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METHODS AND COMPOSITIONS OF DERIVATIVES OF PROBUCOL FOR THE
TREATMENT OF DIABETES

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisional Application 60/920.099, filed
March 26, 2007,

FIFELD OF THE INVENTION

This present invention provides methods and pharmaceutical compositions for the
treatment or prophylaxis of diabetes and related disorders, comprising the adminmstration of
an effective amount of a monoester of probucol, particularly the monosuccinic acid ester, or a

pharmaceutically acceptable salt or derivative thereof.

BACKGROUND OF THE INVENTION

Diabetes, also referred to as diabetes mellitus, 1s a syndrome characterized by

hyperglycemia resuylting from absolute or relative impaimrment in nsulin secretion and/or

msulin action (The Merck Manual of Diagnosis and Therapy, 17th Ed, Section 2, Chapter 13;
Berkow, R., Beers, M.H., and Burs, M., Eds.; John Wiley & Sons, 1999). [t is characterized
as a progressive breakdown in normal nsulin-related usage of glucose. In order to function
properly, the body's use of glucose must comprise a balanced output of insulin from the
pancreas to transport glucose effectively to other organs and tissues for storage. Any insulin
imbalance or loss of sensitivity can cause a chronic overabundance of glucose leading to
diabetes.

In 2006, according to the World Health Organization, at least 171 million people
wortdwide suffer from diabetes. Its incidence is increasing rapidly, and it 1§ estimated that by
the year 2030, this number will double. Diabetes mellitus occurs throughout the world. but 1s
more common {especially type 2) 1 the more developed countries.

For at least 20 years, diabetes rates in North America have been increasing
substantially. According to the American Diabetes Association, it is estimated that a total of
20.8 million peopie in the United States, about 7.0% of the population, have diabetes i one

form or another, and of these people, about 6.2 million people undiagnosed.
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(http:/fwww.diabetes.c:}rg/diabetes-staEisticsfprevalence.jsp). Additionally, about 54 mullion
people are predicted to be presently prediabetic.

Fasting Plasma Glucose Test (FP(G) or an Oral Glucose Tolerance Test (OGTT) are
used to diagnose pre-diabetes or diabetes. With the FPG test, a fasting blood glucose level
between 100 and 125 mg/dl signals pre-diabetes. A fasting blood glucose level of 126 mg/dl
or higher indicates diabetes. In the OGTT test, a persons blood glucose level 1s measured
fter a fast and two hours after drinking a glucose-rich beverage. If the two-hour blood
olucose level is between 140 and 199 mg/dl, the person tested has pre-diabetes. It the two-
hour blood glucose level is at 200 mg/dl or higher, the person tested has diabetes.

There are several types of diabetes. In type 1 diabetes, (also called insulin-dependent
diabetes mellitus (IDDM) or juvenile-onset diabetes or autoimmune diabetes) patients
produce littie or no insulin, the hormone which regulates glucose utilization, hecause the
immune system attacks the cells in the pancreas that make and release msulin. As these celis
die, blood sugar levels rise. Generally, type I diabetes 1s characterized climically by
hyperglycemia and a propensity to develop diabetic ketoacidosis (DKA), wherein the
pancreas produces little or no insulin. Thus, people with type 1 diabetes need msulin shots.
Type 1 diabetes, which accounts for 5% to 10% of all diagnosed cases of diabetes, typically
affects children, although adults can develop it. Autoimmune, genetic, and environmental
factors are involved in the development of this type of diabeles.

Type 2 diabetes, or noninsulin-dependent diabetes mellitus (NIDDM) or adult-onset
diabetes, usually develops later in life. Insulin is still produced in the body, however the
organs and tissues lose their ability to respond effectively to insulin. Although type 2
diabetes is also characterized by hyperglycemia and insulin resistance, it 1s often associated
with visceral/abdominal obesity, has very little or no propensity to ketoacidosis. it s
typically diagnosed in patients older than 30, and has significant but variable levels of insulin
secretion relative to plasma glucose levels. The CDC estimates type 2 diabetes may account
for about 90% to 95% of all diagnosed cases of diabetes.  Risk factors for type 2 diabetes
include older age, obesity, family history of diabetes, prior history of gestational diabetes,
impaired glucose tolerance, physical inactivity, and race/ethnicity. African Americans,
Hispanic/Latino Americans, American Indians, and some Asian Americans and Pacific

Islanders are at particularly high risk for type 2 diabetes.
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Gestational diabetes is a third type of diabetes that develops in about 4% percent of all
pregnancies - about 135,000 cases in the United States each year - and usually ends with the
pregnancy. A small percentage of diabetes may also result from specific genetic syndromes,
surgery, drugs, malnutrition, infections, and other ilinesses.

Additionally, millions of people have a condition called pre-diabetes. They have
higher-than-normal blood sugar levels, but not high enough to be clinically defined as
diabetics. These people are at extremely high risk for developing type 2 diabetes. It has been
suggested that both impaired fasting glucose (IFG) and impaired glucose tolerance (IG1) are
intermediate states in the transition from normal glucose tolerance (NGT) to type 2 diabetes
and have been termed as "pre-diabetes”. They are associated with a high risk for progression
to type 2 diabetes. Hepatic glucose production (HGP) 1s the principal determinant of fasting
plasma glucose (FPG). It has been demonstrated that, in the non-diabetic range, the rise in
fasting plasma glucose (FPG) concentration is associated with a mild decrease in hepatic
slucose production (HGP) and a marked decrease in the glucose clearance rate. During the
fasting state, the decrease in glucose clearance results 1n an increase in FPG concentration
which stimulates basal insulin secretion. The rise in fasting plasma insulin concentration, in
turn, inhibits HGP, thus attenuating the rise in FPG. The high fasting blood glucose m these
subjects can thus be explained by the decrease in glucose clearance. (Rucha Jani, abstract of
American Association of Clinical Endocrinologists Sixteenth Annual Meeting and Clinical
Congress, April 11-16, 2007, Washington State Convention & Trade Center in Seattle.)

The chronic overabundance of glucose associated with diabetes damages the body's
blood vessels and can lead to many related disorders. Generally, high glucose levels in the
blood plasma (hyperglycemia) can lead higher than normal amounts of particular
hemoglobin, HbAlc. Persistent or uncontrolled hyperglycemia that occurs with diabetes 18
associated with increased and premature morbidity and mortality. Often abnormal giucose
homeostasis is associated both directly and indirectly with obesity, hypertension, and
alterations of the lipid. lipoprotein and apolipoprotein metaboiism, as well as other metabolic
and hemodynamic disease. Patients with type 2 diabetes mellitus have a significantly
:nereased risk of macrovascular and microvascular complications. In extreme cases, diabetes
can result in the amputation of limbs and death.

Diabetes is also the leading cause of kidney failure in the U.S. (see American Kidney

Fund, 2007; Middleton, et al. (2006) The unrecognized prevalence of chronic kidney disease
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in diabetes. Nephrology Dialysis Transplantation 21(1):88-92). In fact, almost 45% of all
kidney failure cases are caused by diabetes. Drugs and diet can help manage diabetes and
prevent complications, but some people may still develop kidney disease, even with good
medical care.

Other conditions related to diabetes reported by the CDC include: nervous sysicm
diseases, which often includes impaired sensation Or pain in the feet or hands, slowed
digestion of food in the stomach, carpal tunnel syndrome, and other nerve problems,
periodontal disease, which 1s a type of gum disease that can lead to tooth loss, complications
of pregnancy, including congenital malformations and death of the fetus, and other
complications such as diabetic ketoacidosis and hyperosmolar nonketotic coma. Many
patients who have insulin resistance or type 2 diabetes also often have several symptoms that

together are referred to as syndrome X, or the metabolic syndrome.
Current Lherapies for Diabeles

Therapeutic control of glucose homeostasis, lipid metabolism, obesity, and
hypertension have been considered critically important in the clinical management and
weatment of diabetes mellitus. Lack of insulin production by the pancreas makes type 1
diabetes particularly difficult to control. Treatment generally requires a strict lifestyle
regimen including muitiple daily insulin injections.

Current drugs used for managing type 2 diabetes, generally fall within five classes of
compounds: the biguanides, thiazolidinediones, the sulfonylureas, benzoic acid derivatives
and alpha-glucosidase inhibitors. The biguanides, such as metformin, arc believed o prevent
excessive hepatic gluconeogenesis. 1he thiazolidinediones are believed to act by increasing
the rate of peripheral glucose disposal. The sultonylureas, such as tolbutamide and glybunde,
the benzoic acid derivatives, such as repaglinide, and the alpha-glucosidase inhibitors, such
as acarbose, lower plasma glucose primarily by stimulating insulin secretion.

A widely used drug treatment involves the administration of meglitimidée or a

sulfonylurea (e.g. tolbutamide or olipizide), which are insulin secretagogues. These drugs
increase the plasma level of insulin by stimulating the pancreatic [-cells to secrete more

insulin. Dangerously low levels of plasma glucose can result from administration of 1psulin

and/or insulin secretagogues, and an increased level of msulin resistance can Occur.
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The biguanides are another class of drugs that are widely used to treat type 2 diabetes.
The two best known biguanides, phenformin and metformin, cause some correction of
hyperglycemia without risk of causing hypoglycemia. However, phenformin and metformin
can induce lactic acidosis and nausea/diarrhea.

The glitazones (1.e. 5-benzylthiazolidine-2,4-diones) can amehorate hyperglycemia
and other symptoms of type 2 diabetes. These agents substantially increase insulin sensitivity
in muscle. liver and adipose tissue in several animal models of type 2 diabetes, resulting 1n
partial or complete correction of elevated plasma glucose levels without the occurrence of
hypoglycemia. The glitazones that are currently marketed (rosiglitazone and pioglhitazone) are
agonists of the peroxisome proliferator activated receptor (PPAR) gamma subtype. PPAR-
samma agonism is generally believed to be responsible for the improved insulin

sensititization that is observed with the ghtazones.

Probucol Derivalives

Derivatives of probucol have been developed as therapeutics, for example, for the
rreatment of cardiovascular disease and as anti-inflammatory agents. Probucol contains two
hydroxyl groups and can be modified to form mono-substituted or di-substituted derivatives.
Mono-esters and ethers of probucol have been reported to be useful in the treatment of
inflammatory diseases such as rheumatoid arthritis, osteoarthritis, asthma, and dermatitis.
Methods for treating transplant rejection using mono-substituted derivatives of probucol aiso
have been reported. See U.S. Patent Nos. 6,670,398 and 7,087,645

U.S. Patent No. 5,262,439 to Parthasarathy discloses analogs of probucol with
increased water solubility in which one or both of the hydroxyl groups are replaced with ester
oroups that increase the water solubility of the compound. A series of French patents
disclose that certain probucol derivatives are hypocholesterolemic and hypolipemic agents:
FR 2168137 (bis 4hydroxyphenylthioalkane esters); FR 2140771 (tetralinyl phenoxy alkanoic
esters of probucol); FR 2140769 (benzofuryloxyalkanoic acid derivatives of probucol); FR
2134810 (bis-(3-alkyl-5-t-alkyl-4-thiazole-5-carboxy)phenylthio)alkanes; FR 2133024 (bis-(4
nicotinoyloxyphenylthio)-propanes; and FR 2130975 (bis(4-
phenoxyalkanoyloxy)phenylthio) alkanes).

European Patent No. 0348203 to Shiongi Seiyaku Kabushik Kaisha discloses
phenotlic thioethers which inhibit the denaturation of LDL and the incorporation of LDI. by
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macrophages. Hydroxamic acid derivatives of these compounds are disclosed in European
Patent No.0405788 to Shiongi Seiyaku Kabushiki Kaisha and are alleged as useful for the
reatment of arteriosclerosis, ulcer, inflammation and allergies. Carbamoyl and ¢cyano
derivatives of the phenolic thioethers are disclosed in U.S. Patent No. 4,954,514 to Kita, et al.
WO 98/51662 (also U.S. Patent No. 6,121,319) and WO 98/5 1289 (also U.S. Patent
No. 6.147,250) to AtheroGenics, Inc. describe certain probucol derivatives and their use for
the treatment of disorders mediated including inflammatory and cardiovascular disorders.
WO 01/70757 (also U.S. Patent No. 6,852,878) to AtheroGenics, Inc. also describes
the use of certain thioethers of the following formula, and pharmaceutically acceptable saits

thereof:

Ha S S R

<

Ve Me
MO O—~2
Rp Ry
wherein
R.. Ry, R.. and Ry are independently any group that does not adversely affect the desired
properties of the molecule, including hydrogen, alkyl, substituted alkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, alkaryl, substituted alkaryl, aralkyl, or substituted aralkyl;
and Z is (i) a substituted or unsubstituted carbohydrate, (i1) a substituted or unsubstituted
alditol, (iii) Ci.10 alkyl or substituted Cy.p alkyl, terminated by sulfonic acid, (iv) Cj.ip alkyl
or substituted Cyio 2lkyl, terminated by phosphonic acid, (v} substituted or unsubstituted C;.
(o alkyl-O-C(O)- Cyi0 alkyl, (v1) straight chained polyhydroxylated Cs.i¢ alkyl: (vit) -{(CR2)1.
«~COOH, wherein R is independently hydrogen, halo, amino, or hydroxy. and wherein at ieast
one of the R substituents is not hydrogen; or (viii) -(CR2)1.6-X, wherein X is aryl, heferoaryl,
or heterocycle, and R is independently hydrogen, halo, amino, or hydroxy.

Meng et al., discloses a series of phenolic inhibitors of TNF-inducible expression of
VCAM-1 with concurrent antioxidant and lipid-modulating properties. The compounds
disclosed have demonstrated efficacies in amimal models of atherosclerosis and
hyperlipidemia. (Novel Phenolic Antioxidants as Multifunctional Inhibitors of Inducible
VCAM-1 Expression for Use in Atherosclerosis, Bioorganic & Med. Chem Ltrs. 12(18),
2545-2548, 2002).
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WO2006/007508 to AtheroGenics, Inc. (also U.S. Patent Publication No.
20060058268) describes methods for treating certain microvascular diseases related to
diabetes, including neuropathy, nephropathy, or retinopathy 1n a mammal, the method
comprising administering to the mammai an effective amount of certain probucol derivatives

Given the high and increasing incidence of diabetes worldwide, there 1s a need 1o
provide new therapies for its treatment,

Therefore, it is an object of the present invention to provide pharmaceutical

compositions and methods for treatment or prophylaxis of diabetes and related disorders.

