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(57) ABSTRACT 

The present invention provides novel human glucagon-like 
peptide-l (GLP-l) peptide mimics that mimic the biological 
activity of the native GLP-l peptide and thus are useful for 
the treatment or prevention of diseases or disorders associ 

ated With GLP activity. Further, the present invention pro 
vides novel, chemically modi?ed peptides that not only 
stimulate insulin secretion in type II diabetics, but also 
produce other bene?cial insulinotropic responses. These 
synthetic peptide GLP-l mimics exhibit increased stability 
to proteolytic cleavage making them ideal therapeutic can 
didates for oral or parenteral administration. 
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Figure 1 

Effects of intravenous infusion of Compound-A 
and GLP-1 on plasma glucose in scGTT in rats 
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Figure 2 

Effects of intravenous infusion of Compound-B 
and GLP-1 on plasma glucose in scGTT in rats 
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Figure 3 

Effects of subcutaneous injection of Compound-A and 
GLP-1 on plasma glucose in scG1T in rats 
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Figure 4 

Effects of subcutaneous injection of Compound-B and 
GLP-1 on plasma glucose in scGTT in rats 
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Figure 5 
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Figure 6 

Effect of Compound D on Plasma Glucose in 
Rats 
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Figure 7 

Effect of GLP-1 on Plasma Glucose in Rats 
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HUMAN GLUCAGON-LIKE PEPTIDE-1 MIMICS 
AND THEIR USE IN THE TREATMENT OF 
DIABETES AND RELATED CONDITIONS 

[0001] This application is a divisional of US. application 
Ser. No. 10/273,975, ?led Oct. 18, 2002, Which claims the 
bene?t of US. Provisional Application Ser. No. 60/342,015, 
?led Oct. 18, 2001. Each of the priority applications are 
incorporated by reference in their entireties. 

FIELD OF THE INVENTION 

[0002] The present invention provides novel human glu 
cagon-like peptide-1 (GLP-l) peptide mimics, Which dupli 
cate the biological activity of the native peptide, exhibit 
increased stability to proteolytic cleavage as compared to 
GLP-l native sequences, and thus are useful for the ame 
lioration of the diabetic condition. 

BACKGROUND OF THE INVENTION 

[0003] GLP-1 is an important gut hormone With regulatory 
function in glucose metabolism and gastrointestinal secre 
tion and metabolism. Human GLP-1 is a 30 amino acid 
residue peptide originating from preproglucagon, Which is 
synthesiZed for example, in the L-cells in the distal ileum, in 
the pancreas and in the brain. Processing of preproglucagon 
to yield GLP-l (7-3 6) amide and GLP-2 occurs mainly in the 
L-cells. GLP-1 is normally secreted in response to food 
intake; in particular carbohydrates and lipids stimulate 
GLP-l secretion. GLP-l has been identi?ed as a very potent 
and ef?cacious stimulator for insulin release. GLP-l loWers 
glucagon concentration, sloWs gastric emptying, stimulates 
insulin biosynthesis and enhances insulin sensitivity (N auck, 
1997, Horm. Metab. Res. 47:1253-1258). GLP-l also 
enhances the ability of the B-cells to sense and respond to 
glucose in subjects With impaired glucose tolerance (Byrne, 
Eur. 1. Clin. Invest., 28:72-78, 1998). The insulinotropic 
effect of GLP-1 in humans increases the rate of glucose 
metabolism partly due to increased insulin levels and partly 
due to enhanced insulin sensitivity (D’Alessio, Eur. 1. Clin. 
Invest., 28:72-78, 1994). The above stated pharmacological 
properties of GLP-1 make it a highly desirable therapeutic 
agent for the treatment of type-II diabetes. Additionally, 
recent studies have shoWn that infusions of slightly supra 
physiological amounts of GLP-1 signi?cantly enhance sati 
ety and reduce food intake in normal subjects (Flint, A., 
Raben, A., Astrup, A. and Holst, 1. 1., 1. Clin. Invest, 
101:515-520, 1998; GutsWiller, 1. P., Goke, B., DreWe, 1., 
Hildebrand, P., Ketterer, S., Handschin, D., Winterhaider, R., 
Conen, D and Beglinger, C., Gut, 44:81-86, 1999;). The 
effect on food intake and satiety has also been reported to be 
preserved in obese subjects (Naslund, E., Barkeling, B., 
King, N., Gutniak, M., Blundell, 1. E., Holst, 1. 1., Rossner, 
S., and Hellstrom, P. M., Int. 1. Obes. Relat. Metab. Disord., 
23:304-311, 1999). In the above-cited studies a pronounced 
effect of GLP-1 on gastric emptying Was also suspected to 
occur. Gastric emptying results in post-prandial glucose 
excursions. It has also been shoWn that in addition to 
stimulation of insulin secretion, GLP-l stimulates the 
expression of the transcription factor IDX-l While stimulat 
ing B-cell neogenesis and may thereby be an effective 
treatment and/ or preventive agent for diabetes (Sto?‘ers, D. 
A., Kieifer, T. 1. Hussain, M. A., Drucker, D. 1., Bonner 
Weir, S., Habener, 1. F. and Egan, 1. M. Diabetes, 40:741 
748, 2000). GLP-l has also been shoWn to inhibit gastric 
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acid secretion (Wettergren, A., Schjoldager, B., Mortensen, 
P. E., Myhre, 1., Christiansen, 1., and Holst, 1. 1., Dig. Dis. 
Sci., 38:665-673, 1993), Which may provide protection 
against gastric ulcers. 

[0004] GLP-1 is an incretin hormone, for example, an 
intestinal hormone that enhances meal-induced insulin 
secretion (Holst, 1. 1., Curr. Med. Chem., 6:1005-1017, 
1999). It is a product of the glucagon gene encoding 
proglucagon. This gene is expressed not only in the A-cells 
of the pancreas but also in the endocrine L-cells of the 
intestinal mucosa. Proglucagon is a peptide (protein) con 
taining 160 amino acids. Further processing of proglucagon 
results in the generation of a) glucagon, b) an N-terminal, 
presumably inactive fragment, and c) a large C-ter'minal 
fragment commonly referred as “the major proglucagon 
fragment”. This fragment is considered to be biologically 
inactive. Even though this fragment is present in both 
pancreas and in the L-cells of the gut, it is only in the 
intestines the breakdoWn products of the “the major proglu 
cagon fragment” resulting in tWo highly homologous pep 
tides commonly referred as GLP-1 and GLP-2 are observed. 
These tWo peptides have important biological activities. As 
such, the amino acid sequence of GLP-1, Which is present in 
the L-cells, is identical to the 78-107 portion of proglucagon. 

[0005] The present invention provides novel GLP-l pep 
tide mimics that duplicate the biological activity of the 
native peptide and thus are useful for the amelioration of the 
diabetic condition. 

[0006] Presently, therapy involving the use of GLP-l-type 
molecules has presented a signi?cant problem because the 
serum half-life of such peptides is quite short. For example, 
GLP-l (7-37) has a serum half-life of only 3 to 5 minutes. 
Thus there exists a critical need for biologically active 
GLP-l mimics that possess extended phar'macodynamic 
pro?les. 

