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MIXED DISULFIDE CONJUGATES OF THIENGPYRIDINE COMPOUNDS AND
USES THEREOF

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
5  DEVELOPMENT
This tnvention was made with government support under AAGZE020 and CAD16954
awarded by the National Instinutes of Health. The government has certain rights in the

invention.

10 FIELD OF THE INVENTION
This invention is in the field of medicinal chemistry. In particular, the inveuntion
refates to mixed disulfide conjugates of thienopyridine compounds, and their vse as

therapeutics for the treatment, amelioration, and provention of cardiovascular diseases,

15 INTRODUCTION
Thienopyridiny! compoonds are widely used as antiplatelet agenis to prevent heart
attack and stroke. 1n this category, clopidogrel (Plavix}, niclopidine (Ticlid) and prasugre
{Effient) ave three commonly used prodrugs. These agents vequire polymorphic cytochrome
{P450) mediated oxidative bivactivation, Such oxidative biocactivation results in slow op-set
20 of therapeutic effect and several adverse effects including newtropenia and thronmbetic
thrombocytopenic purpura,
Improved antiplatelet agenis not requiring polymorphic cytochrome (P450) mediated

oxidative bioactivation are needed.

25 SUMMARY OF THE INVENTION
Clopidogrel (Plavix), ticlopidine {Ticlid) and prasugrel (Effient) belong to a class of
thienopyridivyl compounds widely used as antiplatelet agents 0 provent beart attack and
streke. However, several serious drawbacks huve been assuciated with these drags including

lack of response, toxicity and excessive bleeding. These drawbacks are closely related to the

a2

0 fact that they are all prodrugs thai require oxidative bioactivation by polymorphic
cytochromes P450 enzymes (P450s).
To overcome drawbacks associated with thienopyridine compounds {Clopidogrel
{Plavix), ticlopidine (Ticlid) and prasugrel (Efficat)), mixed disulflide conjugates of

thienopyridine compounds were developed. indeed, experiments conducted during the course
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of developing embodiments for the present disclosure demonstrated that the mixed disulfide
conjugates of thienopyridine compounds of the present disclosure are capable of producing
active thienopyridine metabolites (e.g., active thienopyridine metabolites capable of
antiplatelet activity) in the presence of endogenous glutathione (GSH) without the need for
bioactivation by P450s. This approach not only bypasses the oxidative bioactivation process
by P450s, but circumvents many of the drawbacks associated with thienopyridinyl drugs. For
example, the mixed disulfide conjugates of thienopyridine compounds of the present
disclosure improve dosing consistency because production of the active metabolite from the
conjugates is predictable. In addition, use of the mixed disulfide conjugates of thienopyridine
compounds of the present disclosure as antiplatelet agents reduce the toxicity as toxic reactive
metabolites are not produced by the thiol-exchange reaction. In addition, the therapeutic onset
time for the mixed disulfide conjugates of thienopyridine compounds of the present
disclosure is shortened, which greatly benefits patients who experience acute cardiovascular
events. For example, the standard regimen for thienopyridines requires continuously dosing
patients for 3-5 days as only a small percentage of ingested thienopyridines are converted to
the active metabolite. In contrast, the mixed disulfide conjugates of thienopyridine
compounds of the present disclosure release the active metabolites with high yields in less
than 30 min. In addition, the mixed disulfide conjugates of thienopyridine compounds of the
present disclosure have superior stability over the active metabolites and therefore they can be
used to quantitatively generate the active metabolites for basic and clinical research in vitro.
Accordingly, in certain embodiments, the present disclosure provides mixed disulfide
conjugates of thienopyridine compounds capable of overcoming such drawbacks associated
with thienopyridinyl compounds widely used as antiplatelet agents (e.g., Clopidogrel
(Plavix), ticlopidine (Ticlid) and prasugrel (Effient)). The present disclosure is not limited to
particular mixed disulfide conjugates of thienopyridine compounds. In the present disclosure,

there is provided a compound having Formula I:



Formula I SRy

, including pharmaceutically acceptable salts,
solvates, and/or prodrugs thereof; wherein R1, R2, and R3 independently include any
chemical moiety that renders the resulting compound capable of producing active

thienopyridine metabolites upon interaction with endogenous glutathione (GSH).

5 In an aspect, there is provided a compound having Formula I:
Ry
HO
Formula I SRz , or a pharmaceutically acceptable salt or solvate

o j/A
thereof; wherein R;is selected from the group consisting of H, -CO-OCH3, and s
o

R is selected from the group consisting of Ci

O

and céis*“*; and
10 Rj;is Chlorine or Fluorine.

In some embodiments, the mixed disulfide conjugates of thienopyridine compounds

are described by Formula I: SRy

, including pharmaceutically
acceptable salts, solvates, and/or prodrugs thereof; wherein R1, R2, and R3 independently

include any chemical moiety
2a
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that renders the resulting compound capable of producing active thienopyridine metabolites
upon interaction with endogenous ghtathione ((GSH) {(e.g., active thicnopyridine metabolites
capable of antiplatelet activity).

In some embodiment, R s selected from the group consisting of H, -CO-OCH32, and

&
5
In some embodimerys, R3 is Chlorine or Fluorine.
In some embodiments, R2 15 selected from the group consisting of
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In a second aspect, there is provided a pharmaceutical composition comprising a
compound as defined above and a pharmaceutically acceptable carrier.

In certain embodiments, the present disclosure provides pharmaceutical compositions
comprising a mixed disulfide conjugate of a thienopyridine compound and a
pharmaceutically acceptable carrier.

In certain embodiments, the present disclosure provides pharmaceutical compositions
comprising mixed disulfide conjugates of thienopyridine compounds configured for
intravenous (IV) administration. In some embodiments, such pharmaceutical compositions
comprising mixed disulfide conjugates of thienopyridine compounds configured for
intravenous (IV) administration are used in the treatment, amelioration and prevention of
atherothrombosis. In some embodiments, such pharmaceutical compositions comprising
mixed disulfide conjugates of thienopyridine compounds configured for intravenous (IV)
administration are used for rapid inhibition of platelet aggregation. In some embodiments,

such pharmaceutical compositions comprising mixed disulfide conjugates of thienopyridine

‘compounds configured for intravenous (IV) administration are used during percutaneous

coronary intervention procedures (e.g., coronoary angioplasty) for rapid inhibition of platelet
aggregation.

In certain embodiments, the present disclosure provides methods of treating,
ameliorating, or preventing a cardiovascular disease comprising administering to a patient a
therapeutically effective amount of a mixed disulfide conjugate of a thienopyridine
compound. In some embodiments, the administration is intravenous administration. In some
embodiments, the cardiovascular disease is selected from the group consisting of coronary

artery disease, peripheral vascular disease, and cerebrovascular disease. In some

4



embodiments, the compound reduces aggregation of platelets (e.g., through irreversible

binding to P2Y; receptors) (e.g., through blocking ADP receptors). In some embodiments,
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the compound is capable of producing active thienopyridine metabolites in the presence of
endogenous glutathione without the need for bioactivation by P450s. In some embodiments,
the methods further comprise co-administration of at least one agent selected from the group
consisting of a HMG-CoA reductase inhibitor, an ACE Inhibitor, a Calcium Channel
Blocker, a Platelet Aggregation Inhibitor, a Polyunsaturated Fatty Acid, Fibric Acid
Derivative, a Bile Acid Sequestrant, an Antioxidant, and an Antianginal Agent.

In certain embodiments, the present disclosure provides methods of treating,
ameliorating, or preventing aggregation of platelets onto blood vessels in a patient,
comprising administering to the patient a therapeutically effective amount of a mixed
disulfide conjugate of a thienopyridine compound. In some embodiments, the administration
1s intravenous administration. In some embodiments, the patient has or is at risk for
developing cardiovascular disease (e.g., coronary artery disease, peripheral vascular disease,
and cerebrovascular disease). In some embodiments, the treating, ameliorating, or preventing
the aggregation of the platelets occurs through irreversible binding to P2Y 1, receptors. In
some embodiments, the treating, ameliorating, or preventing the aggregation of the platelets
occurs through blocking ADP receptors. In some embodiments, the mixed disulfide conjugate
of thienopyridine compound is capable of producing active thienopyridine metabolites in the
presence of endogenous glutathione without the need for bioactivation by P450s.

In a third aspect, there is provided the use of a compound as defined above for the
manufacture of a medicament for the treatment, amelioration, or prevention of a
cardiovascular disease in a patient.

In a fourth aspect, there is provided the use of a compound as defined above for the
manufacture of a medicament for the treatment, amelioration, or prevention of aggregation of

platelets onto blood vessels in a patient.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 shows effects of thiol reductants on the formation of the active metabolite
(AM) of clopidogrel. The AM was produced in 0.1 ml of 50 mM KP buffer (pH 7.4)
containing 0.2 mg/ml HLM, 0.1 mM 2-oxoclopidogrel, the NADPH-regenerating system, and
the thiol reductants. The concentrations of the thiol reductants were 1 mM except for CPT,
DFT and NPT which were 0.3 mM each. The reaction was initiated by the addition of 5 units
of G6PD and incubated at 37 °C for 20 min. The active metabolite was then quantitated as the



MP derivative as described in Materials and Methods. The reported rates were averaged over
three separate measurements. Abbreviations for the thiol compounds are provided in Table 1.
Figure 2 shows extracted ion chromatograms (EIC) of representative mixed disulfide
conjugates of clopidogrel. The mixed disulfide conjugates were produced in 0.2 ml of 50 mM
KPi buffer (pH 7.4) containing 1 mg/ml HLMs, 0.1 mM 2-oxoclopidogrel, various thiol
reductants and the NADPH-regenerating system at 37 °C for 30 min. MS analyses were
performed as described in Materials and Methods. (A), EIC for the BME conjugate at m/z

Sa
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432.06; (B) EIC for the DFT conjugate at m/z 482.08; (C) EIC for the CPT conjugate at m/z
499.09:; (D) BI1C for the NPT conjugate at mvz 510.08.
Figure 3 shows relative amounts of the AM and thiol conjugates of clopidogre!
produced by HLMs. The AM and corjugates were prodoced in 0.2 ml of 50 mM KP (pi 7
5 as described in Figure 2. For these analyses, 50 pmoles of (S)-clopidogrel was spiked into
cach sample as the IS. Both the AM and the thiol conjugates were analyzed using LC-MS/MS
in the dependent scan mode as described m Materials and Metbhods, Legend: open bar, AUC
ratic of mV/z 356 (AM) to w/z 322 (I8); solid bar, AUC ratios of respective conjugate (0 IS,
Figure 4 shows MS and MS” spectsa of the mixed disalfide conjugate of CPT. The

10 conjugate was produced as described in Figure 2. The MS and MS? spectra were obtained
using LOC-MS/MS in the dependent-scan mode as deseribed in Materials and Methods. (A),
MS spectram of the CPT conjugale; (B) MS5? spectrum of the parent on m/z 499,99 for the
CPT conjugate; (C), M8’ spectrum of the parent ion m/z 501.94 for the CPT conjugate; (D),
assignments for the fragmentation pattero shown in Figure 48,

