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DEUTERATED INHIBITORS OF GASTRIC H+, K+-ATPASE WITH ENHANCED THERAPEUTIC
PROPERTIES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application Nos.
60/724,160, entitled “INHIBITORS OF THE GASTRIC H+,r K*-ATPASE WITH
ENHANCED THERAPEUTIC PROPERTIES”, filed October 6, 2005; and 60/741,316,
entitled “INHIBITORS OF THE GASTRIC H', K'-ATPASE WITH ENHANCED
THERAPEUTIC PROPERTIES, filed December 1, 2005, both of which are incorporated by
reference in their entireties.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention is directed to inhibitors of the gastric H", K*-
ATPase and pharmaceutically acceptable salts and prodrugs thereof, the chemical synthesis
thereof, and the medical use of such compounds for the treatment and/or management of
duodenal ulcers, heartburn, acid reflux, other conditions mediated by gastric acid secretion

and/or psoriasis.

Description of the Related Art

[0003] In an attempt to breakdown or to help solubilize chemicals and nutrients
that have been absorbed into the blood, the human body expresses various enzymes (e.g. the
cytochrome P4s0 enzymes or CYPs, esterases, proteases, reductases, dehydrogenases, and the
like) that react with the chemicals and nutrients to produce novel intermediates or
metabolites. Some of the most common metabolic reactions of pharmaceutical compounds
involve the oxidation of a carbon-hydrogen (C-H) bond to either a éarbon-oxygen (C-0) or
carbon-carbon (C-C) n-bond. The resultant metabolites may be stable or unstable under
physiological conditions, and can have substantially different pharmacokinetic,
pharmacodynamic, acute and long-term toxicity profiles relative to the parent compounds.
For most drugs, such oxidations are generally rapid and ultimately lead to administration of
multiple or high daily doses. There is therefore an obvious and immediate need for

improvements of such drugs.
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[0004] Chemical kinetics is the study of reaction rates. The aétivation energy Egq
in chemistry is the energy that must be supplied to a system in order to initiate a particular
chemical process. In other words, this is the minimum energy required for a specific.
chemical reaction to take place. A reaction will occur between two properly oriented
molecules if they possess a minimum requisite energy. During the approach, the outer shell
electrons of each molecule will induce repulsion. Overcoming this repulsion requires an
input of energy (i.e. the activation energy), which results from the heat of the system; i.e. the
translational, vibrational, and rotational energy of each molecule. If sufficient energy is
available, the molecules may attain the proximity and orientation necessary to cause a
rearrangement of bonds to form new substances.

[0005] The relationship between the activation energy and the rate of reaction
may be quantified by the Arrhenius equation which states that the fraction of molecules that
have enough energy to overcome an energy barrier - those with energy at least equal to the
activation energy, E,.: - depends exponentially on the ratio of the activation to thermal energy
k = Ae®*RT 1n this equation, RT is the average amount of thermal energy that molecules
possess at a certain temperature T, where R is the molar gas constant, k is the rate constant
for the reaction and A (the frequency factor) is a constant specific to each reaction that
depends on the probability that the molecules will collide with the correct orientation.

[0006] The transition state in a reaction is a short lived state (on the order of 101
sec) along the reaction pathway during which the original bonds have stretched to their limit.
By definition, the activation energy E, for a reaction is the energy required to reach the
transition state of that reaction. Reactions that involve multiple steps will necessarily have a
number of transition states, and in these instances, the activation energy for the reaction is
equal to the energy difference between the reactants and the most unstable transition state.
Once the transition state is reached, the molecules can either revert, thus reforming the
original reactants, or the new bonds form giving rise to the products. This dichotomy is
possible because both pathways, forward and reverse, result in the release of energy. A
catalyst facilitates a reaction process by lowering the activation energy leading to a transition
state. Enzymes are examples of biological catalysts that reduce the energy necessary to

achieve a particular transition state.
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[0007] A carbon-hydrogen bond is by nature a covalent chemical bond. Such a
bond forms when two atoms of similar electronegativity share some of their valence
electrons, thereby creating a force that holds the atoms together; This force or bond strength
can be quantified and is expressed in units of energy, and as such, covalent bonds between
various atoms can be classified according to how much energy must be applied to the bond in
- order to break the bond or separate the two atoms.

[0008] The bond strength is directly proportional to the absolute value of the
ground-state vibrational energy of the bond. This vibrational energy, which is also known as
the zero-point vibrational energy, depends on the mass of the atoms that form the bond. The
absolute value of the zero-point vibrational energy increases as the mass of one or both of the
atoms making the bond increases. Since deuterium (D) is two-fold more massive than
hydrogen (H), it follows that a C-D bond is stronger than the corresponding C-H bond.
Compounds with C-D bonds are frequently indefinitely stable in H>O, and have been widely
used for isotopic studies. If a C-H bond is broken during a rate-determining step in a
chemical reaction (i.e. the step with the highest transition state energy), then substituting a
deuterium for that hydrogen will cause a decrease in the reaction rate and the process will
slow down. This phenomenon is known as the deuteriuﬁl Kinetic Isotope Effect (DKIE) and
can range from 1 (no isotope effect) to very large numbers, such as 50 or more, meaning that
the réaction can be fifty, or more, times slower when deuterium is substituted for hydrogen.
High DKIE values may be due in part to a phenomenon known as tunneling, which is a
consequence of the uncertainty principle. Tunneling is ascribed to the small size of a
hydrogen atom, and occurs because transition states involving a proton can sometimes form
in the absence of the required activation energy. A deuterium is larger and statistically has a
much lower probability of undergoing this phenomenon. Substitution of tritium for hydrogen
results in yet a stronger bond than deuterium and gives numerically larger isotope effects.

[0009] Discovered in 1932 by Urey, deuterium (D) is a stable and non-radioactive
isotope of hydrogen. It was the first isotope to be separated from its element in pure form and
is twice as massive as hydrogen, and makes up about 0.02% of the total mass of hydrogen (in
this usage meaning all isotopes) on earth. When two deuteriums bond with one oxygen,
deuteﬁum oxide (D;0 or “heavy water”) is formed. D,O looks and tastes like HO but it has

different physical properties. It boils at 101.41 °C and freezes at 3.79 °C. Iis heat capacity,
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heat of fusion, heat of vaporization, and entropy are all higher than H,O. It is also more
viscous and is not as powerful a solvent as H,0. »

[0010] Tritium (T) is a radioactive isotope of hydrogen, used in research, fusion
reactors, neutron generators and radiopharmaceuticals. Mixing tritium with a phosphor
provides a continuous light source, a technique that is commonly used in wristwatches,
compasses, rifle sights and exit signs. It was discovered by Rutherford, Oliphant and Harteck
in 1934 and is produced naturally in the upper atmosphere when cosmic rays react with Ha
molecules. Tritium is a hydrogen atom that has 2 neutrons in the nucleus and has an atomic
weight close to 3. It occurs naturally in the environment in very low concentrations, most
commonly found as T,0, a colorless and odorless liquid. Tritium decays slowly (half-life =
12.3 years) and emits a low energy beta particle that cannot penetrate the outer layer of
human skin. Intémal exposure isrthe main hazard associated with this isotope, yet it must be
ingested in large amounts to pose a significant health risk.

[0011] When pure D,0 is given to rodents, it is readily absorbed and reaches an
equilibrium level that is usually about eighty percent of the concentration that is consumed
by the animals. The quantity of deuterium required to induce toxicity is extremely high.
When 0 to as much as 15% of the body water has been replaced by D0, animals are healthy
but are unable to gain weight as fast as the control (untreated) group. Between 15 to 20%
D,0, the animals become excitable. At 20 to 25%,7 the animals are so excitable that they go
into frequent convulsions when stimulated. Skin lesions, ulcers on the paws and muzzles,
and necrosis of the tails appear. The animals also become very aggressive; males becoming
almost unmanageable. At 30%, the animals refuse to eat and become comatose. Their body
weight drops sharply and their metabolic rates drop far below normal, with death occurring at
30 to 35% replacement. The effects are reversible unless more than thirty percent of the
previous body weight has been lost due to D,0. Studies have also shown that the use of D,O
can delay the growth of cancer cells and enhance the cytotoxicity of certain antineoplastic
agents.

[0012] Deuteration of pharmaceuticals to improve pharmacokinetics (PK),
pharmacodynamics (PD), and toxicity profiles, has been demonstrated previously with some
classes of drugs. For example, DKIE was used to decrease the hepatotoxicity of halothane by

presumably limiting the production of reactive species such as trifluoroacetyl chloride.
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However, this method may not be applicable to all drugr classes. For example, deuterium
incorporation can lead to metabolic switching which may even give rise to an oxidative
intermediate with a faster off-rate from an activating Phase I enzyme (e.g. cytochrome Psso
3A4). The concept of metabolic switching asserts that xenogens, when sequestered by Phase
I enzymes, may bind transiently and re-bind in a variety of conformations prior to the
chemical reaction (e.g. oxidation). This claim is supported by the relatively vast size of
binding pockets in many Phase I enzymes and the promiscuous nature of many metabolic
reactions. Metabolic switching can potentially lead to different proportions of known
metabolites as well as altogether new metabolites. This new metabolic profile may impart
more or less toxicity. Such pitfalls are non-obvious and have not been heretofore sufficiently
predictablé a priori for any drug class.

[0013]  Omeprazole (PRILOSEC®) is an inhibitor of the gastric H', K'-ATPase.
This class of drugs includes, among others, esomeprazole, lansoprazole, pantoprazole,
rabeprazole, leminoprazole, ilaprazole, nepaprazole, saviprazole and tenatoprazole. The
mechanism of action of these drugs has been extensively studied, and it is postulated that
they react transiently with a critical cysteine in the gastric HY, K*-ATPase (“gastric H"
pump”)A. Omeprazole has been shown to degrade to inactive and less active metabolites as
part of its metabolic clearance from systemic circulation. This degradation is so rapid that the
producer of omeprazole (AstraZeneca) undertook a full developmént/clinical program to
develop and market its successor (i.e. esomeprazole (NEXIUM®)), a homochiral analog of
omeprazole with a very similar pharmacodynamic, pharmacokinetic and toxicological
profile. The only noticeable difference resides in the fact that the half-life of esomeprazole in
human plasma is 20% higher than that of omeprazole. Clinical advantages of esomeprazole
versus omeprazole are unclear. “[AstraZeneca’s] conclusion that [esomeprazole] has been
shown to provide a significant clinical advantage over omeprazole in the first-line treatment
of patients with acid-related disorders is not supported by data.” (Center for Drug
Evaluation and Research, application number 21-153/21-154 for Esomeprazole Magnesium
(Nexium), MEDICAL OFFICER’S REVIEW, Section X, Summary of Benefits vs Risks).
The benefits of extending the half-lives of this class have been supported in theory by all
researchers in this field but clearly a 20% improvement is not sufficient to affect a clinical

advantage. An approach with far greater potential to improve clinical response is needed.
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[0014] " Human clinical studies have also shown that

Esomeprazole is extensively metabolized in the liver by the cytochrome Piso
(CYP) enzyme system. The metabolites of esomeprazole lack antisecretory
activity. ‘The major part of esomeprazole’s metabolism is dependent upon the
CYP2C19 isoenzyme which forms the hydroxy- and desmethyl metabolites.
The remaining amount is dependent on CYP3A4 which forms the sulphone
metabolite. CYP2C19 isoenzyme exhibits polymorphism in the metabolism of
esomeprazole, since some 3% of Caucasians and 15-20% of Asians lack
CYP2C19 and are termed poor metabolizers. At steady state, the ratio of Area
Under the Curve (AUC) in Poor metabolizers to AUC in the rest of the
population (i.e. extensive metabolizers) is approximately 2.

(Center for Drug Evaluation and Research, application number 21-153/21-154, final printed
labeling for Esomeprazole Magnesium (Nexium), FDA approval labeling February 14,
2001). '

[0015] There is therefore an immediate need for improvements in the

development of gastric H", K'-ATPase modulators.

SUMMARY OF THE INVENTION

[0016] Disclosed herein are compounds of Formula 1:

R4 R10
Rs N
!/ R
/>—S K Ry
R, NN E
Rs—\ /)—Rs
Ry N
Formula 1 R

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-enantiomer, a
mixture of about 90% or more by weight of the (-)-enantiomer and about 10% or less by
weight of the (+)-enantiomer, a mixture of about 90% or more by weight of the (+)-
enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual
diastereomer, a mixture of diastereomers, or a pharmaceutically acceptable salt, solvate, or
prodrug thereof wherein:

R1, R4, Rg and Ry are independently selected from the group consisting of hydrogen,
and deuterium;

Rs, Rs, R, and Rg are independently selected from the group consisting of hydrogen,
deuterium, C;-Cg alkyl, and Cy-Cs alkyloxy;

-6-
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Rs is selected from the group consisﬁng of -CHy—, -CHD- and —CD,—;

R7 is selected from the group consisting of hydrogen, deuterium, -NO,, C,-C alkyl,
and C;-Cs alkyloxy; A

provided that compoundé of Formula 1 contain at least one deuterium atom, and

provided that deuterium enrichment in compounds of Formula 1 is at least about 1%.

[0017] Also disclosed herein are pharmaceutical compositions comprising a
compound according to Formula 1, a single enantiomer of a compound of Formula 1, a
mixture of the (+)-enantiomer and the (-)-enantiomer, a mixture of about 90% or more by
weight of the (-)-enantiomer and about 10% or less by weight of the (+)-enantiomer, a
mixture of about 90% or more by weight of the (+)-enantiomer and about 10% or less by
weight of the (-)-enantiomer, an individual diastereomer of a compound of Formula 1, a
mixture of diastereomers, or a pharmaceutically acceptable salt, solvate, or prodrug thereof,
with a pharmaceutically acceptable carrier.

[0018] Further, disclosed herein are methods of eliciting, modulating and/or
regulating the gastric H', K"™-ATPase.

[0019] In addition, disclosed herein are methods of treating and/or managing a
mammalian subject having, suspected of having, or being prone to a disease or condition
involving duodenal ulcers, other conditions mediated by gastric acid secretion and/or

psoriasis.

DETAILED DESCRIPTION OF THE INVENTION
[0020] Certain gastric H', K'-ATPase modulators are known in the art. The

structures of some of the known modulators are
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Omeprazole ("Prilosec") Esomeprazole ("Nexium™)

CF3 /
N0 o—/ N o096 o—
C[N)— N/ F,HC /@[N)_ S/
\ ~o \
\_7 \_/
Lansoprazole ("Takepron") 'Pantoprazole ("Protbnix")

[0021] The carbon-hydrogen bonds of these gastric HY, K'-ATPase modulators
contain a naturally occurring distribution of hydrogen isotopes, namely "H or protium (about
99.9844%), *H or deuterium (about 0.0156%), and 3H or tritium (in the range between about
0.5 and 67 tritium atoms per 10'® protium atoms). Increased levels of deuterium
incorporation produce a detectable Kinetic Isotope Effect (KIE) that could affect the
pharmacokinetic, pharmacologic and/or toxicologic parameters of these gastric H', K'-
ATPase modulators relative to compounds having naturally occurring levels of deuterium.
Aspects of the present invention disclosed herein describe a novel approach to designing and
synthesizing new analogs of these gastric H*, K-ATPase modulators through chemical
modifications and derivations of the carbon-hydrogen bonds of the modulators and/or of the
chemical precursors used to synthesize said modulators. Suitable modifications of certain
carbon-hydrogen bonds into carbon-deuterium bonds may generate novel gastric H', X'~
ATPase modulators with unexpected and non-obvious improvements of pharmacological,
pharmacokinetic and toxicological properties in comparison to the non-isotopically enriched
gastric H', K*-ATPase modulators. This invention relies on the judicious and successful
application of chemical kinetics to drug design. Deuterium incorporation levels in the
compounds of the invention are significantly higher than the naturally-occurring levels and
are sufficient to induce at least one substantial improvement as described herein.

‘ [0022] Information has come to light that enables the judicious use of deuterium

in solving the PK and PD shortcomings for gastric H*, K*-ATPase modulators. For example,

-8-
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thé (S)-isomer of omeprazole is rapidly oxidized at the benzimidazole methoxy group to a
metabolite with little or no antisecretory activity. The (R)-isomer of omeprazole is rapidly
oxidized to the 5-hydroxymethy1—15yridyl metabolite that also has little or no antisecretory
activﬁy. The toxicity of these metabolites is unknown. Furthermore, because these
oxidations take place via polymorphically expressed CYP2C19, and because an inhibition of
CYP2C19 ensues, the prevention of such oxidative destruction decreases interpatient
variability, decreases drug-drug interactions, increases Ty, decreases the necessary Cpax, and
improves several other Absorption, Distribution, Metabolism, Excretion, and toxicological
(ADMET) parameters. This affords many reasonable strategies: deuteration to protect sites
in the (S)-isomer, deuteration to protect sites in the (R)-isomer, or deuteration to protect sites
in each as applied to the racemic material. Furthermore, sites other than those mentioned
above are deuterated when metabolic switching dictates that this is necessary. All of the
other compounds of this invention have similar considerations with regard to the ‘DKIE
application. ' 4

[0023] The deuterated analogs of this invention have the potential to uniquely
- maintain the beneficial aspects of the non-isotopically enriched drugs while substantially
increasing the half-life (Ti/2), lowering the maximum plasma concentration (Cmax) of the
minimum efficacious dose (MED), lowering the efficacious dose and thus decreasing the
non-mechanism-related toxicity, and/or lowering the probability of drug-drug interactions.
These drugs also have strong potential to reduce the cost-of-goods (COG) owing to the ready
availability of inexpensive sources of deuterated reagents combined with previously
mentioned potential for lowering the therapeutic dose.

[0024] Thus, in one aspect, there are provided herein compounds having the

structural Formula 1:

R4 R10
Rs N /
/] R
/>—S 8 R7
Ry N\ /E
R5=\ / Rg
R4 N
Formula 1 Ry

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-enantiomer, a

mixture of about 90% or more by weight of the (-)-enantiomer and about 10% or less by
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weight of the (+)-enantiomer, a mixture of about 90% or more by weight of the (+)-
enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual
diastereomer, a mixture of diastereomers, or a pharmaceutically acceptable salt, solvate, or
prodrug thereof, wherein: 7

Ry, Rs, Rg and Ryg are independently selected from the group consisting of hydrogen,
and deuterium;

Rz, Rs, Re, and Rg are independently selected from the group consisting of hydrogen,
deuterium, C¢-Cs alkyl, and C¢-Cg alkyloxy;

Rs is selected from the group consisting of —-CH,—, -CHD- and —~CD;—;

R7 is selected from the group consisting of hydrogen, deuterium, -NO,, C;-Cs alkyl,
C1-Cs alkyloxy, and C;-Cs alkoxy(Ci-Ce)alkyloxy; ‘

provided that compounds of Formula 1 contain at least one deuterium atom, and
provided that deuterium enrichment in compounds of Formula 1 is at least about 1%.

[0025] Compounds of this invention have the potential to uniquely maintain the
beneficial aspects of non-isotopically enriched gastric HY, K'-ATPase modulators while
substantially altering the half-life (T1), lowering the maximum plasma concentration (Cpax)
of the minimum efficacious dose (MED), lowering the efficacious dose and thus decreasing
non-mechanism-related toxicities, and/or lowering the probability of drug-drug interactions.
These drugs also have potential to reduce the cost-of-goods (COG) due to a potential for
lowering the therapeutic dose when compared to the non-isotopically enriched gastric ',
K'-ATPase modulators. In sum, many aspects of ADMET of the non-isotopically enriched
gastric H', K'-ATPase modulators are substantially improved by this invention.

[0026]  Agents in the present invention will expose patients to a maximum of
0.000005% D,0 (can also be expressed as 0.00001% DHO). This quantity is a small fraction
of the naturally occurring background levels of D,O (or DHO) in circulation. Even this
minute exposure would require complete metabolism of every drug-incorporated C-D bond,
and yet this C-D metabolism is precisely the phenomenon that can be eliminated or
diminished through creative incorporation. Recall the levels of D,O shown to cause toxicity
in animals (vide supra). The safety factor is thus extraordinary for this approach.

[0027] “Deuterium enrichment” refers to the percentage of incorporation of

deuterium at a given site on the molecule instead of a hydrogen atom. For example,

-10-
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deuterium enrichment of 1% means that in 1% of molecules in a given sample a particular
site is occupied by deuterium. Because the naturally occurring distribution of deuterium is
about 0.0156%, deuterium enrichment in compounds synthesized using non-enriched starting
materials is about 0.0156%. In some embodiments, the deuterium enrichment in the
compounds of the present invention is greater than 10%. In other embodiments, the
deuterium enrichment in the compounds of the present invention is greater than 20%. In
further embodiments, the deuterium enrichment in the compounds of the present invention is
greater than 50%. In some embodiments, the deuterium enrichment in the compounds of the
present invention is greater than 70%. In some embodiments, the deuterium enrichment in
the compounds of the present invention is greater than 90%.

[0028] “Isotopic enrichment” refers to the percentage of incorporation of a less
prevalent isotope of an element at a given site on the molecule instead of the more prevalent
~ isotope of the element. “Non-isotopically enriched” refers to a molecule in which the
percentage of the various isotopes is substantially the same as the naturally occurring
percentages.

[0029] In certain embodiments, the compound of Formula 1 contains about 60%
or more by weight of the (-)-enantiomer of the compound and about 40% or less by weight of
(+)-enantiomer of the compound. In some embodiments, the compound of Formula 1
contains about 70% or more by weight of the (-)-enantiomer of the compound and about 30%
or less by weight of (+)-enantiomer of the compound. In some embodiments, the compound
of Formula 1 contains about 80% or more by weight of the (-)-enantiomer of the compound
and about 20% or less by weight of (+)-enantiomer of the compound. In some embodiments,
the compound of Formula 1 contains about 90% or more by weight of the (-)-enantiomer of
the compound and about 10% or less by weight of the (+)-enantiomer of the compound. In
some embodiments, the compound of Formula 1 contains about 95% or more by weight of
the (-)-enantiomer of the compourid and about 5% or less by weight of (+)-enantiomer of the
compound. In some embodiments, the compound of Formula 1 contains about 99% or more
by weight of the (-)-enantiomer of the compound and about 1% or less by weight of (+)-
enantiomer of the compound. '

[0030] In certain other embodiments, the compound of Formula 1 contains about

60% or more by weight of the (+)-enantiomer of the compound and about 40% or less by

-11-
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weight of (-)-enantiomer of the compound. In some embodiments, the compound of Formula
1 contains about 70% or more by weight of the (+)-enantiomer of the compound and about
30% or less by weight of (-)-enantiomer of the compound. In some embodiments, the
compound of Formula 1 contains about 80% or more by weight of the (+)-enantiomer of the
compound and about 20% or less by weight of (-)-enantiomer of the compound. In some
embodiments, the compound of Formula 1 contains about 90% or more by weight of the (+)-
enantiomer of the compound and about 10% or less by weight of the (-)-enantiomer of the
compound. In some embodiments, the compound of Formula 1 contains about 95% or more
by weight of the (+)-enantiomer of the compound and about 5% or less by weight of
(-)-enantiomer of the compound. In some embodiments, the compound of Formula 1
contains about 99% or more by weight of the (+)-enantiomer of the compound and about 1%
or less by weight of (-)-enantiomer of the compound.

[0031] In some embodiments, the alkyl is selected from the group consisting of
methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, and tert-butyl. In certain
embodiments the alkyloxy is selected from the group consisting of methoxy, ethoxy, n-
propoxy, iso-propoxy, n-butoxy, sec-butoxy, iso-butoxy, and tert-butoxy.

[0032] In certain embodiments, R; is hydrogen. In other embodiments, R, is
hydrogen. In some embodiments, R is hydrogen. In other embodiments, Ry is hydrogen. In
still other embodiments, Rg is hydrogen. In yet other embodiments, Ry is hydrogen. In yet
other embodiments, Rs is hydrogen. In still other embodiments, Ry is hydrogen. In still other
embodiments, Ry is hydrogen.

[0033] In certain embodiments, R; is deuterium. In other embodiments, R, is
deuterium. In some embodiments, R; is deuterium. In other embodiments, R4 is deuterium.
In still other embodiments, R is deuterium. In yet other embodiments, Ry is deuterium. In
yet other embodiments, Rg is deuterium. In still other embodiments, Ry is deuterium. In still
other embodiments, Ry is deuterium.

[0034] In further embodiments, R» is a C,.¢ alkyloxy, wherein any one or more of
the hydrogen atoms on the alkoxy group can be substituted by deuterium. In some of these
embodiments, R, is selected from the group consisting of -OCHs, -OCD;, ~OCHF», and -
OCDF,. In other embodiments, Ry is -OCD3 or ~-OCDF,.

[0035] In other embodiments, Rs is -CHj,-, -CHD- or -CD>-;
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~ [0036] In yet other embodiments, Ry is a Cy.¢ alkyloxy, wherein any one or more
of the hydrogen atoms on the alkoxy group can be substituted by deuterium. In some of these
embodimgnts, Rgis -OCHjs, or -OCD3; 7

[0037] In still other embodiments, R is a Cy. alkyl, wherein any one or more of
the hydrogen atoms on the alkyl group can be substituted by deuterium. In some of these
embodiments, Rg is -CHj, or -CDs;

[0038] In other embodiments, R7 is a Cy¢ alkyloxy, wherein any one or more of
the hydrogen atoms on the alkoxy group can be substituted by deuterium. In some of these
embodiments, R; is selected from the group consisting of -OCHjs, -OCD;, -OCH,CFs, -
OCD,CF3, and -O(CH);OCH; wherein any one or more of the hydrogen atoms in -
O(CHy);0CHj3; can be substituted by deuterivm.

[0039] In other embodiments, Rg is a Ci¢ alkyl wherein any one or more of the
hydrogen atoms on the alkyl group can be substituted by deuterium. In some of these
embodiments, Rg is -CH3, or -CD3;

[0040] In yet other embodiments, Rg is a Ci.s alkyloxy wherein any one or more
of the hydrogen atoms on the alkoxy group can be substituted by deuterium.

| [0041] In certain embodiments, R, is not hydrogen. In other embodiments, R; is
not hydrogen. In some embodiments, R is not hydrogen. In other embodiments, R4 is not
hydrogen. In still other embodiments, Re is not hydrogen. In yet other embodiments, Ry is
not hydrogen. In yet other embodiments, Rg is not hydrogen. In still other embodiments, Ro
is not hydrogen. In still other embodiments, R;o is not hydrogen.

[0042] In certain embodiments, R; is not deuterium. In other embodiments, R; is
not deuterium. In some embodiments, R; is not deuterium. In other embodiments, R4 is not
deuterium. In still other embodiments, Re is not deuterium. In yet other embodiments, Ry is
not deuterium. In yet other embodiments, Rg is not deuterium. In still other embodiments,
Ry is not deuterium. In still other embodiments, R is not deuterium.

[0043] In further embodiments, R, is not a Ci4 alkyloxy. In some of these
embodiments, Ry is not -OCHjs, -OCD3, -OCHF,, or -OCDF,. In other embodiments, R; is
not -OCD; or -OCDPF,.

[0044] In other embodiments, Rs is not -CH,, -CHD or -CDy;
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[0045]  In yet other embodiments, Rs is not a Cj.¢ alkyloxy. In some of these
embodiments, Rgis not -OCH3, or -OCDs;

[0046] In still other embodiments, Rs is not a Cy.s alkyl. In some of these
embodiments, Rgis not-CHs, or -CD3; ’

[0047] In other embodiments, R; is not a Ci¢ alkyloxy. In some of these
embodiments, Ry is not -OCHa, -OCDs, -OCH,CF3, -OCD,CF3, or -O(CH;);0CH;z wherein
any of the hydrogen atoms in -O(CH;);0CHj3 can be substituted by a deuterium.

[0048] In other embodiments, Rg is not a Cig alkyl. In some of these
embodiments, Rg is not -CHj, or -CDs;

[0049] In yet other embodiments, Ry is not a Cy.¢ alkyloxy.

[0050] In another embodiment of the invention, there are provided
pharmaceutical compositions comprising at least one of the compounds of Formula 1, a
single enantiomer of a compound of Formula 1, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and about 10%
or less by weight of the (+)-enantiomer, a mixture of about 90% or more by weight of the
(+)-enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual
diastereomer of a compound of Formula 1, a mixture of diastereomers, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, in a pharmaceutically acceptable vehicle, carrier,
diluent, or excipient, or a combination thereof, for enteral, intravenous infusion, oral,
parenteral, topical or ocular administration.

[0051] In yet another embodiment of the invention, there are provided
pharmaceutical compoéitions comprising at least one of the compounds of Formula 1, a
single enantiomer of a compound of Formula 1, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and about 10%
or less by weight of the (+)-enantiomer, a mixture of about 90% or more by weight of the
(+)-enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual
diastereomer of a compound of Formula 1, a mixture of diastereomers, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, in a pharmaceutically acceptable vehicle, carrier,
diluent, or excipient, or a combination thereof, for the treatment of conditions involving the
gastric HY, K*-ATPase, duodenal ulcers, other conditions mediated by gastric acid secretion,

Or psoriasis.
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[0052] In another embodiment of the invention, there are provided methods of
modulating the activity of the gastric H', K'-ATPase, with one or more of the compounds or
compositions of Formula 1, a single enantiomer of a compound of Formula 1, a mixture of
the (+)-enantiomer and the (-)-enantiomer, a mixture of about 90% or moré by weight of the
(-)-enantiomer and about 10% or less by weight of the (+)-enantiomer, a mixture of about
90% or more by weight of the (+)-enantiomer and about 10% or less by weight of the (-)-
enantiomer, an individual diastereomer of a compound of Formula 1, a mixture of
diastereomers, or a pharmaceutically acceptable salt, solvate, or prodrug thereof.