SUMMARY

In one embodiment, the invention provides a method for the treatment or prophylaxis
of diabetes, a pre-diabetes condition or a diabetes related disorder in a host, comprising
administering a compound of formula (A), or a pharmaceutically acceptable salt, ester,

pharmaceutically acceptable derivative, or prodrug thereof:

RS

2 X ~=spacer—"Y

HO

i (A)

wherein

X, Y, spacer, R' R’ R’ and R* are defined herein.

In a further embodiment, a method for the treatment or prophylaxis of diabetes, a pre-
diabetes condition or a diabetes related disorder in a host, comprising administering a
compound of formula (B), or a pharmaceutically acceptable salt, ester, pharmaceutically

acceptable derivative, or prodrug thereof, is provided:

S He
Me Me

HO o—~Z



CA 02682258 2009-09-28
WO 2008/118948 PCT/US2008/058245

(B)

wherein Z. R.. Ry, R.. and Ry are defined herein.

In one more particular embodiment, the invention provides a method for the treatment

or prophylaxis of diabetes, a pre-diabetes condition or a diabetes related disorder in a host,

comprising administering a compound of Formula L

S S
P 0 O
HO O*(CHE}X)LOH
(I)

wherein x is selected from 1, 2, 3 or 4;

or a pharmaceutically acceptable salt, ester, pharmaceutically acceptable derivative, or

prodrug thereof.
In a specific subembodiment, the compound 15 2 monosuccinic acid ester of probucol

of the structure:

?%?ﬁ%w

In another more particular embodiment, the invention provides a method for the

treatment or prophylaxis of diabetes, a pre-diabetes condition or a diabetes related disorder n

a host, comprising administering a compound of Formula :
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wherein x is selected from 1, 2, 3 or 4;

or a pharmaceutically acceptable salt, ester, pharmaceutically acceptable derivative, or
prodrug thereof. In a specific embodiment, x is 1. In another embodiment, X is 2. In another
embodiment, x is 3. In another embodiment, X is 4.

In one embodiment, the compound is of the structure:

HO o/\(“)/

In one embodiment, a method of prophylaxis of a host at risk of developing diabetes
is provided, including administering an effective amount of a compound of Formula A, B, |
or I1. a monosuccinic acid ester of probucol, or a pharmaceutically acceptable salt, ester,
pharmaceutically acceptable derivative, or prodrug thereof.

In one embodiment, a method of treatment of a host who has been diagnosed with
diabetes is provided, including administering an effective amount of a compound of Formuia
A. B, I or I1, or a monosuccinic acid ester of probucol, or a pharmaceutically acceptable salt,
ester, pharmaceutically acceptable derivative, or prodrug thereof.

In one embodiment, the host at risk of or diagnosed with diabetes is at risk of or
diagnosed with type 2 diabetes.

In one embodiment, a method of glycemic control in a host in need thereot is
provided, including administering an effective amount of a compound of Formula A, B, L or
II. or a monosuccinic acid ester of probucol, or a pharmaceutically acceptable salt, ester,

pharmaceutically acceptable derivative, or prodrug thereot.
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In one embodiment, a method of improving insulin sensitivity in a host in need
thereof is provided, including administering an effective amount of a compound of Formula
A. B.1or II, or a monosuccinic acid ester of probucol. or a pharmaceutically acceptable salt,
ester, pharmaceutically acceptable derivative, or prodrug thereof.

In another embodiment, a method of treatment of a host who has been diagnosed with
a pre-diabetes condition is provided, including administering an effective amount of a
compound of Formula A, B, I or II, or a monosuccinic acid ester of probucol, or a
pharmaceutically acceptable salt, ester, pharmaceutically acceptable derivative, or prodrug
thereof.

In one embodiment, the invention provides methods and pharmaceutical compositions
for the prophylaxis or treatment of diabetes-related disorders in a host comprising
administering an effective amount of a compound of Formula A, B, 1 or Il, or a monosuccinic
acid ester of probucol, or a pharmaceutically acceptable salt, ester, pharmaceutically
acceptable derivative, or prodrug thereof.

In one embodiment, the invention provides methods and pharmaceutical compositions
for treatment or prophylaxis of kidney failure in a host, in particular humans, including
administering an effective amount of a compound of Formula A, B, T or 1i, or a MOnNOSUCCINIC
acid ester of probucol, or a pharmaceuticatly acceptable salt, ester, pharmaceutically
acceptable derivative, or prodrug thereof.

In one aspect of the invention a method or composition for the treatment or
prophylaxis of diabetes, a pre-diabetic condition or a diabetes related disorder is provided.,
which comprises administering to a patient in need of such treatment an effective amount of a
compound of Formula A, B, I or II or pharmaceutically acceptable salt, ester,
pharmaceutically acceptable derivative, or prodrug thereof in combination or alternation with
at least one compound selected from a biguanide, a thiazolidinedione, a sulfonylurea, a
benzoic acid derivative and a alpha-glucosidase inhibitor.

In certain embodiments, the host in need of treatment has been diagnosed with low
glucose tolerance, insulin resistance, retimopathy, nephropathy, neuropathy, Syndrome X, or
other disorders where insulin resistance 1s a component.

In certain embodiments, a method for reducing the risks of adverse sequelae

associated with metabolic syndrome in a host in need of such treatment is provided which

comprises administering to the patient a therapeutically effective amount of a compound of

10
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Formula A, B, I or Il or pharmaceutically acceptable salt, ester, pharmaceutically acceptabie
derivative, or prodrug thereof. In a specific embodiment, the compound is a MOROSUCCINIC

acid ester of probucol.

In one aspect of the invention a method or composition for the treatment or
prophylaxis of diabetes, a pre-diabetic condition or a diabetes related disorder 1s provided,
which comprises administering to a patient in need of such treatment an effective amount of a
monosuccinic acid ester of probucol ,or pharmaceutically acceptable salt, ester,

pharmaceutically acceptable derivative, or prodrug thereof,

In another aspect of the invention a method or composition for the treatment or
prophylaxis of diabetes, a pre-diabetic condition or a diabetes related disorder 1s provided,
which comprises administering to a patient in need of such treatment an effective amount of a
monosuccinic acid ester of probucol ,or pharmaceutically acceptable salt, ester,
pharmaceutically acceptable derivative, or prodrug thereof, in combination or alternation with
at least one compound selected from a biguanide, a thiazolidinedione, a sulfonylurea, a

benzoic acid derivative and a alpha-glucosidase inhibitor.

BRIEF DESCRIPTION OF THE FIGURES

Figare | shows a graph of new onset diabetes mellitus during the trial of AGL1067
(the monosuccinic acid ester of probucol} and placebo.

Figure 2 shows graphs of the mean change in blood glucose of diabetics and non-

diabetics.

Figure 3 shows graphs of the absolute change in blood glucose of diabetics and non-

diabetics.

Figure 4 shows a graph of the change in status for subjects with 1mpaired fasting
glucose at baseline.

Figure 5 shows a graph of achievement of control of subjects who were uncontrolled
diabetics at baseline.

Figure 6 shows the change in HbAlc in subjects on Insulin at baseline.

Figure 7 shows the change in HbAlc in subjects on Pioglitazone at baseline.

Figure 8 shows the change in HbAlc in subjects on Metformin at baseline,

Figure 9 shows the change in HbA lc in subjects on Rosiglitazone at baseline.

11
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Figure 10 shows the change in HbAlc in subjects on Glibenclamide at baseiine.

Figure 11 shows the change in HbA lc in subjects on various agents at baseline.

Figure 12 shows the change in estimated glomerular filtration rate for subjects on the
monosuccinic acid ester of probucol vs. placebo.

Figure 13 shows the percent change from baseline of the eGFR.

Figure 14 is a graph of the change from baseline of the ¢GFR in diabetics.

Figure 15 is a table showing the rate of certain events possibly related to diabetic
control.

Figure 16 is a graph of the absolute change in eGFR

Figure 17 is a graph of the absolute change in eGFR comparing diabetic to non-
diabetic subjects

Figure 18 is a graph showing the change in FPG for non-diabetic subjects from
baseline.

Figure 19 is a graph showing the change in FPG for diabetic subjects from baseline.

Figure 20 are graphs showing the change 1n glucose for non-diabetic and diabetic

subjects from baseline.

DETAILED DESCRIPTION OF THE INVENTION

It has been found that certain probucol monoesters are useful in the treatment or
prophylaxis of diabetes and related disorders, in particular in the treatment of type 2 diabetes.

It was found that these compounds are useful in reducing the onset of diabetes as well as 1ts

progression, in reducing total blood glucose and reducing levels of HbAlc.

Compounds

The invention generally provides a method for the treatment or prophylaxis of
diabetes, a pre-diabetes condition or a diabetes related disorder in a host, comprising
administering a compound of formula (A) or (B) or more specific formula () or (II}, as well
as the following subembodiments. In general, compounds that can be used n the mvention

include compounds disclosed in U.S. Patent No. 6,147,250,
Formula A

In one embodiment, the invention provides a method for the treatmnent or prophylaxis
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of diabetes, a pre-diabetes condition or a diabetes related disorder in a host, COMPTISing

administering a compound of formula (A)

R3

R’ X =—snacer—Y

MO
Al (A)
wherein

X is O, S, SO, S0O,, CH;, or NH;

“spacer” is a group selected from the group consisting of -(CH>)y-, ~«(CH3),-CO-, -
(CHa)y-N-, «(CH2)y-0-, -(CHy)4-S-, (CH20)-, -(OCHz)-, -(SCHa)-, -(CH:S-}, -(aryl-0)-. -(O-
aryl)-, -(alkyl-O)-, -(O-alkyl)- , -O-C(O})-, -5-C(5)-, -C(O)-0- and -C(S5)-5-;

nis0,1,2,3.4,5,6,7,8, 9, or 10;

Y is aryl. heteroaryl, alkyl, alkoxy, alkoxyalkyl, alkylthio, alkylthioalkyl,
alkylsulfinyl, alkylsulfinylalkyl, alkylsulfonyl, alkylsulfonylalkyl, wherein any of these
groups are optionally substituted, NHo, NHR, NR», SO,-0OH, OC(O)R, C(O)OH, C(O)OR,
C(O)NH,, C(OYNHR, C(O)NR,, SO;NHs, SO:NHR, SO2NRz;

R is alkyl, alkenyl, alkynyl, aryl, alkyl-C(O)OH, alkyl-C(O)O-alkyl, alkyl-C(()0-

aryl, atkaryl, aralky!, heteroaryl, wherein any of these groups are optionally substituted, or

when attached to a nitrogen atom, two adjacent R groups may combine to form a ring of 5 to
7 members;

R! and R* are independently straight chained, branched, or cyclic alkyl, aryl,
heteroaryl, alkaryl, or aralkyl, wherein any of these groups are optionally substituted with
halogen, alkyl, nitro, amino, alkylamino, dialkylamino, acyl, or acyloxy: and

R? and R* are independently a group that does not otherwise adversely afiect the

desired properties of the molecule, including H, halogen, or R'.

In a more specific embodiment, the compound 18 of Formula A wherein X is S, SO or
SO,; “spacer” is (CHz)y- or (CH2),CO-; Y is aryl, heteroaryl, alkyl, acyloxy, wherein any of
these groups are optionally substituted, NH», NHR or NRz; R 1s alkyl, alkenyl, alkynyl, aryl,
alkyl-COOH, alkyl-COOalkyl, alkyl-COOQaryl, heteroaryl, or nitro substituted heteroaryl, or
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when attached to a nitrogen atom, two adjacent R groups may combine to form a ring of 3 to
7 members: R' and R* are independently straight chained, branched or cychic Ciio alkyl; and
R’ and R* are independently hydrogen, halogen or R'.

In another embodiment of compounds of Formula A, X is S, SO, or 502; “spacer” is
{(CHy)e or -(CH3),-CO-; Y is aryl, heteroaryl, alkyl, acyloxy, wherein any of these groups
are optionally substituted, NH,, NHR or NR> wherein R 1s alkyl, alkenyl, alkynyl, arvl,
alkyl-COOH, alkyl-COOQalkyl, alkyl-COOaryl, heteroaryl, or nitro substituted heteroaryl, o1
when attached to a nitrogen atom, two adjacent R groups may combine to form a ring of 3
to 7 members: R’ and R* are independently straight chained, branched or cyclic Cys alkyl
and R’ and R” are independently H.