15 Figure § shows kinetics for the reduction of the mixed disoifide conjugates of
clopidogrel by GSH. The mixed disuifide conjugates were prepared from the veaction
mixtures containing 1 rag/mi HLM, 0.1 ;M 2-oxoclopidogrel, the NADPH-regenerating
system and various thiol reductants and purified using SPE C18 cartridges as described in
Materials and Methods. The puified conjugates were then mixed with I mM GSH and 0.2

20 mg/ml cytosol (when present). The conjugate remaining and the AM formed were analyzed
using LC-MS/MS. Legend: (A) reduction of the conjugates of BME (O), CPT (8), NAC
(F), DFT (&), and NPT (LD by | mM GSH in the presence of (.2 mg/mi eytosol. (B)

eduction of the CPT conjugate by I mM GSH in the presence and absence of 0.2 mg/mli

cytosol. Legend: (©), formation of AM in the absence of cytosol; (), formation of the AM

-
in

in the presence of cytosol; (@}, reduction of the conjugate in the absence of cytosol; (&),
reduction of the conjugate in the presence of Cyiosol The solid and dashed lines are non-
finear curve fitlings to a single exponential fumotion.
Figure 6 shows extracted ion chromatograms observed at ni/z 504 showing the

formation of the active metabolite H4 from the mixed disulfide conjugates of clopidogrel.
30 The mixed disuifide conjugates were produced in the HLMs and purified with SPE eartridges
as described in Figure 3. Prior to MS analyses, the mixed disulfide conjugates were treated
with DTT fo release the AM that was then subsequently derivatized with MPB. The AM-MP

derivatives were analyzed using LC-MS/MS as described in Materials and Methods. Legend:



WO 2014/109987 PCT/US2014/010348

A trans- (dashed line) and cis-clopidogrel-MP (solid line) standards; B, the AM-MP obtained
in the presence of 1 mM GSH {dashed line} and 1 mM ascorbic acid (solid Hne); C, the AM-
MP obtained fron the CPT conjugate: I, the AM-MP obtained from the NPT conjugate: E,

the AM-MP obtained from the DET conjugate. The amplitude was multiplied by two.

123

Figure 7 shows inhibition of platelet aggregation by the mixed disulfide conjogates of
clopidogrel. The mixed disuifide conjugaies were prepared and purified from the reaction
nixtures in the presence of 0.3 M CPT and NPT, ajong with three control samples
containing either 1 mM GSH, no thiol reductant or no GOPD. All samples were re-suspended
i 0.5 mi PPP, some of which were treated to | mM GSH to release the AM. Platelet
10 aggregation was initiated by the addition of 10 pM ADYP and recorded with an aggregometer.

The percentage of aggregation was novmalized to that of PRP and averaged over four separate
measurements. For details, see Materials and Methods. Legend: PRP, untreated platelet-sich
plasma; GSH, 1 mM GSH in PRP; -G6PD, metabolites produced in the absence of G6PD; -
SH, metabolites produced in the absence of any thiol reductants; GSH, metabolites produced
15 inthe presence of 1 mM GSH; CPT, metabolites produced in the presence of 0.3 mM CPT;
CPT+GSH, metabolites produced in the presence of 0.3 mM CPT and then weated with 1 M
(35H; NPT, metabolites produced in the presence of 0.3 mM NPT, NPT+GSH, metabolites
produced n the presence of (.3 mM NPT and then treated with 1 mM GSH.
Figure & presenis a total ion chromatogram of pure (S}-clopNPT bio-synthesized in
20 the reconstituted systems as described in Example X, The three diastercomers of {S)-clopNPT
were eluted at 7.9, 8.6, and 9.5 min.
Figure Y presents platelet activities of male NZ white rabbits following IV injection of

{S)-clopNPT as described in Example X.

25 DEFINITIONS
The term “thienopyridine compound” as used herein, refers 1o a class of ADP
receptor/P2Y 12 inhibitors used for their anti-platelel activity, Examples nclude, but are not
fimited to, clopidogrel (Plavix), ticlopidine (Ticlid), and Prasugrel (Effient).
The term “mixed disulfide conjugate of a thicnopyridine compound” as used herein,
30 refers to a modified thienopyridine compound capable of producing active thienopyridine
metaboliles upon interaction with endogenous glutathione (GSH).
The term “prodrug” as used herein, refers to a pharmacologically mactive derivative

of a parent “drug” molecule that requives biotransformation {e.g., either spontaneous or
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enzymatic} within the target physiological system to release, or to convert (e.g.,
enzymatically, physiologically, mechanically, electromagnetically) the prodrug into the active
drug. Prodrugs are designed to overcome problems associated with stability, water solubility,
toxicity, fack of specificity, or hmited bloavailability. Exemplary prodrags comprise an
active drug molecule itself and a chemical masking group (e.g., a group that reversibly
suppresses the activity of the drug). Some prodrugs are variations or derivatives of

compounds that have groups cleavable under metabolic conditions, Prodrugs can be readily
prepared from the parent compounds using methods known in the art, such as those described
in A Textbook of Drag Design and Development, Krogsgaard-Larsen and H. Bundgaard

M

{2ds.}, Gordon & Breach, 1991, pariicularly Chapter 5: "Degign and Applications of
Prodrugs™; Design of Prodrugs, H. Bundgaard {ed.}, Elsevier, 1985; Prodrugs: Topical and
Ocolar Drug Delivery. K. B, Sloan (ed.), Marcel Dekdeer, 1998; Methods in Enzymology, K.
Widder et al, (eds.), Vol 42, Academic Press, 1985, particularly pp. 309-396; Burger's
Medicinal Chemistry and Drug Discovery, Sth Ed., M. Wolff (ed.), Yohn Wilsy & Sons, 1995,
partia ularty Vol. | and pp. 172-178 and pp. 949-982: Pro-Drugs as Novel Delivery Systems,

Higuchi and V. Stella (eds.), Am. Chem. Soc., 1975, and Bloreversible Carriers in Drag
Des—ign, E. B. Roche {ed.}, Elsevier, 1987,

Exemplary prodrugs become pharmaceutically active i vive or in vitro when they
undergo solvolysis under physiological conditions or undergo enzymatic degradation or other
biochemical transformation {e.g., phosphorylation, hydrogenation, dehydrogenation,
glveosylation), Prodrugs offen offer advantages of water sofubibity, tissue compatibility, or
delayed release in the mammalian organism. (See e.g., Bundgard, Design of Prodrags, pp. 7-
0, 21-24, Elsevier, Amsterdam (1945} and Silverman, The Organic Chemistry of Drug
Design and Dyag Action, pp. 352-401, Academic Pross, San Diego, CA (1992)). Common
prodrugs elude acid derivatives such as esters prepared by reaction of pavent acids with a
suitable alcohol (2.g., a lower alkanol) or esters prepared by reaction of parent alcohol with 2
suitable carboxylic acid, (e.g., an amino acid), amides prepared by reaction of the parent acid
compound with an aming, basic groups reacted 1o form an acylated base desivative (e.g., a
iower alkylamide), or phosphorus-containing derivatives, e.g., phosphate, phosphonate, and
phosphoramidate esters, including cyclic phosphate, phosphonate, and phosphoramidate (see,
e.g., US Patent Application Publication No. US 2007/0249564 Al

The term “pharmaceutically acceptable salt” as used herein, refers to any salt {e.z.,

obtained by reaction with an acid or a base} of 4 compound of the present mvention that &
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physiclogically tolerated in the terget animeal {e.g., a mammal). Salts of the compounds of the
present invention may be derived from inorganic or organic acids and bases. Examples of
acids include, bur are not Hmited to, hydrochloric, hydrobromic, sulfuric, nitric, perchioric,
fumaric, maleic, phosphorie, glycolie, lactic, salicylic, suceinic, toluene-p-suifonic, tartaric,

aceiie, citric, methanesulfonic, cthanesulfonic, formic, benzoic, malonic, sulfonic,

M

naphthalene-2-sulfonic, benzenesulfunic acid, and the like. Gther acids, such as oxalic, while
not in themselves pharmaceutically acceptable, may be employed in the preparation of salts
oseful as intermediates in obtaining the compounds of the invention and their
sharmaceutically acceptable acid addition salts.

16 Examples of bases include, but are not imited to, alkah metal (e.g., sodium)
hydroxides, atkaline earth metal (e.g., magnesium) hydroxides, ammonia, and compounds of
formula NW,;", wherein W is Cyy alkyl, and the like.

Examples of salls include, but are not Himited to: acctate, adipate, alginaie, aspartate,
benzoate, benzevesulfopate, bisulfate, butyrate, citvate, camphorate, camphorsulfonate,

15 cyclopertanepropionate, dighiconate, dodecyisulfate, ethanesulfonate, fumarate,
flucoheptanecate, glycerophosphate, hemisulfale, heptanoste, hexancate, chloride, bromide,
iodide, Z-hydroxyethanssulfonate, lactate, maleate, mesylate, methanesulfonate,
2-naphthalenessifonate, micotinate, oxalate, palmoate, pectinate, persulfate, phenylipropionate,
pierate, pivalate, propionate, succinate, tarfrate, thiocyanate, tosyvlate, undeceanoate, and the

26 iike. Other examples of salts include anions of the compounds of the present invention
compounded with a suitable cation such as Na™, NH.", and Nw,’ {wherein W 1s a £ 4 alky]
group), and the like. For therapeutic use, saks of the compounds of the present invention are
conternplated as being phanmaceutically acceptable. However, salis of acids and bases that
are non-pharmacentically acceptable may also find use, for example, in the preparaiion or

25 purification of a pharmaceutically acceptable compound.

The term "solvate" as used hevein, refers to the physical association of a compound of
the invention with one or more solvent molecules, whether organic or inorganic. This
physical association often includes hydrogen bonding. in certain instances, the solvate is
capable of isolation, for example, when one or more sobvate molecules are incorporated in the

crystal lattice of the crystalline solid. "Solvate” encompasses both solution-phase and

Lol
L]

isolable solvates. Exemplary solvates include hydraies, ethanolales, and methanolates.
The term “therapeutically effective amoumt,” as used herein, refers to that amount of

the therapeutic agent sufficient to vesult in amelioration of one or more symptoms of a

b
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disorder, or prevent advancement of a disorder, or cause regression of the disorder. For
examyple, with respect to the treatment and/or prevention of platelet aggregation onto a blood
vessel, it one embodiment, a therapemtically effective amount will refer to the amount of a
therapeutic agent (e.g., a mixed disulfide conjugate of a thienopyridine compound) that
5 decreases the reduces and/or pim'entb platelet aggregaiion by at least 5%, at least 10%, ai
feast 15%, at least 20%, at lcast 25%, at least 30%, at lcast 35%, at least 40%, at least 45%, at
icast 50%, at least 55%, at least 60%, at least 65%, at least 70%, at jeast 73%, at feast 809, at
zast 85%, at least 90%, at least 93%, or at least 100%.,
The term "pharmaceutically acceptable carrier” or "pharmaceutically acoepiable
10 vehicle" encompasses uny of the standard pharmaceutical carriers, solvents, surfactants, or
vehicles. Buitable pharmaceutically acceptable vehicles include aqueous vehicles and
nonaqueons vehicles, Standard pharmaceutical carriers and thewr formulations are described

in Remington's Pharmaceuctical Sclences, Mack Publishing Co., Easton, PA, 19th ed. 1995,

15 DETAILED DESCRIPTION OF THE INVENTION
Thienopyridinyl antiplatelet agents include three clintcally used drugs, clopidogrel
{(Plavix}, riclopidine (Tichid), and prasugret (Effient). Their chemical structures and TUPAC

names for clopidogrel (Plavix), ticlopidine (Tichd), and prasugrel (Effient) ave as follows:

N cl (ticlopidine; 5-{2-chlorobenzyi}-4,5,6,7-tetrahydrothicno[3,2

O, OCHz

20 olpyridine), @ clopidogrel; (+)-(S3-mmethyi 2-(2-chiorophenyl)-

g b2

2-(6,7-dikdrothicno[3,2-clpyridine-5( 4H}—yl) acetaie), and

N

16
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fluorophenyl-2-oxoethyil-4,5,6,7-tetrahydrothieno 3, 2-¢jpyridine-2-vi acetate).

