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COMPOSITIONS AND METHODS FOR TREATMENT OF INSULIN RESISTANCE

REFERENCE TO GOVERNMENT GRANT

[1] The invention was made with government support under grant no. RO1-DK090588
awarded by the National Institutes of Health. The government has certain rights in the

invention.

CROSS-REFERENCE TO RELATED APPLICATION

(2] This application claims the benefit of U.S. Provisional application No. 62/384,390,

filed September 7, 2016, the entire disclosure of which is incorporated herein by reference.

SEQUENCE LISTING

[3] The instant application contains a Sequence Listing which has been submitted in
ASCII format via EFS-Web and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on September 6, 2017 is named 35926_0495_WO_565205_SL.txt and is

1,200 bytes in size.

FIELD OF THE INVENTION

[4] The invention relates to the field of metabolic diseases. Particularly, the invention

relates to treatment of insulin resistance.

BACKGROUND OF THE INVENTION

[5] In Type 1 diabetes, also known as insulin-dependent diabetes mellitus (IDDM), or
juvenile diabetes, the pancreas produces little or no insulin. Type 1 diabetes is believed to

result in part from the autoimmune attack on the insulin producing beta-cells of the pancreas.

[6] Type 2 diabetes mellitus (T2DM), also known as Non-Insulin Dependent Diabetes
Mellitus (NIDDM), or adult-onset diabetes, is mostly caused by insulin resistance and
eventually results in beta-cell exhaustion, leading to beta-cell destruction. Insulin resistance

is associated with impairment of peripheral tissue response to insulin. T2DM is primarily
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due to obesity and not insufficient exercise in people who are genetically predisposed. It
makes up about 90% of cases of diabetes. Rates of T2DM have increased markedly since
1960 in parallel with obesity. It is believed to afflict approximately 18.2 million people in the
US. T2DM typically begins in middle or older age. However, as a result of the obesity
epidemic, substantially younger patients are diagnosed with this condition. Type 2 diabetes

is associated with a ten-year-shorter life expectancy.

7] Insulin resistance is generally regarded as a pathological condition in which cells fail
to respond to the normal actions of the hormone insulin. When the body produces insulin
under conditions of insulin resistance, the cells in the body are resistant to the insulin and are

unable to use it as effectively, leading to high blood sugar.

[8] In the early stage of T2DM, the predominant abnormality is reduced insulin
sensitivity. At this stage hyperglycemia can be reversed by a variety of measures and
medications known in the art. In reaction to increasing insulin resistance, beta-cells are
forced to produce more insulin, or are triggered to proliferate and/or granulate, producing
even more insulin, The overproduction of insulin or over activity of beta-cells can then lead
to beta-cell exhaustion, leading to destruction of the beta-cell population. The pancreas can
thus no longer provide adequate levels of insulin, resulting in elevated levels of glucose in the
blood. Ultimately, overt hyperglycemia and hyperlipidemia occur, leading to the devastating
long-term complications associated with diabetes, including cardiovascular disease, renal

failure, and blindness.

[9] Insulin resistance is present in almost all obese individuals (Paoletti et al., Vasc
Health Risk Manag 2:145-152). Obesity-linked insulin resistance greatly increases the risk
for T2DM, hypertension, dyslipidemia, and nonalcoholic fatty liver disease, together known

as the metabolic or insulin resistance syndrome (Reaven, Diabetes, 37: 1595-1607 (1988)).

[10] Insulin resistance and T2DM are associated to increased risk of heart attacks, strokes,
amputation, diabetic retinopathy, and kidney failure. For extreme cases, circulation of limbs
is affected, potentially requiring amputation. Loss of hearing, eyesight, and cognitive ability

has also been linked to these conditions.

[11]  Management of insulin resistance in children and adults is essentially based on dietary
and lifestyle changes, including healthier dietary habits and increased exercise. These
practices can be very efficient in improving insulin sensitivity and in slowing the progression

of the disease, but they are difficult to apply and actually not followed by most patients.
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T2DM can be treated with drugs promoting insulin sensitivity, e.g., thiazolidinedionesthes,
but their efficacy in reducing the rate of progression of the disease is quite low. Insulin

treatment is required during the most advanced phases of the disease.

[12]  Thiazolidinediones, such as troglitazone, rosiglitazone and pioglitazone, bind to
peroxisome proliferator-activated receptors, a group of receptor molecules inside the cell
nucleus. The normal ligands for these receptors are free fatty acids (FFAs) and eicosanoids.
When activated, the receptor migrates to the DNA, activating transcription of a number of
specific genes. The activation of these different genes results in 1) decreasing insulin
resistance, 2) modifying adipocyte differentiation, 3) inhibiting VEGF-induced angiogenesis,
4y decreasing leptin levels (leading to an increased appetite), 5) decreasing certain
interleukins (e.g., IL-6) levels, and 6) increasing adiponectin levels. However,
thiazolidinedione intake is usually associated with a weight gain. Efficacy in reducing the
rate of disease progression is low. Thus, there is a still a need for more effective therapies for

insulin resistance.

[13] How obesity promotes insulin resistance remains incompletely understood, although

several potential mechanisms have been proposed. Plasma concentrations of free fatty acids
and pro-inflammatory cytokines, endoplasmic reticulum (ER) stress, and oxidative stress are
all elevated in obesity and have been shown to induce insulin resistance. However, they may

be late events that only develop after chronic excessive nutrient intake.

[14] In overnutrition, excessive glucose is consumed and a large amount of glucose is
metabolized via glycolysis and the TCA cycle leading to increased NADH and FADH2
production in the mitochondrial electron transport chain and increased reactive oxygen
species (ROS). When the generation of ROS exceeds their detoxification, oxidative stress
occurs. Oxidative stress may cause reversible or irreversible changes in proteins. Reversible
changes occur in cysteine residues and can be repaired by antioxidant proteins. On the other
hand, oxidative stress can directly or indirectly induce irreversible damage to the proteins by
formation of reactive carbonyl groups, mainly aldehydes and ketones. Direct protein
carbonylation of lysine or arginine residues occurs through a Fenton reaction of metal cations
with hydrogen peroxide, forming glutamic semialdehyde. Indirect carbonylation can occur
by reactive o,B-unsaturated aldehydes, which are products of oxidative modification of

polyunsaturated fatty acids (PUFA).
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[15]  The most common reactive aldehyde is 4-hydroxynonenal (4-HNE). 4-HNE reacts
with cysteine, lysine, and histidine residues of proteins via Michael addition and Schiff base
formation. The introduction of carbonyl derivatives (i.e. aldehydes and ketones) alters the
conformation of the polypeptide chain, resulting in the partial or total inactivation of proteins.
Because protein carbonylation is an irreversible process, it is deleterious to the cells. 4-HNE

increases have been reported in T2DM and in the liver of diabetic rats.

[16] In astudy reported in 2015, healthy men were fed with ~6000 kcal/day of the
common U.S. diet [~50% carbohydrate (CHO), ~ 35% fat, and ~15% protein] for 1 week.
The diet produced a rapid weight gain of 3.5 kg and the rapid onset (after 2 to 3 days) of
systemic and adipose tissue insulin resistance and oxidative stress but no inflammatory or ER
stress. Boden er al., Science Translation Medicine, 7 (304): 304re7 (9 September 2015). In
adipose tissue, the oxidative stress was associated with several GLUT4 posttranslational
modifications, including extensive GLUT4 carbonylation as well as adduction of HNE and
glutamic semialdehyde in close proximity to the glucose transport channel. /d. GLUT4 is
the major insulin-facilitated glucose transporter in adipose tissue. Carbonylation typically
causes protein cross-linking and loss or alteration of protein function (Schaur, Mol Aspects
Med. 24: 149159 (2003) and can target the affected proteins for selective degradation by the
268 proteasome (Kastle ez al., Curr. Pharm. Des. 17: 4007-4022 (2011)).

[17] Notwithstanding these advances, what is still needed are therapeutic agents for the
prevention and treatment of insulin resistance, particularly in obese patients who typically
suffer from insulin resistance or are most susceptible to the development of insulin resistance,

and ultimately, type 2 diabetes.

SUMMARY OF THE INVENTION

[18] Inan embodiment, a method for increasing insulin sensitivity, reducing insulin
resistance and/or preventing insulin resistance in a subject in need thereof comprises
administering to the subject an effective amount of a compound according to Formula I, or

pharmaceutically effective salt thereof:

(T TV (T (T
2
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wherein:

R is selected from the group consisting of hydrogen, -(Ci-Cg)alkyl, -(C-Cg)alkenyl,
-(Ci-Cg)alkynyl, unsubstituted or substituted -ara(Ci-Co)alkyl, unsubstituted or substituted
-heteroara(Ci-Cs)alkyl, where the substituents on said substituted ara(Ci-Cg)alkyl and
substituted heteroara(C;-Ce)alkyl are selected from the group consisting of
halogen,-CN, -NO2, -NHz, -NH(C;-Cs)alkyl, -N[(Ci-Cs)alkyl)]2, -OH, halo(Ci-Ce)alkyl,
-(C1-Cs)alkoxy, halo(Ci-Cs)alkoxy, -SH, thio(Ci-Cs)alkyl, -SONH>, -SO2NHa,
-SO-(C1-Ce)alkyl, -SO2~(Ci-Cg)alkyl, -NHSO2(Ci-Ce)alkyl, and -NHSO,NH>;

R? is selected from the group consisting of hydrogen, -(Ci-Cg)alkyl, -(Ci-Cg)alkenyl,
-(Ci-Cg)alkynyl, unsubstituted or substituted -ara(Ci-Cs)alkyl, unsubstituted or substituted
-heteroara(C-Cs)alkyl, where the substituents on said substituted ara(Ci-C¢)alkyl and
substituted heteroara(C;-Ce)alkyl are selected from the group consisting of halogen,-CN,
-NOz, -NHa, -OH, halo(C-Cs)alkyl, -(Ci-Cs)alkoxy, halo(C-Cs)alkoxy, -SH,
thio(C-Ce)alkyl, -SONHz, -SO2NHa, -SO-(C1-Ce)alkyl, -SO2-(Ci-Co)alkyl,
-NHSO>(C1-Ceg)alkyl, and -NHSO2NHz;

R3, R4 R7, R8 R? R'0 R, and R'* are independently selected from the group

consisting of hydrogen and -(C;-Ce)alkyl;

R3and R® are independently selected from the group consisting of hydrogen,

-(C1-Ce)alkyl and —OH, provided that both R and R® cannot be ~OH;

R'""and R'? are independently selected from the group consisting of hydrogen,

-(Ci-Ce)alkyl and —~OH, provided that both R and R'? cannot be —OH,;
m is an integer from 1 to 4;
n is an integer from zero to 4
o is an integer from 0 to 4;
p is an integer from 1 to 4;
q is an integer from zero to 4; and
r is an integer from 0 to 4.

[19]  Also provided is a method of treating insulin resistance in a subject in need thereof
comprising administering to the patient an effective amount of'a compound according to

Formula I, or pharmaceutically effective salt thereof.
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[20]  Also provided is a method of treating an insulin resistance disorder in a subject in
need thereof comprising administering to the individual an effective amount of a compound

according to Formula I, or pharmaceutically effective salt thereof.

[21]  Also provided is a method of alleviating an insulin resistance disorder in a subject in
need thereof comprising administering to the individual an effective amount of a compound
according to Formula I, or pharmaceutically effective salt thereof. Insulin resistance
disorders include, by way of example and not limitation, diabetes, obesity, metabolic
syndrome, insulin resistance, insulin-resistance syndromes, syndrome X, high blood pressure,
hypertension, high blood cholesterol, hyperlipidemia, dyslipidemia, atherosclerotic disease,
hyperglycemia, hyperinsulinemia, hyperproinsulinemia, impaired glucose tolerance, delayed
insulin release, coronary heart disease, angina pectoris, congestive heart failure, stroke,
cognitive dysfunction, retinopathy, peripheral neuropathy, nephropathy, glomerulonephritis,
glomerulosclerosis, nephrotic syndrome, hypertensive nephrosclerosis, endometrial cancer,
breast cancer, prostate cancer, colon cancer, complications of pregnancy, menstrual
irregularities, infertility, irreguiar ovulation, polycystic ovarian syndrome (PCOS),
lipodystrophy, cholesterol related disorders, gout, obstructive sleep apnea, osteoarthritis, and

osteoporosis.

[22] In certain embodiments, the subject is afflicted with insulin resistance, reduced insulin
sensitivity or an insulin resistance disorder. In other embodiments, the patient is at risk of
developing these conditions, and a compound of Formula I is administered prophylactically,
to delay the onset of such conditions, or reduce the severity when the conditions are

experienced.

[23}]  Also provided are compounds according to Formula I, and pharmaceutically effective
salts thereof, for use in increasing insulin sensitivity, reducing insulin resistance and/or
preventing insulin resistance in a subject. Also provided are compounds according to
Formula I, and pharmaceutically effective salts thereof, for use in treating insulin resistance
in a subject. Also provided are compounds according to Formula I, and pharmaceutically
effective salts thereof, for use in treating an insulin resistance disorder in a subject. Also
provided are compounds according to Formula I, and pharmaceutically effective salts thereof,

for use in alleviating an insulin resistance disorder in a subject.

[24]  Also provided is a medicament for increasing insulin sensitivity, reducing insulin

resistance and/or preventing insulin resistance in a subject, containing a compound according
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to Formula I, or pharmaceutically effective salt thereof. Also provided is a medicament for
treating insulin resistance in a subject, containing a compound according to Formula I, or
pharmaceutically effective salt thereof. Also provided is a medicament for in treating an
insulin resistance disorder in a subject, containing a compound according to Formula I, or
pharmaceutically effective salt thereof. Also provided is a medicament for alleviating an

insulin resistance disorder in a subject.

[25]  In certain embodiments of the aforesaid methods and uses of a compound according
to Formula I, or pharmaceutically effective salt thereof, R! and R? are independently selected

from the group consisting of hydrogen and -(C;-Cg)alkyl.

[26]  In certain embodiments of the aforesaid methods and uses of a compound according
to Formula I, or pharmaceutically effective salt thereof, each of R3, R4, R3, R®, R7, and R% s
independently selected from hydrogen and -(Ci-Cg)alkyl. In certain such embodiments, each
of R?, R0, R", R'?, R'3, and R'%is also independently selected from hydrogen and
-(C1-Cglalkyl.

{27]  In certain embodiments of the aforesaid methods and uses of a compound according
to Formula I, or pharmaceutically effective salt thereof, each of R, R'%, R'!, R'?, R"3, and R'4

is independently selected from hydrogen and -(C-Cg)alkyl.

[28]  In certain embodiments of the aforesaid methods and uses of a compound according
to Formula I, or pharmaceutically effective salt thereof, the sum of m +n + o is in the range

of from 2 to 10, and the sum of p + q + r is in the range of from | to 10.

[29]  In certain embodiments of the aforesaid methods and uses of a compound according
to Formula I, or pharmaceutically effective salt thereof, m is 3; p is 4; each of n, o, q and r is
zero. In certain such embodiments, R3, R*, R, and R' are independently selected from
hydrogen and -(C)-Cg)alkyl. In certain such embodiments, R'and R? are independently
selected from the group consisting of hydrogen and -(C-Cg)alkyl. In certain such

embodiments, R!, R?, R? R4 R?and R'? are hydrogen.

[30] In certain embodiments, the compound of Formula I is (S)-2-amino-6-((3-

aminopropyl)amino)hexanoic acid, or a pharmaceutically effective salt thereof.

[31] In certain embodiments of the aforesaid methods and uses of a compound according
to Formula I, or pharmaceutically effective salt thereof, m is 4; nis 2; o is zero; pis 3; q is 1;
and ris zero. In certain such embodiments, R?, R4, R®>, ROR?, R'%, R!! and R'? are

independently selected from hydrogen and -(Ci-Cg)alkyl. In certain such embodiments, R!

7
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and R? are independently selected from the group consisting of hydrogen and -(C1-Cs)alkyl.

In certain such embodiments, R!, R2, R}, R4, R% R® R? R'%, R"', and R'?, are hydrogen.

[32]  In certain embodiments, the compound of Formula I is (S)-2-amino-5-((6-

aminohexyl)amino)pentanoic acid, or a pharmaceutically effective salt thereof.

[33] Incertain embodiments of the aforesaid methods and uses of a compound according
to Formula I, or pharmaceutically effective salt thereof, m is 4; nis 1; 0 is zero; pis 3; g is |;
and ris zero. In certain such embodiments, R3, R4, R?, RS R% R'9, R!'" and R'? are
independently selected from hydrogen and -(Ci-Cg)alkyl. In certain such embodiments, R!
and R* are independently selected from the group consisting of hydrogen and -(Ci-Cg)alkyl.
In certain such embodiments, R, R?, R3, R4, R, R% R R'%, R'!, and R'? are hydrogen.

[34] In certain embodiments, the compound of Formula I is (§)-2-amino-5-((5-

aminopentyl)amino)pentanoic acid, or a pharmaceutically effective salt thereof.

[35] Also provided are compounds according to Formula I’, or pharmaceutically effective

salt thereof:

AL AAWARTYAANA AW AR Co—
SYANIAN. /o \ Lo

wherein:

R'is selected from the group consisting of hydrogen, -(C-Csg)alkyl, -(Cy-Csg)alkenyl,
-(C-Cg)alkynyl, unsubstituted or substituted -ara(C-Ce)alkyl, unsubstituted or substituted
-heteroara(C-Ce)alkyl, where the substituents on said substituted ara(Ci-Ce)alkyl and
substituted heteroara(C-Ce)alky! are selected from the group consisting of halogen, -CN,
-NOa,- NHa, -NH(C-Ce)alkyl, -N[(C1-Cs)alkyD)]2, -OH, halo(C1-Ce)alkyl, -(Ci-Cs)alkoxy,
halo(C-Ce)alkoxy, -SH, thio(Ci-Ce)alkyl, -SONHa2, -SO2NHa, -SO-(Ci-Ce)alkyl, -SO2-(C-
Ce)alkyl, -NHSO(C-Cs)alkyl, and -NHSO2NH3;

R? is selected from the group consisting of hydrogen, -(Ci-Cg)alkyl, -(Ci-Cg)alkenyl,
-(Ci-Cg)alkynyl, unsubstituted or substituted -ara(C1-Cs)alkyl, unsubstituted or substituted
-heteroara(C,-Ce)alkyl, where the substituents on said substituted ara(C;-Cg)alkyl and
substituted heteroara(Ci-Ce)alkyl are selected from the group consisting of halogen,-CN,

-NO3, -NH3j, -OH, halo(C;-Ce¢)alkyl, -(C1-Cs)alkoxy, halo(Ci-Ce)alkoxy, -SH,
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thio(Ci1-Cslalkyl, -SONHaz, -SO2NHa, -SO-(C-Ce)alkyl, -SO2-(Ci-Ce)alkyl,
-NHSO2(C-Ce)alkyl, and -NHSO>NH»;

R3, R% R7, R8 R% R'% R'3, and R' are independently selected from the group
consisting of hydrogen and -(C-Ce)alkyl;

R*and R® are independently selected from the group consisting of hydrogen,

-(Ci1-Ce)alky! and —OH, provided that both R and R® cannot be ~OH;

R'"and R'? are independently selected from the group consisting of hydrogen,

-(Ci1-Ce)alkyl and —OH, provided that both R'" and R'? cannot be ~OH;
m is an integer from 1 to 4;
n is an integer from zero to 4
o is an integer from zero to 4;
p is an integer from 1 to 4;
q is an integer from zero to 4; and
r is an integer from zero to 4;
provided:
(i) when the sum of p+ q + ris 1, then sum of m + n+ o is 5 or greater;
(it) when the sum of p + q +ris 2, then sum of m + n + o is 5 or greater;
(i11) when the sum of p+ q +ris 3, the sum of m+n+ o is 3, or is S or greater; and
(iv) when the sum of p + q + ris 4, the sum of m + n + o is either 3, or is 6 or greater.

[36]  According to certain embodiments of the compound according to Formula I’, R" and

R? are independently selected from the group consisting of hydrogen and -(C;-Cg)alkyl.

[37] According to certain embodiments of the compound according to Formula I”, or
pharmaceutically effective salt thereof, each of R3, R*, R, R%, R7, and R¥is independently
selected from hydrogen and -(Ci-Cs)alkyl. In certain such embodiments, each of R%, R'%, R!!,

R'?,R"3, and R'* is independently selected from hydrogen and -(C-Cs)alkyl.

[38] According to certain embodiments of the compound according to Formula I, or
pharmaceutically effective salt thereof, each of R R'%, R'", R12) R!3 and R is

independently selected from hydrogen and -(C-Cg)alkyl.
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[39]  According to certain embodiments of the compound according to Formula I’, or
pharmaceutically effective salt thereof, the sum of m + n + o is in the range of from 2 to 10,

and the sum of p + q + r is in the range of from 1 to 10.

[40]  According to certain embodiments of the compound according to Formula I”, or
pharmaceutically effective salt thereof, m is 3; p is 4; each of n, 0, q and r is zero. According
to certain such embodiments R3, R%, R, and R'? are independently selected from hydrogen
and -(C1-Cg)alkyl. According to certain such embodiments, R! and R? are independently
selected from the group consisting of hydrogen and -(Ci-Cg)alkyl. In certain such

embodiments, R!, R, R3, R* R’ and R'® are hydrogen.