In yet another embodiment of Formula A, X is S, SO, or SO;; “spacer’ 18 -(CHy)p- O
(CH,),-CO-; Y is straight chained, branched or ¢yclic alkyl, unsubstituted or substituted by
one ore more QC(O)R, SO-OH, C{O)OH or C(O)OR, aryl which 1s unsubsiituted or
substituted by one or more alkyl, alkenyl, alkynyl, halo, nitro, hydroxy, COOH, COOR,
CONH,, CONHR, CONR,, -(CH;),,-OH wherein m is 0-10, haloalkyl, mono- or poly-
hydroxysubstituted branched alkyl, a carbohydrate group, S0,0H, SO:NH;, SO, NHR,
SO-NRs, or OCOR, heteroaryl which is unsubstituted or substituted by one or more alkyl,
atkenyl, alkynyl, CH:NH;, CH2NHR, CH,NR,, COOH, COOR, NH;, NHR, NR; or OCOR;
R is alkyl, alkenyl, alkynyl, aryl, alkyl-COOH, alkyl-COOQalkyl, alkyl-COOaryl, heteroaryl,
or nitro substituted heteroaryl, or when attached to a nitrogen atom, two adjacent R groups
may combine to form a ring of 5 to 7 members; R! and R are independently Cy_s alkyl; and
R? and R* are independently H.

fn another embodiment of compounds of Formula A, X is 5, 50O, or SO5; “spacer’ 1S -
(CH»)g- ot -(CH2),-CO-; Y is aryl, aryl which 1s mono- or polysubstituted by alkyl, alkenyi,
alkynyl, halo, nitro, hydroxy, COOH, COOR, CONH,, CONHR, CONR», -(CH2)»-OH
wherein m is 0-10, haloalkyl, mono- or poly-hydroxysubstituted branched alkyl, a
carbohydrate group, SO,OH, SO;NH», SO:NHR, SO:NRz, or OCOR; R is alkyl, alkenyl,
atkynyl, aryl, alkyl-COOH, alkyl-COOalkyl, alkyl-COOaryl, heteroaryl, or nitro substituted
heteroaryl, or when attached to a nitrogen atom, two adjacent R groups may combine to form
a ring of 3 to 7 members; R! and R* are independently C;_s alkyl; and R’ and R" are

independently H.
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Tn another embodiment of compounds of Formula A, X is S, SO, or 50»; “spacer’ 18 -

(CH3)y- or -(CHj)a-CO- wherein n 1s O-14: Y is phenyl; phenyl which 1s mono- or
polysubstituted by alkyl, alkenyl, alkynyl, halo, nitro, hydroxy, COOH, COOR, CONH-,
CONHR. CONR,, -(CH»),-OH wherein m is 0-10, haloalkyl, mono- or poly-
hydroxysubstituted branched alkyl, a carbohydrate group, SO-0OH, SO,NH;, SO;:NHR,
SO,NR,, or OCOR wherein R is alkyl, alkenyl, alkynyl, alkyl-COOH, alkyl-COQalkyl,
alkyl-COOQaryl, aryl, heteroaryl or nitro-substituted heteroaryl, or when attached to a nitrogen

atom, two adjacent R groups may combine to form a ring of 5 to 7 members; R’ and R” are

independently Cy.s alkyi; R® and R are independently H.

In another embodiment of compounds of Formula A, X is S, SO, or 50z; “spacer’ 1s -
(CH,),- wherein n is 0-10; Y is phenyl; phenyl which is mono- or polysubstituted by atkyl,
alkenyl, alkynyl, halo, nitro, hydroxy, COOH, COOR, CONH,, CONHR, CONR;, «{CHy)u-
OH wherein m is 0-10, haloalkyl, mono- or poly-hydroxysubstituted branched alkyl, a
carbohydrate group, SO;0H, SO,NH,, SO:NHR, SO;NR;, or OCOR; R 1s alkyl, alkenyl,
alkynyl, alkyt-COOH, alkyl-COOQalkyl, alkyl-COOaryl, aryl, heteroaryl or nitro-substituted
heteroaryl, or when attached to a nitrogen atom, two adjacent R groups may combine to form
a ting of 5 to 7 members; the R group may be further substituted by alkyl, alkyl-COOH,
alkyl-COQalkyl, or alkyl-COQaryl; R! and R are independently Cys alkyl: R* and R” are
independently H.

In another embodiment of compounds of Formula A, X is S, S0, or 50z; “spacer’ 18 -
(CH>),-CO- wherein n is 0-10; Y is phenyl, unsubstituted or substituted with one or more
alkyl, alkenyl, alkynyl, halo, mtro, hydroxy, COOH, COOR, CONH,, CONHR, CONR,, -
(CH,),-OH wherein m is 0-10, haloalkyl, mono- or poly-hydroxysubstituted branched alkyl,
a carbohydrate group, SO20H, SO;NHo, SO,NHR, SO;NR,, or OCOR: R is alkyl, alkenyl,
alkynyl, alkyl-COOH, alkyl-COOatkyl, alkyl-COOQaryl, aryl, heteroaryl, nitro-substituted
heteroaryl, or when attached to a nitrogen atom, two adjacent R groups may combine to form
a ring of 3 to 7 members: R' and R* are independently Cy.s alkyl; R” and R" are independently
H.

Tn another embodiment of compounds of Formula A, X 1s S. SO, or SO»; “spacer’ 18 -
(CH3)y- or -(CH3),-CO- wherein n is 0-10; Y is phenyl; phenyl which 18 mono- or
polysubstituted by alkyl, halo, nitro, hydroxy, COOH, COOR, CONH,, CONHR, CONR3, -
(CH>)p,-OH wherein m is 0-10, haloalkyl, mono- or poly-hydroxysubstituted branched alkyl,
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a carbohydrate group, SO,0H, SO,NHo, SO,NHR, SO,NR;, or OCOR; R 1s alkyl, alkyl-
COOH, alkyl-COOQalkyl, alkyl-COOaryl, aryl, heteroaryl or nitro-substituted heteroaryl, or
when attached to a nitrogen atom, two adjacent R groups may combine to form a ring of 3 to
7 members: R' and R” are independently C;.s alkyl; R’ and R” are independently H.

In another embodiment of compounds of Formula A, X is S, SO, or SO;; “spacer’ is -
(CH»)y- or <(CH3)p-CO- wherein n is 0-10; Y is phenyl; phenyl which 15 mono- or
polysubstituted by alkyl, halo, nitro, hydroxy, COOH, COOR, CONH-, CONHR, CONRK,, -
(CH>)n-OH wherein m is 0-10, haloalkyl, mono- or poly-hydroxysubstituted branched alkyi,
a carbohydrate group, SO,OH, SO,NH,, SO;NHR, SO;NR;, or OCOR; R 15 alkyl, alkyl-
COOH, alkyl-COOalkyl, alky!-COOQaryl, or nitro-substituted furanyl, or when attached to a
nitrogen atom, two adjacent R groups may combine to form a ring of J to 7 members; R' and
R- are independently Cy_s alkyl: R’ and R* are independently H.

In another embodiment of compounds of Formula A, X is S, SO, or SOg; “spacer 18 -
(CH>),- or ~(CH,),~CO- wherein n is 0-10; Y 18 heteroaryl; heteroaryl which is mono- or
polysubstituted by alkyl, alkenyl, alkynyl, CHoINHo, CH,>NHR, CH,NR,, COOH, COOR; R1s
alkyl, alkenyl, alkynyl, aryl, alkyl-COOH, alkyl-COOQalkyl, alkyl-COQaryl, heteroaryl, nitro
substituted heteroaryl, or when attached to a nitrogen atom, two adjacent R groups may
combine to form a ring of 5 to 7 members; R' and R” are independently Cy s alkyl; R’ and R
are independently H.

Tn another embodiment of compounds of Formula A, X is S, SO, or SO,; “spacer” 1s -
(CH,),- wherein n is 0-10; Y is heteroaryl, heteroaryl which s mono- or polysubstituted by
alkyl, alkenyl, alkynyl, CHyNH,, CH-NHR., CH>;NR,, COOH, COOR wherein R is alkyl,
alkenyl, alkynyl, aryl, alkyl-COOH, alkyl-COOalkyl. alkyl-COOQaryl, heteroaryl, nitro
substituted heteroaryl, or when attached to a nitrogen atom, two adjacent R groups may
combine to form a ring of 5 to 7 members; R' and R” are independently C,s alkyl; and R and
R* are independently H.

In another embodiment of compounds of Formula A, X is S, SO, or SO»; “spacer” 1s -
(CH2),-CO-; 1 is 0-10; Y is heteroaryl, unsubstituted or substituted by one or more by alkyl,
alkenyl, alkynyl, CH,NH,, CH>NHR, CH,NR,, COOH, COOR wherein R is alkyl, alkenyl,
alkynyl, aryl, alkyl-COOH, alky}-COOQalkyl, alkyl-COOaryl, heteroaryl, nitro substituted

heteroaryl, or when attached to a nitrogen atom, two adjacent R groups may combine to form
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a ring of 5 to 7 members; R' and R® are independently Cy.5 alkyl; and R> and R” are
independently H.

In another embodiment of compounds of Formula A, X is S, SO, or SO»; “spacer” 1s -
(CHy)p- or (CH2)p-CO-; nis 0-10; Y 18 isoxazolyl or furanyl which may be optionally
substituted by mono- or polysubstituted by alkyl, alkenyl, alkynyl, CHoNH,, CHaNHR,
CH,NR,, COOH, COOR wherein R 1s alkyl, alkenyl, alkynyl, aryl, alkyl-COOH, alkyl-
COQalkyl, alkyl-COOaryl, heteroaryl, or nitro substituted heteroaryl, or when attached to a
nitrogen atom, two adjacent R groups may combine to form a ring of 5 to 7 members; R' and
R* are independently C 5 alkyl; R? and R" are independently H.

In another embodiment of compounds of Formula A, X 18 S. SO, or SO»; “spacer’ 18 -
(CH:),- or -(CH2)p-CO- wherein is 0-10; Y is isoxazolyl which may be optionally
substituted by mono- or polysubstituted by alkyl, alkenyl, alkynyl, CH;NH,, CH,NHR,
CH,NR,, COOH, COOR wherein R is alkyl, alkenyl, alkynyl, aryl, alkyl-COOH, alkyl-
COQOalkyl, alkyl-COOQaryl, heteroaryl, or nitro substituted heteroaryl, or when attached to a
nitrogen atom, two adjacent R groups may combine to form a ring of 5 to 7 members; R' and
R* are independently Cy s alkyl; and R® and R* are independently H.

In another embodiment of compounds of Formula A, X is 5, 5O, or SO,; “spacer 18 -
(CH»),- or -(CH»),-CO- wherein n ig 0-10; Y is furanyl which may be optionally substituted
by mono- or polysubstituted by alkyl, alkenyl, alkynyl, CH,NH;, CHoNHR, CHNR,
COOH. COOR wherein R is alkyl, alkenyl, alkynyl, aryl, alkyl-COOH, alkyl-COOalikyl,
alkyl-COOQaryl, heteroaryl, or nitro substituted heteroaryl, or when attached to a nitrogen
atom, two adjacent R groups may combine to form a ring of 5 to 7 members; R! and R* are
independently C;s alkyl; and R? and R* are independently H.

In another embodiment of compounds of Formula A, X is S, SO, or 502 “spacer’ 1S -
(CH)u- or -(CHz)p-CO- wherein n is 0-10: Y is NH», NHR or NR; wherein R 18 alkyi,
alkenyl, alkynyl, aryl, alkyl-COOH, alkyl-COOalkyl, alkyl-COOaryl, heteroaryl, or nitro
substituted heteroaryl, or when attached to a nitrogen atom., two agjacent R groups may
combine to form a ring of 5 to 7 members; R' and R are independently C,.s alkyl; and R” and
R* are independently H.

In another embodiment of compounds of Formula A, X is S, 50, or SO,; “spacer’ 18 -

(CH>),- or -{CH3),-CO- wherein n is 0-10; Y is NH», NHR or NR» wherein R 1s alkyl, or
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when attached to a nitrogen atom, two adjacent R groups may combine to form a ring of 5 1o
7 members: R and R” are independently C;.5 alkyl; and R” and R* are independently H.

In another embodiment of compounds of Formula A, X is S, SO, or SO,; “spacer " 1s -
(CH,),~ wherein n is 0-10; Y 1s NHb, NHR or NR> wherein R is alkyl, or when attached to a
nitrogen atom, two adjacent R groups may combine to form a ring of 5 to 7 members; R' and
R* are independently C, s alkyl; and R® and R are independently H.

In another embodiment of compounds of Formula A, X is S, SO, or SO;; “spacer’ 1s -

(CH,),-CO- wherein n is 0-10; Y is NH,, NHR or NR; wherein R is atkyl, or when attached

to a nitrogen atom, two adjacent R groups may combine to form a ring of 5 to 7 members; R’
and R~ are independently C,.s alkyl; and R? and R* are independently H.

In another embodiment of compounds of Formula A, X 18 S, SO, or SO7; “spacer” 1s -
(CH,)o- or -(CH5),-CO- wherein n is 0-10; Y is selected from the group consisting of straight
chained. branched or cyclic alkyl, straight chained, branched, or cyclic alkyl substituted by
OCOR, SO,0H, COOH or COOR, and OCOR, wherein R is alkyl, alkenyl, alkynyl, and aryl,
or when attached to a nitrogen atom, two adjacent R groups may combine to form a ring of 5
to 7 members; R! and R” are independently C;_s alkyl; and R? and R" are independently H.

In another embodiment of compounds of Formula A, X is S, SO, or SO;; “spacer’ 1s -
(CHy)p- or -(CH2)-CO- wherein n is 0-10; Y is selected from the group consisting of stratght
chained. branched or cvelic alkyl, straight chained, branched, or cyclic alkyl substituted by
OCOR. SO,OH, COOH or COOR, and OCOR, wherein R is alkyl or two adjacent R groups
may combine to form a ring of 5 to 7 members; R’ and R* are independently C,.5 alkyl; and
R? and R” are independently H.

In another embodiment of compounds of Formula A, X is S, SO, or SOy; “spacer 18 -
(CH,),- wherein n is 0-10; Y is selected from the group consisting of straight chained,
branched or cyclic alkyl, straight chained, branched, or cyclic alkyl substituted by OCOR,
SO-0OH, COOH, and COOR, wherein R 1s alkyi; R! and R? are independently C s alkyl; and
R? and R* are independently H.

In another embodiment of compounds of Formula A, X is S, SO, or SOz; “spacer” 1s -
(CH;),-CO-, wherein nis 0-10; Y is selected from the group consisting of straight chamed,
branched or cyclic alkyl and straight chained, branched, or cyclic alkyl substituted by OCOR,
wherein R is alkyl, R' and R” are independently Cy_s alkyl; and R* and R” are independently
H.
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In another embodiment of compounds of Formula A, X is S, SO, or SOy; “spacer’ 1s -
(CH>)p- or -(CHy)-CO- wherein n is 0-10; Y 1s OCOR wherein R 18 alkyli; R' and R are
independently C,.5 alkyl; and R? and R are independently H.

In another embodiment of compounds of Formula A, X is S, SO, or SO, “spacer™ 1s -
(CH>),- wherein nis 0-10; Y is OCOR wherein R is alkyl, R’ and R* are independently Ci.s
alkyl; and R’ and R" are independently H.

In another embodiment of compounds of Formula A, X is S, SO, or S04, “spacer’ 1S -
(CH»),-CO- wherein n is 0-10; Y is OCOR wherein R 1s alkyl; R' and R” are independently
C;.5 alkyl; and R” and R are independently H.