SUMMARY OF THE INVENTION 

[0007] In accordance With the present invention, synthetic 
isolated polypeptides are provided Which have the structure 
of Formula I 

Z-B I 

[0008] Wherein, 
[0009] XML9 is a naturally or nonnaturally occurring 
amino acid residue; 

[0010] Y and Z are amino acid residues; 

[0011] Wherein one of the substitutions at the alpha-carbon 
atoms of Y and Z may each independently be substituted 
With a primary substituent group selected from the group 
consisting of hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, 
heterocyclylalkyl, arylalkyl and heteroarylalkyl, heterocy 
clylalkyl said primary substituent optionally being substi 
tuted With a secondary substituent selected from a 
cycloalkyl, heterocyclyl, aryl or heteroaryl group; any of 
said primary or secondary substituents may further be sub 
stituted With one or more of, hydrogen, alkyl, cycloalkyl, 
arylalkyl, aryl, heterocyclyl, heteroaryl, alkenyl, alkynyl, 
halo, hydroxy, mercapto, nitro, cyano, amino, acylamino, 
aZido, guanidino, amidino, carboxyl, carboxamido, carboxa 
mido alkyl, formyl, acyl, carboxyl alkyl, alkoxy, aryloxy, 
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arylalkyloxy, heteroaryloxy, heterocycleoxy, acyloxy, mer 
capto, mercapto alkyl, mercaptoaryl, mercapto acyl, halo, 
cyano, nitro, aZido, amino, guanidino alkyl, guanidino acyl, 
sulfonic, sulfonamido, alkyl sulfonyl, aryl sulfonyl or phos 
phonic group; wherein, the primary or secondary substi 
tutents may optionally be bridged by covalent bonds to form 
one or more fused cyclic or heterocyclic systems With each 

other; 

[0012] Wherein, the other substitution at the alpha-carbon 
of Y may be substituted With hydrogen, alkyl, aminoalkyl, 
hydroxyalkyl or carboxyalkyl; 

[0013] Wherein, the other substitution at the alpha-carbon 
of Z may be substituted With hydrogen, alkyl, aminoalkyl, 
hydroxyalkyl or carboxyalkyl; 

[0014] A and B are optionally present; 

[0015] Wherein A is present and A is hydrogen, an amino 
acid or peptide containing from about 1 to about 15 amino 
acid residues, an R group, an R4C(O) (amide) group, a 
carbamate group ROiC(O), a urea R4R5N4C(O), a sul 
fonamido RiSO2, or a R4R5NiSO2; 

[0016] Wherein R is selected from the group consisting of 
hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 
heterocycloalkyl, aryl, heteroaryl, arylalkyl, aryloxyalkyl, 
heteroarylalkyl and heteroaryloxyalkyl; 

[0017] Wherein R4 and R5 are each independently selected 
from the group consisting of hydrogen, alkyl, cycloalkyl, 
cycloalkylalkyl, heterocyclyl, heterocycloalkyl, aryl, het 
eroaryl, arylalkyl, aryloxyalkyl, heteroarylalkyl and het 
eroaryloxyalky; 

[0018] Wherein the alpha-amino group of Xaal is substi 
tuted With a hydrogen or an alkyl group, said alkyl group 
may optionally form a ring With A; 

[0019] Wherein B is present and B is ORl, NRIRZ, or an 
amino acid or peptide containing from 1 to 15 amino acid 
residues, preferably 1 to 10, more preferably 1 to 5 termi 
nating at the C-terminus as a carboxamide, substituted 
carboxamide, an ester, a free carboxylic acid or an amino 
alcohol; 

[0020] wherein R1 and R2 are independently chosen from 
hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, heterocyclyl, 
heterocycloalkyl, aryl, heteroaryl, arylalkyl, aryloxyalkyl, 
heteroarylalkyl or heteroaryloxyalkyl. 

[0021] Preferred substitutions upon the alpha-carbon 
atoms of Y and Z are selected from the group consisting of 
heteroarylarylmethyl, arylheteroarylmethyl or biphenylm 
ethyl forming biphenylalanine residues, any of Which is also 
optionally substituted With one or more, hydrogen, alkyl, 
cycloalkyl, arylalkyl, aryl, heterocyclyl, heteroaryl, alkenyl, 
alkynyl, halo, hydroxy, mercapto, nitro, cyano, amino, acy 
lamino, aZido, guanidino, amidino, carboxyl, carboxamido, 
carboxamido alkyl, formyl, acyl, carboxyl alkyl, alkoxy, 
aryloxy, arylalkyloxy, heteroaryloxy, heterocycleoxy, acy 
loxy, mercapto, mercapto alkyl, mercaptoaryl, mercapto 
acyl, halo, cyano, nitro, aZido, amino, guanidino alkyl, 
guanidino acyl, sulfonic, sulfonamido, alkyl sulfonyl, aryl 
sulfonyl and phosphonic group. 

[0022] Further embodiments include isolated polypeptides 
Wherein the other substitution at the alpha-carbon of Y is 
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substituted With hydrogen, methyl or ethyl; and Wherein, the 
other substitution at the alpha-carbon of Z is substituted With 
hydrogen, methyl or ethyl. 

[0023] Further embodiments include isolated polypeptides 
as described above Wherein 

[0024] Xaal is naturally or nonnaturally occurring amino 
acid residue in Which one of the substitutions at the alpha 
carbon is a primary substituent selected from the group 
consisting of heterocyclylalkyl, heteroaryl, heteroarylalkyl 
and arylalkyl, said primary substituent optionally being 
substituted With secondary substituent selected from het 
eroaryl or heterocyclyl; and in Which the other substitution 
at the alpha-carbon is hydrogen or alkyl; 

[0025] Xaa2 is naturally or nonnaturally occurring amino 
acid residue in Which one of the substitutions at the alpha 
carbon is an alkyl or cycloalkyl Where the alkyl group may 
optionally form a ring With the nitrogen of X832; and Wherein 
the other substitution at the alpha-carbon is hydrogen or 
alkyl; 

[0026] Xaa3 is a naturally or nonnaturally occurring amino 
acid residue in Which one of the substitutions at the alpha 
carbon is selected from the group consisting of a carboxy 
alkyl, bis-carboxyalkyl, sulfonylalkyl, heteroalkyl and mer 
captoalkyl; and Wherein the other substitution at the alpha 
carbon is hydrogen or alkyl; 

[0027] Xaa4 is a naturally or nonnaturally occurring amino 
acid residue in Which the alpha-carbon is not substituted, or 
in Which one of the substitutions at the alpha-carbon is 
selected from the group consisting of aminoalkyl, carboxy 
alkyl heteroarylalkyl and heterocycylalkyl; 

[0028] Xaas is a naturally or nonnaturally occurring amino 
acid residue in Which one of the substitutions at the alpha 
carbon is an alkyl or hydroxyalkyl, and in Which the other 
substitution at the alpha-carbon is hydrogen or alkyl; 

[0029] Xaa6 is a naturally or nonnaturally occurring amino 
acid residue in Which one of the substitutions at the alpha 
carbon is selected from the group consisting of alkyl, aryl, 
heteroaryl, heterocyclyl, cycloalkylalkyl, heterocyclylalkyl, 
arylalkyl and heteroarylalkyl group, and Wherein the other 
substitution at the alpha-carbon is hydrogen or alkyl; 

[0030] Xaa7 is a naturally or nonnaturally occurring amino 
acid residue in Which one of the substitutions at the alpha 
carbon is a hydroxylalkyl group; 

[0031] Xaas is a naturally or nonnaturally occurring amino 
acid residue in Which one of the substitutions at the alpha 
carbon is selected from the group consisting of alkyl, 
hydroxylalkyl, heteroarylalkyl and carboxamidoalkyl, and 
in Which the other substitution at the alpha-carbon is hydro 
gen or alkyl; 

[0032] Xaa9 is a naturally or nonnaturally occurring amino 
acid residue in Which one of the substitutions at alpha 
carbon is selected from the group consisting of carboxyla 
lkyl, bis-carboxylalkyl, carboxylaryl, sulfonylalkyl, car 
boxylamidoalkyl and heteroarylalkyl; and Wherein 

[0033] A is hydrogen, an amino acid or peptide containing 
from about 1 to about amino acid residues, an R group, an 
R4C(O) amide group, a carbamate group RO4C(O), a 
urea R4R5NiC(O), a sulfonamido RiSO2 or a R4R5Ni 
S02. 
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cycloalkyl, aryl, heteroaryl, arylalkyl, aryloxyalkyl, het 
eroarylalkyl, heteroaryloxyalkyl and heteroarylalkoxyalkyl; 
and wherein 

[0051] R4 and R5 are each independently selected from the 
group consisting of hydrogen, alkyl, cycloalkyl, cycloalky 
lalkyl, heterocyclyl, heterocycloalkyl, aryl, heteroaryl, ary 
lalkyl, aryloxyalkyl, heteroarylalkyl and heteroaryloxyalkyl. 