[41]  In certain embodiments, the compound of Formula I’ is (5)-2-amino-6-((3-

aminopropyllamino)hexanoic acid, or a pharmaceutically effective salt thereof.

[42]  According to certain embodiments of the compound according to Formula I’, or
pharmaceutically effective salt thereof , m is 4; nis 2; o is zero; p is 3; q is I; and r is zero. In
certain such embodiments, R3, R4, R’ R6R% R'%, R and R'? are independently selected
from hydrogen and -(C)-Cg)alkyl. In certain such embodiments, R'and R? are independently
selected from the group consisting of hydrogen and -(C;-Cg)alkyl. In certain such

embodiments, R', R%, R3, R*, R?, R® R? R'®, R, and R'? are hydrogen.

[43]  In certain embodiments, the compound of Formula I’ is (S)-2-amino-5-((6-

aminohexyl)amino)pentanoic acid, or a pharmaceutically effective salt thereof.

[44]  According to certain embodiments of the compound according to Formula I’, or
pharmaceutically effective salt thereof, m is 4; nis 1; o is zero; p is 3; q is 1; and r is zero. In
certain such embodiments, R3, R4, R’ R6 R R', R and R'? are independently selected
from hydrogen and -(Ci-Cg)alkyl. In certain such embodiments, R!and R? are independently
selected from the group consisting of hydrogen and -(Ci-Cg)alkyl. In certain such

embodiments, R!, R2, R3, R%, R* R® R° R0, R'! and R'? are hydrogen.

[45]  In certain embodiments, the compound of Formula I’is (§)-2-amino-5-((5-

aminopentyl)amino)pentanoic acid, or a pharmaceutically effective salt thereof.

[46]  As envisioned in the present invention with respect to the disclosed compositions of
matter and methods, in one aspect the embodiments of the invention comprise the
components and/or steps disclosed herein. In another aspect, the embodiments of the

invention consist essentially of the components and/or steps disclosed herein. In yet another



WO 2018/049019 PCT/US2017/050462

aspect, the embodiments of the invention consist of the components and/or steps disclosed

herein.

DESCRIPTION OF THE FIGURES

[47] Fig. 1A presents multiple reaction monitoring (MRM) data showing an increase in the
transitions of HNE-induced K264-HNE adducts in 3T3-L1 cells overexpressing GLUTA4.

The cells were treated with 20 pM 4-HNE for 4 hours. The MRM data was then used to
calculate the amounts of carbonylated GLUT4,

[48}  Fig. 1B shows the carbonylated GLUT4 data calculated from the MRM data in Fig.

1A, Four transitions of the GLUT4 peptide found in humans were used for quantitation.

[49]  Fig. 2 shows the effect of 4-HNE and H2O: on insulin-induced glucose uptake by
3T3-L1 adipocytes. Glucose uptake was reduced by 32% and 66% with 4-HNE and H20»
treatment, respectively. The combination of both 4-HNE and HzO: resulted in a 98%

decrease in glucose uptake.

[50] Fig. 3A is a plot of the level of GLUT4 carbonylation as determined by detection of
the adducted GLUT4 fragment LTGWADVSGVLAELKDEK-4HNE (SEQ ID NO:2),
constituting GLUT4 amino acids 247-264 (LTGWADVSGVLAELKDEK, SEQ ID NO: 1),
in adipose tissue from lean individuals, and from lean over-nourished insulin-resistant

individuals. HP70-1 was utilized as an internal control.

[51] Fig. 3B is a plot of the level GLUT4 carbonylation as determined by detection of the
adducted GLUT4 fragment LTGWADVSGVLAELKDEK-4HNE (SEQ ID NO:2), in adipose
tissue from obese non-diabetic, obese pre-diabetic, and obese diabetic individuals. HP70-1

was utilized as an internal control.

[52]  Fig. 3C shows the percentage of GLUT 4 that is carbonylated in adipose tissue of the
obese non-diabetic, obese pre-diabetic, and obese diabetic groups of inviduals of Figs. 3A-
3B.

[53] Fig. 3D is a graph of GLUT4 carbonylation as determined by detection of the
adducted GLUT4 fragment LTGWADVSGVLAELKDEK-4HNE (SEQ ID NO:2) versus the

level of the insulin resistance marker HOMA-IR.
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[54] Fig. 4 shows the predicted concentration-time profile of (S)-2-amino-6-((3-
aminopropyhamino)hexanoic acid dihydrochloride in plasma following oral administration of

10 mg/kg/day, modeled as six oral doses over 12 hours.

[55] Fig. 5isa plot of the glucose uptake of 3T3L1 adipocytes. Cells were treated with the
indicated concentrations of the drug (S)-2-amino-6-((3-aminopropyl)amino)hexanoic acid
dihydrochloride (“APL”) and exposed to oxidative stress by incubating with 4HNE/H20> at
100 uM, followed by '*Cg-glucose uptake assay. The drug prevented glucose uptake-
impairing effect of 4-HNE and H»0», in a dose-dependent fashion.

[56] Fig. 6A depicts mass spectrometry data for APL prior to incubation with 4-NHE.

[57] Fig. 6B depicts mass spectrometry data for APL after | hr incubation with 4-NHE.
The data show that APL forms an adduct with 4-NHE.

[58] Fig. 7 is a plot of blood glucose levels in mice fed with either a regular CHOW diet or
high fat diet (HFD), followed by water without or with (S)-2-amino-6-((3-

aminopropy!)amino)hexanoic acid dihydrochloride (10 pg/ml) (“APL”).

[59] Fig. 8A is a graph of the effect of (S)-2-amino-6-((3-aminopropyl)amino)hexanoic
acid dihydrochloride (“APL”) in reducing overnutrition-induced GLUT4 carbonylation in
adipose tissue of treated individuals. Animals received high fat diet (HFD) with and without
(S)-2-amino-6-((3-aminopropyl)amino)hexanoic acid dihydrochloride (“APL”). Error bars
represent mean £ s.e.m. Statistics were performed using a two-tail Students t-test. The

significance level is ¥*p<0.02.

[60] Fig. 8B is a graph of the effect of S)-2-amino-6-((3-aminopropyl)amino)hexanoic acid
dihydrochloride (“APL”) in reduced fasting glucose levels in animals receiving a high fat
diet. Animals received high fat diet (HFD) with and without (S)-2-amino-6-((3-
aminopropylamino)hexanoic acid dihydrochloride (“APL”). Error bars represent mean =
s.e.m. Statistics were performed using a two-tail Students t-test. The significance level is

*p<0.05. “Untreated” received HFD and vehicle.

[61] Fig. 8C isa plot of a glucose time test on mice receiving the following treatments: (i)
high fat diet (HFD) + poglitazone, (ii) HFD + vehicle, (iii) HFD + (S)-2-amino-6-((3-
aminopropyl)amino)hexanoic acid dihydrochloride and (HFD-APL) and (iv) Chow Diet-

Control. Data points represent mean & s.e.m.
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[62]  Fig 8D shows the areas under the curves calculated from the curves of Fig. 8C. Error
bars represent mean £ s.e.m. Statistics were performed using a two-tail Students t-test. The

significance level is *p<0.05.

[63] Fig. 9 is a graph of the body weight of diet-induced (HFD) obese mice over two
weeks during treatment with (10 mg/kg/day) and without (“Control”) the drug (S)-2-amino-6-

((3-aminopropyl)amino)hexanoic acid dihydrochloride (“APL”).

[64] Fig. 10 is plot of a glucose tolerance test in (i) db/db mice receiving 50 mg/kg b.i.d
p.o. (S)-2-amino-6-((3-aminopropylamino)hexanoic acid dihydrochloride (“db/db APL”);
(ii) db/db vehicle control-treated mice (“db/db Vehicle”); or (ii1) metformin heterozygous

littermate control mice (“Control Littermates™). The treatment period was for 7 days.

[65] Fig. 11isa plotof a glucose tolerance test in 6 week old db/db mice treated with (i)
50 mg/kg b.i.d p.o. (8§)-2-amino-6-((3-aminopropyl)amino)hexanoic acid dihydrochloride
(“APL”); (ii) vehicle (“Vehicle™); or (iii) 50 mg/kg b.i.d. p.o. metformin (“Metformin”).

[66] Fig. 12 is a plot of a glucose tolerance test in 6 week old db/db mice treated for 14
days as in Fig. 11, but followed by a no treatment period for an additional 14 days. The
glucose tolerance test was conducted at the conclusion of the no treatment period: (i) 50
mg/kg b.i.d p.o. (S)-2-amino-6-((3-aminopropyl)amino)hexanoic acid dihydrochloride (“APL
washout™); (ii) vehicle (“Vehicle™); and (iii) 50 mg/kg b.i.d p.o. metformin (data not shown).

Statistics were performed using a two-tail Students t-test. The significance level is *p<0.05.

[67] Fig. 13 is a graph of the effect of the drug (5)-2-amino-6-((3-
aminopropyl)amino)hexanoic acid dihydrochloride (“APL”), (S)-2-amino-5-((6-
aminohexyl)amino)pentanoic acid trihydrochloride (MC180351), and (S)-2-amino-5-((5-
aminopentyl)amino)pentanoic acid trihydrochloride (MC180352) in restoring glucose uptake
in insulin-stimulated 3T3-L1 cells exposed to 4-HNE and H.Oz2: Control cells, no insulin (C-
No Ins); control cells, with insulin (C+ Ins); 4HNE+H20»-treated cells (AHNE/H202); cells
treated with APL+H4HNE+H>O2 (“APL”); cells treated with MC180351+4HNE+H0,
(“MC1803517); and cells treated with MC180352+4HNE+H>02 (“MC180352”). Statistics

were performed using ANOVA analysis. The significance level is *p<0.05.
DEFINITIONS

[68] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention

pertains.
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[69]  Although any methods and materials similar or equivalent to those described herein
can be used in the practice for testing of the present invention, the preferred materials and
methods are described herein. In describing and claiming the present invention, the
following terminology will be used. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodiments only, and is not intended to be

limiting.

[70] The articles “a” and “an” are used herein to refer to one or to more than one (i.e., to at
least one) of the grammatical object of the article. By way of example, “an element” means
one element or more than one element. Thus, recitation of “a cell”, for example, includes a

plurality of the cells of the same type.

[71]  “About” as used herein when referring to a measurable value such as an amount, a
temporal duration, and the like, is meant to encompass variations of +/- 20% or +/- 10%,
more preferably +/- 5%, even more preferably +/- 1%, and still more preferably +/- 0.1%

from the specified value, as such variations are appropriate to perform the disclosed methods.

[72]  The term “alkyl”, by itself or as part of another substituent means, unless otherwise
stated, a straight or branched chain hydrocarbyl having the designated number of carbon
atoms (i.e., C1-Cs means one to six carbons). Examples include: methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, zert-butyl, pentyl, neopentyl, and hexyl. Most preferred is (Ci-
Ce)alkyl, more preferably (C-Cs)alkyl, particularly methyl and ethyl.

[73]  The term “alkenyl” employed alone or in combination with other terms, means, unless
otherwise stated, a straight chain or branched chain hydrocarbyl having the stated number of
carbon atoms, and containing one or more double bonds. Examples include ethenyl (vinyl),
propenyl (allyl), crotyl, isopentenyl, butadienyl, 1,3-pentadienyl, and 1,4-pentadienyl. A
functional group representing an alkenyl is exemplified by ~CH2-CH=CHa-.

[74]  The term “alkynyl” employed alone or in combination with other terms, means, unless
otherwise stated, a straight chain or branched chain hydrocarbyl having the stated number of

carbon atoms, and containing on or more triple bonds.

[75]  The term “alkoxy” employed alone or in combination with other terms means, unless
otherwise stated, an alkyl group, as defined above, connected to the rest of the molecule via
an oxygen atom, such as, for example, methoxy, ethoxy, 1-propoxy, 2-propoxy (isopropoxy)

and the higher homologs and isomers. The alky! portion of the alkoxy group can have a
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designated number of carbon atoms as defined for alkyl groups above. Preferred are

(Ci-Cs)alkoxy, more preferably (Ci-Cs)alkoxy, particularly methoxy and ethoxy.

[76] The term “aromatic” refers to a carbocycle or heterocycle having one or more
polyunsaturated rings having aromatic character (i.e. having (4n + 2) delocalized = (pi)

electrons where n is an integer).

[77]  The term “aryl” refers to an aromatic hydrocarbon ring system containing at least one
aromatic ring, The aromatic ring can optionally be fused or otherwise attached to other
aromatic hydrocarbon rings or non-aromatic hydrocarbon rings. Examples of aryl groups
include, for example, phenyl, naphthyl, 1,2,3,4-tetrahydronaphthalene and bipheny!.

Preferred examples of aryl groups include phenyl and naphthyl.
[78]  The term “aralkyl” group refers to an alkyl group substituted with an aryl group.

[79]  An “effective amount” as used herein, means an amount which provides the indicated
therapeutic or prophylactic benefit, i.e., an amount that results in the treatment and/or
prevention of insulin resistance and/or an increase in insulin sensitivity, or treatment and/or
prevention if insulin resistance disorder. It is understood, however, that the full therapeutic
effect does not necessarily occur by administration of one dose, and may occur only after
administration of a series of doses. Thus, an effective amount may be administered in one or
more administrations. In the context of therapeutic or prophylactic applications, the amount
of active agent administered to the subject will depend on the type and severity of the disease
or condition and on the characteristics of the subject, such as general health, age, sex, body
weight and tolerance to drugs. It will also depend on the degree, severity and type of disease
or condition. The skilled artisan will be able to determine appropriate dosages depending on
these and other factors. The compounds of Formula I can also be administered in

combination with one or more additional therapeutic compounds.

[80]  The terms “halo” or “halogen” by themselves or as part of another substituent mean,
unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. Preferably, a halogen

includes fluorine, chlorine, or bromine, more preferably, fluorine or chlorine.

[81] The term “heteroaralkyl” group refers to an alkyl group substituted with a heteroaryl

group.

[82]  The term “heterocycle” or “heterocyclyl” or “heterocyclic” by itself or as part of
another substituent means, unless otherwise stated, an unsubstituted or substituted, mono- or

multi-cyclic heterocyclic ring system which consists of carbon atoms and at least one
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heteroatom selected from the group consisting of N, O, and S. The heterocycle typically
contains from five to ten ring atoms. The heterocyclic system may be attached to another
atom, unless otherwise stated, at any heteroatom or carbon atom of the heterocyclic system

which affords a structural isomer.

[83]  The term “heteroaryl” or “heteroaromatic” refers to a heterocycle having aromatic

character.

[84]  The term “hydrocarbyl”, by itself or as part of another substituent means, unless
otherwise stated, a straight or branched chain hydrocarbon having the number of carbon
atoms designated (i.e. C1-Cs means one to six carbons). Examples include: methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, neopentyl, and hexyl. Most preferred is
(C1-Ce) alkyl, more preferably (Ci-Cs) particularly methyl and ethyl. The term “unsaturated

hydrocarbyl” means a hydrocarbyl that contains at least one double or triple bond.

[85]  Asused herein, “individual” or “patient” or “subject” (as in the subject of the
treatment) means both mammals and non-mammals. Mammals include, for example,
humans; non-human primates, e.g. apes and monkeys; dogs; cats; cattle; horses; sheep; and
goats. Non-mammals include, for example, fish and birds. The individual is, in one

embodiment, a human being. In another embodiment, the individual is a dog.

[86] The term “insulin resistance” has its common meaning in the art. Insulin resistance is
a physiological condition where the natural hormone insulin becomes less effective at
lowering blood sugars. The resulting increase in blood glucose may raise levels outside the
normal range and cause adverse health effects such as metabolic syndrome, dyslipidemia and

subsequently type 2 diabetes mellitus.

[87] An “insulin resistance disorder” refers to any disease or condition that is caused by or

contributed to by insulin resistance.

[88] The term “haloalkyl” means an alkyl group wherein at least one hydrogen atom is
replaced by a halogen atom. The term “perhaloalkyl” means a haloalkyl group wherein all the
hydrogen atoms are replaced by halogen atoms. A preferred perhaloalkyl is perfluoroalkyl,
particularly -(C,-Ce)perfluoroalkyl; more preferred is -(Ci-Cs)perfluoroalkyl; most preferred
is —=CFs.

[89]  The term “haloalkoxy” means an alkoxy group wherein at least one hydrogen atom is
replaced by a halogen atom. The term “perhaloalkoxy” means a haloalkoxy group wherein all
the hydrogen atoms are replaced by halogen atoms. A preferred perhaloalkoxy is
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perfluoroalkoxy , particularly -(Ci-Cs)perfluoroalkoxy; more preferred

is -(C-Cs)perfluoroalkoxy; most preferred is —OCFs.

[90]  As used herein, the term “pharmaceutically acceptable” refers to a formulation of a
compound that does not significantly abrogate the biological activity, a pharmacological
activity and/or other properties of the compound when the formulated compound is
administered to a patient. In certain embodiments, a pharmaceutically acceptable formulation

does not cause significant irritation to a patient.

[91]  The term “substituted” means that an atom or group of atoms has replaced hydrogen
as the substituent attached to another group. For aryl and heteroaryl groups, the term
“substituted” refers to any level of substitution, namely mono-, di-, tri-, tetra-, or
penta-substitution, where such substitution is permitted. The substituents are independently
selected, and substitution may be at any chemically accessible position. Substituents may
include, for example, one of the moieties from the group of halo, oxy, azido, nitro, cyano,
alkyl, alkoxy, alkyl-thio, alkyl-thio-alkyl, alkoxyalkyl, alkylamino, trihalomethyl, hydroxyl,
mercapto, hydroxy, alkylsilyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, heteroaryl,
alkenyl, alkynyl, aryl, and amino groups. Substituents comprising carbon chains preferably

contain 1-6, more preferably 1-3, most preferably 1-2, carbon atoms.

[92] To “treat” a disease as the term is used herein, means to reduce the frequency or
severity of at least one sign or symptom of a disease or disorder experienced by a subject.
Treating may include the postponement of further disease progression, or reduction in the
severity of symptoms that have or are expected to develop, ameliorating existing symptoms

and preventing additional symptoms.

[93] Ranges: throughout this disclosure, various aspects of the invention can be presented
in a range format. It should be understood that the description in range format is merely for
convenience and brevity and should not be construed as an inflexible limitation on the scope
of the invention. Accordingly, the description of a range should be considered to have
specifically disclosed all the possible subranges as well as individual numerical values within
that range. For example, description of a range such as from 1 to 6 should be considered to
have specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to
4. from 2 to 6, from 3 to 6 etc., as well as individual numbers within that range, for example,

1,2,2.7,3,4,5,5.3, and 6. This applies regardiess of the breadth of the range.
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DETAILED DESCRIPTION OF THE INVENTION

[94] Embodiments of the present invention are described below. It is, however, expressly
noted that the present invention is not limited to these embodiments, but rather the intention
is that modifications that are apparent to the person skilled in the art and equivalents thereof

are also included.

[95] Certain conditions such as overnutrition can lead to oxidative stress, and the
generation of reactive aldehydes such as 4-HNE, which react with cysteine, lysine and
histidine residues of proteins via Michael addition and Schiff base formation. 4-HNE can
form HNE-Michaels adducts on GLUT4, the major insulin-facilitated glucose transporter in
adipose tissue. As shown in Fig. 1A, 3T3-L1 adipocytes retrovirally transduced to
overexpress the GLUT4-SNAP protein formed a K264-HNE GLUT4 adduct upon treatment
with 4-HNE. The amounts of carbonylated protein is shown in Fig. 1B. The same K264-
HNE GLUT4 adduct is elevated in the fat tissue of human pre-diabetic and diabetic
individuals (Fig. 3B, 3C).

[96] HNE-adduction leads to loss of GLUT-4 function, and development of adipocyte
insulin resistance, as indicated by the reduction of adipocyte glucose uptake upon insulin
stimulation. As shown in Fig. 2, glucose uptake by 3T3-L1 adipocytes was reduced upon 4-

HNE and H>O: treatment, followed by insulin stimulation.

[97] It has been surprisingly found that compounds of Formula | are effective in increasing

insulin sensitivity and/or reducing insulin resistance.

[98] Compounds of Formula I have been found to overcome adipocyte glucose uptake
impairment by restoring insulin sensitivity, Without wishing to be bound by any theory,
compounds of Formula I form adducts with reactive aldehydes such as 4-HNE, thereby
diverting 4-HNE from damaging proteins such as GLUT-4, by carbonylation. As shown in
Fig. 6A and 6B, the compound (S)-2-amino-6-((3-aminopropyl)amino)hexanoic acid
dihydrochloride, a compound of Formula I, forms an adduct with 4-HNE, thereby diverting
4-HNE from damaging GLUT-4 by carbonylation. It has the effect of reversing
overnutrition-induced glucose uptake impairment. Restoration of GLUT-4 function results in
enhancement or restoration of adipocyte insulin sensitivity and the resumption or

enhancement of glucose uptake.

[99] Impaired glucose tolerance as measured by glucose tolerance tests is dramatically

improved in comparison to the only moderate glucose tolerance-improving effect of
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pioglitazone (Example 11). The compound is also better in reducing impaired glucose
tolerance than metformin (Examples 12-13). Metformin is a first-line medication for the

treatment of type 2 diabetes.