In particular embodiments, the compounds useful in the treatment or prophylaxis of
diabetes, pre-diabetic disorders or diabetes-related conditions include compounds of formula
(A) as follows:

A-1. X=8; R'=t-butyl; R°=t-butyl; R°=H; R*=H; “spacer’=-CH;-; Y=4-
carboxymethylphenyl;

A-2. X=8; R'=t-butyl; R*=t-butyl; R’=H; R*=H: “spacer'=-CHz-; Y=4-nitrophenyl:
A-3. X=5: Rixt-butyl; Rzmt-butyi; R3xH; R*~H: “spacer” =-(CH,),-; Y=4-nitrophenyl;
A-4. X=5: lei-buty1; Rzztubmyl; R3=H; R4-—-H; “spacer’=-CH,-; Y= 2-carboxyethyl;
A-5. X=S:; R'=t-butyl; R°=t-butyl; R’=H; R*=H; “spacer’=-CH;-; Y=3,5-di-t-butyl-4-
carboxypropanoyloxyphenyl;

A-6. X=8; R'=t-butyl; R =t-butyl; R’=H; R*=H; “spacer”=-CHj,-; Y=4-carboxyphenyt;
A-7. X=S: R'=t-butyl; R*=t-butyl; R°=H; R*=H; “spacer”=-CH,-; Y=1-acetyloxy-1-
methylethyl;

A-8. X=5; Rlxbbutyi; R?‘::i—butyi; R’=H: R*=H; “spacer’=-CHa,-; Y=3-nitrophenyl;
A-9. X=§; Rirtwbuiyl; szt-butyi; RSmH; R'f‘rH; “spacer” =-CHj-: Y=2,4-dinitrophenyi;
A-10.X=S: R'=t-butyl: R*=t-butyl; R’=H; R*=H; “spacer’=-CHa-; Y=4-
tritfluoromethylphenyl;

A-11.X=S; R'=t-butyl; R*=t-butyl; R’=H: R*=H; “spacer”=-CH,-; Y=2-carboxyfuranyl,
A-12.X=S: R’ =t-butyl; R?=t-butyl; R’=H; R*=H; “spacer”=-CH,-; Y=4-(N,N-

dimethyhsulfonamidophenyl;
A-13.X=S0; R'=t-butyl; R*=t-butyl; R°=H: R*=H; “spacer’=-CHj-; Y=4-nitrophenyl,
A-14. X=80; Rlxt—butyi; R?‘mi:-butyi; REzH; RY=~H: “spacer’=-CHy-; Y=4-nitrophenyl,
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A-15.X=S; R'=t-butyl; R*=t-butyl; R3=H; R*=H, “spacer’=-CHy-; Y=4-
acetyloxyphenyl;

A-16.X=S; R!=t-butyl; R*=t-butyl; R'=H; R*=H; “spacer’=-CH,-; Y=4-methylphenyl;
A-17. X=5; Rimt-buty_l; R2=t~bmyi; R’=H: R*=H: “spacer =-CHa-; Y =4-flucrophenyi;
A-18.X=5; R'i=t~b11£yl; Rzzt—butyl; R’ =H; R4xH; “spacer”’=-CH;~; Y=ethylsulfonic
acid;

A-19.X=S; R'=t-butyl; R*=t-butyl; R’=H: R*=H; “spacer’=-CH;-; Y=2-
dimethylaminomethyl;

A-20. X=5; Rlﬁ{wbutyl; Rzzi-butyl; R’=H; RY=H: “spacer’=-(CHy)3-; Y=dimethylamino;
A-21.X=5; R'lﬂtw'butyi; R*=t-butyl; R’=H; R*=H: “spacer’=-(CHj)s-; Y=acetyloxy:
A-22.X=S: R'=t-butyl; R%=t-butyl; R’=H; R*=H; “spacer’=-CHa-; Y=4-(2-
hydroxy)ethylphenyl.

Formula B

In one embodiment, the invention provides a method for the treatment or prophylaxis
of diabetes, a pre-diabetes condition or a diabetes related disorder in a host, COmprising

administering a compound of formula (B):

Ra S S Ro
Me><Me
HO [0y
art

"o (B)

wherein

R., Ry, R, and Ry are independently hydrogen, straight chained, branched (for
example, tert-butyl), or cyclic alkyl which may be substituted, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, alkaryl, substituted alkaryl, aralkyl or substituted aralkyl;
substituents on the R, Ry, R. and R4 groups are selected from the group consisting of
hydrogen, halogen, alkyl, nitro, amino, haloalkyl, alkylamino, dialkylamino, acyl, and
acyloxy,

7 is selected from the group consisting of hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, aryl, aralkyl, alkaryl, heteroaryl,
heteroaralkyl, a carbohydrate group, -(CHz)n-Re, -C(0)-R,, and -C(O)-(CH2),-Ry, wherein
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when each of R, Ry, R, and Ry are t-butyl, Z cannot be hydrogen, andnis 1, 2, 3,4, 3, O, 7.
8.9 or 10;

R. is selected from the group consisting of alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, alkoxyalkyl, substituted
alkoxyalkyl, NH,, NHR, NRj, mono- or polyhydroxy-substituted alkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, acyloxy, substituted acyloxy, COOH, COOR, -CH{OH)R,
hydroxy, C(O)NH,, C{O)NHR, C(O)NR;, and epoxy;

R, is selected from the group consisting of alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, alkoxyalkyl,
substituted alkoxyalkyl, NHz, NHR, NR;, mono- or polyhydroxy-substituted alkvyl, aryl,
substituted aryl, heteroaryl, and substituted heteroaryl;

R, is selected from the group consisting of alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, alkoxyalkyi,
substituted alkoxvalkyl, NH>, NHR, NR,, mono- or polyhydroxy-substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, acyloxy, substituted acyloxy, COOH,
COOR. -CH(OH)R,. hydroxy, O-phosphate, C(O)NH,, C(O)NHR, C(O)NR, C(O)-
heteroaryl, C(O)-(glycine), C(O)-(arginine), C{O)-(glutamic acid), and C(O)-(Lysine);

R. is selected from the group consisting of alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, alkoxy, substituted alkoxy, alkoxyalkyl.
substituted alkoxyalkyl, NH,, NHR, NR;, mono- or polyhydroxy-substituted alkyl, aryi,
substituted aryl, heteroaryl, substituted heteroaryl, acyloxy, substituted acyloxy, COOH,
COOR. -CH(OH)R, hydroxy, C(O)NH;, C(O)NHR, and C(OINR2;

R is alkyl, alkenyl, alkynyl, aryl, alkyl-C(O)OH, alkyl-C(O)O-alkyl, alky1-C(O)O-
aryl, heteroaryl, wherein any of these groups are optionally substituted, or when attached to a
nitrogen atom, two adjacent R groups may combine to form a ring of 5 to 7 members; and
substitutents on the groups defined above in Formula B are selected from the group
consisting of alkyl, alkenyl, alkynyl, hydroxy, halo, nitro, amino, alkylamino, dialkylamino,
carboxy, aryl, heteroaryl, COOR, CONHy, CONHR, CONR», haloalkyl, alkoxyalkyl, mono-
or polyhydroxyalkyl, CH;-OR, CH>-OH, OCOR, O-phosphate, SO;-NHz, SO,-NHR, 50--
NR,, sulfonic acid and phosphonic acid, any of which can be turther substituted.

In an alternative embodiment of Formula B, R, Rg, and R;, can independently be a

substituent which improves the water solubility of the compound, including, but not limited
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to C(O)-spacer-SO;H, C(O)-spacer-SO3M, C(0)-spacer-PO3H,, C(O)-spacer-PO3 M, C(O)-
spacer-PO;HM, C(O)-spacer-POsH, C(O)-spacer-POsM, SO:M, -POsH;, -PO3M,, -PO3HM,
cyclic phosphates, polyhydroxyalkyl, carbohydrate groups, C{O)-spacer-(O(Cy3 alkyl)p)g, -
(O(C 3 alkyl)p)g, wherein q or p 18 independently 1, 2, or 3, M is a metal used to form a
pharmaceutically acceptable salt. carboxy lower alkyl, lower alkylcarbonyl lower alkyl, N,N-
dialkyl amino lower alkyl, pyridyl lower alkyl, imidazolyl lower alkyl, morpholinyl tower
atkyl, pyrrolidinyl lower alkyl, thiazolinyl lower alkyl, piperidiny! lower alkyl, morpholinyl
lower hydroxyalkyl, N-pyrryl, piperazinyl lower alkyl, N-alkyl piperazinyl lower alkyl,
triazolyl lower alkyl, tetrazolyl lower alkyl, tetrazolylamino lower alkyl, or thiazolyl lower
alkyl.

In one embodiment of compounds of Formula B, R,, Ri. R., and Rg are independently
hydrogen or straight chained, branched, or cyclic Cyyo alkyl; Z is selected {rom the group
consisting of alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, a carbohydrate group, {CH>)a-Re, “C(O)-Rg, and -C(O)Y-(CH2)u-Rp, and
pharmaceutically acceprable salts thereot.

In one embodiment of compounds of Formula B, R, Re, R., and Ry are independently
hydrogen or straight chained, branched, or cyclic Cy.5 alkyl; Z is selected from the group
consisting of alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted
alkynyl, a carbohydrate group, -(CHz)a-Re, -C(0)-R,, and -C(O)-(CHz)n-Ry, and
pharmaceutically acceptable salts thereof.

In one embodiment of compounds of Formula B, R, Ry, R, and Rg are independently
hydrogen or straight chained, branched, or cyclic Cy.5 alkyl; Z is selected from the group
consisting of alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, -CH;-aryl
substituted alkynyl, a carbohydrate group, -CH,-NR», -CHz-alkoxy, -CH,-CHOH, -CH:-
substituted aryl, -CHz-alkyl, -CH,-substituted alkyl, .CH>.-OCO-alkyl, -CH;-OCO-
substituted alkyl, ~-CH;-COOR, -CH--CH(OHYCH,NHCH,COOR, -CH,-CH{OH)-substituted
oxiranyl (wherein the substituent is selected from the group consisting of hydrogen, CH;OH,
CH-OCHOH-oxiranyl), -CO-aryl, -CO-substituted aryl, -CO-heteroaryl, -CO-substituted
heteroaryl, -CO-(CH,),-COOR, CO-(CH),-OH, _CO-(CH>),-O-phosphate, -CO-(CHz),-CO-
NR,, -CO-(CHy)g-aryl, ~CO-(CHa )y- substituted aryl, -CO-{(CHz),-heteroaryl, SCO-(CHp)pe
substifuted heteroaryl, -CO-(CH»),-CONH(CH,)COOR, LCO-(CH)~CON((CH;YCOOR ),

monosaccharides, and cyclic monosaccharides, and pharmaceutically acceptable salts thereof.
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In one embodiment of compounds of Formula B, R,, Ry, R, and R, are independently
hydrogen or straight chained, branched, or cyclic Cy.s alkyl; Z is selected from the group
consisting of alkyl, hydroxy alkyl, polvhydroxy alkyl, alkenyl, hydroxy alkenyl, acyl-
substituted alkenyl, alkoxy alkyl, nitrophenylalkyl, aminophenylalkyl,
alkylamimophenylalkyl, dialkylaminophenylalkyl, aminoalkyl, alkylaminoalkyl,
dialkylaminoalkyl, carboxyalkyl, acyloxyalkyl, oxiranyl-substituted hydroxyalkyl,
hydroxyalkyi-substituted oxiranylmethylene, oxiranyl-substituted hydroxyalkoxyalkyl
oxiranylmethylene, oxiranylmethylene, carboxyalkylaminohydroxyalkyl,
alkoxyhydroxyalkyl, glucopyranosyl, galactopyranosyl, N,N-diacylalkylaminchvdroxyalkyl,
carboxyalkylaminopolyhydroxyalkyl, (amino)carboxy)alkylaminohydroxyalkyl,
acyloxyhydroxyalkyl, polyhydroxyalkylaminohydroxyalkyl, CO-carboxyalkyl, CO-
mitrofuranyl, CO-hydroxyalkyl, CO-polyhydroxyalkyl, CO-amidoalkyl, CO-aminoalkyl, CO-
alkylaminoalkyl, CO-dialkylaminoalkyl, CO-acylalkyl, CO-alkoxycarbonylalkyl, CO-
tetrazolylalkyl, CO-(acyl)(amino)alkylamino, dialkoxycarbonylalkylamidoalkyl, and CO-
hydroxyphenyloxyphosphonoxyalkyl, or pharmaceutically acceptable salts thereof.

In one embodiment of Formula B, Z is (i) Ci.jpalkyl or substituted Cy_jpalkyl,
terminated by sulfonic acid, (i1) C;.jpalkyl or substituted Cy.1palkyl, terminated by phosphonic
acid, (1) substituted or unsubstituted Cy.palkyl-O-C(O)-Cy 0alkyl, (iv) straight chained
polyhydroxylated Ca.qp alkyl; (v) -(CRu2)1.6-COOH, wherein Ry, is independently hydrogen,
halo, amino, or hydroxy; or (vi) -( CRy) 16-X, wherein X is aryl, heteroaryl, or heterocycle,
wherein Ry, 18 independently hydrogen, halo, amino, or hydroxy.

