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HYDROGEN SULFIBE PRODBRUGS AND USES THEREQF

CROSS-REFERENCE TO RELATED APPLICATION
{0801} The present application claims priority to Chinese Appl. No. CNZ02311051861 8

filed August 21, 2023, which application 1s incorporated herein by reference in its entivety.

BACKGROUND
{3602] 'Though hydrogen sulfide {(FbS) used to be considered only as a toxic gas with an
unpleasant odor, recent studics have shown that HzS 1s the third gascous signaling molecule
svnthesized o mammalian cells after CO and NO, involved in a vanety of phyvsiological and
pathological processes. Studies have shown that HoS can dilate blood vessels to lower blood
pressure, fight oxidative stress to reduce tissug damage, regulate mtestinal flora, and protect
mucous membranes. However, bigh councentrations of HoS are toxic, and capitalizing onthe
properties of H2S as a gas signaling molecule requures its controlled and slow release.
Therefore, doveloping HzS compounds to manage the controlied and slow release of HaS has
capiured the terest of rescarchers. However, there are a nurober of probleros that prevent the

development of FoS compounds for elinical use.

BRIEF SUMMARY

10063}  Provided herein are compounds of Formula b

XN

A §
Rz/\@%t{'j\s@ 2® (

(1)

Ry

or a pharmaceutically acceptable salt or prodrug thereof, wherein:
Z g Na', K or H":
A 13 substituted or unsubstituted Ce-Cop aryl or substituted or unsubstituted
(3-Coo heteroaryl;
L s a bond, «{CHo -, Co-Cs branched alkyl, ~-O~{CH2)-C{CHs }o-,
~RaCEOINHR-, -O-{CHo)o-, o1 ~O-(TH2)0-0-;

nis0, 1,2.3.4,5. 6,7, or&; and
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gach R; and Ro are independently hydrogen, halogen, -CN, -NG-2, T-Cs alkyi,
C1-Ce alkoxny, C1-Cs haloalkyl, Ci-Cs haloalkoxy, -SUNR:R4-, Co-Cip arvl, or 5-Cio
heteroaryl, wherem each Ra, R, Rs, and R are mdependently hydrogen or Ci-Co alkyl.
[0004]  Also provided herein are compounds of Formula 1L
O

or a pharmaceutically acceptable salt or prodrug thereof, wherein:
Z g Na', K, orH  and
R’ is substituted or unsubstituted alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted bridged cycloalkyl, or substituted or unsubstituted
spirocycloalkyl.

6005 Also provided herein are compounds of Formula IiE

O
/

SRe. @
SN

=

Y

Rs (1

7

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Z s Na" K' or H':

Lo 13 a bond, (CHou-, or Cp-Co branched alkyl;

nisQ L 2,3, ord;

Ry 1s hvdrogen or Ci-Cs alkyl;

Rs 18 hvdrogen, ~C(=0)-Ryy, C1-Cs alkyl, T1-Cs alkoxy, C1-Cs baloalkyl, or
{1~Cs haloatkoxy, wherein Ryg 18 substituted or unsubstituted Ce-Cio arv] or substituted or
unsubstituted Us-Cio heteroaryl, wherein when substituted by a substituent, the substituent is
selected from the group consisting of halogen, ~-OH, -CN, -NO-, C-Cqalkyl, C1-Ca alkoxy,
and Ci-Cs haloalkyl; and

Ro 1s hvdrogen, halogen, -CN, -NOy, Ci-Cs alkyl, Ci-Ce alkony, C1-Cs
haloalkyl, or C1-Ce haloalkoxy.

{0006]  Further provided herein are compounds of Formula IV:

]
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R&\”\\f}’{ e Ls_ﬁo
NN %
Rg

or a pharmaceutically acceptable salt or prodrug thereof, wherein:
Z s Na", K" orH";
L3 is a bond, {CH2)e-, or $-Cs branched atkyl:
nis O 12, 3, ord;

X is -NH- or -C(=0}-;

{av)

cach Ra and Ry are mdependently hydrogen, halogen, -CN, -NO», C5-Cs alkyl,
{3~ alkoxy, C~Cs haloalkyl, or C1-C haloalkoxy.