[100] The compounds reduction impaired glucose tolerance in both pre-diabetes and
diabetes stages, indicating that the compounds may be used to treat both pre-diabetes

(Example 12), and diabetes wherein the diabetic phenotype has been established.

[101] Studies that follow (Example 13) indicate that the compounds are diabetes-

modulating, and do not merely mask the disease.

[102] Compounds of Formula I can be used to treat both pre-diabetes, and diabetes wherein
the diabetic phenotype has been established. The compounds are believed effective in

counteracting glucose uptake impairment in cells induced by overnutrition.

[103] The compounds of Formula | are administered to increase insulin sensitivity and/or

reduce insulin resistance in subjects in need of such treatment.

[104] Insulin is produced in the body upon the initiation of glucose release into the
bloodstream from carbohydrate digestion. Under normal circumstances, the cells of the body
respond to stimulus by insulin by taking up glucose, for use as energy. The major cell types
that require insulin to absorb glucose are fat cells and muscle cells. When the body produces
insulin under conditions of insulin resistance, these cells in the body are resistant to
stimulation by insulin, leading to high blood sugar. Beta cells in the pancreas increase their
production of insulin, further contributing to a high blood insulin level. Elevated blood
insulin level, left may lead to reduced insulin sensitivity. T2DM, in particular, develops from
insulin resistance, meaning that the normally secreted dose of insulin is no longer sufficient

to control blood glucose levels.

[105] According to the present invention, any of the pathologies flowing from reduced
insulin sensitivity (or insulin resistance) may be treated. The compounds of Formula I are
thus useful for treating any condition associated with the loss of the relevant target cell’s
sensitivity to regulation by insulin. The compounds of Formula I are thus believed useful in
the treatment of insulin resistance disorders. An “insulin resistance disorder” refers to refers
to any disease or condition that is caused by or contributed to by insulin resistance.
Examples include: diabetes, obesity, metabolic syndrome, insulin resistance, insulin-
resistance syndromes, syndrome X, high blood pressure, hypertension, high blood

cholesterol, dyslipidemia, hyperlipidemia, dyslipidemia, atherosclerotic disease including
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stroke, coronary artery disease or myocardial infarction, hyperglycemia, hyperinsulinemia
and/or hyperproinsulinemia, impaired glucose tolerance, delayed insulin release, diabetic
complications, including coronary heart disease, angina pectoris, congestive heart failure,
stroke, cognitive functions in dementia, retinopathy, peripheral neuropathy, nephropathy,
glomerulonephritis, glomerulosclerosis, nephrotic syndrome, hypertensive nephrosclerosis
some types of cancer (such as endometrial, breast, prostate, and colon), complications of
pregnancy, poor female reproductive health (such as menstrual irregularities, infertility,
irregular ovulation, polycystic ovarian syndrome (PCOS)), lipodystrophy, cholesterol related
disorders, such as gallstones, cholescystitis and cholelithiasis, gout, obstructive sleep apnea
and respiratory problems, osteoarthritis, and prevention and treatment of bone loss, e.g.

osteoporosis.

[106] In addition to pathological conditions associated with insulin resistance, the
compounds of Formula [ may be administered for treatment of conditions of low insulin
production, e.g. cases of [IDDM where some finite level of insulin production remains, albeit

at reduced amounts.

COMPOUNDS

[107] Compounds for use in a method for treating insulin resistance have the structure of

Formula I,
R3 R5 R7\ Rp2/ R® R /R”\
/ AN /g\/g\ g
7 YRV EAN)

and pharmaceutically acceptable salts thereof,

NH,
H coyq Formulal
H

It
0

wherein:

R' is selected from the group consisting of hydrogen, -(C-Csg)alkyl, -(Ci-Cg)alkenyl,
-(C1-Cyglalkynyl, unsubstituted or substituted -ara(C;-Celalkyl, unsubstituted or substituted
-heteroara(C;-Ce)alkyl, where the substituents on said substituted ara(C;-Ce)alkyl and
substituted heteroara(Ci-Ce)alkyl are selected from the group consisting of halogen, -CN,
-NOz3,- NHa, -NH(C-Celalkyl, -N[(Ci-Ce)alkyD) ]z, -OH, halo(Ci-Ce)alkyl, -(Ci-Cs)alkoxy,
halo(C-Cs)alkoxy, -SH, thio(C-Ce)alkyl, -SONH», -SO2NH,, -SO-(C-Cs)alkyl, -SO»-(C-
Ceo)alkyl, -NHSO2(C-Ce)alkyl, and -NHSO2NHz;
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R? is selected from the group consisting of hydrogen, -(Ci-Cs)alkyl, -(Ci-Cg)alkenyl,
-(Cy-Cy)alkynyl, unsubstituted or substituted -ara(C-Cs)alkyl, unsubstituted or substituted
-heteroara(Ci-Ce)alkyl, where the substituents on said substituted ara(C;-Cs)alkyl and
substituted heteroara(C-Ce)alkyl are selected from the group consisting of halogen,-CN,
-NO2,- NH», -OH, halo(C-Ce)alkyl, -(Ci-Cs)alkoxy, halo(C,-Ce)alkoxy, -SH,
thio(Ci-Ce)alkyl, -SONHaz, -SO2NH3, -SO-(Ci-Co)alkyl, -SO2-(C1-Ce)alkyl,
-NHSO2(C-Ce)alkyl, and -NHSO2NH»;

R3, R4 R7, R8, R% R'% R'3, and R'* are independently selected from the group
consisting of hydrogen and -(C-Ce)alkyl;

R®and R are independently selected from the group consisting of hydrogen,

-(C1-Cg)alkyl and —OH, provided that both R> and R® cannot be ~OH;

R'"and R'? are independently selected from the group consisting of hydrogen,

-(C1-Cg)alkyl and —OH, provided that both R'" and R'? cannot be ~OH;
mis 1, 2,3 or4,;
nis0,1,2,3or4;
0is0, 1,2, 3 or4;
pisl1,2,3 oré;
qis0,1,2,3 or4; and
ris0, 1,2, 3 or4.

[108] In certain embodiments, halo(C-Ce)alkyl and/or halo(Ci-Ce)alkoxy comprising R!
and/or R? are selected from perhalo(Ci-Ce)alkyl and perhalo(Ci-Ce).

[109] In certain embodiments, R is selected from hydrogen and -(Ci-Cg)alkyl. In certain
embodiments, R? is selected from hydrogen or -(C-Cg)alkyl. In certain embodiments, R" and
R? are independently selected from hydrogen and -(C1-Cs)alkyl. In the aforementioned
embodiments, the -(C-Cg)alkyl is preferably -(Ci-Ce)alkyl, more preferably -(Ci-Cs)alkyl,

more preferably methyl or ethyl. In certain embodiments, R" and R? are hydrogen.

[110] In certain embodiments, each of R3, R%, R, RS, R, and R®is independently selected
from hydrogen and -(Ci-Cg)alkyl. The -(C;-Csg)alkyl is preferably -(Ci-Cs)alkyl, more
preferably -(C1-C3)alkyl, more preferably methyl or ethyl. In certain embodiments, R?, R4,
R, R® R7, and R®are hydrogen.
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[111] In certain embodiments, each of R%, R'%, R'', R'2, R'? and R'* is independently
selected from hydrogen and -(Ci-Cg)alkyl. The -(Ci-Cg)alkyl is preferably -(Ci-Cg)alkyl,
more preferably -(Ci-Cs)alkyl, more preferably methyl or ethyl. In certain embodiments, R?,
RO RY, R'2, R'3, and R'* are hydrogen.

[112] In certain embodiments, each of R? through R'¥ are independently selected from
hydrogen and -(Ci-Cs)alkyl, according to the above schemes. In certain embodiments, R®

through R'* are hydrogen.

[113] In some embodiments of compounds of Formula I, the sum of m + n + o is in the
range of from 2 t0 10, 9, 8, 7, 6, 5, 4 or 3; in the range of from 3 t0 10,9, 8, 7, 6, 5 or 4; or in
the range of from 4 t0 10,9, 8, 7, 6 or 5. In some embodiments, the sum of m+n+ o0 is 12,

11,10,9,8,7,6,5,4, 3 or 2.

[114] In some embodiments of compounds of Formula I, the sum of p + q + r is in the range
of from 1t0 10,9, 8,7, 6,5, 4, 3 or 2; in the range of from 210 10,9, 8, 7, 6, 5, 4 or 3; in the
range of from 3 to 10, 9, 8, 7, 6, 5 or 4; or in the range of from 4 t0 10,9, 8, 7, 6 or 5. In
some embodiments, the sum of p+q+ris 12, 11,10,9,8,7,6,5,4,3,20r 1,

[115] In some embodiments of the aforesaid embodiments defining sums of m +n + o

and/or defining sums of p + q + r, each of R? through R'* are independently selected from

hydrogen and -(Ci-Csg)alkyl. In certain embodiments, R? through R'* are hydrogen.

[116] In certain preferred embodiments of a compound of Formula I, m is 3; p is 4; and each
of n, 0, q and r is zero. In certain such embodiments, R?, R4, R?, and R'? are independently
selected from hydrogen and -(C,-Cg)alkyl, preferably hydrogen. In certain such
embodiments, R' and R? may be independently selected from hydrogen and -(C-Cs)alkyl,
preferably hydrogen.

[[17] In another embodiment, novel compounds and pharmaceutically effective salts thereof

are provided according to Formula I'

R AANAANARIARNEN E” AT S
NYRNSAVIANTAY IR

wherein R', R?, R3 R4 R’ R® R7, R®, R% R'O, R R'? R'3, R m, n, o, p, g, and r defined

as above for Formula [, provided:
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(i) when the sum of p + q + ris 1, then sum of m +n + o is 5 or greater;

(i1) when the sum of p + q + ris 2, the sum of m + n + o is 5 or greater;

(iii) when the sum of p + q + r is 3, the sum of m + n + o is 3, or is greater; and

(iv) when the sum of p + ¢ + r is 4, the sum of m + n + o is either 3, or is 6 or greater.

[118] In certain embodiments, when the sum of p + q +ris 2, the sumof m +n+o0is 6 or

greater, 7 or greater, 8 or greater, 9 or greater or 10 or greater.

[119] In certain embodiments, when the sum of p+q +ris 3, thesumofm+n+ois5or

greater, 6 or greater, 7 or greater, 8 or greater, 9 or greater or 10 or greater.

[120] In certain embodiments, when the sum of p + q + ris 4, the sum of m +n+o0is 7 or

greater, 8 or greater, 9 or greater or 10 or greater.
[121] In preferred embodiments, when the sum of p + q +ris 4, the sumof m+n+ois 3.

[122] In certain embodiments, where the sum of p +q +ris 1, then the sum of m +n + o is

5 or greater, 6 or greater, 7 or greater, 8 or greater, 9 or greater or 10 or greater.

[123] In certain embodiments of the novel compounds of Formula I', R' is selected from
hydrogen and -(C;-Cg)alkyl. In certain embodiments, R? is selected from hydrogen or -(Ci-
Cg)alkyl. In certain embodiments, R' and R? are independently selected from hydrogen and -
(Ci-Cg)alkyl. In the aforementioned embodiments, the -(C-Cg)alkyl is preferably -(Ci-
Ce)alkyl, more preferably

-(C1-C3)alkyl, more preferably methyl or ethyl. In certain embodiments, R! and R* are

hydrogen.

[124] In certain embodiments of the novel compounds of Formula I', each of R3, R4, R° RS,
R7, and R®is independently selected from hydrogen and -(C)-Cs)alkyl. The -(Ci-Cs)alkyl is
preferably -(C-Ce)alkyl, more preferably -(Ci-Cs)alkyl, more preferably methyl or ethyl. In

certain embodiments, R3, R%, R%, RS, R7, and R®are hydrogen.

[125] In certain embodiments of the novel compounds of Formula I', each of R?, R'%, R,
R'2, R"3, and R is independently selected from hydrogen and -(C-Cs)alkyl. The -(Ci-
Cg)alkyl is preferably -(Ci-Ce)alkyl, more preferably -(Ci-Cs)alkyl, more preferably methyl

or ethyl. In certain embodiments, R% R'?, R\, R'2, R"3, and R'* are hydrogen.
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[126] In certain embodiments of the novel compounds of Formula I', each of R? through R4
are independently selected from hydrogen and -(C-Cg)alkyl, according to the above schemes.

In certain embodiments, R? through R'* are hydrogen.

[127] In some embodiments of the novel compounds of Formula I', the sum of m +n + o is

in the range of from 2 t0 10, 9, 8, 7, 6, 5, 4 or 3; in the range of from 3 10 10,9, 8, 7, 6, 5 or 4;
or in the range of from 4 to 10, 9, 8, 7, 6 or 5. In some embodiments, the sum of m+n-+ois
12,11, 10.9,8,7,6,5,4,3 or 2. The selection of the sum of m + n + o is subject to provisos

(i), (1), (ii1) and (iv) above, for Formula I',

[128] In some embodiments of compounds of Formula I', the sum of p + q + r is in the range
of from 1 to 10,9, 8,7, 6, 5, 4 or 2; in the range of from 2 t0 10,9, 8, 7, 6, 5, 4 or 3; in the
range of from 3 to 10, 9, 8, 7, 6, 5 or 4; or in the range of from 4 t0 10, 9,8, 7,6 or 5. In
some embodiments, the sum of p+ q+ris 12,11, 10,9, 8, 7,6, 5,4, 3 or 2. The selection of

the sum of p + g -+ r is subject to provisos (i), (ii), (iii) and (iv), above.

[129] In some of the aforesaid embodiments defining sums of m + n + o and/or defining
sums of p + q + r, each of R? through R' are independently selected from hydrogen and -(Ci-

Cs)alkyl. In certain embodiments, R3 through R'* are hydrogen.

[130] In certain preferred embodiments of a compound of Formula I', m is 3; p is 4; and

each of n, 0, q and r is zero. The compounds accordingly have the structure of Formula Ic,

T\ ®
|
R'HN (|3 N C COH Formula Ic
R*/3 4 b o

[131] wherein each R?, each R*, each R?, and each R'? is independently selected from
hydrogen and

-(Ci-Cg)alkyl. In certain embodiments, R3, R, R%, and R'? are hydrogen. In certain
embodiments of compounds of Formula Ic, R' and R* are independently selected from the
group consisting of hydrogen and -(C-Cg)alkyl, and are preferably hydrogen. Particularly
preferred is the compound (S)-2-amino-6-((3-aminopropyl)amino)hexanoic acid, or a
pharmaceutically effective salt thereof. A preferred salt thereof is (S)-2-amino-6-((3-

aminopropyljamino)hexanoic acid dihydrochloride.

[132] In certain preferred embodiments of a compound of Formula I', m is4; nis 2; p is 3;

and each of o, q and r is zero. Particularly preferred is the compound (5)-2-amino-5-((6-
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aminchexyl)amino)pentanoic acid, or a pharmaceutically effective salt thereof. A preferred

salt thereof is (.§)-2-amino-5-((6-aminohexyl)amino)pentanoic acid trihydrochloride.

[133] In certain preferred embodiments of a compound of Formula I', mis4; nis 1; p is 3;
and each of o, g and r is zero. Particularly preferred is the compound (§)-2-amino-5-((5-
aminopentyl)amino)pentanoic acid, or a pharmaceutically effective salt thereof. A preferred

salt thereof is (S)-2-amino-5-((5-aminopentyl)amino)pentanoic acid trihydrochloride.

SYNTHESIS SCHEMES

[134] Compounds of Formula I may be prepared according to Schemes 1-16 wherein:

(T (T (T
Vo Ve WL
B ANAAY
\

R' and R are defined as for Formula I.

[135] Compounds of Formula I may be prepared according to the general methods of
Schemes 4-8 and 14-16. Certain compounds of Formula |, identified as having the structure
of Formula la, may be prepared using the general methods shown in Schemes 1-3. Similarly,
certain compounds of Formula I, identified as having the structure of Formula Ib, may be
prepared using the general methods shown in Schemes 9-13. It may be appreciated that
compounds of Formula Ta and 1b are compounds of Formula [ wherein m is 1, and R* and R*

are each hydrogen.
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[136] According to Scheme 1, a compound of the formula (1), a known compound or a
compound prepared by known means wherein PG! is a protecting group selected, for
example, from the group consisting of triphenylmethyl (trityl), tert-butyloxycarbonyl (BOC),
9-fluorenylmethyloxycarbonyl (FMOC), and carbobenzyloxy (Cbz) and PG? is selected, for
example, from the group consisting of 9-fluorenylmethyl (Fm), Ci¢alkyl and Cs.7 branched
alkyl, is reacted with a compound of the formula (2), a known compound or compound
prepared by known methods wherein X is a leaving group such as bromine, chlorine, iodine,
methanesulfonate, tolylsulfonate, and the like, in the presence of a base such as
trimethylamine, diisopropylethylamine, pyridine, potassium carbonate, cesium carbonate,
sodium hydroxide, potassium hydroxide, sodium hydride, potassium hydride, lithium
diisopropylamide, sodium hexamethyldisilazide, lithium hexamethyldisilazide, potassium t-
butoxide, or sodium t-butoxide, and the like, in a solvent such as tetrahydrofuran, 1,4-
dioxane, methylene chloride, methanol, ethanol, t-butanol, and the like, optionally with
heating, optionally with microwave irradiation, to provide a compound of the formula (3).
[137] According to Scheme 1, a compound of the formula (3) is then reacted with hydrogen
in the presence of a catalyst such as palladium on carbon, palladium on barium sulfate,
palladium on celite, palladium on calcium carbonate, palladium on barium carbonate,
palladium on silica, palladium on alumina, palladium acetate, palladium
bis(triphenylphosphine) dichloride, palladium tetrakis(triphenylphospine), bis(acetonitrile)
dichloropalladium, [1,1"-bis(diphenylphosphino) ferrocene]dichloropalladium, platinum on
carbon, platinum on barium sulfate, platinum on celite, platinum on calcium carbonate,
platinum on barium carbonate, platinum on silica, platinum on alumina, rhodium on carbon,
rhodium on barium sulfate, rhodium on celite, rhodium on calcium carbonate, rhodium on
barium carbonate, rhodium on silica, rhodium on alumina, and the like, in a solvent such as

ethanol, methanol, tetrahydrofuran, 1,4-dioxane, ethyl acetate, benzene, toluene,
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cyclohexane, N,N-dimethylformamide, and the like, optionally with heating, optionally with

microwave irradiation, to provide a compound of the formula (4).

[138] According to Scheme 1, a compound of the formula (4) is then reacted with an acid
such as acetic acid, trifluoroacetic acid, hydrochloric acid, sulfuric acid,
trifluoromethanesulfonic acid, and the like, optionally in a solvent such as methylene
chloride, tetrahydrofuran, 1,4-dioxane, ethanol, or methanol, and the like, optionally with
heating, optionally with microwave irradiation, to provide a compound of the formula (Ia).
Alternatively, a compound of the formula (4) is reacted with a base such as lithium
hydroxide, sodium hydroxide, sodium carbonate, lithium carbonate, piperidine, pyridine, 2,6~
lutidine, and the like, in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, or methanol, and the like, optionally with heating, optionally with microwave
irradiation, to provide a compound of the formula (Ia). Alternatively, a compound of the
formula (4) is reacted with hydrogen in the presence of a catalyst such as palladium on
carbon, palladium on barium sulfate, palladium on celite, palladium on calcium carbonate,
palladium on barium carbonate, palladium on silica, palladium on alumina, palladium acetate,
palladium bis(triphenylphosphine) dichloride, palladium tetrakis(triphenylphospine),
bis(acetonitrile) dichloropalladium [1,1'-bis(diphenyiphosphino)
ferrocene]dichloropalladium, and the like, in the presence of a solvent such as
tetrahydrofuran, 1,4-dioxane, ethanol, or methanol, and the like, optionally with heating,

optionally with microwave irradiation, to provide a compound of the formula (1a).

Scheme 2

0 0
(CR'R®), CR7R8
H N/\ / —)\O_PGZ HZN/\ )0 OH
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R2 NH | NH
4 / 4a R2? /
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[139] Alternatively, according to Scheme 2, a compound of the formula (4) is reacted with
an acid such as acetic acid, trifluoroacetic acid, hydrochloric acid, sulfuric acid
trifluoromethanesuifonic acid, and the like, optionally in a solvent such as methylene
chloride, tetrahydrofuran, 1,4-dioxane, ethanol or methanol, and the like, optionally with

heating, optionally with microwave irradiation to provide a compound of the formula (4a).
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Alternatively, according to Scheme 2, a compound of the formula (4) is reacted with a base
such as lithium hydroxide, sodium hydroxide, sodium carbonate or lithium carbonate, and the
like, in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane, ethanol or
methanol, and the like, optionally with heating, optionally with microwave irradiation to

provide a compound of the formula (4a).

