5-95% CH,CN in 0.1% TFA/H,O over 40 min gradient)
[0179] Using a combination of automated and manual to afford Cmpd 12 as a white powder (2.4 mg, 3%). Analytic:

solid-phase peptide synthesis techniques as described herein
in Scheme 5, Cmpd 12 was synthesized as follows.

[0180] Step 1.

[0181] A calculated 100 pmol of Rink amide resin was
weighed into a reaction vessel in a Symphony peptide syn-
thesizer, and the peptide elongation was carried out following
standard Fmoc peptide synthesis protocol up to residue Lys'?
of Exendin-4 (1-28). The resulting peptide-resin intermediate
(0.3 g, 0.15 mmol) was swollen in DMF. To the slurry was
added Cmpd 7 (2.2 eq) followed by HBTU (2.2 eq), HOBt
(2.2 eq) and NMM (4.4 eq). After 3 h, the resin was washed
with DMF, DCM and MeOH. A chloranil test was negative.
[0182] Step 2.

[0183] Resin 8 was swollen in DMF for 5-10 minutes fol-
lowed by addition of SnCl,:2H,0 (2M solution) in DMF (10
eq). The slurry was gently stirred for 0.5 hr at RT then micro-
wave irradiated at 100° C. for 6 min (Biotage Initiator™
Eight). Resin 9 was then washed with DMF 6x, DCM 3x,
MeOH 2x and dried under high vacuum.

[0184] Step 3.

[0185] The obtained aniline-Resin 9 was swollen in DCE
for 5-10 minutes. To the slurry was added PyBrop (4.8 eq),
Lutidine (15 eq) and compound 3 (4 eq). The slurry was
gently stirred for 0.5 hr at RT then irradiated with microwaves
at 100° C. for 30 min (Biotage Initiator™ Eight). The proce-
dure was repeated.

[0186] Step 4.

[0187] The reduction of the nitro group of resulting from
the previous step to amine was done as described for Step 2 to
yield Resin 10.

[0188] Step 5.

[0189] The coupling of the next amino acid was conducted
using PyBrop (4.8 eq), Lutidine (15 eq) and Fmoc-Ser
(OtBu)—OH (4 eq). The mixture was then microwave irra-
diated 100° C. for 30 min (Biotage Initiator8™). The resin
was then washed with DMF 4x, DCM 2x, MeOH 3x and
dried under high vacuum to afford Resin 11.

[0190] Step 6.

[0191] A calculated 100 pmol of Resin 11 was weighed into
a reaction vessel in a Symphony peptide synthesizer, and the
peptide elongation was carried out following standard Fmoc
peptide synthesis protocol followed by cleavage of the pep-
tide from the resin with 10 ml TFA/H,O/PhOH/TIPS (95:2:

Retention time in RP-HPLC(C,,, 5-75% CH,CN in 0.1%
TFA/H,O over 15 min) is 9.62 min; calculated mass for
Ci4H, 3N O (M+H)™ 3058.51. Found by LC-MS 1020.6
(M+3HY™*, 765.4 (M+4H)*, 1530.8 (M+2H)>*.

[0192] Using the procedures described for Scheme 5, the
following compounds were synthesized.

Example 2b

Cmpd 13

[0193] Analytic: Reverse-phase HPLC column (Cig,
5-95% CH;CN in 0.1% TFA/H,O over 40 min gradient) of
Cmpd 13: white powder, 18.3 mg, 12%; retention time in
RP-HPLC(C,5, 5-90% CH,CN in 0.1% TFA/H,O over 5
min): 2.68 min; calculated mass for C, ,sH,, ,N;,0,, (M+H)*
3133.54. Found by LC-MS 1045.6 (M+3H)*>*, 784.4 (M+4H)
. 1567.9 (M+214)**.

Example 2¢

Cmpd 14

[0194] Analytic: Reverse-phase HPLC column (Cig,
5-95% CH,CN in 0.1% TFA/H,O over 40 min gradient) of
Cmpd 14: white powder, 2.7 mg, 3%:; retention time in RP-
HPLC(C,4, 5-95% CH,CN in 0.1% TFA/H,O over 4 min):
3.03 min; calculated mass for C,,,H,,,N;3;0,, (M+H)*
3032.43. Found by LC-MS 1012.6 (M+3H)*, 1517.8
(M+2H)**.