18067]  Provided herein are compounds selected from the group consisting of’
= o
E & %\/l\
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ZY SHOS- buprofen)

ZYSHO2(S-
indomethacin)

Y SHOB(— Ketoprofen)
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ZYSH21(5- diclofenac)

ZYSHO7 (Flurbiprofen)

ZYSHO8 (Oxaprozin)

H

ZYSAL2Z
(3-indolepropionic acid)
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and a pharmaceutically acceptable salt or prodrug thereof,

[0008]  Provided herein is a pharmaceutical composition comprising a compound of

Formula §, Formula I, Formula I or Foramda TV and a pharmaceutically acceptable carrier.

[000%]  Also provided heremn 1s a kit comprising a compound of Formula §, Formula 1,
Formuida Il or Formala IV or a pharmaceutical composition comprising a compound of

Formula §, Formula H, Formula HI or Formula IV and a pharmaceutically acceptable carner.

[0018]  Further provided herein are methods of treating or preventing a cercbrovascular
disease, an anti-inflammatory condition, rhewmatic or rheumatoid arthritis, gout, high bood
pressure, a high blood lipids condition, or liver toxicity m a subject, compnsing administering
to the subject an effective amount of a compound of Formula 1, Foramuda IE Formula Hi, or
Formuida 1V or a phammaceatical composition comprising a compound of Formula §, Formela

I, Forouia T, or Formula |V and a pharnsacceutically acceptable carmier,

BRIEF DESCRIPTION OF DRAWINGS
{0011} The foregomg aspects and others will be readily appreciated by the skilled artisan
from the following description of ifhustrative embodiments when read tn conjunction with the

accompanying drawings.

0012 KIG. 1A shows images of mouse brain infarct area in the presence of benzoic acid,

ZYSAOL ZYSADL, and £YSBOL

{0813} FIG. 1B shows a graph of the quantitative analysis of infarct size in the presence of

benzoic acid, ZYSAQL ZYSAOZ, and ZYSBOL

(v 4]



WO 2025/042979 PCT/US2024/043214

[0014] FIG, 1€ shows a graph of the analvsis of serum lactate dehydrogenase (LDH}

fevels in the presence of benzoic acid, ZY SAOL, ZYSAQZ, and ZYSBOL.

[60153] FIG. 1D shows a graph of the analysis of the tissue malondialdehvde (MDA) levels
n the presence of benzoic acid, ZYSAOL, ZYSAOZ, and ZYSBOL,

[0016] FIG. 2A shows mmages of the mouse brain infarct area in the presence of

telmisartan and ZY SHO6.

[6017] FIG. 2B shows a graph of the quaniitative analysis of infarct area in the presence of

telmisartan and ZY SHOS.

[0018] FIG. 2C shows a graph of the analvsis of serum LDH levels in the presence of

telmisartan and ZY SHO6.

[0019]  FIG. 2D shows a graph of the analysis of tissue MDA level m the presence of
telmisartan and ZYSAQ06.

{0026 FIG. 3 shows the blood concentration-time curve of ZY SH2 1 interconversion with

diclofenac (DCF) after ZYSHZ 1 was adminastered orally (10 mg/kg).

[6021] FIG. 4 shows a graph depicting changes in paw swelling rates of rats in the DCF

and ZY SHZ21 groups after 10 mg/ke gavage administration, 0=8.

[0022] FIG. 8 shows a graph of the percentage of gastric uleers in diclofenac (DCF) and

ZYSH21 treated rats after 10 mg/kg gavage administration, n=3.

{00231 FIG. 6A shows a bar graph of the serum levels of aspartate aminotransterase (AST)
in diclofenac (BCF) (150 mg/ke, 1p.) and ZYSH21 (157 mg/kg, 1.p.) treated rats after 24 h of

adminstration.

{0024] FIG. 6B shows a bar graph of the serum levels of alanine transaninase (ALTy i
diclofenac (DCF} (150 me/kg, 1.p)and ZYSHZT (157 me/kg, 1.p.) treated rats after 24 h of

admunistration.

10025  FIG. 7 shows the serum uric acid levels in both normal and collagen-induced
arthotis (CIA) rats across three distinet treatment groups: 1) the CIA group, which did not
receive any drug treatment; 2} the group treated with 10 mg/kg diclofenac (DCF), referred to
as the DCF{H) group; and 3) the group treated with 10.5 mg/ke ZYSHZ1 by gavage, referred
1o as the ZYSH21(H) group .. n=8, *P<0.05, **P<0.01, ***P<0.001,

5
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[0026] FIG. 8 shows the blood concentration-time curve of the interconversion of ZYSH31

o naproxen (NPX) after ZYSH31 was adounistered by oral gavage (10 mg/kg).