{prasugrel; (RS)-3-{2-cyclopropyl-1-(2-

Thienopyridinyl antiplatelet agents are widely used to treat patients with acute
cardiovascular syndromes and peripheral vascular discases, particularly among those
undergoing percutanecus coronary intervention {e.4., coronary angioplasty) to prevent heart
attack and stroke. Nearly two million patients receive coronary and carotid stents every vear
in the United States and the annwal sales for Plavix alone was worth $6.5 billion in 2010,

In spite of widespread use, clopidogrel has shown significant inter-individuoal
variability i its efficacy (see, e.g., Freedman JE and Hylek EM (2009} New Engl I Med
360{41:411-413; Gurbel PA and Tantry US (2007} Thromb Res 120(3):311-321; Sofi F, et al,,
(2011) Pharmacogenomics | 11(3}:199-206). Nearly one-third of patients do not respond (o
clopidogrel therapy (see, e.g., Mason PJ, Jacobs AK and Freedman JE (2005) ] Am Cof
Cardiol 46(61:986-993). A large mumber of studies have been carried out attempting 0
identify genetic markers that correlate with the lack of response with the aim of overcoming
this inter-individual variability, 1t bas boen shown that clopidogrel is less effective in paticots
who carry the mutant CYP2CT9%2 gene (see, e.g., Dick RJ, Dear AE and Byvon KA 2011}
Feart Lang Cive 20(10):637-656; Shuldiner AR, et al,, (2009) JAMA 302(8):849-857, Sofi F,
gi al., (2011} Pharmacogenomics § 11(30:199-206). However the C¥P2C1 9% mutant gene
accounts for only 12% of the variations in response {see, ¢.g., Shuldiner AR, ct al., (2009)
JAMA 302(8):849-837). Other factors are hikely involved, but have not been identfied.

Indeed, though widely used as antiplatelet agents, there are drawbacks associated with
thienopyridinyl antplatelet agenis. A major shoricoming for clopidogrel is a dosing
meonsistency. For exaraple, nearly one-third of patients do not respond 1o clopidogrel
treatment, Ticlopidine can cause 8 series of adverse effects ranging from moderate symptoms
of skin rashes and diarrhea fo severe and sometimes fatal ones such as neutropenia and bone
marrow aplasia. in rare cases it causes severs idiosyneratic events of agranulogytosis.
Excessive bleeding has been associated with the use of prasugrel, particularly in older

patients.

11
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Such drawbacks associated with thienopyridiny! antiplatelet agents are closely related
to the fact that these theee drogs arve all prodrugs that require oxidafive bioactivation to the
active metabolite (AM) by polymorphic cytochromes P45 (P450s) as jllustrated in Scheme
1. Because of this oxidative bioactivation process, the amount of the active metabolite

5 produced by P4530s varies with the genetic makeup of each patient’s hepatic P43{0s.
Furthermore, these drags are extensively metabolized by P450s io produce multiple
metabolites, some of which are highly reactive and potentially toxic. It has been reported that
the severe idiosyneratic events due o Gelopidine are associated with the production of

reactive metabolites.

Rq
Ticlopidine, R1=H, R2=H, R3=(C]
N Clopidogrel, R1=-CO-OCH3, R2=H, R3=Cl
AN o
s Prasugrel, Ri= , R2=-0OCOCH3, R3=F
R3

Thienopyridines
R’g R'E R1
P450s P450s
N = N === N
S R3 S RS HS R3
Clopidogrel 20x0 Active Metabolite (AM)
Ticlopidine
Esterase
Ry
3 N
Rz—(\,“:; $-5-AM
) Rg
Prasugrel
10 Scheme 1.

As noted, the variable response to clopidogrel therapy is closely related to the fact that
clopidogrel is a prodrug that requires oxidative bicactivation by cytochromes P450 (P450s) 10
its pharmacologically active metabolite (AM) (see, e.g., Kazui M, etal,, (20£0) Drug Metab
15 Digpos 38(11:92-99; Savi P, et al., (2000) Thromb Haemost 84(5):891-896). It is well
documented that F450-mediated bioactivation involves two consecutive oxidative steps (sec,
e.g., Dansette PM, Thebault 5, Bertho G and Mansuy D 2010} Chem Res Toxicol

23(7)1268-1274; Dansette PM, Rosi I, Bertho U and Mansuy D {2012) Chem Res Tozicol

iz
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25(23:345-356); clopidogrel is first monoxygenated to 2-oxoelopidogrel, which is i trn
oxidized to the AM in the second step. Although it has been argued that esterase PONI s

2011)

esponsible for converting 2-oxoclopidogrel fo the AM (see, e.g., Bouman HJ, et al,, {

P

Nai Med 17{1):113-116), increasing evidence supports the idea that 2-oxoclopidogzel s
L 7 & Pl a0y

(2]

converted to the AM via a sulfenic acid intermediate {see, o.g., Dansette PM, Libraire J,
Bertho G and Mansuy D (2009} Chem Res Toxicol 22(2):369-373; Dansette PM, Rosi J,
Berthe G and Mansuy D (2012} Chem Res Toxico! 25(2):3 /E8~356; Dangette PM, Rost J,
Debernardi 1, Bertho G and Mansay I¥ (2012) Chem Res Toxicol 25(5):1058-1065; Dansette
PM, Thebault S, Beribo G and Mansuy D (2010) Chem Res Toxicol 23(7):1268-1274), as

16 illustrated 1 Scheme 2.

Schome 2

z \\\“\“\\m\%
oy

According to Scheme 2, 2-oxoclopidogrel is first oxidized to a suifenic acid
intermediate by P450s. The highly unstable sulfende acid is thep rapidly reduced by
15 ghitathione (GSH) to form a mixed disulfide conjugate (RS-SG) that is subsequently reduced
by ancther GSH molccale to form the AM. This is consistont with the ghservation that GSH
is required for the formation of the AM in human liver microsomes (HLMs) {see, e.g., Kaz
M, et al,, (2010} Brug Metab Digpos 38(1):92-99), It is widely accepted that the AM is
responsible for inhibition of platelet aggregation through covalent modification of platelet

20 P2Y ) receptor (see, e.g., Dimg Z, et al,, (2003) Blood 101(10):3908-3914; Algaier 1, etal.,
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(2008) J Thromb Haemost 6(11):1908-1914}. The anti-platelet activity of the mixed disalfide
conjugaic RS-8G remains votested.

Metabolism of 2-oxoclopidogrel n the presence of N-acetyl-L-cysteine (NAC) and L-
cysteine feads to the formation of both the AM and mixed disulfide conjugates (see, e.g.,
Zhang H, Lau WC and Hollenberg PF (2012) Mol Pharmaco! 82:302-309). Inx addition, it was
demonstrated that the mixed disulfide conjugates of WAC and L-cysteine exchange thiolks
with GSH and that the eguilibrium berween the AM, the AM conjugate and GSH is governed
by their redox potentials. The redex potential of the sulfenic acid mtermediate is likely to be
high because it is a reactive oxidant,

To overcome drawbacks associated with thienopyridine compounds, mixed disulfide
conjugates of thienopyridine compounds weve developed. Experiments conducted during the
course of developing embodiments for the present invention demonstrated that the mized
disulfide conjugates of thicnopyridine compounds of the present invention are capable of
producing active metabolites in the presence of endogenous glutathione (GSH) without the

reed for bicactivation by P450s, as Hlustrated in Scheme 3. This approach not only bypasses
the oxidative bicactivation process by P4350s, but circumvents many of the drawbacks of the
thicnopyridiny] drugs. For exampte. the mixed disulfide conjugates of thicnopyridine
compounds of the present iInvention improve dosing consistency because production of the
active metabolite from the conpugates is predictable. In addition, use of the mixed disulfide
conjugates of thienopyriding compeunds of the present invention as antiplatelet agents reduce
the toxicity because toxic reactive metabolites are not produced by the thiol-cxchange
reaction. In addition, the therapeutic onset time for the mixed disulfide conjugates of
thienopyridine compounds of the present invention will be shortened, which greatly benefits
patients who cxperionce acuic cardiovascular events. The standard regimen for
thienopyridines requires contimwousty dosing patients for 3-5 days because only a small
percentage of ingested thienopyridines are converted to the active metabolite. In contrast the
mixed disulfide conjugates of thicnopyridine compounds of the present invention can release
the active metabolites with high vields in less than 30 min, Yo addition, the mixed disulfide
conjugates of thienopyridine compounds of the present invention have svperiar stability over
the active metabolites and therefore they can be used to quantitatively generate the active

metabolites for basic and clinical research in vitro.
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Accordingly, the present invention relates to mixed disulfide conjugaies of

(glutathione (GSH)).

thienopyridine compounds which are capable of producing active thienopyridine metabolites
it the presence of endogenous glitathione (GSH) without the need for bioactivation by
P450s. The inventiop further relates to methods of treating, ameliorating, ot preventing
cardiovascular disorders in a patient, such as those that are responsive 1o antiplatelet agents

{such as clopidogrel, ticlopidine, and prasugrel) comprising admindstering to a patient a
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mixed disulfide conjogate of a thienopyridine compound of the invention. Soch disorders
inchde, but are not limited to, coronary artery discase, peripheral vascular disease, and
cerchrovascular discase. In some embodiments, the mixed disulfide conjugates of
thienopyridine compounds are used to inhibit plateler aggregation by, for example, altering
5 the function of platelet membranes by blocking ADP receptors {e.g., thereby preventing a
conformational change of giycoprotein Ib/Iia which allows platelet binding to fibrinogen).
In some embodiments, the mixed disuifide conjugates of thienopyridine compounds reduce
aggregation ("clumping”) of platelets by irreversibly binding to P2V, recepiors. In some
embodiments, the mixed disulfide conjogates of thisnopyridine compounds are used within
10 pharmaceatical compostions configured for intravenous (TV) adsunistration {e.g., in medical
situations requiving TV administration of antiplate agents (e.g., coronary angioplasty)).
The present mvention is not Hmited to particular mixed disalfide conjugates of

thienopyridine compounds. In some embodiments, the mixed disulfide conjugates of

Ry
-
o N
HO
S R
thienopyridine compounds are deseribed by Formula I: SR

Juane
(1

including pharmaceutically acceptable salts, solvates, and/or prodrugs thereof.