Example 2d

Cmpd 15

[0195] Analytic: Reverse-phase HPLC column (C,q,
5-95% CH;CN in 0.1% TFA/H,O over 40 min gradient) of
Cmpd 15: white powder, 0.35 mg, >1%; retention time in
RP-HPLC(C,4, 5-95% CH,CN in 0.1% TFA/H,O over 4
min): 3.12 min; calculated mass for C, 35H,4,N3,055 (M+H)"
2807.23. Found by LC-MS 937.5 (M+3H)**, 1404.8 (M+2H)

2+
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Example 2e
Cmpd 16
[0196] Analytic: Reverse-phase HPLC column (C,q,

5-95% CH;CN in 0.1% TFA/H,O over 40 min gradient) of
Cmpd 16: white powder, 0.4 mg, >1%; retention time in
RP-HPLC(C, 4, 10-60% CH,CN in 0.1% TFA/H,O over 35
min):17.02 min; calculated mass for Cy, H, ,-N,;0,, (M+H)"
1963.20. Found by LC-MS 1965.1 (M+1), 982.5 (M+2H)**.

Example 2f

Cmpd 17

[0197] Analytic: Reverse-phase HPLC column (C,q,
5-95% CH;CN in 0.1% TFA/H,O over 40 min gradient) of
Cmpd 17: white powder, 0.35 mg, >1%; retention time in
RP-HPLC(C, 4, 10-60% CH,CN in 0.1% TFA/H,O over 35
min): 21.45 min; calculated mass for C,,,H,¢,N,O;,
(M+H)* 2586.82. Found by LC-MS 1294.7 (M+2H)**.

Example 2g

Cmpd 18

[0198] Analytic: Reverse-phase HPLC column (Cig,
5-95% CH,CN in 0.1% TFA/H,O over 40 min gradient) of
Cmpd 18: white powder, 0.4 mg, 1%; retention time in RP-
HPLC(C,4, 10-60% CH,CN in 0.1% TFA/H,O over 35 min):
18.79 min; calculated mass for CgoH;,gN,,0,; (M+H)*
1864.07. Found by LC-MS 1866.0 (M+1), 933.5 (M+2H)**.
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Example 3
Biological Activity Assays
Cmpds 12-18

[0199] In vitro assay of the biological activity of benza-
mide-containing compounds was conducted with the GLP-1
cyclase assay as described herein. As shown in Table 3, the
most active compounds (Cmpds 13-14) demonstrate nano-
molar activity.

TABLE 3

Cyclase GLP-1 ECs, (nm)

Cmpd No. ECso (nm)
12 65
13 1.7
14 5.5
15 277
16 136
17 236
18 21

[0200] In vivo assays for the effect of compound adminis-
tration on blood glucose were conducted by the methods
described herein. As shown in FIG. 1, Cmpds 13-14 were
effective in lowering blood glucose as determined by the
glucose assay described herein.

Example 4

Synthesis Via Ring Closing Metathesis

[0201] Preparation of compounds described herein incor-
porating RCM generally followed a combination of manual
and automated SPPS procedures. A typical schematic scheme
is shown in Scheme 6 following.

Scheme 6
manual O manual
. o SPPS a H SPES
Rink amide resin —_— NH,—TFLK—N N-Resin ——

0 0
e e
Fmoc—LFI—N FLK—N N-Resin

[0} [0}
e e
Fmoc—LFI—N FLK—N N-Resin

19

1) DCM, 0.4M LiCl in DMF

Grubs II catalyst
Microwave 90 min @ 100° C.

20

1) Automated SPPS

2) Cleavage and Purification

(

21
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Example 4a

Cmpd 22

[0202] Using a combination of automated and manual
solid-phase peptide synthesis techniques as described in
Scheme 6, Cmpd 22 was synthesized as follows.

[0203] Step 1.

[0204] Rink amide resin (0.8 g, 0.512 mmol) was swollen
in DMF, treated with 20% piperidine in DMF 2x25 min and
washed with DMF 6x. To the slurry was added Fmoc-L-
allylGly-OH (0.38 g, 2.2 eq), followed by HBTU (0.430 g,2.2
eq), HOBt (0.15 g, 2.2 eq) and NMM (0.25ml,, 4.4 eq). After
2 h, the resin was washed with DMF 6x, treated with 20%
piperidine in DMF 2x25 min and washed with DMF 6x. The
SPPS cycle was repeated with Fmoc-Lys(Boc)-OH, Fmoc-
Leu-OH, Fmoc-Phe-OH to afford resin 19.