[140] According to Scheme 2, a compound of the formula (4a) is then reacted with a base
such as piperidine, pyridine or 2,6-1utidine, and the like, in a solvent such as methylene
chloride, tetrahydrofuran, 1,4-dioxane, ethanol or methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (Ia).
Alternatively, a compound of the formula (4a) is reacted, according to Scheme 2, with
hydrogen in the presence of a catalyst such as palladium on carbon, palladium on barium
sulfate, palladium on celite, palladium on calcium carbonate, palladium on barium carbonate,
palladium on silica, palladium on alumina, palladium acetate, palladium
bis(triphenylphosphine) dichloride, palladium tetrakis(triphenylphospine), bis(acetonitrile)
dichloropalladium [1,1'-bis(diphenylphosphino) ferroceneldichloropalladium, and the like, in
the presence of a solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the
like, optionally with heating, optionally with microwave irradiation to provide a compound of
the formula (Ia). Alternatively, a compound of the formula (4a) is reacted with an acid such
as acetic acid, trifluoroacetic acid, hydrochloric acid, sulfuric acid, and the like, optionally in
a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and
the like, optionally with heating, optionally with microwave irradiation to provide a
compound of the formula (Ia).

Scheme 3

]
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[1417 According to Scheme 3, a compound of the formula (4) is reacted with an acid such as
acetic acid, trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic
acid and the like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-

dioxane, ethanol, methanol, and the like, optionally with heating, optionally with microwave

28



WO 2018/049019 PCT/US2017/050462

irradiation to provide a compound of the formula (4b). Alternatively, according to Scheme 3,
a compound of the formula (4) is reacted with a base such as lithium hydroxide, sodium
hydroxide, sodium carbonate, lithium carbonate, and the like in a solvent such as methylene
chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with

heating, optionally with microwave irradiation to provide a compound of the formula (4b).

[142] According to Scheme 3, a compound of the formula (4b) is then reacted with a base
such as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene
chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (la).
Alternatively, according to Scheme 3, a compound of the formula (4b) is reacted with
hydrogen in the presence of a catalyst such as palladium on carbon, palladvium on barium
sulfate, palladium on celite, palladium on calcium carbonate, palladium on barium carbonate,
palladium on silica, palladium on alumina, palladium acetate, palladium
bis(triphenylphosphine) dichloride, palladium tetrakis(triphenylphospine), bis(acetonitrile)
dichloropalladium [1,1’-bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in
the presence of a solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the
like, optionally with heating, optionally with microwave irradiation to provide a compound of
the formula (I). Alternatively, according to Scheme 3, a compound of the formula (4b) is
reacted with an acid such as acetic acid, trifluoroacetic acid, hydrochloric acid, sulfuric acid,
trifluoromethanesulfonic acid and the like, optionally in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,

optionally with microwave irradiation to provide a compound of the formula (Ia).

Scheme 4 o] ]
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[143] According to Scheme 4, a compound of the formula (5), a known compound or a
compound prepared by known means wherein PG! is a protecting group selected, for
example, from the group consisting of triphenylmethyl (trityl), tert-butyloxycarbonyl (BOC),
9-fluorenylmethyloxycarbonyl (FMOC), and carbobenzyloxy (Cbz), and PG? is selected, for
example, from the group consisting of 9-fluorenylmethyl (Fm), C1-6 alkyl and C3-7
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branched alkyl, is reacted with a compound of the formula (6), a known compound or
compound prepared by known methods wherein X is a leaving group such as bromine,
chlorine, iodine, methahesulfonate, tolylsulfonate, and the like, and PG? is a protecting group
selected from the group consisting of, for example, tert-butyloxycarbonyl (BOC), 9-
fluorenylmethyloxycarbonyl (FMOC), and carbobenzyloxy (Cbz), in the presence of a base
such as trimethylamine, diisopropylethylamine, pyridine, potassium carbonate, cesium
carbonate, sodium hydroxide, potassium hydroxide, sodium hydride, potassium hydride,
lithium diisopropylamide, sodium hexamethyldisilazide, lithium hexamethyldisilazide,
potassium t-butoxide, sodium t-butoxide, and the like, in a solvent such as tetrahydrofuran,
1,4-dioxane, methylene chloride, methanol, ethanol, t-butanol, and the like, optionally with

heating, optionally with microwave irradiation to provide a compound of the formula (7).

[144] According to Scheme 4, a compound of the formula (7) is then reacted with an acid
such as acetic acid, trifluoroacetic acid, hydrochloric acid, sulfuric acid,
trifluoromethanesulfonic acid and the like, optionally in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,
optionally with microwave irradiation to provide a compound of the formula (I).
Alternatively a compound of the formula (7) is reacted with a base such as piperidine,
pyridine, 2,6-lutidine, and the like, in a solvent such as methylene chloride, tetrahydrofuran,
|, 4-dioxane, ethanol, methanol, and the like, optionally with heating, optionally with

microwave irradiation to provide a compound of the formula ().

[145] Alternatively, according to Scheme 4, a compound of the formula (7) is then reacted
with hydrogen in the presence of a catalyst such as palladium on carbon, palladium on barium
sulfate, palladium on celite, palladium on calcium carbonate, palladium on barium carbonate,
palladium on silica, palladium on alumina, palladium acetate, palladium
bis(triphenylphosphine) dichloride, palladium tetrakis(triphenylphospine), bis(acetonitrile)
dichloropalladium [1,1’-bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in
the presence of a solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the
like, optionally with heating, optionally with microwave irradiation to provide a compound of

the formula (1).
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[146] According to Scheme 5, a compound of the formula (7) is reacted with an acid such as
acetic acid, trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic
acid and the like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-
dioxane, ethanol, methanol, and the like, optionally with heating, optionally with microwave
irradiation to provide a compound of the formula (7a). Alternatively, a compound of the
formula (7) is reacted with a base such as lithium hydroxide, sodium hydroxide, sodium
carbonate, lithium carbonate, and the like in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,

optionally with microwave irradiation to provide a compound of the formula (7a).

[147] According to Scheme 5, a compound of the formula (7a) is then reacted with a base
such as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene
chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (7b).
Alternatively, a compound of the formula (7a) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in the presence of a
solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (7b).
Alternatively, a compound of the formula (7a) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the
like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,

ethanol, methanol, and the like , optionally with heating, optionally with microwave
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irradiation to provide a compound of the formula (7b). A compound of the formula (7b) is
reacted with a base such as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as
methylene chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally
with heating, optionally with microwave irradiation to provide a compound of the formula
(I). Alternatively, a compound of the formula (7b) is reacted with hydrogen in the presence
of a catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferroceneldichloropalladium, and the like, in the presence of a
solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (I).
Alternatively, a compound of the formula (7b) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the
like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like, optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (I).
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[148] According to Scheme 6, a compound of the formula (7) is reacted with a base such as
piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,
optionally with microwave irradiation to provide a compound of the formula (7c).
Alternatively, a compound of the formula (7) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,

palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
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palladium tetrakis(triphenyliphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in the presence of a
solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (7c).
Alternatively, a compound of the formula (7) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the
like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like, optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (7¢).

[149] According to Scheme 6, a compound of the formula (7c¢) is then reacted with an acid
such as acetic acid, trifluoroacetic acid, hydrochloric acid, sulfuric acid,
trifluoromethanesulfonic acid and the like, optionally in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,
optionally with microwave irradiation to provide a compound of the formula (7d).
Alternatively, a compound of the formula (7c) is reacted with a base such as lithium
hydroxide, sodium hydroxide, sodium carbonate, lithium carbonate, and the like in a solvent
such as methylene chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like,
optionally with heating, optionally with microwave irradiation to provide a compound of the

formula (7d).

[150] According to Scheme 6, a compound of the formula (7d) is then reacted with a base
such as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene
chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (I).
Alternatively, a compound of the formula (7d) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in the presence of a
solvent such as, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (1).
Alternatively, a compound of the formula (7d) is reacted with an acid such as acetic acid,

trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the

33



WO 2018/049019 PCT/US2017/050462

like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like, optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (I).
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[151] According to Scheme 7, a compound of the formula (7) is reacted with a base such as
piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,
optionally with microwave irradiation to provide a compound of the formula (7e).
Alternatively, a compound of the formula (7) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on sifica,
palladium on alumina, paliadium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in the presence of a
solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (7¢).
Alternatively, a compound of the formula (7) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the
like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like, optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (7¢).

[152] According to Scheme 7, a compound of the formula (7e) is reacted with an acid such
as acetic acid, trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic
acid and the like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-

dioxane, ethanol, methanol, and the like, optionally with heating, optionally with microwave
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irradiation to provide a compound of the formula (7f). Alternatively, a compound of the
formula (7e) is reacted with a base such as lithium hydroxide, sodium hydroxide, sodium
carbonate, lithium carbonate, and the like in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,

optionally with microwave irradiation to provide a compound of the formula (7f).

[153] According to Scheme 7, a compound of the formula (7f) is then reacted with a base
such as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,
optionally with microwave irradiation to provide a compound of the formula (I). Alternatively,
a compound of the formula (7f) is reacted with hydrogen in the presence of a catalyst such as
palladium on carbon, palladium on barium sulfate, palladium on celite, palladium on calcium
carbonate, palladium on barium carbonate, palladium on silica, palladium on alumina,
palladium acetate, palladium bis(triphenylphosphine)  dichloride, palladium
tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1%bis(diphenylphosphino)
ferroceneldichloropalladium, and the like, in the presence of a solvent such as, tetrahydrofuran,
|.4-dioxane, ethanol, methanol, and the like, optionally with heating, optionally with
microwave irradiation to provide a compound of the formula (I). Alternatively, a compound
of the formula (7f) is reacted with an acid such as acetic acid, trifluoroacetic acid, hydrochloric
acid, sulfuric acid, trifluoromethanesulfonic acid and the like, optionally in a solvent such as
methylene chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally

with heating, optionally with microwave irradiation to provide a compound of the formula (I).
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[154] According to Scheme 8, a compound of the formula (7) is reacted with an acid such as
acetic acid, trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic
acid and the like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-

dioxane, ethanol, methanol, and the like, optionally with heating, optionally with microwave
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irradiation to provide a compound of the formula (7g). Alternatively, a compound of the
formulia (7) is reacted with a base such as lithium hydroxide, sodium hydroxide, sodium
carbonate, lithium carbonate, and the like in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,

optionally with microwave irradiation to provide a compound of the formula (7g).

[155] According to Scheme 8, a compound of the formula (7g) is then reacted with a base
such as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene
chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (7h).
Alternatively, a compound of the formula (7g) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in the presence of a
solvent such as, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (7h).
Alternatively, a compound of the formula (7g) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the
like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like, optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (7h).

[156] According to Scheme 8, a compound of the formula (7h) is reacted with a base such
as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,
optionally with microwave irradiation to provide a compound of the formula (I).
Alternatively, a compound of the formula (7h) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, paliadium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in the presence of a

solvent such as, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
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heating, optionally with microwave irradiation to provide a compound of the formula ().
Alternatively, a compound of the formula (7h) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, sulfuric acid, and the like, optionally in a solvent such
as methylene chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like,
optionally with heating, optionally with microwave irradiation to provide a compound of the
formula (1).
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[157] According to Scheme 9, a compound of the formula (9), a known compound ora
compound prepared by known means wherein PG' is a protecting group selected from the
group consisting of, for example, triphenylmethyl (trityl), tert-butyloxycarbonyl (BOC), 9-
fluorenylmethyloxycarbonyl (FMOC), and carbobenzyloxy (Cbz) and PG? is selected from
the group consisting of, for example, 9-fluorenylmethyl (Fm), C1-6 alkyl and C3-7 branched
alkyl, is reacted with a compound of the formula (9), a known compound or a compound
prepared by known methods wherein PG? is a protecting group selected from the group
consisting of, for example, triphenylmethyl (trityl), tert-butyloxycarbonyl (BOC), 9-
fluorenylmethyloxycarbonyl (FMOC), and carbobenzyloxy (Cbz), in the presence of a
reducing agent such as sodium borohydride, lithium borohydride, sodium borohydride,
sodium cyanoborohydride, sodium triacetoxy borohydride, lithium triacetoxy borohydride,
and the like, optionally in the presence an acid such as acetic acid, formic acid, trifluoroacetic
acid, hydrochloric acid, and the like, optionally in the presence of a Lewis acid such as boron
trifluoride, aluminum trichloride, titanium tetrachloride, tin chloride, and the like, in the
presence of a solvent such as methanol, ethanol, isopropanol, tetrahydrofuran, 1,4-dioxane,
methylene chloride, and the like, optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (10).

[158] According to Scheme 9, a compound of the formula (8) is then reacted with an acid
such as acetic acid, trifluoroacetic acid, hydrochloric acid, sulfuric acid,

trifluoromethanesulfonic acid and the like, optionally in a solvent such as methylene chloride,
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tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like , optionally with heating,
optionally with microwave irradiation to provide a compound of the formula (I).
Alternatively, a compound of the formula (10) is reacted with a base such as lithium
hydroxide, sodium hydroxide, sodium carbonate, lithium carbonate, piperidine, pyridine, 2,6-
lutidine, and the like, in a solvent such as methylene chioride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like, optionally with heating, optionally with microwave
irradiation to provide a compound of the formula (I). Alternatively, a compound of the
formula (10) is reacted with hydrogen in the presence of a catalyst such as palladium on
carbon, palladium on barium sulfate, palladium on celite, palladium on calcium carbonate,
palladium on barium carbonate, palladium on silica, palladium on alumina, palladium acetate,
palladium bis(triphenylphosphine) dichloride, palladium tetrakis(triphenylphospine),
bis(acetonitrile) dichloropalladium [1,1’-bis(diphenylphosphino)
ferrocene]dichloropalladium, and the like, in the presence of a solvent such as
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,

optionally with microwave irradiation to provide a compound of the formula (Ib).
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[159] According to Scheme 10, a compound of the formula (10) is reacted with an acid such
as acetic acid, trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic
acid and the like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-
dioxane, ethanol, methanol, and the like, optionally with heating, optionally with microwave
irradiation to provide a compound of the formula (10a). Alternatively, a compound of the
formula (10) is reacted with a base such as lithium hydroxide, sodium hydroxide, sodium
carbonate, lithium carbonate, and the like in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,

optionally with microwave irradiation to provide a compound of the formula (10a).

[160] According to Scheme 10, a compound of the formula (10a) is then reacted with a base

such as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene
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chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (10b).
Alternatively, a compound of the formula (10a) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in the presence of a
solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (10b).
Alternatively, a compound of the formula (10a) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, suifuric acid, trifluoromethanesulfonic acid and the
fike, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like, optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (10b).

[161] According to Scheme 10, a compound of the formula (10b) is reacted with a base such
as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,
optionally with microwave irradiation to provide a compound of the formula (I).
Alternatively, a compound of the formula (10b) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in the presence of a
solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (Ib).
Alternatively, a compound of the formula (10b) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the
like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like, optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (Ib).
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[162] According to Scheme 11, a compound of the formula (10) is reacted with a base such
as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,
optionally with microwave irradiation to provide a compound of the formula (10c).
Alternatively, a compound of the formula (10) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in the presence of a
solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (10c).
Alternatively, a compound of the formula (10) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the
like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like, optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (10c).

[163] According to Scheme 11, a compound of the formula (10c) is then reacted with an
acid such as acetic acid, trifluoroacetic acid, hydrochloric acid, sulfuric acid,
trifluoromethanesulfonic acid and the like, optionally in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,
optionally with microwave irradiation to provide a compound of the formula (10d).
Alternatively, a compound of the formula (10c) is reacted with a base such as lithium
hydroxide, sodium hydroxide, sodium carbonate, lithium carbonate, and the like in a solvent

such as methylene chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like,
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optionally with heating, optionally with microwave irradiation to provide a compound of the

formula (10d).

[164] A compound of the formula (10d) is then reacted with a base such as piperidine,
pyridine, 2,6-lutidine, and the like, in a solvent such as methylene chloride, tetrahydrofuran,
1,4-dioxane, ethanol, methanol, and the like, optionally with heating, optionally with
microwave irradiation to provide a compound of the formula (Ib). Alternatively, a compound
of the formula (10d) is reacted with hydrogen in the presence of a catalyst such as palladium
on carbon, palladium on barium sulfate, palladium on celite, palladium on calcium carbonate,
palladium on barium carbonate, palladium on silica, palladium on alumina, palladium acetate,
palladium bis(triphenylphosphine) dichloride, palladium tetrakis(triphenylphospine),
bis(acetonitrile) dichloropalladium [1,1'-bis(diphenylphosphino)
ferrocene]dichloropalladium, and the like, in the presence of a solvent such as
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,
optionally with microwave irradiation to provide a compound of the formula (Ib).
Alternatively, a compound of the formula (10d) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the
like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like, optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (Ib).
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[165] According to Scheme 12, a compound of the formula (10) is reacted with a base such
as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,
optionally with microwave irradiation to provide a compound of the formula (10e).
Alternatively, a compound of the formula (10) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,

palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
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palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in the presence of a
solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (10e).
Alternatively, a compound of the formula (10) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the
like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like , optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (10e).

[166] According to Scheme 12, a compound of the formula (10e) is then reacted with an
acid such as acetic acid, trifluoroacetic acid, hydrochloric acid, sulfuric acid,
trifluoromethanesulfonic acid and the like, optionally in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,
optionally with microwave irradiation to provide a compound of the formula (10f).
Alternatively, a compound of the formula (10e) is reacted with a base such as lithium
hydroxide, sodium hydroxide, sodium carbonate, lithium carbonate, and the like in a solvent
such as methylene chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like,
optionally with heating, optionally with microwave irradiation to provide a compound of the

formula (10f).

[167] According to Scheme 12, a compound of the formula (10f) is then reacted with a base
such as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene
chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionalfy with
heating, optionally with microwave irradiation to provide a compound of the formula (Ib).
Alternatively, a compound of the formula (10f) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in the presence of a
solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (Ib).

Alternatively, a compound of the formula (10f) is reacted with an acid such as acetic acid,
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trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the
like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like, optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (Ib).
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[168] According to Scheme 13, a compound of the formula (10) is reacted with an acid such
as acetic acid, trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic
acid and the like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-
dioxane, ethanol, methanol, and the like, optionally with heating, optionally with microwave
irradiation to provide a compound of the formula (10g). Alternatively, a compound of the
formula (10) is reacted with a base such as lithium hydroxide, sodium hydroxide, sodium
carbonate, lithium carbonate, and the like in a solvent such as methylene chioride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,

optionally with microwave irradiation to provide a compound of the formula (10g).

[169] According to Scheme 13, a compound of the formula (10g) is then reacted with a base
such as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene
chioride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (10h).
Alternatively, a compound of the formula (10g) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium {1,1'-
bis{(diphenyiphosphino) ferrocene] dichloropalladium, and the like, in the presence of a
solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (10h).
Alternatively, a compound of the formula (10g) is reacted with an acid such as acetic acid,

trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the
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like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like, optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (10h).

[170] According to Scheme 13, a compound of the formula (10h) is then reacted with a base
such as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene
chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (Ib).
Alternatively, a compound of the formula (10h) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene] dichloropaliadium, and the like, in the presence of a
solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (Ib).
Alternatively, a compound of the formula (10h) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, sulfuric acid, and the like, optionally in a solvent such
as methylene chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like,

optionally with heating, optionally with microwave irradiation to provide a compound of the

formula (Ib).
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[171] According to Scheme 14, a compound of the formula (11), a known compound or a
compound prepared by known methods wherein PG* is a protecting group selected from the
group consisting of, for example, triphenylmethyl (trityl), tert-butyloxycarbonyl (BOC), 9-
fluorenylmethyloxycarbonyl (FMOC), and carbobenzyloxy (Cbz) is reacted with a compound

of the formula (12), a known compound or a compound prepared by known methods wherein
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X is a leaving group such as bromine, chlorine, iodine, methanesulfonate, tolylsulfonate, and
the like and PG> is a protecting group selected from the group consisting of, for example,
triphenylmethyl (trityl), tert-butyloxycarbony!l (BOC), 9-fluorenylmethyloxycarbonyl
(FMOC), and carbobenzyloxy (Cbz) in the presence of a base such as sodium hydride,
potassium hydride, lithium diisopropylamide, sodium hexamethyldisilazide, lithium
hexamethyldisilazide, potassium t-butoxide, sodium t-butoxide and the like, in a solvent such
as tetrahydrofuran, 1,4-dioxane, methylene chloride, methanol, ethanol, t-butanol, and the
like, optionally with heating, optionally with microwave irradiation to provide a compound of

the formula (13).

[172] According to Scheme 14, a compound of the formula (13) is then reacted with an acid
such as hydrochloric acid, sulfuric acid, phosphoric acid and the like, optionally in the
presence of water, optionally with heating, optionally with microwave irradiation to provide a
compound of formula I.
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[173] According to Scheme 15, compound of the formula (13) is reacted with a base such as
piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,
optionally with microwave irradiation to provide a compound of the formula (14).
Alternatively, a compound of the formula (13) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in the presence of a

solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
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heating, optionally with microwave irradiation to provide a compound of the formula (14).
Alternatively, a compound of the formula (13) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the
like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like, optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (14).

[174] According to Scheme 15, a compound of the formula (14) is then reacted with a base
such as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene
chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (15).
Alternatively, a compound of the formula (14) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene}dichloropalladium, and the like, in the presence of a
solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (15).
Alternatively, a compound of the formula (14) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the
like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like, optionally with heating, optionally with microwave

~irradiation to provide a compound of the formula (15).