Formula 1 is not limited to @ particular chemical moiety for R1, RZ, and R3. In some
embodiments, R1, R2, B3 cach independenty include any chemical moiety that renders the
resulting compound capable of producing active thienopyridine metabolites in the presence of

endogenous glutathione (GSH) without the need for bioactivation by P450s. In some
20 embodiments, R1, B2, R3 each independently include any chemical motety that venders the
resuiting compound capable of treating, ameliorating, or preventing cardiovascular disorders
(e.g.. coronary artery disease, peripheral vascolar discase, and cerebrovascular disease) hra
pafient, such as those that are responstve to antiplatelet agenis (such as clopidogrel,

ticlopidine, and prasugred). Insome embodiments, RL, R2, R3 each independently include

S
A

any chemical moiety that renders the resuliing compownd capable of inhibiting platelet
aggregation by, for example, altering the function of platelet membranes by blocking ADP
receptors {e.g., thereby preventing & conformational change of glycoprotein Hb/lla whick

allows plaselet binding to fibrinogen). In some embodiments, R1, R2, R3 each independently

16
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inchude any chemical moiety that renders the resulting compound capable of reducing

aggregation ("clumping™) of platelets by irreversibly binding to P2Y; recepiors.

o)
In some embodiments, R1 is H, -CO-OCH3, or

In some embodiments, R3 is Chiorine or Fluorine.

N SH
Nj/ AN
5 In some embodiments, RZ is selected from, bat not limited 1o, o {6-
I
N
© Z

chloropyridazine-3-thicl (CPT)), s N 3-miropyridine-2-thiol (NPTY),

0
[l
\ HS O
st (2, 5~dimethylfuran-3-thiol (DFT)), NH, {L-cysteme (CYS)),
SH SH
o] O (o]
HO ﬁ H N OH
N Q {g-L-glutamyi-L-cysteine (GCY), o
HO\/\
{Cysteine-Glycine (CGY3, SH(2-mercaptoethano! (BME)),

H

$
0
/H\ o
N
H
SH{cysteamine {CYA)), °
SH
o] 2 il
H\)J\
N
- )L]/J\& Ot
NHa ©

In some embodiments, the following mixed disulfide conjugates of thienopyridine

R
S = N '
HO s

S

Ry

a-igm\/\

10 (N-acetyi-L-cysieine

{NACY), and {glutathione (GSHY).

Al e d €

compounds are contemplaied for Formula It
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In some embodiments, the following mixed disulfide conjugates of thienopyridine
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pharmaceutically acceptable salt, solvate, or prodrug thereof.

In some embodiments, the mixed disulfide conjugates of thienopyridine compounds
are used to treat, ameliorate, or prevent cardiovascular disorders in an animal (e.g., a
mammalian patient including, but not limited to, humans and veterinary animals), such as
those that are responsive to antiplatelet agents (such as clopidogrel, ticlopidine, and
prasugrel) comprising administering to a patient a mixed disulfide conjugate of
thienopyridine compound of the invention. Such disorders include, but are not limited fo,
coronary artery disease, peripheral vascular disease, atherothrombosis, and cerebrovascular
disease. Indeed, in some embodiments, the mixed disulfide conjugates of thienopyridine
compounds are used to decrease platelet aggregation and/or inhibit thrombus formation. In
this regard, such diseases and pathologies are amenable to treatment or prophylaxis using the
present methods and mixed disulfide conjugates of thienopyridine compounds.

In some embodiments, the mixed disulfide conjugates of thienopyridine compounds
are used in the prevention of vascular ischemic events in patients with symptomatic
artherosclerosis. In some embodiments, the mixed disulfide conjugates of thienopyridine
compounds are used to treat or prevent acute coronary syndrome without ST-segment
elevation. In some embodiments, the mixed disulfide conjugates of thienopyridine
compounds are used for the prevention of thrombosis after placement of intracoronary stent.
In some embodiments, the mixed disulfide conjugates of thienopyridine compounds are used
to inhibit platelet aggregation by, for example, altering the function of platelet membranes by
blocking ADP receptors (e.g., thereby preventing a conformational change of glycoprotein
Ib/IHa which allows platelet binding to fibrinogen). In some embodiments, the mixed
disulfide conjugates of thienopyridine compounds reduce aggregation ("clumping") of
platelets by irreversibly binding to P2Y |; receptors. In some embodiments, the mixed

disulfide conjugates of thienopyridine compounds are used to prolong bleeding time. In some
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embodiments, the mixed disulfide coniagates of thienopyridine compounds are used to
decrease moidence of stroke in high-risk paticnts.
In some embodiments, the preseunt invention provides pharmaceutical compositions

conprising mixed disulfide conjugates of thienopyridine compounds configured for

M

intravenous (IVy administration. In some embodiments, such pharmaceutical compositions

comprising mixed disulide conjugates of thienopyridine compounds configured for

intravenous (1V) administration are used in the treatment, amelioration and prevention of
atherothrombosis. In some embodiments, such pharmaceatical compositions comprising
mixed disulfide conjugates of thicnopyridine compounds configured for intravenous (TV)

10 administration are used for rapid inhibition of platelet aggregation. In some embodiments,
such pharmaceutical compositions comprising rixed disuifide conjugates of thienopyridine
compounds configured for intravenous (IV) administration are used during percutaneous
coronary intervention procedures {e.g., coronoary angioplasty) for rapid inhibition of platelet
aggregation. Indeed, anti-plateler therapy is at the comnerstone of prevention and treatment of

15 atherothrombosis. Platelet activation by agonists such as plague rupture and sheer pressure
stress from stents plays an important role in the development of atherothrombosis. Under
certain clinical situations where patients suffor acute cardiovascular syndromes or vndergo
percutancous cardiovascular intervention, rapid and complete inhibition of platelet
aggregation is needed to prevent cardiovascular deaths and ischomic complications. Such

20 medical scenarios require intravenous administration of anti-platelet agents that possess short
onget time, However, this is still an unmct medical need since the anti-plateiet agents
currently being used either have slow onsot thme or cannot be adnministrated intravenously
{seg, ©.g., Silvain, ., and Montalescot, G., (2012} Cire. Cariovasc. Interv. 5:328-331). The
mixed disulfide conjugaies of thicnopyridine compounds of the present fnvention fulfill this

25 ummet medical need as such compounds can be administrated both orally and intavenously
and possess short onset time.

Some embodiments of the present invention provide methods for administering an
effective arnount of a mized disulfide corgugate of a thicropyridine compound of the
mvention and at least one additional therapeutic agent (including, but not Hintted to, a

30 therapeotic agent known to treal, ameliorate, or prevent cardiovascular disorders), and/or

therapeutic technique (¢.g., 2 surgical intervention}. A number of therapoutic agents known to

treat, ameliorate, or prevent cardiovascular disorders are contemplated for use m the methods

of the present invention. Indeed, the present invention contemplates, but is not Hmited to,
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administration of numeroos therapeutic agents known to treat, amelorate, or prevent
cardiovascular disorders. Examples include, but are not limited to, HMG-CoA reductase
inhibitors {¢.g., Atorvastatin {Lipitor), Pravastatin (Pravachol) Simvastatin {(Zocor),
Rosuvastatin {Crestor), Pitavastatin (Livalo), Lovastatin (Mevacor, AHoco), Flavastatin
(Lescolyy, ACE Inhibitors (e.g., Ramipnil (Altace), Quinapril (Accupril), Captopril (Capolen),
Enalapril (Vasotee), Lisinopril {Zestril)), Caleium Channel Blockers (e.g., Amlodipine
(MNorvasc), Nifedipine (Frocardia), Verapamil (Calan), Felodipine (Plendil), Dilitazem
(Cardizem)), Platelet Aggregation Inhibitors {other than Ticlopidine, Clopidogrel, and
Prasugrel} {¢.g., Abciximab (ReoPro), Aspirin, Warfarin (Coumadin}, Heparin),
Polyunsaturated Fatty Acids {(e.g., Omega-3 polyunsaturated fatty acid (Fish Oil)), Fibric
Acid Derivatives (e.g., Fenofibrate (Tricor), Gemfibrozil (Lopid)), Bile Acid Sequestrants
(.., Colestipol (Colestid), Cholestyramine (Questran)), Antiexidants (e.g., Vitamin E),
Nicotinic Acid Derivatives (e.g., Niacin (Niaspan), Thromboytic agents {e.g., Alteplase
(Activase)), and Antiangival Agents {¢.2., Ranolazine (Ranexa),

In some embodiments of the present invention, a mixed disulfide conjogate of
thienopyridine compound of the invention and one or more additional therapeutic agent is
administered to an patient under oue or more of the following conditions: at different
periodicities, at different durations, at different concentrations, by different administration
routes, elc. In some embodiments, the mixed disulfide conjugate of thienopyridine compound
is administered prior {0 the additional therapeutic agent, e.g., 0.5, 1,2, 3, 4, 5, 10, 12, or 18
hours, 1, 2, 3, 4, 8, or 6 days, or 1, 2, 3. or 4 weeks prior to the administration of the
additional therapeutic agent. In some embodiments, the mixed disulfide conjugate of
thienopyridine compound is administered after the additional therapeutic agent, ez, (0.5, 1, 2,
3.4,5, 10,32, or 1R hours, 1,2, 3,4, 5, or 6 days, or 1, 2, 3, or 4 weeks aftor the
administration of the additional therapeutic agent. Tn some embodiments, the mixed disulfide
conjugate of thisnopyridine compound compound and the additional therapeutic agent are
administered concurrently but on different schedules, e.g., the mixed disuifide conjugate of
thienopyridine compound is administered daily while the additional therapeutic agent is
administered once a week, once every two weeks, once every three weeks, or once every four
weeks. In other embodiments, the mixed disulfide conjugate of thienopyridine compound is
administered once a week while the additional therapeutic agent is administered daily, once a

week, once every two weeks, once every three weeks, or once every four weeks.
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Compositions within the scope of this invention include all compositions wherein the
mixed disulfide conjogates of thienopyridine compounds of the present invention are
confained in anamount which is effective to achieve its intended purpose. While individual
needs vary, determination of optimal ranges of effective amounts of each component is within
the skill of the art. Typicaily, the compounds may be administered to mammals, e.g. humans,
orally at a dose of 0.0025 to 50 rag/kg. or an eguivalent amount of the pharmaceutically
acceptable salt thereof, per day of the body weight of the mammal being treated for disorders
responsive w induction of apoptosis. In one embodiment, aboot 0.01 to about 25 mg/kg is
orally administered to treat, ameliorate, or prevent such disorders. For inframuscular
injection, the dose is generally about one-half of the oral dose. For example, a suitable
mtramuscular dose woald be about §.0025 to about 25 mg/ky, or from about (.01 to sbout 5
mg/ke.