[0205] Step 2.

[0206] The resulting resin 19 (0.5 g, 0.31 mmol) was
treated with Fmoc-L-allylGly-OH using the same ratio of
activators and base. The cycle was repeated with Fmoc-Ile-
OH, Fmoc-Phe-OH and Fmoc-Leu-OH to afford resin 20
which was washed and dried.

[0207] Step 3.

[0208] The dried resin 20 was loaded in a 10-20 mL micro-
wave vessel (Biotage™), swollen with DCM (8 mL) followed
by addition of 0.4 M LiCl in DMF (1 mL). The mixture was
purged with argon followed by addition of approximately 50
mg (20 mol %) of Grubbs II catalyst, added under a gentle
stream of Argon. The catalyst was completely washed down
from the vial’s walls with DCM (1 mL). The vial was capped,
purged with Argon and sonicated for 3-4 min followed by
microwave reaction at 100° C. for 90 min in a Biotage Initia-
tor™ Eight. A small sample of resin 21 was cleaved and
LCMS analysis showed complete cyclization.

[0209] Step 4.

[0210] A calculated 100 umol ofresin 21 was weighed into
a reaction vessel in a Symphony peptide synthesizer, and the
peptide elongation was carried out following standard Fmoc
peptide synthesis protocol followed by cleavage of the pep-
tide from the resin with 10 ml TFA/H,O/PhOH/TIPS (95:2:
2:1), precipitated by methyl-cert-butyl ether. The resulting
residue applied to a reverse-phase HPLC column (C,g,
20-50% CH;CN in 0.1% TFA/H,O over 30 min gradient) to
afford Cmpd 22 as a white powder (20.5 mg, 14%). Analytic:
Retention time in RP-HPLC(C,4, 5-90% CH,CN in 0.1%
TFA/H,O over 5 min) is 2.69 min; calculated mass for
Ci4sH,55N5,0,, (M+H)" 3142.63. Found by LC-MS 1048.6
(M+3H)™, 1572.9 (M+2H)**.

[0211] By using the procedures described for Scheme 6,
and employing allylglycine reagents of differing chirality, the
following compounds were synthesized.

Example 4b

Cmpd 23

[0212] Analytic: Yield: 2.4 mg, 1.5%; retention time in
RP-HPLC (C,4, 5-90% CH,CN in 0.1% TFA/H,O over 5
min): 2.67 min; calculated mass for C, ,sH,,sN;-0,; (M+H)"
3142.63. Found by LC-MS 1048.6 (M+3H)**, 1572.9
(M+2H)**.

Example 4¢

Cmpd 24

[0213] Analytic: Yield: 34 mg, 22%; retention time in RP-
HPLC (C,4, 5-90% CH,CN in 0.1% TFA/H,O over 5 min):
2.68 min; calculated mass for C,,sH,,sN;,0,; (M+H)*
3142.63. Found by LC-MS 1048.6 (M+3H)*, 1572.9
(M+2H)**.

Example 4d

Cmpd 25

[0214] Analytic: Yield: 7.2 mg, 7%; retention time in RP-
HPLC(C,4, 5-90% CH,CN in 0.1% TFA/H,O over 5 min):
2.68 min; calculated mass for C,,sH,,sN;5-0,; (M+H)*
3142.63. Found by LC-MS 1048.6 (M+3H)*, 1572.9
(M4+2H)**.

[0215] A variety of amino acid reagents incorporating an
allyl functionality suitable for ring closing metathesis. In the
following two examples, Fmoc-L-f-homoallylGly-OH was
employed in the first and/or fifth coupling described in
Scheme 6.

Example 4e

Cmpd 26

[0216] Yield: 22 mg, 18%; retention time in RP-HPL.C
(Cyg> 5-90% CH;CN in 0.1% TFA/H,O over 5 min): 2.95
min; calculated mass for C, ,4H,,,N;3,0,; (M+H)" 3156.66.
Found by LC-MS 1053.6 (M+3H)**, 1579.9 (M+2H)**,
790.4 (M+4H)*.