[175] According to Scheme 15, a compound of the formula (15) is then reacted with an acid
such as hydrochloric acid, sulfuric acid, phosphoric acid and the like, optionally in the
presence of water, optionally with heating, optionally with microwave irradiation to provide a

compound of formula I.
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Scheme 16
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[176] According to Scheme 16, a compound of the formula (13) is reacted with a base such
as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene chloride,
tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with heating,
optionally with microwave irradiation to provide a compound of the formula (16).
Alternatively, a compound of the formula (13) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,
palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in the presence of a
solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (16).
Alternatively, a compound of the formula (13) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the
like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like, optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (16).

[177] According to Scheme 16, a compound of the formula (16) is then reacted with a base
such as piperidine, pyridine, 2,6-lutidine, and the like, in a solvent such as methylene
chloride, tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (17).
Alternatively, a compound of the formula (16) is reacted with hydrogen in the presence of a
catalyst such as palladium on carbon, palladium on barium sulfate, palladium on celite,

palladium on calcium carbonate, palladium on barium carbonate, palladium on silica,
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palladium on alumina, palladium acetate, palladium bis(triphenylphosphine) dichloride,
palladium tetrakis(triphenylphospine), bis(acetonitrile) dichloropalladium [1,1'-
bis(diphenylphosphino) ferrocene]dichloropalladium, and the like, in the presence of a
solvent such as tetrahydrofuran, 1,4-dioxane, ethanol, methanol, and the like, optionally with
heating, optionally with microwave irradiation to provide a compound of the formula (17).
Alternatively, a compound of the formula (16) is reacted with an acid such as acetic acid,
trifluoroacetic acid, hydrochloric acid, sulfuric acid, trifluoromethanesulfonic acid and the
like, optionally in a solvent such as methylene chloride, tetrahydrofuran, 1,4-dioxane,
ethanol, methanol, and the like , optionally with heating, optionally with microwave

irradiation to provide a compound of the formula (17).

[178] According to Scheme 16, a compound of the formula (17) is then reacted with an acid
such as hydrochloric acid, sulfuric acid, phosphoric acid and the like, optionally in the
presence of water, optionally with heating, optionally with microwave irradiation to provide a

compound of formula (I).

[179] In the aforesaid processes, certain functional groups which would be sensitive to the
reaction conditions may be protected by protecting groups. A protecting group is a derivative
of a chemical functional group which would otherwise be incompatible with the conditions
required to perform a particular reaction which, after the reaction has been carried out, can be
removed to re-generate the original functional group, which is thereby considered to have
been “protected”. Any chemical functionality that is a structural component of any of the
reagents used to synthesize compounds of this invention may be optionally protected with a
chemical protecting group if such a protecting group is useful in the synthesis of compounds
of this invention. The person skilled in the art knows when protecting groups are indicated,
how to select such groups, and processes that can be used for selectively introducing and
selectively removing them, because methods of selecting and using protecting groups have
been extensively documented in the chemical literature. Techniques for selecting,
incorporating and removing chemical protecting groups may be found, for example, in
Protective Groups in Organic Synthesis by Theodora W. Greene, Peter G. M. Wuts, John

Wiley & Sons Ltd., the entire disclosure of which is incorporated herein by reference.

[180] It will be appreciated by one skilled in the art that the processes described are not the
exclusive means by which compounds of Formula I may be synthesized and that a repertoire
of synthetic organic reactions is available to be potentially employed in synthesizing

compounds of the invention. The person skilled in the art knows how to select and
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implement appropriate synthetic routes. Suitable synthetic methods may be identified by
reference to the literature, including reference sources such as Comprehensive Organic
Synthesis, Ed. B. M. Trost and 1. Fleming (Pergamon Press, 1991), Comprehensive Organic
Functional Group Transformations, Ed. A. R. Katritzky, O. Meth-Cohn, and C. W. Rees
(Pergamon Press, 1996), Comprehensive Organic Functional Group Transformations 11, Ed.
A. R. Katritzky and R. J. K. Taylor (Editor) (Elsevier, 2" Edition, 2004), Comprehensive
Heterocyclic Chemistry, Ed. A. R. Katritzky and C. W. Rees (Pergamon Press, 1984), and
Comprehensive Heterocyclic Chemistry I, Ed. A. R. Katritzky, C. W. Rees, and E. F. V.,

Scriven (Pergamon Press, 1996).

[181] The compounds of Formula I and intermediates may be isolated from their reaction
mixtures and purified by standard techniques such as filtration, liquid-liquid extraction, solid

phase extraction, distillation, recrystallization or chromatography.

[182] It will be understood that when compounds of Formula [ the present invention contain
one or more chiral centers, the compounds may exist in, and may be isolated as pure
enantiomeric or diastereomeric forms or as racemic mixtures. The present invention
therefore includes any possible enantiomers, diastercomers, racemates or mixtures thereof of
the compounds of the invention which are biologically active in the treatment of insulin

resistance.

[183] A chiral center occurs in the a-carbon of the ¢-amino acid functionality of the
compounds of Formula I. The compounds of Formula I are characterized by the (S) absolute
configuration about the a-carbon of the contained a-amino acid functionality, according to

the Cahn-Ingold-Prelog rules,

[184] as exampled by the compound (S)-2-amino-6-((3-aminopropyl)amino)hexanoic acid, a

compound of Formula I:

NH,

HO,C N/\/\NH

H 2
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(8)-2-amino-6-((3-aminopropyl)amino)hexanoic acid

[185] According to certain embodiments, a compound of Formula | is an isolated () optical
isomer with respect to the configuration about the a-carbon of the contained a-amino acid
functionality. By an “isolated optical isomer” means a compound which has been
substantially purified from the corresponding optical isomer(s) of the same formula.
Preferably, the isolated isomer is at least about 80%, more preferably at least 85% pure, more
preferably at least 90% pure, more preferably at least 95% pure, even more preferably at least
98% pure, most preferably at least about 99% pure, by weight, the balance being made up of
the corresponding (R) enantiomer. In some embodiments, the isolated (S) enantiomer is free

of the corresponding (R) enantiomer, except for trance amounts of the (R) enantiomer.

SALTS

[186] The compounds of Formula I may take the form of salts when appropriately
substituted with groups or atoms capable of forming salts. Such groups and atoms are well
known to those of ordinary skill in the art of organic chemistry. The term “salts” embraces
addition salts of free acids or free bases which are compounds of the invention. The term
“pharmaceutically acceptable salt” refers to salts which possess toxicity profiles within a
range that affords utility in pharmaceutical applications. Pharmaceutically unacceptable salts
may nonetheless possess properties such as high crystallinity, which have utility in the
practice of the present invention, such as for example utility in process of synthesis,

purification or formulation of compounds of the invention.

[187] Suitable pharmaceutically acceptable acid addition salts may be prepared from an
inorganic acid or from an organic acid. Examples of inorganic acids include hydrochloric,
hydrobromic, hydriodic, nitric, carbonic, sulfuric, and phosphoric acids. Appropriate organic
acids may be selected from aliphatic, cycloaliphatic, aromatic, araliphatic, heterocyclic,
carboxylic and sulfonic classes of organic acids, examples of which include formic, acetic,
pivalic, propionic, furoic, mucic, isethionic, succinic, glycolic, gluconic, lactic, malic,
tartaric, citric, ascorbic, glucuronic, maleic, fumaric, pyruvic, aspartic, glutamic, benzoic,
anthranilic, 4-hydroxybenzoic, phenylacetic, mandelic, embonic (pamoic), methanesulfonic,
ethanesulfonic, benzenesulfonic, pantothenic, trifluoromethanesulfonic,

2-hydroxyethanesulfonic, p-toluenesulfonic, sulfanilic, cyclohexylaminosulfonic, stearic,
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alginic, B-hydroxybutyric, salicylic, galactaric, camphorosulfonic, and galacturonic acid.
Examples of pharmaceutically unacceptable acid addition salts include, for example,

perchlorates and tetrafluoroborates.

[188] Suitable pharmaceutically acceptable base addition salts of compounds of the
invention include, for example, metallic salts including alkali metal, alkaline earth metal and
transition metal salts such as, for example, calcium, magnesium, potassium, sodium and zinc
salts. Pharmaceutically acceptable base addition salts also include organic salts made from
basic amines such as, for example, N,N’-dibenzylethylenediamine, chloroprocaine, choline,
diethanolamine, ethylenediamine, tromethamine, meglumine (N-methylglucamine) and
procaine. Examples of pharmaceutically unacceptable base addition salts include lithium

salts and cyanate salts.

[189] All of these salts may be prepared by conventional means from the corresponding
compound according to Formula I by reacting, for example, the appropriate acid or base with
the compound according to Formula I. Preferably the salts are in crystalline form, and
preferably prepared by crystallization of the salt from a suitable solvent. The person skilled
in the art will know how to prepare and select suitable salt forms for example, as described in
Handbook of Pharmaceutical Salts. Properties, Selection, and Use by P. H. Stahl and C. G.
Wermuth (Wiley-VCH 2002).

PHARMACEUTICAL COMPOSITIONS AND THERAPEUTIC ADMINISTRATION

[190] A pharmaceutical composition comprises a pharmaceutically acceptable carrier and a

compound, or a pharmaceutically acceptable salt thereof, according to Formula 1.

[191] The compounds may be administered in the form of a pharmaceutical composition, in
combination with a pharmaceutically acceptable carrier. The active ingredient or agent in
such formulations (i.e. a compound of Formula I) may comprise from 0.1 to 99.99 weight
percent of the formulation. “Pharmaceutically acceptable carrier” means any carrier, diluent
or excipient which is compatible with the other ingredients of the formutation and not

deleterious to the recipient,

[192] The active agent is preferably administered with a pharmaceutically acceptable carrier
selected on the basis of the selected route of administration and standard pharmaceutical
practice. The active agent may be formulated into dosage forms according to standard

practices in the field of pharmaceutical preparations. See Alphonso Gennaro, ed.,
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Remington’s Pharmaceutical Sciences, 18th Edition (1990), Mack Publishing Co., Easton,
PA. Suitable dosage forms may comprise, for example, tablets, capsules, solutions,

parenteral solutions, troches, suppositories, or suspensions.

[193] For parenteral administration, the active agent may be mixed with a suitable carrier or
diluent such as water, an oil (particularly a vegetable oil), ethanol, saline solution, aqueous
dextrose (glucose) and related sugar solutions, glycerol, or a glycol such as propylene glycol
or polyethylene glycol. Solutions for parenteral administration preferably contain a water
soluble salt of the active agent. Stabilizing agents, antioxidant agents and preservatives may
also be added. Suitable antioxidant agents include sulfite, ascorbic acid, citric acid and its
salts, and sodium EDTA. Suitable preservatives include benzalkonium chloride, methyl- or
propyl-paraben, and chlorbutanol. The composition for parenteral administration may take

the form of an aqueous or non-aqueous solution, dispersion, suspension or emulsion.

[194] For oral administration, the active agent may be combined with one or more solid
inactive ingredients for the preparation of tablets, capsules, pills, powders, granules or other
suitable oral dosage forms. For example, the active agent may be combined with at least one
excipient such as fitlers, binders, humectants, disintegrating agents, solution retarders,
absorption accelerators, wetting agents absorbents or lubricating agents. According to one
tablet embodiment, the active agent may be combined with carboxymethylcellulose calcium,
magnesium stearate, mannitol and starch, and then formed into tablets by conventional

tableting methods.

[195] The pharmaceutical compositions of the present invention may also be formulated so
as to provide slow or controlled release of the active ingredient therein using, for example,
hydropropylmethyl cellulose in varying proportions to provide the desired release profile,
other polymer matrices, gels, permeable membranes, osmotic systems, multilayer coatings,

microparticles, liposomes and/or microspheres.

[196] In general, a controlled-release preparation is a pharmaceutical composition capable
of releasing the active ingredient at the required rate to maintain constant pharmacological

activity for a desirable period of time. Such dosage forms provide a supply of a drug to the
body during a predetermined period of time and thus maintain drug levels in the therapeutic

range for longer periods of time than conventional non-controlled formulations.

[197] U.S. Patent No. 5,674,533 discloses controlled-release pharmaceutical compositions

in liquid dosage forms for the administration of moguisteine, a potent peripheral antitussive.
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U.S. Patent No. 5,059,595 describes the controlled-release of active agents by the use of a
gastro-resistant tablet for the therapy of organic mental disturbances. U.S. Patent No.
5,591,767 describes a liquid reservoir transdermal patch for the controlled. U.S. Patent No.
5,120,548 discloses a controlled-release drug delivery device comprised of swellable
polymers. U.S. Patent No. 5,073,543 describes controlled-release formulations containing a
trophic factor entrapped by a ganglioside-liposome vehicle. U.S. Patent No. 5,639,476
discloses a stable solid controlled-release formulation having a coating derived from an
aqueous dispersion of a hydrophobic acrylic polymer. Biodegradable microparticles are
known for use in controlled-release formulations. U.S. Patent No. 5,733,566 describes the

use of polymeric microparticles that release antiparasitic compositions.

[198] The controlled-release of the active ingredient may be stimulated by various inducers,
for example pH, temperature, enzymes, water, or other physiological conditions or
compounds. Various mechanisms of drug release exist. For example, in one embodiment,
the controlled-release component may swell and form porous openings large enough to
release the active ingredient after administration to a patient. The term “controlled-release
component” in the context of the present invention is defined herein as a compound or
compounds, such as polymers, polymer matrices, gels, permeable membranes, liposomes
and/or microspheres, that facilitate the controlled-release of the active ingredient in the
pharmaceutical composition. In another embodiment, the controlled-release component is
biodegradable, induced by exposure to the aqueous environment, pH, temperature, or
enzymes in the body. In another embodiment, sol-gels may be used, wherein the active
ingredient is incorporated into a sol-gel matrix that is a solid at room temperature. This
matrix is implanted into a patient, preferably a mammal, having a body temperature high
enough to induce gel formation of the sol-gel matrix, thereby releasing the active ingredient

into the patient.

[199] The components used to formulate the pharmaceutical compositions are of high purity
and are substantially free of potentially harmful contaminants (e.g., at least National Food
grade, generally at least analytical grade, and more typically at least pharmaceutical grade).
Particularly for human consumption, the composition is preferably manufactured or
formulated under Good Manufacturing Practice standards as defined in the applicable
regulations of the U.S. Food and Drug Administration. For example, suitable formulations
may be sterile and/or substantially isotonic and/or in full compliance with all Good

Manufacturing Practice regulations of the U.S. Food and Drug Administration.
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[200] The compounds of Formula I may be administered in a convenient manner. Suitable
topical routes include oral, rectal, inhaled (including nasal), topical (including buccal and
sublingual), transdermal and vaginal, preferably across the epidermis. The compound of
Formula I can also be used for parenteral administration (including subcutaneous,
intravenous, intramuscular, intradermal, intraarterial, intrathecal and epidural), and the like.
It will be appreciated that the preferred route may vary with for example the condition of the

recipient.

[201] A physician will determine the dosage of the active agent which will be most suitable
and it will vary with the form of administration and the particular compound chosen, and
furthermore, it will vary depending upon various factors, including but not limited to the
patient under treatment and the age of the patient, the severity of the condition being treated,
the rout of administration, and the like. A physician will generally wish to initiate treatment
with small dosages substantially less than the optimum dose of the compound and increase
the dosage by small increments until the optimum effect under the circumstances is reached.
It will generally be found that when the composition is administered orally, larger quantities
of the active agent will be required to produce the same effect as a smaller quantity given
parenterally. The compounds are useful in the same manner as comparable therapeutic
agents and the dosage level is of the same order of magnitude as is generally employed with

these other therapeutic agents.

[202] Forexample, a daily dosage from about 0.05 to about 50 mg/kg/day may be utilized,
more preferably from about 0.1 to about 10 mg/kg/day. Higher or lower doses are also
contemplated as it may be necessary to use dosages outside these ranges in some cases. The
daily dosage may be divided, such as being divided equally into two to four times per day
daily dosing. The compositions are preferably formulated in a unit dosage form, each dosage
containing from about | to about 1000 mg, more typically from about | to about 500 mg,
more typically, from about 10 to about 100 mg of active agent per unit dosage. The term
“unit dosage form” refers to physically discrete units suitable as a unitary dosage for human
subjects and other mammals, each unit containing a predetermined quantity of active material
calculated to produce the desired therapeutic effect, in association with a suitable

pharmaceutical excipient.

[203] The treatment may be carried out for as long a period as necessary, either in a single,
uninterrupted session, or in discrete sessions. The treating physician will know how to

increase, decrease, or interrupt treatment based on patient response. The treatment schedule
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may be repeated as required. According to one embodiment, compound of Formula [ is

administered once daily.

[204] Treatment efficacy is generally determined by improvement in insulin resistance, i.e.,
an increase in insulin sensitivity. Insulin resistance may be assessed before, during and after
treatment by use of the homeostasis model assessment of insulin resistance (HOMA-IR)
index. The HOMA-IR value is calculated as level of fasting glucose (millimoles /liter) times
the level of fasting insulin (microunits/milliliter) divided by 22.5. The value of 3.0 identifies
the highest quartile among populations without diabetes (Ascaso et al., Diabetes Care, 2003,

26: 3320).

[205] Treatment efficacy may also be assessed by the A1C test, which indicates the average
of an individual’s blood glucose level over the prior 3 months. See, Nathan, Diabetes Care,

32(12):e160 (2009).

[206] The practice of the disclosed subject matter is illustrated by the following non-

limiting examples.
EXAMPLES
Example 1

[207] The following study demonstrates a direct link between function impairment due to
GLUT4 carbonylation and insulin resistance. A GLUT4-SNAP fusion construct was
generated. 3T3-L1 adipocytes were then retrovirally transduced with the construct to
overexpress the GLUT4-SNAP protein. Twenty-four hours after the transduction, the cells
were treated with and without 20 uM of 4-HNE for an additional 4 hours. This 4-HNE dose
was chosen because it was similar to the physiological levels and was non-toxic. In order to
identify and quantitate GLUT4 carbonylation (K264 NHE-adduct or R265 and R246
glutamic semialdehyde adducts), a mass spectroscopy-based multiple reaction monitoring
(MRM) method was developed and validated. This high throughput method does not require

antibodies, is robust and is sensitive at sub-picomole levels.

[208] The results are shown in Fig. 1A-1B, indicating that 4-HNE, 20 uM for 4 hour
induced the formation of the K264-HNE adduct in 3T3-L1 cells overexpressing GLUT4. The
MRM data presented in Fig. 1A shows an increase in the transition of HNE-induced K264-
HNE adducts. The data was then used to calculate the amounts of carbonylated GLUT4
presented in Fig. 1B. Fourier transition of the GLUT4 peptide found in humans were used

for quantitation,
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Example 2

[209] The following study demonstrates the effect on of 4-HNE and H202 on glucose
transport. 3T3-L1 adipocytes (1 x 10°) were treated with either 500 uM of 4-HNE or H2O; or
combination of both for 4 hour and were then stimulated with 100 nM insulin for 60 minutes.
The glucose uptake was measured by a specific MRM method. The data, presented in Fig. 2,
shows that glucose uptake by 3T3-L1 adipocytes was reduced by 32% and 66% with 4-HNE

and H2Oz treatment, respectively.

Example 3

[210] The following study demonstrates that GLUT4 carbonylation (adduction by 4HNE) is

present in the fat tissue of insulin resistant, pre-diabetic and diabetic human individuals.
A. Fat tissue sample preparation

[211] Proteins were extracted from the fat tissue (~ 200 mg) using a Mem-PER Plus
Membrane Protein Extraction Kit (Thermo Scientific # 89842) and X protease inhibitor
(Pierce Halt Protease Inhibitor Cocktail 100X). Tissue was incubated on ice for 10 min, then
the homogenized for 2 min at 1000 rpm and proteins were separated by centrifugation at

10,000 g for 15 min.
B. Digestion

[212] Thirty microliters of each of the samples were denatured with 10 pl of DL-
dithiothreito! (5 mg/ml) at 37°C for 20 min and alkylated with 10 uL of iodoacetamide (12.5
mg/ml) at 37°C for 20 min. Samples were diluted with 25 mM NH4HCO; (450 pl) and 10
pL. of trypsin was added for protein digestion. Formic acid 1% final concentration was used

to stop the digestion and ionize the peptides.
C. STAGE TIPS Treatment

[213] Digested peptides were desalted and cleaned up by STAGE TIPS (Thermo Scientific,
West Palm Beach, FL) using chromatographic C18 beads for immobilization. In brief, a solid
phase C18 column was activated with acetonitrile 100% and equilibrated on buffer A (water-
0.1% formic acid) the samples were passed two times through the tips, samples were desalted

by washing twice with buffer A and eluted with 50 pL. of elution buffer (85% acetonitrile,
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0.1% formic acid) and 50 uL of acetonitrile. Samples were dried in speed vacuum for 30
minutes and resuspended in the MRM analysis with 50 ul of 85% acetonitrile, 15% formic

acid 0.1% and 115 pL of buffer A.
D. Multiple Reaction Monitoring (MRM)

[214] MRM-MS is a quantitative mass spectrometry-based target technology that generates
unique fragment ions associated with their corresponding precursor ions. These ions can be
detected and quantified in complex matrix samples. The quantitation of peptides is obtained
measuring the intensity of the fragment ions. To detect carbonylated GLUT4, specific
peptides were selected. The parent ion for the carbonylated GLUT4 sequence
LTGWADVSGVLAELKDEK-4HNE (SEQ ID NO:2) with triple charge mass is

696.381 m/z. After fragmentation of the parent ion, relative daughter ions: 1101.94,
788.4758,917.5138, 988.5555, 722.4186, and 481.9482 m/z were identified and used for the
quantification of the carbonylated Glut 4 peptide. Also, MRM methods for the GLUT4
unmodified sequence of the same peptide were also developed. Relative carbonylated
GLUT4 was estimated as a percentage of the carbonylated peptide respect to the total of all
GLUTH4 peptide signal. An independent peptide from the heat shock 70 kDa protein 1A/1B
(a protein not related to GLUT4) was selected as an internal standard. This internal standard
peptide allows a relative quantification because it is used for normalization of the intensity of

each GLUT4 peptide within the same sample.