{6027} [FIG. 9 shows the change in paw swelling rate in both normal and collagen-indaced
arthntis {CIA) rats across three distinet treatment groups: 1} the CIA group, which did not
receive any drug treatment; 2) the group treated with 10 mg/kg naproxen, referred to as
NPX{H) group; and 3) the group treated with 10.5 mg/kg ZYSH31, referred to as the
ZYSH3I(H) group, n=6, ¥P<0.05, ¥¥P<0.01, ¥*¥*P<0 001

{0028] FIG. 10 shows the percentage of gastric ulcers in rats acvoss differont treatment
groups following gavage adounistration: NPX(H) at 10 mg/kg, ZYSH3 1(H) at 10.5 mg/kyg,
NPX(L)at 5 mg/kg, and ZYSH3 1L} at 5.2 mg/kg), n=06, ¥P<0.05, ¥¥P<0.01, ¥*¥P< 001,

[0029]  FIG. 11 A shows a bar graph of AST levels in serum after 24 h adroinistration of
NPX (150 mg/kg, 1.p.) and ZYSH31 (159 mg/kg, 1.p ), n=6.

[0038]  FIG. 118 shows a bar graph of ALT levels in scrum afier 24 h adounistration of

NPX (130 mg/kg, 1.p) and ZYSH31 (139 mg/kg, 1.p.}, n=6.

{8031  FIG. 12 shows the serum albuoun levels in both normal and collagen-induced
arthritis (CIA) rats across three distinet treatment groups: 1) the CIA group, which did not
receive any drug treatment; 2) the group treated with 10 mg/kg naproxen (NPX)}, referred to
as the NPX(H} group; and 3} the group treated with 10.5 mg/kg ZYSH31 by gavage, referred
1o as the ZYSH31{H) group, n=6, ¥*P<0.05, ¥**P<0.01, ¥**P<0.001.

DETAILED DESCRIPTION
10032] Before the present disclosure is described 1n detail, 1t 13 to be understood that the
terrainology used herein is for purposes of describing particular examples and embodiments

only and i3 not intended to be hniting.

{8033} Described herein are novel hyvdrogen sulfide compounds developed to provide the
stow and controlled release of hvdrogen sulfide under biologically applicable conditions. The
present disclosure demonstrates that compounds with a thiccarboxylic acid structure can be
enzymatically hydrolyzed under enzyvme-catalyzed conditions to release hydrogen sulfide. By
using a thiocarboxvlic acid as a new type of carrier of hydrogen sulfide, the rate of hydrolysis
of thiocarboxylie acid can be controlied by, for example, esterase, thus slowly releasing

hydrogen sulfide.
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{0034] In contrast to some exasting hydrolvtic donors that can be hydrolyzed to generate
hydrogen sulfide 1n an aquecus environment, the compounds described herein are stable in an
aqueous cuvironment in the absence of an enzvme and can onlv slowly release hydrogen
sulfide throagh enzyme catalysis. Such a design allows for slow and controllable release of
hydrogen sulfide in the treatment and avoids ancontrollable risk of rapid release of hydrogen
sulfide donor locally in the process of use, which is an important consideration for

biopharmaceuticals.

[0038]  The hydrogen sulfide compounds described hercin showcase the important
charactenistics of 1} simple synthesis, 2) reduced manufacturing costs, and 33 improved

efficiency.

{0036] For simple synthesis, different fumctions of hydrogen sulfide compounds can be
realized by changing the structure and chemical propertics of the parent compound having a
carboxylic acid moiety. For compounds of the present disclosure, there is no need to change
the core stracture of a parent compound when converting a carboxvlic acid to a
thiocarboxyvlhic acid, thereby simplifyving synthesis and mmediate application of such

compounds.

{00371 Importantly, as there 18 no need {o develop new compounds having new core
structures where the function of a new compounds needs to be tested, time and cost of

svnthesis of the new compounds and its application is greatly reduced.