[0053] In still another embodiment of the invention, there are provided methods
of treating a mammalian subject, particularly a human, suspected of having, or being prone to
a disease or condition involving the gastric H', K*-ATPase, gastric ulcers, duodenal ulcers,
esophageal ulcers, other conditions mediated by gastric acid secretion, or psoriasis.

[0054] In some embodiments, the administering step in the above methods
comprises administering the compound of the invention in some composition, ie., a single
tablet, pill, or capsule, or a single solution for intravenous injection, or a single drinkable
solution, or a single dragee formulation or patch, wherein the amount administered is about
0.5 milligram to 80 milligram total daily dose.

[0055] In another embodiment of the invention, there are provided methods for
treatment of gastric acid related diseases by inhibition of gastric acid secretion cdmprising
administering to a mammalian subject in need of treatment a therapeutically effective amount
of a gastric H', K*-ATPase inhibitor comprising at least one of the compounds of Formula 1,
a single enantiomer of a compound of Formula 1, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and about 10%
or less by weight of the (+)-enantiomer, a mixture of about 90% or more by weight of the
(+)-enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual
diastereomer of a compound of Formula 1, a mixture of diastereomers, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, in a pharmaceutically acceptable vehicle, carrier,
diluent, or excipient, or a combination thereof, so as to affect decreased inter-individual
variation in plasma levels of said compound or a metabolite thereof during treatment of

gastric acid related diseases as compared to the non-isotopically enriched compound.
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[0056] In some embodiments, the inter-individual variation in plasma levels of
the compounds of the invention, or metabolites thereof, is decreased by greater than about
5%, as compared to the non-isotopically enriched compounds. In other embodiments, the
inter-individual variation in plasma levels of the compounds of the invention, 4or metabolites
thereof, is decreased by greater than about 10%, as compared to the non-isotopically enriched
compounds. In other embodiments, the inter-individual variation in plasma levels of the
compounds of the invention, or metabolites thereof, is decreased by greater than about 20%,
as compared to the non-isotopically enriched compounds. In other embodiments, the inter-
individual variation in plasma levels of the compounds of the invention, or metabolites
thereof, is decreased by greater than about 30%, as compared to the non-isotopically enriched
compounds. In other embodiments, the inter-individual variation in plasma levels of the
compounds of the invention, or metabolites thereof, is decreased by greater than about 40%,
as compared to the non-isotopically enriched compounds. In other embodiments, the inter-
individual variation in plasma levels of the compounds of the invention, or metabolites
thereof, is decreased by greater than about 50%, as compared to the non-isotopically enriched
compounds. Plasma levels of the compounds of the invention, or metabolites thereof, are
measured by the methods of Li et al Rapid Communications in Mass Spectrometry 2005,
19(14), 1943-1950, which is hereby incorporated by reference in its entirety.

[0057] In another embodiment of the invention, there are provided methods for
treatment of gastric acid related diseases by inhibition of gastric acid secretion comprising
administering to a mammalian subject in need of treatment a therapeutically effective amount
of a gastric H", K'-ATPase inhibitor comprising at least one of the compounds of Formula 1,
a single enantiomer of a compound of Formula 1, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and about 10%
or less by weight of the (+)-enantiomer, a mixture of about 90% or more by Weight’ of the
(+)-enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual
diastereomer of a compound of Formula 1, a mixture of diastereomers, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, in a pharmaceutically acceptable vehicle, carrier,
diluent, or excipient, or a combination thereof, so as to affect increased average plasma levels
of said compound or decreased average plasma levels of at least one metabolite of said

compound per dosage unit as compared to the non-isotopically enriched compound.
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[0058] In some embodiments, the average plasma levels of the compounds of the
invention are increased by greater than about ’5%, as compared to the non-isotopically
enriched compounds. In other embodiments, the averége plasma levels of the compounds of
the invention are increased by greater than about 10%, as compared to the non-isotopically
enriched compounds. In other embodiments, the average plasma levels of the compounds of
the invention are increased by greater than about 20%, as compared to the non-isotopically
enriched compounds. In other embodiments, the average plasma levels of the compounds of
the invention are increased by greater than about 30%, as compared to the non-isotopically
enriched compounds. In other embodiments, the average plasma levels of the compounds of
the invention are increased by greater than about 40%, as compared to the non-isotopically
enriched compounds. In other embodiments, the average plasma levels of the compounds of
the invention are increased by greater than about 50%, as compared to the non-isotopically
enriched compounds.

[0059] In some embodiments, the average plasma levels of a metabolite of the
compounds of the invention are decreased by greater than about 5%, as compared to the non-
isotopically enriched compounds. In other embodiments, the average plasma levels of a
metabolite of the compounds of the invention are decreased by greater than about 10%, as
compared to the non-isotopically enriched compounds. In other embodiments, the average
plasma levels of a metabolite of the compounds of the invention are decreased by greater
than about 20%, as compared to the non-isotopically enriched compounds. In other
embodiments, the average plasma levels of a metabolite of the compounds of the invention
are decreased by greater than about 30%, as compared to the non-isotopically enriched
compounds. In other embodiments, the average plasma levels of a metabolite of the
compounds of the invention are decreased by greater than about 40%, as compared to the
non-isotopically enriched compounds. In other embodiments, the average plasma levels of a
metabolite of the compounds of the invention are decreased by greater than about 50%, as
compared to the non-isotopically enriched compounds.

[0060] Plasma levels of the compounds of the invention, or metabolites thereof,
are measured by the methods of Li et al Rapid Communications in Mass Spectrometry 2005,
19(14), 1943-1950.
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[0061]  In another embodiment of the invention, there are pfovided methods for
treatment of gastric acid related diseases by inhibition of gastric acid secretion comprising
administering to a mammalian subject in need of treatment a therapeutically effective amount
of a gastric HY, K'-ATPase inhibitor comprising at least one of the compounds of Formula 1,
a single enantiomer of a compound of Formula 1, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and about 10%
or less by weight of the (+)-enantiomer, a mixture of about 90% or more by weight of the
(+)-enantiomer and about 10% or less by weight of the (-)-enantionier, an individual
diastereomer of a compound of Formula 1, a mixture of diastereomers, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, in a pharmaceutically acceptable vehicle, carrier,
Mmmomm@mLmawﬂmmmﬂmmﬂmmkmﬁﬂah%mmwmwhmwwm
gastrin levels in mammalian subjects during treatment of gastric acid related diseases as
compared to the non-isotopically enriched compound.

[0062] In another embodiment of the invention, there are provided methods for
treatment of gastric acid related diseases by inhibition of gastric acid secretion comprising
administering to a mammalian subject in need of treatment a therapeutically effective amount
of a gastric H, K’-ATPase inhibitor comprising at least one of the compounds of Formula 1,
a single enantiomer of a compound of Formula 1, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and about 10%
or less by weight of the (+)-enantiomer, a mixture of about 90% or more by weight of the
(+)-enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual
diastereomer of a compound of Formula 1, a mixture of diastercomers, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, in a pharmaceutically acceptable vehicle, carrier,
diluent, or excipient, or a combination thereof, so as to affect a decreased inhibition of at
Jeast one cytochrome Pys) isoform in mammalian subjects during treatment of gastric acid
related diseases as compared to the non-isotopically enriched compound. Examples of
cytochrome Pyso isoforms in mammalian subjects include CYP1A1l, CYP1A2, CYPIBL,
CYP2A6, CYP2A13, CYP2B6, CYP2C8, CYP2C9, CYP2C18, CYP2C19, CYP2DS6,
CYP2E1, CYP2G1, CYP2J2, CYP2R1, CYP2S1, CYP3A4, CYP3AS5, CYP3A5PI,
CYP3A5P2, CYP3A7, CYP4All, CYP4B1, CYP4F2, CYP4F3, CYP4F8, CYP4Fll,
CYP4AF12, CYP4X1, CYP4Z1, CYP5A1, CYP7Al, CYP7B1, CYP8Al, CYPSBI,
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CYP11A1, CYP11B1, CYP11B2, CYP17, CYP19, CYP21, CYP24, CYP26A1, CYP26B1,
CYP27A1, CYP27B1, CYP39, CYP46, CYP51 and the like.

[0063] In some embodiments, the decrease in inhibition of the cytochrome Paso
isoform by compounds of the invention is greater than about 5%, as compared to the non-
isotopically enriched compounds. In other embodiments, the decrease in inhibition of the
cytochrome P4s0 isoform by compounds of the invention is greater than about 10%, as
compared to the non-isotopically enriched compounds. In other embodiments, the decrease in
inhibition of the cytochrome Psso isoform by compounds of the invention is greater than
about 20%, as compared to the non-isotopically enriched compounds. In other embodiments,
the decrease in inhibition of the cytochrome Paso isoform by compounds of the invention is
greater than about 30%, as compared to the non-isotopically enriched compounds. In other
embodiments, the decrease in inhibition of the cytochrome Pyso isoform by compounds of the
invention is greater than about 40%, as compared to the non-isotopically enriched -
compounds. In other embodiments, the decrease in inhibition of the cytochrome P4so isoform
by compounds of the invention is - greater than about 50%, as compared to the non-
isotopically enriched compounds.

[0064] The inhibition of the cytochrome Paso isoform is measured by the methods
of Ko et al British Journal of Clinical Pharmacology 2000, 49(4), 343-351, which is hereby
incorporated by reference in its entirety. A

[0065] In another embodiment of the invention, there are provided methods for
treatment of gastric acid related diseases by inhibition of gastric acid secretion comprising
administering to a mammalian subject in need of treatment a therapeutically effective amount
of a gastric H, K*-ATPase inhibitor comprising at least one of the compounds of Formula 1,
a single enantiomer of a compound of Formula 1, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and about 10%
or less by weight of the (+)-enantiomer, a mixture of about 90% or more by weight of the
(+)-enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual
diastereomer of a compound of Formula 1, a mixture of diastereomers, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, in a pharmaceutically acceptable vehicle, carrier,

diluent, or excipient, or a combination thereof, so as to affect an improved antisecretory
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effect during the treatment of gastric related diseases as compared to the non-isotopically
enriched compound.

[0066] In another embodiment of the invention, fchere are provided methods for
treatment of gastric acid related diseases by inhibition of gastric acid secretion comprising
administering to a mammalian subject in need of treatment a therapeutically effective amount
of a gastric H', K'-ATPase inhibitor comprising at least one of the compounds of Formula 1,
a single enantiomer of a compound of Formula 1, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and about 10%
or less by weight of the (+)-enantiomer, a mixture of about 90% or more by weight of the
(+)-enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual
. diastereomer of a compound of Formula 1, a mixture of diastereomers, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, in a pharmaceutically acceptable vehicle, carrier,
diluent, or excipient, or a combination thereof, so as to affect an improved clinical effect
(e.g., accelerated rate of healing and accelerated rate of symptom relief) during the treatment
of gastric related diseases as compared to the non-isotopically enriched compound.

[0067] In another embodiment of the invention, there are provided oral multiple
unit tablet pharmaceutical compositions comprising two components A and B, wherein
component A comprises one or more antibacterial agent with similar or different activities,
such as for example amoxicillin, clarithromycin, metronidazole, and the like, and a
combination thereof, and component B comprises at least one of the compounds of Formula
1, a single enantiomer of a compound of Formula 1, a mixture of the (+)-enantiomer and the
(-)-enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and about
10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more by weight of
the (+)-enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual
diastereomer of a compound of Formula 1, a mixture of diastereomers, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, in a pharmaceutically acceptable vehicle, carrier,
diluent, or excipient, or a combination thereof, in the form of pellets covered with an enteric
coating polymer layer with mechanical properties such that the acid resistance of the enteric
coated pellets is not significantly affected by compression of the pellets with the other tablet
components during tableting, wherein component A is separated from component B by the

enteric coating layer covering component B.
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[0068] In still another embodiment of the invention, there are provided
effervescent dosage forms comprising two components A and B, wherein, component A is
one or more effervescent excipients, and component B is made up of a mixture comprising at
least one of the compounds of Formula 1, a single enantiomer of a compound of Formula 1, a
mixture of the (+)-enantiomer and the (-)-enantiomer, a mixture of about 90% or more by
weight of the (-)-enantiomer and about 10% or less by weight of the (+)-enantiomer, a
mixture of about 90% or more by weight of the (+)-enantiomer and about 10% or less by
weight of the (-)-enantiomer, an individual diastereomer of a compound of Formula 1, a
mixture of diastereomers, or pharmaceutically acceptable salt, solvate, or prodrug thereof,
ina pharmaceutically acceptable vehicle, carrier, diluent, or excipient, or a combination
thereof, a beta blocking agent, such as for example atenolol, metoprolol, propranolol and the
like, and optionally one or more pharmaceutically acceptable excipients.

[0069] In still another embodiment of the invention, there are provided oral
multiple unit tablet pharmaceutical compositions comprising three components A, B and C,
wherein component A comprises at least one of the compounds of Formula 1, a single
enantiomer of a compound of Formula 1, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and about 10%
or less by weight of the (+)-enantiomer, 2 mixture of about 90% or more by weight of the
(+)-enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual
diastereomer of a compound of Formula 1, a mixture of diastereomers, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, in a pharmaceutically acceptable vehicle, carrier,
diluent, or excipient, or a combination thereof, in the form of pellets covered with an enteric
coating polymer layer with mechanical properties such that the acid resistance of the enteric
coated pellets is not significantly affected by compression of the pellets with the other tablet
components during tableting, component B consisting of at least one Non Steroidal Anti-
inflammatory Drug (NSAID), such as for example, Naproxen (Aleve), Tbuprofen (Motrin),
Indomethacin (Indocin), Nabumetone (Relafen), and the like, and optional component C
consisting of one or more pharmaceutically acceptable excipients, wherein component B is
separated from component A by the enteric coating layer covering component A.

[0070] In yet another embodiment of the invention, there are provided methods

for the treatment of a bacterial infection caused or mediated by Helicobacter pylori,
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comprising simultaneouély, separately or sequenﬁally administering to a mammalian subject
in need, an effective amount of an Nitric Oxide releasing Non Steroidal .Anti-inﬂammatory
Drug (NSAID) and at least one of the compounds of Formula 1, a single enantiomer of a
compound of Formula 1, a mixture of the (+)-enantiomer and the (-)-enantiomer, a mixture of
about 90% or more by weight of the (-)-enantiomer and about 10% or less by weight of the
(+)-enantiomer, a mixture of about 90% or more by weight of the (+)-enantiomer and about
10% or less by weight of the (-)-enantiomer, an individual diastereomer of a compound of
Formula 1, a mixture of diastereomers, or a pharmaceutically acceptable salt, solvate, or
prodrug thereof, in a pharmaceutically acceptable vehicle, carrier, diluent, or excipient, or a
combination thereof.

[0071] In another embodiment of the invention, there are provided extended
release pharmaceutical dosage forms comprising at least one of the compounds of Formula 1,
a single enantiomer of a compound of Formula 1, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and about 10%
or less by weight of the (+)-enantiomer, a mixture of about 90% or more by weight of the
(H)-enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual
diéstereomer of a compound of Formula 1, a mixture of diastereomers, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, in a pharmaceutically acceptable vehicle, carrier,
diluent, or excipient, or a combination thereof, a hydrophilic or hydrophobic matrix, a water-
soluble separating layer, an enteric coating layer, and optionally one or more
pharmaceutically acceptable excipients.

[0072] In still another embodiment of the invention, there are provided enteric
coated pharmaceutical dosage forms comprising at least one of the compounds of Formula 1,
a single enantiomer of a compound of Formula 1, a mixturé of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and about 10%
or less by weight of the (+)-enantiomer, a mixture of about 90% or more by weight of the
(+)-enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual
diastereomer of a compound of Formula 1, a mixture of diastereomers, or a pharmaceutically
acceptable salt, solvate, or prodrug thereof, in a pharmaceutically acceptable vehicle, carrier,
diluent, or excipient, or a combination thereof, a disruptable semi-permeable membrane and

one or more swellable substances, wherein the dosage form has an instant inhibitor-releasing
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part and at least one delayed inhibitor-releasing part, and is capable of giving a discontinuous
release of the compound in the form of at least two consecutive pulses separated in time from
0.1 up to 24 hours.

[0073] In still another embodiment of the invention, there are provided stable
pharmaceutical dosage forms for oral administration to mammalian subjects which comprises
at least one of the compounds of Formula 1, a single enantiomer of a compound of Formula
1, a mixture of the (+)-enantiomer and the (-)-enantiomer, a mixture of about 90% or more by
weight of the (-)-enantiomer and about 10% or less by weight of the (+)-enantiomer, a
mixture of about 90% or more by weight of the (+)-enahtiomer and about 10% or less by
weight of the (-)-enantiomer, an individual diastereomer of a compound of Formula 1, a
mixture of diastereomers, or a pharmaceutically acceptable salt, solvate, or prodrug thereof,
in a pharmaceutically acceptable vehicle, carrier, diluent, or excipient, or a combination
thereof, and optionally one or more pharmaceutical adjuvants, enclosed in an intermediate
reactive layer comprising a gastric juice-resistant polymeric layered material partially
neutralized with alkali and having cation exchange capacity and a gastric juice-resistant outer
layer. 7

[0074] In yet another embodiment of the invention, there are provided

compounds according to formula 1 having one of the following structures:
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or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-enantiomer, a
mixture of about 90% or more by weight of the (-)-enantiomer and about 10% or less by
weight of the (+)-enantiomer, a mixture of “about 90% or more by weight of the (+)-
enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual
diastereomer, a mixture of diastereomers, or a pharmaceutically acceptable salt, solvate, or
prodrug thereof.

[0075] The present invention is intended to include all isotopes of all atoms
occurring in the present compounds. Isotopes include those atoms having the same atomic
number but different mass numbers. By way of general example and without limitation,
isotopes of hydrogen include deuterium (D) and tritium (T). Isotopes of carbon include *C
and '*C. Isotopes of sulfur include 32, 33, ?48, and 6. Isotopes of nitrogen include YN and
I5N. Isotopes of oxygen include 160,> 170, and "*0.

[0076] Isotopic hydrogen can be introduced into organic molecules by synthetic
techniques that employ deuterated reagents whereby incorporation rates are pre-determined
and/or by exchange techniques wherein incorporation rates are determined by equilibrium
conditions and maybe highly variable depending on the reaction conditions. Synthetic
techniques, where tritium or deuterium is directly and specifically inserted by tritiated or
deuterated reagents of known isotopic content, may yield high tritium or deuterium
abundance, but can be limited by the chemistry required. In addition, the molecule being
labeled may be changed, depending upon the severity of the synthetic reaction employed.
Exchange techniques, on the other hand, may yield lower tritium or deuterium incorporation,
often with the isotope being distributed over many sites on the molecule, but offer the
advantage that they do not require separate synthetic steps and are less likely to disrupt the
structure of the molecule being labeled.

[0077] Unless otherwise indicated, when a substituent is deemed to be “optionally

substituted,” it is meant that the substituent is a group that may be substituted with one or
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more group(s) individually and independently selected from the group consisting of
hydrogen, deuterium, alkyl, cycloalkyl, aryl, heteroaryl, heterocyclic, hydroxy, alkoxy,
aryloxy, mercapto, alkylthio, arylthio, cyano, halo, carbonyl, thiocarbonyl, O-carbamyl,
N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-amido, N-amido, S-sulfonamido,
N-sulfonamido, C-carboxy, O-carboxy, isocyanato, thiocyanato, isothiocyanato, nitro, silyl,
trihalomethanesulfonyl, and amino, including mono- and di-substituted amino groups, and
the protected derivatives thereof. The protecting groups that may form the protective
derivatives of the above substituents are known to those of skill in the art examples of which
may be found in references such as Greene and Wuts, Protective Groups in Organic
Synthesis, 3 Bd., John Wiley & Sons, New York, NY, 1999, which is incorporated by
reference herein in its entirety.

[0078] The compounds according to this invention may occur as amy reasonable
tautomer as recognized by one skilled in the art or a mixture of such tautomers. The term
"automer" or “tautomerism’” refers to one of two or more structural isomers that exist n
equilibrium and are readily converted from one isomeric form to another. Examples include
keto-enol tautomers, such as acetone/propen-2-ol and the like, ring-chain tautomers, such as
glucose/ 2,3,4,5,6-pentahydroxy—hexana1 and the like. The compounds described herein may
have one or motre tautomers and therefore include various isomers. All such isomeric forms
of these compounds are expressly included in the present invention. The following example

of tautomerism is provided for reference:

HC ~ OCH; HC ~ OCHs
HsCO N /_2\}%3 3, HiCO N /_2\}(%
-— N )
/>_ S N S N
N 0 hl (¢}

[0079] The compounds according t0 this invention may contain one or more
asymmetric atoms and can thus occur as racemates and racemic mixtures, single enantiomers,
diastereomeric mixtures oOr individual diastereomers. The term «“gtereoisomer” refers 1o a
chemical compound having the same molecular weight, chemical composition, and
constitution as another, but with the atoms grouped differently. That is, certain identical
chemical moieties are at different orientations in space and, therefore, when pure, have the
ability to rotate the plane of polarized light. However, Some pure stereoisomers may have an

optical rotation that is so slight that it is undetectable with present instrumentation. The
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compounds described herein may have one or more asymmetrical atoms and therefore
include various stereoisomers. All such isomeric forms of these compounds are expressly
included in the present invention.

[0080] Each stereogenic carbon or sulfur may be of R or S configuration.
Although the specific compounds exemplified in this application may be depicted in a
particular configuration, compounds having the opposite stereochemistry at any given chiral
center or mixtures thereof are also envisioned. When chiral centers are found in the
derivatives of this invention, it is to be understood that this invention encompasses all
possible stereoisomers.

[0081]  The terms “optically pure compound” or “optically pure isomer” refers to
a single stereoisomer of a chiral compound regardless of the configuration of the said
compound.

[0082] The term “substantially homogeneous” refers to collections of molecules
wherein at least about 80%, preferably at least about 90% and more preferably at least about
95% of the molecules are a single compound or a sihgle stereoisomer thereof, or to
collections of molecules wherein at least about 80%, preferably at least about 90% and more
preferably at least about 95% of the molecules are fully substituted (e.g., deuterated) at the
positions stated.

[0083] As used herein, the term “attached” signifies a stable covalent bond,
certain preferred points of attachment being apparent to those skilled in the art.

[0084] The terms “optional” or “optionally” refer to occurrence or non-
occurrence of the subsequently described event or circumstance, and that the description
includes instances where said event or circumstance occurs and instances where it does not.
For example, the sentence “optionally substituted alkyl group” means that the alkyl group
may or may not be substituted and the description includes both a substituted and an
unsubstituted alkyl group. ’

[0085] The term “effective amount” of a compound refers a sufficient amount of
the compound that provides a desired effect but with no- or acceptable- toxicity. This amount
may ﬁary from subject to subject, depending on the species, age, and physical condition of

the subject, the severity of the disease that is being treated, the particular compound used, its
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mode of administration, and the like. A suitable effective amount may be determined by one
of ordinary skill in the art. 4

[0086] The term “phannaceutically acceptable” refers to a compound, additive or
composition that is not biologically or otherwise undesirable. For example, the additive or
composition may be administered to a subject along with a compound of the invention
without causing any undesirable biological effects or interacting in an undesirable manner
with any of the other components of the pharmaceutical composition in which it is contained.

[0087] The term “pharmaceutically acceptable salts” includes hydrochloric salt,
hydrobromic salt, hydroiodic salt, hydrofluoric salt, sulfuric salt, citric salt, maleic salt, acetic
salt, lactic salt, nicotinic salt, succinic salt, oxalic salt, phosphoric salt, malonic salt, salicylic
salt, phenylacetic salt, stearic salt, pyridine salt, ammonium salt, piperazine salt,
diethylamine salt, nicotinamide salt, formic salt, urea salt, sodium salt, potassium salt,
calciim salf, magnesium salt, zinc salt, lithijum salt, cinnamic salt, methylamino salt,
methanesulfonic salt, picric salt, tartaric salt, triethylamino salt, dimethylamino salt,
tristhydroxymethyl)aminomethane salt and the like. Additional pharmaceutically acceptable
salts are known to those of skill in the art.

[0088] When used in conjunction with a compound of this invention, the terms
“elicit’, “eliciting,” “modulator”, “modulate”, “modulating”, “regulator”, “regulate” or
“regulating” the activity refer to a compound that can act as an inhibitor, or an antagonist of a
particular enzyme or receptor, such as for example the gastric HY, K*-ATPase and the like.

[0089] The terms “drug”, “therapeutic agent” and “chemotherapeutic agent”, refer
to a compound or compounds and pharmaceutically acceptable compositions thereof that are
administered to mammalian subjects as prophylactic or remedy in the treatment of a disease
or medical condition. Such compounds may be administered to the subject via oral
formulation, inhalation, ocular application, transdermal formulation or by injection.

[0090] The term “subject” refers to an animal, preferably a mammal, and most
preferably a human, who is the object of treatment, observation or experiment. The mammal
may be selected from the group consisting of mice, rats, hamsters, gerbils, rabbits, guinea
pigs, dogé, cats, sheep, goats, cows, horses, giraffes, platypuses, primates, such as monkeys,

chimpanzees, and apes, and humans.
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[0091]  The term “therapeutically effective amount” is used to indicate an amount
of an active compound, or pharmaceutical agent, that elicits the biological or medicinal
response indicated. This response may occur in a tissue, system (animal including human)
that is being sought by a researcher, veterinarian, medical doctor or other clinician.

[0092] The terms “treating,” “treatment,” “therapeutic,” or “therapy” do not
necessarily mean total loss of nociception. Any alleviation of any undesired signs or
symptoms of a disease, such as inhibition of the gastric H', K'-ATPase, duodenal ulcers and
other conditions mediated by gastric acid secretion, or a subset of these éonditions, to any
extent can be considered treatment or therapy. Furthermore, treatment may include acts that
may worsen the patient's overall feeling of well-being or appearance. ,

[0093] The term “Lewis acid” refers to a molecule that can accept an unshared
pair of electrons and as such would be obvious to one of ordinary skill and knowledge in the
art. The definition of “Lewis acid” includes but is not limited to: boron trifluoride, boron
trifluoride etherate, boron trifluoride tetrahydrofuran complex, boron triﬂuoride tert-butyl-
methyl ether complex, boron trifluoride dibutyl ether complex, boron trifluoride dihydrate,
boron trifluoride di-acetic acid complex, boron trifluoride dimethyl sulfide complex, boron
trichloride, boron trichloride dimethyl sulfide complex, boron tribromide, boron tribromide
dimethyl sulfide complex, boron triiodide, triimethoxyborane, triethoxyborane,
trimethylaluminum, triethylaluminum, aluminum trichloride, aluminum trichloride
tetrahydrofuran complex, aluminum tribromide, titanium tetrachloride, titanium
tetrabromide, titanium iodide, titanium tetracthoxide, titanium tetraisopropoxide, scandium
(IID) trifluoromethanesulfonate, ytirium (III) trifluoromethanesulfonate, ytterbium (IIT)
trifluoromethanesulfonate, lanthanum (IIT) trifluoromethanesulfonate, zinc (II) chloride, zinc
(I) bromide, zinc (II) iodide, zinc (II) trifluoromethanesulfonate, zinc (II) sulfate,
magnesium sulfate, Lithium perchlorate, copper (II) trifluoromethanesulfonate, copper (1D
tetrafluoroborate and the like. Certain Lewis acids may have optically pure ligands attached
to the electron acceptor atom, as set forth in Corey, E. J. Angewandte Chemie, International
Edition (2002), 41(10), 1650-1667; Aspinall, H. C. Chemical Reviews (Washington, DC,
United States) (2002), 102(6), 1807-1850; Groger, H. Chemistry--A European Journal
(2001), 7(24), 5246-5251; Davies, H. M. L. Chemtracts (2001), 14(11), 642-645; Wan, Y.
Chemtracts (2001), 14(11), 610-615; Kim, Y. H. Accounts of Chemical Research (2001),
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34(12), 955-962; Seebach, D. Angewandte Chemie, International Edition (2001), 40(1), 92-
138; Blaser, H. U. Applied Catalysis, A: General (2001), 221(1-2), 119-143; Yet, L.
Angewandte Chemie, International Edition (2001), 40(5), 875-877; Jorgensen, K. A
Angewandte Chemie, International Edition (2000), 39(20), 3558-3588; Dias, L. C. Current
Organic Chemistry (2000), 4(3), 305-342; Spindler, F. Enantiomer (1999), 4(6), 557-568;
Fodor, K. Enantiomer (1999), 4(6), 497-511; Shimizu, K. D.; Comprehensive Asymmetric
Catalysis I-III (1999), 3, 1389-1399; Kagan, H. B. Comprehensive Asymmetric Catalysis I-
111 (1999), 1, 9-30; Mikami, K. Lewis Acid Reagents (1999), 93-136 and all references cited
therein. Such Lewis acids may be used by one of ordinary okill and knowledge in the art to
produce optically pure compounds from achiral starting materials.