The unit oral dose may comprise from about 0.01 to about 1000 mg, for example,
about 0.1 10 about 100 rag of the mixed disulfide conjugate of thienopyridine compouvnd. The
onit dose may be administered one or more times daily as one or more tablets or capsules
cach containing from about .1 o about 10 mg, conveniontly about 0.25 to 50 mg of the
compound or its solvates,

In & topical formuiation, the compound may be present at a concentration of sbout
(.01 to 100 mg per gram of carrier. Tn a one embodiment, the mixed disulfide conjugate of
thienopyridine compound compound is present af a conventration of about 0.07-1.0 mg/mi,
for example, about 0.1-0.8 mg/mi, and in one emboediment, about 0.4 mg/ml.,

in addition to administering the mixed disuifide conjugate of thienopyridine
compound as a raw chemical, the compounds of the invention may be administered as part of
a pharmaccutical preparation containing suitable pharmaceutically acceptable carricrs
comprising excipients and auxiliaries which facilitate processing of the compounds into
preparations which can be used pharmacentically. The preparations, particularly those
preparations which can be administered orally or topically and which can be used for one type
of administration, such ag tablets, dragees, slow releasc lozenges and capsuies, mouth rinses
and moouth washes, gels, liquid suspensions, hair rinses, hair gels, shampoos and also
preparations which can be admimistered rectally, such as suppositories, as well as suitable
sohations for adminisiration by intravenous infusion, injection, topically or orally, contain
front about 0.01 to 99 percent, in one embodiment from about .25 10 75 percent of active

compound(s), together with the excipient.
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The pharmaceutical compositions of the invention mayv be administered o any patient
which may experience the beneficial effects of the mixed disulfide conjugates of
thicnapyridine compounds of the inveotion. Foremost among such paticnts are marmals,
¢.g., mans, although the invention 15 not intended to be so limited. Other patients include
veterinary animals (cows, sheep, pigs, horses, dogs, cats and the like).

The compounds and pharmaceutical compositions thercof may be administered by any
neans that schieve their intended purpose. For exanple, admindstration may be by paronteral,
subcutaneous, Indfravenous, intramoasenlar, infraperitoneal, transdermal, bueccal, intrathecal,
intracraniaf, intranasal or topical routes. Alternatively, or concurrently, sdministration may be
by the oral route. The dosage administered will be dependent upon the age, health, and weight
of the recipient, kind of concurzent treatment, if any, frequency of freatment, and the natore of
the effect desired.

The pharmaceutical preparations of the present invention are manufactured ina
manner which is irself known, for example, by means of conventional mixing, granulating,
dragee-making, dissolving, or lyophilizing processes. Thus, pharmaceutical preparations for
oral use can be obiained by combining the active compounds with solid excipients, optionally
grinding the resulting mixture and processing the mixture of granules, after adding suitable
auxitiaries, if desired or necessary, to obtain tablets or dragee coves.

Suitable excipients are, n particalar, fillers such as saccharides, for example lactose or
sucrose, mannital or sorbitod, cellutose preparations and/or calcium phosphates, for example
tricalcium phosphate or calcim hydrogen phosphate, us well as binders such as starch paste,
using, for example, maize starch, wheat starch, rice starch, potato starch, gelatin, tragacanih,

nethyl cellulose, hydroxypropyimethyleethiose, sodiom carboxymethyleellulose, and/or

polyvinyi pyrrolidonce. Tf desired, disintegrating agents may be added such as the above-
mentioned starches and alse carboxymethyi-starch, cross-linked polyvinyl pyrrolidone, agar,
or alginic ackd or a sal thereot, such as sodivan alginate. Auxiliaries are, above all, How-

regulating agents and lubricants, for example, silics, tale, stearic acid or salts thereof, such as
magnesium stearate or calcium stearate, and/or polyethylene glycol. Dragee cores are
provided with suttable coatings which, if desived, are resistant to gastric juices. For this
purpose, concentraied saccharide solutions may be used, which may optionally contain gum
arabic, tale, polyvinyl pyrrolidone, polyethylene glycol and/or titasium dioxide, lacquer
solutions and suitable organic solvents or solvent mixtures, In order to produce coatings

resistant to gastrle ivices, solutions of sudtable cellulose preparations such as acetyloelulose
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phthalate or hydroxypropyimethyl-cethulose phthalate, are used. Dye stuffs or plgments may
be added to the tablets or dragee coatings, for example, for identification or in order to
characterize combinations of active compound doses.
(ther pharmaceutica! preparations which can be used orally include push-fit capsules
5 wade of gelatin, as well as soft, sealed capsules made of gelatin and a plasticizer such as
glycerol or sorbitol. The push-fit capsules can contain the active compounds in the form of
granuies which may be vuxed with fillers such as lactose, binders such as starches, and/or
lubricants such as tale or magnesiom stearate and, optionally, stabilizers. Tn soft capsules, the
active compounds are in one embodiment dissolved or suspended in suitable liquids, such as
10 fatty oils, or liquid paraffin. In addition, stabilizers may be added.

Possible pharmaceutical preparations which can be used rectally include, for example,
suppositories, which consist of & combination of one or more of the active compounds with a
suppository base. Suitable suppository bases are, for example, natoral or synthetic
wiglycerides, ot paraffin hydrocarbons. In addition, it is alse possible to use gelatn rectal

15 capsules which consist of a combination of the active compounds with a base, Possibie base
materials inclode, for example, lquid wiglycerides, polyethylene glycols, or paraffin
kydrocarbons.

Suitable formulations for parentera] administration include agueous soludons of the

active compounds in water-sohuble form, for example, water-soluble salts and alkaline

20 solutions. In addition, suspensions of the active compounds as appropriaie oily jection
suspensions may be adounistered. Suitable tipophilic selverds or vehicles include fatty oils,
for example, sesame 0il, or synthetic tarty acid esters, for example, ethyl oleate or
iriglycerides or polyethyiene glycol-400. Aqueous injection suspensions may contain
substances which increase the viscoesity of the suspension include, for cxample, sodium

25 carboxymethyl cellulose, sorbitol, and/or dexiran. Optionally, the suspension may also

contain stabilizers,

The {opical compositions of this invention are formulated i one embodiment as oils,
creams, lotions, olndments and the like by choice of appropriate carriers, Suitable carriers
include vegetable or mineral oils, white petrolatum (white soft paraffin}, branched chain fats

30 oroils, animal fats and high molecular weight alcohol (greater than 1}, The carriers may be
those in which the active ingredient is solobie. Emulsifiers, siabilizers, humectanis and
antioxidants may also be Included as well as agents imparting color or fragrance, if desire

Additionally, transdermal penctration enhancers can be emiployed in these topical
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formalations. Examples of such enhancers can be found in 1U.S. Pat. Nog. 3,949,616 and
4,444.762.
Cintroenis ay be formulated by miving a solution of the active jngredient ma
Y Y g g

vegetable o1t such as almond o1l with warm soft paraffin and allowing the mixture 1o cool. A

(¥}

typical example of such an olntment is one which includes about 30% almond il and about
70% white soft paraffin by weighi. Lotions may be conveniently prepared by dissolving the
active ingrediont, in 2 suitable high molecular weight alcohot such as propylene glyeol or
polvethyiene glyeol,

{ne of ordinary skdll in the art will readily recognize that the foregoing represents
10 merely a detailed description of certain preferred embodiments of the present tnvention,
Various modifications and alierations of the compositions and methods described above can
readily be achieved using expertise available in the art and are within the scope of the

inveniion.

15 EXAMPLES
The following examples are illusteative, but not limiting, of the compounds,
compositions, and methods of the present ipvention. Other suiteble modifications and
adaptations of the variety of conditions and parameters normally encountered in clinical
therapy and which are obvious to those skilled in the art are within the spirit and scope of the

20 iovention.

Example L

This example describes the synthesis of mixed disulfide conjugates of clopidogrel and
iclopiding.
in 50 mM potassium phosphate buffer using human hiver microsomes (HLMs) according 1o

Scheme 4,

Scheme 4.
P450s

20x0 thienopyridines + RSH =3 AM-SR + other metabolites
in HLMS
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Within Scheme 4, RS {or ~SR) are thiol-containing reagents sefected from, but not limited to,

I
N SH N
B ]
. s e . ey ATl TR A -y e,
el (A-chioropyridazine-3-thiol {CPTY),  ws N7 Z-mitropyridine-2-
0
0
\ HS OH
thiol (NPTYL sH {2, 5-dimethyifuran-3-thiol (DFTY, NH; (L~
SH
o o)
oH
HO N
gysteine (CYS)), NH; 0 (g-L-glutamyl-L-cysteine {GCY),

SH
o]
H
N \)L
HgN O
8]

HO
(Cysteine-Olyeine (CGY), \/\SH (2-

5
PN \/\~
maercaptocthanol (BME)), SH{cysteamine (CYA)),
SH
O
/Lk OH
N
H
o (N-acetyl-L-cysteine INAC)), and
S
G O O
H
M
HO N (i
H
NH; @ { glutathione (GSH).
Within Scheme 4, AM-SR represents a mixed disulfide conjugate of the present invention,
10 The resulis showed that all of the ten RS compeunds furmed the respective

conjugatcs. In addition, it was confitmed that the reactant RS forms conjugate with the active
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metabolite through mixed disulfide bonds osing tandemm mass spectrometry. The conjugates

were purified from the reaction mixtures using reverse phase chromatography.

Example i1

This example describes prodoction of the active metabolites from the mixed disulfide

Lo

conjugate compounds.

The comjugates Clop-CPT
o OCH;
0 N
m
T Ci

{ cl {£}-2-(1-(2-chlorophenyl)-2- methoxy-2-oxoethyl -4~

{{6-chloropyridazin-3-yhdisulfanypiperidin-3-ylidencjacetic acid] and Tic-NPT
o N
m e ‘: ::
T cl

|

oy
z

{8 [ (Z)-2-(1-(2-chlorobenzyl)-4-((R-nitropyridin-2-
vidisalfany Dpiperidin-3-ylidene)acetic acid] were chosen for finther studies.

The ability of the mixed disulfide conjuage Clop-CPT and Tic-NPT to produce the
active metabolites (AM) in the presence of glutathione was next tested. Clop-CPT was
rapidly reduced by | mM GSH with a concomitant increase in the amount of the AM of
clopidogrel. The half-life for the production of the AM of clopidogre! from the clop-CPT
conjugate was only 1.8 min. The same ts true for 6e-NPT conjugate, bui the half-life was

14.7 min.

Example L
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This examplie describes inhibition of platelet aggregation by mixed disulfide
conjugates of thienopyridine compounds of the present invention.

To demonstrate the mixed disulfide conjugates of thienopyridine compounds of the
present invention are capable of inhibiting plateler aggregation in the presence of GSH,

5 platelet aggregeation assays were conducted. Approximately 20 mi blood was drawn from
rabbits und platelets were collected by centrifugation whereas the supernatants were collected
as platelet poor plasma (PPP). Prior to the inkubition assay. the conjugates of Clop-CPT and
Tie-WPT were digsolved in 0.5 ml PPP and incubated with 1 mM GSH a1t 37° C for 30 min to
woduce the active metabolite. The platelets were then re-suspended gently in the PPP

10 containing the active metabolite. After incubation at 37° C for one hour, platclet aggregation

was initiated by the addition of 5 uM of the agonist ADP. Platelet aggregation was then
recorded using an aggregometer,
Conjugates of Clop-CPT and Tic-NPT inhibited plaielet aggregation by

approximately 60% in the presence of T mi GSH comapared with the negative control that

15 contained no copjugate. This level of inkibition was approximately the same as the positive
control that contained the active metabolite generated from human liver microsomes {HLMs).
Example ¥V,

This exarople describes the materials and methods for Examples 5-9,
20
Chemicals. (5)-clopidogrel, racemic 2-oxoclopidogrel, and cis-clopidogrel-MP were
purchased from Toronto Research Company (Ontarto, Canada). Glutathione {GSH), v-L-
ghatarmnyl-L-cysteine {GC), Cys-Gly (CGY, L-cysteine, B-mercaptoethanoc! (BME), N-acetyl-
L-cysteine (NAQ), cysteamine (CYA) hydrochloride, 2,5-dimethyHuran-3-thiol, 6-
25 chloropyridazine-3-thiol, 3-nitropyridine-2-thicl, and 2-bromo-3"-methoxvacetophenone

{MPB) were purchased from Sigma-Aldrich company {8t Louis, MO}, Pooled HLMs and

cytosol were purchased from XenoTech (Lenexa, KS).