In particuiar embodiment of compounds of Formula B for use in the treatment of
diabetes, pre-diabetic conditions or diabetes-related disorders:

B-1. Ra=t-butyl, Ry=t-butyl, Re=t-butyl, and Ry=t-butyl; Z=4-nitrophenyl,;

B-2. Ry=t-butyl, Ry=t-butyl, Re=t-butyl, and Rg=t-butyl; Z=CO-(CH_;),-COOH;

B-3. Ry=t-butyl, Rp=t-butyl, Re=t-butyl, and Rg=t-butyl; Z=CO-(5-mtrofuran-2-yl};
B-4. Ry=t-butyl, Rp=t-butyl, Rc=t-butyl, and Rg=t-butyl; Z=3-carboxypropyl;

B-5. Ry=1-methylethyl, Rp=t-butyl, Rc=methyl, and Rg=methyl; Z=4-aminobutyl;
B-6. Ry=t-butyl, Ry=t-butyl, R.=t-butyl, and Rg=t-butyl; Z=4-aminobutyl;

B-7. Ry=t-butyl, Ry=t-butyl, Re=t-butyl, and Rg=t-butyl; Z=3-hydroxypropanoyl;

B-5. Ry=t-butyl, Re=t-butyl, Re=t-butyl, and Ry=t-butyl; Z=t-butylcarbonyloxymethyvl;
B-9. Ry=t-butyl, Ry=t-butyl, R.=H, and Rs=H; Z=4-aminobutyl;
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B-10.R=t-butyl, Ry=t-butyl, R.=H, and Rg=H; Z=3-carboxypropyl;

B-11.R =t-butyl, Ry=t-butyl, R.=t-butyl, and Ry=t-butyl; Z=carboxymethyl;

B-12. R, =t-butyl, Ry=t-butyl, R=t-butyl, and Ry=t-butyl; Z=2-(CONH:)ethanoyl,

B-13.R=t-butyl, Ry=t-butyl, R.=t-butyl, and Rg=t-butyl; Z=CO-aminomethyl;

B-14. R =t-butyl, Ry=t-butyl, R;=t-butyl, and Rg=t-butyl; Z=CO-(3-carboxypropyl),

B-15.R =t-butyl, Ry=t-butyl, R.=t-butyl, and Rg=t-butyl; Z=CO-(2-
methoxycarbonylethyl);

B-16.R =t-butyl, Ry=t-butyl, R.=t-butyl, and Rg=t-butyl; Z=CO-aminoethyl,

B-17. R =t-butyl, Ry=t-butyl, R=t-butyl, and Rg=t-butyl, Z=CO-4-carboxybutyl;

B-18. R, =t-butyl, Rp=t-butyl, Rc=t-butyl, and Rs=t-butyl; Z=2-carboxyethyl;

B-19. R, =t-butyl, Ry=t-butyl, R.=H, and Rg=H; Z=CO-2-carboxyethyl,

B-20.R =t-butyl, Ry=t-butyl, Rc=t-butyl, and Rg=t-butyl; Z=CO-ammonium methyl
(chlornde)

B-21.R.=t-butyl, Ry=t-butyl, Re=t-butyl, and Ry=t-butyl; Z=2-hydroxy-2-oxiranyl-ethyl;

B-22.R,=t-butyl, Ry=t-butyl, R.=t-butyl, and Rs=t-butyl; Z=3-hydroxymethyloxirany-2-
ylmethyl;

B-23.R =t-butyl, Ry=t-butyl, R.=t-butyl, and Rg=t-butyl; Z=3-(2-hydroxy--
oxiranyl)ethoxyoxiran-2-ylmethyi;

B-24. R, =t-butyl, Ry=t-butyl, R=t-butyl, and Rg=t-butyl; Z=oxmranylmethyl;

B-25 R, =t-butyl, Ry=t-butyl, Re=t-butyl, and Ry=t-butyl; Z=2-hydroxy-3-
carboxymethylaminopropyl;

B-26.R,=t-butyl, Ry=t-butyl, R.=t-butyl, and Ry=t-butyl; Z=2,3,4-trihydroxybutyl;

B-27 R =t-butyl, Ry=t-butyl, R.=t-butyl, and Rg=t-butyl; Z=2-hydroxy-3-ethoxypropyl,

B-28. R =t-butyl, Ry=t-butyl, R=t-butyl, and Rg=t-butyl; Z=2,3-dihydroxypropyl;

B-29 R, =t-butyl, Ry=t-butyl, R.=t-butyl, and Rs=t-butyl; Z=ethyl;

B-30.R=t-butyl, Ry=t-butyl, R.=t-butyl, and Ry=t-butyl; Z=2-ethoxycarbonylethenyl,

B-31.R,=t-butyl, Ry=t-butyl, R=t-butyl, and Ry=t-butyl; Z=4-N,N-
dimethylaminophenethyl;

B-32 R =t-butyl, R,=t-butyl, Re=H, and Rq=H; Z=CO-3-carboxypropyl;

B-33.R.=t-butyl, Ry=t-butyl, Re=t-butyl, and Rg=t-butyl; Z=CO-2-carboxyethyl (L.-
arginine estery;

B-34. R =t-butyl, Ry=t-butyl, Rc=t-butyl, and Rg=t-butyl;, Z=3-methoxycarbonylpropyl;
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B-35.R.=t-butyl, Ry=t-butyl, Rc=t-butyl, and Ry=t-butyl; Z=2-carboxyethenyl;

B-36. R,=t-butyl, Ry=t-butyl, Re=t-butyl, and Rs=t-butyl; Z=galactopyranosyimethyl;

B-37 R,=t-butyl, Ry=t-butyl, R.=t-butyl, and Rg=t-butyl; Z=3-(N-N-diethylamino)propyl,

B-38. R =t-butyl, Rp=t-butyl, Re=t-butyl, and Rg=t-butyl; Z=3-ethoxycarbonylpropenyl,

B-39. R.=t-butvl. Ry=t-butyl, R.=t-butyl, and Ry=t-butyl;
Z=carboxymethylaminocarbonylmethyl;

B-40.R,=t-butyl, Ry=t-butyl, R=t-butyl, and Rg=t-butyl; Z=1,3-
dicarboxypropylaminocarbonyimethyl,

B-41.R=t-butyl, Ry=t-butyl, R.=t-butyl, and Rg=t-butyl; Z=2-hydroxy-3-(1,3-
diethoxycarbonyvl)propylammopropyl,

B-42 R, =t-butyl, Ry=t-butyl, Rc=t-butyl, and Ry=t-butyl; Z=2,5-dihydroxy-4-
carboxymethylaminobutyl;

B-43. R =t-butyl, Ry=t-butyl, Rc=t-butyl, and Rg=t-butyl; Z=2-hydroxy-3-(3-amino-3-
carboxy)propylaminopropyl;

B-44. R =t-butyl, Ry=t-butyl, R=t-butyl, and Ry=t-butyl; Z=4-ethylcarbonyloxybutyl;

B-45.R=t-butyl, Ry=t-butyl, R;=t-butyl, and Rs=t-butyl; Z=4-hydroxybutyl;

B-46.R,=t-butyl, Ry=t-butyl, Re=t-butyl, and Rs=t-butyl; Z=glucopyranosylmethyl,

B-47 R =t-butyl, Ry=t-butyl, Rc=t-butyl, and Rg=t-butyl; Z=CO-3-tetrazolylpropyl;

B-48 R,=t-butyl, Ry=t-butyl, Re=t-butyl, and Ry=t-butyl; Z=3-hydroxypropenyi;

B-49. R =t-butyl, Ry=t-butyl, R.=t-butyl, and Rg=t-butyl; Z=CH;CONH-
(CH,)YCH{NNH,)COOH;:

B-50.R=t-butyl, Ry=t-butyl, R.=t-butyl, and Rg=t-butyl;

Z=CH,CONHCH(COOet)CH.CH,(COOet);

B-51. R.=t-butyl, Ry=t-butyl, R.=t-butyl, and Rg=t-butyl; Z=glucopyranosylmethyl;

B-52. R =t-butyl, Ry=t-butyl, R=t-butyl, and Ry=t-butyl; Z=2,3,4,5,6-pentahydroxyhexane;

B-53. R, =t-butyl, R,=t-butyl, R.=t-butyl, and Ryg=t-butyl;, Z=C0-3-(2-
hydroxyphenyloxyphosphoxy)propyi;

B-54. R.=t-butyl, Ry=t-butyl, R=t-butyl, and Rg=t-butyl; Z=CO-2,2-dimethyl-3-
hydroxvpropyvl:

B-55.R=t-butyl, Ry=t-butyl, R=t-butyl, and Rg=t-butyl; Z=2-hydroxy-3-acetoxypropyl.

B-56. R =t-butyl, Ry=t-butyl, R.=t-butyl, and Rs=t-butyl; Z=2-acetoxy-3-hydroxypropyl;
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B-57.R,=t-butyl, Ry=t-butyl, R.=t-butyl, and Rg=t-butyl; Z=CH,CH(OH)CH;NH
(2,3,4,5,6)-pentahydroxvhexane.

Formula I

In one embodiment, the invention provides a method for the treatment or prophylaxis
of diabetes, a pre-diabetes condition or a diabetes related disorder in a host, comprising

administering an effective amount of a compound ot Formula I:

S S
>< o )
HO o)k(mg)x)l\m
(D

wherein x 1s selected {rom 1, 2, 3 or 4;

or a pharmaceutically acceptable salt, ester, pharmaceutically acceptable derivative, or
prodrug thereot.

In one sub-embodiment. x is 2. In another subembodiment, x is 3. In one subembodiment,
the host is a human. In a particular subembodiment, the compound 1s a monosuccinic acid
ester of probucol or a pharmaceutically acceptable salt, ester, pharmaceutically acceptable
derivative, or prodrug thereof.

In a specific subembodiment, the compound is a monosuccinic acid ester of probucol

of the sf{ructure:
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Formula II

In a more particular embodiment, the invention provides a method for the treatment or
nrophylaxis of diabetes, a pre-diabetes condition or a diabetes related disorder m a host,

comprising administering a compound of Formula 11

>
(CH.) OH
O O/ 2X\H/
O

(1E)
wherein x 1s selected from 1. 2, 3 or 4,

or a pharmaceutically acceptable salt, ester, pharmaceutically acceptable derivative, or

prodrug thereof. In a particular embodiment, x is 1. In one sub-embodiment, x is 2. In
another subembodiment, x is 3. In a further sub-embodiment, x 1s 4.

In one embodiment, the compound 18 of the structure:

>
OH
HO 5 /Y
O
or a pharmaceuticaily

acceptable salt, ester, pharmaceutically acceptable derivative, or prodrug thereot.

Specific compounds to be used in the methods or compositions of the present

invention include those listed in Table 1:

R T NI NI IR TR T T T}
vvvvvvvv

“Table I
2. 6-di-tert-butyi-4- Butanocic acid, 4-14-[11-1i3,5-bis(}, 1~ g
thio(4"{methyl)pheaylacetic acid))phenol dimethyiethyl}-4-hydroxyphenyljthiol-1- |
methyviethyiléhio]-2,6-bis(l], 1-
| dimethylethylyphenoxy]-
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2,6-di-teri-butyl
mirobenzyi

phenol

LA A At adl RARE S00 RAR 1L RARE SAL 00NNttt At titatidt) I TIT IR TR T T ent
"""

-thio(4 -

Butanedioic acid, (1-
methylethylhidineybis[thio{2,6-bi{l, |-
dimethylethyl)-4, i-phenylene | } ester,

2,6-di-tert-but yl-4-thio(4’ -
nitrophenethylphenci

. L

Glycine, {1-methylethylidene)bis [bis
[thio2,6-bis {1, i-dimethylthyl)-4,1-
phenylene]} ester, dihydrochloride

2,6-di-tert-butyl-4-thic{butanoic
acid jphenol

nnnnnnnnnnnnnnnnnnnnnnnnnn

Oxiranemethanol, a-{{4-[]] {[3 J—i}zs(t ] - §
dumethvieihyl)-4-hydroxyphenylithiol-1- |
methylethyi]thio]-2,6-bis(1,1-
dzmethylethy%);}henoxy}methyl]

2,6-di-tert-butyl-4-thio(3°,3 -ditert-

butyl,4’-hydroxyphenyl butanedioic acid

esterypheno!

Oxiranemethanol, 3-[i4-]11-]i3,5- b:s(% ]-

dimethylethyl)-4-hydrox yphenyi]|thio]-1- :
methylethyl]thio]-2,6-bis{1, 1~
dimethvlethyDphenoxyimethyi]-

2,6-di-lert-butyi-4-
ifﬁﬂ(‘*’(methyi)beﬂmic acid}pheﬁgi

Oxiranemethanol, o-[[[3-[[4-[[1-{[3,5-
bis(1, I-dimethylethyl)-4-
hydroxyphenvllthiol-1-methyvilethyl]thio-

2.,6-bis(1,1-
dirnethylethylphenoxyimethylioxiranyli
methox y] methyl]

2,0-di-tert-butyl-4-thio(2 -acetoxy,2 -
methylpropyliphenol

?henol, 4-[[1-]i3,5-ast 1,1-
dimethvlethyl)-4-
(oxiranylmethoxyiphenyijthio]-1-
methylethyl]thio]-2,6-bis{1, 1-
dimethylethyi)-

2,6-di-tert-butyl-4-thio(3’-
nitrobenzyl)phenoel

Glycine, N-{3-[4-{[ 1-[[3.5-bis(],1-
dimethylethyh-4-hydroxyphenyljthic]-1-
methyiethylithio}-2,6-bis(},1-
dimethvylethyl)phenoxy|2-
hydrex ypmpvi]

2,6~-di-tert-butvl-4-thie(2,4’-
dinitrebenzyl)phenol

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

1,2, 3-Butanetnol, 4-|4

-[[1-][3,5- Z:ns(] I-
dimethylethyl)-4-hydroxyphenylithiol-1- |
methylethyilthic]-2,06-bis(1,1-
dimethvlethyl)phenoxy]-2-
nydroxypropyli-

(2 6-di-tert-butyl- 4-th1o(4’
{triflucromethyibenzyl)paenol

Phenol, 4-i{1-1[3,5-bis(l,1-
dimethylethyl}-4-(3-ethoxy-2- !
hydroxypropoxy)phenyiithio]-1-
methylethylithio]-2,6-bis(1,1-
dimethyiethvl)-;

2.6-di-tert-butyi-4-thio{ (2" -
furancarboxvhc acid)-5-methyhDphenol

1,2- Propanedloi 3-[A-[[1-]3.5-bis(1, 1- t
dimethylethyl)-4-hydroxyphenylithiol-1- |
methylethyi {thno]-2,0-s(], 1- |
dimethylethylphenoxy]-
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2,6-di-tert-butyl-4-thio(4’-methyl-N,N-

dimethylbenzenesuifonamide jphenoi

Phenol, 4-1] 1-[]3,5-bis(1,i-
dimethylethyi)-4-ethox yphenyilthioi-1-
methylethyl]thioi-2,6-bis{(1,1-
dimethylethyl)-