[0094] The term “acylating agent” refers to a molecule that can transfer an
alkylcarbonyl, substituted alkylcarbonyl or aryl carbonyl group to another molecule. The
definition of “acylating agent” includes but is not limited to ethyl acetate, vinyl acetate, vinyl
propionate, vinyl butyrate, isopropenyl acetate, 1-ethoxyvinyl acetate, trichloroethyl butyrate,
trifluoroethyl butyrate, trifluoroethyl laureate, S-ethyl thiooctanoate, biacetyl monooxime
acetate, acetic anhydride, acetyl chloride; succinic anhydride, diketene, diallyl carbonate,
carbonic acid but-3-enyl ester cyanomethyl ester, amino acid and the like.

[0095] The term “nucleophile” or “nucleophilic reagent” refers to a negatively
charged or neutral molecule that has an unshared pair of electrons and as such would be
obvious to one of ordinary skill and knowledge in the art. The definition of “nucleophile”
includes but is not limited to: water, alkylhydroxy, alkoxy anion, arylhydroxy, aryloxy anion,
alkylthiol, alkylthio anion, arylthiol, arylthio anion, ammonia, alkylamine, arylamine,
alkylamine anion, arylamine anion, hydrazine, alkyl hydrazine, arylhydrazine, alkylcarbonyl
hydrazine, arylcarbonyl hydrazine, hydrazine anion, alkyl hydrazine anion, arylhydrazine
anion, alkylcarbonyl hydrazine anion, arylcarbonyl hydrazine anion, cyanide, azide, hydride,
alkyl anion, aryl anion and the like.

[0096] The term “electrophile” or “glectrophilic reagent” refers to a positively
charged or neutral molecule that has an open valence shell or an attraction for an electron-
rich reactant and as such would be obvious to one of ordinary skill and knowledge in the art.
The definition of “electrophile” includes but is not limited to: hydronium, acylium, Lewis

acids, such as for example, Boron trifluoride and the like, halogens, such as for example Bra
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and the like, carbocations, such as for example tert-butyl cation and the like, diazomethane,
trimethylsilyldiazomethane, alkyl halides, such as for example methyl iodide,
trideuteromethyl iodide (CD;l), benzyl bromide and the like, alkyl triflates, such as for
example methyl triflate and the like, élkyl sulfonates, such as for example ethyl
toluenesulfonate, butyl methanesulfonate, dimethylsulfate, hexadeuterodimethylsulfate
((CD3),S804) and the like, acyl halides, such as for example acetyl chloride, benzoyl bromide
and the like, acid anhydrides, such as for example acetic anhydride, succinic anhydride,
maleic anhydride and the like, isocyanates, such as for example methyl isocyanate,
phenylisocyanate and the like, chloroformates, such as for example methyl chloroformate,
ethyl chloroformate, benzyl chloroformate and the like, sulfonyl halides, such as for example
methanesulfonyl chloride, p-toluenesulfonyl chloride and the like, silyl halides, such as for
exami)le trimethylsilyl chloride, tert-butyldimethylsilyl chloride and the like, phosphoryl
halide such as for example dimethyl chlorophosphate and the like, alpha-beta-unsaturated
carbonyl compounds such as for example acrolein, methyl vinyl ketone, cinnamaldehyde and
the like.

[0097] The term “leaving group” (LG) refers to any atom (or group of atoms) that
is stable in its anion or neutral form after it has been displaced by a nucleophile and as such
would be obvious to one of ordinary skill and knowledge in the art. The definition of
“leaving group” includes but is not limited to: water, methanol, ethanol, chloride, bromide,
iodide, methanesulfonate, tolylsulfonate, trifluoromethanesulfonate, acetate, trichloroacetate,
benzoate and the like.

- [0098] The term “oxidant” refers to any reagent that will increase the oxidation
state of an atom, such as for example, hydrogen, carbon, nitrogen, sulfur, phosphorus and
the like in the starting material by either adding an oxygen to this atom or removing an
electron from this atom and as such would be obvious to one of ordinary skill and knowledge
in the art. The definition of “oxidant” includes but is not limited to: osmium tetroxide,
ruthenium tetroxide, ruthenium trichloride, potassium permanganate, meta-chloroperbenzoic
acid, hydrogen peroxide, dimethyl dioxirane and the like.

[0099] The term “metal ligand” refers to a molecule that has an unshared pair of
electrons and can coordinate to a metal atom and as such would be obvious to one of

ordinary skill and knowledge in the art. The definition of “metal ligand” includes but is not
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limited to: water, alkoxy anion, alkylthio anion, ammonia, trialkylamine, triarylamine,
trialkylphosphine, triarylphosphine, cyanide, azide and the like.

[0100] The term “reducing reagent” reférs to any reagent that will decrease the
oxidation state of an atom in the starting material by either adding a hydrogen to this atom, or
adding an electron to this atom, or by removing an oxygen from this atom and as such would
be obvious to one of ordinary skill and knowledge in the art. The definition of “reducing
reagent” includes but is not limited to: borane-dimethyl sulfide complex, 9-
" borabicyclo[3.3.1.Jnonane  (9-BBN), catechol borane, lithium borohydride, lithium
borodeuteride, sodium borohydride, sodium borodeuteride, sodium borohydride-methanol
complex, potassium borohydride, sodium hydroxyborohydride, lithium triethylborohydride,
~ lithium n-butylborohydride, sodium cyanoborohydride, sodium cyanoborodeuteride, calcium |
(I) borohydride, lithium aluminum hydride, lithium aluminum deuteride,
diisobutylAluminum  hydride, n-butyl-diisobutylaluminum  hydride, Sodium  bis-
methoxyethoxyAluminum hydride, triethoxysilane, diethoxymethylsilane, lithium hydride,
lithium, sodium, hydrogen Ni/B, and the like. Certain acidic and Lewis acidic reagents
enhance the activity of reducing reagents. Examples of such acidic reagents include: acetic
acid, methanesulfonic acid, hydrochloric acid, and the like. Examples of such Lewis acidic
reagents include: trimethoxybofane, triethoxyborane, aluminum trichloride, lithium chloride,
vanadium trichloride, dicyclopentadienyl titanium dichloride, cesium fluoride, potassium
fluoride, zinc (IT) chloride, zinc (II) bromide, zinc (II) iodide, and the like.

[0101] The term “coupling reagent” refers to any reagent that will activate the
carbonyl of a carboxylic acid and facilitate the formation of an ester or amide bond. The
definition of “coupling reagent” includes but is not limited to: acetyl chloride, ethyl
chloroformate, dicyclohexylcarbodiimide (DCC), diisopropyl carbodiiimide (DIC), 1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide (EDCI), N-hydroxybenzotriazole (HOBT), N-
hydroxysuccinimide (HOSu), 4-nitrophenol, pentafluorophenol, 2-(1H-benzotriazole-1-yl)-
1,1,3,3-tetramethyluronium  tetrafluoroborate (TBTU), O-benzotriazole-N,N,N"N’-
tetramethyluronium hexafluorophosphate (HBTU), benzotriazole-1-yl-oxy-tris-
(dimethylamino)-phosphonium hexafluorophosphate (BOP), benzotriazole-1-yl-oxy-tris-
pyrrolidinophosphonium  hexafluorophosphate, ~ bromo-trispyrrolidino-  phosphonium

hexafluorophosphate, 2-(5-norbornene-2,3-dicarboximido)-1,1,3,3-tetramethyluronium
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tetrafluoroborate (TNTU), O-(N-succinimidyl)-1,1,3,3-tetramethyluronium tetrafluoroborate
(TSTU), tetramethylfluoroformamidinium hexafiunorophosphate and the like.

[0102] The term “removable protecting group” or “protecting group” refers to any
group which when bound to’ a functionality, such as the oxygen atom of a hydroxyl or
carboxyl group or the Nitrogen atom of an amino group, prevents reactions from occurring at
these functional groups and which protecting group can be removed by conventional
chemical or enzymatic steps to reestablish the functional group. The particular removable
protecting group employed is not critical.

[0103] The definition of “hydroxyl protecting group” includes but is not limited
to:

a) Methyl, tert-butyl, allyl, propargyl, p-chlorophenyl, p-methoxyphenyl, p-
nitrophenyl, 2,4-dinitrophenyl, 2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl,
methoxymethyl, methylthiomethyl, (phenyldimethylsilyl)methoxymethyl, benzyloxymethyl,
p-methoxy—benzyloxymethyl, p-nitrobenzyloxymethyl,  o-nitrobenzyloxymethyl, (4
methoxyphenoxy)methyl, guaiacolmethyl, tert-butoxymethyl, 4-pentenyloxymethyl, tert-
butyldimethylsiloxymethyl, thexyldimethylsiloxymethyl, tert-butyldiphenylsiloxymethyl, 2-
methoxyethoxymethyl,  2,2,2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl,  2-
(trimethylsilyl)ethoxymethyl, menthoxymethyl, 1-cthoxyethyl, 1-(2-chloroethoxy)ethyl, 1-[2-
(trimethylsilyl)ethoxy]ethyl; 1-methyl-1-ethoxyethyl, 1-methyl-1-benzyloxyethyl, 1-methyl-
1-benzyloxy-2-fluoroethyl, 1-methyl-1-phenoxyethyl, 2,2,2-trichloroethyl, 1-dianisyl-2,2,2-
trichloroethyl, 1,1,1,3,3,3-hexafluoro-2-phenylisopropyl, 2-trimethylsilylethyl, 2-
(benzylthio)ethyl, 2-(phenylselenyl)ethyl, tetrahydropyranyl, 3-bromotetrahydropyranyl,
tetrahydrothiopyranyl, 1-methoxycyclohexyl, 4-methoxytetrahydropyranyl, 4-
methoxytetrahydrothiopyranyl, 4-methoxytetrahydropyranyl S,S-dioxide, 1-[(2-chloro-4-
methyl)phenyl]-4-methoxypiperidin-4-yl, 1-(2-fluorophenyl)-4-methoxypiperidin-4-yl, 1,4-
dioxan-2-yl, tetrahydrofuranyl, tetrahydrothiofuranyl and the like;

b) Benzyl, = 2-nitrobenzyl, 2-trifluoromethylbenzyl, 4-methoxybenzyl, 4-
nitrobenzyl, 4-chlorobenzyl, 4-bromobenzyl, 4-cyanobenzyl, 4-phenylbenzyl, 4-
acylaminobenzyl, 4-azidobenzyl, 4-(methylsulfinyl)benzyl, 2,4-dimethoxybenzyl, 4-azido-3-
chlorobenzyl,  3,4-dimethoxybenzyl,  2,6-dichlorobenzyl, 2,6-difluorobenzyl,  1-
pyrenylmethyl, diphenylmethyl, 4,4’-dinitrobenzhydryl, 5-benzosuberyl, triphenylmethyl
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(trityl), a-naphthyldiphenylmethyl, (4-methoxyphenyl)-diphenyl-methyl, di-(p-
methoxyphenyl)—phenylmethyl, 'tri-(p-methoxyphenyl)methyl, 4-(4’-bromophenacyloxy)-
phenyldiphenylmethyl, 4,4’,4”—tris(4,5-dichlorophthalimidophenyl)methyl, 4.4’ A7-
tris(1evulinoyloxyphenyl)methyl, 4,4’-dimeth0xy—3”-[N-(imidazolylmethyl)]trityl, 4.4~
dimethoxy-3"- [N—(imidazolylethyl)carb amoyl]trityl, 11 _bis(4-methoxyphenyl)-1°-
pyrenylmethyl, 4-(17-tétrabenzo[a,c,g,I]ﬂuorenylmethyl)-4,4’—dimethoxytrityl, 9-anthryl, 9-
(9-phenyl)xanthenyl, 9-(9—pheny1—10-oxo)anthry1 and the like;

c) Trimethylsilyl, triethylsilyl, triisopropylsilyl, dimethylisopropylsilyl,
diethylisopropylsilyl, dimethylhexylsilyl, tert-butyldimethylsilyl, tert-butyldiphenylsilyl,
tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl, diphenylmethylsilyl, di-tert-butylmethylsilyl,
tris(trimethylsilyD)silyl, (2-hydroxystyryl)dimethylsilyl, (2-hydroxystyryl)diisopropylsilyl,
tcrt-butylmethoxyphenylsilyl, tert-butoxydiphenylsilyl and the like;

d) -C(O)Rz0, Where Ry 18 selected from the group consisting of alkyl, substituted
alkyl, aryl and more specifically Ry = hydrogen, methyl, ethyl, tert-butyl, adamantyl, crotyl,
chloromethyl, dichloromethyl, trichloromethyl, trifluoromethyl, methoxymethyl,
triphenylmethoxymethyl, phenoxymethyl, 4-chlorophenoxymethyl, phenylmethyl,
diphenylmethyl, 4-methoxycrotyl, 3-phenylpropyl, 4-pentenyl, 4-oxopentyl, 4,4-
(ethylenedithio)pentyl, 5-[3—bis(4-methoxyphenyl)hydroxymethylphenoxy]- 4-oxopentyl,
phenyl, 4-methylphenyl, 4-nitrophenyl, 4-fluorophenyl, 4-chlorophenyl, 4-methoxyphenyl, 4-
phenylphenyl, 2,4,6-trimethylphenyl, o-naphthyl, benzoyl and the like;

e) -C(O)ORyg, where Rao is selected from the group consisting of alkyl,
substituted alkyl, aryl and more specifically Rgo = methyl, methoxymethyl, 9-
fluorenylmethyl,  ethyl, 2,2 2-trichloromethyl, 1,1-dimethyl-2,2,2-trichloroethyl, 2-
(trimethylsilyl)ethyl, 2-(phenylsu1fony1)ethy1, isobutyl, tert-butyl, vinyl, allyl, 4-nitrophenyl,
bénzyl, 2-pitrobenzyl, ~4-nitrobenzyl, 4-methoxybenzyl, 2,A-dimethoxybenzyl, 3,4-
dimethoxybenzyl, 2-(methy1thiomethoxy)ethyl, 2-dansenylethyl, 2-(4-nitropheny1)ethyl, 2-
(2,4-dinitrophenyl)ethy1, 2-cyano-1-phenylethyl, thiobenzyl, 4-ethoxy-1-naphthyl and the
like. Other examples of hydroxyl protecting groups are given in Greene and Wutts, above.

[0104] The definition of “amino protecting group” includes but is not limited to:

a) 2-methylthioethyl, 2-methylsulfonylethyl, 2-(p-toluenesulfonyl)ethyl, [2-(1,3-
dithianyl)Jmethyl, 4-methylthiophenyl, 2, 4-dimethylthiophenyl, 2-phosphonioethyl, =~ 1-
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methlel-(triphenylphosphonio)ethyl, 1,1-dimethyl-2-cyanoethyl, 2-dansylethyl, 2-(4-
nitrophenyl)ethyl, 4-phenylacetoxybenzyl, 4-azidobenzyl, 4-azidomethoxybenzyl, m-chloro-
p-acyloxybenzyl, p-(dihydroxyboryl)benzyl, 5-benzisoxazolylmethyl, 2-(trifluoromethyl)-6-
chromonytmethyl, m-nitrophenyl, 3.5-dimethoxybenzyl, 1-methyl-1-(3,5-
dimethoxyphenyl)ethyl, o-nitrobenzyl, o-methylnitropiperonyl, 3,4-dimethoxy-6-
nitrobenzyl, N-benzenesulfenyl, N-o-nitrobenzenesulfenyl, N-2,4-dinitrobenzenesulfenyl, N-
pentachlorobenzenesulfenyl. N-2-nitro-4-methoxybenzenesulfenyl, N-
triphenylmethylsulfenyl,  N-1-(2,2,2-trifluoro-1,1-diphenyl)ethylsulfenyl, =~ N-3-nitro-2-
pyridinesulfenyl, N-p-toluenesulfonyl, N-benzenesulfonyl, N-2,3,6-trimethyl-4-
methoxybenzenesulfonyl, N-2,4,6-trimethoxybenzene-sulfonyl, N-2,6-dimethyl-4-
methoxybenzenesulfonyl, N-pentamethylbenzenesulfonyl, N-2,3,5.6-tetramethyl-4-
methoxybenzenesulfonyl and the like;

b) -C(O)ORzo, where Ry is selected from the group consisting of alkyl,
substituted alkyl, aryl and more specifically Ryg = methyl, ethyl, 9-fluorenylmethyl, 9-(2-
sulfo)fluorenylmethyl. 9-(2,7-dibromo)fluorenylmethyl, 17-
tetrabenzo[a,c,g,iJfluorenylmethyl. 2-chloro-3-indenylmethyl, benz[flinden-3-ylmethyl, 2,7-
di-t-butyl-[9-(10,10-diox0-10,10,10,10-tetrahydrothloxanthyl) jmethyl, 1,1-
dioxobenzo[b]thiophene-2-ylmethyl,  2,2,2-trichloroethyl, 2-trimethylsilylethyl,  2-
" phenylethyl, 1-(1-adamantyl)-1-methylethyl, 2-chloroethyl, 1.1-dimethyl-2-haloethyl, 1,1-
dimethyl-2,2-dibromoethyl, 1,1-dimethyl-2,2,2-trichloroethyl, 1-methyl-1-(4-
biphenylyl)ethyl, 1-(3,5-di-tert-butylphenyl)-1-methylethyl, 2-(2’-pyridyl)ethyl, 2-(4’-
pyridyl)ethyl, 2,2-bis(4’-nitrophenyl)ethyl, N-(2-pivaloylamino)-1,1-dimethylethyl, 2-[(2-
nitrophenyl)dithio]-1-phenylethyl, tert-butyl, 1-adamantyl, 2-adamantyl, Vinyl, allyl, 1-
Isopropylallyl, cinnamyl. 4-nitrocinnamyl, 3-(3-pyridyl)prop-2-enyl, 8-quinolyl, N-
Hydroxypiperidinyl, alkyldithio, benzyl, p-methoxybenzyl, p-nitrobenzyl, p-bromobenzyl. p-
chlorobenzyl, 2,4-dichlorobenzyl, 4-methylsulfinylbenzyl, 9-anthrylmethyl, diphenylmethyl,
tert-amyl, S-benzyl thiocarbamate, butynyl, p-cyanobenzyl, cyclobutyl, cyclohexyl,
cyclopentyl, cyclopropylmethyl, p-decyloxybenzyl, diisopropylmethyl, 2,2-
dimethoxycarbonylvinyl,  o-(N,N’-dimethylcarboxamido)benzyl, 1,1-dimethyl-3-(N,N’-
dimethylcarboxamido)propyl, 1,1-dimethylpropynyl, di(2-pyridyl)methyl, 2-furanylmethyl,
2-lodoethyl, isobornyl, isobutyl, isonicotinyl, p—(p’-methoxyphenylazo)benzyl, 1-
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methylcyclobutyl, 1-methylcyclohexyl, 1-methyl-l-cycloprbpylmethyl, 1-methyl-1-(p-
phenylazophenyl)ethyl, 1-methyl-1-phenylethyl, 1-methyl-1-4’-pyridylethyl, phenyl, p-
(phenylazo)benzyl, 2.4,6-trimethylphenyl, 4-(trimethylammonium)benzyl, 2,4,6-
- trimethylbenzyl and the like. Other examples of amino protecting groups are given in
Greene and Wutts, above.

[0105]  The definition of “carboxyl protecting group” includes but is not limited

to:

2-N-(morpholino)ethyl, ~choline, methyl, methoxyethyl,  9-fluorenylmethyl,
methoxymethyl, methylthiomethyl, tetrahydropyranyl, tetrahydrofuranyl,
methoxyethoxymethyl, 2-(trimethylsilyl)ethoxymethyl, benzyloxymethyl,

pivaloyloxymethyl, phenylacetoxymethyl, triisopropylsilylmethyl, cyanomethyl, acetol, p-
bromophenacyl. o-methylphenacyl, p-methoxyphenacyl, desyl, carboxamidomethyl, p-
azobenzenecarboxamido-methyl, N-phthalimidomethyl, (methoxyethoxy)ethyl, — 2,2,2-
trichloroethyl, 2-fluoroethyl, 2-chloroethyl, 2-bromoethyl, 2-iodo'éthyl, 4-chlorobutyl, 5-
chloropentyl, 2-(trimethylsilyl)ethyl, 2-methylthioethyl, 1,3-dithianyl-2-methyl, 2-(p-
nitrophenylsulfenyl)ethyl, 2-(p-toluenesulfonyl)ethyl, 2-(2 -pyridyl)ethyl, 2-(p-
methoxyphenyl)ethyl, 2-(diphenylphosphino)ethyl, 1-methyl-1-phenylethyl, 2-(4-acetyl-2-
nitrophenyl)ethyl, 2-cyanoethyl,‘ heptyl, tert-butyl, 3-methyl-3-pentyl, dicyclopropylmethyl,
2,4-dimethyl-3-pentyl, cyclopentyl, cyclohexyl, allyl, methallyl, 2-methylbut-3-en-2-yl, 3-
methylbut-2-(prenyl),  3-buten-1-yl, 4-(trimethylsilyl)-2-buten-1-yl, ~ cinnamyl, o~
methylcinnamyl, propargyl, phenyl, 2,6-dimethylphenyl, 2,6-diisopropylphenyl, 2,6-di-tert-
butyl-4-methylphenyl, 2,6-di-tert-butyl-4-methoxyphenyl, p-(methylthio)phenyl,
pentafluorophenyl, benzyl, triphenylmethyl, diphenylmethyl, bis(o-nitrophenyl)methyl, 9-
anthrylmethyl, 2-(9,10-dioxo)anthrylmethyl. 5-dibenzosuberyl, 1-pyrenylmethyl, 2-
(trifluoromethyl)-6-chromonylmethyl, 2.4 6-trimethylbenzyl, p-bromobenzyl, o-nitrobenzyl,
p-nitrobenzyl, p-methoxybenzyl, 2.6-dimethoxybenzyl, 4-(methylsulfinyl)benzyl, 4-
Sulfobenzyl, 4-azidomethoxybenzyl, 4-{a/-[l-(4,4-dimethyl-2,6-dioxocyclohexylidene)—3—
methylbutyllamino}benzyl, piperonyl, 4-picolyl, trimethylsilyl, triethylsilyl, tert-
butyldimethylsilyl, isopropyldimethylsilyl, phenyldimethylsilyl, di-tert-butylmethylsilyl,
triisopropylsilyl and the like. Other examples of carboxyl protecting groups are given in

Greene and Wutts, above.
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[0106] The definition of “thiol protecting group” includes but is not limited to:

a) Alkyl, benzyl, 4-methoxybenzyl,  2-hydroxybenzyl, 4-hydroxybenzyl, 2-
acetoxybenzyl, 4-acetoxybenzyl, 4-nitrobenzyl, 2,4,6-trimethy1benzy1; 2.4,6-
trimethoxybenzyl, 4-picolyl, 2-quinolinylmethyl, 2-picolyl n-oxido, 9-anthrylmethyl, 9-
fluorenylmethyl, xanthenyl, ferrocenylmethyl and the like;

b) Diphenylmethyl, bis(4-methoxyphenyl)methyl, 5-dibenzosuberyl,
triphenylmethyl, = diphenyl-4-pyridylmethyl, phenyl, 2,4-dinitrophenyl, tert-butyl, 1-
adamantyl and the like; ‘

C) Methoxymethyl, isobutoxymethyl, benzyloxymethyl, 2-tetrahydropyranyl,
benzylthiomethyl,  phenylthiomethyl,  acetamidomethyl, trimethylacetamidomethyl,
benzamidomethyl, allyloxycarbonylaminomethyl, phenylacetamidomethyl,
phthalimidomethyl, acetyl, carboxy-, cyanomethyl and the like;

d) (2-nitro-1-phenyl)ethyl, 2-(2,4-dinitrophenyl)ethyl, 2-(4’-pyridyl)ethyl, 2-
cyanoethyl, 2-(trimethylsilyl)ethyl, 2,2-bis(carboethoxy)ethyl, 1-(3-nitrophenyl)-2-benzoyl-
ethyl, 2-phenylsulfonylethyl, 1-(4-methylphenylsulfonyl)-2-methylpro4-2-yl and the like;

e) Trimethylsilyl, triethylsilyl, triisopropylsilyl,  dimethylisopropylsilyl,
diethylisopropylsilyl, dimethylhexylsilyl, tert-butyldimethylsilyl, tert-butyldiphenylsilyl,
tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl, diphenylmethylsilyl, di-tert-butylmethylsilyl,
tris(trimethylsilyl)silyl, (2-hydroxystyryl)dimethylsilyl, (2-hydroxystyryl)diisopropylsilyl,
tert-butylmethoxyphenylsilyl, tert-butoxydiphenylsilyl and the like;

) Benzoyl, trifluoroacetyl, N-[[(4-biphenylyl)isopropoxy]carbonyl]-N-methyl-y-
aminothiobutyrate, N-(t-butoxycarbony!l)-N-methyl-y-aminothiobutyrate and the like;

g) 2,2,2-Trichloroethoxycarbonyl, tert-butoxycarbonyl, benzyloxycarbonyl, 4-
methoxybenzyloxycarbonyl and the like;

h) N-(Ethylamino)carbonyl, N-(methoxymethylamino)carbonyl and the like;

i) Ethylthio, tert-butylthio, phenylthio, substituted phenylthio and the like;

) (Dimethylphosphino)thioyl, (diphenylphosphino)thioyl and the like;

k) Sulfonate, alkyloxycarbonylthio,  benzyloxycarbonylthio,  3-nitro-2-
pyridinethio and the like;

D Tricarbonyl[1,2,3,4,5-n]-2,4-cyclohexadien-1-yl]-iron(1+) and the like. Other

examples of thiol protecting groups are given in Greene and Wutts, above.
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[0107]  The term “amino acid” refers to any of the naturally occurring amino
~ acids, as well as synthetic analogs and derivatives thereof. Alpha-Amino acids comprise a
carbon atom to which is bonded an amino group, a carboxy group, a hydrogen atom, and a
distinctive group referred to as a “side chain”. The side chains of naturally occurring amino
acids are well known in the art and include, for example, hydrogen (e.g., as in glycine), alkyl .
(e.g., as in alanine, valine, leucine, isoleucine, proline), substituted alkyl (e.g., as in
threonine, serine, methionine, cysteine, aspartic acid, asparagine, glutamic acid, glutamine,
arginine, and lysine), arylalkyl (e.g., as in phenylalanine), substituted arylalkyl (e.g., as in
' tyrosine), heteroarylalkyl (e.g., as in tryptophan, histidine) and the like. One of skill in the art '
will appreciate that the term “amino acid” can also include beta-, gamma-, delta-, omega-
amino acids, and the like. Unnatural amino acids are also known in the art, as set forth in,
Natchus, M. G. Organic Synthesis: Theory and Applications (2001), 5, 89-196; Ager, D. J.
Current Opinion in Drug Discovery & Development (2001), 4(6), 800; Reginato, G. Recent
Research Developments in Organic Chemistry (2000), 4(Pt. 1), 351-359; Dougherty, D. A.
Current Opinion in Chemical Biology (2000), 4(6), 645-652; Lesley, S. A. Drugs and the
Pharmaceutical Sciences (2000), 101(Peptide and Protein Drug Analysis), 191-205; Pojitkov,
A. E. Journal of Molecular Catalysis B: Enzymatic (2000), 10(1-3), 47-55; Ager, D. J.
Speciality Chemicals (1999), 19(1), 10-12, and all references cited therein. Stereoisomers
(e.g., D-amino acids) of the twenty conventional amino acids, unnatural amino acids such as
alpha, alpha-disubstituted amino acids and other unconventional amino acids may also be
suitable components for compounds of the present invention. Examples of unconventional
amino acids include: 4-hydroxyproline, 3-methylhistidine, 5-hydroxylysine, and other similar
~ amino acids and imino acids (e.g., 4-hydroxyproline).

[0108] The term “N-protected amino acid” refers to any amino acid which has a
protecting group bound to the nitrogen of the amino functionality. This protecting group
prevents reactions from occurring at the amino functional group and can be removed by
conventional chemical or enzymatic steps to reestablish the amino functional group.

[0109] The term “O-protected amino acid” refers to any amino acid which has a
protecting group bound to the oxygen of the carboxyl functionality. This protecting group

prevents reactions from occurring at the carboxyl functional group and can be removed by
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conventional chemical or enzymatic steps to reestablish the carboxyl functional group. The
particular protecting group employed is not critical.