Determination of the rate for the formation of the AM by HEMs in the presence of

30 varieus thiol veductanis. To examme the effects of various thiol reductants on the formation
of the active metabolite (AM), the rates at which the AM was produced were determined.

Production of the AM was performed in 0.1 ml of 50 mM potassivm phosphate (K Py buffer

(pH 7.4) containing 0.2 mg/mi HLM, 0.1 mM 2-oxoclopidogrel, the NADPH-regonerating
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system, and 1 mM of each of the thiol reductants except that 0.3 mM CPT, DFT, or NPT
were used. The reaction was initisted by the addition of 5 units of glucose-6-phosphate
dehydrogenase (G6PD) and incubated at 37 °C for 20 min. The AM was then derivatized with
4 oM MPB at room temperature for 10 min, followed by acidification with acetic acid to 3%
(v/v), For quantification, 50 pmoles of (S)-cloptdogrel was added into each reaction mixtore
a8 inlernal stapdard (IS). The derivatized AM (AM-MP) was quantitated using LC-MS/MS,
The ME analyses of the roaction mixture were performed on an on-trap mass
spectrometer {LCQ DecaXP, Thermo Fisher Scientific, Waltham, MA) as reported previously
{Zhang et al., 2012). In brief, the metabolites of 2-oxoclopidogrel were separated on a reverse
phase C18 coburan (2x 108 mum, 3 um, Phenemonex, CA) using a binary mobiic phasc at a
flow rate of 0.2 mV/min. The temperature of the C18 colomn was maintained at 40 °C using a
column heater (Restek Corporation, Lancasier, PA). The mass spectrometer was operated in
positive electrospray ionization mode with the following seitings: heated capillary
temperature, 200 "C; Spray voliage, +4.5 kV: sheath gas flow, 60 (arbitrary units); auxihiary
gan, 20 {arbitravy units). The AM-MP and 1S were fragmented in the MS through collision-
induced dissociation (C1D) at 35% cnergy lovel Transitions from m/z 504 -2 m/z 354 for the
AM-MP and from w/z 322 2 oz 212 for the IS were used 10 quantitate the amount of the
AN-MP based on a calibration curve congisting of various concentrations of cis-clopidogrel-

MP.

Analyses of the mixed disulfide conjugates of clopidogrel using LC-MS/AES. The
mixed disuifide conjugates were prodoced by HLMs for both stroctarat and semi-quantitative
analyses. Metebolism of 2-oxoclopidogrel was performed 1o 0.2 ml of 50 adM KP buffer
{pH 7.4} as deseribed above except that the concomiration of HILMs was increased to 1
mg/ml, The reaction was incubated at 37 °C for 30 min and then quenched by the addition of
0.1 ml of 109% of ucetic acid in aceonitrile. The quenched samples were cenirifuged at
13,000 xg for 16 min to remove the HLMs. Aliquots of 50 pl of the supernatant were loaded
onfo & mass spectromerer to analyze both the active and conjugate metabolites,

The MS analyses were performed as described above except that the MS detector was
operated in the dependent scan mode. The precursor ions were scanned from m/z 300-700,

‘hereas the MS? spectra were obitained from m/z 100 to 700 for the four most abundant ions.

For semi-quantitative apalysis, 50 pmoles of the IS was spiked into cach sample that had been
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quenched. The relative amounts of the AM and respective conpugaies were ¢

AUC ratics of the metabolites {0 that of the IS,

Beterminntion of the kinefics for the conyersion of the mixed disulfide conjugates

(@ 4]

w the AM. To examine the reactivity of the mixed disulfide conjugates, the kineties for the
reduction of the mixed disulfide comugates by GSH were determined. The mixed disulfide
conjugates were generated in 1 mi of 50 mM KPt buffer (pH 7.4) buffer containing 1 mg/mi
HLM, 0.1 mM 2-oxoelopidogrel and 0.3 or 1 mM thiol reductants. The reaction was
incubated a1 37 “C for 50 min after initiated by the addition of G6PD. The reaction mixtore
10 was then contrifuged at 13,000 xg 1o remove the HLMs and the supernatant was loaded 10 a
pre-conditionad SPE cartridge (C18, 100mg/iml, Agilent Technologies, CA)Y and the nuxed
disulfide conjugale was clated with 2 m] of methanol. The chuent was then dried using a
Speedvac concenirator and the dried sample was stored at -80 °C until use. Prior to the kinetic
measurements, the dried samples were first re-dissolved in 0.5 mil of 50 mM KPi buffer (pH
15 7.4) and then equilibrated at 37 °C for 5 min. Small aliquots {1-5 ul} of stock GSH and
cytosol (when present) solutions were added io the conjugate samples at 1 mM and (.2
mg/od, respectively, to initiate the thiol-disulfide exchange reaction. At designated times, an

aliguot of 30 pl of the reaction mixture was withdrawn and mixed with 25 1) of 10% acetic

20 prepared immediately prior to the addition of GSH. The amoueunts of the mixed disulfide

conjugates and the AM were analyzed using LO-MS/MS as deseribed sbove,

Foemation of active metaholite H4 from the mixed dizu{fide conjugates of

clopidogrel, Since the anti-plaielet activity of the AM is closely related 1o it stercochemistry,

25 the siereochemistry of the mixed disulfide conjugates formed in the presence of CPT, DFT or
NPT was investigated because of their relatively high redox potentials. Due to lack of
genuine standards for the stercoisomers of the AM, the mixed disulfide conjugates with GSH
were first treatod to release the AM and then derivatized the AM with MPB s¢ as 1o compare
the AM-MP dervivatives with the cis-clopidogrel-MP standard. Proparation and reduction of

My the conjugates with GSH were performed ag deseribed above. After an incubation of 20 min

at 37 °C with 1 M GSH, MPB was added at 4 mM o alkylate the AM. The allylation

reaction was ferminated in 10 min by the addition of half a volume of 10% acetic acid in
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acetonitrile. An aliquot of 50 ul of the reaction mixtore was subjected to LC-MS/MS analyvsis

as described for the goaniitation of the AM.

Angi-plateler activity of the mived disulfide conjugates of clopidegrel Tn ovder to
generate sutficient guantifies of the mixed disulfide conjugates, the metabolism of 2-
oxoclopidogrel was performed in 2-md reaction mixtures containing 1 mg/mi HLM, 0.1 mM
2-oxoclopidogrel, the NADPH-regenerating system, and 0.3 mM CPT or NPT or | mM GSH,
The reaction was initiated by the additon of 10 unifs G6PD and incubated at 37 °C for 50
min, Two control samples were prepared in parallel. One control sample did not contain any
G6PD (-G6PDY, which was designed to examine whether 2-oxociopidogrel and other
cemponents present in the HLMs contributed to anti-platelet activities. The other controf {-
SH) did sot contain any thiol reductant, which was intended to examine whether any
metabolites other than the AM and the conjugate interfered with the anti-platelet aciivity
assay, After an incubation of 50 miv, the reaction mixtures were centrifuged at 13,000 sg 1o
remove the HLMs. The supernatants were loaded onto SPE C18 cartridges o enrich the
mixed disulfide conjugates. After oxtensive washing with water (6 remove salts and other
water-soluble metabolites, the conjugate samples were cluted with 2 mal of methanol, The
methanolic fractions were dried using a Speedvac concentrator and the dried samples were
then re-suspended m [ mi of platelet-poor plasma (PPP). Prior to the anti-plaiclet activity
assays, the re-suspended conjugales were divided into two equal volumes (0.5 mi cach), one
of which was treated with 1 oM GSH at 37 °C for 30 min to generate the AM. Both samples
were then placed on ice until use,

The procedures used to determine ex vivo anti-platelet activity were previously
reported (see, e.g., Abell LM and Liu EC (2011} J Pharm Exp Ther 339(2):589-596).

Male New Zealand white rabbits (2.2-2.9 kg) were used as blood donors. Whole
blood was drawn from a central ear artery into a plastic syringe containing 3,7% scdivm
citrate as the anticoagulant (1:10 volume ratio of ciirate 1o blood). A whaole blood cell count
was determined with a Medouic CAS20 hematology analyzer (Clinical Diagnostic Solutions,
Ing., Plantation, FL, USA). Platelet-rich plasma (PRP), the supernatant present after
cemrifogation of whole blood at 100 x g for 10 min, was diluted with PPP {o achieve a
plaielet count of approximately 300,000/ul. Platelet-poor plasma was prepared by
centrifuging the remaining blood at 1,500 x g for 10 min and discarding the bottom cellular

layer. The dihsted PRP was divided into 0.5 ml samples, centrifuged again at 170 x g for 10
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mins, and the resulting superpatant was discarded. The platelet pellets were re-suspended in
platelet-poor plasma containing the various cheomical inhibitors prepared as described
previously and jncubated with gevtle sheking at 37°C for 60 min to modify the P2Y )y,
veceptor. £x vive platelet aggregation was assessed by established nephelometric roethods

5 with the use of a 4-channel aggregometer (BioData PAP-4; BioData Corp.. Horsham, PA,
USA} by recording the increase in light transmission through a stirred suspension of PRP
maintained at 37°C. Platelet aggregation was induced with ADP (10 uM). A subaggregatory
concentration of epingphrine (550 nM) was used to prime the platelets before addition of the
agonist.

10

Example V.

This examyple describes the effects of thiol reductants on the formation of the aclive
metabolite (AM) of clopidogrel. To examine the effects of thiol reduciands, the steady-state
rates for the formation of the AM v the presence of various thiol reductanis was determined.

15 The concentrations of the thiol reductants present in the metabolic reactions were 1 mM
except for CPT, DPT and NPT. instead, the concentrations of these three thiol reductants
were (.3 mM because of thelr low K, valucs, As shown in Figure 1, the AM 1s formed in the
presence of all but three thiol reductants. The highest vaie for the formation of the AM was
shserved in the presence of GSH, an endogenous reductant in the human body, Specifically,

26 in the presence of T oy GSH, the AM is produced at a raic of 167 pmole AM/min/mg HLM.
Likewise, L-cysteine is ~B4% as active as GSH in producing the AM. As observed previously
{see, .., Zhang H, et al,, (2012) Mol Phatmacol 82:302-309), only a low level of the AM
was formed in the presence of 1 mM NAC. The rate is only ~7% of that observed in the
presence of J s GSH. No AM was observed in the presence of CPT, DFT, and NPT,

25 Gverall the rates for the formation of the AM decrease in the order of GBH > CYS > CG >
GC > CYA > BME > NAC »>CPT or DFT or NPT, This wide range of rates umderscores the

critical yole of thiod reduciants in the formation of the AM.