[215] MRM analyses were performed with a DIONEX UltiMate™ 3000 SRIL.Cnano HPL.C
system {Thermo Scientific) coupled to a TSQ QUANTUM™ ULTRA (Thermo Scientific)
triple quadrupole. PINPOINT™ software was used for method development and the
optimization of the mass spectrometer parameters, as well as for peptide quantification.
Peptides were separated by liquid chromatography, 5 pL of samples were injected in the
nanoHPLC system and separation was carried out on a C18 column (ACCLAIM PepMap®
RSLC, Thermo Scientific). Elution was performed with a gradient of at a flow rate of 0.300
pl/min with buffer A (0.1% (v/v) formic acid) and Buffer B (acetonitrile containing 0.1%
(v/v) formic acid). A linear gradient was performed from 5% B to 30% B in 22.5 min
followed by the washing step with 90% B for 7 min and the column re-equilibration for 14
min, with a 50 min long total cycle. The mass spectroscopy analysis was carried out in a
positive ionization mode, using an ion spray voltage of 2,000V and a temperature of 200C.

Nebulizer and gas flow was set at 30 psi.
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[216] The aforementioned MRM protocol was utilized to compare GLUT4 modifications in
fat samples from the following groups: (i) lean insulin resistant; (ii) lean insulin resistant on
overnutrition; (iii) obese non-diabetic; (iv) obese pre-diabetic and (v) obese diabetic.
Comparing the adipose tissue of [ean and lean-on-overnutrition insulin resistant individuals
revealed that the levels of GLUT4-K264-NHE-adduct were increased by at-least 2.5 folds in
subjects that were lean but insulin resistant and on a hypercaloric diet (Fig 3A). Comparing
the adipose tissue GLUT4 K264 NHE-adduct level in obese non-diabetic, obese pre-diabetic,
and obese diabetic subjects revealed that the GLUT4 carbonylation was increased in the pre-

diabetic and diabetic individuals (Fig 3B).

[217] To determine the percentage of GLUT4 that is carbonylated in the 5 study groups, an
MRM method was employed to detect total GLUT4. The results in Fig. 3C show that
increased levels of GLUT4 carbonylations occur in subjects that are insulin resistant, i.e., pre-
diabetic and diabetic. About 50% GLUT4 carbonylation is identical to the reported ~ 50%

decrease in insulin-stimulated glucose uptake (GIR) after 7 days of overnutrition.

[218] The results in Fig 3D confirm that the GLUT4 carbonylations linearly increase with

the insulin resistance marker HbA1C (glycated haemoglobin) marker for insulin resistance.

Example 4
[219] (S)-2-amino-6-((3-aminopropyl)amino)hexanoic acid dihydrochloride
NH,

HOzc/v\/\/\H/\/\NHZ . 2 HC
[220] (S)-2-amino-6-((3-aminopropylamino)hexanoic acid was prepared as follows.

A. Preparation of tert-butyl-(5)-(2-oxoazepan-3-yl)carbamate

O

e
Feo

O H g

[2211 Di-tert-butyl-dicarbonate (733 ul., 3.189 mmol) was added to a suspension of L-(-)-a~
amino-g-caprolactam hydrochloride (500 mg, 3.037 mmol) and triethylamine (847 uL, 6.074

mmol) in anhydrous tetrahydrofuran (4 mL). The resulting suspension was stirred at room
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temperature overnight and concentrated down. The residual white solid was partitioned
between ethyl acetate and water. The aqueous layer was removed. The organic layer was
washed twice with IN aqueous hydrochloric acid, twice with saturated aqueous sodium
bicarbonate, once with brine, dried over anhydrous sodium sulfate and concentrated. Pure
titled compound was obtained as a white solid. 'HNMR (400 MHz, CD30D) § 6.45 (bd, J =
5.8 Hz, 1H), 4.18-4.30 (m, 1H), 3.17-3.30 (m, 2H), 1.70-2.03 (m, 4H), 1.48-1.57 (m, 1H),
1.45 (s, 9H), 1.28-1.42 (m, 1H); MS (ESI): m/z 250.8 (M+Na)*.

B. Preparation of tert-butyl-(S)-(1-(3-((tert-butoxycarbonyl)amino)propyl)-2-
oxoazepan-3-yl)carbamate

Ea L B SN

[222] Sodium bis(trimethylsilyl)amide (2.524 mmol; 2.5 mL of a 1.0 M solution in
tetrahydrofuran) was added to a solution of tert-butyl (S)-(2-oxoazepan-3-yl)carbamate (288

mg, 1.262 mmol) in anhydrous tetrahydrofuran (12 mL).

[223] The resulting suspension was stirred at room temperature for thirty minutes. 3-(Boc-
amino)propyl bromide (2.524 mmol; 470 pl) was added all at once and the reaction was

stirred at room temperature for 28 hours.

[224] The reaction mixture was concentrated on a rotary evaporator and the residue was
partitioned between ethyl acetate and water. The aqueous layer was removed. The organic
layer was washed with brine, dried over anhydrous sodium sulfate and concentrated. The
crude product was purified by column chromatography on silica gel using a gradient solvent
system of 0 to 100% of ethyl acetate in hexanes to afford the titled compound as a colorless
oil. 'HNMR (400 MHz, CDCl3) § 5.96 (bd, J = 5.0 Hz, 1H), 5.32 (bs, 1H), 4.36 (m, 1H),
3.45-3.62 (m, 2H), 3.33-3.41 (m, 1H), 3.08-3.22 (m, 2H), 2.97-3.06 (m, 1H), 2.02-2.09 (m,
1H), 1.92-2.00 (m, 1H), 1.76-1.87 (m, 2H), 1.61-1.70 (m, 2H), 1.40-1.50 (m, 19H), 1.31-1.38
(m, 1H); MS (ESI): m/z 407.8 (M+Na)".

C. Preparation of (§)-2-Amino-6-((3-aminopropyl)amino)hexanoic acid
dihydrochloride
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NH,
HOQCWM/V\NHz

[225] Tert-butyl-(S)-(1-(3-((tert-butoxycarbonyl)amino)propyl)-2-oxoazepan-3-

* 2 HCI

yhcarbamate (100 mg, 0.2596 mmol) was dissolved in 12 N aqueous hydrochloric acid (4
mL). The resulting solution was stirred at room temperature until all of the bubbling had
ceased. It was transferred to a microwave reaction vial and heated at 160°C for ninety
minutes. Upon concentration, pure titled compound was afforded as a light yellowish tan
solid. "HNMR (400 MHz, D20) § 4.00 (t, J = 6.3 Hz, 1H), 3.08-3.20 (m, 6H), 1.90-2.15 (m,
4H), 1.72-1.83 (m, 2H), 1.43-1.62 (m, 2H); MS (ESI): m/z 203.9 (M+H)*.

Example 5

(S)-2-amino-6-((3-aminopropyl)amino)hexanoic Acid Dihydrochloride in Vitro and Stability
Study

[226] The following studies demonstrate the solubility and solution stability of ($)-2-amino-

6-((3-aminopropyl)amino)hexanoic acid dihydrochloride.
A. Solubility

[227] The title compound was determined to be soluble in water or DMSO at a
concentration of at least 10 mM. In phosphate buffered saline (PBS) solubility assay (PBS:
136.9 mM Nac(Cl, 2.68 mM KCl, 8.1 mM NayHPOu; 1.47 mM KH3POy; +/- 0.9 mM CaCls;
+/- 0.49 mM MgCls; pH 7.4), without Ca or Mg (Ca/Mg interfere with the assay), the title

compound had a solubility > 200 uM (maximum concentration tested in a standard protocol).
B. Liver microsome stability

[228} The stability of the title compound in the presence of liver microsomes was tested at |
M compound and 0.5 mg/ml rat or human microsomal protein, at 37°C with 2 mM NADPH
(standard in vitro screening concentrations). The results are as follows: (a)Rat (pooled
Sprague Dawley; male): ti2 > 60 min; Clint <23 pl/min/mg protein; (b) Human (pooled
male and female): t;2 > 60 min; Clint <23 ul/min/mg protein. The “t1»” values are the
maximum time employed for the respective assays. No significant loss of this compound was

seen at any time point in these assays.

C. Solution stability
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[229] The stability of the title compound was tested in the following media, in the following
concentrations: (i) 1 uM in mouse (male C57BL/6) plasma, (ii) 1 uM in PBS (with Ca and
Mg) (control treatment); (iii) 5 pM in stimulated gastric fluid (SGF; 0.2 % NaCl; 84 mM
HCI; 0.32 % pepsin; pH 1.2); (iv) 5 uM in stimulated intestinal fluid (SIF; 50 mM KP, pH
6.8; 10 mg/ml pancreatin); and (v) 5 uM in PBS (+ Ca and Mg) (control treatment). The
results are as follows: (i) I uM in mouse plasma, ti2 > 6 hr at 37°C; (ii) 1 UM in PBS, tj» > 6
hr at 37°C; (iii) 5 uM in SGF, t12> 3 hrs at 37°C; (iv) 5 uM in SIF, ti» > 3 hrs at 37°C; and
(v) 5 uM in PBS, tin >3 hrat 37°C. The “t12” values are the maximum time employed for
the respective assays. No significant loss of this compound was seen at any time point in

these assays.

Example 6

(S)-2-amino-6-((3-aminopropylamino)hexanoic Acid Dihydrochloride Intravenous and Oral

Pharmacokinetic Studies

[230] The following studies demonstrate the intravenous and oral pharmacokinetic behavior

of (8)-2-amino-6-((3-aminopropyl)amino)hexanoic acid dihydrochloride.
A. Methods

[231] A pharmacokinetic study was conducted with mice (Charles river) (N=3). The
animals had free access to water and standard laboratory chow under a controlled 12 hour
light—dark cycle. After at least one week of an acclimation period, the mice were
administrated a dose of 5 mg/kg of the title compound ((S))-2-amino-6-((3-
aminopropyl)amino)hexanoic acid dihydrochloride) intravenously or 10 mg/kg orally. For
both intravenous and oral administration, the compound was dissolved in saline. After
intravenous administration, blood samples were collected at 10 min, 30 min, 1, 2, 4, 8 and 24
hours. For oral gavage, blood samples were collected at 15 min, 30 min 1, 2, 4, 8 and 24
hours. The blood samples were collected in polythene tubes with heparin sodium 100
unit/mL and centrifuged at 6000xg for 10 min to obtain plasma, which was stored at =20 «C

until analysis.

[232] The title compound concentration in mouse plasma was quantitated using an
LC/MS/MS (AP1 4000, AB SCIEX). Briefly, 50 pl mouse plasma was added to 100 ul

acetonitrile with internal standard (Diltiazem 10ng/ml). The mixture was vortexed and
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centrifuged, and 5 pl supernatant was injected into LC/MS/MS for analysis. The separation
was performed on a Waters C18 column (2.1 x 50 mm, 3.5 uM particle size). The mobile
phase consisted of 0.2% pentafluoropropionic acid in water: acetonitrile by gradient elution.
A Sciex API 4000 mass spectroscopy system equipped with an electrospray source in the
positive-ion multiple reaction monitoring (MRM) mode was used for detection. The MRM
transitions monitored for the title compound and diltiazem were m/z 204.4/84.2 and m/z
415/178, respectively. The retention time is 12.5 min for (S)-2-amino-6-((3-
aminopropylamino)hexanoic acid and 14 min for diltiazem. The quantitation ranged from

25 to 1000 ng/ml.
B. Results — Intravenous Pharmacokinetics

[233]
aminopropyl)amino)hexanoic acid are summarized in Table 1. The title compound has a

volume of distribution (Vss) of 0.414 L/Kg and a half life (T1») of 2.53 hrs,

Intravenous pharmacokinetics data for ((S))-2-amino-6-((3-

Table 1: In vivo pharmacokinetic properties

[235] D [236] C|[237] T [238] A |[239] 1[240] Q[241] V
[234] R ose max max UChot 12 L ss [242]
oute 112431 (| [244] (| [245] (| [246] (n | [247] ([248] (| [249] (| *
mg/ml) | pg/mL) hr) g*hr/m) hr) L/hr) L/kg)
[2507 I} [251] 5| [252] 8 |[253] [254] 4. | [255] 71[256] O] [257] 0| [258]
\Y% 36 72 .53 31 414
[259] P| [260] 1| [261] 1 |[262] 3|[263] 10 |[264] 1[265] O] [266] 2|[267]
O 0 44 33 45 25 285 12 00

C. Results — Oral Pharmacokinetics

[268]

are summarized in Table 1. Upon oral dosing, bioavailability (F) of the title compound was

Oral pharmacokinetic data for ((S))-2-amino-6-((3-aminopropyl)amino)hexanoic acid

approximately 100%. Clearance (CL) and half-life were similar to the intravenous study but

Vss was higher (2.1 L/Kg vs. 0.4 L/Kg).

D. Projected dose for oral dosing in drinking water
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[269] The predicted C-t profile for 10 mg/kg, day in drinking water (modeled as six oral
doses over 12 hrs) is shown in Fig. 4. The maximum predicted concentration is 0.82 pg/mL
and the minimum concentration 0.1 pg/mL. The dose can be adjusted proportionally to

achieve the desired concentrations.

Example 7

(S)-2-amino-6-((3-aminopropyl)amino)hexanoic Acid Dihydrochloride Inhibition of Glucose

Uptake in 3T3-L1 Adipocytes

[270] The effect of (S)-2-amino-6-((3-aminopropyl)amino)hexanoic acid dihydrochloride on

glucose uptake impairment in adipocytes was determined as follows,
A. 3T3-L1 cell culture:

[271] 3T3-L1 Mouse Embryonic Fibroblasts, ATCC® CIL-173™ were differentiated to
adipocytes using chemically-induced differentiation according to the ATCC guidelines.
Differentiated 3T3-L1 Adipocyte 4e° cell were incubated overnight in glucose free media
(RPMI ref. #11879 Gibco) containing 1% dialyzed fetal bovine serum (ref. # 26400 Gibco) at
37°C. Cells were washed with and incubated for 1h with glucose free media before
compound exposure. Cells were incubated with and without increasing concentration (0.1, 1,
10 and 100 uM) of (S)-2-amino-6-((3-aminopropyl)amino)hexanoic acid dihydrochloride
(title compound) for 2h at 37°C, followed by 3 wash steps in glucose free phosphate buffer.
Cells were then exposed to oxidative stress by incubating with 4HNE/H202 at 100 uM each
for Th in glucose free media at 37°C. After incubation, the cells were washed steps and Cs -
glucose uptake assay was performed as previously reported (Datta et al., Cell Cycle. 2016
Sep;15(17):2288-98. doi: 10.1080/15384101.2016.1190054. (Epub 2016 May 31)).

B. Glucose Uptake

[272] Cells were washed with PBS, followed by addition of glucose free DMEM medium
containing 20 mM of '3Cs glucose, 10 mM, 2-fluorodeoxyglucose (2-FDG) and insulin 10
pM (Sigma 15500) incubated for 1 hour at 37°C. 2-FDG is an inhibitor of glucose
metabolism, thus preventing glucose breakdown and allowing its accumulation to further be
measure and quantified. Cells were harvested, washed three times with 1X PBS and the cell

pellet was lysed in 10 pl-PER buffer incubated 10 min at 4°C and 90 pl of buffer A (20 mM
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ammonium hydroxide and 20 mM ammonium acetate) was added for extraction of

metabolites and further analysis.
C. Metabolite extraction

[273] Proteins from the supernatant cell media or from the cell lysates were precipitated
with 3 volumes of acetonitrile, and the liquid phase was concentrated in a speed-vacuum
(Dietmair et al., Anal Biochem. 2010, 404:155-64). The dry pellet containing the metabolites

was resuspended in buffer A and used to measure the metabolites.
D. Multiple Reaction Monitoring (MRM)

[274] The detection of the '*Cs glucose, was carried out using a Waters XevoTM triple
quadrupole tandem mass spectrometer (Waters Corp., Manchester, UK). IntelliStart software
was used for method development of *Cs glucose metabolite and the optimization of the
mass spectrometer parameters for best metabolite transitions detection condition. The
UPLC/MS/MS method for the detection of 3Cs glucose metabolite was developed for a
complete separation and identification of the metabolic extracts for in less than 6 minutes per
sample including a rapid elution of compounds and subsequent MRM. This method was
confirmed using the metabolite standards in an ACQUITY UPLC® (100 mm x 2.1 mm, 1.7
um) BEH Amide C18 column heated to 40°C employing a flow rate of 0.4 mL/min and
mobile phases A and B, 20 mM ammonium hydroxide and 20 mM ammonium acetate in
acetonitrile, respectively, and with the following gradient: 0% B, 0-1 min; 0% B-50% B, 1-
2.5 min; 50% B-90% B, 2.5-3.2 min; 90% B to 0% B, 3.2-4 min; total run time 5 min.
Chromatographic and mass spectrum data were collected and analyzed with Waters
MassLynx v4.1 software. Quantification was obtained using linear regression analysis of the
peak area ratio analyte versus concentration. The ratios of the precursor and fragment ions
allow an accurate quantification of all the target metabolites. Standard calibration curves was
performed using for '3Cs glucose metabolite at concentrations of 0.01, 0.05, 0.1, 0.5, 1, 5, 10,
50, and 100 pM.

E. Results

[275] The results are shown in Fig. 5. The title compound (“APL”) was able to prevent the

glucose uptake impairment induced by 4-HNE and H20», in a dose-dependent fashion.

Example 8
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[276] (S)-2-amino-6-((6-aminohexyl)amino)hexanoic acid trihydrochloride

NH.

/k/\/\ /\/\/\/NHZ
HO,C N » 3HCI

H

[277] (S)-2-amino-6-((6-aminohexyl)amino)hexanoic acid trihydrochloride was prepared as

follows:

(A)Preparation of tert-butyl-(S)-(1-(3-((tert-butoxycarbonyl)amino)hexyl)-2-oxoazepan-

3-ylhcarbamate

q N
%O/\&\u V\/\/\ /[Z /%
o N
H O
[278] Lithium bis(trimethylsilyl)amide (0.8760 mmol; 876 pL of a 1.0 M solution in THF)
was added to a solution of tert-butyl (S)-(2-oxoazepan-3-yl)carbamate (0.4380 mmol; 100
mg) in anhydrous tetrahydrofuran (I mL). The resulting suspension was stirred at room
temperature for thirty minutes. N-Boc-6-bromohexylamine (0.8760 mmol; 245 mg) was
added all at once. The reaction was stirred at room temperature for 48 hours and then at 60°C
for 18 hours. It was concentrated down and the residue was partitioned between ethyl acetate
and water. The aqueous layer was removed. The organic layer was washed with brine, dried
over anhydrous sodium sulfate and concentrated. The crude product was purified by column
chromatography on silica gel using a gradient solvent system of 0 to 40% of ethyl acetate in
hexanes to afford the titled compound as a colorless oil. 'H NMR (400 MHz, CDCl3) § 6.00
(bd, J = 5.8 Hz, 1H), 4.56 (bs, 1H), 4.33 (m, 1H), 3.43-3.52 (m, 2H), 3.36-3.41 (m, 1H), 3.25-
3.33 (m, 1H), 3.15-3.23 (m, 1H), 3.05-3.13 (m, 2H), 1.89-1.98 (m, 1H), 1.74-1.88 (m, 3H),
1.41-1.54 (m, 22H), 1.27-1.36 (m, SH); MS (ESI): m/z 428.3 [(M+H)"].

(B) Preparation of (5)-2-amino-6-((6-aminohexyl)amino)hexanoic acid trihydrochloride

NH,
HO,C M * 3 HCI

[279] Tert-butyl (S)-(1-(6-((tert-butoxycarbonyl)amino)hexyl)-2-oxoazepan-3-yl)carbamate

(0.0215 mmol; 9.2 mg) was dissolved into 12 N aqueous hydrochloric acid (1 mL). This
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solution was stirred at room temperature until all of the bubbling had ceased. It was
transferred to a microwave reaction vial and heated at 160 °C for ninety minutes. Upon
concentration, pure titled compound was afforded as a pale yellow oil. '"H NMR (400 MHz,
D20) & 4.08 (t, J = 6.4 Hz, 1H), 2.98-3.10 (m, 6H), 1.92-2.06 (m, 2H), 1.64-1.81 (m, 6H),
1.40-1.57 (m, 6H); MS (ESI): m/z 246.2 [(M+H)"].