Example 4f

Cmpd 27

[0217] Yield: 28 mg, 21%; retention time in RP-HPL.C
(C,s 5-90% CH,CN in 0.1% TFA/H,O over 5 min): 2.93
min; calculated mass for C, ,,H,,,N;,0,; (M+H)" 3170.69.
Found by LC-MS 1058.6 (M+3H)>*, 1586.9 (M+2H)**,
794.6 (M+4H)*.
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Example 5
Synthesis of N-Linked Ring Closing Metathesis
Compounds
Example 5a
Cmpd 34
[0218] Synthesis of Cmpd 34 followed the synthetic route
provided in Scheme 7 following.
Scheme 7
O
NHTzt
1) 20% piperidine Collidine 10 eq
Rink amide resin 2) Fmoc-Asn(Tit)-OH, HOBt NH, NO,
0.64 mmol/g HBTU, NMM
3) 20% piperidine 0 SOxCL 4eq,
28
NMP, 15 min
O NHTzt
NHT:t 0 AN
DIAD 5 eq, PPh3 5 eq, HS
g DCM, 30 min, RT g ~ 10eq
NH Ol NN DBU 5 e
q,
U Syo A U éyo NMP, 2x 5 min
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Microwave 90 min at 100° C.
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1) Automated SPPS

2) Cleavage, purification

[0219] Step 1.

[0220] Rink amide resin (0.8 g, 0.512 mmol) was swollen
in DMF, treated with 20% piperidine in DMF 2x25 min and
washed with DMF 6x. To the slurry was added Fmoc-Asn
(Trt)-OH (2.2 eq), followed by HBTU (2.2 eq), HOBt (2.2 eq)
and NMM (4.4 eq). After 2 h, the resin was washed with DMF
6x%, treated with 20% piperidine in DMF 2x25 min and
washed with DMF 6x to afford resin 28.

[0221] Step 2.

[0222] Resin 28 was swollen in NMP and then treated with
2,4,6-collidine (10 eq) and 2-nitrobenzoyl chloride (4 eq).
The reaction was shaken at room temperature for 25 min. The
resin was then washed with NMP 3x, DMF 2x, DCM 2x to

yield resin 29.
[0223] Step 3.
[0224] Resin 29 was swollen in dry THF followed by addi-

tion of PPh; (5 eq) and 3-buten-1-0l (10 eq), and subsequent
dropwise addition, in low light, of DIAD (5 eq) under a gentle
stream of Argon. The slurry was shaken at room temperature
for 35 min then washed with THF 3x, DMF 3x, NMP 3x to
afford resin 30.

[0225] Step 4.

[0226] Resin 30 was swollen in NMP followed by addition
of DBU (5 eq) and mercaptoethanol (10 eq). The mixture was
shaken in a syringe at RT for 5 min, then washed with NMP
1x. The treatment was repeated to afford resin 31 which gave
a positive chloranil test.

[0227] Step 5.

[0228] In a microwave vial, resin 31 was swollen in 1,2-
DCE followed by addition of Fmoc-Lys(Boc)-OH (4 eq),
PyBrop (4.8 eq), 2,6-1utidine (15 eq) and a few drops of DMF.
The slurry was microwave irradiated (Biotage Initiator 8™)

(¢]
NHFmoc
O, NH,
R, (¢]
H
N,
HN N
R3 (0] Ry
(0] (0] NH,
O, NH
34

for 11 min at 100° C. Chloranil test was negative, thus the
resin was treated with 20% piperidine 2x25 min and washed
with DMF 6x. Cleavage of a small resin sample was analyzed
by LCMS showing the expected M+1.

[0229] Step 6.

[0230] The resulting peptide-resin was swollen in DMF
and to the slurry was added Fmoc-Leu-OH (2.2 eq), followed
by HBTU (2.2 eq), HOBt (2.2 eq) and NMM (4.4 eq). After 2
h, resin 32 was washed with DMF 6x, treated with 20%
piperidine in DMF 2x25 min and washed with DMF 6x.
[0231] Step 7.