[0110] The term “prodrug” refers to an agent that is converted into the parent
drug in vivo. Prodrugs are often useful because, in some situations, they may be easier to
administer than the parent drug. They may, for instance, be bioavailable by oral
administration whereas the parent drug is not. The prodrug may also have improved
solubility in pharmaceutical compositions over the parent drug. A prodrug may be converted
into the parent drug by various mechanisms, including enzymatic processes and metabolic
hydrolysis. See Harper, “Drug Latentiation” in Jucker, ed. Progress in Drug Research 4:221-
294 (1962); Morozowich et al., “Application of Physical Organic Principles to Prodrug
Design™ in E. B. Roche ed. Des1gn of Biopharmaceutical Properties through Prodrugs and
Analogs, APHA Acad. Pharm. Sci. (1977); Bioreversible Carriers in Drug in Drug Design,
Theory and Application, E. B. Roche, ed., APHA Acad. Pharm. Sci. (1987); Design of
Prodrugs, H. Bundgaard, Elsevier (1985); Wang et al. “Prodrug approaches to the improved
delivery of peptide drug” in Curr. Pharm. Design. 5(4):265-287 (1999); Pauletti et al. (1997)
Improvement in peptide bioavailability: Peptidomimetics and Prodrug Strategies Adv. Drug.
Delivery Rev. 27:235-256; Mizen et al. (1998) “The Use of Esters as Prodrugs for Oral
Delivery of .beta.-Lactam antibiotics,” Pharm. Biotech. 11,345-365; Gaignault et al. (1996)
“Designing Prodrugs and Bioprecursors L Carrier Prodrugs,” Pract. Med. Chem. 671-696;
Asgharnejad, “Improving Oral Drug Transport”, in Transport Processes in Pharmaceutical
Systems, G. L. Amidon, P. I. Lee and E. M. Topp, Eds., Marcell Dekker, p. 185-218 (2000);
Balant et al., “Prodrugs for the improvement of drug absorption via different routes of
administration”, Eur. J. Drug Metab. Pharmacokinet., 15(2): 143-53 (1990); Balimane and
Sinko, “Involvement of multiple transporters in the oral absorption of nucleoside analogues”,
Adv. Drug Delivery Rev., 39(1-3): 183-209 (1999); Browne, “Fosphenytoin (Cerebyx)”,
Clin. Neuropharmacol. 20(1). 1-12 (1997); Bundgaard, “Bjoreversible derivatization of
drugs--principle and applicability to improve the therapeutic effects of drugs”, Arch. Pharm.
Chemi 86(1): 1-39 (1979); Bundgaard H. “Improved drug delivery by the prodrug approach”,
Controlled Drug Delivery 17: 179-96 (1987); Bundgaard H. “Prodrugs as a means to improve
the delivery of peptide drugs”, Adv. Drug Delivery Rev. 8(1): 1-38 (1992); Fleisher et al.

“Improved oral drug delivery: solubility limitations overcome by the use of prodrugs”, Adv.
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Drug Delivery Rev. 19(2): 115-130 (1996); Fleisher et al. “Design of prodrugs for improved
gastrointestinal absorption by intestinal enzyme targeting”, Methods Enzymol. 112 (Drug
Enzyme Targeting, Pt. A): 360-81, (1985); Farquhar D, et al., “Biologically Reversible
Phosphate-Protective Groups”, J. Pharm. Sci., 72(3): 324-325 (1983); Freeman S, et al.,
“Bioreversible Protection for the Phospho Group: Chemical Stability and Bioactivation of
Di(4-acetoxy-benzyl) Methylphosphonate with Carboxyesterase,” J. Chem. Soc., Chem.
Commun., 875-877 (1991); Friis and Bundgaard, “Prodrugs of phosphates and phosphonates:
Novel lipophilic alpha-acyloxyalkyl ester derivatives of phosphate- or phosphonate
containing drugs masking the negative charges of these groups”, Eur. J. Pharm. Sci. 4: 49-59
(1996); Gangwar et al., “Pro-drug, molecular structure and percutaneous delivery”, Des.
Biopharm. Prop. Prodrugs Analogs, [Symp.] Meeting Date 1976, 409-21. (1977); Nathwani
and Wood, “Penicillins: a current review of their clinical pharmacology and therapeutic use”,
Drugs 45(6): 866-94 (1993); Sinhababu and Thakker, “Prodrugs of anticancer agents”, Adv.
Drug Delivery Rev. 19(2): 241-273 (1996); Stella et al., “Prodrugs. Do they have advantages |
in clinical practice?”, Drugs 29(5): 455-73 (1985); Tan et al. “Development and optimization
of anti-HIV nucleoside analogs and prodrugs: A review of their cellular pharmacology,
sfructure—activity relationships and pharmacokinetics”, Adv. Drug Delivery Rev. 39(1-3):
117-151 (1999); Taylor, “Improved passive oral drug delivery via prodrugs”, Adv. Drug
Delivery Rev., 19(2): 131-148 (1996); Valentino and Borchardt, “Prodrug strategies to
enhance the intestinal absorption of peptides”, Drug Discovery Today 2(4): 148-155 (1997);
Wiebe and Knaus, “Concepts for the design of anti-HIV nucleoside prodrugs for treating
cephalic HIV infection”, Adv. Drug Delivery Rev.: 39(1-3):63-80 (1999); Waller et al.,
“Prodrugs”, Br. J. Clin. Pharmac. 28: 497-507 (1989).

[0111] In light of the purposes described for the present invention, all references
to reagents ordinarily containing hydrogens, hydrides, or protons may include partially or
fully deuterated versions (containing deuterium, deuteride, or deuteronium) as required to
affect transformation to the improved drug substances outlined herein.

[0112] The term “halogen”, “halide” or “halo” includes fluorine, chlorine,
bromine, and iodine.

[0113] The terms “alkyl” and “substituted alkyl” are interchangeable and include
substituted, optionally substituted and unsubstituted Ci-Cio straight chain saturated aliphatic

-52-



WO 2007/041630 PCT/US2006/038819

hydrocarbon groups, substituted, optionally substituted and unsubstituted Cp-Cio straight
chain unsaturated aliphatic hydrocarbon groups, substituted, optionally substituted and
unsubstituted C,-Cjo branched saturated aliphatic hydrocarbon groups, substituted and
unsubstituted C,-Cjp branched unsaturated aliphatic hydrocarbon groups, substituted,
optionally substituted and unsubstituted C3-Cg cyclic saturated aliphatic hydrocarbon groups,
substituted, optionally substituted and unsubstituted Cs-Cg cyclic unsaturated aliphatic
hydrocarbon groups having the specified number of carbon atoms. For example, the
definition of “alkyl” shall include but is not limited to: methyl (Me), trideuteromethyl (-CD3),
ethyl (Et), propyl (Pr), butyl (Bu), pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, ethenyl,
propenyl, butenyl, penentyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl, undecényl,
isopropyl (i-Pr), isobutyl (i-Bu), tert-butyl (i-Bu), sec-butyl (s-Bu), isopentyl, neopentyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclopentenyl,
cyclohexenyl, cycloheptenyl, cyclooctenyl, methylcyclopropyl, ethylcyclohexenyl,
butenylcyclopentyl,’ adamantyl, norbornyl and the like. Alkyl substituents are independently
selected from the group consisting of hydrogen, deuterium, halogen, -OH, -SH, -NH,, -CN, -
NO,, =0, =CH,, trihalomethyl, carbamoyl, arylCo.ealkyl, heteroarylCo.joalkyl, Ci.joalkyloxy,
arylCo.joalkyloxy, Ci.jealkylthio, arylCo.ioalkylthio, Ci.joalkylamino, arylCo.joalkylamino,
N-aryl-N-Co.jpalkylamino, Cj.jpalkylcarbonyl, arylCo.joalkylcarbonyl, Ci.jealkylcarboxy,
arylCy.jpalkylcarboxy, Cj.102lkylcarbonylamino, arylCy.joalkylcarbonylamino,
tetrahydrofuryl, morpholinyl, piperazinyl, hydroxypyronyl, -Co.10alkylCOOR,; and
-Cy.10alkylCONR,;R,3 wherein Rpj, Ry and Rp3 are independently selected from the group
consisting of hydrogen, deuterium, alkyl, aryl, or Ry, and Raz are taken together with the
nitrogen to which they are attached forming a saturated. cyclic or unsaturated cyclic system
containing 3 to 8 carbon atoms with at least one substituent as defined herein.

[0114] In light of the purposes described for the present invention, all references
to “alkyl” groups or any groups ordinarily containing C-H bonds may include partially or
fully deuterated versions as required to affect the improvements outlined herein.

[0115] The term “alkyloxy” (e.g. methoxy, ethoxy, propyloxy, allyloxy,
cyclohexyloxy) represents a substituted or unsubstituted alkyl group as defined above having

the indicated number of carbon atoms attached through an oxygen bridge. The term
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“alkyloxyalky’ d represents an alkyloxy group attached through Aan alkyl or substituted alkyl
group as defined above having the indicated number of carbon atoms.

[0116] The term “alkyloxycarbonyl” (e.g. methoxycarbonyl, ethoxycarbonyl, tert-
butoxycarbonyl, allyloxycarbonyl) represents a substituted or unsubstituted alkyloxy group
as defined above having the indicated number of carbon atoms attached through a carbonyl
bridge. |

[0117] The term “alkylthio” (e.g. methylthio, ethylthio, propylthio,
cyclohexenylthio and the like) represents a substituted or unsubstituted alkyl group as
defined above having the indicated number of carbon atoms attached through a sulfur bridge.
The term “alkylthioalkyl” represents an alkylthio group attached through an alkyl or
substituted alkyl group as defined above having the indicated number of carbon atoms.

[0118] The term “alkylamino” (e.g. methylamino, diethylamino, butylamino, N-
propyl-N-hexylamino, (2-cyclopentyl)propylamino, hexenylamino, and the like) represents
one or two substituted or unsubstituted alkyl groups as defined above having the indicated
number of carbon atoms attached through an amine bridge. The substituted or unsubstituted
alkyl groups maybe taken together with the nitrogen to which they are attached forming a
saturated cyclic or unsaturated cyclic system containing 3 to 10 carbon atoms with at least
one substituent as defined above. The term “alkylaminoalkyl” represents an alkylamino
group attached through a substituted or unsubstituted alkyl group as defined above having the
indicated number of carbon atoms.

- [0119] The term “alkylhydrazino” (e.g. methylhydrazino, diethylhydrazino,
butylhydrazino, (2-cyclopentyl)propylhydrazino, cyclohexanehydrazino, and the like)
represents one or two substituted or unsubstituted alkyl groups as defined above having the
indicated number of carbon atoms attached through a nitrogen atom of a hydrazine bridge.
The substituted or unsubstituted alkyl groups maybe taken together with the nitrogen to
which they are attached forming a saturated cyclic or unsaturated cyclic system containing 3
to 10 carbon atoms with at least one substituent as defined above. The term
“alkylhydrazinoalkyl” represents an alkylhydrazino group attached through a substituted or
unsubstituted alkyl group as defined above having the indicated number of carbon atoms.

[0120] The term “alkylcarbonyl” (e.g. cyclooctylcarbonyl, pentylcarbonyl, 3-
hexenylcarbonyl and the like) represents a substituted or unsubstituted alkyl group as defined
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above having the indicated number of carbon atoms attached through a carbonyl group. The
term “alkylcarbonylalkyl” represents an alkylcarbonyl group attached through a substituted
or unsubstituted alkyl group as defined above having the indicated number of carbon a;coms.

[0121]  The term “alkylcarboxy” (e.g. heptylcarboxy, cyclopropylcarboxy, 3-
pentenylcarboxy and the like) represents an alkylcarbonyl group as defined above wherein
the carbonyl is in turn attached through an oxygen. The term “alkylcarboxyalkyl” represents
an alkylcarboxy group attached through an alkyl group as defined above having the indicated
number of carbon atoms.

[0122] The term  “alkylcarbonylamino” (e.g. hexylcarbonylamino,
cyclopentylcarbonyl-aminomethyl, methylcarbonylaminophenyl and the like) represents an
alkylcarbonyl group as defined above wherein the carbonyl is in turn attached through the
nitrogen atom of an amino group. The nitrogen group may itself be substituted with a
substituted or unsubstituted alkyl or aryl group. The term “alkylcarbonylaminoalkyl”
represents an alkylcarbonylamino group attached through a substituted or unsubstituted alkyl
group as defined above having the indicated number of carbon atoms.

[0123] The term “alkylcarbonylhydrazino” (e.g. ethylcarbonylhydrazino, tert-
butylcarbonylhydrazino and the like) represents an alkylcarbonyl group as defined above
wherein the carbonyl is in turn attached through the nitrogen atom of a hydrazino group.

[0124] The term “aryl” represents an unsubstituted, mono-, or polysubstituted
monocyclic, polycyclic, biaryl aromatic groups covalently attached at any ring position
capable of forming a stable covalent bond, certain preferred points of attachment being
apparent to those skilled in the art (e.g., 3-phenyl, 4-naphthyl and the like). The aryl
substituents are independently selected from the group consisting of hydrogen, deuterium,
halogen, -OH, -SH, -CN, -NO,, trihalomethyl, hydroxypyronyl, Ci.jealkyl, arylCy.10alkyl,
Co.10alkyloxyCo.joalkyl, arylCy.j0alkyloxyCo.1oalkyl, Co.10alkylthioCy.jpalkyl,
arylCy.1oalkylthioCo.10alkyl, Co.10alkylaminoCo.joalkyl, arylCo.joalkylaminoCo.jpalkyl, N-aryl-
N-Cy.10alkylaminoCo.joalkyl, Ci-joalkylcarbonylCo.joalkyl, arylCo.jpalkylcarbonylCo.jpalkyl,
Ci.10alkylcarboxyCo.10alkyl, arylCo.joalkylcarboxyCo.roalkyl, Ci.
1oatkylcarbonylaminoCy.jeatkyl, arylCo.jealkylcarbonylaminoCo.joalkyl, —Cop-102lkylCOORy;,
and —Cy.10alkylCONR22R,3 wherein Ryj, Ry, and Ras are independently selected from the
group consisting of hydrogen, deuterium, alkyl, aryl or Ry and Ry are taken together with
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the nitrogen to Which they are attached forming'a saturated cyclic or unsaturated cyclic
system containing 3 to 8 carbon atoms with at least one substituent as defined above.

. [0125] The definition of “aryl” includes but is not limited to phenyl,
pentadeuterophenyl, biphenyl, naphthyl, dihydronaphthyl, tetrahydronaphthyl, indenyl,
indanyl, azulenyl, anthryl, phenanthryl, fluorenyl, pyrenyl and the like.

[0126] The term  “arylalkyl” (e.g. (4-hydroxyphenyl)ethyl,  (2-
aminonaphthyl)hexenyl and the like) represents an aryl group as defined above attached
through a substituted or unsubstituted alkyl group as defined above having the indicated
number of carbon atoms. '

[0127] The term “arylcarbonyl” (e.g. 2-thiophenylcarbonyl, 3-
methoxyanthrylcarbonyl and the like) represents an aryl group as defined above attached
through a carbonyl group.

[0128] The term “arylalkylcarbonyl” (e.g. (2,3-dimethoxyphenyl)propylcarbonyl,
(2-chloronaphthyl)pentenyl-carbonyl and the like) represents an arylalkyl group as defined
above wherein the alkyl group is in turn attached through a carbonyl.

- [0129] The term “aryloxy” (e.g. phenoxy, naphthoxy, 3-methylphenoxy, and the
like) represents an aryl or substituted aryl group as defined above having the indicated
number of carbon atoms attached through an oxygen bridge. The term “aryloxyalkyl”
represents an aryloxy group attached through a substituted or unsubstituted alkyl group as
defined above having the indicated number of carbon atoms.

[0130] The term “aryloxycarbonyl” (e.g. phenoxycarbonyl, naphthoxycarbonyl)
represents a substituted or unsubstituted aryloxy group as defined above having the indicated
number of carbon atoms attached through a carbonyl bridge.

[0131] The term “arylthio” (e.g. phenylthio, naphthylthio, 3-bromophenylthio,
and the like) represents an aryl or substituted aryl group as defined above having the
indicated number of carbon atoms attached through a sulfur bridge. The term “arylthioalkyl”
represents an arylthio group attached through a substituted or unsubstituted alkyl group as
defined above having the indicated number of carbon atoms.

[0132] The term “arylamino” (e.g. phenylamino, diphenylamino, naphthylamino,
N-phenyl-N-naphthylamino, o-methylphenylamino, p-methoxyphenylamino, and the like)

represents one or two aryl groups as defined above having the indicated number of carbon
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atoms attached through an amine bridge. The term “arylaminoalkyl” represents an arylamino
group attached through a substituted or unsubstituted alkyl group as defined above having the
indicated number of carbon atoms. The term “arylalkylamino” represents an aryl group
attached through an alkylamino group as defined above having the indicated number of
carbon atoms. The term “N-aryl-N-alkylamino” (e.g. N-phenyl-N-methylamino, N-naphthyl-
N-butylamino, and the like) represents one aryl and one a substituted or unsubstituted alkyl
group as defined above having the indicated number of carbon atoms independently attached
ﬂuéughananﬂnebﬁdg&

[0133] The term “arylhydrazino” (e.g. phenylhydrazino, naphthylhydrazino, 4-
methoxyphenylhydrazino, and the like) represents one or two aryl groups as defined above
having the indicated number of carbon atoms attached through a hydrazine bridge. The term
“arylhydtazinoalky ” represents an arylhydrazino grouprattached through a substituted or
unsubstituted alkyl group as defined above having the indicated number of carbon atoms.
The term “arylalkylhydrazino” represents an aryl group attached through an alkylhydrazino
group as defined above having the indicated number of carbon atoms. The term “N-aryl-N-
alkylhydrazino” (e.g. N-phenyl-N-methylhydrazino, N-naphthyl-N-butylhydrazino, and the
like) fepresents one aryl and one a substituted or unsubstituted alkyl group as defined above
having the indicated number of carbon atoms independently attached through an amine atom
of a hydrazine bridge.

[0134] The term “arylcarboxy” (e.g. phenylcarboxy, naphthylcarboxy, 3-
fluorophenylcarboxy and the like) represents an arylcarbonyl group as defined above wherein
the carbonyl is in turn attached through an oxygen bridge. The term “arylcarboxyalkyl”
represents an arylcarboxy group attached through a substituted or unsubstituted alkyl group
as defined above having the indicated number of carbon atoms.

[0135] The  term “arylcarbonylamino” (e.g. phenjrlcarbonylamino,
naphthylcarbonylamino, 2-methylphenylcarbonylamino and the like) represents an
arylcarbonyl group as defined above wherein the carbonyl is in turn attached through the
nitrogen atom of an amino group. The nitrogen group may itself be substituted with a
substituted or unsubstituted alkyl or aryl group. The term “arylcarbonylaminoalkyl”
represents an arylcarbonylamino group attached through a substituted or unsubstituted alkyl
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group as defined above having the indicated number of carbon atoms. The Nitrogen group
may itself be substituted with a substituted or unsubstituted alkyl or aryl group.

[0136] The term “arylcarbonylhydrazino” (e.g. phenylcarbonylhydrazino,
naphthylcarbonylhydrazino, and the like) represents an arylcarbonyl group as deﬁnéd above
wherein the carbonyl is in turn attached through the Nitrogen atom of a hydrazino group.

[0137] The terms “heteroaryl”, “heterocycle” or “heterocyclic” refers to a
monovalent unsaturated group having a single ring or multiple condensed rings, from 1 to 13
carbon atoms and from 1 to 10 hetero atoms selected from the group consisting of nitrogen,
sulfur, and oxygen, within the ring. The heteroaryl groups in this invention can be optionally
substituted with 1 to 10 substituents selected from the group consisting of: hydrogen,
deuterium, halogen, -OH, -SH, -CN, -NO,, trihalomethyl, hydroxypyronyl, Ci.10alkyl, arylCo.
1oalkyl, Co.joalkyloxyCo-1oalkyl, arleo-1oalkyloxyCO-loélkyl, Co-10alkylthioCy.palkyl, arylCo.
joalkylthioCo.1palkyl, Co-1oalkylaminoCo-loalkyl, arylCp.jpalkylaminoCo.jpalkyl, N-aryl-N-Cop.
1oalkylaminoCy.joalkyl, Ci.jpalkylcarbonylCo.joalkyl, arylCo.joalkylcarbonylCy.ipalkyl, Ci-
woalkylcarboxyCo.jealkyl, arylCo.ialkylcarboxyCo.ioalkyl, C.1ealkylcarbonylaminoC.i0alkyl,
arleo-Ioalkylgarbonylaminoco_loalkyl, —Co.10alkylCOORy;, and —Co.10alkylCONR2Ry3
wherein Ra;, Rz and Ras are independently selected from the group consisting of hydrogen,
deuterium, alkyl, aryl, or Roy and Rys are taken together with the nitrogen to which they are
attached forming a saturated cyclic or unsaturated cyclic system containing 3 to 8 carbon
atoms with at least one substituent as defined above.

' [0138] The definition of “heteroaryl” includes but is not limited to thienyl,
benzothienyl, isobenzothienyl, 2,3-dihydrobenzothienyl, furyl, pyranyl, benzofuranyl,
isobenzofuranyl, 2,3-dihydrobenzofuranyl, pyrrolyl, pyrrolyl-2,5-dione, 3-pyrrolinyl, indolyl,
isoindolyl, 3H-indolyl, indolinyl, indolizinyl, indazolyl, phthalimidyl (or isoindoly-1,3-
dione), imidazolyl, 2H-imidazolinyl, benzimidazolyl, deuterobenzimidazolyl,
dideuterobenzimidazolyl, trideuterobenzimidazolyl, tetradeuterobenzimidazolyl, pyridyl,
deuteropyridyl,  dideuteropyridyl, trideuteropyridyl, tetradeuteropyridyl, pyrazinyl,
pyradazinyl, pyrimidinyl, triazinyl, quinolyl, isoquinolyl, 4H-quinolizinyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, 1,8-naphthyridinyl, pteridinyl, carbazolyl, acridinyl,
phenazinyl, phenothiazinyl, phenoxazinyl, chromanyl, benzodioxolyl, piperonyl, purinyl,

pyrazolyl, triazolyl, tetrazolyl, thiazolyl, isothiazolyl, benzthiazolyl, oxazolyl, isoxazolyl,
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benzoxazolyl, oxadiazolyl, thiadiazolyl, pyrrolidinyl-2,5-dione, imidazolidinyl-2,4-dione, 2-
thioxo-imidazolidinyl-4-one, imidazolidinyl-2,4-dithione, thiazolidinyl-2,4-dione, 4-thioxo-

thiazolidinyl-2-one, piperazinyl-2,5-dione, tetrahydro-pyridazinyl-3,6-dione, 1,2-dihydro-
7 [1,2,4,5]tetraziny1-3,6—dione, [1,2,4,5]tetrazinanyl-3,6-dione, dihydro-pyrimidinyl-2,4-dione,
pyrimidinyl-2,4,6-trione, 1H-pyrimidinyl-2,4-dione, 5-iodo-1H-pyrimidinyl-2,4-dione, 5-
chloro-1H-pyrimidinyl-2,4-dione, S-methyl-1H-pyrimidiny1-2,4-dione, 5-isopropyl-1H-
pyrimidinyl-2,4-dione, 5-propynyl-1H-pyrimidinyl-2,4-dione, 5-trifluoromethyl-1H-
pyrimidinyl-2,4-dione, 6-amino-9H-purinyl, 2-amino-9H-purinyl, 4-amino-1H-pyrimidinyl-
2-one, 4-amino-5-fluoro-1H-pyrimidinyl-2-one, 4-amino-5-methyl-1H-pyrimidinyl-2-one, 2-
amino-1,9-dihydro-purinyl-6-one, 1,9-dihydro-purinyl-6-one, 1H-[1,2,4]triazolyl-3-
carboxylic  acid  amide,  2,6-diamino-N6-cyclopropyl-9H-purinyl, 2-amino-6-(4-
methdxyphenylsulfanyl)-9H-purinyl, 5,6-dichloro-1H-benzoimidazolyl, 2-isopropylamino-
5,6-dichloro-1H-benzoimidazolyl, 2-bromo-5,6-dichloro-1H-benzoimidazolyl, 5-methoxy-
1H-benzoimidazolyl, 3-ethylpyridyl, 5-methyl-2-phenyl-oxazolyl, 5-methyl-2-thiophen-2-yl-
oxazolyl, 2-furan-2-yi-5-methyl-oxazolyl, 3-methyl-3H-quinazolin-4-one, 4-methyl-2H-
phthalazin-1-one, 2-ethyl-6-methyl-3H-pyrimidin-4-one, 5-methoxy-3-methyl-3H-
imidazo[4,5-b]pyridine and the like. For the purposes of this application, the terms
“heteroaryl”, “heterocycle” or “heterocyclic” do not include carbohydrate rings (i.e. mono- or
oligosaccharides).

[0139] The term “saturated heterocyclic” represents an unsubstituted, mono-, and
polysubstituted monocyclic, polycyclic saturated heterocyclic group covalently attached at
any ring position capable of forming a stable covalent bond, certain preferred points of
attachment being apparent to those skilled in the art (e.g., 1-piperidinyl, 4-piperazinyl, DBU,
and the like).

[0140] The saturated heterocyclic substituents are independently selected from
the group consisting of halo, -OH, -SH, -CN, -NO, trihalomethyl, hydroxypyronyl, Ci.
1oalkyl, arylCo.joalkyl, Co-10alkyloxyCo.ialkyl, arylCo.joalkyloxyCo-10alkyl, Co.joalkylthioCo.
10alkyl, arylCo.joalkylthioCo.1ealkyl, Co-10alkylaminoCy_joalkyl, arylCo.joalkylaminoCo.joalkyl,
N-aryl-N-Cy.jpalkylaminoCo.jalkyl, Ci.jpalkylcarbonylCo.joalkyl, arylCy.jpalkylcarbonylCo.
roalkyl, C1.10alkylcarboxyCo.-roalkyl, arylCo.joalkylcarboxyCo.10alkyl, Ci.
1oalkylcarbonylaminoCo.jpalkyl, arylCo.joalkylcarbonylaminoCy.ioalkyl, ~Co.10alkylCOORy;4,

-59-



WO 2007/041630 PCT/US2006/038819

and —Cg.10alkylCONR;Ry3 wherein Ray, Ry, and Rys are independently selected from the
group consisting of hydrogen, deuterium, alkyl, aryl, or Ry, and Rp; are taken together with
the nitrogen to which they are attached forming a saturated cyclic or unsaturated cyclic
system containing 3 to 8 carbon atoms with at least one substituent as defined above.

[0141] The definition of saturated heterocyclic includes but is not limited to
pyrrolidinyl, pyrazolidinyl, piperidinyl, 1,4-dioxanyl, morpholinyl, 1,4-dithienyl,
thiomorpholinyl, piperazinyl, quinuclidinyl, and the like. '

[0142] The term “alpha-beta-unsaturated carbonyl” refers to a molecule that has a
carbonyl group directly attached to a double or triple bonded carbon and which would be
obvious to one of ordinary skill and knowledge in the art. The definition of alpha-beta-
unsaturated carbonyl includes but is not limited to acrolein, methyl vinyl ketone, and the like.

[0143] The term “acetal” refers to a molecule that contains a carbon atom C; that
is directly attached to a hydrogen atom (H), a substituted carbon atom (C;) and two oxygen
atoms (O; and Oy). These oxygen atoms are in turn attached to other substituted carbon
atoms (C3 and C4), which would be obvious to one of ordinary skill and knowledge in the art.
The definition of acetal includes but is not limited to 1,1-dimethoxypropane, 1,1-bis-

allyloxybutane and the like.

[0144] The term “cyclic acetal” refers to an acetal as defined above where Cs and
C., together with the oxygen atoms to which they are attached, combine thru an alkyl bridge
to form a 5- to 10-membered ring, which would be obvious to one of ordinary skill and
knowledge in the art. The definition of cyclic acetal includes but is not limited to 2-methyl-
[1,3]dioxolane,  2-ethyl-[1,3]dioxane, 2-phenyl-[1,3]dioxane, 2-phenyl-hexahydro-
pyrano[3,2-d][1,3]dioxine and the like.

[0145] The term “ketal” refers to a molecule that contains a carbon atom C; that
is directly attached to two substituted carbon atom (C, and C3) and two oxygen atoms (O

and O;). These oxygen atoms are in turn attached to other substituted carbon atoms (C, and
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Cs), which would be obvious to one of ordinary skill and knowledge in the art. The
definition of acetal includes but is not limited to 2,2-dimethoxy-butane, 3,3-diethoxy-pentane
and the like. ,
05/02. A1=c,
c; ey

[0146] The term “cyclic ketal” refers to a ketal as defined above where C4 and Cs,
together with the oxygen atoms to which they are attached, combine thru an alkyl bridge to
form a 5- to 10-membered ring, which would be obvious to one of ordinary skill and
knowledge in the art. The definition of cyclic acetal includes but is not limited to 2,2,4,5-
tetramethyl-[1,3]dioxolane, 2,2-diethyl-[1,3]dioxepane, 2,2-dimethyl-hexahydro-pyrano[3,2-
d][1,3]dioxine and the like.

(C)/::4 Ojc{ ® n=0to5
Cs=0, ©2

[0147] A“Ommmfgmmm&mmaCFQDngmmeRB%dﬁmd
herein.

[0148] An “acetyl” group refers to a -C(=0)CHa, group.

[0149] A “trihalomethanesulfonyl” group refers to a X3CS(=0),- group where X
is a halogen.

[0150] A “cyano” group refers to a -CN group.

[0151] An “isocyanato” group refers to a -NCO group.

. [0152] A “thiocyanato™ group refers to a -CNS group.