[0052] When B is not present and Z is ORl, NRlR2 or an 
amino-alcohol; Wherein 

[0053] R1 and R2 are independently chosen from hydro 
gen, alkyl, cycloalkyl, cycloalkylalkyl, heterocycle, hetero 
cycloalkyl, aryl, heteroaryl, arylalkyl, aryloxyalkyl, het 
eroarylalkyl or heteroaryloxyalkyl. 

[0054] Preferred are isolated polypeptides Wherein Xaal 
(Where applicable), Xaa2 and Xaa3 are NiH or N-alkylated, 
preferably N-methylated amino acid residues. 

[0055] Preferably the isolated polypeptide is a l0-mer to 
l5-mer and such polypeptide and binds to and activates the 
GLP-1 receptor. 

[0056] The present invention also provides a method of 
making a polypeptide that mimics the activity of a polypep 
tide receptor agonist. 

[0057] In accordance With the present invention, the syn 
thetic isolated peptides described herein possess the ability 
to mimic the biological activity of GLP peptides, With 
preference for mimicking GLP-l. These synthetic peptide 
GLP-l mimics exhibit desirable in-vivo properties, thus 
making them ideal therapeutic candidates for oral or 
parenteral administration. 

[0058] The present invention also provides an isolated 
polypeptide according to Formula 1, Wherein the polypep 
tide is a Glucagon-Like-Peptide derivative, preferably a 
Glucagon-Like-Peptide-l derivative. 

[0059] The present invention provides for polypeptides of 
formula I, pharmaceutical compositions employing such 
polypeptides and for methods of using such polypeptides. In 
particular, the present invention provides a pharmaceutical 
composition comprising a therapeutically effective amount 
of a polypeptide of formula I, alone or in combination With 
a pharmaceutically acceptable carrier. 

[0060] Further provided is a method for treating or delay 
ing the progression or onset of diabetes, especially type II 
diabetes, including complications of diabetes, including 
retinopathy, neuropathy, nephropathy and delayed Wound 
healing, and related diseases such as insulin resistance 
(impaired glucose homeostasis), hyperglycemia, hyperin 
sulinemia, elevated blood levels of fatty acids or glycerol, 
obesity, hyperlipidemia including hypertriglyceridemia, 
Syndrome X, atherosclerosis and hypertension, and for 
increasing high density lipoprotein levels, Wherein a thera 
peutically effective amount of a polypeptide of formula I is 
administered to a mammalian, e.g., human, patient in need 
of treatment. 

[0061] The polypeptides of the invention can be used 
alone, in combination With other polypeptides of the present 
invention, or in combination With one or more other agent(s) 
active in the therapeutic areas described herein. 
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[0062] In addition, a method is provided for treating 
diabetes and related diseases as de?ned above and herein 
after, Wherein a therapeutically effective amount of a com 
bination of a polypeptide of formula I and at least one other 
type of therapeutic agent, such as an antidiabetic agent, a 
hypolipidemic agent or anti-obesity agent, is administered to 
a human patient in need of treatment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0063] FIG. 1 illustrates the effects of intravenous infusion 
of Compound A and GLP-1 on plasma glucose in scGTT in 
rats. 

[0064] FIG. 2 illustrates the effects of intravenous infusion 
of Compound B and GLP-1 on plasma glucose in scGT in 
rats. 

[0065] FIG. 3 illustrates the effects of subcutaneous injec 
tion of Compound A and GLP-1 on plasma glucose in 
scGTT in rats. 

[0066] FIG. 4 illustrates the effects of subcutaneous injec 
tion of Compound B and GLP-1 on plasma glucose in 
scGTT in rats. 

[0067] FIG. 5 illustrates the effects of subcutaneous injec 
tion of Compound C on plasma glucose in an ipGTT model 
in rats. 

[0068] FIG. 6 illustrates the effects of subcutaneous injec 
tion of Compound D on plasma glucose in an ipGTT model 
in rats. 

[0069] FIG. 7 illustrates the effects of subcutaneous injec 
tion of GLP-1 on plasma glucose in an ipGTT model in rats. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0070] The folloWing de?nitions apply to the terms as 
used throughout this speci?cation, unless otherWise limited 
in speci?c instances. 

[0071] Unless otherWise indicated, the term “amino-alco 
hol” as employed herein alone or as part of another group 
includes a natural or un-natural amino acid in Which the 
carboxy group is replaced (reduced) to a methyl alcohol 
such as valinol, glycinol, alaminol, arylalaminol, heteroary 
lalaminol. 

[0072] Unless otherWise indicated, the term “alkyl” as 
employed herein alone or as part of another group includes 
both straight and branched chain hydrocarbons, containing 1 
to 40 carbons, preferably 1 to 20 carbons, more preferably 
1 to 8 carbons, in the normal chain, such as methyl, ethyl, 
propyl, isopropyl, butyl, t-butyl, isobutyl, pentyl, hexyl, 
isohexyl, heptyl, 4,4-dimethylpentyl, octyl, 2,2,4-trimethyl 
pentyl, nonyl, decyl, undecyl, dodecyl, the various branched 
chain isomers thereof, and the like. Further, alkyl groups, as 
de?ned herein, may optionally be substituted on any avail 
able carbon atom With one or more functional groups 

commonly attached to such chains, such as, but not limited 
to alkyl, aryl, alkenyl, alkynyl, hydroxy, arylalkyl, 
cycloalkyl, cycloalkylalkyl, alkoxy, arylalkyloxy, heteroary 
loxy, heteroarylalkyloxy, alkanoyl, halo, hydroxyl, thio, 
nitro, cyano, carboxyl, carbonyl (71’), carboxamido, amino, 
alkylamino, dialkylamino, amido, alkylamino, arylamido, 
heterarylamido, aZido, guanidino, amidino, phosphonic, 
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phosphinic, sulfonic, sulfonamido, haloaryl, CF3, OCF2, 
OCF3, aryloxy, heteroaryl, cycloalkylalkoxyalkyl, cyclohet 
eroalkyl and the like to form alkyl groups such as tri?uoro 
methyl, 3-hydroxyhexyl, 2-carboxypropyl, 2-?uoroethyl, 
carboxymethyl, cyanobutyl and the like. 

[0073] Unless otherwise indicated, the term “alkenyl” as 
employed herein alone or as part of another group includes 
both straight and branched chain hydrocarbons, containing 2 
to 40 carbons With one or more double bonds, preferably 2 
to 20 carbons With one to three double bonds, more prefer 
ably 2 to 8 carbons With one to tWo double bonds, in the 
normal chain, such that any carbon may be optionally 
substituted as described above for “alkyl”. 

[0074] Unless otherWise indicated, the term “alkynyl” as 
employed herein alone or as part of another group includes 
both straight and branched chain hydrocarbons, containing 2 
to 40 carbons With one or more triple bonds, preferably 2 to 
20 carbons With one to three triple bonds, more preferably 
2 to 8 carbons With one to tWo triple bonds, in the normal 
chain, such that any carbon may be optionally substituted as 
described above for “alkyl”. 