{6038} Finally, in the hvdrogen sulfide compounds described herein, the thiocarboxylic
acid motety can be hydrolyzed by an enzyme, releasing byvdrogen sulfide. In certain
embodiments, the enzyme may include any enzyme capable of breaking down the
thiocarboxylic acid motety inte a carboxylhic acid structure and releasimg hydrogen sulfide. In
a non-Himiting example. the enzyme is porcine liver esterase {PLE). Not indending to be
bound by theory, the anti-inflammatory, cardioprotective and gastrointestinal protective
properties of hvdrogen sulfide can serve to 1mprove the toxic side-effocts of the existing
drugs, while at the same time cxerting the pharmacological fonctions of hydrogen sulfide and
realizing 1ts chimical application. Therctore, the hydrogen sulfide compounds described heremn
exhibit improved therapeutic effect with reduced toxic side effects. As a non-himiting
example, in the pharmaceutical treatment of cerebral infarction and inflammation, the
therapeutic ctficacy of the parent compound may be enhanced by using the thiccarboxylic

acid compound synthesized as outlined m the present disclosure, while the adverse effects of
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the compound on human health is mitigated. Further discussion 1s outlined in the Description

below and the Examples.

DEFINITIONS

{00381 Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as is commonly understood by one of ordinary skill in the art to which this
disclosure belongs. In the event that there is a plurality of definttions for a term herein, those

in this section prevail unless stated otherwise.

[0046] It 15 also to be understood that the terminology used herein is for the purpose of
deseribing particular embodimenis only, and 1s not miended to be limiting, since the scope of

the present disclosure will be limited only by the appended claims.

{00411 As will be apparent to those of skill in the art upon reading thas disclosure, each of
the individual embodiments described and 1Hhustrated herein has discrete components and
features which may be readily separated from or combined with the features of any of the
other several embodiments without departing from the scope or spinit of the present

disclosure.

{0042} Embodiments of the present disclosure employ, unless otherwise indicated,
technigues of synthetic organic chenmistry, biochemistry, biology, molecular biology,
pharmacology, and the like, which are within the skill of the art. Such techniques are

explained fully in the hiterature.

{0043] It must be noted that, as used in the specification and the appended clamms, the
smgular forms “a,” “an, and “the” include plural referents urdess the context clearly dictates
otherwise.  In this speaification and in the claims that follow, reference will he madeto a
number of terms that shall be defined to have the following meanings unless a contrary

inteniion is apparent,

[0044] As used heremn a “hvdrogen sulfide compound”™ may refer to a compound that can
release hyvdrogen suifide when enzymatically hydrolyzed under enzyme-catalyzed conditions
ot a compound having a carboxylic acid structure that is subsequently thiolated. In some
embodiments, a “hydrogen sulfide compound” may be the same as a “thuolated compound” or

a “thiscarboxyhic acid compound” comprising a thiocarboxyvlic acid struchure.
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[0045]  Asused herein, “alky!” means a noncyclic straight chain or branched, unsaturated or
saturated hydrocarbon such as those containing from 1 to 30 carbon atoms, typically 1 to 20
carbon atoms. As used herom, alkyl may refer to an alkvl with 1 1o 20 carbons (Ciacalkvl),
or with 1 to 19 carbons, (Ciasalkyvl), or with 1 to 18 carbons, {Crisalkyl), or with 1 o 17
carbons, {Ciimalkyly, or with 1 1o 16 carbons, (Ciasalkyl), or with 1 to 13 carbons, (€.
isalkyh), or with 1 to 14 carbons, (Crasalkyl), or with 1 to 13 carbons, {(Ciazalkyl)y, orwith 1
o 12 carbons, {Cralkyl), or with 1 to 11 carbons, (Crualkyhy, or with 1 to 10 carbons, {Ci.
roalkvly, or with 1 to 9 carbons, {Crealkyl), or with 1 to 8 carbons, {Crsalkyl), orwith 1 to 7
carbons, {Ci7alkyl), or with I to 6 carbons, (Ciealkyvl}, or with 1 to 5 carbons, (Cisalkyly, or
with 1 to 4 carbons, (Craalkyl), orwith 1 to 3 carbons, (Crsalkyl), or with 1 to 2 carbons,
{Crzalkyl). Representative saturated straight chain alkyls inchude methyl, ethyl, n-propvl, n-
butyl, n-pentyl, n-hexyl. n-septyl, n-octyl, n-nonyl, and the like; while saturated branched
alkyls include isopropyl, sec-butyl, isobutyl, teri-buiyl, isopentyl, and the hike. Uunsaturated
alkvls contain at least one double or triple bond between adjacent carbon atoms {referred to
as an “alkenyl” or “alkvnyl”, respectively}. Representative straight chain and branched
alkenvls include cthylenyl, propvienyl, I-butenyl, 2-buteoyi, isobutylenyl, 1-pemtenyl, 2-
pentenvl, 3 -methyl- T-butenyl, 2-methyl-2-butenyl, 2 3- dimethyl-2-butenyl, and the like;
while representative straight chain and branched alkynyls include acetylenyl, propynyl, 1-

butynyl, Z-butynvl, -pentynyl, 2-pentynvl 3- methyl-1-butynyl, and the like.