[0153] An “isothiocyanato” group refers to a -NCS group.

[0154] A “sulfinyl” group refers to a -S(=0)-R group, with R as defined herein.

[0155] A “S-sulfonamido” group refers to a -S(=O),NR, group, with R as defined
herein.

[0156] A “N-sulfonamido” group refers to a RS(=0),NH- group with R as
defined herein.

[0157] A “trihalomethanesulfonamido” group refers to a X3CS(=0):NR- group
with X and R as defined herein.

-61-



WO 2007/041630 PCT/US2006/038819

[0158]  An “O-carbamyl” group refers to a -OC(=0)-NR, group-with R as defined

herein.

[0159] An “N-carbamyl” group refers to a ROC(=0O)NH- group, with R as
defined herein.

[0160]  An “O-thiocarbamyl” group refers to a -OC(=S)-NR, group with R as
defined herein. 4

[0161]  An “N-thiocarbamyl” group refers to an ROC(=S)NH- group, with R as
defined herein. |

[0162] A “C-amido” group refers to a -C(=0)-NR; group with R as defined
herein.

[0163] An “N-amido” group refers to a RC(=0)NH- group, with R as defined
herein.

[0164] The term “perhaloalkyl” refers to an alkyl group where all of the hydrogen
atoms are replaced by halogen atoms.

[0165] The term “pharmaceutical composition” refers to a mixture of a compound
disclosed herein with other chemical components, such as diluents or carriers. = -The
pharmaceutical composition facilitates administration of the compound to an organism.
Multiple techniques of administering a compound exist in the art including, but not limited
to, oral, injection, aerosol, parenteral, and topical administration. Pharmaceutiéal
compositions can also be obtained by reacting compounds with inorganic or organic acids
such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid,
methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid and the like.

[0166]  The term “carrier” defines a chemical compound that facilitates the
incorporation of a compound into cells or tissues. For example dimethyl sulfoxide (DMSO)
is a commonly utilized carrier as it facilitates the uptake of many organic compounds into the
cells or tissues of an organism.

[0167] The term “diluent” defines a solution, typically one that is aqueous or
partially aqueous, that dissolves chemical compounds of interest and may stabilize the
biologically active form of the compound. Salts dissolved in buffered solutions are utilized
as diluents in the art. One commonly used buffered solution is phosphate buffered saline

because it mimics the salt conditions of human blood. Since buffer salts can control the pH
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of a solution at low concentrations, a buffered diluent rarely modifies the biological activity
of a compound.

[0168]  The term “gastric related diseases” defines a medical or physiological
condition that includes, but is not limited to, peptic ulcer, duodenal ulcer, stomach ulcer,
gastric ulcer, chronic gastritis, gastro-esophageal reflux disease, GERD, heartburn, acid
reflux, reflux esophagitis, indigestion, non-ulcer dyspepsia, functional dyspepsia, dyspepsia
caused by structural or biochemical disease, biliary tract disease, gastroparesis, pancreatitis,
carbohydrate malabsorption, including but not limited to lactose, sorbitol, fructose, and
mannitol malabsorption, infiltrative diseases of the stomach, Crohn's disease, sarcoidoéis,
ischemic bowel disease, inflammatory bowel disease, diverticulitis, Helicobacter infections,
Helicobacter pylori infections, intestinal parasites including but not limited to giardia species
and strongyloides species, abdominal cancer, gastric cancer, esophageal cancer, pancreatic
cancer, adenocarcinoma of the antrum and adenocarcinoma of the body of the stomach.

[0169] In one embodiment, the present invention provides a process for preparing
a compound of formula 3 wherein Ry; and Ryg are independently selected from the group
consisting of hydrogen and deuterium; R, and Ry3 are independently selected from the group
consisting of —CHs, -CDHy, —CD;H, and —CDj;. Such a process can be performed, for‘
example, by contacting compound of formula 2 with deuterium oxide under conditions

suitable to form a compound of formula 3, as set forth below:

; ;
H. _NY _H N
K D,0 Ry N\ Ry
| —_— |
~ ~
H;C CHj Ry3 Rz
NOZ ' N02
2 3

[0170] Compound of formula 2 may be prepared by known processes. Compound
2 is typically contacted with deuterium oxide in the presence of a catalyst. Catalysts
contemplated for use in the practice of this particular invention process are typically sodium
carbonate, potassium carbonate, DBU and the like. Solvents contemplated for use in the
practice of this particular invention process are typically polar solvents, such as for example,
1,4-dioxane, acetone, acetonitrile, dimethyl formamide, dimethyl acetamide, N-

methylpyrrolidine, dimethyl sulfoxide and the like, or any suitable mixtures thereof. The
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process is typically carried out ata temperature in the range of about 0 °C up to about 500
°C, for 0.01 0 240 hours, at a pH in the range of about 1 up to about 14, at a pressure in the
range of about 1 mBar up to about 350 Bar. ‘

[0171] In certain embodiments, Compound 2 is typically contacted with
deuterium oxide in the presence of a catalyst, with or without another solvent.. Catalysts
contemplated for use in the practice of this particular invention process are typically sodium
carbonate, potassium carbonate, DBU and the like. Solvents contemplated for use in the
practice of this particular invention process are ftypically polar solvents, such as for example,
1,4-dioxane, acetone, acetonitrile, dimethyl formamide, dimethyl acetamide, N-
methylpyrrolidine, dimethyl sulfoxide and the like, or any suitable mixtures thereof. The
process is typically carried out in the presence of focused microwave radiation using a quartz
reactor at a pressure in the range of about 1 Bar to about 25 Bar, a power setting in the range
of about 1 W per liter of solvent to about 900 W per liter of solvent, at a temperature in the
rangé of about 0°C up to about 500°C, for 0.01 to 5 hours, at a pH in the range of about 1 up
to about 14.

[0172] In another embodiment, the present invention provides a process for
preparing a compound of formula 5 wherein R;4 is hydrogen or deuterium, Ryz, Ry3 and Rys
are independently selected from the group consisting of ~CHs, -CDH,, —CD,H, and —CDs.
Such a process can be performed, for example, by contacting compound of formula 4 with

deuterium oxide under conditions suitable to form a compound of formula 5, as set forth

below:
o o
N .+
H Q H3 Dzo R14 N\ R15
| —_— |
- ~Z
HsC CHj Ry3 Rz
NOZ NOZ
4 5

10173} Compound of formula 4 may be prepared by known processes. Compound
4 is typically contacted with deuterium oxide in the presence of a catalyst. Catalysts
contemplated for use in the practice of this particular invention process are typically sodium

carbonate, potassium carbonate, DBU and the like. Solvents contemplated for use in the
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practice of this particular invention process are typically polar solvents, such as for exarﬁple,
1,4-dioxane, acetone, acetonitrile, ~dimethyl formamide, dimethyl acetamide, N-
methylpyrrolidine, dimethyl sulfoxide and the like, or any suitable mixtures thereof. The
process is typically carried out at a temperature in the range of about 0 °C up to about 500
°C, for 0.01 to 240 hours, at a pH in the range of about 1 up to about 14, and at a pressure in
the range of about 1 mBar up to about 350 Bar.

[0174] In certain embodiments, Compound 4 is typically contacted with
Deuterium oxide in the presence of a catalyst, with or without another solvent. Catalysts
contemplated for use in the practice of this particular invention proceés are typically Sodium
carbonate, Potassium carbonate, DBU and the like. Solvents contemplated for use in the
practice of this particular invention process are typically polar solvents, such as for example,
1,4-dioxane, acetone, acetonitrile, dimethyl formamide, dimethyl acetamide, N-
methylpyrrolidine, dimethyl sulfoxide and the like, or any suitable mixtures thereof. The
process i8 typically carried out in the presence of focused microwave radiation using a quartz
reactor at a pressure in the range of about 1 Bar to about 25 Bar, a power setting in the range
of about 1 W per liter of solvent to about 900 W per liter of solvent, at a temperature in the
range of about 0°C up to about 500°C, for 0.01 to 5 hours, at a pH in the range of about 1 up
to about 14.

[0175]  Before the present compounds, compositions and methods are disclosed
and described, it is to be understood that aspects of the present invention are not limited to
specific synthetic methods, specific pharmaceutical carriers, or to particular pharmaceutical
fofmulations or administration regimens, as such may, of course, vary. It is also to be
understood that the terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting.

[0176] It is also noted that, as used in the specification and the appended claims,
the singular forms “a,” “an” and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a bicyclic aromatic compound” includes
mixtures of bicyclic aromatic compounds; reference to “a pharmaceutical carrier” includes
mixtures of two or more such carpiers, and the like.

[0177] Certain pharmaceutically acceptable salts of the invention are prepared by

treating the novel compounds of the invention with an appropriate amount of
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pharmaceutically acceptable base. Representative pharmaceutically acceptable bases are
ammonium hydroxide, sodium hydroxide, potassium hydroxide, lithium hydroxide, calcium
hydroxide, magnesium hydroxide, ferrous hydroxide, zinc hydroxide, copper hydroxide,
Aluminum hydroxide, ferric hydroxide, isopropylamine, trimethylamine, diethylamine,
triethylamine, tripropylamine, ethanolamine, 2-dimethylaminoethanol, 2-
diethylaminoethanol, lysine, arginine, histidine, and the like. The reaction is conducted in
water or D,0, alone or in combination with an inert, water-miscible organic solvent, at a
temperature of from about 0 °C to about 100 °C, preferably at room temperature. The molar
ratio of compounds of structural Formula 1 to base used is chosen to provide the ratio desired
for any particular salts. For preparing, for example, the ammonium salts of the starting
material, compounds of Formula 1 can be treated with approximately one equivalent of the
pharmaceutically acceptable base to yield a neutral salt. When Calcium salts are prepared,
approximately one-half a molar equivalent of base is used to yield a neutral salt, while for
Aluminum salts, approximately one-third a molar equivalent of base will be used.

[0178] The compounds of the invention may be conveniently formulated into
pharmaceutical compositions composed of one or more of the compounds together with a
pharmaceutically acceptable carrier as described in Remington’s Pharmaceutical Sciences,
latest edition, by E. W. Martin (Mack Publ. Co., Easton Pa.).

[0179] The compounds of the invention may be administered orally, parentérally
(e.g., intravenously), by intramuscular injection, by intraperitoneal injection, topically,
transdermally, or the like, although oral or topical administration is typically preferred. The
amount of active compound administered will, of course, be dependent on the subject being
~ treated, the subject’s weight, the manner of administration and the judgment of the
prescribing physician. The dosage will be in the range of about 1 microgram per kilogram per
day to 100 milligram per kilogram per day.

[0180] Depending on the intended mode of administration, the pharmaceutical
compositions may be in the form of solid, semi-solid or liquid dosage forms, such as, for
example, tablets, suppositories, pills, capsules, powders, liquids, suspensions, lotions,
creams, gels and the like, preferably in unit dosage form suitable for single administration of
a precise dosage. The compositions will include, as noted above, an effective amount of the

selected drug in combination with a pharmaceutically acceptable carrier and, in addition, may
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include other medicinal agents, pharmaceuticai agents, carriers, adjuvants, diluents and the
like.

[0181]  For solid compositions, conventional non-toxic solid carriers include, for
éxample, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium
saccharin, talc, cellulose, glucose, sucrose, magnesium carbonate, and the like. Liquid
pharmaceutically administrable-compositions can, for example, be prepared by dissolving,
dispersing, etc., an active compound as described herein and optional pharmaceutical
adjuvants in an excipient, such as, for example, water, saline, aqueous dexirose, glycerol,
ethanol, and the like, to thereby form a solution or suspension. If desired, the pharmaceutical
composition to be administered may also contain minor amounts of nontoxic auxiliary
substances such as wetting or emulsifying agents, pH buffering agents and the like, for
example, sodium acetate, sorbitan monolaurate, triethanolamine sodium acetate,
triethanolamine oleate, etc. Actual methods of preparing such dosage forms are known, or
will be apparent, to those skilled in this art; for example, see Remington’s Pharmaceutical
Sciences, referenced above.

[0182] For oral administration, fine powders or granules may contain diluting,
dispersing, and/or surface active agents, and may be presented in water or in a syrup, in
capsules or sachets in the dry state, or in a non-aqueous solution or suspension wherein
suspending agents may be included, in tablets wherein binders and lubricants may be
included, or in a suspension in water or a syrup. Wherever required, flavoring, preserving,
suspending, thickening, or emulsifying agents may also be included. Tablets and granules are
preferred oral administration forms, and these may be coated.

[0183] Parenteral administration, if used, is generally characterized by injection.
Injectables can be prepared in conventional forms, either as liquid solutions or suspensions,
solid forms suitable for solution or suspension in liquid prior to injection, as emulsions, or as
sustained release delivery system.

[0184] Systemic administration can also be by transmucosal or transdermal
means. For transmucosal or transdermal administration, penetrants appropriate to the barrier
to be permeated are used in the formulation. Such penetrants are generally known in the art,

and include, for example, for transmucosal administration, bile salts and fusidic acid
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derivatives. In addition, detergents can be used to facilitate permeation. Transmucosal
administration can be through nasal sprays, for example, or using suppositories.

[0185] For topical administration, the agents are formulated into ointments,
creams, salves, powders and gels. In one aspect, the transdermal delivery agent can be
DMSO. Transdermal delivery systems can include, such as for example, patches.

[0186] Pharmaceutical compositions containing the compounds of the invention
as an active ingredient can take the form of tablets, capsules, powders, suspensions,
solutions, emulsions as v'vell as salves and creams, and can be used for parenteral
(intravenous, intradermal, intramuscular, intrathecal etc.) injections, infiltration, topical
application, central inj ection at spinal cord, oral, rectal, intravaginal and intranasal
administering or for local application. Such compositions can be prepared by combining the
active ingredient(s) with pharmaceutically acceptable excipients normally used for this
purpose. Such excipients can comprise aqueous and non-aqueous solvents, stabilizers,
suspension agents, dispersing agents, moisturizers and the like, and will be known to the
skilled person in the pharmaceutical field. The composition may further contain likewise
suitable additives such as for instance polyethylene glycols and, if necessary, colorants,
fragrances and the like.

[0187] The pharmaceutical compositions will preferably contain at least 0.1
volume % by weight of the active ingredient. The actual concentration will depend on the
human subject and the chosen administering route. In general this concentration will lie
between 0.1 and 100% for the above applications and indications. The dose of the active
ingredient to be administered can further vary between 1 microgram and 100 milligram per
kilogram body weight per day, preferably between 1 microgram and 50 milligram per
kilogram body weight per day, and most preferably between 1 microgram and 20 milligram
per kilogram body weight per day. Also, all of the specific dosages which lie between the
upper and lower dosages stated above are contemplated in the present invention.

10188] The desired dose is preferably presented in the form of one, two, three,
four, five, six or more sub-doses that are administered at appropriate intervals per day. The
dose or sub-doses can be administered in the form of dosage units containing for instance

from 0.5 to 1500 milligram, preferably from 1 to 100 milligram and most preferably from 1
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to 40 milligram active constituent per dosage unit, and if the condition of the patient requires

the dose can, by way of alternative, be administered as a continuous infusion.

EXAMPLES

[0189] As wused herein, and unless otherwise indicated, the following
abbreviations have the following meanings: Me refers to fnethyl (CH3-), Et refers to ethyl
(CH3CH,-), i-Pr refers to isopropyl ((CHz),CHa-), t-Bu or tert-butyl refers to tertiary butyl
((CH3)3CH-), Ph refers to phenyl, Bn refers to benzyl (PhCH,-), Bz refers to benzoyl (PhCO-
), MOM refers to methoxymethyl, Ac refers to acetyl, TMS refers to trimethylsilyl, TBS
refers to tert-butyldimethylsilyl, Ms refers to methanesulfonyl (CH3SO,-), Ts refers to p-
toluenesulfonyl (p-CH3PhSO,-), Tf refers to trifluoromethanesulfonyl (CF3S0;-), TfO refers
to trifluoromethanesulfonate (CF3S03-), D,O refers to deuterium oxide, DMF refers to N,N-
dimethylformamide, DCM refers to dichloromethane (CH,Cl), THF refers to
tetrahydrofuran, EtOAc refers to ethyl acetate, Et;O refers to diethyl ether, MeCN refers to
acetonitrile (CH;CN), NMP refers to 1-N-methyl-2-pyrrolidinone, DMA refers to N,N-
dimethylacetamide, DMSO refers to dimethylsulfoxide, DCC  refers to 1,3-
dicyclohexyldicarbodiimide, EDCI refers to 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide, Boc refers to tert-butylcatbonyl, Fmoc refers to 9-
fluorenylmethoxycarbonyl, TBAF refers to tetrabutylammonium fluoride, TBAI refers to
tetrabutylammonium iodide, TMEDA refers to N,N,N,N-tetramethylethylene diamine, Dess-
Martin periodinane or Dess Martin reagent refers to 1,1,1-triacetoxy-1,1-dihydro-1,2-
benziodoxol-3(1H)-one, DMAP refers to 4-N,N-dimethylaminopyridine, (i-Pr);NEt or DIEA
or Hunig’s base refers to N,N-diethylisopropylamine, DBU refers to 1,8-
Diazabicyclo[5.4.0lundec-7-ene, (DHQ),AQN refers to dihydroquinine anthraquinone-1,4-
diyl diether, (DHQ),PHAL refers to dihydroquinine phthalazine-1,4-diyl diether,
(DHQ),PYR refers to dihydroquinine 2,5-diphenyl-4,6-pyrimidinediyl  diether,
(DHQD),AQN refers to dihydroquinidine anthraquinone-1,4-diyl diether, (DHQD),PHAL
refers to dihydroquinidine phthalazine-1,4-diyl diether, (DHQD),PYR refers to
dihydroquinidine 2,5-diphenyl-4,6-pyrimidinediyl ~diether, LDA refers to lithium
diisopropylamide, LiTMP refers to Lithium 2,2,6,6-tetramethylpiperdinamide, n-BuLi refers
to n-butylLithium, t-BuLi refers to tert-butyl lithium, IBA refers to 1-hydroxy-1,2-
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benziodoxol-3(1H)-one 1-oxide, OsO4 refers to osmium tetroxide, m-CPBA refers to meta-
chloroperbenzoic acid, DMD refers to dimethyl dioxirane, PDC refers to pyridinium
dichromate, NMO refers to N-methyl morpholine-N-oxide, NaHMDS refers. to Sodium
hexamethyldiéilézide, LiHMDS refers to Lithium hexamethyldisilazide, HMPA refers to
hexamethylphosphoramide, TMSCI refers to trimethylsilyl chloride, TMSCN refers to
trimethylsilyl cyanide, TBSCI refers to tert-butyldimethylsilyl chloride, TFA refers to
trifluoroacetic. acid, TFAA refers to trifluoroacetic anhydride, AcOH refers to acetic acid,
Ac,O tefers to acetic anhydride, AcCl refers to acetyl chloride, TsOH refers to p-
toluenesulfonic acid, TsCl refers to p-toluenesulfonyl chloride, MBHA refers to 4-
methylbenzhydrylamine, BHA refers to benzhydrylamine, ZnCl, refers to zinc an
dichloride, BF; refers to boron trifluoride, Y(OTf), refers to ytirium 1y
triffuoromethanesulfonate, Cu(BF,), refers to copper (II) tetrafluoroborate, LAH refers to
lithium aluminum hydride (LiAlH,), LAD refers to lithium aluminum deuteride, NaHCO3
refers to Sodium bicarbonate, K,COs refers to Potassium carbonate, NaOH refers to sodium
hydroxide, KOH refers to potassium hydroxide, LiOH refers to lithium hydroxide, HCIl refers
to hydrochloric acid, H,SO4 refers to sulfuric acid, MgSOa refers to magnesium sulfate, and
NayS0y4 refers to sodium sulfate. '"H NMR refers to proton nuclear magnetic resonance, B¢
NMR refers to carbon-13 nuclear magnetic resonance, NOE refers to nuclear overhauser
effect, NOESY refers to nuclear overhauser and exchange spectroscopy, COSY refers to
homonuclear correlation spectroscopy, HMQC refers to proton detected heteronuclear
multiplet-quantum coherence, HMBC refers to heteronuclear multiple-bond connectivity, s
refers to singlet, br s refers to broad singlet, d refers to doublet, br d refers to broad doublet, t
refers to triplet, q refers to quartet, dd refers to double doublet, m refers to multiplet, ppm
refers to parts per million, IR refers to infrared spectrometry, MS refers to mass
spectrometry, HRMS refers to high resolution mass spectrometry, EI refers to electron
impact, FAB refers to fast atom bombardment, CI refers to chemical ionization, HPLC refers
to high pressure liquid chromatography, TLC refer to thin layer chromatography, Ry refers to
retention factor, R; refers to retention time, GC refers to gas chromatography, min is minutes,
h is hours, rt or RT is room or ambient temperature, g is grams, mg is milligrams, kg is

kilograms, L is liters, mL is milliliters, mol is moles and mmol is millimoles.
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[0190] For all of the fdllowing ex;lmples, standard work-up and purification
methods can be utilized and will be obvious to those skilled in the art. Synthetic
methodologies that make up the invention are shown in Scheme 1. This Scheme is intended
to describe the applicable chemistry through the use of specific examples and is not

indicative of the scope of the invention.

H
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SCHEME 1

[0191] The following non-limiting examples illustrate the inventors’ preferred

methods for carrying out the process of the invention.

Example 1 — dz-4-methoxy acetanilide

OH oCD;

NHCOCH; NHCOCH;
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[0192]  To a suspension of acetaminophen (2g, 13.25 mmol) in water (30 mL) was
added NaOH (1.06 g, 26.6 mmol) was added at ambient temperature. Upon dissolution, d¢-
dimethyl sulfate (3.5 g, 26.5 mmol) was added and the reaction mixture was stirred for 6h.
The precipitate was filtered, washed with water and dried to give the product as a white
crystalline solid. 'H-NMR analysis of this material showed greater than 98% deuterium
incorporation.

[0193]  Yield: 1.88 g (84%). 'H-NMR (CDCL;) & ppm: 2.18 (s, 3H); 6.84 (d, 2H);
7.2 (brs, 1H); 7.4 (d, 2H).

Example 2 — d3-2-nitro-4-methoxy acetanilide

OCD; 0CD4

—ee—
NO,

NHCOCH; NHCOCH;

[0194] To a suspension of dz-4-methoxy acetanilide (1.88 g, 11.2 mmol) in water
(8 mL) and acetic acid (7 mL) was added 70% nitric acid (1.2 mL) dropwise at ambient
temperature, and the reaction mixture was stirred for 6h, and the yellow precipitate was
filtered, washed with water and dried. '"H-NMR analysis of this material showed greater than
98% deuterium incorporation.

[0195] Yield: 1.43 g (60%). 'H-NMR (CDCl3) 8 ppm: 2.26 (s, 3H); 7.2 (d, 1H);
7.64 (s, 1H); 8.6 (d, 1H); 10.2 (br s, 1H).

Example 3 — ds-2-amino-4-methoxy acetanilide

0CD3 0CD3
-—-*
NO, NH,
NHCOCH; NHCOCH;
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[0196]  To a solution of ds-2-nitro-4-methoxy acetanilide (1.46 g, 6.85 mmol) in
ethanol (36 mL) was added 10% palladium cartbon (300 mg, 0.28 mmol) and hydrazine
hydrate (0.6 mL, 12.4 mmol) dropwise, at ambient temperature. The mixture was stirred until
completion, the catalyst was filtered and the solvent was removed to give the product as a
white solid. 'H-NMR analysis of this material showed greater than 98% deuterium
incorporation.

[0197]  Yield: 785 mg. (63%). 'H-NMR (CDCly) & ppm: 2.2 (s, 3H); 6.34 (m,
2H), 7.0 (m, 2H).

Example 4 — d;-2-mercapto-5-methoxy benzimidazole

OCD3
D;CO N
—— T
NH; M
NHCOCH3;

[0198] A suspension of d;-2-amino-4-methoxy acetanilide (785 mg, 4.29 mmol)
and EtOCS,K (844 mg, 5.28 mmol) in EtOH (7 ml) and water (2 ml) was heated to 95°C for
5 hr. The solution was cooled to ambient temperature and allowed to stand for 15 hr. The
crystalline product is filtered, washed with water and dﬁed. 'H-NMR analysisrof this material
showed greater than 98% deuterium incorporation.

[0199]  Yield: 488 mg (62%). 'H-NMR (CDCl:-CD;0D) & ppm: 2.4 (s, 1H); 6.7
(m, 2H); 7.2 (d, 1H).

Example 5 - 2.3.5-trimethylpyridine-1-oxide

~ N
R |
Z . )
N I‘il+
0

[0200] To a stirred mixture of 2,3,5-collidine (10 g, 82.5 mmol) and glacial acetic
acid (40 mL) was added hydrogen peroxide (30% solution, 20 mL, dropwise) at 65°C. The
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bath was heated to 90°C for 1 4h0ur, cooled to 65°C and additional hydrogen peroxide (30%
" solution, 10 mL, dropwise) was added. The reaction mixture was heated at 90°C until
completion and cooled to ambient temperature. The solvent was removed under reduced
pressure and the crude residue was used directly in the next étep.

[0201] 'H-NMR (CDCl;) & ppm: 2.24 (s, 3H); 2:26 (s, 3H); 2.5 (s, 3H); 7.06 (s,
1H); 8.2 (s, 1H).

Example 6 - 2.3.5-trimethyl-4-nitropyridine-1-oxide

NO,
| N N
7~ } l ”
\F V¢
0 0

[0202] The crude residue from example 5 was placed in an ice bath and dissolved
" in conc. H,SO; (14 mL). The solution was placed in a 90°C bath and a mixture of 25 mL
conc. H,SO4 and 28 mL conc. nitric acid was added dropwise over one hour, and the reaction
was kept at 90°C until completion. The solution was cooled to ambient temperature and
poured onto crushed ice (~ 200 g). Solid NaOH (55 g) was added and the mixture was
extracted with Ethyl acetate (200 x 3 mL); the combined organic layers were washed with
water (100 mL), brine (50 mL) and dried over anhydrous Na;SQs. The solvent was removed
and the yellow residue was purified by column chromatography (5% CH3OH-CH:CL) to
give the product as a yellow light sensitive solid.

[0203]  Yield: 9.0 g (84%). 'H-NMR (CDCl3) & ppm: 2.22 (s, 3H); 2.24 (s, 3H);
2.5 (s, 3H); 8.08 (s, 1H).

Example 7 - d10-2,3,5-Trimethvl—4-nitropvridine-l-oxide

NO, NO,
HsC CH D;C cD
3 < 3 3 Z 3
— |
S S
HC” "N TH D;c” "N D
0. 0~
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[0204] A dry heavy-walled teflon screw cap glass tube equipped with a magnetic
stirrer was charged with 2,3,5-trimethyl-4-nitropyridine-1-oxide (5 g, 27.5 mmol), K,COs
(3.8 g, 27.5 mmol) and D;0 (30 mL) under nitrogen. The apparatus was sealed and the
mixture was placed in an oil bath at 150°C for 2 hours. The reaction was cooled to ambient
temperature, NaCl (10g) and brine (50 mL) were added and the mixture was extracted with
ethyl acetate (5 x 50 mL). The organic layer was dried over NaySOs. The solvent was
removed to yield 4.2 g of a yellow solid with ideﬁtical TLC behavior as the starting material
(R¢ = 0.3 in 10% methanol-DCM). The above'process was repeated a second time to yield
3.25 g of the product. GC-MS analysis of this material showed 98.1% deuterium
incorporation. , 7 | |

[0205]  Yield: 65%. GC-MS: [M]": 192 (81.6%, 2,3,5-trimethyl-4-nitropyridine-
1-oxide-dig), 191 (18.3%, 2,3,5-trimethyl-4-nitropyridine-1-oxide-d9) |

Example 8 — d1z-S-methoxv-Z-(4-nitro-3,5-dimethvlpvridin-Z-vlmethvlsnlfanvl)-lH-

benzimidazole

NO,

DsCO
DsCO \©:
\>—SH +

[0206] A solution of d10-2,3,5-trimethyl-4-nitropyridine—l-oxide (384 mg, 2
mmol) and methanesulfonic anhydride (696 mg, 4 mmol) in 1,2-dichloroethane (4 ml) was
heated tok 95°C for 6 hours in dry heavy-walled teflon screw cap glass tube. The reaction was
cooled to 4°C and a suspension of ds-2-mercapto-5-methoxy benzimidazole (328 mg, 1.79
mmol), ethyldiisopropylamine (1.6 ml, 4.8 mmol), dimethylaminopyridine (50 mg, 0.4
mmol) in dichloromethane (4 ml) was added. The mixture was stirred for 30 hours at ambient
temperature, filtered through a short pad of silica gel (10% methanol-dichloromethane). The
solvent was removed and the crude residue was recrystallized from methanol-water to give

the product as a yellow solid.
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[0207]  Yield: 412 mg (64%). 'H-NMR (d¢-acetone) & ppm: 6.8 (d, 1H); 7.02 (s,
1H); 7.4 (d, 1H). '

Example 9 - d1s-S-methoxv-Z-@-methoxv-3.5-dimethvlpvridin—2-vlmethvlsulfanvl)—IH—

benzimidazole
D,CO N D D;CO N D
\©:\>—s N= \©E\>—s N==
N CDy e N
H D \ / 8 H p \ /P
D D
D,C NO, D;C oCcD;

[0208] d12-5—methoxy—Z-(4-nitro-3,5-dimethylpyridin—Z-ylmethylsulfanyl)-IH—
benzimidazole (300 mg, 0.84 mmol) and benzyltriethylammonium chloride (20 mg, 0.1
mmol) were taken up in 4 ml of ds-methanol and treated with a 4.78 M solution of NaOCD3
" in d4-methanol (1.76 irﬂ, 8.4 mmol) at ambient temperature. The solution was heated to
reflux for 24 hours, cooled to ambient temperature, diluted with dichloromethane, washed
with brine, dried over magnesium sulfate. The solvent was removed under reduced pressure
to yield the crude product which was used directly in the next step.