[0075] Unless otherWise indicated, the term “cycloalkyl” 
as employed herein alone or as part of another group 
includes saturated or partially unsaturated (containing 1 or 2 
double bonds) cyclic hydrocarbon groups containing 1 to 3 
rings, appended or fused, including monocyclic alkyl, bicy 
clic alkyl and tricyclic alkyl, containing a total of 3 to 20 
carbons forming the rings, preferably 4 to 7 carbons, form 
ing each ring; Which may be fused to l aromatic ring as 
described for aryl, Which include cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclode 
cyl, cyclododecyl, cyclohexenyl, 

any of Which groups may be optionally substituted through 
any available carbon atoms With 1 or more groups selected 
from hydrogen, halo, haloalkyl, alkyl, haloalkyl, alkoxy, 
haloalkoxy, alkenyl, tri?uoromethyl, tri?uoromethoxy, alky 
nyl, cycloalkylalkyl, ?uorenyl, heterocycloalkyl, heterocy 
cloalkylalkyl, aryl, heteroaryl, arylalkyl, aryloxy, aryloxy 
alkyl, arylalkoxy, arylthio, arylaZo, heteroarylalkyl, 
heteroarylalkenyl, heteroarylheteroaryl, heteroaryloxy, 
hydroxy, nitro, oxo, cyano, carboxyl, carbonyl (ll), carboxa 
mido, amino, substituted amino Wherein the amino includes 
1 or 2 substituents (Which are alkyl, aryl or any of the other 
aryl compounds mentioned in the de?nitions), amido, aZido, 
guanidino, amidino, phosphonic, phosphinic, sulfonic, sul 
fonamido, thiol, alkylthio, arylthio, heteroarylthio, arylthio 
alkyl, alkoxyarylthio, alkylcarbonyl, arylcarbonyl, alky 
laminocarbonyl, arylaminocarbonyl, alkoxycarbonyl, 
aminocarbonyl, alkylcarbonyloxy, arylcarbonyloxy, alkyl 
carbonylamino, arylcarbonylamino, arylsul?nyl, arylsul? 
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nylalkyl, arylsulfonylamino or arylsulfonaminocarbonyl, or 
any of alkyl substituents as set out above. 

[0076] The term “aryl” as employed herein alone or as part 
of another group refers to monocyclic and bicyclic aromatic 
groups containing 6 to 10 carbons in the ring portion (such 
as phenyl or naphthyl) and may optionally include one to 
three additional rings fused to “aryl” (such as aryl, 
cycloalkyl, heteroaryl or heterocycloalkyl rings) and may be 
optionally substituted through any available carbon atoms 
With 1 or more groups selected from hydrogen, alkyl, halo, 
haloalkyl, alkoxy, haloalkoxy, alkenyl, tri?uoromethyl, tri 
?uoromethoxy, alkynyl, cycloalkylalkyl, ?uorenyl, hetero 
cycloalkyl, heterocycloalkylalkyl, aryl, heteroaryl, aryla 
lkyl, aryloxy, aryloxyalkyl, arylalkoxy, arylthio, arylaZo, 
heteroarylalkyl, heteroarylalkenyl, heteroaryloxy, hetroary 
lalkyloxy, hetroarylalkyloxyalkyl, hydroxy, nitro, oxo, 
cyano, amino, substituted amino Wherein the amino includes 
1 or 2 substituents (Which are alkyl, cycloalkyl, heterocy 
cloalkyl, heteroaryl, or aryl or any of the other aryl com 
pounds mentioned in the de?nitions), thiol, alkylthio, 
arylthio, heteroarylthio, arylthioalkyl, alkoxyarylthio, alky 
lcarbonyl, arylcarbonyl, alkylaminocarbonyl, cycloalky 
laminocarbonyl, arylaminocarbonyl, heteroarylaminocarbo 
nyl, heteroarylalkylaminocarbonyl alkoxycarbonyl, 
aminocarbonyl, alkylcarbonyloxy, arylcarbonyloxy, alkyl 
carbonylamino, arylcarbonylamino, arylsul?nyl, arylsul? 
nylalkyl, arylsulfonylamino or arylsulfonaminocarbonyl, or 
any of alkyl substituents as set out above. 

[0077] The term “arylalkyl” as used herein alone or as part 
of another group refers to alkyl groups as de?ned above 
having an aryl substituent, such as benZyl, phenethyl or 
naphthylpropyl, Wherein said aryl and/or alkyl groups may 
optionally be substituted as de?ned above. 

[0078] The term “alkoxy”, “aryloxy”, “heteroary 
loxy”“arylalkyloxy”, or “heteroarylalkyloxy” as employed 
herein alone or as part of another group includes an alkyl or 
aryl group as de?ned above linked through an oxygen atom. 

[0079] The term “heterocyclo”, "heterocycle”“heterocy 
clyl” or “heterocyclic”, as used herein, represents an unsub 
stituted or substituted stable 4-, 5-, 6- or 7-membered 
monocyclic ring system Which may be saturated or unsat 
urated, and Which consists of carbon atoms and from one to 
four heteroatoms selected from nitrogen, sulfur, oxygen 
and/or a S0 or SO2 group, Wherein the nitrogen and sulfur 
heteroatoms may optionally be oxidiZed, and the nitrogen 
heteroatom may optionally be quatemiZed. The heterocyclic 
ring may be attached at any heteroatom or carbon atom 
Which results in the creation of a stable structure. Examples 
of such heterocyclic groups include, but are not limited to, 
tetrahydrofuranyl, tetrahydrothiophenyl pyrrolidinyl, pip 
eridinyl, piperaZinyl, oxopyrrolidinyl, oxopiperaZinyl, 
oxopiperidinyl and oxadiaZolyl. Optionally a heterocyclo 
group may be substituted With one or more functional 
groups, such as those described for “alkyl” or “aryl”. 

[0080] The term “heterocycloalkyl” as used herein alone 
or as part of another group refers to alkyl groups as de?ned 
above having a heterocycloalkyl substituent, Wherein said 
“heterocyclo” and/or alkyl groups may optionally be sub 
stituted as de?ned above. 

[0081] The term “heteroaryl” as used herein refers to a 5-, 
6- or 7-membered aromatic heterocyclic ring Which contains 
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one or more heteroatoms selected from nitrogen, sulfur, 
oxygen and/or a S0 or SO2 group. Such rings may be fused 
to another aryl or heteroaryl ring and include possible 
N-oxides; Examples of such heteroaryl groups include, but 
are not limited to, furan, pyrrole, thiophene, pyridine, isox 
aZole, oxaZole, imidaZole and the like. Optionally a het 
eroaryl group may be substituted With one or more func 
tional groups commonly attached to such chains, such as 
those described for “alkyl” or “aryl”. 

[0082] The term “heteroarylalkyl” as used herein alone or 
as part of another group refers to alkyl groups as de?ned 
above having a heteroaryl substituent, Wherein said het 
eroaryl and/ or alkyl groups may optionally be substituted as 
de?ned above. 

[0083] The term “diabetes and related diseases or related 
conditions” refers to Type II diabetes, Type I diabetes, 
impaired glucose tolerance, obesity, hyperglycemia, Syn 
drome X, dysmetabolic syndrome, diabetic complications, 
and hyperinsulinemia. 

[0084] The term “lipid-modulating” or “lipid loWering” 
agent as employed herein refers to agents that loWer LDL 
and/or raise HDL and/or loWer triglycerides and/or loWer 
total cholesterol and/or other knoWn mechanisms for thera 
peutically treating lipid disorders. 