Example 9

(S)-2-amino-6-((3-aminopropyl)amino)hexanoic Acid Dihydrochloride Forms Adducts with

4-HNE

[280] The following study demonstrates that a compound of the invention, (S)-2-amino-6-
((3-aminopropyl)amino)hexanoic acid dihydrochloride forms an adduct with 4-HNE, thereby
diverting 4-HNE from damaging GLUT-4 by carbonylation. The experimental design was to
incubate equimolar amounts (10 uM) of APL (dihydrocholoride) with 4-HNE and measure

adduct formation by mass spectroscopy before and after I hr incubation at 37 °C.

[281] The results are shown in Fig. 6A and 6B. As shown in Fig. 6A, APL is detected prior
to addition of 4-HNE. As shown in Fig. 6B, APL forms an adduct with 4-HNE after 1 hr of

incubation.

Example 10
Reversal of Glucose Uptake Impairment in Overnourished Animals

[282] The effect of (S)-2-amino-6-((3-aminopropyl)amino)hexanoic acid dihydrochloride in

reversing overnutrition-induced glucose uptake impairment was demonstrated as follows.

[283] Twenty-four CS7BL/6J mice 8-weeks old were fed with either regular CHOW diet or
high fat diet (HFD, 60% of fat content). Eight animals received CHOW diet for one week, 8
animals had been fed already with HFD for two weeks and were continuously fed with the
same diet for one more week (for a total of 3 weeks feeding) and 8 animals started HFD at
the time of the animal selection (2 weeks feeding). Each group was divided in half, 4 animals
received regular water and the other 4 received the (§)-2-amino-6-((3-
aminopropyl)amino)hexanoic acid dihydrochloride (10 ug/mL) dissolved in the water.
Animals were fasted for 5 hours, weighed, and blood glucose measured by tail clipping. In

addition, glucose (1 mg/g of body weight) was administered intraperitoneally. Additional
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glucose levels were measured at 20, 40 and 80 minutes after glucose administration. Heavy
glucose was also administered intraperitoneally to further measure glucose uptake from
tissues. Glucose level was taken again at 140 minutes. Animals were euthanized under

anesthesia (isoflurane), and blood, liver, fat and muscle were collected.

[284] The results in Fig. 7 demonstrate that the active agent (S)-2-amino-6-((3-
aminopropyl)amino)hexanoic acid dihydrochloride was effective in counteracting glucose

uptake impairment induced by overnutrition in cells.
Example 11
Reduction of GLUT4 Carbonylation in Overnourished Animals — Further Study

[285] The following further study demonstrates the effect of (S)-2-amino-6-((3-
aminopropyl)amino)hexanoic acid dihydrochloride in reducing GLUT4 carbonylation in the

adipose tissue of mice fed on a high fat diet.
A. Methods.

[286] Thirty-two C57BL/6J mice 8-weeks old were selected and randomly separated. The
mice (n=8) were fed ad libitum for two weeks with either CHOW diet or high fat diet (HFD,
60% of fat content). Each group was divided in half; 8 animals received regular water and
the other 8 received (S)-2-amino-6-((3-aminopropyl)amino)hexanoic acid dihydrochloride
dissolved in water so as to administer about 10 mg/kg of the drug body weight per mouse, per
day. As an additional experimental control (n=8), a group of mice receiving HFD also
received pioglitazone (10 mg/kg). Poglitazone is a well-known anti-diabetic agent. It has the
ability to increase glucose uptake into the cells. Poglitazone has also been shown to reduce
protein carbonylations (Xu, Q., Hahn, W. S. & Bernlohr, D. A. (2014) Detecting protein
carbonylation in adipose tissue and in cultured adipocytes. Methods in enzymology 538, 249-
261, doi:10.1016/B978-0-12-800280-3.00014-1). At the end of the two weeks, animals were
fasted for 5 hours, weighed, and their tails were clipped to measure fasting blood glucose
levels. Immediately after, glucose was administered intraperitoneally (1mg/g of body
weight). Glucose levels were measured at 20, 40, 80 and 140 minutes after glucose
administration in a glucose time test (GTT). Animals were euthanized under anesthesia
(isoflurane). Blood, liver, fat and muscle tissues were collected and flash frozen for the

studies.
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[287] The levels of GLUT4 carbonylations in adipose tissue in the HFD-fed control animals
and the HFD animals receiving (S)-2-amino-6-((3-aminopropyl)amino)hexanoic acid

dihydrochloride were measured by the MRM method described above.

[288] The body weights of diet-induced (HFD) mice with and without (S)-2-amino-6-((3-
aminopropyl)amino)hexanoic acid dihydrochloride (10 mg/kg/day) were measured over 14

days.
B. Results: Levels of GLUT4 carbonylations,

[289] As shown in Fig. 8A (n=8; P < 0.02), the active agent (S)-2-amino-6-((3-
aminopropyl)amino)hexanoic acid dihydrochloride (“APL”) was again effective in reducing
overnutrition-induced GLUT4 carbonylation in adipose tissue of treated individuals. The

drug was effective in reducing GLUT4 carbonylations by about 50% (Fig. 8A).
C. Results: Glucose Tolerance Test.

[290] To determine the effects of the compound (S)-2-amino-6-((3-
aminopropyl)amino)hexanoic acid dihydrochloride on glucose tolerance, mice that received
(i) HFD + poglitazone, (ii) HFD + vehicle, (iii) HFD + (S)-2-amino-6-((3-
aminopropyl)amino)hexanoic acid dihydrochloride and (iv) Chow diet (control) were
subjected to a glucose tolerance test (GTT). As indicated in Fig. 8B, the drug (S)-2-amino-6-
((3-aminopropyl)amino)hexanoic acid dihydrochloride (“APL”) reduced fasting glucose

levels.

[291] Fig. 8C shows the results of the glucose time test for animal groups (i) through (iv).
Glucose tolerance was impaired in HFD as compared to chow controls. Interestingly, the
glucose tolerance test was drastically improved in mice treated with (S)-2-amino-6-((3-
aminopropyl)amino)hexanoic acid dihydrochloride. Pioglitazone showed only moderate
glucose tolerance improvement. The pioglitazone results are consistent with the published
data (Xu, Q., Hahn, W. S. & Bernlohr, D. A. (2014) Detecting protein carbonylation in
adipose tissue and in cultured adipocytes. Methods in enzymology 538, 249-261,
doi:10.1016/B978-0-12-800280-3.00014-1).

[292] Similar results were obtained when the areas under the curves of the glucose tolerance
test data of Fig. 8C were calculated. The areas under the curves of Fig. 8C are represented as

bar graphs in Fig. 8D.
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[293] In Figs. 8A-8D, all data points and error bars represent mean + s.e.m. The statistics
were performed using two-tail Student’s t-test and the significance levels are *p<0.05;

**p<0.02.
D. Results: Body Weight

[294] Fig. 9 shows the body weight of diet-induced (HFD) obese mice over two weeks
during treatment with 10 mg/kg/day (S)-2-amino-6-((3-aminopropyl)amino)hexanoic acid
dihydrochloride (“APL”) and without APL (“Control”). The drug had no effect on body
weight. In contrast, poglitazone is known to cause water retention and weight gain. Also, the

fact that body weight did not decrease is evidence of lack of significant toxicity.

Example 12

Reduction of Jmpaired Glucose Tolerance in Pre-Diabetes and Diabetes Stages in

Leptin Obese (db/db) Mice

[295] The following study demonstrates the effect of (§)-2-amino-6-((3-
aminopropyl)amino)hexanoic acid dihydrochloride in reducing impaired glucose tolerance in

a pre-diabetic stage.

[296] Leptin receptor knock-out (db/db) mice have severe, rapid, spontaneous and early-
onset obesity and insulin resistance that is first recognizable at 4 weeks of age. These
animals (5 for each group) were used to determine the effect of (S)-2-amino-6-((3-
aminopropyl)amino)hexanoic acid dihydrochloride on impaired glucose tolerance at pre-
diabetes level. The groups consisted of (i) db/db mice administered 50 mg/kg b.i.d. p.o. (S)-
2-amino-6-((3-aminopropyl)amino)hexanoic acid dihydrochloride; (ii) db/db vehicle control-
treated mice; and (iii) heterozygous littermate control mice. The treatment period was for 7
days. Glucose tolerance tests were performed as described above. The results shown in Fig.
10 demonstrate that (5)-2-amino-6-((3-aminopropyl)amino)hexanoic acid dihydrochloride

(“APL”) normalizes impaired glucose tolerance in in pre-diabetic db/db mice.

[297] To determine the effect of (S)-2-amino-6-((3-aminopropylamino)hexanoic acid
dihydrochloride on impaired glucose tolerance after diabetes is established, 6 week old db/db
mice were treated with the drug (50 mg/kg b.i.d. p.o.) for 14 days. The positive control group
was treated with metformin at the same dose. The results in Fig. 11 indicate that (5)-2-

amino-6-((3-aminopropyl)amino)hexanoic acid dihydrochloride (“APL”) is better in reducing
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impaired glucose tolerance than metformin, the first-line medication for the treatment of type
2 diabetes. The results establish that the drug can be used to treat both pre-diabetes, and

diabetes wherein the diabetic phenotype has been established.

Example 13
Delay of Disease Progression in Leptin Obese (db/db) Mice

[298] To assess whether (S)-2-amino-6-((3-aminopropyl)amino)hexanoic acid
dihydrochloride delays progression to diabetes or only masks diabetes during treatment
period, (i) db/db mice (ii) db/db vehicle control-treated mice; and (iii) heterozygous littermate
control mice were treated with and without (S)-2-amino-6-((3-aminopropyl)amino)hexanoic
acid dihydrochloride or metformin (50 mg/kg b.i.d. p.o.) for 14 days. The 14 day treatment
period was followed by another 14 day period (“wash out period”) in which no treatment was
given. The results in Fig. 12 show that (5)-2-amino-6-((3-aminopropyl)amino)hexanoic acid
dihydrochloride (“APL”) is still effective in reducing impaired glucose tolerance even after
14 days following treatment removal. The results indicate that the drug is diabetes-

modulating. [t does not just mask the disease.

Example 14

[299] The following study demonstrates the ability of (S)-2-amino-6-((3-
aminopropyl)amino)hexanoic acid dihydrochloride to reduce GLUT4 carbonylations and
prevent glucose uptake impairment induced by 4-HNE and H20». Insulin-stimulated 3T3-L1
adipocytes were pretreated with the drug (S)-2-amino-6-((3-aminopropyl)amino)hexanoic
acid dihydrochloride (10 uM) for 12 hours followed by exposure to 4HNE and H»O, for an
additional 4 hours. The amounts of glucose taken up by the 3T3-L1 adipocytes were
measured by the MRM methods described above. The results in Fig. 13 show the effect of
the drug in restoring glucose uptake in insulin-stimulated 3T3-L1 cells exposed to 4-HNE
and H202: Control cells, no insulin (C- No Ins); control cells, with insulin (C+ Ins);

4HNE+H-0»-treated cells (AHNE/H202) and cells treated with drug+4HNE+H>O2 (“APL™).

Example 15

[300] (S)-2-amino-5-((6-aminchexyl}amino)pentanoic acid trihydrochloride
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NH
2 H
HO,C NH, * 3 HCI

[301] (S)-2-amino-5-((6-aminohexyl)amino)pentanoic acid trihydrochloride was prepared as

follows.

A. Preparation of tert-butyl (6-oxohexyl)carbamate

4

[302] Anhydrous dimethyl sulfoxide (83 uL) was added dropwise to a stirred solution of

CHO

oxalyl chloride (50 uL) in anhydrous dichloromethane (2 mL) at -78°C. After stirring for 15
minutes, a solution of 6-(tert-butoxy-carbonylamino)-1-hexanol (115 mg, 0.53 mmol) in
anhydrous dichloromethane (1 mL) was added dropwise. The resulting mixture was stirred at
-78°C for 45 minutes. Triethylamine (368 uL) was added and the reaction was allowed to
warmm to room temperature. This solution was concentrated on a rotary evaporator to afford
the titled compound as an off-white solid (86 mg, 75% yield) which was used without further
purification.

B. Preparation of (S)-2-(((benzyloxy)carbonyl)amino)-5-((6-((tert-

butoxycarbonyl)amino)hexyl)amino)-pentanoic acid

Hmi/o\© o)

H
HO,C )\/v N ” /U\OJ<
[303] To a stirred suspension of N-alpha-benzyloxycarbonyl-L-ornithine 94 mg, (0.352
mmol) in anhydrous methanol (2 mL) containing acetic acid (100 ul.) was added a solution of
tert-butyl (6-oxohexyl)carbamate (114 mg, 0.528 mmol) in anhydrous methanol (1.9 mL).
The resuiting mixture was stirred at room temperature for 30 minutes. Sodium
cyanoborohydride (66 mg, 1.057 mmol) was then added and the reaction was stirred at room
temperature overnight. After concentration on a rotary evaporator, the residue was partitioned

between ethyl acetate and 1M aqueous potassium bisulfate. The aqueous layer was removed.
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The organic phase was washed with water and brine, dried over anhydrous sodium sulfate
and concentrated on a rotary evaporator. The resulting residue was purified by reversed phase
chromatography (C18 column) using a gradient of 10 to 100% acetonitrile in water with 0.1%
formic acid modifier. The titled compound (87 mg, 53% yield) was obtained as a pale yellow
oil. "H NMR (400 MHz, D-0) & 3.94 (t, J = 5.92 Hz, 0.5H), 3.63 (m, 0.5H), 2.99-3.13 (m,
6H), 1.65-2.04 (m, 8H), 1.43 (m, 4H); MS (ESI): m/z 466.2 [(M+H)"].

(C) Preparation of (S)-2-Amino-5-((6-aminohexyl)amino)pentanoic acid

trihydrochloride

NH,

H
HO,C NH, * 3 HCI

[304] A solution of (S)-2-({(benzyloxy)carbonyl)amino)-5-((6-((tert-
butoxycarbonylyamino)hexyl)amino)pentanoic acid (18 mg, 0.039 mmol)) in 6N aqueous
hydrochloric acid (4 mL) was refluxed for two hours. This solution was concentrated on a
rotary evaporator to afford the titled compound (12 mg, 90% yield) as a pale yellow oil. 'H
NMR (400 MHz, D>0) 6 4.27 (m, 0.5H), 3.95 (m, 0.5H), 3.33-3.48 (m, 6H), 2.00-2.37 (m,
8H), 1.77 (m, 4H); MS (ESI): m/z 232.2 [(M+H)*].

D. Effect of (§)-2-amino-5-((6-aminohexyl)amino)pentanoic acid trihydrochloride in

restoring glucose uptake in insulin-stimulated 3T3-L1 cells exposed to 4-HNE and H202

[305] Insulin-stimulated 3T3-L1 adipocytes were pretreated with the drug (S)-2-amino-5-
((6-aminohexyl)amino)pentanocic acid dihydrochloride (10 uM) for 12 hours followed by
exposure to 4HNE and HxO» for an additional 4 hours. The amounts of glucose taken up by
the 3T3-L.1 adipocytes were measured by the MRM methods described above. Fig, 13
includes the results: cells treated with (S)-2-amino-5-((6-aminohexyl)amino)pentanoic acid
trihydrochloride (MC-180351). The data shows demonstrates the ability of (5)-2-amino-5-
((6-aminohexyl)amino)pentanoic acid trihydrochloride to reduce GLUT4 carbonylations and

prevent glucose uptake impairment induced by 4-HNE and H>0..

Example 16
[306] (S)-2-amino-5-((S-aminopentyl)amino)pentanoic acid trihydrochloride
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NH,

H
)\/VN\/\/\/NH * 3H
HO,C 2 * 3HCI

[307] (8)-2-amino-5-((5-aminopentyl)amino)pentanoic acid trihydrochloride was prepared

as follows.

A. Preparation of tert-butyl (5-oxopentyl)carbamate

O :
>]\O)J\ ﬁ /\/\/CHO

[308] Anhydrous dimethyl sulfoxide (58 ul) was added dropwise to a stirred solution of
oxalyl chloride (35 uL) in anhydrous dichloromethane (1.5 mL) at -78°C. After stirring for 15
minutes, a solution of 6-(tert-butoxy-carbonylamino)-1-pentanol (75 mg, 0.37 mmol) in
anhydrous dichloromethane (0.75 mL) was added dropwise. The resulting mixture was stirred
at -78°C for 45 minutes. Triethylamine (257 ul.) was added and the reaction was allowed to
warm to room temperature. This solution was concentrated on a rotary evaporator to afford
the titled compound as an off-white solid (52 mg, 70% yield) which was used without further

purification.

B. Preparation of (S)-2-(((benzyloxy)carbonyl)amino)-5-((5-((tert-

butoxycarbonyl)amino)pentyl)amino)-pentanoic acid

HNLj@

H H
HOzC)\/VN\/\/\/N\ﬂ/OK

[309] To a stirred suspension of N-alpha-benzyloxycarbonyl-L-ornithine 35 mg, (0.13
mmol) in anhydrous methanol (1 mL) containing acetic acid (38 uL) was added a solution of
tert-butyl (5-oxopentyl)carbamate (40 mg, 0.20 mmol) in anhydrous methanol (1.0 mL). The
resulting mixture was stirred at room temperature for 30 minutes. Sodium cyanoborohydride
(25 mg, 0.40 mmol) was then added and the reaction was stirred at room temperature

overnight. After concentration on a rotary evaporator, the residue was partitioned between
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ethyl acetate and 1M aqueous potassium bisulfate. The aqueous layer was removed. The
organic phase was washed with water and brine, dried over anhydrous sodium sulfate and
concentrated on a rotary evaporator. The resulting residue was purified by reversed phase
chromatography (C18 column) using a gradient of 10 to 100% acetonitrile in water with 0.1%
formic acid modifier. The titled compound (34 mg, 58% yield) was obtained as a colorless
oil. "H NMR (400 MHz, CDsOD) § 7.26-7.38 (m, 5H), 5.08 (s, 2H), 4.03 (m, 1H), 2.90-3.07
(m, 6H), 1.87 (m, 1H), 1.65-1.79 (m, 5H), 1.34-1.54 (m, 13H); MS (ESI): m/z 452.30
[(M+H)'] .

C. Preparation of (S)-2-amino-5-((5-aminopentyl)amino)pentanoic acid

trihydrochloride

NH,
\/\/\/ "3 l
HO,C 2

[310] A solution of (S)-2-(((benzyloxy)carbonyl)amino)-5-((5-((tert-
butoxycarbonyl)amino)pentyl)amino)pentanoic acid (20 mg, 0.044 mmol)) in 6N aqueous
hydrochloric acid (4 mL) was refluxed for two hours. This solution was concentrated on a
rotary evaporator to afford the titled compound (12 mg, 88% yield) as a pale yellow oil. 'H
NMR (400 MHz, CD3;0D) 6 4.06 (t, J = 5.36 Hz, 1H), 3.06 (m, 4H), 2.96 (t, J = 7.52 Hz,
2H), 1.88-2.10 (m, 4H), 1.68-1.83 (m, 4H), 1.47-1.55 (m, 2H); MS (ESI): m/z 218.2
[(M+H)"] .

D. Effect of (S)-2-amino-5-((S-aminopentyl)amino)pentanoic acid trihydrochloride in
restoring glucose uptake in insulin-stimulated 3T3-L1 cells exposed to 4-HNE and H20:

[311] Insulin-stimulated 3T3-L1 adipocytes were pretreated with the drug (S)-2-amino-5-
((5-aminoheptyl)amino)pentanoic acid dihydrochloride (10 uM) for 12 hours followed by
exposure to 4HNE and H2Oz for an additional 4 hours. The amounts of glucose taken up by
the 3T3-L1 adipocytes were measured by the MRM methods described above. Fig. 13
includes the results: cells treated with (S)-2-amino-5-((5-aminopentyl)amino)pentanoic acid
trihydrochloride (MC-180352). The data shows demonstrates the ability of (S)-2-amino-5-
((5-aminoheptyhamino)pentanoic acid dihydrochloride to reduce GLUT4 carbonylations and

prevent giucose uptake impairment induced by 4-HNE and H»O».
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[312] The disclosures of each and every patent, patent application, GenBank record, and

publication cited herein are hereby incorporated herein by reference in their entirety.