2,6-di-tert-butvi-4-sultinyl{4’-
nitrebenzvlyphenol

2-Propenotc acid, 3-[4-[[1-[i3,5-bis(1,1-

chmethylethyl}-4-hydroxyphenyi]thioi-1-
metnylethylithio]-2,6-bis{1,1-
d1methylethvl)pilenoxy] eihyl esi-&r (E)-

2,0-di-tert-butyl-4-{sulfonyl-(4’-
nitrobenzyl))phenol

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
v

Butanedioic acid, monol 4-[[ 1-[[3,5—
bis(1, I-dimethvlethyi)-4-
methoxyphenyl]thio}l-methylethyl]thio]-
2,6-bis(1, 1-dimethylethyphenyl} ester

2,6-di-tert-butyi-4-thio(4’ -
acetox ybenzyilphenol

Phenol, 4-[{1-[{4-[2-[4-
(dimethyiamino)phenvliethoxyi-3,5-
hs{1, l-dimethylethyh)phenyijthioi-1-

methylethyllthio]-2 6-bis(},1-
dimethylethyl)-

2,6-di-tert-butyl-4-thio(4’ -
methylbenzyliphenol

Benzenamune, 4.4°-[{1-
methylethylidene)bis[thiofZ,6-bis(1,]-
dimethylethyi}-4, I-phenylene]oxy-2,1-

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

2 . 6-di-tert-butyl-4-thio(4’ -
fluorobenzyl)phenol

ethaﬂediylj]blslN N—~d1methyl~

L-Arginine, mono[4-[[1-[[3,5- bls(l i-
dimethylethyl)-4-hvdroxyphenyl]thic]-1-
methylethyi]thio]-2,6-bis(i, |-

dimethylethylphenyi butanedioate]

2,6-di-tert-butyl-4-thio(3’ -
propanesulfonic acid)phenol

pentanedioic acid, 4-[[ 1-[[3,53-bis(i,1-
dimethvlethyl}-4-hydroxyphenvilthio]-1-
methylethylithio]-, 6-bis(i, 1~
dimethylethyl)phenyl methyi ester

2,6-di-tert-butyi-4-thio{ 5" -methyl-2’-

({dunethylamsnoymethylyuranyphenol

2-Propenoic acid, 3-14-[[1-[[3,5-bis(]1,]-

dimethylethy!)-4-hydroxyphenylithio]-1-
methylethyvllthio]-2,6-bis(1,1.
dtmethylethyi)phenﬂxy§ (E)-

2,6-di-tert-butyl-4-thio(3’-
(dimethylamino)propylphenol

a-D-CGalactopyranose, 6-O-[4-{[1-[[3,5~

bis(l, l-dimethylethyl)-4-
hydroxyphenyvi]thio]-1-methylethvlithiol-
2,6-bis(1,1-dimethylethyl)phenyt]-
1,2:3,4-bis-0O-(1-methylethviidene)

2,6-ds-tert-butyl-4-thio({1" -

(acetoxy)ipeatyl)phenol

Phenoi, 4-[{ 1-1{4-[3-
(dimethylamino}propoxy]-3,5-his(1,1-
dimethylethyhphenylithio]-1-
methylethyllthio]-2,6-bis{1,1-
{hmethyleihyl}

e

2,6-di-tert-butyi- 1 -methox y-4-thio(4d’ -
trifleoromethyiYbenzyl)
benzene

SN LA L

Glycme N-[i4-[11-]3,5-bis{]1,1-

dimethylethyl)-4-hydroxyvphenylithio]-
|, methylethyl]thio]-2,6-bis{1, -
di 1e§hytethyi)phenoxy]acetyi}

' Arin i LERRAR LU LU
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2,6-di-tert-butyl-4-thio(4’ -
(methylphenvlethyl aicohol))phenoi

Giutamic acid, N-[id-[{ 1-[[3,5-hs(l, 1~
dimethviethvi)-4-hydroxyphenyt]thioi-1-
methylethylithio}-2,6-bis{ 1, 1-

LR

Phenol, 4-[[ - 3,5-bis(1,1-
dimethylethyi)4-[(4-
nifrophenylymethoxy]phenyi]thio]-1-
methylethylithio]2,6-bis(l, 1-
dimethylethyl}-

nnnnnnnnnnnnn
------------------------

TR NIRRT I TR IR AR RN RN AR RR AR ER TIT AR TIT AR R R T OE
------------

F~Glatamic acid, N-{ 3-|4-]] 1-1]3,3-
s 1,1-dimethyiethyi}-4-
hydroxyphenylithiol-1-methylethyljthio]-
2,6-bis{ 1, I-dsrnethylethyl)phenoxyi-2-
hydroxypropylj-di-, diethyl ester

Butanedioic acid, mono [4-{[1-{[3,5-
bis{ 1, I-dimethylethyl)-4-
hydrexyphenyl]thio]-1-
methvlethylithio]2,6-bis(1,1-
dimethylethylyphenyi]
Ss{er

A1l

Glycine, N-[4-[4[[ I-]13,3-bis (1,1-
dimethylethyi} -4-hydroxphenyl]tiuo]-1-
methylethyilthio]-2,6-bis (1,1-
dimethylethyl)phenoxyj-2,3-
dihydroxybuiyl]-

RARAS P

A SLAIR LA 0L

b LA AL LA AN
Ll A& 1L BERE 110 BRE il ARSI RSERRRRSE 1Ll AR 1L A 11il SRSRRSRRRRRRELLEE B v

2-Furancarboxyiic acid, S-nitro-, 4-[{ 1-
[{3,3-bis(1, l-dimethvlethyl)-4-
hydroxyphenylithio}-i-methylethyl]thio}-
2,6-bis( 1, | -dimethylethyl)phenyl ester

ISEEET TIT RERET TT RURREER TR N}

E-Lysine, N°-[3-[4-[[1-[[3,5-bis(1,1-

dimethylethyD-4-hydroxvphenylithiol-1- |

methylethyithio|
-2,6-bis {1, 1-dimethviethyl)phenoxy]-2-

Batanowc acid, 4-14-1[1-[[3,5-bis{]1,1-

dimethylethyD)-4-hydroxyphenyl|thioj-1- ;

methylethylithio]?Z,6-dimethyiphenoxy;-

2-Propenoic acid, 4-[4-[[ 1-[[3,5-bis(i,i-

dimethylethyl)-4-hydroxyphenyljthio]-1- |

methylethyijthio]-2,6-bis(1,I-
dimethylethyl)phenoxy] butyl ester

AT N R TR LEALE LN —
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Phenol, 4-{i [-[[4-{4-aminobutoxy)-3,3-
bis( 1, 1-dimethyiethyhphenvl|thio}-1-
methylethyijthio]2,6-bis(i,1-
dimethyiethyi)-

Phenoi, 4-{[ 1-{[3,5-bis(],i-
dimethylethyl)-4-(4-
hydroxybutoxy)phenyl] thio}-1-
methylethvlithio]-2,6-s(1, 1-
dimethylethyl)-

-
-
3
oA MR T TT I T T YT

TETERETETE W N ETY T |

bis( 1, 1-dimethylethyl)phenyljthio]-1-
methylethyljthio}2,6-bis(1,1-
dgimethylethyl}-

3-D-Glucopyranose, 6-0-14-[[1-1[3,5-

bis(1,1-dimethylethyl}-4-
hvdroxyphenyl]thie]- I-methylethyi]thio]-

Butanoic acid, 4-hydorxy-, 4-{11-[3,3-
bis(1,1-dimethylethyl}-4-

hydroxyphenvl]thio}- I-methylethyi]thio]-
2,6-bis( 1, I-dimethyiethyl)phenyl ester

1-H-"Tetrazoie-1-buianoic acid, 4-[| 1-
[13.5-his( 1, l-dimethylethyl)-4-
hydroxyphenyljthio}- I-methylethyl|thio}-

2,6-bis(1, i-dimethylethylyphenyl ester |

A A PATTAY

Propanoic acid, 2,2-dimethyl-, [4-[[1-
[[3,5-bis( 1, 1-dimethylethyl}-4-

hydroxyphenylith:o]-1-methylethyl]thio]-

2,6-bis(1,1-
dimethylethyl)phenox yimethyl ester

Phenol, 4-[11-{[3,5-bis{1,1-
dirnethylethyl}-4-{{3-hydroxy-1-
propenyl)oxy]phenyljthio]-1-
methylethylithio]-2,6-bis(1, 1-

dimethylethyl)-

Phenol, 4-1[1-[{4-(4-
arminobutoxyphenyl}thio}-1-
methylethylithio}-2,6-bis(1,1-
dimethylethyi)-

AAAAAAAA

-Lysine, N°-[{4-[[ 1-[13,5-bis(L,1-
dimethylethyl)-4-hydroxyphenyljthio]-1-
methyiethyllthio}-2,6-bis(1,1-
dimethvlethyiphenoxylacetyil-

R L

nnnnnnnnnnnnnnnnnnnnnnnnnnn
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Butanoic acid, 4-14-1{1-{13,5-bis{1,1- D-Glucopyranose, 6-O-[4-{]1-][3,3- ;
dimethvlethyD-4-hydroxyphenyllthio]-1- his( 1, I-dimethvlethvl)-4-
methylethyljthio; hydroxyphenyljthio]-1-methylethyi|tino)-
ohenoxyi- | 2,6-his{ 1, I -dimethyieinyl)phenyl -
Acetic acid, [4-[[1-]13,5-;s(], 1~ D-Glucitol, 6-0O-[4-[11-[{3,5-bis(1,1- |
dimethvlethyl}-4-hydroxyphenyljthioj-1- | dimethylethyl)-4-hydroxyphenylithioj-1- |
methylethyljthiol2,6-bis(]1,1- methvlethyl|ehiol-2,6-bis(1, 1~ i
dimethylethyl)phenoxyi- dimethylethyl)phenvyli-
Butaneic acid, 4-amino-d-oxo-, 4-[[1- Butanoic acid, 4-[[hydrox y{2- |
| [[3,5-bis(1, 1-dimethylethyl)-4- hydroxyphenoxy)phosphinylloxyl-4-[{1-
3 hydroxyphenylithic]-1-methylethylfthio}- | [{3,5-bis(1, 1-dimethylethyl)-4-
2,6-bis(1,I-dimethylethyl)phenyl ester | hydrox yphenyllthiol- 1-methylethylithiol-
2,6-bis( 1, 1-dimethyiethyDphenyl ester |
Glycine, 4-[ 1-[13,5-bts{1,1- Butanoic acid, 4-hydroxy-3,3-dimethyl-,
dimethylethyl}-4-hydroxyphenyl|thio]- - 4-111-f[3,5-bis{1,l-dimethyiethyl)-4- |
methylethylithio]-2,6-dimethyiphenyl hydroxyphenyljthio]-1-methylethyl]thio]-
CSLCT 2,6-bis(1,i-dimethylethyl)phenyl ester
Butanedioic acid, mono[4-[[1-113.5-~ Butanoic acid, 4-(sulfoxy)-, 1-[4-[13,5-
bis(1,1-dimethylethyl}-4- bis(1,1-dimethyiethyl)-4- |
hydroxyphenyljthio)-1-methylethyl }-2,6- | hvdroxyphenyl]thio]-1-methylethyi|thio}-
dimethylphenyl] ester 2,6-bis(1,1-dimethyiethylyphenyijester
| Butanedioic acid, mono[4-[[1-{]3,3- Pemtanedicic acid, (1-
i his(},1-dimethylethyl)-4- methvlethylidene)bis(thio{2,6-bis(1, i-
hydroxyphenylithio)-1-methylethyi jthio- | dimethylethyl)-4, l-phenyiene}| ester
2 6-bis(1,1-dimethvlethyl)phenyl methyl
ester
Glycine, 4-[[1-113,5-bis(i,1- Pentanedioic acid, monof4-{i1-[i3,5-
dimethvlethyl)-4-hydroxyphenyi]thiol-1- bis(},i-dimethvlethyl)-4- g
methylethyljthio]-2,6-bis( 1, 1- hydroxyphenyljthio]-1-methyiethyl]thio}-
dimethylethyl)phenyi ester 2,.6-bis( i, I-dimethyletayl)phenyl] ester
M erhods

In one emmbodiment, a method of prophylaxis of a host at risk of developing diabetes
is provided, including administering an effective amount of a compound of Formula A, B, 1
or I1, or a pharmaceutically acceptable salt, ester, pharmaceutically acceptable derivative, or
prodrug thereof.

In a specific embodiment, a method of prophylaxis of a host at risk of deveioping
diabetes is provided, including administering an effective amount of a monosuccinic acid
ester of probucol, or a pharmaceutically acceptable salt, ester, pharmaceutically acceptable
derivative, or prodrug thereof.

In one embodiment, a method of treatment of a host who has been diagnosed with
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diabetes is provided, including administering an effective amount of a compound of Formula
A, B, Lor II, or a pharmaceutically acceptable salt, ester, pharmaceutically acceptable
derivative, or prodrug thereof.

In a specific embodiment, a method of treatment of a host who has been diagnosed
with diabetes is provided, including administering an effective amount of a monosuccinic
acid ester of probucol, or a pharmaceutically acceptable salt, ester, pharmaceutically
acceptable derivative, or prodrug thereof.

In one embodiment, the host at risk of or diagnosed with diabetes s at risk of or
diagnosed with type 2 diabetes.

In one embodiment, a method of glycemic control in a host in need thereof 1s
provided, including admmistering an effective amount of a compound of Formula A, B, T or
II, or a pharmaceutically acceptable salt, ester, pharmaceutically acceptable derivative, or
prodrug thereof.

In a specific embodiment, a method of glycemic control in a host in need thereof 1s
provided, imncluding administering an effective amount of a monosuccinic acid ester of
probucol, or a pharmaceutically acceptable salt, ester, pharmaceutically acceptable derivative,
or prodrug thereof.