{3046] Asused herein, “haloalkyl” means a halogen-substituted alkyl groap which is
substituted with one or more of the same or different halogen ators, e.g., -CHLCL, -(CF;, -

CHoCFs, -CHC Lz, and the bike.

[0047]  As used herein, “cycloalkyl” refers to a monocychic or densely packed ring of all
carbon, wherein one or more of the rings do not have a fully connected n-electronic svstems,
and wherein the ning or rings do not have fully connecied m-clectronic systems. As used
herein, a “packed ring” refers to a structure where cach ring in the system shares an adjacent
paiwr of carbon atoms with the other rings inthe system. In an erabodiment, a cycloalkyvi may
reter 1o, but 13 not hmited to, cvelopropane, cvclopentoxy, cvelohexyloxy, and the like In
other embodiments, a cycloalkyl may refer to, but is not limited to, cyclopropane,
cvelobutane, cyclopentane, cyelopentene, cyvelohexane, adamantane, cyclohexadiene,

cveloheptane, and cycloheptatuene.

19
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{0048] Non-aromatic mono or polycyelic alkyls are referred to herein as “carbocycles™ or
“carbocyelyl” groups. Representative saturated carboceyveles include cyclopropyl, cvelobuatyl,
cyclopentvl, cyclohexyl, and the like; while unsaturated carbocycles mclude cyclopentenyl

and cyclohexenyl, and the ke,

{0049]  “Heterocarbocyeles” or heterocarbocyelyl” groups are carbocyeles which contain
from 1 to 4 heteroatoms independently selected from nitrogen, oxygen and sulfur which may
be saturated or unsaturated {but not aromatic}, monocyclic or polyeyclic, and wherein the
nitrogen and sulfur heteroatorns may be optionally oxidized, and the nitrogen heteroatom
may be optionally guatemized. Heterocarboeycles include morpholinyl, pyvrrolidinonyl,
pyrrolidinyl, pipenidinyl, hydantomyl, valerolactamyl, oxiranyl, oxetanyl, tetrahydrofuranyl,
tetrabhydropyranyl, tetrahydropyndimyl, tetrabydroprimidingl, tetrabvdrothiophenyl,
tetrabydrothiopvranyl, tetrahvdropyrimidinyl, tetrahvdrothiophenvl, tetrahydrothiopyranyi,

and the like.

{00501 As used herein, “aryl” means an aromatic carbocyelic monocyelic or polyveyelic ring
of 1 to 12 carbon atoms with a fully conjugated m-electron system. Non-limiting examples of
arvi groups are phenvl, naphthvl and anthracenyl. Polveyclic ring systems may, but are not
required 10, cONtain ONG OF IMOTC RON-ATOMMAlc rings, as long as one of the rings is aromatic.
In an embodiment, the arvl group may be substituted or unsubstitated. When substituted, the
substituent 1s preferably one or morg, more preferably one, two or three, and thus more

preferably one or two.

{8051} As used herein, a “heteroaryl” refers to a stabilized monceyclic ring of up to 3-20
atoms in the ring or a bicvclic carbocychic ning of up to 3-20 atoms tn cach nmg. In certain
crabodiments, the stabilized monocyclic ring has 3-19 atoms in the ring, 3-18 carbons i the
ring, 3-17 carbons 1o the nng, 3-16 carbons in the ring, 3-15 carbons in the ring, 3-14 carbons
in the nng, 3-13 carbons in the ring, 3-12 carbons in the ring, 3-11 carbons i the nog, 3-10
carbouns 1o the ring, 3-9 carbons in the ning, 3-8 carbous 1o the ring, 3-7 carbons in the ring, 3-