[313] While the invention has been disclosed with reference to specific embodiments, it is
apparent that other embodiments and variations of this invention may be devised by others
skilled in the art without departing from the true spirit and scope used in the practice of the
invention. The appended claims are intended to be construed to include all such

embodiments and equivalent variations,
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WE CLAIM:

I A method for increasing insulin sensitivity, reducing insulin resistance and/or
preventing insulin resistance in a subject in need thereof comprising administering to the
subject an effective amount of a compound according to Formula I, or pharmaceutically

effective salt thereof”

N
| coH Formulal
H

wherein:

R' is selected from the group consisting of hydrogen, -(Ci-Cg)alkyl, -(Ci-Cg)alkenyl,
-(C-Cg)alkynyl, unsubstituted or substituted -ara(C;-Cs)alky!, unsubstituted or substituted
-heteroara(Ci-Ce)alkyl, where the substituents on said substituted ara(C;-Cs)alkyl and
substituted heteroara(Ci-Ce)alkyl are selected from the group consisting of halogen, -CN, -
NOa,- NHa,

-NH(C-Ce)alkyl, -N[(C-Cs)alkyl)]2, -OH, halo(C-Ce)alkyl, -(Ci-Cs)alkoxy, halo(C-
Ceyalkoxy, -SH, thio(Ci-Cs)alkyl, -SONHa, -SO2NH3, -SO-(C-Ce)altkyl, -SO2-(C1-Ce)alkyl,
-NHSO2(C1-Co)alkyl, and -NHSO2NHz;

R* is selected from the group consisting of hydrogen, -(Ci-Cs)alkyl, -(Ci-Cs)alkenyl,
-(Ci-Cgalkynyl, unsubstituted or substituted -ara(Ci-Ce)alkyl, unsubstituted or substituted
-heteroara(Ci-Cs)alkyl, where the substituents on said substituted ara(C-Ces)alkyl and
substituted heteroara(C-Ce)alkyl are selected from the group consisting of halogen, -CN, -
NOz,- NHa, -OH, halo(C-Ce)alkyl, -(Ci-Cs)alkoxy, halo(C,-Cs)alkoxy, -SH, thio(C;-
Ce)alkyl, -SONH,,

-SO>NHoa, -SO-(C-Cg)alkyl, -SO2-(C1-Cs)alkyl, -NHSO2(C-Ce)alkyl, and -NHSO;NHz;

R3, R4 R7, R8 R? R'0, R!> and R'* are independently selected from the group
consisting of hydrogen and -(C;-Ce)alkyl;

R3and R® are independently selected from the group consisting of hydrogen,

-(C1-Ce)alkyl and —OH, provided that both R® and R® cannot be —OH;
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R!'"and R'? are independently selected from the group consisting of hydrogen,

-(C)-Ce)alkyl and —OH, provided that both R"' and R'? cannot be ~OH;
misl,2,3or4;
nis0,1,2,3 or4;
0is0,1,2,3 or4;
pis1,2,30r4;
qis0,1,2,3 or4; and

ris0, 1,2, 3 or4.

2. The method according to claim 1 wherein R' and R? are independently

selected from the group consisting of hydrogen and -(C;-Cg)alkyl.

3. The method according to claim 1 wherein each of R3, R4, R%, R®, R7 and R®is

independently selected from hydrogen and -(C-Cg)alkyl.

4. The method according to claim 1 wherein each of R, R', R'"' R!? R'? and

R' is independently selected from hydrogen and -(C-Cg)alkyl.

5. The method according to claim 3 wherein each of R%, R'%, R'!, R?, R'3 and

R' is independently selected from hydrogen and -(Ci-Cg)alkyl.

6. The method according to claim 1 wherein the sum of m + n + o is in the range

of from 2 to 10, and the sum of p + q + r is in the range of from 1 to 10.

7. The method according to claim 1 wherein m is 3; p is 4; each of n, 0, g and r is
7ero.
8. The method according to claim 7 wherein R?, R, R? and R'? are

independently selected from hydrogen and -(C-Cs)alkyl.

9. The method according to claim 8 wherein R! and R? are independently

selected from the group consisting of hydrogen and -(Ci-Cg)alkyl.
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10.  The method according to claim 9 wherein R', R, R3, R*, R? and R'? are
hydrogen.
5 1. The method according to claim 10 wherein the compound of Formula I is (S)-

2-amino-6-((3-aminopropyl)amino)hexanoic acid, or a pharmaceutically effective salt

thereof.

12. The method according to claim | wherein m is 4; nis 1 or 2; p is 3; cach of o,

10 gandris zero.

13. The method according to claim 12 wherein the compound of Formula I is (S)-
2-amino-5-((6-aminohexyl)amino)pentanoic acid, or a pharmaceutically effective salt thereof,
or (S)-2-amino-5-((6-aminopentyl)amino)pentanoic acid, or a pharmaceutically effective salt

15 thereof.

14, A method of treating an insulin resistance disorder in a subject in need thereof

comprising administering to the individual an effective amount of a compound according to

AWAA
o VLo

R'is selected from the group consisting of hydrogen, -(Ci-Csg)alkyl, -(Ci-Cs)alkeny],

Formula I, or pharmaceutically effective salt thereof:
R3 R® / R™\ R2 / R® /
e b LI LIVET
20 \Il“/m \Iis/n \FLS 0 \Fl219/p \

wherein:

NH,
i coH Formulal
H

It
0]

T —0O——30

-(Ci-Cglalkynyl, unsubstituted or substituted -ara(Ci-Cs)alkyl, unsubstituted or substituted
-heteroara(Ci-Ce)alkyl, where the substituents on said substituted ara(Ci-Ce)alkyl and

25 substituted heteroara(C-Ce)alkyl are selected from the group consisting of halogen, -CN, -
NO2,- NHo,
-NH(C-Colalkyl, -N[(Ci-Cs)atkyl}]2, -OH, halo(Ci-Ce)alkyl, -(Ci-Cs)alkoxy, halo(C-
Co)alkoxy, -SH, thio(Ci-Cs)alkyl, -SONHz, -SO2NHa, -SO-(C-Cs)alkyl, -SO2-(C-Cg)alkyl,
-NHSO>(C-Coalkyl, and -NHSO2NH;
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R? is selected from the group consisting of hydrogen, -(Ci-Cg)alkyl, -(Ci-Cs)alkenyl,
-(C-Cyg)alkynyl, unsubstituted or substituted -ara(C-Cs)alkyl, unsubstituted or substituted
-heteroara(C,-Ce)alkyl, where the substituents on said substituted ara(C;-C¢)alkyl and
substituted heteroara(Ci-Ce)alkyl are selected from the group consisting of halogen, -CN, -
NOa,- NHa, -OH, halo(Ci-Ce)alkyl, -(C;-Cg)alkoxy, halo(C-Cs)alkoxy, -SH, thio(C;-
Co)alkyl, -SONH>,

-SO2NHa, -SO-(Ci-Celalkyl, -SO2-(Ci-Celalkyl, -NHSO2(C-Co)alkyl, and -NHSO:NHo>;

R3, R* R7, R® R? R'9 R'3and R'* are independently selected from the group
consisting of hydrogen and -(C,-Ce)alkyl;
R>and R% are independently selected from the group consisting of hydrogen,

-(C1-Ce)alkyl and —OH, provided that both R and R® cannot be —~OH;

R'"and R'? are independently selected from the group consisting of hydrogen,

-(C1-Ce)alkyl and —~OH, provided that both R!'" and R'? cannot be ~OH;
misi,2,3or4;
nis0, 1, 2,3 or4;
0is0,1,2,3 or4,
pisl1,2,30r4;
qis0,1,2,3 or4;and

ris0,1,2,3or4.

15. The method according to claim 14, wherein the insulin resistance disorder is
selected from the group consisting of diabetes, obesity, metabolic syndrome, insulin
resistance, insulin-resistance syndromes, syndrome X, high blood pressure, hypertension,
high blood cholesterol, hyperlipidemia, dyslipidemia, atherosclerotic disease, hyperglycemia,
hyperinsulinemia, hyperproinsulinemia, impaired glucose tolerance, delayed insulin release,
coronary heart disease, angina pectoris, congestive heart failure, stroke, cognitive
dysfunction, retinopathy, peripheral neuropathy, nephropathy, glomerulonephritis,
glomerulosclerosis, nephrotic syndrome, hypertensive nephrosclerosis, endometrial cancer,
breast cancer, prostate cancer, colon cancer, complications of pregnancy, menstrual

irregularities, infertility, irregular ovulation, polycystic ovarian syndrome (PCOS),
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lipodystrophy, cholesterol related disorders, gout, obstructive sleep apnea, osteoarthritis, and

0steoporosis.

16. A compound according to Formula I', or pharmaceutically effective salt
thereof:
5 R7 1 1
GANAWARYAWAAWARE
R'HN C C C C C | con Formulal'
)\ \l WARVAER:
R/ m Ré/n \RE/O R'?/q RY/ T
wherein:

R is selected from the group consisting of hydrogen, -(Ci-Cs)alkyl, -(Ci-Csg)alkenyl,
-(C1-Cg)alkynyl, unsubstituted or substituted -ara(Ci-Cs)alkyl, unsubstituted or substituted
-heteroara(C-Ce¢)alkyl, where the substituents on said substituted ara(C;-Ce)alkyl and
substituted heteroara(C;-Cg)alkyl are selected from the group consisting of halogen, -CN, -
NOa2,- NHaz,

-NH(C-Ce)alkyl, -N[(C1-Cs)alkyD)]2, -OH, halo(C-Ce)alkyl, -(Ci-Cs)alkoxy, halo(Ci-
Ce)alkoxy, -SH, thio(Ci-Cs)alkyl, -SONHz, -SO2NHz, -SO-(C-Cs)alkyl, -SO2-(C-Cs)alkyl,
-NHSO(Cy-Co)alkyl, and -NHSO2NHz;

R? is selected from the group consisting of hydrogen, -(Ci-Cg)alkyl, -(C-Cs)alkenyl,
-(C1-Cg)alkynyl, unsubstituted or substituted -ara(C,-Ce)alkyl, unsubstituted or substituted
-heteroara(Ci-Ce)alkyl, where the substituents on said substituted ara(C;-Ce)alkyl and
substituted heteroara(C;-Ce)alkyl are selected from the group consisting of halogen, -CN, -
NOa,- NH», -OH, halo(C,-Ce)alkyl, -(C-Cs)alkoxy, halo(Ci-Ce)alkoxy, -SH, thio(C;-
Cs)alkyl, -SONH>,

-SO>NH-s, -SO-(C-Celalkyl, -SO2-(C1-Ce)alkyl, -NHSO2(C1-Co)alkyl, and -NHSO-NH>;

R3, R R7,R8 R% R'% R'* and R'* are independently selected from the group
consisting of hydrogen and -(C-Cs)alkyl;

R3and R® are independently selected from the group consisting of hydrogen,

-(C1-Co)alkyl and —OH, provided that both R and R® cannot be ~OH;

""and R'? are independently selected from the group consisting of hydrogen,

-(C)-Co)alkyl and —~OH, provided that both R'" and R'? cannot be —OH;
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m is an integer from 1 to 4;

n is an integer from zero to 4

o is an integer from 0 to 4;

p is an integer from 1 to 4;

q is an integer from zero to 4; and

ris an integer from 0 to 4;

provided:

(i) when the sum of p -+ g -+ ris 1, then sum of m + n + 0 is 5 or greater;

(i) when the sum of p + q +ris 2, then sum of m + n + 0 is 5 or greater;

(ii) when the sum of p + q + ris 3, the sum of m + n + 0 is 3, or is 5 or greater; and

(iit) when the sum of p + ¢ + ris 4, the sum of m + n + o is either 3, or is 6 or greater.

17. The compound according to claim 16, or pharmaceutically effective salt
thereof, wherein R' and R? are independently selected from the group consisting of hydrogen

and -(Ci-Cgalkyl.

18. The compound according to claim 16, or pharmaceutically effective salt
thereof, wherein each of R?, R4 R’ R®, R” and R®is independently selected from hydrogen

and -(C-Cg)alkyl.

19. The compound according to claim 16, or pharmaceutically effective salt
thereof, wherein each of R%, R'%, R"", R'2, R'* and R'* is independently selected from

hydrogen and -(C-Cg)alkyl.
20.  The compound according to claim 18, or pharmaceutically effective salt

thereof, wherein each of R%, R'%, R'!, R'2, R'3 and R'* is independently selected from

hydrogen and -(C;-Cg)alkyl.
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21. The compound according to claim 16, or pharmaceutically effective salt
thereof, wherein the sum of m + n + o is in the range of from 2 to 10, and the sum of p+ q+r

is in the range of from 2 to 10.

5 22. The compound according to claim 16, or pharmaceutically effective salt

thereof, wherein m is 3; p is 4; each of n, 0, q and r is zero.

23.  The compound according to claim 22, or pharmaceutically effective salt
thereof, wherein R3, R4, R” and R'? are independently selected from hydrogen and -(C;-

10 Cgalkyl.

24. The compound according to claim 23, or pharmaceutically effective salt
thereof, wherein R and R? are independently selected from the group consisting of hydrogen

and -(C-Cg)alkyl.

25.  The compound according to claim 24, or pharmaceutically effective salt

thereof, wherein R', R%, R?, R* R” and R'? are hydrogen.

26.  The compound according to claim 25 which is (S)-2-amino-6-((3-

20 aminopropylamino)hexanoic acid, or a pharmaceutically effective salt thereof.

27. The method according to claim 26 wherein m is 4; n is | or 2; p is 3; each of o,

q and r is zero.

25 28. The method according to claim 27 wherein the compound of Formula I is (S)-
2-amino-5-((6-aminohexyl)amino)pentanoic acid, or a pharmaceutically effective salt thereof,
or {S)-2-amino-5-((6-aminopentyhamino)pentanoic acid, or a pharmaceutically effective salt

thereof.
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International application No.
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - AB1K 31/13, AB1K 31/19 (2017.01)
CPC

- A61K 31/13, AB1K 31/19, A61K 31/195, A61K 31/197

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History Document

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History Document

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Claim 1, para [0007], [00113], {00119]-[00124]

A US 2013/0030007 A1 (Penninger et al.) 31 January 2013 (31.01.2013) abstract, para {0008], 1-5, 14, 15
[0010], [0084], [0120]

A PubChem compound CID 122083, Deoxyhypusine [retrieved on 26 October 2017, 1-5, 14, 15
https://pubchem.ncbi.nim.nih.gov/compound/122083] (Create Date 2005-08-03); whole doc.

A WO 2015/187942 A1 (Case Western Reserve University) 10 December 2015 (10.12.2015) 1-5, 14, 15

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
! p ) . 3 .
considered novel or cannot be considered to involve an inventive
step when the document is taken alone
“Y” document of particular relevance; the ciaimed invention cannot be
p

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

11 December 2017

Date of mailing of the international search report

2 1DEC 2017

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US 17/50462

Continuation of:
Box NO lIl. Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I+: Claims 1-15, directed to a method for treating insulin resistance comprising administering to the subject in need thereof a
compound according to Formula |. The method will be searched to the extent that the Formula | encompasses a compound comprising
the first species of each variable, wherein R1 is hydrogen; R2 is hydrogen; R3, R4, R7, R8, R9, R10, R13 and R14 are independently
hydrogen; R5 and R6 are independently hydrogen, provided that both RS and R6 cannot be -OH; R11 and R12 are independently
hydrogen, provided that both R11 and R12 cannot be -OH; mis 1,nis 0, 0is 0, pis 1, qis 0, and ris 0 (NH2-CH2-NH-CH2-CH(NH2)-
C(O)OH). Itis believed that claims 1-5, 14, 15 encompass this first named invention, and thus these claims will be searched without fee
to the extent that they encompass a compound of (NH2-CH2-NH-CH2-CH(NH2)-C(O)OH). Additional compound(s) of Formula | will be
searched upon the payment of additional fees. Applicants must specify the claims that encompass any additionally elected
compound(s). Applicants must further indicate, if applicable, the claims which encompass the first named invention, if different than what
was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group(s)
will result in only the first claimed invention to be searched. An exemplary election would be a method for treating insulin resistance
comprising administering to the subject in need thereof a compound of (S)-2-amino-5-((6-aminohexyl)aminc)pentanoic acid (Claims 1-
15).

Group II+: Claims 16-28, directed to a compound according to Formula I'. Group |1+ will be searched upon payment of additional fees.
The compound may be searched, for example, to the extent that the Formula I' encompasses a compound comprising the first species
of each variable, wherein R1 is hydrogen; R2 is hydrogen; R3, R4, R7, R8, RS, R10, R13 and R14 are independently hydrogen; RS and
R6 are independently hydrogen, provided that both R5 and R6 cannot be -OH; R11 and R12 are independently hydrogen, provided that
both R11 and R12 cannot be -OH; mis 4, nis 1,0is 0, pis 1, qis 0, and ris 0 provided: (i) when the sum of p + g + ris 1, then sum of
m +n + o is 5 or greater (NH2-(CH2)4-CH2-NH-CH2-CH(NH2)-C(O)OH) for an additional fee and election as such. Itis believed that
claims 16-20 read on this exemplary invention. Additional compound(s) of Formula | will be searched upon the payment of additional
fees. Applicants must specify the claims that encompass any additionally elected compounds. Failure to clearly identify how any paid
additional invention fees are to be applied to the"+" group(s) will result in only the first claimed invention to be searched. Another
exemplary election would be a compound of (S)-2-amino-5-((6-aminohexyl)amino)pentanoic acid (Claims 16-28).

The inventions listed as Groups I+ and I+ do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features
Group I+ includes the special technical feature of a method for treating insulin resistance, not required by Group I1+.
Group [I+ includes the special technical feature of a composition comprising a compound of Formula I', not required by Group I+.

The technical feature of each of the inventions listed as Group I+ and Il is the specific compounds, recited therein. Each invention
requires a specific compound, not required by any of the other inventions.

Common Technical Features

The inventions of Group I+ share the technical feature of Claims 1 and 14. However, these shared technical features do not represent a
contribution over prior art in view of US 2013/0030007 A1 to Penninger et al. (hereinafter 'Penninger’), in view of WO 2015/187942 A1 to
Case Western Reserve University (hereinafter ‘'CWRU').

Penninger teaches a method of increasing insulin sensitivity in a subject in need thereof (abstract, new therapies to treat obesity and
related diseases.; para [0008], In particular the prasent invention relates to use of the following compounds for the above treatments, in
particular for reducing weight and/or body fat in a subject:....[0010] Dasatinib.; [0120], FIG. 14. Improved insulin response in dasatinib
administered mice on day 15 of administration. ... Dasatinib administered mice show an improved early response to glucose
administration at the 15 minute (p < 0.01), 30 and 45 minute (p < 0.05) time point compared to the vehicle administered group.)
comprising administering to the subject an effective amount of a compound according to Formula | (para {0084], Further compounds to
be used in any form of treatment, e.g. in combination with the above compounds or for use alone,....deoxyhypusine.) [see PubChem
compound CID 122083, Deoxyhypusine (hereinafter 'CIiD 122083) [retrieved on 26 October 2017,
https://pubchem.ncbi.nim.nih.gov/compound/122083} (Create Date 2005-08-03). Note, Deoxyhypusine meets Formula |, wherein R1 is
hydrogen; R2 is hydrogen; R3, R4, R7, R8, R9, R10, R13 and R14 are independently hydrogen; RS and R6 are independently
hydrogen, provided that both R5 and R6 cannot be -OH; R11 and R12 are independently hydrogen, provided that both R11 and R12
cannotbe -OH; mis4,nis0,0is 0,pis4,qis0,and ris 0.]. :

Penninger does not specifically teach deoxyhypusine in one embodiment. CWRU teaches a method of treating insulin resistant [see
instant Claim 15, wherein the insulin resistant disorder...retinopathy] (Claim 1, A method of treating diabetic retinopathy in a subject in
need thereof, the method comprising: administering to the subject a therapeutically effective amount of one or more agents that act as a
trap of reactive aldehydes.; para [0097], [00113), primary amines (i.e., primary amine compounds) that form reversible Schiff -bases with
free all-trans-RAL.; [00119), [00120], formula of compound comprising primary amine). Given that primary amine compounds can be
applied to treat diabetic retinopathy, one of ordinary skill in the art would have recognized that deoxyhypusine comprises two primary
amines and would have been a good candidate reagent in treating the diabetic retinopathy of CWRU. Accordingly, it would have been
obvious to one of ordinary skill in the art to have selected deoxyhypusine of Penninger to treat insulin resistant disorders.

The inventions of Group I+ share the technical feature of Claim 16. However, this shared technical feature does not represent a
contribution over prior art in view of PubChem compound CID 54059533 (hereinafter CID 54059533) [retrieved on 26 October 2017,
https://pubchem.ncbi.nlm.nih.gov/compound/54059533#section=Top] [Create date 2011-12-04] teaches a compound of formula I (S)-2-
amino-5-((6-aminohexyl)amino)pentanoic acid [as illustrated in instant Specification [224], pg 60] (pg 4).

- Please see extra sheet for continuation -

Form PCT/ISA/210 (extra sheet) (January 2015)
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Continuation of:
Box NO lll. Observations where unity of invention is lacking

As said technical features were known in the art at the time of the invention, these cannot be considered special technical feature that
would otherwise unify the groups.

Groups I+ and Il therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.

Form PCT/ISA/210 (extra sheet) (January 2015)
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Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
m in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. D furnished together with the intemational application under PCT Rule 13zer. 1(a) for the purposes of international search

only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:

[:] in the form of an Annex C/ST.25 text file (Rule 13zer.1(a)).

I:] on paper or in the form of an image file (Rule 13fer.1(b) and Administrative Instructions, Section 713).

2. In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.
PCT/US 17/50462

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This intemational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
- Please see extra sheet for Box No. Ill Observations where unity of invention is lacking -

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this intemational search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-5, 14, 15 limited to (NH2-CH2-NH-CH2-CH(NH2)-C(O)OH)

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

[:I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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