[0232] The previous cycle was repeated with Fmoc-Phe-
OH, Fmoc-L-allylGly-OH and Fmoc-Ileu-OH. The dried
resin (0.250 g, 0.139 mmol) was loaded in a 5 mLL microwave
vessel (Biotage™) and swollen with DCM (2.4 mL), fol-
lowed by addition of 0.4 M LiCl in DMF (0.7 mL). The
mixture was purged with argon followed by addition of
approximately 40 mg (20 mol %) of Grubbs II catalyst, added
under a gentle stream of Argon. The catalyst was completely
washed down from the vial’s walls with DCM (0.5 mL). The
vial was capped, purged with Argon and sonicated for 3-4 min
followed by microwave reaction at 100° C. for 90 min in a
Biotage Initiator™ Eight. A small sample of resin 33 was
cleaved, and LCMS analysis showed complete cyclization. In
the structures depicted in Scheme 7, substituents R, R, and
R, refer to the side chains of Lys, Leu and Phe, respectively.
[0233] Step 8.

[0234] A calculated 100 umol of resin 33 was weighed into
a reaction vessel in a Symphony peptide synthesizer, and the
peptide elongation was carried out following standard Fmoc
peptide synthesis protocol, followed by cleavage of the pep-
tide from the resin with 10 ml TFA/H,O/PhOH/TIPS (95:2:
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2:1), precipitated by methyl-tent-Butyl ether. The resulting
peptide was dissolved in 1.5 mL of MeOH:ACN (1:1), fol-
lowed by addition of 2M LiOH (0.6 mL) and the reaction
stirred at RT for 6 h. The resultant was dissolved and applied
to a reverse-phase HPLC column (C,g, 5-95% CH;CN in
0.1% TFA/H,O over 40 min gradient) to afford Cmpd 34 as a
white powder. Analytic: Yield: 16.6 mg, 11%; retention time
in RP-HPLC(C,4, 5-90% CH;CN in 0.1% TFA/H,O over 5
min): 2.89 min; calculated mass for C, ,4H,;,N;,0,, (M+H)*
3213.71.Found by LC-MS 1072.6 (M+3H)**, 804.4 (M+4H)
. 1608.9 (M+2H)**.

Example 5b

Cmpd 35

[0235] The synthesis of Cmpd 35 followed the procedure
described for Scheme 7, with the exception that Fmoc-L-3-
homoallylGly-OH was used instead of Fmoc-L-allylGly-OH
in the fourth coupling. After cleavage, the crude was dis-
solved and applied to a reverse-phase HPL.C column (C,q,
5-95% CH4CN in 0.1% TFA/H,O over 40 min gradient) to
afford Cmpd 35 as a white powder. Analytic: Yield: 22.1 mg,
13%; retention time in RP-HPLC (C,4, 5-90% CH,CN in
0.1% TFA/H,O over 5 min): 2.92 min; calculated mass for
CiuoH535N550,, (M+H)" 3227.74. Found by LC-MS 1077.6
(M4+3H)**, 808.4 (M+4H)*, 1614.9 (M+2H)**.

Example 5c¢

Cmpd 36

[0236] The synthesis of Cmpd 35 followed the procedure
described for Scheme 7, with the exception that allyl alcohol
was employed in the Mitsunobu alkylation step (Step 3). After
cleavage, the crude was dissolved and applied to a reverse-
phase HPLC column (C, 4, 5-95% CH;CN in 0.1% TFA/H,O
over 40 min gradient) to afford Cmpd 36 as a white powder.
Analytic: Yield: 12.1 mg, 9%; retention time in RP-HPLC
(Cis, 10-90% CH,CN in 0.1% TFA/H,O over 30 min): 17.68
min; calculated mass for C,,,H,,N;,0,, (M+H)" 3199.69.
Found by LC-MS 1067.6 (M+3H)**, 801.4 (M+4H)*,
1601.9 (M+2H)**.

Example 6

Glucose Lowering Biological Activity In Vivo

[0237] In vitro assay of the biological activity of con-
strained alkene compounds was conducted with the GLP-1
cyclase assay as described herein. As shown in Table 4, the
most active compounds (Cmpds 27 and 34) demonstrate sub-
nanomolar activity, and Cmpd 22 has nanomolar activity.

TABLE 4

Cyclase GLP-1 ECsy (nm)

Cmpd No. ECs5p (nm)
22 5
23 133
24 127
25 131
26 35
27 0.8
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TABLE 4-continued

Cyclase GLP-1 EC<, (nm)

Cmpd No. ECso (nm)
34 0.7
35 35

[0238] In vivo assays for the effect of compound adminis-
tration on blood glucose were conducted by the methods
described herein. As shown in FIG. 2, all of the tested com-
pounds were effective in lowering blood glucose as deter-
mined by the glucose assay described herein.