In another embodiment, a method of treatment of a host who has been diagnosed with
a pre-diabetes condition is provided, including admimstering an etfective amount of a
compound of Formula A, B, 1 or lI, or a pharmaceutically acceptabie salt, ester,
pharmaceutically acceptable derivative, or prodrug thereof.

In another embodiment, a method of treatment of a host who has been diagnosed with
a pre-diabetes condition is provided, including administering an effective amount of a
monosuccinic acid ester of probucol, or a pharmaceutically acceptable salt, ester,
pharmaceutically acceptable derivative, or prodrug thereof.

In a particular subembodiment, the method is not for treatment of a diabetic vascular
disease, diabetic neuropathy, diabetic nephropathy or diabetic retinopathy.

In one embodiment, the invention provides methods and pharmaceutical compositions
for the prophviaxis or treatment of diabetes-related disorders in a host comprising
admimstering an effective amount of a compound of Formula A, B,Ior Il or a
pharmaceutically acceptable salt, ester, pharmaceutically acceptable denivative, or prodrug

thereof.
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In a specific embodiment, the invention provides methods and pharmaceuticai
compositions for the prophylaxis or treatment of diabetes-related disorders in a host
comprising administering an effective amount of a monosuccinic acid ester of probucol, or a
pharmaceutically acceptable salt, ester, pharmaceutically acceptable derivative, or prodrug
thereof.

In one embodiment, the invention provides methods and pharmaceutical compositions
for treatment or prophylaxis of kidney failure in a host, in particular humans, including
administering an effective amount of a compound of Formula A, B, Ior i, or a
pharmaceutically acceptable salt, ester, pharmaceutically acceptable derivative, or prodrug
thereof.

In one embodiment, the invention provides methods and pharmaceutical compositions
for treatment or prophylaxis of kidney failure in a host, in particular a human, including
administering an effective amount of a monosuccinic acid ester of probucol, or a
pharmaceutically acceptable salt, ester, pharmaceutically acceptable derivative, or prodrug
thereof.

In one embodiment, the invention provides methods and pharmaceutical compositions
for lowering glucose levels in a diabetic host, in particular a human, including administering
an effective amount of a compound of Formula A, B, I or II, or a pharmaceutically acceptabie
salt, ester, pharmaceutically acceptable derivative, or prodrug thereot.

In a particular embodiment, the present methods and pharmaceutical compositions are
effective in lowering glucose levels in humans afflicted with, or at risk for, type 2 diabetes.

In one embodiment, the invention provides methods and pharmaceutical compositions
for the treatment of insulin resistance in diabetic mammals, in particular, humans, including

administering an effective amount of a compound of Formula A, B, L or II,ora

pharmaceutically acceptable salt, ester, pharmaceutically acceptable derivative, or prodrug
thereof. In a particular embodiment, the compound is a monosuccinic acid ester of probucol.

In one embodiment, the invention provides methods and pharmaceutical compositions
are effective in lowering glucose in non-diabetic hosts that have impaired glucose tolerance
and/or are in a pre-diabetic condition, including administering an effective amount of a
compound of Formula A, B, I or Tl, or a pharmaceutically acceptable salt, ester,

pharmaceutically acceptable derivative, or prodrug thereof. In a particular embodiment, the

compound is a monosuccinic acid ester of probucol.
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[n one aspect of the invention a method or composition for the ftreatment or
prophylaxis of diabetes, a pre-diabetic condition or a diabetes related disorder 1s provided,
which comprises administering to a patient in need of such treatment an effective amount of a
compound of Formula A, B, T or I or pharmaceutically acceptable salt, ester,
pharmaceutically acceptable derivative, or prodrug thereof in combination or alternation with
at least one compound selected from the group consisting of a biguanide, a thiazolidinedione,
a sulfonvlurea, a benzoic acid derivative, a alpha-glucosidase inhibitor, a SGLTZ inhibitor,
and INGAP peptide. In another embodiment, the compound of Formula A, B, I or 1l 1s
provided in combination or alternation with at least one compound selected from the group
consisting of: (a) DP-IV inhibitors; (b) insulin sensitizers selected from the group consisting
of (i) PPAR agonists and (ii) biguanides; (c) insulin and insulin mimetics; (d) sulfonylureas
and other insulin secretagogues; (e) a-glucosidase mhibitors; (f) glucagon receptor
antagonists; (g) GLP-1, GLP-1 mimetics, and GL.P-1 receptor agonists; (h) GIP, GIP
mimetics, and GIP receptor agonists; (i) PACAP, PACAP mimetics, and PACAP receptor 3
agonists; (j) cholesterol lowering agents selected from the group consisting of (i) HMG-CoA
reductase inhibitors, (i) sequestrants, (iii) nicotinyl alcohol, nicotinic acid and salts thereof,
(iv} PPARa agonists, (v) PPARo/y dual agonists, (vi) inhibitors of cholesterol absorption,
(vii) acyl CoA:cholesterol acyltransferase inhibitors, and (viii) anti-oxidants; (k) PPARS
agonists; (1) antiobesity compounds; (m} an ileal bile acid transporter inhibitor; (n) anti-
inflammatory agents excluding glucocorticoids; (o) protein tyrosine phosphatase-1B (P1P-
1B) inhibitors; (p) SGLT?2 inhibitors; and (q) INGAP peptide. In a specific embodiment the
compound of Formula A, B, I or II is a monosuccinic acid ester of probucol.

Compounds of Formula I and pharmaceutically acceptable salts, esters or prodrugs
thereof can be used in the manufacture of medicaments for the treatment of diabetes or
related disorders in 2 human or other mammalian patient.

In certain embodiments, the host in need of treatinent has been diagnosed with low
slucose tolerance, insulin resistance, retinopathy, nephropathy, neuropathy, Syndrome X, or
other disorders where insulin resistance 18 a component.

In other embodiments, the host in need of treatment has been diagnosed with low
glucose tolerance, insulin resistance, or Syndrome X.

In certain embodiments, a method for reducing the risks of adverse sequelae

associated with metabolic syndrome in a host in need of such treatment is provided which
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comprises administering to the patient a therapeutically effective amount of a compound of
Formula A, B, I or 1 or pharmaceutically acceptable salt, ester, pharmaceutically acceptable
derivative, or prodrug thereof. In a specific embodiment, the compound is a monosuccinic
acid ester of probucol.

Any of the compounds described herein for combination or alternation therapy can be
administered as any prodrug that upon administration to the recipient, is capable of providing
directly or indirectly, the parent compound. Nonlimiting examples are the pharmaceutically
acceptable salts (alternatively referred to as “physiologically acceptable salts™), and a
compound which has been alkylated or acylated at an appropriate position. The modifications
can affect the biological activity of the compound, in some cases increasing the activity over

the parent compound.
Lefiniriorns

Whenever a term in the specification is identified as a range (1.e. C,.4 alkyl), the range
independently refers to each element of the range. As a non-limiting example, C; 4 alkyl
means, independently, C;, Cz, C; or Cs alkyl. Similarly, when one or more substituents are
referred to as being “independently selected from” a group, this means that each substituent
can be any element of that group, and any combination of these groups can be separated tfrom
the group. For example, 1t R and R” can be independently selected from X, Y and Z, this
separately mncludes the groups R'is X and R*is X; R'is X and R*is Y; R'is X and R*is Z;
R'isYand R%is X: R'is Yand R®is Y; R'is Yand R%isZ; R'isZand R is X; R is Z
and R*is Y; and R' is Zand R” is Z.
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The term “alkyl”, unless otherwise specified, refers to a saturated straight, branched.
or cyclic, primary, secondary, or tertiary hydrocarbon of C; to Cyo, and specifically includes
methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl, isobutyl, t-butyl, pentyl, cyclopentyl,
isopentyl, neopentyl, hexyl, isohexyl, cyclohexyl, cyclohexylmethyl, 3-methylpentyl, 2,2-
dimethylbutyl, and 2,3-dimethylbutyl. The alkyl group can be optionally substituted with one
or more moieties selected from the group consisting of alkyl, halo, hydroxyl, carboxyl, acyl,
acyloxy, amino, alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano, sulfonic acid, sulfate,
phosphonic acid, phosphate, and phosphonate, either unprotected, or protected as necessary,

as known to those skilled in the art, for example, as taught in Greene, et al., Protective

.......
-----------

incorporated by reference. “ILower alkyl” referstoa C, (o Cs saturated straight, branched, or
if appropriate, a cyclic (for example, cyclopropyl) alkyl group.

The term “aryl”, unless otherwise specified, refers to a radical derived from an
aromatic compound by the removal of one hydrogen. The aryl group may be substituted or
unsubstituted. Specifically included within the scope of the term aryl are phenyl; biphenylk:
naphthyl; phenylmethyl; phenylethyt; 3.4.5-trihydroxyphenyl; 3,4,5-trimethoxyphenyl; 3,4,9-
triethoxyphenyl; 4-chlorophenyl: 4-methylphenyl; 3,5-di-tertiarybutyl- 4-hydroxyphenyl; 4-
fluorophenyl; 4-chloro-1-naphthyl; 2-methyl-1-naphthylmethyl; 2-naphthylmethyl; 4-
chiorophenylmethyl; 4-tertiarybutylphenyl; 4-tertiarybutylphenylmethyl and the like. 'Ihe
ary]l group can be optionally substituted with one or more moieties selected from the group
consisting of alkyl, halo, hydroxyl, carboxyl, acyl, acyloxy, amino, alkylamino, arylamino,
alkoxy, aryloxy, nitro, cyano, sulfonic acid, sulfate, phosphonic acid, phosphate, and

phosphonate, either unprotected, Or protected as necessary, as known to those skilled in the

Wiley and Sons, Second Edition, 1991.

The term “aralkyl”, unless otherwise specified, refers to an aryl group hinked to the
molecule through an alkyl group. The term “alkaryl”, unless otherwise specified, refers to an
alkyl group linked to the molecule through an aryl group.

The term “heteroaryl” or “heteroaromatic™ as used herein, refers to an aromatic or
unsaturated cyclic moiety that includes at least one sulfur, oxygen, nitrogen or phosphorus in
the aromatic ring. Nonlimiting examples are furyl, pyridyl, pyrimidyl, thienyl, isothiazolyl,

- imidazolyl, tetrazolyl, pyrazinyl, benzofuranyl, benzothiophenyl, quinolyl, isoquinolyl,
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benzothienyl, 1sobenzofuryl, pyrazolyl, indolyl, isoindolyl, benzimidazolyl, purinyl,
carbazolyl, oxazolyl, thiazolyl, isothiazolyl, 1,2,4-thiadiazolyl, isooxazolyl, pyrrolyl,
quinazolinyl, pyridazinyl, pyrazinyl, cinnolinyl, phthalazinyl, quinoxalinyl, xanthinyl,
nypoxanthinyl, and pteridinyl. Functional oxygen and nitrogen groups on the heteroaryl
group can be protected as necessary or desired. Suitable protecting groups are well known to
those skilled m the art, and include trimethylsilyl, dimethylhexyisilyl, t-butyldimethylsilyl,
and t-butyldiphenylsilyl, trityl or substituted trityl, alkyl groups, acycl groups such as acetyl
and propionyl, methanesulfonyl, and p-toluenelsulfonyl. The heteroaryl group can be
optionally substituted with one or more moieties selected from the group consisting of
hydroxyl, acyl, amino, alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano, sulfonic acid,
sulfate, phophonic acid, phosphate, and phosphonate, either unprotected, or protected as
necessary, as known to those skilled in the art, for example, as taught in Greene, et al,
“Protective Groups 1 Organic Synthesis,” John Wiley and Sons, Second Edition, 1991,
hereby incorporated by reference.  The term “heterocyclic” refers to a nonaromatic cyclic
eroup that can include alkyl moieties which may be substituted, and wherein there is at least
one heteroatom, such as oxygen, sulfur, nitrogen, or phosphorus in the ring. Nonlimiting
examples are morpholine, piperidine, piperazine, pyrrolidine, azetidine, and tetrahydrofuran.
The heterocychic group can be optionally substituted with one or more moieties selected from
the group consisting of hydroxyl, acyl, amino, alkylamino, arylamino, alkoxy, aryloxy, nitro,
cyano, sulfonic acid, sulfate, phophonic acid, phosphate, and phosphonate, either
unprotected, or protected as necessary, as known to those skilled in the art, for example, as
taught 1in Greene, et al., "Protective Groups in Organic Synthesis," John Wiley and Sons,
Second Edition, 1991, hereby incorporated by reference.

The term “halo” refers to chloro, bromo, iodo, and fluoro.

The term “alkoxy”, unless otherwise specified, refers to a moiety of the structure -O-
alkyl.

The term “acyl”, unless otherwise specified, refers to a group of the formula C(O)R’,
wherein R 1s substituted or unsubstituted alkyl, aryl, alkaryl or aralkyl group.

The term “protected” as used herein and unless otherwise defined refers to a group
that 1s added to an oxygen, nitrogen, or phosphorus atom to prevent its further reaction or for
other purposes. A wide variety of oxygen and nitrogen protecting groups are known to those

skilled in the art of organic synthesis.
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It should be understood that the various possible stereoisomers of the compounds of
Formula I are within the meaning of the individual terms and examples, unless otherwise
specified. As an illustrative example, " 1-methyl-butyl” exists in both {R) and the (S) form,
thus, both (R)-I-methyl-butyl and (S)-1-methyl-butyl is covered by the term "I-methyl-
butyl”, unless otherwise specified.

The term “prodrug’ 1s used to describe refer to a compound that is metabolized, for
example hydrolyzed or oxidized, in the host to form the compound of the present invention.
Typical examples of prodrugs include compounds that have biologically labile protecting
groups on a functional moiety of the active compound. Prodrugs include compounds that can
be oxidized, reduced, aminated, deaminated, hydroxylated, dehydroxylated, hydrolyzed,
dehydrolyzed, alkylated, dealkylated, acylated, deacylated, phosphorylated, dephosphorylated
to produce the active compound. They generally include any pharmaceutically acceptable
form (such as an ester, phosphate ester, salt of an ester or a related group) of a compound
which, upon administration to a patient, provides the compound described in the
specification. Nonlimiting examples are a compound which has been alkylated or acylated at
an appropriate position, for example by alkylation or acviation of the secondary hydroxyl
eroup of the probucol-like molecule.