3

o carbons in the ring, 3-3 carbons in the ring, or 3-4 carbons n the rmg. In certain
embodiments, at least one of the rings is aromatic and contains 1 to 6 heteroatoms selected
from nitrogen, oxygen and sulfur, and containing at least 1 carbon atom, including both
mono- and polvevelic ring systems. Polyeyclic ring systems may, but are not required to,
contain one of More non-aromatic rings, as long as one of the rings 1s aromatic. Non-limiting

examples of unsubstituted heteroaromatic bases are pyrrolyl, furanyl, thienvl, inmidazolvi,

it
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oxazolyvl, thiazolvl, pyrazolyl, pyrimidinyl, quinolinyl, isoquinchinyl, porinyl, acridinyl,
carbazolyl, ciunchinyi, quinoxalinyl, indolinyl, benzo-triazolyl, benzothiophenevl,
berzofuranyl, isoxazolyl, mdolvl, pyrazinyl, pyadazmyl, pyridinvl, tetrazoivl, tnazinvi, and
carbazolyl radicals, and the like. The heteroaryl groap may be substituted or unsubstitoted.
When substituted. the substituent is preferably one or more, more preferably one, two or
three, and thus more preferably one or two. (ther representative heteroarvls are furvl,
benzofuranyl, thiophenyl, benzothiophenyl, pyrrolvl, indolvl, 1soindolvl, azaindolyl, pyndyl,
quinolinyvi, 1soquinclinvl, oxazolyl, isooxazolyl, benzoxazolyl, pyrazolyl, imidazolyl,
benzimidazolvl, thiazolyl, benzothiazolvl. isothiazolyl, pyridazinyl, pynmidinvl, pyrazinyi,
inazinyl, cinnolinyl, phthalazinyl, and quinazolinyl. It 13 contemplated that the use of the
term “hetercaryl” may include N-alkylated derivatives such as a T-methylinndazol- 5-v1

substituent.

[0052]  Asused herein, “heterocyele” or “heterocyclyl” refers to mono- and polycvelic ring
systems having 1 0 6 hetercatoms selected from ntrogen, oxyeen and sulfur, and containing
at least 1 carbon atom. The mono- and palveychic tng systems may be aromatic, non-
aromatic or mixfures of aromatic and non-aromatic nngs. Heterocyele mcludes

heterocarbocycles, heteroaryls, and the like.

{00531 As used heremn, “spirocyele” refers to a system where there are two nngs in a

molecule and these two rings share a carbon atom.

{0084 As used herein, a “bridge ming” refers {o a polyeychic hydrocarbon that shares more
than two carbon atoms {(bridge carbons), and s classified as a bicvelic hydrocarbon, a
tricvelic hydrocarbon, a tetracyclic hyvdrocarbon, etc., accordmg Yo the number of constituent

rings.
I0055]  As used herein, the terms “halogen™ or “halo” refer to fluorine, chlorine, bromine or
iodine, preferably fluorme or chlorine.

[0056] “Alkylthio” refers to an alkyl group as defined above with the indicated number of
carbon atoms attached through a sulfur bridge. An example of an alkvithio 1s methylhio,

fie., -S-CHs).

100871 “Alkoxy” refers to an alkyl group as defined above with the indicated mumber of
carbon atoms attached through an oxygen bridge. Examples of alkoxy mchude, but are not

himited to, methoxy, ethoxy, n-propoxy, 1-propoxy, n-butoxy, s-butoxy, t-butoxy, n- pentoxy,

12
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and s-pentoxy. Preferred alkoxy groups are methoxy, ethoxy, n-propoxy, i- propoxy, n-

butoxy, s-butoxy, t-butoxy.

[0088]  “Alkvisulfonyl” refers to an alkyl as defined above attached throagh a sulfonyl
bridge (e, -S(=0halkyh) such as mesyl and the Like, and “Aryisalfonyl” refers to an arvl

attached through a sulfonyl bridge (G, - S(=0)arv]}.

100591 “Alkvlsulfonamide”™ refers to an alkyl as defined above attached through a
sulfamoyl bridge (i.c., -S(=0rMNHalkyl), and an “Arvisulfonamide” refers to an alkyl

attached through a sulfamoy] bridge G e, {ie., - S(=0NHarv,

[0066]  “Alkvisulfinyl” refers to an alky! as defined attached through a sulfiny] bnidge (e, -
S{=01alkvi}).