Example 7

Molecular Modeling Studies of
Benzamide-Contained Compounds

[0239] A molecular modeling study was conducted to
assess the common conformational space, and energetics
thereof, for the side chains of Cmpd T1 and the corresponding
side chain surrogate moieties of Cmpd 13. As shown in FIG.
3, an essentially perfect overlap is observed in the minimum
energy structures of the two side chain surrogate phenyl rings
of Cmpd 13 compared with the corresponding Phe groups of
Cmpd T1.

Example 8

Molecular Modeling Studies of Constrained Alkene
Compounds

[0240] A molecular modeling study was conducted to
assess the common conformational space, and energetics
thereof, for the side chains of Cmpd T1 and the corresponding
side chain surrogate moieties of Cmpd 27 and Cmpd 34. As
shown in FIG. 4, an essentially perfect overlap is observed in
the minimum energy structures of the two side chain surro-
gate phenyl rings of Cmpd 27 and Cmpd 34 compared with
the corresponding Phe groups of Cmpd T1.

1. A compound of
(i) Formula (I):

Xaa,-Xaa,-Xaay-GTFTSDLSKQ-Xaa ,-EEEAVR-
LFIE-Xaays-LKN—Z (I) (SEQIDNO: 1)

wherein Xaa,, Xaa,, Xaa,, Xaa,,, Xaa,s, and Z are as
defined in the claims and wherein 2, 3,4, 5,6,7, 8,9, 10,
11, or 12 contiguous amino acid residues are with a
benzamide group Y,;

(ii) Formula (II):

Xaa, Xaa, Xaa, Gly Thr Phe Thr Ser Asp Xaa,
Xaa, Xaa, Xaa 3 Xaa, Xaa,s

Xaa s Xaa,; AlaXaa o Xaa,o Xaa, -Y,—2Z (II) (SEQ ID NO: 7)

wherein Xaa, Xaa, Xaa,, Xaa,,, Xaa,s Y, and Z are as
defined in the claims, and wherein Xaa,, is Leu or
absent; Xaa,, is Ser or absent; Xaa,, is Lys or absent;
Xaa, 5 is Gln or absent; Xaa, 5 is Glu or absent; Xaa, 4 is
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Glu or Ala; Xaa, , is Glu or Ala; Xaa,, is Val or absent;
Xaa,, is Arg or absent; and Xaa,, is Leu or absent; or

(iii) Formula (III):
Xaa, Xaa, Xaaz Gly Thr Xaags Xaa,; Xaag Xaa, Xaa,q

Xaa,, Xaa, Xaa3 Xaa , Xaa s Xaa,; s Xaa;; AlaVal
Arg

Leu Phe Ile Glu Xaa,5 Leu Lys Asn-Z (IIT) (SEQ ID NO: 8)

wherein Xaa,, Xaa,, Xaa;, Xaa,s, and Z are as defined in
the claims;
Xaag-Xaa, , are collectively taken together to be selected
from the following:
Phe Thr SerY;
PheY, Gln Met;
Phe ThrY, Met;
Y, Lys Gln Met;
PheY, Gln Leu;
Phe ThrY, Leu;
Y, Lys Gln Leu;
Y, Ser Lys Gln Met (SEQ ID NO: 9);
PheY, Lys Gln Met (SEQ ID NO: 10);
Phe Thr Y, Gln Met (SEQ ID NO: 11);
Phe Thr Ser Y, Met (SEQ ID NO: 12);
Phe Thr Ser Asp Y, (SEQ ID NO: 13);
Y, Ser Lys Gln Leu (SEQ ID NO: 14);
PheY, Lys Gln Leu (SEQ ID NO: 15);
Phe Thr Y, Gln Leu (SEQ ID NO: 16);
Phe Thr Ser Y, Leu (SEQ ID NO: 17);
Phe Thr Ser Asp LeuY, (SEQ ID NO: 18);
Phe Thr Ser Asp Y, Met (SEQ ID NO: 19);
Phe Thr Ser Y, Gln Met (SEQ ID NO: 20);
Phe ThrY, Lys Gln Met (SEQ ID NO: 21);
PheY, Ser Lys Gln Met (SEQ ID NO: 22);
Y, Leu Ser Lys Gln Met (SEQ ID NO: 23);
Phe Thr Ser Asp Y, Leu (SEQ ID NO: 24);
Phe Thr Ser Y, Gln Leu (SEQ ID NO: 25);
Phe ThrY, Lys Gln Leu (SEQ ID NO: 26);
PheY, Ser Lys Gln Leu (SEQ ID NO: 27); or
Y, Leu Ser Lys Gln Leu (SEQ ID NO: 28);
wherein Y, is as defined in the claims;
Xaa, 5 is Glu or absent;
Xaa, 4 is Glu or Ala; and
Xaa,, is Glu or Ala.
2-3. (canceled)
4. The compound of claim 1, wherein Xaa, is His, des-
amino His, or