[0209] Yield: 282 mg (98%). 1H NMR (dg¢-acetone) 6 ppm: 6.79 (m, 1H); 7.05
(m, 1H); 7.4 (m, 1H).

Example 10 - d1;-S-methoxv-2-(47methoxv-3,S—dimethvl-pvridin—2—vlmethane—sulfinvlk

1H-benzimidazole (d;s-omeprazole)

DsCO D D;CO N | P2 D
RS T =
—> N o \ // s

\/ CDs
D

D5C 0GD;4 DsC OCD;

[0210] dp-5-methoxy-2-(4-methoxy-3,5-dimethylpyridin-2-ylmethylsulfanyl)-
1H-benzimidazole (30 mg, 0.087 mmol) was dissolved in 1.5 ml of chloroform, cooled to -
40°C and treated dropwise with a solution of meta-chloroperbenzoic acid (15 mg, 1 eciuiv) in
0.5 ml of chloroform. The reaction was maintained at that temperature for 30 minutes,

poured into saturated sodium bicarbonate and extracted with ethyl acetate. The organic layer
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was dried over sodium sulfate, the solvent was removed and the crude residué was purified
by silica gel chromatography to yield the product (di s-omeprazole) as a white solid.

[0211]  Yield: 10 mg (32%). 'H-NMR (d¢-acetone) 8 bpm: 6.95 (m, 1H); 7.18 (m,
1H); 7.58 (m, 1H). | |

Example 11 - d13-5-meth0xv-2-(4-methoxv-3,5-dimethvlpvridin-z-vlmethane-sulﬁnLl);

1H-benzimidazole (d;3-omeprazole)

D3CO D D3CO N ,o D
T RCSLTS
cD N .
\ / ? H \ //CPs
: DsC 0OCD; D3C 0CD3

[0212] d;s-Omeprazole (5 mg, 0.014 mmol) was taken up in 0.5 ml of methanol
and added dropwise to a 0.1M solution of sodium carbonate in HoO (pH = 11.4) at ambieﬁt
temperature; the solution was stirred for 4 days, diluted with dichloromethane, washed with
brine and dried over anhydrous magnesium sulfate. The solvent was removed under reduced
pressure to yield the product as a white solid. N

[0213]  Yield: 4 mg (80%). '"H-NMR (d¢-acetone) & ppm: 4.7 (s, 2H), 6.95 (d,

1H); 7.18 (d, 1H); 7.58 (d, 1H). '

Example 12 — d10-5-methoxv-z-(4-methoxv-3,5-dimethvlpvrid_in-2-vlmethvlsulfanvl)—1H—

benzimidazole

D3C°\©:N\ D;CO N>_ D
I | N—s N=—
H %“Q’ —_—> N HA—-&:%-CD.@
H

D4C OCH;

[0214] Prepared according to example 9, by substituting CD;ONa-CD3;OH with
CH;0ONa-CH;O0H.
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Exémple 13 — dm-S-methoxv-Z-(4-methoxv—3,5-dimethvlpvridin-Z-vlmethane—sulfinﬂ);

1H-benzimidazole (d;-omeprazole)

Dsco\©:N DsCO
A\ D\
g %—3}“"3 jSS %%—Q >

DsC QOGCH3 DsC OCH3;

[0215] Prepared according to example 10.

Example 14 — d12-5-methoxv-Z-(4-methoxv-3,5-diniethvlpvridin—Z-vlmethane—sulfinvl)-

1H-benzimidazole (d;;-omeprazole)

D;CO N o D;CO D

OCH3 Dgc OCH;3

[0216] Prepared according to example 11, by substituting D,O for water and
CD;0D for methanol.

Example 15 - d9—5-methoxk2;(4-nitro-3.5-dimethvlpvridin—Z-vlmethvlsulfanvl)—1H—~

benzimidazole

0,

H3CO D
T
‘)—SH + cDs

D3C NO>

IO-

[0217] Prepared according to example 8.
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Examnle 16 —dy 2-5-methoxv—Z-(4-meth0xv—3,5—dimethvlpvridin—2-vlmethvlsulfaan—lH—

benzimidazole

Haco " HsCO N D
Uy ROsLWe
CD. N
3 H ool \ /s

D,  OCD; -

[0218] Prepared according to example 9.

Example 17 — d7—5-methoxv-Z-(4-methoxv-3,5-dimethvlpvridin—Z-vlmethvlsulfanvl)-lH—

benzimidazole

H5CO D H3CO D
T3 e e 7
CD;

D3C OCH;3

[0219] Prepared according to example 9, by substituting CD;ONa-CD;0H with
CH;0Na-CH;0H.

Example 18 — d1Z-Sfmethoxv—2-(4-methoxv—3,5-dimethvlnvridin-z-vlmethane-sulﬁnvl)—

1H—benzimidazole dy;-omeprazole

H3;CO N\ D H3;CO N ,}) D
\
N>_-S = cD \T::::[:N>—-s =
—_—T
H D b \ / 3 H D \ / CDs

D
DsC OCD; , DsC OCD;

[0220] Prepared according to example 10.

Example 19 — d7-5-methoxv-l—(4-meth0xv-3,5-dimethvlpvridin—2-vlmethane-sulﬁnvl)-

1H-benzimidazole (d;-omeprazole)

H3CO N D H;CO N 'Io D
N \
D—s = N= Y—s'  N=
N CD; ———— N (s

H H \SW/, H H W/,
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[0221] Prepared according to example 10.

" Example 20 — d1n-5-methoxv-Z-(4-methoxv—3,5-dimetthpvridin—2—vlmethane-sulﬁnvb;

1H-benzimidazole (djo-omeprazole)

HaCO NG QO D H3CO N2 D
N N\
N>—-s N= o N)——.s N=
H D \ / s N o \ /)P

D
D3C OCD3 D:C 0CD;

T

[0222] Prepared according to example 11.

-methoxy-3 ,5-dimethvlpvridin—2-vlmethane—sulfinvD;

Example 21 — dg-5-methoxy-2-(4

1H-benzimidazole L(lg-omenrazolg)

H3CO NG 0 D H3CO N
Y4 n= gt
N e
H H N\ / CDs .
H

DaC OCH3;

[0223] Prepared according to example 11, by ‘substituting D,O for water and

CD;0D for methanol.

— dq-S-methoxv-2-(4-nitro—3.5-dimethvlpvridin—Z-Vlmethvlsulfanvl)-1H—

Example 22

benzimidazole
N°2 D3C0 N H
\@\ SH ¥ S | N \ /e
N He” NTTH L
o HsC NO.

[0224] Prepared according to example 8.
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‘Example 23 - dg-5-methoxy-2-(4-methoxy-3,5-dimethylpyridin-2-ylmethylsulfanyl)-1H-

benzimidazole

D;CO N D3;CO N H
@E\ (S eaWe
N H
H / ot N b /2R
H3C OCD;

[0225] Prepared according to example 9.

Example 24 — d1-5-methoxy-2-(4-methoxy-3,5-dimethylpyridin-2-ylmethylsulfanyl)-1H-

benzimidazole
D,CO N H D;CO N H
T = TS =
N —CHj3 . ————— 3
’ H H \ / 3 ﬂ H \ / CH
H H
HsC NO, HsC OCHs

[0226] Prepared according to example 9, by substituting CD3;0Na-CD3;0H with
CH3;0ONa-CH;OH.

Example 25 — dg-S-methoxv-z-(4-methoxv-3,5-dimethvlpvridin-2-vlmethane—sulﬁnvlk

1H-benzimidazole (ds-omeprazole)

D;CO N H Dscb N (o} H
\>__ N\__&
\©:N N L o \©: ate
__._—>
D b N\ / 3 N D CHs
H3C OCDh3 HsC 0CD;

[0227] Prepared according to example 10. ¥
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Example 26 — dq-S-methoxv-Z-(4-methoxv-3,5-dimethvlpvridin—Z-vlmethane—sulfinvD;

1H-benzimidazole ( d;-omeprazole)

D,;CO N DaCO N
@‘ @‘

OCH; OCHj3

[0228] Prepared according to example 10.

Example 27 — d6-5-meth0xv—2-(4-methoxv-3,5—dimethvlpvridin-2-vlmethane—sulﬁnvl)—

1H-benzimidazole (ds-omeprazole)

N D,4CO N
- KI‘

OCD3; 0CD3

D3CO

[0229] Prepared according to example 11.

Example 28 — dq-5-meth0xv-2-(4-methoxv-3,S-dimethvlpvridin-z-vlmethane—sulfinvl)-

1H-benzimidazole ( ds-omeprazole )

D;CO N /0 H DsCO N 0 H
S—s! Nz ¢ N=
N —_—
H H CHs N b \ /s

S/
H

HsC OCH3 ' H3C OGH;

10230} Prepared according to example 11, by substituting D,O for water and
CD;0D for methanol.
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Example 29 - 5-methoxy-2-(4-nitro-3,5-dimethylpyridin-2-ylmethylsulfanyl)-1H-
benzimidazole
02 H,CO H
\>—SH * CHs
' 3c NO,

[0231] Prepared according to example 8.

Example 30 — dq-5-methoxv-2-(4-methoxv-3,5-dimethvlpvridin-z-vlmethvlsulfanvl)—lH—l

benzimidazole

H3CO N H3CO N
Ty —
N o \ P N b

[0232] Prepared according to example 9.

Example 31 - 5-methoxv-2-(4-methoxv-3,5-dimethvlpvridin—2-vlmethvlsulfanvl)-1H—

benzimidazole

H3C0\©:N HsCO N H
D\ |: I \
—s N=—
N \ / —_— N CH;
H Howl Y/,
, H;C ~ OCH3

[0233] Prepared according to example 9, by substituting CD;0Na-CD3;0H with
CH;0Na-CH;30H.
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Example 32 - d;—S-methoxv-z-(4-mefh0xv-3,5-dimethvlpvridin—2-vlmethane-sulﬁnﬂ);

1H-benzimidazole (ds-omeprazole)

H3CO N H

\©Ex>_s N—

N

. H p \ //CHs
D

HiC OCD3

[0234] Prepared according to example 10.

Example 33 — omeprazole

H300\©:N

[0235] Prepared according to example 10.

Example 34 — d;-5-methoxy-2-(4-methoxy-3.5-dimethylpyridin-2-ylmethane-sulfinyl)-

1H-benzimidazole (d;-omeprazole)

H3CO | HsCO N 70 ‘ H
o Q-
(o ——> e W

0CD4 H;C OCD;

[0236] Prepared according to example 11.

Example 35 — dz—S-methoxv-Z-(4-methoxv—3,S-dimethvlpvridin—Z-vlmethane—sulfinvlk

1H-benzimidazole (d,-omeprazole)

H3CO N\ HsCO N>— I/O H
I l l l MN—s N=
N
N 5‘&\:/} - Hoo T\ 4%

OCH3; HaC OCH;
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[0237]  Prepared according to example 11, bqy substituting D,O for water and
CD;0D for methanol.

Example 36 — 5-methoxv-2-(4-meth0xv—3,5-dimethvlpvridin-z-vlmethane-sulﬁnvl)-lH—

benzimidazole sodium salt (omeprazole sodium salt

H3CO N o H
/, H3CO
T = 3 NS
N CH3y e S N=

H Y/ | N . \ /) —CHs
HaC  OCH3 Na o Nocks
[0238] The procedure was carried out as described in Raju et al, Organic Process
Research & Development 2006, 10, 33-35, which is hereby incorporated by reference in its
entirety. Sodium hydroxide (753 mg, 18.8 mmol, 1.14 equiv) was crushed, poured into a
mixture of methanol (6 mL) and isopropyl alcohol (54 mL) and stirred vigorously at ambient
temperature until homogeneous. The solution was ﬁlteréd through Celite and the Celite was
washed with isopropyl alcohol (7 mL). To the resultant filtrate, omeprazole (5.88 g, 17.1
mmol, 1 equiv) was added at ambient temperature and the mixture was stirred for 1-2 hours.
The precipitate was filtered and washed with isopropyl alcohol (6 mL), and cyclohexane (10
mL). The white crystalline salt was stirred for 1-2 hours at ambient temperature in a mixture

of cyclohexane (30 mL) and water (0.5 mL), filtered, washed with cyclohexane (15 mL) and

dried under reduced pressure to afford 5.73 g of omeprazole sodium salt (88% yield).

Example 37 — (S)-5-methoxv-2-(4-meth0xv—3,5-dimethvlpvridin-2-vlmethane-sulﬁnvl)—

1H-benzimidazole mandalate salt (esomeprazole mandalate salt)

HsCO NG9 H
H3CO NGO H \>—s N
N CHy
' "/ OH  yd - ‘ocH,

HiC  OCHs ©/\c 0sNa

[0239] The procedure was carried out as described in Raju et al, Organic Process

© e
Na

Research & Development 2006, 10, 33-35, which is hereby incorporated by reference in its
entirety. To a suspension of omeprazole sodium salt (5.53 g, 15.1 mmol, 1 equiv) in acetone

(60 mL), were added a solution of diethyl-D-tartrate (3.1 g, 15.1 mol, 1 equiv) in acetone (3
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mL), titanium (IV) isopropoxide (2.14 g, 7.55 rﬁmol, 0.5 equiv) and triethylamine (4.75 g,
45.3 mmol, 3 equiv) at 35-40°C. To the resulting homogeneous solution was added L~(+)-
mandelic acid (2.64 g, 17.4 mmol, 1.15 equiv). The mixture was cooled to ambient
temperature and stirred for about 1-2 hours. The precipitate was filtered, washed with

acetone (30 mL), and dried under reduced pressure to afford esomeprazole mandalate salt.

Example 38 — (S)-5-methoxy-2-(4-methoxy-3,5-dimethylpyridin-2-ylmethane-sulfinyl)-

1H-benzimidazole (esomeprazole)

Hsco N Io H
-
N CH3

H W/, H;CO NG9
A\ 7
QH  HC OCHy — g N> S A

CH3
H
COyNa \__Q—
HiC OCH;

[0240] The proceduré was carried out as described in Raju et al, Organic Process

H

Research & Development 2006, 10, 33-35, which is hereby incorporated by reference in its
entirety. Esomeprazole mandalate salt (7.5 g) was suspended in a mixture of dichloromethane
(80 mL) and 5% sodium bicarbonate (80 mL) and stirred for 15-30 minutes. The organic
phase was separated, and the solvent was removed under reduced pressure to afford 7.3 g of

esomperazole.

Example 39 —  d3-(S)-5-methoxy-2-(4-methoxy-3.5-dimethylpyridin-2-ylmethane-

sulfinyD)-1H-benzimidazole (d, j-esomeprazole)

D3CO »
® N & P DsCO N0 D
>— S N— N\ sl N
N > Y =
H N\ / Dy N \ / CD3

H
DsC OCH,4 DeC’ oCDs

[0241] Prepared according to examples 36, 37, and 38.
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Example 40 — (S)-5-methoxy-2- (4-methoxy-3.5- dlmethvlpvr1d1n~2-vlmethane-sulfinvl)-

1H-benzimidazole Magnesium Salt (esomeprazole magnesium salt)

H3CO o HiCO N 0 H

Vi \__ &

s —-—-> D—s!  N=
N CHsy MQZ-!-
© W/,

OCH3. HsC  OCHs
L -2
[0242] The procedure is carried out as described in Raju et al, Organic Process

Research & Development 2006, 10, 33-35, which is hereby incorporated by‘reference in its
entirety. A solution of magnesium methoxide was prepared by adding magnesium turnings
(1.31 g, 0.054 mol) and dichlorordethane (5 mL) to methanol (150 mL) and stirring under
nitrogen atmosphere for 2-3 hours, at 40-45°C. The solution was cooled to 5-10°C and added
to a stlrred mixture of esomeprazole (42.0- g, 0.121 mol) and methanol (150.0 mL), and
stirring was maintained for 3 hours. Water (2 0 mL) was added and stirring was contmued for
1 hour and the solut1on was filtered. The mother liquor was distilled under reduced pressure
at 35°C. Acetone (400 mL) was added and the mixture was stirred for 1 hodr at 25-35°C. The
precipitate was filtered and washed with acetone (200 mL), dissolved in methanol (222 mL)
and water (8 mL) and stirred for about 30 minutes at 25-30°C and filtered. The filtrate was
suspended in water and stirred at 0-5°C for aboﬁt 45 minutes, filtered, washed with water
(300 mL) and dried under reduced pressure to yield esomeprazole magnesium salt.

Example 41

dy3-( S)-S-methoxv-z-(4-methoxv—3,5-dimethvlpvridin-z-vlmethane—

sulfinyl)-1H-benzimidazole Magnesium Salt (d,;-esomeprazole magnesium salt)

D;CO. N I? D D;CO N /Io D T ’
H—s! N={ — \©: V—s'  N= e
N d
H N\ / CDs g \ / CD;
D;C 0OCD, DsC OCD;
L d2

[0243]

Prepared according to example 40.
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Example 42 — (R)-S-methoxv-z-(4—meth0xv—3,5—dimethvlpvridin—2-vlmethane—sﬁlﬁnvl)-

1H-benzimidazole sodium salt ((R)-omeprazole sodium salt)

HaCO N H HyCO . o '
\©:N>_s = \>—sf' Ne=
H \ /O g - \ /) CHs
HsC  OCHs Na
A @® HC  OCH,

[0244] The procedure is carried out as described in Cotton et al, Tetrahedron:
Asymmetry 2000, 11(18), 3819-3825, which is hereby incorporated by reference in its
entirety. Water (2.4 mmol), (R,R)-diethyl tartrate (11.4 mmol) and titanium tetraisopropoxide
(5.6 mmol) were added to a suspension of 5-methoxy-2-(4-methoxy-3,5-dimethyl-pyridin-2-
ylmethylsulfanyl)- 1 H-benzoimidazole (18.8 mmol) in toluene (25 mL) at 54°C. The mixture
was stirred for 50 minutes at 54°C, cooled to 30°C and N,N-diisopropylethyl-amine (5.6
mmol) and cumene hydroperoxide (84% in cumene, 18.2 mmol) were added. The mixture
was stirred for 1 hour, and extracted three times with aqueous ammonium hydroxide. Methyl -
isobutyl ketone (9 mL) was added to the combined aqueous extracts, and the pH was adjusted
with acetic acid. The organic layer was treated with 50% aqueous sodium hydroxide (13.2
mmol) and acetonitrile (70 mL). The solution Was concentrated during which the product
gradually precipitated to give (R)-omeprazole sodium as a white solid. 'H NMR (DMSO-ds) -
§ 2.15 (s, 3H), 2.20 (s, 3H), 3.68 (s, 3H), 3.71 (s, 3H), 4.5 (m, 2H), 6.56 (m, 1H), 7.00 (d,
1H), 7.34 (d, 1H), 8.30 (s, 1H).

Example 43 - d1x-(R)-S-methoxv-z-(4-methoxv-3.S-dimethvlpvridin-z-vlmethane—

sulfinyl)-1H-benzimidazole sodium salt (d;3-(R)-omeprazole sodium salt)

D3CO N D D3CO
N O D
\>_. : /,
\©:N ® - \©:\ S‘f N=
H Y/ C0s > ~ \ / CD;

DsC OCDs ha D4C 0CD;,

[0245] Prepared according to example 42.
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Example 44 — 2-(3-Methvl—4-nitro-pvridin-Z—vImethvlsulfanvl)—1H-benzoimidazole

_N
N HiC ©:\>__s Nee
Da | —— N
S H H Y/
N R i
0 HiC  NOp

[0246] Prepared according to example 8.

Example 45 — d;-2-[3-Methyl-4-(2.2,2-trifluoroethoxy)- ridin-2-ylmethylsulfanyl]-1H-

benzoimidazole

Ses = Vs n=
©:N R @EN >|_Q

L) \ /
O HgC NO, H,C  _OCD,CF;
[0247] Preparéd according to example 9, by substituting CF;CD,ONa-
CF;CD,OH (Cambridge Isotope Laboratories) for CD;0ONa-CD;0D.

Example 46 - d2;2;[3-Methv1-4-(2,2,2-triﬂuoroethoxv)-pvridin-z-vlmethanesulﬁnvl]-

1H-benzoimidazole (d;-lansoprazole)

N N9

D—s  N= ©:\>—s’ N=

N N\ 7 — N
H

H3C OCD.CF3 H4C OCD,CF;

[0248] Prepared according to examplé 10.

Example 47 - d4-2-[3-Methvl—4-(2,2,2-triﬂuor0ethoxv)-pvridilkg-_\_flmethanesulﬁnvlk

1H-benzoimidazole (ds-lansoprazole

N 0 o
Iy N y)
@:N\}—s N= @E‘)—s/ N=
‘ N
H H N\ [/ — H p W/,
H D
HsC OCD,CF;3 HsC OCD,CF3

[0249] Prepared according to example 11, by substituting D,0 for water and
CD;0D for methanol.
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Example 48 — dz-2-I3-Methvl-4-(2,2,2-triﬂuoroethoxv)-pvridin—2-vlmethanesulﬁny_l];

1H-benzoimidazole (d,-lansoprazole

N 0 (o}
/, N
L4 _p= T =
N
H D
HsC OCHzCF; HsC OCH,CF;

[0250] . Prepared according to example 11, by substituting D,O for water and
CD;0D for methanol. ' '

Example 49 — d¢-3-Methoxy-1-propanel

D DD D D DD D
HO%OH —e HO)SeQOCHs
" DD D D

[0251] The procedure is carried out as described in Kulkarni et al, Synthesis 2004,
4, 595-599, which is hereby incorporated by reference in its entirety. A mixture of dg¢-1,2-
propanediol (Sigma-Aldrich) (1 mmol), CHal (1.25 mmol) and HgO (1.5 mmol) in
dichloromethane was stirred at ambient temperature for 30 hours. The mixture was diluted
with Et,O, decanted and concentrated under reduced pressure to give the crude product

which was purified by silica gél chromatography.

Example 50 — dy-3-Methoxy-1-propanol

D DD D b DD D

HOVOH —_— HO)SeLOCDa

D D D D
[0252] Prepared according to example 44, by substituting CDsI for CHzL

Example 51 — d;-3-Methoxy-1-propanol

oo 3 0T "0cD;
[0253] Prepared according to example 44, by substituting CDsI for CH3l.
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Example 52 — d6-2-[4-(3—Methoxkpropoxv)-S-methvl-pvridin-2-vlmethvlsulfanvll-lH—

benzoimidazole ‘
N A~ -N )
Hms  N= D—s  N=
N N
Howl \ / > H HTQ
HaC NO, HiC  OCD,CD,CD;0CH;

[0254] Prepared according to example 9, by substituting CH;0CD,CD,CD;0ONa-
CH3OCD2CD2CD20H for CD30Na-CD30D.

Example 53 — d5-2—[4-(3-Methoxv-propoxv)-3-methvl-pvridin-z-vlmethanesulﬁnvl]-1H—

benzoimidazole (d¢-rabeprazole)

N ' N0
@: D—s = N= @E S—g Nz
” H W/, —_— N

H ‘ H
H,C 0CD,CD,CD,0CH; HyC 0CD,CD,CD,0CH;

[0255]  Prepared according to example 10.

Example 54 — dg-2—[4—(3-Methoxv-prop0xv)—3-methvl-pvridin-2—vlmethanesulﬁnvl]—1H— /

benzoimidazole ( dg-rabepi‘azolg)

N ,,O N /0
\>—s N \>—s' N—
N —_—
{4 049

H,C  OCD,CD,CD,0CH, Hyd  OCD,CD,CD,0CH;

[0256] Prepared according to example 11, by substituting D,O for water and
CD;0D for methanol.

Example 55 — d9-2-[4-(3-Methoxv-propoxv)-3-methvl—pvridin-Z-vlmethvlsulfanvl]-1H—

benzoimiclazole
N N
B—s  N= \>—s N=
N —— N
H H N\ / H H N\ /
H H
HsC NO, HsC 0CD,CD,CD,0CD;3
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[0257]' | Prepared according to example 9, by substituting CD3OCD2CDZCD20Na—
CD;0CD,CD,CD,0H for CD30Na-CD3;0D.

Example 56 — d9-2-[4-(3-Methoxv-propoxv)-3-methvl-bVl‘idin-Z-Vimethanesulﬁnvﬂ-IH-

benzoimidazole (do-rabeprazole

N
YL -

e —— o N
H Hﬁ:z Hon T N\ 4
0CD,CD,CD,0CD; ¢ OCD,CD,CD,0CD;

[0258] Prepared according to example 10.

Example 587 — dn-2-I4-@-Methoxv-prop0xv)-3-methvl-t)vridin-2¥vlmethanesulﬁnvl]-1H-

benzoimidazole (di;-rabeprazole)

N ,IO N 2
\>—s N= \>—s’ N==
N —_— N
H H N\ / H DA_$\:_/2
H { D
H,C  OCD,CD,CD,0CD; HC  OCD,CD,CD,0CD,

[0259] Prepared according to example 11, by substituting D,O for water and
CD;0D for methanol. .

Example 58 — dg@-l4-(3-Methoxv—propoxv)-3—methvl-pvridin-2-vlmethvlsulfanvl]-lH-

benzoimidazole
N N :
\>_s N= \>—S N=—
N —_— N
H H \ / H H \ /
H,C NO, H,C o

[0260] Prepared according to example 9, by substituting CD;0CH,CH,CH,ONa-
CD;OCH,CH,CH,OH for CD;0Na-CD;0D.
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Example 59 — dq-z—[4—(3-Methoxv—pronoxv)-3-methvl—pvridin-z-vlmethanesulﬁnﬂ]-1H-
benzoimidazole gd3-rabeprazole1 ’

N | N\ /,0 - -
QeaWe e
H Hi—g\:% ocD "W H 4 _/"OCDa
3
HaC OI H3C 0
[0261] Prepared according to example 10. A

Example 60 — d5-2-[4-(3-Methoxv-nropoxv)-3-methvl-pvridin-z-vlmethanesulfinvl]-1H—
benzoimidazole gds-rabeprazole)

N 0 NG 2
Q4 = A4
N — N 0T N\ %

H H Y/ oco
H ocD; D ; s
HsC o—/_ ’ HqC 0—/_

[0262] Prepared according 10 example 11, by substituting D,0 for water and
CD;OD for methanol.

Example 61 — d2-2-[4-(3-Methoxv-propoxv)-3-methvl—pVridin-Z—vlmethanesulfinvl]-1H-

benzoimidazole ( d,-rabeprazole)

D OCH
H o—-/— octts HaC o—/_ :

[0263] Prepared according 1o example 11, by substituting D,0 for water and
CD;0D for methanol.

Example 62 — 2-(4-Chloro-3-methoxv—pvridin—2-vlmethvlsulfanvl)—S-difluoro-methoxv-

lH-benzojmidazole

¢ HF,CO N
HF,CO N H;CO z \>_s N
\>—SH * ]| —m
S 4 H H Y/
0 HCO  CI
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[0264] Prepared according to example 8.

Example 63 — ds-5-Difluoromethoxy-2-(3.4-dimethoxy-pyridin-2-ylmethylsulfanyl)-1H-

benzoimidazole

H,60 ¢ H,CO  OCD;

[0265] Prepared according to example 9.

Example 64 — ds-5-Difluoromethoxy-2-(3.4-dimethoxy-pyridin-2-ylmethanesulfinyl)-1H-

benzoimidazole ( ds-pantoprazole)

HF,CO N HF,CO N0
D - T4 =
H b \ / ———> 1 S/,

H,CO0  0OCD, H,CO  OCD;

[0266] Prepared according to example 10.

Example 65 — dg-S-Diﬂuoromethoxv-Z-G,4-dimethoxv-pvridin—Z-vlmethanesulﬁnvl)—lH—

benzoimidazole (di;-pantoprazole)

HF,CO N I/o HF,CO N I/o
N N
)——s N— >—s N—

H b \ / " H H
D

H,C0  OCDj4 H,CO  OCD;

7 [0267] Prepared according to example 11.

Example 66 — dz—S-Diﬂuoromethoxv-Z-(3.4-dimethoxv-pvridin-z-vlmethanesulﬁnyl)—lH—

benzoimidazole ( d,-pantoprazole)

HF,CO

2 N & HF,CO N0
—S N=— \>__él N
N A_.s\:% a y

H H
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[0268] Prepared according to example 11, by substituting D,O for water and
CD;0D for methanol.