[0085] An administration of a therapeutic agent of the 
invention includes administration of a therapeutically effec 
tive amount of the agent of the invention. The term “thera 
peutically e?‘ective amount” as used herein refers to an 
amount of a therapeutic agent to treat or prevent a condition 
treatable by administration of a composition of the inven 
tion. That amount is the amount suf?cient to exhibit a 
detectable therapeutic or preventative or ameliorative effect. 
The e?fect may include, for example, treatment or prevention 
of the conditions listed herein. The precise e?‘ective amount 
for a subject Will depend upon the subject’s siZe and health, 
the nature and extent of the condition being treated, recom 
mendations of the treating physician, and the therapeutics or 
combination of therapeutics selected for administration. 
Thus, it is not useful to specify an exact effective amount in 
advance. 

[0086] The peptides and analogs thereof described herein 
may be produced by chemical synthesis using various solid 
phase techniques such as those described in G. Barany and 
R. B. Merri?eld, “The Peptides: Analysis, Synthesis, Biol 
ogy”; Volume 2-“Special Methods in Peptide Synthesis, Part 
A”, pp. 3-284, E. Gross and J. Meienhofer, Eds., Academic 
Press, NeW York, 1980; and in J. M. SteWart and J. D. 
Young, “Solid-Phase Peptide Synthesis”, 2nd Ed., Pierce 
Chemical Co., Rockford, Ill., 1984. The preferred strategy 
for use in this invention is based on the Fmoc (9-Fluore 
nylmethylmethyloxycarbonyl) group for temporary protec 
tion of the ot-amino group, in combination With the tert-butyl 
group for temporary protection of the amino acid side chains 
(see for example E. Atherton and R. C. Sheppard, “The 
Fluorenylmethoxycarbonyl Amino Protecting Group”, in 
“The Peptides: Analysis, Synthesis, Biology”; Volume 
9i“Special Methods in Peptide Synthesis, Part C”, pp. 
1-38, S. Undenfriend and J. Meienhofer, Eds., Academic 
Press, San Diego, 1987. 

[0087] The peptides can be synthesiZed in a stepWise 
manner on an insoluble polymer support (also referred to as 
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“resin”) starting from the C-terminus of the peptide. A 
synthesis is begun by appending the C-terminal amino acid 
of the peptide to the resin through formation of an amide or 
ester linkage. This alloWs the eventual release of the result 
ing peptide as a C-terminal amide or carboxylic acid, 
respectively. Alternatively, in cases Where a C-terminal 
amino alcohol is present, the C-terminal residue may be 
attached to 2-Methoxy-4-alkoxybenZyl alcohol resin (SAS 
RINTM, Bachem Bioscience, Inc., King of Prussia, Pa.) as 
described herein and, after completion of the peptide 
sequence assembly, the resulting peptide alcohol is released 
With LiBH4 in THF (see J. M. SteWart and J. D. Young, 
supra, p. 92). 

[0088] The C-terminal amino acid and all other amino 
acids used in the synthesis are required to have their 
ot-amino groups and side chain functionalities (if present) 
di?ferentially protected such that the ot-amino protecting 
group may be selectively removed during the synthesis. The 
coupling of an amino acid is performed by activation of its 
carboxyl group as an active ester and reaction thereof With 
the unblocked ot-amino group of the N-terminal amino acid 
appended to the resin. The sequence of ot-amino group 
deprotection and coupling is repeated until the entire peptide 
sequence is assembled. The peptide is then released from the 
resin With concomitant deprotection of the side chain func 
tionalities, usually in the presence of appropriate scavengers 
to limit side reactions. The resulting peptide is ?nally 
puri?ed by reverse phase HPLC. 

[0089] The synthesis of the peptidyl-resins required as 
precursors to the ?nal peptides utiliZes commercially avail 
able cross-linked polystyrene polymer resins (Novabio 
chem, San Diego, Calif.). Preferred for use in this invention 
are 4-(2',4'-dimethoxyphenyl-Fmoc-aminomethyl)-phe 
noxyacetyl-p-methyl benZhydrylamine resin (Rink amide 
MBHA resin) or p-benZyloxybenZyl alcohol resin (HMP 
resin) to Which the C-terminal amino acid may or may not 
be already attached. If the C-terminal amino acid is not 
attached, its attachment may be achieved by DMAP-cata 
lyZed esteri?cation With the O-acylisourea or the HOAT 
active ester of the Fmoc-protected amino acid formed by its 
reaction With DIC or DIC/HOAT, respectively. Coupling of 
the subsequent amino acids can be accomplished using 
HOBT or HOAT active esters produced from DIC/HOBT or 
DIC/HOAT, respectively. 

[0090] The syntheses of the ll-mer peptide analogs 
described herein can be carried out by using a peptide 
synthesiZer, such as an Advanced Chemtech Multiple Pep 
tide SynthesiZer (MPS396) or an Applied Biosystems Inc. 
peptide synthesiZer (ABI 433A). If the MPS396 Was used, 
up to 96 peptides Were simultaneously synthesiZed. If the 
ABI 433A synthesizer Was used, individual peptides Were 
synthesiZed sequentially. In both cases the stepWise solid 
phase peptide synthesis Was carried out utiliZing the Fmoc/ 
t-butyl protection strategy described herein. The non-natural 
non-commercial amino acids present at position 11 and at 
position 10 Were incorporated into the peptide chain in one 
of tWo methods. In the ?rst approach a Boc- or Fmoc 
protected non-natural amino acid Was prepared in solution 
using appropriate organic synthetic procedures. The result 
ing derivative Was then used in the step-Wise synthesis of the 
peptide. Alternatively the required nonnatural amino acid 
Was built on the resin directly using synthetic organic 
chemistry procedures. When a nonnatural non-commercial 
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amino acid Was needed for incorporation at position Xaa6 or 
at any other Xaa position as needed, the required Fmoc 
protected nonnatural amino acid Was synthesized in solu 
tion. Such a derivative Was then used in stepWise solid phase 
peptide synthesis. 

[0091] Preferred for use in this invention are the Fmoc 
amino acids derivatives shoWn below. 

Orthogonally Protected Amino Acids used in Solid 
Phase Synthesis 

[0092] 

O 

Frnoc-Arg(PMC) 
[PMC I pentamethyl chrornan] 

S O 

Frnoc-Arg(Pbi) 
[Pbf I pentamethyl dihydrobenzofuran] 

Tit 

H O 
But 

Frnoc-N OH Frnoc-N OH 
H H 

O 

O 

2 

O 

Dec. 13, 2007 

-continued 

S — 

Frnoc-N OH Frnoc-N OH 
H H 

O O 

Frnoc-Gln (Tit) 

OBut O — But 

Frnoc-N OH Frnoc-N OH 
H H 

O 

O\ But 

Frnoc-N OH 
H 
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-continued 

N — Boc 

\ 

Fmoc-N OH 
H 

O 

Fmoc-Trp (Boc) 

Fmoc I 

o 

)2, 

Protected Amino Acids used in Solid Phase 
Synthesis 

[0093] 

Fmoc-N OH Fmoc-N/WiOH H H 

O O 

Fmoc-Ala Fmoc-Gly 

Fmoc-N OH Fmoc-N OH 
H H 

O O 

Fmoc-Leu Fmoc-lle-lsoleucine 

MOON/ion Fmoc-N OH H H 

o o 

Fmoc-Nle-Norleucine- Fmoc-Phe 

O NH; 
NH; 

O 

Fmoc-N OH Fmoc-N OH 
H H 

O O 

Fmoc-Gln Fmoc-Asn 
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-continued 

N OH 
/ Fmoc-N OH 

Fmoc H 

O O 

Fmoc-Pro Fmoc-Gly 

Fmoc-N 
H 

Fmoc-Bip 
Fmoc-biphenylalanine 

[0094] The peptidyl-resin precursors for their respective 
peptides may be cleaved and deprotected using any of the 
standard procedures described in the literature (see, for 
example, D. S. King et al. Int. J. Peptide Protein Res. 36, 
1990, 255-266). A preferred method for use in this invention 
is the use of TFA in the presence of Water and TIS as 
scavengers. Typically, the peptidyl-resin is stirred in TFA/ 
Water/TIS (94:3:3, v:v:v; 1 mL/100 mg ofpeptidyl resin) for 
1.5-2 hrs at room temperature. The spent resin is then ?ltered 
OE and the TFA solution is concentrated or dried under 
reduced pressure. The resulting crude peptide is either 
precipitated and Washed With Et2O, or is redissolved directly 
into DMSO or 50% aqueous acetic acid for puri?cation by 
preparative HPLC. 