wherein R, is a bond, substituted or unsubstituted alkyle-
nyl, or substituted or unsubstituted alkenylenyl.
5-10. (canceled)
11. The compound of claim 1, wherein Xaa, is Gly, Ala,
D-Ala or Aib.
12. (canceled)
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13. The compound of claim 1, wherein Xaa; is Gly, Ala,
D-Ala, Aib, Glu, Pro, or a moiety selected from the group
consisting of:

14-15. (canceled)

16. The compound of claim 1, wherein Xaa, , is Metor Leu.

17. The compound of claim 1, wherein Xaa, 5 is Trp or Phe.

18. The compound of claim 1, wherein Z is —OH; —NH,;
Gly Gly-OH; Gly Gly-NH,; Gly Gly Pro Ser Ser Gly Ala Pro
Pro Pro Ser-OH (SEQ ID NO: 5); or Gly Gly Pro Ser Ser Gly
Ala Pro Pro Pro Ser-NH, (SEQ ID NO: 6).

19. (canceled)

20. The compound of claim 1, wherein Y, is:

X

SCH),—R |,

wherein X is a bond, oxygen, sulfur, —NH—, —NR'—,
substituted or unsubstituted alkylenyl, or substituted or
unsubstituted alkenylenyl;

R' is substituted or unsubstituted alkyl;

n is an integer 0of 0, 1, 2,3, 4, 5, or 6.

R, , is hydrogen, halogen, hydroxy, thiol, carboxyl, substi-
tuted or unsubstituted carboxamido, carbamoyl, substi-
tuted or unsubstituted amino, substituted or unsubsti-
tuted imino, substituted or unsubstituted urea, nitro,
nitroso, substituted or unsubstituted, straight or
branched alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted cycloalkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl, sub-
stituted or unsubstituted heteroaryl, substituted or
unsubstituted alkyloxy, substituted or unsubstituted alk-
enyloxy, substituted or unsubstituted cycloalkyloxy,
substituted or unsubstituted heteroalkyloxy, substituted
or unsubstituted heterocycloalkyloxy, substituted or
unsubstituted aryloxy, substituted or unsubstituted het-
eroaryloxy, substituted or unsubstituted alkylthio, sub-
stituted or unsubstituted alkenylthio, substituted or
unsubstituted cycloalkylthio, substituted or unsubsti-
tuted heteroalkylthio, substituted or unsubstituted het-
erocycloalkylthio, substituted or unsubstituted arylthio,
substituted or unsubstituted heteroarylthio, substituted
or unsubstituted alkylsulfinyl, substituted or unsubsti-
tuted alkenylsulfinyl, substituted or unsubstituted
cycloalkylsulfinyl, substituted or unsubstituted het-
eroalkylsulfinyl, substituted or unsubstituted heterocy-
cloalkylsulfinyl, substituted or unsubstituted arylsulfi-
nyl, substituted or unsubstituted heteroarylsulfinyl,
substituted or unsubstituted alkylsulfonyl, substituted or
unsubstituted alkenylsulfonyl, substituted or unsubsti-
tuted cycloalkylsulfonyl, substituted or unsubstituted
heteroalkylsulfonyl, substituted or unsubstituted hetero-
cycloalkylsulfonyl, substituted or unsubstituted arylsul-
fonyl, or substituted or unsubstituted heteroarylsulfo-
nyl; and

S is an integer of 1, 2, 3, 4, 5, or 6.
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21. A pharmaceutical composition comprising the com-
pound of claim 1 and a pharmaceutically acceptable carrier.
22. A compound of