Example 67 — Human Liver Microsomal stability assay

[0269] Human liver microsomal stability assays were conducted at 1 mg per mL
protein concentration with an NADPH—generating system (1.3 mM NADPH, 3.3 mM glucose
6-phosphate and 0.4 U per mL glucose 6-phosphate dehydrogenase) and 3.3 mM MgCl,. Test
compounds were added as acetonitrile solutions (final assay concentration of acetonitrile
should be <1%) and incubated at 37°C with shaking. Aliquots (150uL) were removed at 0,
15, 30, 60, and 120 minutes, and ice cold acetonitrile (300 pL) was added to stop the
reactions. Samples were centrifuged at 4000 RPM for 5 minutes to precipitate all proteins.
Supernatants were transferred to microcentrifuge tubes and stored for LC/MS/MS analysis of
the degradation half-life of the test compounds. It has thus been found that the compounds of
formula (1) that are illustrated in Examples 10, 11, 13, 14, 18, 19, 20, 21, 25, 26, 27, 28, 32,
34, 39 41, and 43 above show an increase of 10% or more in the degradation half-life, as
compared to the non-isotopically enriched drug. For example, the degradation half-life of
d;s-omeprazole, d3-omeprazole, dj3-(R)-omeprazole and di3-esomeprazole is increased by

20-60% as compared to non-isotopically enriched omeprazole.

Example 68 — Rat Gastric Activity, Pylorus Ligation

[0270] Compounds of formula (1) according to the present invention were
evaluated for possible antisecretory activity in pylorus-ligated rats. A reduction of 50% or
more in gastric acidity relative to the vehicle control group is considered significant in this
experiment, Wistar derived male rats weighing 210 =+ 10 g were fasted overnight. Under
propofol anesthesia (15 mg/kg i.v.), the abdominal cavity was exposed and a ligature was
made just below the pylorus sphincter. dis-Omeprazole (30 mg/kg) and vehicle (0.2%
NaHCO03/0.25% MC/2% Tween 80) were each administered orally (PO) 30 minutes before
the ligation in a volume of 10 ml/kg body weight. Animals were sacrificed 4 hours later and
the gastric contents were collected. After centrifugation, the volume of each sample was

measured and acidity was determined by titration.
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Test Article —! Route l Dose %inhibition relative to vehicle controls

Volume Acidity Total Acid Output
(mL74 hours) | (pEq/mL) (1Eq/4 hours)

d,s-omeprazole PO 30mg/kg 55% 89% 95%

Example 69 - In vitro metabolism using human cytochrome Pyso enzymes

[0271] The cytochrome Psso enzymes are expressed from the corresponding
human c¢DNA using a baculovirus expressiori system (BD Biosciences). A 0.25 milliliter
reaction mixture containing 0.8 milligrams per milliliter protein, 1.3 millimolar NADP", 3.3
millimolar glucose-G;phosphate, 0.4 U/mL glucose-6-phosphate dehydrogenase, 3.3
millimolar magnesium chloride and 0.2 millimolar of a compound of Formula 1, the
corresponding non-isotopically enriched compound or standard or control in 100 millimolar
potassium phosphate (pH 7.4) is incubated at 37°C for 20 min. After incubation, the reaction
is stopped by the addition of an appropiate solvent (e.g. acetonitrile, 20% trichloroacetic acid,
94% acetonitrile/6% glacial acetic acid, 70% perchloric acid, 94% acetonitrile/6% glacial
acetic acid) and centrifuged (10,000 g) for 3 minutes. The supernatant is analyzed by
HPLC/MS/MS.

Cytochrome Psy Standard
CYP1A2 Phenacetin
CYP2A6 Coumarin
CYP2B6 [PC]-(S)-mephenytoin
CYP2C8 Paclitaxel
CYP2C9 Diclofenac
CYP2C19 [C]-(S)-mephenytoin
- CYP2D6 (+/-)-Bufuralol
CYP2E1 Chlorzoxazone
CYP3A4 Testosterone
CYP4A [°C]-Lauric acid
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Example 70 - In vitro inhibition of dog kidney H'/K'-ATPase activity

[0272] The procedure is carried out as described in Yoda et al Biochem. Biophys.:
Res. Comm. 1979, 40, 880, which is hereby inporpotated by reference in its entirety.
Compounds of Formula 1 or the corresponding non-isotopically enriched compounds or
standards or controls are incubated with dog kidney HY/K -ATPase enzyme (20 micrograms)
in HEPES buffer (50 millimolar, pH 7.4) in presence of (millimolar) 140 NaCl, 10 XCI, 3
ATP-Mg, 0.5 EDTA, and PSBs (0-300 micromolar). At the end of the incubation the

inorganic phosphate released from ATP is determined.

Example 71 - In vitro inhibition of pig stomach gastric vesicle H'/K'-ATPase activity
[0273] The procedure is carried out as described in Ljungstrém et al Biochim.
Biophys. Acta 1984, 769, 209-219, which is hereby incorporated by reference in its entirety.
_Membrane vesicles containing HY/K*-ATPase are prepared from pig stomach. The ATPase
activity is measured at 37°C as the release of inorganic phosphate from ATP. In detail,
compounds of Formula 1 or the corresponding non-isotopically enriched compounds or
standards or controls at a single concentration of 10 micromolar, or for determination of ICso
values in concentrations of 0.01-100 micromolar, are preincubated in enzyme-containing
buffers pH 6.0. After preincubation (37°C, 30 min), the medium of pH 6.0 is adjusted with a
HEPES-Tris buffer to pH 7.4. The enzyme reaction is started by the addition of Tris-ATP.
The total reaction volume is 1 milliliter, containingI 20 micrograms of vesicular protein, 4
millimolar MgCl,, 10 millimolar KCI, 20 micrograms Nigericin, 2 millimolar Tris-ATP, 10
millimolar Hepes, and additionally 2 millimolar Pipes for the preincubation medium at pH
6.0. After 4 min the reaction is stopped by the addition of 10 microliters of 50%
trichloroacetic acid. The denatured protein is spun down, and the Py content is determined as
described (Le Bel, 1978). The hydrolysis of ATP should not exceed 15%. Inhibition is
calculated as percent inhibition against maximal stimulation, and ICs is calculated by probit

analysis.

Example 72 - I“C]Aminopvrine.accumulation in isolated rabbit gastric glands

[0274]  The procedure is carried out as described in Berglindh et al. Acta Physiol.
Scand. 1976, 96, 150-169, which is hereby incorporated by reference in its entirety. Rabbits
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(2-3 kilogram) aré sacrificed by cervical fracture/dislocation during anesthesia. The gastric
mucosa in the corpus part is scraped off and minced with a pair of scissors. Mucosa pieces
are incubated in a collagenase-éontaining medium (1 milligrams per milliliter) for 30-45 min
at 37°C. The medium composition (in millimolar) is as follows: 100.0 NaCl, 5.0 KC1, 0.5
NaH,POj, 1.0 Na;HPOy, 1.0 CaClp, 1.5 MgCls, 20.0 NaHCOs, 20.0 HEPES, 2 milligrams
per milliliter glucose, and 1 milligrams per milliliter rabbit albumin. The pH is adjusted to '
7.4 with 1 M Tris. The glands are filtered through a nylon mesh to remove coarse fragments
and rinsed three times with incubation medium. The glands are diluted to a final
concentration of 2-4 mg dry weight/milliliter. The ability of gastric glands to form acid is
measured based on aminopyrine (AP) accumulation (Berglindh, 1976). Samples of 1.0-
milliliter gland suspension are equilibrated in 1.0 milliliter of medium containing 0.1
microcurie per milliliter i4C-AP at 37°C in a shaking water bath together with compounds of
Formula 1 or the corresponding non-isotopically enriched compounds or standards or
controls. After 20 min, 1 millimolar dbcAMP is added, followed by a 45-min incubation
period. The glands are then separated from the medium by brief centrifugation, and aliquots
of supernatant and the digested gland pellet are used for measurements in a liquid
scintillation counter. The AP accumulation is calculated as the ratio between AP in
intraglandular water and AP in the incubation medium (Sack, 1982). All determinations are
made in tﬁplicate. IC50,ié calculated by probit analysis where 0% corresponds to basal and

100% to maximal stimulated AP ratio.

Example 73 - Inhibition of acid secretion in isolated rabbit gastric glands
[0275] White New Zealander Rabbit fundic glands are obtained by high-pressure

perfusion of the circulation of the stomach and subsequent collagenase treatment of pieces of
fundic mucosa. After the glands have been washed several times, they are placed in 20-
milliliter vials with dibutyryl cyclic AMP (1 millimolar) and the test compound (3 x 10® to
10™* molar) in the presence of [“C]-aminopyrine (0.125 micromolar)‘ and are incubated at
37°C. The incubate is agitated (150 oscillations per minute) for 30 minutes and the reaction
stopped by centrifugation (10 seconds at 20,000 g). The ability of the glands to maintain a pH
gradient to the medium (pH 7.4) on stimulation with dibutyryl cyclic AMP is measured by
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means of the concentration ratio of [**C]-aminopyrine between glands and medium as

described in Berglindh et al. 4cta Physiol. Scand. 1976, 96, 150-169.

Example 74 - Inhibition of Helicobacter pylori Urease activity

[0276] Bacteria incubated for 3 days at 37°C under microaerophilic conditions
(85% Ny, 10% CO2, and 5% Oy) are gently scraped off from the Columbia blood agar plates
and washed with PBS (137 millimolar NaCl, 5.1 millimolar Nay-HPOy, 2.7 millimolar KCl,
and 0.88 millimolar KH,PO,) adjusted to the pH, which is to be used in the assay. The
suspension is centrifuged at 2773g for 10 min ;lt ambient temperature, and the bacteria are
collected. After two additional washings, the suspension is adjusted to Asgp = 0.3. The
concentration of purified Jack bean Urease used (18 micrograms per milliliter, 1.28 U/mL)
gave the same Urease activity as the bacterial suspension. Compounds of Formula 1 or the
correspondlng non—1sotoplcally enriched compounds or standards or controls are dissolved in
MeOH or DMSO and when necessary sonicated for some minutes. Aliquots are added to the
test solutions to final concentrations of 1, 10, and 100 micromolar (with the exception of
Flurofamide where the concentrations used are 1, 10, and 100 nanomolar), and the organic
solvent component amounted to 51%. The samples are incubated for 30 min at 37°C in a
water bath with gentle shaking. The reaction is started by adding 1 part 200 millimolar urea
solution to 1 pért test solution and stopped 10 min later by adding 25 parts reagent A (10
gram of phenol and 50 milligrams of NaFe(CN)sNO dissolved in 1 liter of water) and 25
parts reagent B (5 gram of NaOH and 8.4 milliliter of NaOC]1 (Sigma-Aldrich) dissolved in 1
liter of water). The samples are incubated for a further 15 min to allow color development,
after which 200 microliters aliquots are transferred to 96-well microtiter plates. The

absorbance at 650 nm is determined at ambient temperature using (NH;3)2504 as standard.

Example 75 - Anti-Helicobacter pylori activity in mice

[0277] SPF mice are challenged with bacteria three times during a 6- day penod
and 3 weeks after inoculation animals are treated orally according to different regimens for 4
weeks. Six different regimens are selected as follows: an uninfected no treatment control, an
infected no treatment group to check for spontaneous elimination of the infection, an infected

group receiving vehicle only, a triple therapy group used as a positive eradication control,
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and, finally, the three groups to be studied, using a compound 6f Formula 1, the

corresponding non-isotopically enriched compound or standard or control and a therapeutié
dose Flurofamide. V

» [0278] Methocel vehicle (0.1 milliliter) adjusted to pH 6 with citric acid is used

and given twice daily. Compounds are given either dissolved or suspended in the vehicle, and

the amounts stated are per mouse; mean body weight of 30 gram, and day. Stock solutions or

suspensions are stored frozen.

[0279] Triple therapy is made up by 0.185 milligrams of bismuth, 0.675
milligrams of metronidazole, and 1.500 milligrams of tetracycline and is administered once
daily for 2 weeks followed by bismuth alone once daily for another 2 weeks. In this group of
animals, vehicle alone is administered at the second daily dosing occasion.

[0280] Compounds of Formula 1, the corresponding non-isotopically enriched
compounds or standards or controls (125 micromole per kg) or Flurofamide (230 micromole
per kg) are each dosed twice ﬂdaily for 4 weeks. Animals are sacrificed 24 h or 5 weeks after
cessation of the treatment to measure suppression and eradication, respectively. The
assessment is done by checking mouse stomach specimens for Urease activity, and the rate of
both suppression and eradication for each regimen is expressed as the number of Urease
positive animals divided by the number of animals checked x 100% as described in Dick-
Hegedus et al Scand. J . Gasiroenterol. 1991, 26, 909-915 Hazell et al Am. J. Gastroenterol.
1987, 82, 292-296, both of which are incorporated by reference in their entireties.

Example 76 - Elevation of serum gastrin levels in pylorus-ligated rats

[0281] This study is performéd in female Wistar rats as described Shay et al
Gastroenterology 1954, 26, 906-913 and Herling et al Eur. J. Pharmacol. 1988, 150, 341-‘
350, both of which are incorporated by reference in their entireties. Food is withdrawn 16 h
before the start of the study, and water is available ad libitum. Following pylorus ligation
(performed under anesthesia), the compounds of Formula 1 or the corresponding non-
isotopically enriched compounds or standards or controls are administrated intraperitoneally
(ip). Compounds of Formula 1 or the corresponding non-isotopically enriched compounds or
standards or controls are suspended in Tylose (1%) and administered at a volume of 2

milliliter per kilogram at a dose of 5 milligrams per kilogram. Gastric acid secretion is
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stimulated by a subcutaneous (sc) injection of Desglugastrin at a dose of 400 micro grams per
kilogram. This latter injection is repeated 1 h later. Three hours after the start of the
experiment, the animals are sacrificed, the stomach is excised, and the accumulated gastric
juice is collected and its volume measured. Acid concentration is measured by electrotitration
against 100 millimolar NaOH to an endpoint of pH 7. Total acid output (millimole of H /3
hours) is calculated. Percent inhibition of the treated rat group is calculated against the

control group.

Example 77 - Inhibition of gastric acid secretion in stomach-lumen-perfused rats
[0282] Gastric acid secretion in anesthetized male Sprague-Dawley rats is

determmed as descnbed Barrett J. Pharm. Pharmacol. 1966, 8 633-639 and Herling et al
Eur. J Pharmacol. 1988, 156, 341-350, both of which are 1ncorporated by reference in their
entireties. The animals are fasted for 18 h prior to the experiment and receive water ad
libitum. They are anesthetized with 30% (w/v) urethane (5 milligrams per kilograin im) and
tracheotomized. The esophagus and pylorus are ligated, and a double lumen perfusion
cannula is inserted and fixed in the fore-stomach. The stomach is perfused continuously with
warm (37°C) saline at a rate of 1 milliliter per minute. The perfusate is collected at 15-minute
periods and its acid concentration measured by electrotitration against 100 millimolar NaOH
to an endpoint of pH 7, and acid output (micromolar of H'/15 minute) is calculated. To
stimulate acid secretion, histamine (10 milligrams per kilogram per hour) is administered
after a basal period of 45 minutes by iv infusion into the jugular vein, and observation is
continued until acid output reaches a stable plateau (Herling, 1986). Compounds of Formula
1 or the corresponding non-isotopically enriched compounds or standards or controls are
administered iv (25% DMSO, 1 milliliter per rat). Maximal inhibition is calculated as percent

change versus pre-dose value and presented as mean +/- SEM.

Example 78 - Inhibition of gastric acid secretion in Heidenhain-pouch dogs

[0283]  Male Beagle dogs are equipped with a Heidenhain-pouch as described De
Vito et al J. Appl. Physiol. 1959, 14, 138-139 and Herling et al Eur. J. Pharmacol. 1988, 156,
341-350, both of which are incorporated by reference in their entireties. For intraduodenal

(id) administration studies, three dogs received an additional cannula in the flexura
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duodenojejunalis. The dogs are trained to stay in a Pawlow stand. Food is withdrawn 18 h
prior to the experifnent and water is available ad libitum. Gastric acid secretion is induced
with -an iv infusion of 0.05 milligrams per kilogram per h of histamine, which produces a
maximal stimulation. Gastric juice is collected from the pouch at 30-min intervals, and
acidity is measured by titration against 100 millimolar NaOH to an endpoint of pH 7, and
acid output (millimole H'/30 minute) is calculated. Compounds of Formula 1 or the
corresponding non-isotopically enriched compounds or standards or controls (in 25%
DMSO) are administered at doses of 0.3 milligrams per kilogram iv or 1 milligrams per
kilogram id at a volume of 20 milliliter per dog as soon as acid secretion stabilizes. Maximal
inhibition is calculated as percent change against pre-dose value and presented as mean =/-
SEM. EDsg values and confidence limits (95%) are calculated according to Lichtfield and
Wilcoxon, Lichtfield et al J. Pharmacol, Exp. Ther. 1949, 96, 99-113, which is hereby

incorporated by reference in its entirety.

Example 79 - Determination of serum Gastrin levels in rats

[0284] Female Wistar rats are treated orally for 10 weeks with 30 milligrams per
kilogram per day of compounds of Formula 1 or the corresponding non—isofopically enriched
compounds or standards or controls. At days 1 to 3, rats receive said compound by
intraperitoneal (ip) administration, to cause gastric acid inhibition and therefore to reduce the
acidic degradation of subsequent orally administered test compounds to 10 weeks. Said
compounds are suspended in potato starch mucilage (20 milligrams per milliliter) and
administered at a volume of 2 milliliter per kilogram. A control group is also included in the
experiment. Blood samples are collected retroorbitally during anesthesia. Serum Gastrin
levels (picogram per milliliter) are determined by using a commercially available RIA kit and
presented as means +/- SEM. Significant differences (p < 0.05) are calculated by Students t-

test.

Example 80 - Human metabolism studies
[0285] A mixture containing an equal amount of a compound of Formula 1 and
the corresponding non-isotopically enriched compound or standard or control are

administered to the subjects either orally or by intravenous infusion. Blood sbecimens are
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drawn before ’dosing and at 0, 2, 5, 15, 20, and 45 minutes, and 1,1.5,2,2.5,3,4,6,8,12,24
and 48 hours post dose. Serum is decanted immediately, and stored at -10°C. Serum
" concentrations of said compound and the corresponding non-isotopically enriched compound

or standard or control are analyzed by HPLC/MS/MS.
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[0287] Although the invention has been described with reference to the above

examples, it will be understood that modifications and variations are encompassed within the

spirit and scope of the invention. Accordingly, the invention is limited only by the following

claims.
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WHAT IS CLAIMED IS:
1. A compound of Formula 1
Ra R1o
R; NS
/)—SI Re R7,
Ry N kAR
\ 8
R R/
Formula 1 Rg

or a single enantiomer, a mixture of | the (+)-enantiomer and the (-)-
enantiomer, an individual diastereomer, a mixture of diastereomers, or a

pharmaceutically acceptable salt, solvate, or prodrug thereof, wherein:

Ri, R4, Rg and Ry are each independently hydrogen or deuterium;
7 Ry, R3, R, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C,-Cs alkyl, and C;-Cs alkyloxy; o 4
Rs is selected from the group consisting of ~CH,—~, -CHD- and —~CD,—; and
R is selected from the group consisting of hydrogen, deuterium, -NO,, C1-Cs
 alkyl, and C;-Cs alkyloxy; | '
provided that said compound of Formula 1 contains at least one deuterium
atom; and 7
provided that deuterium enrichment in said compound of Formula 1 is at least
- about 1%.

2. The compound of Claim 1, wherein said compound contains about 90% or
more by weight of the (-)-enantiomer of said compound and about 10% or less by weight of
(+)-enantiomer of said compound.

3 The compound of Claim 1, wherein said compound contains about 90% or
more by weight of the (+)-enantiomer of said compound and about 10% or less by weight of
(-)-enantiomer of said compound.

4. The compound of Claim 1, wherein said alkyl is selected from the group
consisting of methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, and tert-butyl.
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5. The compound of Claim 1, wherein said alkyloxy is selected from the group
consisting of methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, sec-butoxy, and tert-

butoxy.
6. A compound selected from the group consisting of:
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or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-enantiomer, a

mixture of about 90% or more by weight of the (-)-enantiomer and about 10% or less by

weight of the (+)-enantiomer, a mixture of about 90% or more by weight of the (+)-
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enantiomer and about 10% or less by Weight of the (-)-enantiomer, an individual
diastereomer, a mixture of diastereomers, or a pharmaceutically acceptable salt, solvate, or
prodrug thereof.

7. A compound selected from the group consisting of:
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or a single enantiomer, a mixture of the (+)-enahtiomer and the (-)-enantiomer, a
mixture of about 90% or more by weight of the (-)-enantiomer and about 10% or less by
weight of the (+)-enantiomer, a mixture of about 90% or more by weight of the (+)-
enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual

diastereomer, a mixture of diastereomers, or a pharmaceutically acceptable salt, solvate, or

prodrug thereof.
8. A compound selected from the group consisting of:
Ds;CO N o D D;CO N 0 D
IZ i\ /

\ :

\©:N>—S = VI N>—s"' . )
) \ /P ® © \WV/, :

D;C 0CD; o D;C 0CD,
[ Jd2 :

or a single enantiomer, a mixture of the (+)-enanti0mér and the (-)-enantiomer, a
mixture of about 90% or more by weight of the (-)-enantiomer and about 10% or less by
weight of the (+)-enantiomer, a mixture of about 90% or more by weight of the (+)-
enantiomer and about 10% or less by weight of the (-)-enantiomer, an individual
diastereomer, a mixture of diastereomers, or a pharmaceutically acceptable salt, solvate, or
prodrug thereof.

9. A pharmaceutical composition comprising a therapeutiqally effective amount
of a compoundr éocording to Claim 1, or a single enantiomer of a compound according to
Claim 1, a mixture of the (+)-enantiomer and the (-)-enantiomer of a compound according to
Claim 1, a mixture of about 90% or more by weight of the (-)-enantiomer and about 10% or
less by weight of the (4-)-enantiomer of a compound aécording to Claim 1, a mixture of about
90% or more by weight of the (+)-énantiomer and about 10% or less by weight of the (-)-
enantiomer of a compound according to Claim 1, an individual diastereomer of a compound
according to Claim 1, a mixture of diastereomers of a compound according to Claim l,ora
pharmaceutically acceptable salt, solvate, or prodrug thereof, with a pharmaceutically
acceptable carrier. |

10.  The pharmaceutical composition of Claim 9, wherein said composition is
suitable for oral, parenteral, or intravenous infusioh administration.

11. The pharmaceutical composition of Claim 10, wherein said oral

administration comprises administering a tablet or a capsule.
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12.  The pharmaceutical composition of Claim 9, wherein said compound of Claim
1 is administered in a dose 0.5 milligram to 80 milligram total daily. -

13.  An effervescent dosage form comprising a first component and a second
componeﬁt, wherein said first component is one or more effervescent excipients, and said
second component is a mixture comprising a compound of Formula 1, a beta blocking agent,
and optionally a pharmaceutically acceptable excipients;

wherein said compound of Formula 1 has the structure

Re Ry
R, N o
Il R
/>—S K Ry
R; U/
5\ 8
Formula 1 Rg

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more
by weight of the (+)-enantiomer and about 10% or less by weight of the (-)-
enantiomer, an individual diastereomer, a mixture of diastereomers, or a
pharmaceutically acceptable salt, solvéte, or prodrug thereof wherein:

Ry, R4, Rg and Ryp are each independently hydrogen or deuterium;

R,, Rs, Rg, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C;-Cs alkyl, and C;-Cs alkyloxy;

Rs is selected from the group consisting of ~CH,—, ~CHD- and —CD»—; and

R; is selected from the group consisting of hydrogen, deuterium, -NQO,, C-Cs
alkyl, and C;-Cs alkyloxy;

provided that said compound of Formula 1 contains at least one deuterium
atom; and

provided that deuterium enrichment in said compound of Formula 1 is at least
about 1%.
14. An oral multiple unit tablet pharmaceutical composition comprising a first

component and a second component, wherein said first component comprises one or more
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antibacterial agent with similar or different activities, and said second component is a
compound of Formula 1, in the form of pellets covered with an entenc coating polymer layer;

wherein said compound of Formula 1 has the structure

R4 R10 o
R3 )_- 1l Rg Ry
R,
R5 Rs
R4 N /
Formulal- - Rg

or a single enantiomer, a mixture of the (+)-enantiomer and fhe (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+) enantiomer, a mixture of about 90% or more
by weight of the (+)-enantiomer and about 10% or less by Welght of the (-)-

enantiomer, an individual diastereomer, a mixture of diastereomers, or a

pharmaceutically acceptable éalt, solvate, or prodrug thereof, wherein:

Ry, Ry, Ro and Ry are each independently hydrogen or deuterium;

Rz, R3, R, and Rg are each independently selected from the group consisting

~ of hydrogen, deuterium, C;-Cs alkyl, and C1-Cs alkyloxy;

Ry is selected from the group consisting of ~CH,—, -CHD- and —-CD»>~; and

R; is selected from the group consisting of hydrogen, deuterium, -NO,, C1-Cs
alkyl, and C;-Cs alkyloxy;

provided that said compound of Formula 1 contains at least one deuterium
atom; and

~ provided that deuterium enrichment in said compound of Formula 1 is at least

about 1%. ;

15.  The composition of Claim 14, wherein said pellets comprise acid resistant
pellets wherein said acid resistance of said enteric coated pellets is not 31gn1ﬁcantly affected
by compression of said pellets with other tablet components during tabletmg, wherein said
first component is separated from said second component by said enteric coating layer

covering said second component.
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16’. The cofnposition of Claim 14, wherein said antibacterial agent is selected
from the group consisting of amoxicillin, clarithromycih, metronidazole, and a combination
thereof. ' |

17.  An oral multiple unit tablet pharmaceutical composition comprisiﬁg a first
component, a second component, and an optional third component, wherein said first
component is a compound of Formula 1 in the form of pellets covered with an enteric coating
polymer layer, said second component comprises at least one non steroidal anti-inflammatory
drug (NSAID), and said optional thlrd component comprises a pharmaceutically acceptable
excipients, wherein said second component is separated from said first component by said
enteric coating layer covering said first component;

wherein said compound of Formula 1 has the structure

Rq $1o
R O
3 >__I/ Rs ~ Ry
R,
R5 \ Ry
Rq \ -/
Formula 1 R

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more
by weight of the (+)-enantiomer and about 10% or less by weight of the (-)-
enantiomer, an individual diastereomer, a mixture of diastereomers, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof wherein:

Ry, Ry, Ry and Ryp are each independently hydrogen or deuterium;

R,, R3, R¢, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C;-Cs alkyl, and Ci-Cs alkyloxy;

Rs is selected from the group consisting of —~CHa—, —CHD- and -CD»—; and

Ry is selected from the group consisting of hydrogen, deuterium, -NO;, C1-Cg
alkyl, and C;-Cs alkyloxy;

provided that said compound of Formula 1 contains at least one deuterium

atom; and
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provided that deuterium enrichment in said compound of Formula 1 is at least

about 1%.

18.  The composition of Claim 17, wherein said pellets comprise acid resistant
pellets wherein said acid resistance of said enteric coated pellets is not significantly affected
by compression of said pellets with other tablet components during tableting.