[0095] Peptides With the desired purity can be obtained by 
puri?cation using preparative HPLC, for example, on a 
Waters Model 4000 or a ShimadZu Model LC-8A liquid 
chromatograph. The solution of crude peptide is injected 
into a YMC S5 ODS (20><l00 mm) column and eluted With 
a linear gradient of MeCN in Water, both bu?cered With 0.1% 
TFA, using a How rate of 14-20 mL/min With el?uent 
monitoring by UV absorbance at 220 nm. The structures of 
the puri?ed peptides can be con?rmed by electro-spray MS 
analysis. 

[0096] The folloWing abbreviations are employed in the 
Examples and elseWhere herein: 

Ph = phenyl n-BuLi = n-butyllithium Pd/C = 

Bn = benzyl palladium on carbon 
i-Bu = iso-butyl PtO2 = platinum oxide 
Me = methyl TEA = triethylamine 

Et = ethyl min = minute(s) 

Pr = n-propyl h or hr = hour(s) 
Bu = n-butyl L = liter 

TMS = trimethylsilyl mL = milliliter 

TIS = Triisopropylsilane [L = microliter 

Et2O = diethyl ether g = gram(s) 
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-continued 

HOAc or AcOH = acetic acid 

MeCN = acetonitrile 

DMF = N,N—dimethylformamide 

EtOAc = ethyl acetate 

THF = tetrahydrofuran 

TFA = tri?uoroacetic acid 

EtZNH = diethylamine 
NMM = N-methyl morpholine 
NMP = N-methylpyrrolidone 

DCM = dichloromethane 

LiBH4 = lithium borohydride 
PyBOP reagent = benZotriaZol-l-yloxy-tripyrrolidino phosphonium 
hexafluorophosphate 
DMAP = 4—(dimethylamino)pyridine 

EDAC = 3-ethyl-3'—(dimethylamino)propyl—carbodiimide hydrochloride 
(or 1—[(3-(dimethyl)amino)propyl])—3—ethylcarbodiimide hydrochloride) 
FMOC = fluorenylmethoxycarbonyl 

Boc or BOC = tert-butoxycarbonyl 

CbZ = carbobenZyloXy or carbobenZoXy or benZyloXycarbonyl 

HOBT or HOBT'H2O = 1-hydroxybenzotriazole hydrate 
HOAT = 1—hydroXy—7—aZabenZotriaZole 

TLC = thin laer chromatography 
HPLC = high peformance liquid chromatography 
LC/MS = high performace liquid chromatography/mass spectrometry 
MS or Mass Sec = mass spectrometry 

NMR = nuclear magnetic resonance 

mg = milligram(s) 

mol = mole(s) 

mmol = millimole(s) 
meq = milliequivalent 

it = room temperature 

sat or sat’d = saturated 

aq. = aqueous 

mp = melting point 
Bip = biphenylalanine 

[0097] Those skilled in the art of peptide chemistry are 
aware that amino acid residues occur as both D and L 
isomers, and that the instant invention contemplates the use 
of either or a mixture of isomers for amino acid residues 
incorporated in the synthesis of the peptides described 
herein. 

[0098] In one embodiment, the present invention provides 
a method of making a polypeptide of formula 

message address 

that mimics the activity of a polypeptide receptor agonist 
having a message sequence and an address sequence. In this 
embodiment, the address sequence of the polypeptide con 
fers the ability of a polypeptide to bind to a receptor and the 
message sequence is capable of inducing receptor mediated 
signal transduction upon binding of the polypeptide to the 
receptor. The method of making the polypeptide comprises 
replacing the message sequence of a polypeptide receptor 
agonist With Y and Z Wherein Y and Z are amino acid 
residues; 
[0099] Wherein one of the substitutions at the alpha-carbon 
atoms of Y and Z may each independently be substituted 
With a primary substituent group selected from the group 
consisting of hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, 
heterocyclylalkyl, arylalkyl and heteroarylalkyl, heterocy 
clylalkyl said primary substituent optionally being substi 
tuted With a secondary substituent selected from a 
cycloalkyl, heterocyclyl, aryl or heteroaryl group; any of 
said primary or secondary substituents may further be sub 
stituted With one or more of, hydrogen, alkyl, cycloalkyl, 
arylalkyl, aryl, heterocyclyl, heteroaryl, alkenyl, alkynyl, 
halo, hydroxy, mercapto, nitro, cyano, amino, acylamino, 
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aZido, guanidino, amidino, carboxyl, carboxamido, carboxa 
mido alkyl, formyl, acyl, carboxyl alkyl, alkoxy, aryloxy, 
arylalkyloxy, heteroaryloxy, heterocycleoxy, acyloxy, mer 
capto, mercapto alkyl, mercaptoaryl, mercapto acyl, halo, 
cyano, nitro, aZido, amino, guanidino alkyl, guanidino acyl, 
sulfonic, sulfonamido, alkyl sulfonyl, aryl sulfonyl or phos 
phonic group; Wherein, the primary or secondary substi 
tutents may optionally be bridged by covalent bonds to form 
one or more fused cyclic or heterocyclic systems With each 

other; 

[0100] Wherein, the other substitution at the alpha-carbon 
of Y may be substituted With hydrogen, alkyl, aminoalkyl, 
hydroxyalkyl or carboxyalkyl; 

[0101] Wherein, the other substitution at the alpha-carbon 
of Z may be substituted With hydrogen, alkyl, aminoalkyl, 
hydroxyalkyl or carboxyalkyl. 

[0102] In a preferred embodiment, the present invention 
provides a method of making a polypeptide that mimics the 
activity of an endogenous polypeptide receptor agonist. In 
another preferred embodiment, the polypeptide receptor 
agonist is GLP-l. In another aspect, the method of making 
the polypeptide further comprises replacing the message 
sequence of the polypeptide With a variant message 
sequence capable of inducing receptor mediated signal 
transduction. Variant message sequences can be made by 
replacing or modifying one or more amino acid residues of 
a polypeptide receptor agonist message sequence. 

EXAMPLE 1 

Simultaneous Solid Phase Peptide Synthesis of 
GLP-1 ll-Mer Peptide Mimics 

[0103] Dipeptidyl resin, containing non-natural non-com 
mercial amino acid residues at positions 10 and 11, Was 
prepared using the following manual procedure in a batch 
Wise mode before continuing peptide chain elongation uti 
liZing the automated simultaneous synthesis protocol on the 
MPS-396 peptide synthesizer. The synthesis of the 
Not-Fmoc-protected biphenylalanine derivatives used in the 
manual couplings is described in Examples 8-10. 