(i) Formula (IV):
Xaa,-Xaa,-Xaay-GTFTSDLSKQ-Xaa ,-EEEAVR-
LFIE-Xaays-LKN—Z (IV) (SEQ ID NO: 2)

wherein Xaa,, Xaa,, Xaa,, Xaa,,, Xaa,s, and Z are as
defined in the claims and wherein at least one pair of
amino acid residues is linked by an alkenylenyl bridge
represented by the following:

(CHy)p—=——"(CHy),

wherein m and p are each independently 1, 2, 3, 4, 5, or 6;
and

(ii) Formula (V):

Xaa, Xaa, Xaay Gly Thr Phe Thr Ser As Leu
Ser Lys Gln Xaa 4 Glu Glu Glu Ala Val Arg
LeuPhelleY,—Z (V) (SEQ ID NO: 36);

wherein Xaa,, Xaa,, Xaa,, Xaa, ,, and Z are as defined in

the claims;
Y, is:
O
O
L Xaays Leu Lys—NH (CHy)b
—NH (CHL)b
(CHy)a = (CHy)a
Xaa,s is Phe or Trp;

ais 1,2, or3;
bis0,1,or2;and ) is |, !

(iii) Formula (VI):

or;or

Xaa, Xaa, Xaay Gly Thr Phe Thr Ser Asp Leu
Ser Lys Gln Xaa 4 Glu Glu Glu Ala Val Arg
LeuPhelleY;—Z (VD) (SEQ ID NO: 37);

wherein Xaa,, Xaa,, Xaa,, Xaa,,, and Z are as defined the

claims;
Y,is:
O
O
LXaa25 Leu Lys—N Z
—NH (CHy)b |
(CHy)a NH,
%/
(CHpa™
(@]
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Xaa, s is Phe or Trp;
ais 1,2, or3;
bis0,1,0r2;and ! isli, forl.
23-24. (canceled)
25. The compound of claim 22, wherein Xaa, is His, des-
amino His, or

wherein R, is a bond, substituted or unsubstituted alkyle-
nyl, or substituted or unsubstituted alkenylenyl.

26-31. (canceled)

32. The compound of claim 22, wherein Xaa, is Gly, Ala,
D-Ala or Aib.

33. (canceled)

34. The compound of claim 22, wherein Xaa, is Gly, Ala,
D-Ala, Aib, Glu, Pro, or a moiety selected from the group
consisting of:

35-36. (canceled)

37. The compound of claim 22, wherein Xaa, , is Met or
Leu.

38. The compound of claim 22, wherein Xaa,s is Trp or
Phe.

39. The compound of claim 22, wherein Z is —OH;
—NH,; Gly Gly-OH; Gly Gly-NH,; Gly Gly Pro Ser Ser Gly
Ala Pro Pro Pro Ser-OH (SEQ ID NO: 5); or Gly Gly Pro Ser
Ser Gly Ala Pro Pro Pro Ser-NH, (SEQ ID NO: 6).

40. (canceled)

41. A pharmaceutical composition comprising the com-
pound of claim 22 and a pharmaceutically acceptable carrier.

42. A compound selected from the group consisting of:
Compound No. 12, Compound No. 13, Compound No. 14,
Compound No. 15, Compound No. 16, Compound No. 17,
Compound No. 18, Compound No. 22, Compound No. 23,
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Compound No. 24, Compound No. 25, Compound No. 26,
Compound No. 27, Compound No. 34, Compound No. 35,
and Compound No. 36.

43-57. (canceled)

58. A pharmaceutical composition comprising the com-
pound of claim 42 and a pharmaceutically acceptable carrier.

59. A method for treating diabetes in a patient in need
thereof, the method comprising

administering to the patient a therapeutically effective

amount of the pharmaceutical composition of claim 21,
to treat diabetes in the patient.

60-62. (canceled)

63. A method for (a) treating obesity or overweight, (b)
reducing body weight, (c) treating insulin resistance or post-
prandial hyperglycemia, (d) reducing HBA1c or plasma glu-
cose, or (e) treating a cardiovascular disease in a patient in
need thereof, the method comprising

administering to the patient a therapeutically effective

amount of the pharmaceutical composition of claim 21,
to (i) treat obesity or overweight, (ii) reduce body
weight, (iil) treat insulin resistance or postprandial
hyperglycemia, (iv) reduce HBAlc or plasma glucose,
or (v) treat a cardiovascular disease, respectively, in the
patient.

64-82. (canceled)