19.  An extended release pharmaceutical dosage form comprising a compound of
Formula 1, a hydrophilic or hydrophobic matrix, a water-soluble separating layer, an enteric
coating layer, and optionally one or more pharmaceutically acceptable excipients;

wherein said compound of Formula 1 has the structure

Rs  Ryo
Rs N/
! R
€>-S ! Ry
R, N N /T
Rs—\\ / Rg
R4 N
Formula 1 Rq

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by Weight‘ of the (+)-enantiomer, a mixture of about 90% or more
by weight of the »(+);enantiomer and about 10% or less by weight of the (-)-
enantiomer, an individual diastereomer, a mixture of diastercomers, or a
pharmaéeutically acceptable salt, solvate, or prodrug thereof wherein:

Ri, R4, Rg and Ry are each independently hydrogen or deuterium;

R,, R3, Re, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C;-Cs alkyl, and C1-Cs alkyloxy; 7 ‘

7 Rs is selected from the group consisting of .CH,—, ~-CHD- and —-CD;—; and

R, is selected from the group consisting of hydrogen, deuterium, -NO3, C-Cs
alkyl, and C;-Cg alkyloxy;

provided that said compound of Formula 1 contains at least one deuterium
atom; and

provided that deuterium enrichment in said compound of Formula 1 is at least

about 1%.
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20.  An enteric coated pharmaceutical dosage form comprising a compound of
Formula 1, a disruptable semi-permeable membrane and one or more swellable substances,
wherein the dosage form comprises an instant inhibitor-releasing part and at least one
delayed ihhibitor—releasing part, and is caﬁable of Vgiving a discontinuous release of a
compound of Formula 1, in the form of at least two consecutive pulses separated in time
from about 0.1 up to about 24 hours;

wherein said compound of Formula 1 has the structure

Rs Ry
Rs N}
!/ R
/)-"S K Rr
R; NN /T
Rs—\ //)~Rs
Ry N
Formula 1 Re

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more
by weight of the (+)-enantiomervand about 10% or less by weight of the (-)-
énantiomer, an individual diaétereomer, a mixture of diastereomefs, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof wherein:

R1, Ra, Ry and Ry are each independently hydrogen or deuterium;

Rs, Ra, Rg, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C1-Cs alkyl, and C1-Cs alkyloxy;

Rs is selected from the group consisting of -CHp—, -CHD- and —CD,—; and

Ry is selected from the group consisting of hydrogen, deuterium, -NO2, C1-Cs
alkyl, and C;-Cs alkyloxy;

provided that said compound of Formula 1 contains at least one deuterium
atom; and '

provided that deuterium enrichment in said compound of Formula 1 is at least
about 1%.
21. A stable pharmaceutical dosage form for oral administration to mammalian

subjects which comprises a compound of Formula 1, and optionally one or more

pharmaceutical adjuvants, enclosed in an intermediate reactive layer comprising a gastric
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juice-resistant polymeric layered material partially neutralized with alkali and having cation
exchange capacity and a gastric juice-resistant outer layer;

wherein said compound of Formula 1 has the structure

Rs Ry

Rs N 2R
/ R
£>-S S 7

R, N\ /T
R5 \ / Rg

Ry N
Formula 1 R

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (-i—)-enantiomer, a mixture of about 90% or more
by weight of the (+)-enantiomer and about 10% or less by weight of the (-)-
enantiomer, an individual diastereomer, a mixture of diastereomers, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof wherein:
Ry, R4, Ry and Ry are each independently hydrogen or deuterium;
Ry, R, Re, and Ry are each independently selected from th¢ group consisting
of hydrogen, deuterium, C;-Cs alkyl, and C;-Cs alkyloxy;
Rs is selected from the group consisting of -CHp—, ~CHD- and ~CD2—; and
R; is selected from the group consisting of hydrogen, deuterium, -NO3, C1-Cs
alkyl, and C;-Cg alkyloxy;
provided that said compound of Formula 1 contains at least one deuterium
atom; and
provided that deuterium enrichment in said compound of Formula 1 is at least
about 1%.
22. A method for treatment of gastric acid related diseases by inhibition of gastric
acid secretion comprising administering to a mammalian subject in need of treatment a
therapeutically effective amount of a gastric H', K*-ATPase inhibitor comprising a
compound of Formula 1 so as to affect decreased inter-individual variation in plasma levels
of said compound or a metabolite thereof during treatment of gastric acid related diseases as
compared to the non-isotopically enriched compound; |

wherein said compound of Formula 1 has the structure

-132-



WO 2007/041630 PCT/US2006/038819

R Ry
R; N o
I R
J>—-s ] Ry
R; N\ /T
Rs—\ /)~Rs
R4 N
Formula 1 R

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more
by Weight of the (+)-enantiomer and about 10% or less by weight of the (-)-
enantiomer, an individual diastercomer, a mixture of diastereomers, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof, wherein:
Ry, Ry, Ro and Ry are each independently hydrogen or deuterium;
Rz, Rs, R, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C;-Cs alkyl, and C;-Cs alkyloxy;
Rs is selected from the group consisting of -CHp—, -CHD- and —CDy—; and
, Ry is selected from the group consisting of hydrogen, deuterium, -NO, C1-Cq
alkyl, and C;-Cs alkyloxy;
provided that said compound of Formula 1 contains at least one deuterium
atom; and »
provided that deuterium enrichment in said compound of Formula 1 is at least
about 1%.
23. A method for treatment of gastric acid reiated diseases by inhibition of gastric
acid secretion comprising administering to a mammalian subject in need of treatment a
therapeutically effective amount of a gastric H', K'-ATPase inhibitor comprising a
compound of Formula 1 so as to affect increased average plasma levels of said compound or
decreased average plasma levels of at least one metabolite of said compound per dosage unit
as compared to the non-isotopically enriched compound,

wherein said compound of Formula 1 has the structure ‘

-133-



WO 2007/041630 PCT/US2006/038819

Rs Ry
Rs N
R
/>—S K Ry
Ry NN /T
' Rs~\v /)~ Rs
R4 N
Formula 1 Re

or a single enantiomer, a rrﬁxture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more
by weight of the (+)-enantiomer and about 10% or less by weight of the (-)-
enantiomer, an individual diastereomer, a mixture of diastereomers, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof, wherein:
Ry, Rs, Ro and Ry are each independently hydrogen or deuterium;
R,, R, R, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C;-Cs alkyl, and C;-Cs alkyloxy;
Rs is selected from the group consisting of —-CH,—, -CHD- and —CD»—; and
R, is selected from the group consisting of hydrogen, deuterium, -NO,, C1-Cs
alkyl, and C,-Cs alkyloxy; ’
provided that said compound of Formula 1 contains at least one deuterium
atom;-and
provided that deuterium enrichment in said compound of Formula 1 is at least
about 1%.
74. A method for treatment of gastric acid related diseases by inhibition of gastric
acid secretion comprising administering to a mammalian subject in need of treatment a
therapeutically effective amount of a gastric H', K"-ATPase inhibitor comprising a
‘ compound of Formula 1 wherein said amount of said gastric H', K'-ATPase inhibitor affects
a less pronounced increase in gastrin levels in mammalian subjects during treatment of
gastric acid related diseases as compared to the non-isotopically enriched compound;

wherein said compound of Formula 1 has the structure
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Rs Ry
Rs N fr
R.
€>"S S 7
Ry NN /T
Rs—~» /)R
R4 N
Formula 1 Rg

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
- about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more
by weight of the (+)-enantiomer and about 10% or less by weight of the (-)-
enantiomer, an individual diastereomer, a mixture of diastereomers, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof, wherein:
Ri, R4, Ry and Ry are each independently hydrogen or deuterium;
R,, R3, Re, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C;-Cs alkyl, and C;-Cs alkyloxy;
Rs is selected from the group consisting of —CHo-, —CHD- and —~CD;—; and
R, is selected from the group consisting of hydrogen, deuterium, -NO2, C1-Cs
alkyl, and C1-C6 alkyloxy; 7 A
provided that said compound of Formula 1 contains at least one deuterium
- atom; and /
provided that deuterium enrichment in said compound of Formula 1 is at least
about 1%..
25. A method for treatment of gastric acid related diseases by inhibition of gastric
acid secretion comprising administering to a mammalian subject in need of treatment a
therapeutically effective amount of a gastric H*, K'-ATPase inhibitor comprising a
compound of Formula 1 wherein said amount of said gastric H', K*-ATPase inhibitor affects
a decreased inhibition of at least one cytochrome Pyso isoform in mammalian subjects during
treatment of gastric acid related diseases as compared to the non-isotopically enriched
compound;

wherein said compound of Formula 1 has the structure
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R4 |f1o
Rs N o
11 R R
S E ¢
Ry N \ — ,
Rs~\ 2 Re
R4 N
Formula 1 Rg

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more
by weight of the (+)-enantiomer and about 10% or less by weight of the (-)-
enantiomer, an individual diastereomer, a mixture of diastereomers, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof, wherein:

Ry, R4, Ry and Ry are each independently hydrogen or deuterium;

Ra, Rs, R, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C;-Cg alkyl, and C;-Cs alkyloxy;

Rs is selected from the group consisting of ~CH,—, -CHD— and —-CD;—; and

Ry is selected from the group consisting of hydrogen, deutetium, -NO,, C1-Cs
alkyl, and C;-Cs alkyloxy; " N

provided that said compound of Formula 1 contains at least one deuterium
atom; and

provided that deuterium enrichment in said compound of Formula 1 is at least
about 1%.
26. The method of Claim 25, wherein said cytochrome Pyso isoform is selected
" from the group consisting of CYP1Al, CYP1A2, CYP1B1, CYP2ASG, CYP2A13, CYP2B6,
CYP2CS8, CYP2C9, CYP2C18, CYP2CI9, CYP2D6, CYP2El, CYP2Gl, CYP2J2,
CYP2R1, CYP2S1, CYP3A4, CYP3AS, CYP3A5P1, CYP3A5P2, CYP3A7, CYP4All,
CYP4B1, CYP4F2, CYP4F3, CYP4F8, CYP4F1l, CYP4F12, CYP4X1, CYPAZ1, CYP5AL,
CYP7A1, CYP7B1, CYP8AL, CYPSB1, CYP11Al, CYP11B1, CYP11B2, CYP17, CYP19,
CYP21, CYP24, CYP26A1, CYP26B1, CYP27Al, CYP27B1, CYP39, CYP46, and CYP5],

27 A method for treatment of gastric acid related diseases by inhibition of gastric
acid secretion comprising administering to a mammalian subject in need of treatment a

therapeutically effective amount of a gastric H', K'-ATPase inhibitor comprising a
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compound of Formula 1 so as to elicit an improved antisecretory effect during the treatment
of gastric acid related diseases as compared to the non-isotopically enriched compound;

wherein said compound of Formula 1 has the structure

Ry R1o
R; N O
Il R
/)"—S g R7
Re N R R
5=\ 8
R N4
Formula 1 Ro

or a single enantiomer, a mixture of the \(+)-enantiomer and the (-)-
- enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enanﬁomer, a mixture of about 90% or more
by weight of the (+)-enantiomerr and about 10% or less by weight of the (-)-
enantiomer, an individual diastercomer, a mixture of diastereomers, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof, wherein:
Ri, R4, Rg and Ry are each independently hydrogen or deuterium;
Rz, R3, Re, and Ry are each independently selected from the group consisting
of hYdrogen, deuterium, C-Cs alkyl, and C;-Cs alkyloxy;
Rs is selected from the group consisting of -CH—, -CHD— and —CD>—; and
R is selected from the group consisting of hydrogen, deuterium, -NO2, C1-Cs
alkyl, and C-Cg alkyloxy;
provided that said compound of Formula 1 contains at least one deuterium
atom; and
provided that deuterium enrichment in said compound of Formula 1 is at least
about 1%.
28. A method for treatment of gastric acid related diseases by inhibition of gastric
acid secretion comprising administering to a mammalian subject in need of treatment a
therapeutically effective amount of a gastric H', K*-ATPase inhibitor comprising a
compound of Formula 1 wherein said amount of said gastric H*, K*-ATPase inhibitor elicits
an improved clinical effect comprising accelerated rate of healing and accelerated rate of
symptom relief during the treatment of gastric related diseases as compared to the non-

isotopically enriched compound;
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wherein said compound of Formula 1 has the structure

R4 Rio o
/I R
) s
R N\ -
2 R5 \ / Rg
R4 N
Formula 1 Rg

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enaﬁtiomer, a mixture of about 90% or more
by weight of the (+)-enantiomer and about 10% or less by weight of the (-)-

enantiomer, an individual diastereomer, a mixture of diastereomers, or a

pharmaceutically acceptable salt, solvate, or prodrug thereof, wherein:

Ry, R4, Rg and Ryg are each independently hydrogen or deuterium,

Ry, Rs, Re, and Rg are each independently selected from the group consisting '
of hydrogen, deuterium, C;-Cg alkyl, and C;-Cs alkyloxy;

Rs is selected from the group consisting of -CH,—, -CHD- and -CDy—; and

R7is selected from the group consisting of hydrogen, deuterium, -NO;, C1-Cs
alkyl, and C,-Cs alkyloxy;

provided that said compound of Formula 1 contains at least one deuterium
atom; and

provided that deuterium enrichment in said compound of Formula 1 is at least
about 1%. '

29. A method for treatment of a bacterial infection caused or mediated by
Helicobacter pylori, comprising administering to a mammalian subject in need thereof an
effective amount of a nitric oxide-releasing non-steroidal anti-inflammatory drug (NSAID)
and a compound of Formula 1;

wherein said compound of Formula 1 has the structure

R4

Rio
R, N
Il R
/>—'S ] Ry
Rz N YR
5=\ 8
Rq -/
Formula 1 R
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or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-
enantiorher, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more
by weight of the (+)-enantiomer and about 10% or less by weight of the (-j—
enantiomer, an individual diastereomer, a mixture of diastereomers, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof wherein:
Ry, R4, Ro and Ry are each independently hydrogen or deuterium;
R, Rs, R, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C;-Cs alkyl, and Ci-Cs alkyloxy;
Rj is selected from the group consisting of -CH,—, ~CHD- and ~CDy—; and
Ry is selected from the group consisting of hydrogen, deuterium, -NO,, C-Cs
alkyl, and C;-Cg alkyloxy;
provided that said compound of Formula 1 contains at least one deuterium
atom; and o
provided that deuterium enrichment in said compound of Formula 1 is at least
about 1%.
30.  The method of Claim 29, wherein said NSAID and said compound of Formula
1 are administered simultaneously, or separately, or sequentially.
31. A method for treatment of gastric acid related diseases by inhibition of gastric
acid secretion comprising administering to a mammalian subject in need of treatment a
therapeutically effective amount of a gastric H', K*-ATPase inhibitor comprising a

compound of Formula 1 wherein said compound of Formula 1 has the structure

Re  Rqo
Rs N /
l R
/>_"'S 6 R-]
Re N R =R
5T\\ 8
R "/
Formula 1 Rg

or a single enantiomer, a mixture of the (+)-enantiomer and the -
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more

by weight of the (+)-enantiomer and about 10% or less by weight of the (-)-
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enantiomer, an individual diastéreomer, a mixture of diastereomefs, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof whereih:

Ry, Ry, Ry and Ry are each independently hydrogen or deuterium;

Rs, Rs, R, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C;-Csg alkyl, and C;-Cs alkyloxy; '

R is selected from the group consisting of —CHj—, —CHD- and —-CD;—; and

Ry is selected from the group consisting of hydrogen, deuterium, -NO, C1-Cs
alkyl, and C;-Cs alkyloxy; /

provided that said compound of Formula 1 contains at least one deuterium
atom; and

provided that deuterium enrichment in said compound of Formula 1 is at least
about 1%.
32. A process for preparing a compound of formula 3 comprising contacting a

compound of formula 2 with deuterium oxide under conditions to produce compound of

formula 3,

(o) (o]
H NE _H R NY R
NS Dzo 14 11
| —
HsC CH;3 Rqs Ri2
NO, NO,
2 3

wherein, Rj4 and Ry are independently selected from the group cdnsisting of
hydrogen and deuterium;

R;2 and Ry3 are independently selected from the group consisting of —CHa,
-CDH;, —CD,H, and —CDs,

where the reaction is carried out in a solvent or a mixture of solvents selected
from the group consisting of deuterium oxide, 1,4-dioxane, acetone, acetonitrile,
“dimethyl formamide, dimethyl acetamide, N-methylpyrrolidine, dimethyl sulfoxide,
in the presence of a catalyst selected from the group consisting of sodium carbonate,

potassium carbonate, and DBU, and at a temperature in the range of about 0 °C up to
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about 500 °C, for 0.01 to 240 hours, at a pH in the range of about 1 up to about 14,

and at a pressure in the range of about 1 mBar up to about 350 Bar.

33. A process according to Claim 32, wherein the reaction is carried out in the
presence of focused microwave radiation using a quartz reactor at a pressure in the range of
about 1 Bar to about 25 Bar, a power setting in the range of about 1 W per liter of solvent to
about 900 W per liter of solvent, at a temperature in the range of about 0°C up to about
500°C, for 0.01 to 5 hours, at a pH in the range of about 1 up to about 14.

34. A process for preparing a compound of formula 5 comprising contacting a

compound of formula 4 with deuterium oxide under conditions to produce compound of

formula 5,
0 o
4 .
H N CHj; Ris N Ris
| D,0 |
~ ~Z
H3C CH3 R13 R12
\ NO2 NO,
4 5
wherein, Rys is selected from the group consisting of hydrogen, and
deuterium;

Ryz, Ry and R;s are independently selected from the group consisting of —
CH,, —-CDH,, —~CD,H, and —CDj3,

where the reaction is carried out in a solvent or a mixture of solvents selected
from the group consisting of deuterium oxide, 1,4-dioxane, acetone, acetonitrile,
dimethyl formamide, dimethyl acetamide, N-methylpyrrolidine, dimethyl sulfoxide,
in the presence of a catalyst selected from the group consisting of sodium carbonate,
potassium carbonate, and DBU, and at a temperature in the range of about 0 °C up to
about 500 °C, for 0.01 to 240 hours, at a pH in the range of about 1 up to about 14,
and at a pressure in the range of about 1 mBar up to about 350 Bar.
35. A process according to Claim 34, wherein the reaction is carried out in the

presence of focused microwave radiation using a quartz reactor at a pressure in the range of
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about 1 Bar to about 25 Bar, a power setting in the range of about 1 W per liter of solvent to
about 900 W per liter of solvent, at a temperature in the range of about 0°C up to about
500°C, for 0.01 to 5 hours, at a pH in the range of about 1 up to about 14.

36. Use of a compound of Formula 1 for the preparation of a medicament for
treatment of gastric acid related diseases by inhibition of gastric acid secretion comprising
administering to a mammalian subj ect in need of treatment a therapeutically effective amount
of a gastrié H', K*-ATPase inhibitor comprising a compound of Formula 1 so as to affect
decreased inter-individual variation in plasma levels of said compound or a metabolite
thereof during treatment of gastric acid related diseases as compared to the non-isotopically
enriched compound;

wherein said compound of Formula 1 has the structure

R4 5{10
R; N o
I/ Rg. R
, »—s N\ /"
Rs NN T
Rs=< //—Rs
R4 N
Formula 1 Rg

or a éingle enantiomer, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more
by weight of the (+)-enantiomer and about 10% or less by weight of the (-)-
enantiomer, an individual diastereomer, a mixture of diastereomers, or a
pharmaceutically acceptable salt, solvate, Or prodrug thereof, wherein:

Ry, R4, Ro and Ry are each independently hydrogen or deﬁteriurn;

Ry, Ra, Re, and Rgare each independently selécted from the group consisting
of hydrogen, deuterium, C1-Ce alkyl, and C;-Cs alkyloxy;

Rs is selected from the group consisting of -CHy—, -CHD— and —CD,—; and

R; is selected from the group consisting of hydrogen, deuterium, -NO;z, C1-Cs
alkyl, and Cy-Cs alkyloxy; ’

provided that said compound of Formulé 1 contains at least one deuterium

atom; and
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provided that deuterium enrichment in said compound of Formula 1 is at least
about 1%. ’

37.  Use of a compound of Formula I for the preparation of a medicament for
treatment of gastric acid related diseases by inhibition of gastric acid secretion comprising
administering to a mammalian subject in need of treatment a therapeutically effective amount
of a gastric H*, K'-ATPase inhibitor comprising a compound of Formula 1 so as to affect
increased average plasma levels of said compound or decreased average plasma levels of at
least one metabolite of said compound per dosage unit as compared to the non-isotopically
enriched compound,;

wherein said compound of Formula 1 has the structure

R4 R1o
R, N
I/ R
/)'_S 6 R7
R; N\ /E
. Rs—\\ / R;
R4 N
Formula 1 R

or a single enantiomer, a mixture of the (+)-enanti6mer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)—ehantiomer and
about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more
by weight of the (+)-enantiomer and about 10% or less by; weight of the (-)-
enantiomer, an individual diastereomer, a mixture of diastereomers, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof, wherein:

Ry, R4, Ry and Ry are each independently hydrogen or deuterium;

Ry, Rs, Rg, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C;-Cs alkyl, and C;-Cs alkyloxy;

Rs is selected from the group consisting of ~CHz—, -CHD— and —CD,—; and

R, is selected from the group consisting of hydrogen, deuterium, -NO», C1-Cg
alkyl, and C;-Cs alkyloxy;

provided that said compound of Formula 1 contains at least one deuterium
atom; and

provided that deuterium enrichment in said compound of Formula 1 is at least

about 1%.
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38.  Use of a compound of Formula I for the preparation of a medicament for
treatment of gastric acid related diseases by inhibition of gastric acid secretion comprising
administering to a mammalian subject in need of treatment a therapeutically effective amount
of a gastric H*, K'-ATPase inhibitor comprising a compound of Formula 1 wherein said
amount of said gastric H*, K*-ATPase inhibitor affects a less pronounced increase in gastrin
levels in mammalian subjects during treatment of gastric acid related diseases as compared to
the non-isotopically enriched compound,;

wherein said compound of Formula 1 has the structure

R4 $1o ‘
o]
Ry
Rs \ Rg
R, N /
Formula 1 Ro

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more
by weight ‘of the (+)-enantiomer and about 10% or less by weight of the ( )
enantiomer, an individual diastercomer, a mixture of diastereomers, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof, wherein: |

Ry, R4, Ro and Ry are each independently hydrogen or deuterium;

Ry, Rs, Rg, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C;-Cs alkyl, and C,-Ce alkyloxy; »

Rs is selected from the group consisting of —-CHy—~, -CHD- and —CD,—; and

R is selected from the group consisting of hydrogen, deuterium, -NO,, C1-Cs
alkyl, and C;-C, alkyloxy; 4

provided that said compound of Formula 1 contains at least one deuterium
atom; and

provided that deuterium enrichment in said compound of Fnrmula 1 is at least
about 1%..
39.  Use of a compound of Formula I for the preparation of a medicament for

treatment of gastric acid related diseases by inhibition of gastric acid secretion comprising
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administering to a mammalian subject in need of treatment a therépeutically effective amount
of a gastric H, K'-ATPase inhibitor comprising a compound of Formula 1 wherein said
amount of said gastric HY, K'-ATPase inhibitor affects a decreased inhibition of at least one
cytochrome Psso isoform in mammalian subjects during treatment of gastric acid related
diseases as compared to the non-isotopically enriched compound;

wherein said compound of Formula 1 has the structure

R4 R1o

Rs N :
/I R R

/>—S 8 7
Rz N \R MR
57\\ 8

R1 N /
Formula 1 " Re

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more
by weight of the (+)-enantiomer and about 10% or less by weight of the (-)-

epantiomer, an individual diastereomer, a mixture of diastereomers, or a

pharmaceutically acceptable salt, solvate, or prodrug thereof, wherein;

R, R4, Ro anc} Rm‘are each independently hydrogen or deuterium;

Ry, Rs, R, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C1-Cs alkyl, and C;-Cs alkyloxy;

Rs is selected from the group consisting of ~CHy—, —CHD- and —CD,—; and

R; is selected from the group consisting of hydrogen, deuterium, -NO, C1-Cg
alkyl, and C;-Cs alkyloxy;

provided that said compound of Formula 1 contains at least one deuterium
atom; and

provided that deuterium enrichment in said compound of Formula 1 is at least

about 1%.

40, The use of Claim 39, wherein said cytochrome Pasp isoform is selected from
the group consisting of CYP1Al, CYP1A2, CYPI1Bl, CYP2A6, CYP2A13, CYP2B6,
CYP2Cs, CYP2C9, CYP2CI8, CYP2C19, CYP2D6, CYP2EL, CYP2G1, CYP2J2,
CYP2R1, CYP2S1, CYP3A4, CYP3A5, CYP3ASP1, CYP3A5P2, CYP3AT, CYP4ALll,
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CYP4B1,VCYP4F2, CYP4F3, CYP4F8, CYP4F11, CYP4F12, CYP4X1, CYP4Z1, CYP5AL,
CYP7A1, CYP7B1, CYP8A1, CYP8B1, CYP11Al, CYP11B1, CYP11B2, CYP17, CYPI19,
CYP21, CYP24, CYP26A1, CYP26B1, CYP27A1, CYP27BI, CYP39, CYP46, and CYP51,

41. Use of a compound of Formula I for the prepafation of a medicament for
treatment of gastric acid related diseases by inhibition of gastric acid secretion comprising
administering to a mammalian subject in need of treatment a therapeutically effective amount
of a gastric H', K'-ATPase inhibitor comprising a compound of Formula 1 so as to elicit an
improved antisecretory effect during the treatment of gastric acid related diseases as
compared to the non-isotopically enriched compound;

wherein said compound of Formula 1 has the structure

Ry 'fm
R; N o
/Il R
/>_S ] R7
Ry’ NN )R
5=\ 8
R N4
Formula 1 R

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-
: enantiomer, a mixture of about 90% or more by weight of the (—)—enantidmer and
about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more
by weight of the (+)-enantiomer and about 10% or less by weight of the (-)-
enantiomer, an individual diastereomer, a mixture of diasterecomers, or a
pharmaceutically acceptable salt, solvate, or prodrugy thereof, wherein:
R;, R4, Ro and Ry are each independently hydrogen or deuterium;
Ry, Rs, Re, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C;-Cs alkyl, and Ci-Cs alkyloxy;
Rs is selected from the group consisting of ~CHy—, -CHD- and ~CD,—; and
Ry is selected from the group consisting of hydrogen, deuterium, -NO, C1-Ce
alkyl, and C;-Cs alkyloxy;
provided that said compound of Formula 1 contains' at least one deuterium
atom; and
provided that deuterium enrichment in said compound of Formula 1 is at least

about 1%.
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42. Useof a éompound of Formula I for the preparation of a medicament for
treatment of gastric acid related diseases by inhibition of gastric acid secretion comprising
administering to a mammalian subject in need of treatment a therapeutically effective amount
of a gastric H', K'-ATPase inhibitor comprising a compound of Formula 1 wherein said
amount of said gastric H, K'-ATPase inhibitor elicits an improved clinical effect comprising
accelerated rate of healing and accelerated rate of symptom relief during the treatment of
gastric related diseases as compared to the non-isotopically enriched compound;

wherein said compound of Formula 1 has the structure

Ri Ry .
Rs N g

/I R R
a>—-S € 7

Ry NN
Rs—s /) Rs

R4 N
Formula 1 R

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enar;tiomer, a mixture of about 90% or more
by weight of the (+)—enantionier and about 10% or less by weight of the (-)-
enantiomer, an individual diastereomer, a mixture of diastereomers, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof, wherein:

Ry, R4, Ro and Ry are each independently hydrogen or deuterium;

Ry, R3, R¢, and Rg are each independently selected from the group consistiﬁg
of hydrogen, deuterium, C;-Cs alkyl, and C,-C; alkyloxy; .

Rs is selected from the group consisting of —CHa—, —CHD- and ~CD,—; and

R; is selected from the group consisting of hydrogen, deuterium, -NO, Ci-Cq
alkyl, and C,-Cs alkyloxy;

provided that said compound of Formula 1 contains at least one deuterium
atom; and

provided that deuterium enrichment in said compound of Formula 1 is at least
about 1%.
43. Use of a compound of Formula I for the preparation of a medicament for

treatment of a bacterial infection caused or mediated by Helicobacter pylori, comprising
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administering to a mammalian subject in need thereof an effective amount of a nitric oxide-
releasing non-steroidal anti-inflammatory drug (N SAID) and a compound of Formula 1;

wherein said compound of Formula 1 has the structure

Ry $1o
R; N o
Il R R
/)—'S R 7
R2 N \ -
R5 \ / Rg
R1 N !
Formula 1 Ro

or a single enantiomer, a mixture of thé (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more
by weight of the (+)-enantiomer and about 10% or less by weight of the (-)-

enantiomer, an individual diastereomer, a mixture of diastereomers, or a

pharmaceutically acceptable salt, solvate, or prodrug thereof wherein:

Ry, R4, Ro and Ry are each independently hydrogen or deuterium;

R,, R3, Rg, and Rg are each independently selected from the group consisting
of hydrogen, deuterium, C,-Cs alkyl, and C;-Cs alkyloxy;

R is selected from the group consisting of -CHz—, ~CHD- and —CD;—; and

R; is selected from the group consisting of hydrogen, deuterium, -NO;, C1-Cs
alkyl, and C;-Cs alkyloxy;

provided that said compound of Formula 1 contains at least one deuterium
atom; and A

provided that deuterium enrichment in said compound of Formula 1 is at least

about 1%.

44.  The use of Claim 43, wherein said NSAID and said compound of Formula 1
are administered simultaneously, or separately, or sequentially.

45.  Use of a compound of Formula I for the preparation of a medicament for
treatment of gastric acid related diseases by inhibition of gastric acid secretion comprising
administering to 2 mammalian subject in need of treatment a therapeutically effective amount
of a gastric H', K*-ATPase inhibitor comprising a compound of Formula 1 wherein said

compound of Formula 1 has the structure
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Ra Ry
R3 I\i Il R
S s R
R N -
2 ) R5 A / Rg
R1 N
Formula 1 Rg

or a single enantiomer, a mixture of the (+)-enantiomer and the (-)-
enantiomer, a mixture of about 90% or more by weight of the (-)-enantiomer and
about 10% or less by weight of the (+)-enantiomer, a mixture of about 90% or more
by weight of the (+)-enantiomer and about 10% or less by weight of the (-)-
enantiomer, an individual diastereomer, a mixture of diastereomers, or a
pharmaceutically acceptable salt, solvate, or prodrug thereof wherein:

Ry, R4, Rg and Ry are each independently hydrogen or deuterium;

R, Rs, Re, and Rg are each independently selected from the group consisting

~ of hydrogen, deuterium, C;-Cs alkyl, and C;-Cs alkyloxy;

Rj is selected from the group consisting of —CH,—, —CHD- and ~CD,—; and

R, is selected from the group consisting of hydrogen, deuterium, -NO3, C1-Cs
alkyl, and C;-Cs alkyloxy; »

provided that said compound of Formula 1 contains at least one deuterium
atom; and ’

provided that deuterium enrichment in said compound of Formula 1 is at least

about 1%.
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