[0104] An amount of 4-(2',4'-dimethoXyphenyl-Fmoc 
aminomethyl)-phenoXyacetyl-p-methyl benZhydrylamine 
resin (Rink amide MBHA resin; loading: 0.5 mmol/g) suf 
?cient to synthesize several 1'-mer analogs, Was sWelled by 
Washing With DMF (4x10 mL/g, 5 minutes). The Fmoc 
group Was then removed using tWo treatments, 3 and 18 
minutes each respectively, With 20% piperidine in DMF (10 
mL/g). The resin Was Washed With DMF (4x10 mL/ g) and 
NMP (4x10 mL/g). A 0.5 M solution of Fmoc-L-bipheny 
lalanine-OH (2.0 eq.), or analog thereof, and HOAt (2.0 eq.) 
in NMP Was added to the resin, folloWed by a 1.0 M solution 
of DIC (2.05 eq.) in NMP. The resin Was then shaken or 
vortexed for 16-24 hours. Coupling completion Was moni 
tored using a qualitative ninhydrin test. The resin Was 
drained, Washed With NMP (3x10 mL/g) and DMF (3x10 
mL/g), and treated tWice, 5 and 20 minutes each respec 
tively, With 20% acetic anhydride in DMF (8 mL/g). After 
DMF Washes (4x10 mL/g), a second manual coupling cycle 
Was then performed as described above, starting from the 
removal of the Fmoc group With 20% piperidine in DMF, 
and using either the same or a different Fmoc-protected 



US 2007/0287670 A1 

biphenylalanine analog in the coupling step. This synthesis 
scheme produced the desired Fmoc-protected dipeptidyl 
Rink amide MBHA resin. 

[0105] Similar dipeptidyl resins Were also obtained by 
another procedure, described in Examples 5-7, using solid 
phase Suzuki condensation reactions. 

[0106] Such dipeptidyl-resins required for the synthesis of 
a set of designed analogs Were then used in the automated 
MPS synthesis of up to 96 peptides per run in the folloWing 
manner. The dipeptidyl-resins Were loaded as suspensions in 
dichloromethane/DMF (60:40) into the 96-Well reactor of an 
Advanced ChemTech MPS 396 synthesiZer in volumes 
corresponding to 0.01-0.025 mmol (20-50 mg) of resin per 
reactor Well. The reactor Was placed on the instrument and 
drained. The Wells Were then Washed With DMF (0.5-1.0 
mL, 3><2 min) and subjected to the number of automated 
coupling cycles required to assemble the respective peptide 
sequences as determined by the pre-programmed sequence 
synthesis table. The detailed stepWise synthesis protocol 
used for a typical 0.01 mmol/Well simultaneous synthesis of 
96 compounds is described beloW. This protocol Was 
adapted for the simultaneous synthesis of arrays of analogs 
ranging from 12 to 96 per individual run. The general 
synthesis protocol is depicted in Scheme 1. 
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eridine in DMF (0.6 mL; 1><3 minutes; 1x18 minutes). The 
resin Was then Washed With DMF (4><O.5 mL), DMF/EtOH 
(80:20) (1><0.5 mL) and NMP (3><0.5 mL). 
[0109] Coupling of the next amino acid residue, typically 
Fmoc-Asp(OtBu)-OH or another Fmoc-amino acid With 
appropriate orthogonal protection if required, Was carried 
out by automated addition of a 0.36 M solution of the 
appropriate Fmoc-amino acid (0.072 mmol, 7.2 eq.) and 
HOAt (7.2 eq.) in NMP (0.2 mL) to all 96 Wells. This Was 
folloWed by addition to all 96 Wells of a 0.36 M solution of 
DIC (0.072 mmol, 7.2 eq.) in NMP (0.2 mL). The coupling 
Was alloWed to proceed for 2 hrs. After reactor draining by 
nitrogen pressure (3-5 psi) and Washing the Wells With NMP 
(1><0.5 mL), the coupling Was repeated as described above. 
At the end of the coupling cycle, the Wells Were treated With 
1M acetic anhydride in DMF (1><0.5 mL, 30 min.) and 
?nally Washed With DMF (3><0.5 mL). 

[0110] The next coupling cycle started With the removal of 
the Fmoc group as described above, and involved the 
coupling of either Fmoc-Ser(tBu)-OH or of a different 
Fmoc-amino acid as required by the sequence substitutions 
desired at this position. The coupling Was carried out in a 
manner identical to that described for Fmoc-Asp(OtBu)-OH. 
The next coupling step Was carried out in the same Way to 

H3CO ocH3 

Fmo c 

O Nle \ N 
Fmoc-Rink Resin H 

O 

i) Piperidine/DMF (Removal of Frnoc) 
ii) Fmoc-ANDlC/HOAt/N MP 
iii) Repeat the above steps, changing the 
Fmoc-AA as required 

iv) Piperidine/DMF (Removal of Frnoc) 
v) TFNHzo/tri-isopropyl silane (94:3:3) 
vi) Speed-vac/Lyophilize 
vii) Prep. HPLC 

[0107] Prior to starting the synthesis, the folloWing 
reagent solutions Were prepared and placed on the instru 
ment as required: 1.5 M (15%) piperidine in DMF; 0.5 M 
DIEA in NMP; 0.36 M DIC in NMP; 1 M (10%) acetic 
anhydride in DMF. The required Fmoc-protected amino 
acids Were prepared as 0.36 M solutions in 0.36 M HOAt/ 
NMP and placed into the appropriate positions in the 32-po 
sition amino acid rack. 

[0108] The Fmoc-protected dipeptidyl-resin prepared 
above Was deprotected by treating With 1.5 M (15%) pip 

incorporate either Fmoc-Thr(tBu)-OH or any of the other 
selected Fmoc-amino acids into this sequence position as 
required. 

[0111] The next Fmoc-amino acid (for example Fmoc 
Phe-OH) Was coupled as described above. For sequences 
requiring incorporation of a novel non-commercially avail 
able aromatic or non-aromatic amino acid analog at this step, 
the coupling Was modi?ed as folloWs: after Fmoc deprotec 
tion in the usual manner, the Fmoc-amino acid (5 eq.) and 
HOAt (5 eq.) Were added manually as a 0.36 M solution in 
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NMP (0.139 mL). The 0.36 M solution of DIC in NMP 
(0.139 mL) Was then added by the instrument and the 
coupling Was allowed to proceed for 16-24 hrs. The coupling 
Was not repeated in this case. After the usual post-coupling 
Washes, the peptidyl-resins Were capped With acetic anhy 
dride as described. 

[0112] The next coupling step involved either Fmoc 
Thr(tBu)-OH or substitution analogs as required by 
sequence replacements at this position. The coupling Was 
performed as described for the initial MPS coupling of 
Fmoc-Asp(OtBu)-OH and its analogs. This identical cou 
pling protocol Was repeated four additional times in order to 
complete the sequence assembly of the desired 96 11-mer 
peptide analogs. For the coupling of commercially and 
non-commercially available non-natural amino acids needed 
at a certain sequence position, a single coupling protocol 
similar to that described above for the novel amino acid at 
position 6 (Xaa6) Was used. 

[0113] Finally, the Fmoc group Was removed With 20% 
piperidine in DMF as described above, and the peptidyl 
resins Were Washed With DMF (4><0.5 mL) and DCM (4><0.5 
mL). They Were then dried on the reactor block by applying 
a constant pressure of nitrogen gas (5 psi) for 10-15 min. 

Cleavage/Deprotection 

[0114] The desired peptides Were cleaved/deprotected 
from their respective peptidyl-resins by treatment With a 
TFA cleavage mixture as folloWs. A solution of TFA/Water/ 
tri-isopropylsilane (94:3:3) (1.0 mL) Was added to each Well 
in the reactor block, Which Was then vortexed for 2 hrs. The 
TFA solutions from the Wells Were collected by positive 
pressure into pre-tared vials located in a matching 96-vial 
block on the bottom of the reactor. The resins in the Wells 
Were rinsed tWice With an additional 0.5 mL of TFA cocktail 
and the rinses Were combined With the solutions in the vials. 
These Were dried in a SpeedVacTM (Savant) to yield the 
crude peptides, typically in >100% yields (20-40 mgs). The 
crude peptides Were either Washed With ether or more 
frequently re-dissolved directly in 2 mL of DMSO or 50% 
aqueous acetic acid for puri?cation by preparative HPLC as 
folloWs. 