Example VI

30 This example describes analyses of the mixed diselfide conjugates of clopidogrel,
Formation of the AM was greatly affected by the thiol reductants present. In this experiment,
the effects of the thiol reductants on the formation of the mixed disulfide conjugates was

examined. This is particularly important in order to anderstand the cause for the lack of any
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AM formed in the presence of CPT, DFT, and NPT, In marked contrast to what was observed
for the AM, mixed disulfide conjugates were formed in the presence of all the thiof reduciants
examined. The m/z for the parent lons MH" and the retention fimes of these mixed disunlfide
conjugates are summarized in Table 1, and the extracted ion chromatograms (EICs) of four
selected mixed disulfide conjugates are presested in Figure 2. The parent ions MH™ observed
are in excellent agreement with the theoretical values for these conjugaies, In the presence of
fmercaptoethano] (BME), four conjugate peaks were observed at m/z 432 eluting from 8.9
to .72 muin (Figuve 24). These four AM peaks are likely due 1o the formation of multiple
stereoisomers of clopidogrel as reported previcusly (see, e.g., Pereillo JM, et al. (2002) Drog
Meiab Dispos 30(11):1288-1295), Two major conjugate peaks were observed in the presence
of CPT and NPT (Figure 2C and 45, respectively), However, in the presence of DET, one
predominant conjugate peak with m/z 482 was observed at 15.8 min (Figore 2B). The K,
vatues for the formation of the CPT, NPT and DFT conjugates were determined to be 23, §1
and 30 uM, respectively, which is significantly lower than a Ky, of 300 uM for GSH that we

previously reported (see, c.g., Zhang H, ot al,, (2012) Mol Pharmacol 82:302-309),

Table 1. Parent ions (MH"} and retention fimes (RT) observed for the mixed disulfide
coniugates of clopidogrel in LC-MS analysis,

Thiol Compounds Abbreviation (VN RT" MM Theoretical®
fmifz} {min} {m/z}
Glutathione G8H B61.05 547 661.02
L-cysteine CYs 475.08° 5.60° 475.06
L-oysteine-L-glyceine GG 532.00 5.44 532.10
v-L-glutamyl-L-cysieine GC 604 .09 5.71 604.12
cysteaming CYA 431.05 6.33 431.0¢
f-mercaptoethanol BME 432.08 8.65 432.07
N-acetyi-L-cysteine NAC 517.11 8.85 517.09
G-chioropyridazine-3-thiol CPT 488.98 11.87 500.03
2. B-dimethyifuran-3-thiol DFT 482.08 15.80 482.09
3-nitropyridine-2-thiol NPT 510.08 12.82 510.06

a, retention tme {or the most Intense peal b, exact masses calculated from molecolar
fornmsla; ¢, data from Zhang H, et al, (2012) Mol Pharmacol 82:302-30%.

Integration of the area under the curve (AUD) for each EIC of the conjugates gave the
relative amoum of the mixed disulfide conjugates produced. As shown in Figure 3, the
relative amounts of the nuxed disulfide conjugates varied substantially from each other, Only
a fow level of the glutathiony] conjugate was formed, ndicating that metabolism of 2-

oxoclopidogrel in the presence of GSH greatly favors the formation of the AM. Although
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both the AM and the mixed disulfide conjugate were formed in the presence of BME, it is
ciear that formation of the conjugate is favored over the AM. In spite of lack of formation of
the AM, the mixed disulfide conjugates of CFT, DFT and NPT were formed in significant
guantitics. Due fo lack of genuine standards of these conjugates it was unable 1o quantitate
the absolote amounts of these conjugates. Caulion should be exercised in comparing the
absohute amounts of the conjugates based on the AUC ratios because these conjugates may
respond differently to the MS detector,

To determine the chemical structure of these conjugates, the MS and MS? spectra
wese obtained. The MS spectra of ail ten conjugates showed the major MH” pesks at
expected my/z tatios as suromarized in Table 1, slong with a pair of CI*'Cl isotope peaks
that s ¢haracteristic of the presence of one Cl atom in clopidogrel. The only exception to this
is the CPT conjugate that contains two chlorine atoms, Is MS and MS” specira are shown in
Figure 4. This conjugate was observed at nvz 499,99, which is within an experimental error
of 80 ppm of the expected vz value of 500.03. In addition, a strong isotope peak was also
observed at 501,94 with ~ 75% of the mtensity of the base peak, indicative of the presence of
two chiorine atoms in this conjugate. The MS? of the parent ion at m/z 499.99 showed the
formation of multiple daugbter ions. The predominant daughter ion was chserved at /2
353,99 with other minor oues at w7 465.50, 211,93 and 183.34. This fragmentation pattern,
in addition to the presence of the “CI'Cl isotope peaks, is consistent with the chemical
structure of the conjugate possessing a mixed disulfide bond shown in Figure 4D, The

predominant daugbter jon w/z 353.99 is agsigned to the larger fragment cleaved at the mixed
disulfide bond 85 we reported previously for the comjugates of GSH, NAC and L-cysteine
with clopidogrel (seg, e.g., Zhang H, et al,, (2012) Mol Pharmacol 82:302-389). The daughter
ions at m/z 212 and 183 are also characteristic of clopidogrel (sce, ¢.g., Dansctic PM, ct al,,
{2010} Chem Res Toxicol 23(7):1268-1274; Pereiilo JM, et al., (2002} Drug Metwab Digpos
30(11):1288-1295). The MS” spectrum of the isotope peak at m/z 501.94 provides further
evidence for this assignment. As shown in Figure 4C, a pair of daughier ions, instead of
single ions, were observed two mass units apart, which support the presence of two chloring
atoms. The MS? spectra for the rest of the conjugates exhibited very similar fragmentation

patierns with the characteristic danghter ons at m/z 354

Example VI
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This example describes the kinetics for the reduction of the mixed disulfide
conjugaies of clopidogrel by GSH. The kinetics for the thiol-disulfide exchange reaction
between the various mixed disulfide conjugates and GSH were determined and the resuits are

shown i Figure 5, Incubation of the conjugates with GSH and eytosol led fo time-dependent

h

decreases in the amounts of the mixed diselide conjugates (Figure SAY. Fitting the kinetic
data to @ monc-exponential function gave first order rate constants of 0.07, 0.79, 0.43, 1.65
and 0.13 min” for the losses of the mixed disulfide conjugates of BME, CPT, NAC, DFT and
NPT, respectively. Since these kinetics were determined under pseudo first order conditions
with excess of GSH (1 meM), these rate consiands are equivalemt to the second order rate
10 constanis of 1.2, 13, 7.2, 28 and 2.2 M‘;s'i, respectively. The data also demonstrated the
variable reactivity of these conjugates toward GSH. The DFT and CPT conjugates are 10 o
20-fold more reactive than the BME conjugate, respectively. Tt appears, for example, that
~5{1% of the BME conjugaie still remained even after an incubation of 40 min, indicating, for
example, that the thiol-disulfide exchange for this conjugate had reached equilibrium.
15 To examine the effect of cytosol and to monttor the conjugates and the AM
simultancously, the kinetics for both the formation of the AM and the reducton of the CPT
conjugate in the presence and absence of eytosol was detormined. As shown in Figare 5B, the
decrease in the amount of the CPT conjugate occurred with concomitant increase in the

amount of the AM with almost identical rate constants. In the presence of cytosel, the rate

]
fon]

counstents for the reduction of the conjugate and for the formation of the AM are 0.73 and
(.50 min” respectively. In the absence of eytosol, the reduction of the CPT conjugate is
approximately oue-half as fast with a rate constant of 0.39 min’ for the reduction of the
conjugate and (.35 min™ for the formation of the AM. This indicates that the cytosol
accelerates the reduction of the thiol-disulfide exchange reaction as obgerved previously {sec,
25 eg., Hagihara X, et al,, {2012) Drug Metab Dispos 40{9): 1854-1859; Hagthara K, et al.,
{2011} Drug Metab Dispos 39(2):208-214).

Exarpple VIIL

This example describes formation of active metsbolite H4 from the mixed disulfide

30 conjugates of clopidogrel. As shown i Scheme 2, the active metabolile contains two chiral
centers {C7 and C4) and one double bond (C3-C16), Therefore, mewbolism of racemic 2-

oxoclopidogrel could potentially produce up to eight sterecisomers. However, only four of

the diastercomers, historically referred to as H1, H2, H3 and H4, can be separated on
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conventional reverse phase C18 columns, whereas the other foar sterecisomers co-elute as
enantiomers. It has been established that H4 is responsible for the anti-platelet activity in
humans and that the double bond of H4 15 in cis configuration (see, o.g., Pereillo IM, ¢t al.,
(2002) Drug Metab Dispos 30{11}:1288-1295; Savi P, et al,, {2000} Thromb Flaemost
5 B4(5):891-896; Tuffal G, et al., (2011) Thromb Haemost 135(4):696-705). To evaluate the
therapeutic potential of these conjugates, whether H4 is formed in the mixed disulfide
conjugates was examined and the results presented in Figure 6,
The metabolism of 2-oxoclopidogrel by HLMs in the presence of GSH fed to the
formation of four sterecisomers sluting between 8 to 11 min (dashed line, Figure 6B). Based
10 onthe order of elution of the AM-MP dertvatives on veverse phase C18 columns (see, e.g.,
Tuffal G, et al, 2011} Throwb Haemost 105{4):696-705), it is likely that the isomer eluling
at 10.2 min is the cis isomer of H4. This is consistent with the retention time of the ¢is-
clopidogre!-MF standard shown in Figure 6A (solid tine). Likewise the MP derivatives of the

DFT conjugate also exhibited four peaks, similar to those observed in the presence of GSH,

b
R

indicating that the DFT conjugate produced the cis isomers of the AM following the thicl-
exchange reaction. In condrast, the MP derivative of the CPT and NPT conjugates showed
two major peaks at 9.4 and 10.2 mun, which 1s consistent with the selective formation of the

active somer H4 (Figure 6C & D).