The term “pharmaceutically acceptable derivative” refers to a derivative of the active
compound that upon administration to the recipient, is capable of providing directly or
indirectly, the parent compound, or that exhibits activity itself.

As used herein, the term “pharmaceutically acceptable salts™ refers to salts or
compiexes that retain the desired biological activity of the above-identified compounds and
exhibit manimal undesired toxicological effects. Nonlimiting examples of such salts are (a)
acid addition salts formed with inorganic acids such as sulfate, nitrate, bicarbonate, and
carbonate salts (for example, hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric
acid, nitric acid, and the like), and salts formed with organic acids including tosylate,
methanesulfonate, acetate, citrate, malonate, tartarate, succinate, benzoate, ascorbate, o-
ketoglutarate, and a-glycerophosphate salts, such as acetic acid, oxalic acid, tartaric acid,
succinic actd, malic acid, ascorbic acid, benzoic acid, tannic acid, pamoic acid, alginic acid,
polyglutamic acid, naphthalenesulfonic acid, naphthalenedisulfonic acid, and polvgalcturonic
acid; {(b) base addition salts formed with metal cations such as zinc, calcium, bismuth,

partum, magnesium, aluminum, copper, cobalt, nickel, cadmium, sodium, potassium, lithium
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and the hike, or with a cation formed from ammonia, N.N-dibenzylethylenediamine, D-
glucosamine, tetracthylammonium, or ethylenediamine; or (¢) combinations of (a) and {(b);
e.g., a zinc tannate salt or the like. Also included in this definition are pharmmaceutically
acceptable quaternary salts known by those skilled in the art, which specifically include the
quaternary ammonium salt of the formula -NRA", wherein R is as defined above and A is a
counterion, including chloride, bromide, 1odide, -O-alkyl, toluenesulfonate, methylsulfonate,
sulfonate, phosphate, or carboxylate (such as benzoeate, succinate, acetate, glycoiate, maleate,
malate, citrate, tartrate, ascorbate, benzoate, cinnamoate, mandeloate, benzyloate, and
diphenylacetate). Pharmaceutically acceptable salts may be obtained using standard
procedures well known 1 the art, for example by reacting a sutficiently basic compound such

as an amine with a suitabie acid affording a physiologically acceptable anion.

Liisorders

Methods and pharmaceutical compositions are provided for the treatment or
prophylaxis or delay of onset of diabetes, pre-diabetes and related disorders. Related
disorders of diabetes includes, but is not limited to, hyperglycemia, abnormal glucose
homeostasis, insulin resistance, Syndrome X, metabolic disorders, diabetic dyslipidemia.

In one embodument, the disease to be treated or prevented is type 2 diabetes. the
chronic overabundance of glucose associated with diabetes damages the body's blood vessels
and can lead to many related disorders. Generally, high glucose levels in the blood plasma

(hyperglycemia) can lead higher than normal amounts of particular hemoglobin, HbAlc.

Persistent or uncontrolled hyperglycema that occurs with diabetes 1s associated with
increased and premature morbidity and mortality. Often abnormal glucose homeostasis 1s
associated with obesity, hypertension, and alterations of the hipid, lipoprotemn and
apolipoprotein metabolism, as well as other metabolic and hemodynamic disease. Patients
with type 2 diabetes mellitus have a significantly increased risk of macrovascular and
microvascular complications, including atherosclerosis, coronary heart disease, stroke,
peripheral vascular disease, hypertension, nephropathy, neuropathy, microangiopathy, kidney
disorders or failure, kidney and nerve damage, cardiac disease, diabetic retinopathy and other
ocular disorders, including blindness. In extreme cases, diabetes can result in the amputation

of limbs and death.
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Other conditions related to diabetes reported by the CDC include: nervous system
diseases, which often includes impaired sensation or pain in the feet or hands, slowed
digestion of food m the stomach, carpal tunnel syndrome, and other nerve problems,
periodontal disease, which is a type of gum disease that can lead to tooth loss, complications
of pregnancy, including congenital malformations and death of the fetus, and other
complications such as diabetic ketoacidosis and hyperosmolar nonketotic coma.

Many patients who have insulin resistance or type 2 diabetes often have several
symptoms that together are referred to as Syndrome X, or the metabolic syndrome. A patient
having this syndrome is characterized as having three or more symptoms selected from the
following group of five symptoms: (1) abdominal obesity; (2) hypertriglyceridemia; (3) low
high-density lipoprotein cholesterol (HDL); (4) high blood pressure; and (5) elevated fasting
glucose, which may be in the range characteristic of Type 2 diabetes if the patient is also
diabetic. Each of these symptoms is defined in the recently released Third Report of the
National Cholesterol Education Program Expert Panel on Detection, Evaluation and
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel I, or ATP 11D,
National Institutes of Health, 2001, NIH Publication No. 01-3670.

In one embodiment, the compound of Formula A, B, I or I, or specifically the
monosuccinic acid ester of probucol 1s provided to a host to promote depletion of bile salts.
Bile salts are steroids with detergent properties which are used to emulsify lipids in foodstuff
passing through the mntestine to enable fat digestion and absorption through the intestinal
wall. They are secreted from the liver stored in the gall bladder and passed through the bile
duct into the intestine when food is passing through. The most abundant of the bile salts in
humans are cholate and deoxycholate, and they are normally conjugated with either glycine
or taurme to give glycocholate or taurocholate respectively. Depletion of bile salts, including
cholate and deoxycholate, force the liver to reabsorb cholesterol to make new bile.

In one embodiment, patients at risk for developing diabetes are prophylactically
treated to prevent onset. Patients with diabetes or at risk for developing diabetes can be
identified through several risk factors. One of the key risk factors is age and obesity.
Generally patients who are 45 years or older and overweight (with a body mass index of 25
or greater) 1s at risk of developing diabetes.

Additional risk factors for type 2 diabetes include a family history, ethnicity (Alaska

Native, American Indian, African American, Hispanic/Latino, Asian American, or Pacific
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Islander 1s at higher nisk), having had gestational diabetes or giving birth to a baby weighing
more than 9 pounds, previous history of high blood pressure or blood pressure of 140/90 mm
Hg or higher, cholesterol levels not normal (including HDL. below 35 mg/dL., or triglyceride
level above 250 mg/dL), being fairly inactive (less than three times per week exercise),
diagnosis of polycystic ovary syndrome, any test showing impaired glucose tolerance (IGT)
or impaired fasting glucose (IF(), clinical conditions associated with msulin resistance, such
as acanthosis nigricans, or a hstory of cardiovascular disease. Tests to be conducted can
mclude a fasting blood glucose test or an oral glucose tolerance test.

Glucose levels of approximately 100-126 mg/dl mn a fasting plasma glucose test (FPG)
or approximately 140-200 mg/dl i the oral glucose tolerance test (OGTT) indicate pre-
diabetes. Levels of greater than or equal to 126 mg/dl in the FPG or greater than or equal to
200 mg/di 1n the OGTT mndicate diabetes.

Symptoms of diabetes include increased thirst, increased hunger, fatigue, increased

urination, especially at night, weight loss, blurred vision, sores that do not heal.

Fharmaceniical Compositions

Mammals, and specifically humans, suffering from diabetes or related disorder can be
treated by the inhalation, systemic, oral, topical, or transdermal administration of a
composition comprising an effective amount of the compounds described herein or a
pharmaceutically acceptable salt, ester, pharmaceutically acceptable dertvative, or prodrug
thereof, optionally 1 a pharmaceutically acceptable carrier or diluent. The active materials
can be administered by any appropniate route, for example, orally, parenterally, intraven-
ously, intradermally, subcutaneously, or topically.

The compounds or compositions 15 typically administered by oral or inhalation
administration. Alternatively, compounds can be administered subcutaneously,
intravenously, intraperitoneally, intramuscularly, parenterally, orally, submucosally, by
inhalation, transdermally via a slow release patch, or topically, in an eftective dosage range {0
freat the target condition.

The active compound is included in the pharmaceutically acceptable carrier or diluent
in an amount sutficient to deliver to a patient a therapeutically effective amount without
causing serious toxic etfects in the patient treated. In one embodument, the dose of the active

compound for all of the above-mentioned conditions 1s 1n the range from about (.1 to 500
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mg/kg, about 0.1 to 100 mg/kg per day, about 0.1 to 50 mg/kg per day, about 0.1 to 20 mg/ke
per day, about 0.1 to 10 mg/kg per day, about 0.1 to 5 mg/kg per day, or about 0.5 to 2 mg/kg
per day. The effective dosage range of the pharmaceutically acceptable derivatives can be
calculated based on the weight of the parent compound to be delivered. If the derivative
exhibits activity in itself, the effective dosage can be estimated as above using the weight of
the denivative, or by other means known to those skilled in the art.

An effective dose can be readily determined by the use of conventional techniques
and by observing results obtained under analogous circumstances. In determining the
ettective dose, a number of factors are considered including, but not limited to: the species of
patient; its size, age, and general health; the specific disease involved; the degree of
mvolvement or the severity of the disease; the response of the individual patient; the
particular compound administered; the mode of administration; the bioavailability
characteristics of the preparation administered; the dose regimen selected; and the use of
concomitant medication.

In one embodiment, compounds of the present invention are administered orally. In
one embodiment, the compounds are administered less than three times daily. In one
embodiment, the compounds are administered 1n one or two doses daily. In one embodiment,
the compounds are administered once daily. In some embodiments, the compounds are
administered 1n a single oral dosage once a day.

Oral compositions will generally include an inert dituent or an edible carrier. They
may be enclosed m gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic admnistration, the active compound can be incorporated with excipients and used
in the torm of tablets, troches, or capsules. Pharmaceutically compatible binding agents,
and/or adjuvant materials can be included as part of the composition.

The tablets, pills, capsules, troches and the like can contain any of the following
mgredients, or compounds of a similar nature: a binder such as microcrystalline cellulose,
gum tragacanth or gelatin; an excipient such as starch, lactose or povidone, a disintegrating
agent such as alginic acid, Primogel, or corn starch; a lubricant such as magnesium stearate or
Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or
saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange flavoring.
When the dosage unit form is a capsule, it can contain, in addition to material of the above

type, a hiquid carrier such as a fatty oil. In addition, dosage unit forms can contain various
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other materials which modify the physical form of the dosage unit, for example, coatings of
sugar, shellac, or other enteric agents.

In a particular embodiment, the compound is mixed with povidone.

The active compound or pharmaceutically acceptable salt or derivative thereot can be
administered as a component of an elixir, suspension, syrup, water, chewing gum or the like.
A syrup may contain, in addition to the active compounds, sucrose as a sweetening agent and
certain preservatives, dyes and colorings and tlavors.

For systemic administration, the compound is conveniently administered 1n any
suitable unit dosage form, including but not limited to one containing 1 to 3000 mg, 3 to 500
mg, 10 to 400 mg, 10 to 300 mg, 10 to 200 mg, 25 to 150 mg, or 10 to 100 mg of active
ingredient per unit dosage form. A oral dosage of 25-350 mg is usually convenient. The unit
dosage form may be administered once daily, twice daily, threes tunes daily or four imes
daily. The active ingredient should be administered to achieve peak plasma concentrations of
the active compound of about 0.1 to 100 mM, preferably about 1-10 mM. This may be
achieved, for example, by the intravenous injection of a solution or formulation of the active
ingredient, optionally in saline, or an aqueous medium or administered as a bolus of the
active ingredient.

In a separate embodiment, the compounds of the invention are in the form of an
inhaled dosage. In this embodiment, the compounds may be in the form of an aerosol
suspension, a dry powder or liquid particle form. The compounds may be prepared for
delivery as a nasal spray or in an inhaler, such as a metered dose inhaler. Pressurized
metered-dose inhalers (“MDI"") generally deliver aerosolized particles suspended m
chlorofiuorocarbon propellants such as CFC-11, CFC-12, or the non-chlorofluorocarbons or
alternate propellants such as the fluorocarbons, HFC-134A or HFC-227 with or without
surfactants and suitable bridging agents. Dry-powder inhalers can also be used, either breath
activated or delivered by air or gas pressure such as the dry-powder inhaler disclosed 1n the
Schering Corporation International Patent Application No. PCT/US92/05225, published 7
Jan. 1993 as well as the Turbuhaler™ (available from Astra Pharmaceutical Products, Inc.) or
the Rotahaler™ (available from Allen & Hanburys) which may be used to deliver the
aerosolized particles as a finely milled powder in large aggregates either alone or in
combination with some pharmaceutically acceptable carrier e.g. lactose; and nebulizers.

The compounds of the invention may be also administered in specific, measured
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amounts 1n the torm of an aqueous suspension by use of a pump spray bottle. The aqueous
suspension compositions of the present invention may be prepared by admixing the
compounds with water and other pharmaceutically acceptable excipients. The aqueous
suspension compositions according to the present invention may contain, inter alia, water,
auxiliaries and/or one or more of the excipients, such as; suspending agents, e.¢g.,
microcrystalline cellulose, sodium carboxymethylcellulose, hydroxpropyl-methyl cellulose;
humectants, e.g. glycenn and propylene glvcol, acids, bases or buffer substances for adjusting
the pH, e.g., citric acid, sodium citrate, phosphoric acid, sodium phospate as well as mixtures
of ¢itrate and phosphate buffers; surfactants, e.g. Polysorbate 80; and antimicrobial
preservatives, e.g., benzalkomum chiornide, phenylethyl alcohol and potassium sorbate.

sSolutions or suspensions used tor parenteral, intradermal, subcutaneous, or topical
application can include the following components: a stenile diluent such as water for
mjection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or
other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl parabens;
antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as
ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and agents
for the adjustment of tonicity such as sodium chloride or dextrose. The parental preparation
can be enclosed 1n ampoules, disposable syringes or multiple dose vials made of glass or
plastic.

Suitable vehicles or carriers for topical application are known, and include lotions,
SUSPEensions, omtments, creams, gels, tinctures, sprays, powders, pastes, slow-release
transdermal patches, aerosols for asthma, and suppositories for apphcation to rectal, vaginal,
nasal or oral mucosa. In addition to the other materials li<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>