Preparative HPLC Puri?cation of the Crude Peptides 

[0115] Preparative HPLC Was carried out either on a 
Waters Model 4000 or a ShimadZu Model LC-8A liquid 
chromatograph. Each solution of crude peptide Was injected 
into a YMC S5 ODS (20><100 mm) column and eluted using 
a linear gradient of MeCN in Water, both buffered with 0.1% 
TFA. A typical gradient used Was from 20% to 70% 0.1% 
TEA/MeCN in 0.1% TEA/Water over 15 min. at a How rate 
of 14 mL/min With e?luent UV detection at 220 nm. The 
desired product eluted Well separated from impurities, typi 
cally after 10-11 min., and Was usually collected in a single 
10-15 mL fraction on a fraction collector. The desired 
peptides Were obtained as amorphous White poWders by 
lyophiliZation of their HPLC fractions. 

HPLC Analysis of the Puri?ed Peptides 

[0116] After puri?cation by preparative HPLC as 
described above, each peptide Was analyZed by analytical 
RP-HPLC on a ShimadZu LC-10AD or LC-10AT analytical 
HPLC system consisting of: a SCL-10A system controller, a 
SlL-10A auto-injector, a SPD10AV or SPD-M6A UV/V IS 
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detector, or a SPD-M10A diode array detector. AYMC ODS 
S3 (46x50 mm) column Was used and elution Was per 
formed using one of the folloWing gradients: 10-70% B inA 
over 8 min, 2.5 mL/min. (method A); 5-80% B in A over 8 
min, 2.5 mL/min. (method B); 5-70% B inA over 8 min., 2.5 
mL/min. (method C); 25-75% B in A over 8 min, 2.5 
mL/min (method D); 20-75% B in A over 8 min, 2.5 
mL/min. (method E); 15-70% B in A over 8 min, 2.5 
mL/min. (method F); 10-90% B in A over 8 min, 2.5 
mL/min. (method G); 20-65% B in A over 8 min, 2.5 
mL/min. (method H); 5-90% B in A over 8 min., 2.0 
mL/min. (method 1); 5-90% B inA over 8 min., 2.5 mL/min. 
(method J); 20-80% B in A over 8 min., 2.5 mL/min. 
(method K); 10-100% B in A over 8 min., 2.5 mL/min. 
(method L); 10-75% B in A over 8 min., 2.5 mL/min. 
(method M). Mobile phase A: 0.1% TEA/Water; mobile 
phase B: 0.1% TFA/acetonitrile. The purity Was typically 
>90%. 

Characterization by Mass Spectrometry 

[0117] Each peptide Was characterized by electrospray 
mass spectrometry (ES-MS) either in How injection or 
LC/MS mode. Finnigan SSQ7000 single quadrupole mass 
spectrometers (ThermoFinnigan, San Jose, Calif.) Were used 
in all analyses in positive and negative ion electrospray 
mode. Full scan data Was acquired over the mass range of 
300 to 2200 amu for a scan time of 1.0 second. The 
quadrupole Was operated at unit resolution. For How injec 
tion analyses, the mass spectrometer Was interfaced to a 
Waters 616 HPLC pump (Waters Corp., Milford, Mass.) and 
equipped With an HTS PAL autosampler (CTC Analytics, 
ZWingen, SWitZerland). Samples Were injected into a mobile 
phase containing 50:50 Water:acetonitrile With 0.1% ammo 
nium hydroxide. The How rate for the analyses Was 0.42 
mL/min. and the injection volume 6 pl. A ThermoSepara 
tions Constametric 3500 liquid chromatograph (Ther 
moSeparation Products, San Jose, Calif.) and HTS PAL 
autosampler Were used for LC/MS analyses. Chromato 
graphic separations Were achieved employing a Luna C18, 5 
micron column, 2><30 mm (Phenomenex, Torrance, Calif.). 
The How rate for the analyses Was 1.0 mL/min and column 
el?uent Was split, so that the How into the electrospray 
interface Was 400 ul/min. A linear gradient from 0% to 100% 
B in A over 4 minutes Was run, Where mobile phase A Was 
98:2 Water:acetonitrile With 10 mM ammonium acetate and 
mobile phase B Was 10:90 Water:acetonitrile With 10 mM 
ammonium acetate. The UV response Was monitored at 220 
nm. The samples Were dissolved in 200 pl 50:50 H2O:MeCN 
(0.05% TFA). The injection volume Was 5 ul. 

[0118] In all cases, the experimentally measured molecu 
lar Weight Was Within 0.5 Daltons of the calculated mono 
isotopic molecular Weight. 

EXAMPLE 2 

Synthesis of N-Acylated and N-Alkylated 11-Mer 
Peptide Analogs 

(A) General Procedure for the Synthesis of N-Alkylated 
11-Mer Peptide Analogs by Reductive Alkylation 

[0119] The synthesis of N-alkylated 11-mer peptide ana 
logs Was started from the protected intermediate 11-mer 
peptidyl-resin (1) (0.025 mmol), Which Was prepared by the 
general method described herein. The Fmoc group Was 
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removed using the procedure described in that method, to 
yield the protected resin intermediate 2. This Was sWollen in 
DMF, Washed 3 times With 1% AcOH/DMF, and then treated 
With 2-20 eq. of aldehyde or N-Boc-protected aminoalde 
hyde (see synthesis below), dissolved in 1% AcOH/DMF (or 
CH2Cl2) (1 M), and the same excess amount of 
Na(AcO)3BH as that of the aldehyde. After overnight reac 
tion, the resin Was drained, Washed With DMF and DCM, 3 
times each, and dried. The reductively alkylated peptide (4) 
Was cleaved and deprotected by treatment With TFA/tri 
isopropylsilane/Water (90:5:5, v:v:v; 1-2 mL) for 2 hrs. The 
resin Was ?ltered OE and rinsed With 1 mL of cleavage 
solution, Which Was combined With the ?ltrate and dried in 
a SpeedVacTM (Savant) to yield the crude product. This Was 
puri?ed by preparative HPLC as described in the general 
peptide synthesis method outlined herein. The purity and 
identity of the desired products Were con?rmed by analytical 
HPLC and electrospray MS. 
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[0120] N-Boc-protected aminoaldehydes Were synthe 
siZed using Castro’s procedure (FehrentZ, J. A., and Castro, 
B., Synthesis, 1983, 676-678) as folloWs. The Boc-protected 
amino acid (2.0 mmol) Was dissolved in 5 mL DCM. BOP 
reagent (1.1 eq.) and DIEA (1.15 eq) Were added. After 5 
minutes, a solution of N,O-dimethylhydroxylamine (1.2 eq) 
and DIEA (1.3 eq) in 5 mL DCM Was added. The reaction 
mixture Was stirred for 2 hrs, diluted With DCM (30 mL), 
and Washed With 2N HCl (3><), sat. NaHCO3 (3x) and brine 
(1><). The organic extracts Were dried over MgSO4, ?ltered 
and evaporated to dryness to yield the Weinreb amide. This 
Was then dissolved in ether or THF (10 mL/mmol)) and 
reacted With a 1 M solution of LiAlH4 in THF (2 mL/mmol 
of hydroxamate) for 30 minutes. The reaction mixture Was 
quenched With 5 mL of 0.35 M KHSO4, and diluted With 
ether (20 mL). The aqueous phase Was separated and 
extracted With ether (3><20 mL). The combined ether extracts 
Were Washed With 2N HCl (2><), sat. NaHCO3 (2x) and brine 
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