20 Example IX.

This example describes anti-platelet activity of the mixed disulfide conjugates of CPT
and NPT, As a proof of concept, the anti-platelet activities of two of the mixed disuifide
conjugates, the CPT and NPT conjugaies, were examined for several reasons. First, both
conjugates can be generated without the formation of any AM, which eliminates any

25 mterference from the AM during the anti-platelet activity assays. Second, both conjupates
cxchange ihiols with GSH at relatively fast rates, which avoids potential decay of the AM.
Third, reduction of the two conjugates produces the H4 isomer that is known responsible for
the anti-platelet activity in bumans. The results for the ex vivo anti-platelet activity assays are
shown in Figure 7, The percentage of aggregation was normalized to that of PRP lo

30 compensate for any varialions due to envircnmental factors such as bloed sources, PRP
preparations, cfc. As shown. the three comirol samples showed no inbibition of the platelet
aggregation. The first control showed that free GSH has no effect on platelet aggregation at 1

mh conceniration (GSH, Figure 7), and the second control showed that non-metabolite
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components present in the reaction mixtures such as 2-oxoclopidogrel and related impurities
did not inhibit platelet aggregation (-G6PD, Figure 7). It is known that clopidogre] may
decompose 0 byproducts via nou-enzymatic oxidation {(see, ¢.g., Moban A, ef al., (2008} 1
Pharm Biomed Anal 47(1):183-189; Fayed AS, etal., ( 20.09} J Pharm Biomed Anal
49(2):193-200). These byproducts do not seem to have any inhibitory effects on platelat
aggregation. In the third control it was demonstrated that the metabolites from the reaction
mixture in the absence of any thiol reductants have no effects on platelet aggregation either,
However, ~60% inhibition of platelet aggregadon o the sample prepared from the reaction
mixture containing GSH was observed (AM, Figure 7). This is expected since metabolism of
2-oxoclopidogrel in the presence of 1 mM GEH generates the AM as shown in Figore 1.
Tncubation of PRP with the CPT and NPT conjugates did not inhibit plateler aggregation,
mdicating that the conjugates themselves have no anti-platelet activity (CPT & NPT, Figure
7). In marked contrast, incubation of PRP with the CPT and NPT conjugates that had been
treated with 1 mM GSH significantly inhibited platelet aggregation by ~350 and 70%,
regpectively. This inhibitory activity most likely arises from the AM released from the
conjugates by GSH. These resalts demonstrate that the conjugates of clopidogrel have no
anti-plateiet activity and also confumed that the AM is solely responsibie for the inlubition of
platelet aggregation, Furthermore, they demonstrate that it is possible to deliver the AM
without the need for bicactivation by polymorphic P450s. Tt is noteworthy to point out that
the variations in the percentage of aggregation observed in the GSH, CPTHGSH, and
NPT+GSH samples are most fikely due to vaniations in the concentrations of the AM. Tt was

estimated that the concentrations of the AM in these samples were in the range of 1-4 pM.

Example X,

This exampie describes in vivo antiplatelet actvity of mixed disulfide conjugates of
clopadrogrel. The antiplatelet activity of the mixed disulfide conjugates of clopidogrel was
determined in male New Zealand {(NZ) white rabbits through intravenous injection, The

mixed disulfide conjugates were bio-synthesized using the following rechnigue.

Part I Bio-svnthesis of mized disulfide confugates of clopidoorel

Mixed disulfide conjngates of clopidogrel were synthesized in a reconstituted sysiem
containing recombinant eytochrome P4S0 2C19 (CYP2CI9) and other essential coraponents,

CYP2ZCI9 converted 2-oxoclopidogrel to a mixed disulfide conjogate in the presence of
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espective thiol compound in reconstituted systems. Scheme 5 illustrates the bio-synthesis of

’

the mixed disulfide conjugate between clopidogre] and 3-nitropyridine-2-thiol, referred o as

clopNPT,

Scheme 5. Biosynthesis of the mixed disulfide coniuoate of clopidogrel clopNPT.

|
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HS” N O X
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In & typical reaction, 50 nmeles of CYP2C19, 150 nmoles of P450 reductase and 250
nmoles of eytochrome b3 were reconstituted in phospholipid vesicies to form active protein
complexes. 2-oxoclopidogre! and 3-nitropyrine-2-thiol were added at final concentrations of
0.05 and 0.3 mM respectively. Bio-synthesis of clopNPT was initiaied by the addition of 1
mM NADPH. The reaction was incubated at 37 °C for 2 hours.

To purify clopNPT. the reaction mixture containgng clopNPT was first filtered
through a membrane with a cutoff of 10 kDa to remove all protein components. The filtrate
containing clopNPT was then enriched on solid phase extraction (SPE) cariridges. ClopNPT
was eluted from the SPE cartridges with 80% methanol/20% water. The claent was
concentrated to ~ 5ml at 58 °C under vacuum. The concentrated mixture was loaded ona
preparative reverse phase Cl8 columm and ClopNPT was purified using bigh pressore Hquid
chromatography (HPLC). ClopNPT was eluted from the preparative C18 column at a flow
rate of 3 mb/min with isocratic mobile phase consisting of 42% methanol/35%
acetonitrile/22.9% water/0.1% formic acid. The HPLC fractions contzining clopMNPT were
pooled and dried under vacuum, The final yield was ~25%. The purity of clopNPT estimated

with fiquid chromatograpby-tandom mass spectrometry (LC-MS/MSY was > 90% as shown in

Part I _4dnii-nlateiet gciiviry of mixed disulfide conjueates of clopidoorel

The antiplatelet activity of the mixed disulfide conjugates of clopidogre! was

determined using male NZ white rabbits (1.2-1.25 kg).

46



WO 2014/109987 PCT/US2014/010348

To prepare inravenoos solution, (S)-clopNPT was dissolved at 0.7 mg/miina
mixture of N N-dimethylacetamide (DMA), polyethiyviene glyveol (PEG) 404, and saling ar 5,
15 and 80 {v/v) ratio. The male NZ white rabbits were dosed at 2 mg/kg of (8)-clopNPT

using two different methods. In Method 1, the infravenouns solution was first mixed with 5

(&4

mM glutathione. After an incubation of 15 min at 37 °C to activate (S)-clopNPT, the mixture
wis intravenously injected te the rabbit via the jugular vein. In Method 2, the male NZ white
rabbit was fod with 5 ml of Readisorb glutathione solution once daily for three days 1o
increase cellular glutathione concentrations. On the third day, (8)-clopMPT dissolved in
DMA/PEGA00/saline was injecied intravenously w the Readisorb-ircated rabbit. As g
1¢  negative control, (S)-clopidogre! was dosed intravenously to a male NZ white rabbitat 2
mg/ky as well Prior to and 1 and 2 hours after dosing (5)-clopNPT, whole blood was drawn
from the carotid artery into a plastic syringe containing 3.7% sodium citrate as the
anticoagulant (1:10 vohume ratio of ciirate to blood). A whole blood cell count was
determined with a Medonic CA620 bomaiology analyzer (Clinicat Diagnostic Solutions, inc.,
15 Plantation, FL, USA). Platelet-rich plasma (PRP), the supernatant present after
centrifugation of whole blood st 100 x g for 10 min, was diluted with platelet-poor plasma
(PPP) to achieve a platcict count of approximately 300,000/l Platciet-poor plasma was
prepared by centrifuging the rematning blood at 1,500 x g for 10 win and discarding the
bottom cellular fayer. The diluted PRP was divided into 0.5 ml samples, centrifuged again at
20 170 x g for 10 mins, and the resulting supernatant was discarded. Platelet aggregation was
assessed by established nephelomettic yuethods with the use of & 4-chanvef aggregometer

(BioData PAP-4: BioData Corp., Horsham, PA, USA) by recording the increase in light

foed

fransimission through a stirred suspension of PRP maintained at 37°C. Platelet aggregation
was induced with ADP (10 M), A subaggregatory concentration of epinepbrine (550 aM)
25 was used to prime the platelets before addition of the agonist.

The resulis are presented n Figure 9. As shown, (3)-clopidogrel did not inhibit
platelet aggregation at a dose of 2 myg/kg. However, (S)-clopNPT strongly inhibited platelet
aggregation since more than 50% of the platelet aggregation was inhibited by (S)y-clopNPT
regardless whether (S)-clopNPT was dosed with ghitathione or Readisorb glutathione. These

30 resulta demonsirated that (5)-clopNPT conjugate can be activated either by extraneous
ghutathione or endogenous ghitathione. It is evident that endogenous gluiathione is more
effective in activating (8)-clopNFPT because the platelet activity of the Readisorb-treated

5

rabbit is inhibited by ~70% within one hour of TV injection. Numerous studies have shown
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the beneficial effects of glutathione in heart discase and stroke, anti-oxidative stress, aging,
etc. Co-adminisiration of glmathione and the mixed disulfide conjugates of clopidogrel likely
offers not only the benefit of (8)-clopNPT as antiplatelet agents, bui also the benefits
associated with the use of glutathione alone.

These results demonstrate that the mixed disulfide conjugates of clopidogre! are more

effective antiplatelet agents than clopidogrel.

Having now fully deseribed the invention, i will be understond by those of skill in the
art that the same can be performed within g wide and equivalent range of conditions,
fornulations, and other parameters without affecting the scope of the invention or any
embodiment thereof. All patents, patent apphications and publcations cited herein are fully

incorporated by reference herein in their entirety.

INCORPORATION BY REFERENCE
The entire disclosure of sach of the patent documents and scientific articles referred to

herein is incorporated by reference for all purposes.

BOUIVALENTS

The mvention may be embodied in other specific forms without departing from the
spiiit or esseniial characteristics thereof. The foregoing embodiments are therefore o be
considered n all respects iflustrative rather than Imiting the invention described herein,
Scope of the invention is thus indicated by the appended claims rather than by the foregoing
description, and all changes that come within the meaning asd range of equivalency of the

claims are intended to be cmbraced therein
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What Is Claimed Is:

I A compound having Formula [:
Rq
ST \
Os N
H
S R4 /
Formula I: SRy , or a pharmaceutically acceptable salt or solvate
O
thereof; wherein R, is selected from the group consisting of H, -CO-OCH3, and ;

R; is selected from the group consisting of s , and

s and

Ra is Chlorine or Fluorine.

2. The compound of claim 1, wherein said compound 1s selected from the group consisting
Ry
13 i
HO T CE/ ~F
Gf SRQ
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4, A pharmaceutical composition comprising a compound of any one of claims 1 to 3, and a

pharmaceutically acceptable carrier.

5. The pharmaceutical composition of claim 4, wherein said pharmaceutical composition is

configured for intravenous administration.

6. Use of a compound of claim 1 for the manufacture of a medicament for the treatment,

amehoration, or prevention of a cardiovascular disease in a patient.

7. The use of claim 6, wherein said medicament is formulated for oral administration or

intravenous administration.

8. The use of claim 6, wherein said cardiovascular disease is selected from the group
consisting of coronary artery disease, peripheral vascular disease, atherothrombosis, and

cerebrovascular disease.

9. The use of claim 6, wherein said compound reduces aggregation of platelets.

10.  The use of claim 9, wherein said compound reduces aggregation of said platelets occurs

through irreversible binding to P2Y, receptors.

11.  The use of claim 9, wherein said compound reduces aggregation of said platelets occurs

through blocking ADP receptors.

12.  The use of claim 9, wherein said compound is capable of producing active thienopyridine
metabolites in the presence of endogenous glutathione without the need for bioactivation by
P450s.

13.  The use of claim 9, further comprising co-administration of at least one agent selected
from the group consisting of a HMG-CoA reductase inhibitor, an ACE Inhibitor, a Calcium
Channel Blocker, a Platelet Aggregation Inhibitor, a Polyunsaturated Fatty Acid, Fibric Acid
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Derivative, a Bile Acid Sequestrant, an Antioxidant, a Thrombolytic Agent, and an Antianginal
Agent.

14.  Use of a compound of claim 1 for the manufacture of a medicament for the treatment,

amelioration, or prevention of aggregation of platelets onto blood vessels in a patient.

15.  The use of claim 14, wherein said medicament is formulated for oral administration or

intravenous administration.

16.  Theuse of claim 15, wherein said treatment, amelioration, or prevention of aggregation

of platelets occurs through irreversible binding of said compound to P2Y;; receptors.

17.  The use of claim 15, wherein said treatment, amelioration, or prevention of aggregation

of platelets occurs through blocking ADP receptors by said compound.
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