[0061]  The term “substitited” refers to a molecule wherein at least one hydrogen atom is
replaced with a substituent. When substituted, one or more of the groups are “substituents.”
The molecule mav be multiply substituted. In the case of an oxo substituent (=07}, two
hydrogen atoms are replaced. Example substituents within this context may include halogen,
hydroxy, alkyvl, alkoxy, mitro, evano, oxo, carbocvelvl, carboeycloalkyl, heterocarbocyelvl,

heterocarbocycloatkyl, atkyl, aryl, arvialkyl heteroaryl nitrogen dioxade, or hetercarvialkylh

[0062]  The term “optionally substituted,” as used herein, means that substitution 1s optional

and therefore it is possible for the designated atom to be unsubstituted.

{80631 As used herein, “salts” refer to derivatives of the disclosed compounds where the
parent compound is modified making acid or base salis thereof. Examples of salts include,
but are not limited to, mineral or organic acid salts of basic residues such as amines,
alkviamines, or dialkviamines; alkah or organic salts of acidic residues such as carboxylic
acids; and the like. In preferred embodiment, the salts are conventional nonfoxic
pharmaceutically acceptable salts incleding the quaternary ammonium salts of the parent
compound formed, and non-toxic inorganic or organic acids. Preferred salts mchide those
denved from inorganic acids such as hyvdrochlornic, hyvdrobromic, sulfuric, sulfanue,
phosphoric, nitric and the bke; and the salts prepared from organic acids such as acetic,
propionic, suceinic, glycolic, steanc, lactic, malic, tartaric, citric, ascorbie, pamoic, maleic,
hydroxymaleic, phenvlacetic, glutamic, benzoie, salievlic, sulfanilic, 2- acetoxvhenzoic,

fumaric, toluenesulfonic, methanesolfonic, ethane disulfonic, oxalic, 1sethionic, and the hike.

[0064]  “Subject” refers any animal, preferably a human patient, Hivestock, or domestic pet.

[
L4l
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[0065]  Asused herein, “enzyme” refers to any enzyme capable of breaking down the
thiocarboxylic acid moiety info a carboxvlic acid and releasing hydrogen sulfide. In a non-

{roining example, the enzyme is porcine liver esterase (PLE).

[0066]  As uvsed herein, the torms “prevent” and “preventing” include the prevention of the
recurrence, spread or onset. it is not intended that the present disclosure be limited to
complete prevention. In some embodiments, the onset 1s delayed, or the severity of the

disease 15 reduced.

{00671 As used herein, the terms “treat” and “treating” are not hmifed to the case where the
sabject {e.g. patient} 18 cured and the discase is eradicated. Rather, embodiments, of the
present disclosure also contermplate treatment that merely reduces symptoms, and/or delays

disease progression.

{0068]  As used herein, the term “combination with” when used to desenbe adounistration
with an additional treatment means that the agent may be administered prior to, together with,

or after the additional treatment, or a combination thercof,

{00691 As used herem, the term “derivative” refers to a structurally similar compound that
retains sufficient functional attributes of the identified analogue. The denvative may be
structurally similar because it is lacking one or more atoms, substituted, a salt, in different
hydration/oxidation states, or because one or more atoms within the molecule are switched,
such as, but not limited to, replacing an oxygen atom with a sulphur atom or replacing an
amino group with a hydroxyl group. The derivative may be a prodrag. Denvatives may be
prepared by any variety of synthetic methods or appropriate adaptations presented in
synthetic or organic chemistry textbooks, such as those provided in March's Advanced
Orgame Chemistry: Reactions, Mechamisms, and Structure, Wiley, 6th Edition €2007)
Michael B. Smith or Domino Reactions in Urganic Synthesis, Wiley (2006} Lutz F. Tietze

hereby meorporated by reference.

0076  An “excipient” refers to an inert substance added to a pharmaceutical composition
facilitating administration of a compound. Examples, without hinutation, of excipients melude
calcium carbonate, caleium phosphate, vanous sugars and types of starch, cellulose

derivatives, gelatin, vegetable oils and polyvethviene glycols.

COMPOUNDS

0071 In contam embodments, the disclosure relates to compounds of Formula I
P

14
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or a pharmaceutically acceptable salt or prodrug thereof, wherem

Z s Na" K" or H',

A 1s substituted or unsubstituted Cs-Cop aryi or substituted or unsubstituted C2-Cao
heteroaryl;

L8 a bond, ~(CHa)a-, C2-Cs branched alkyl, ~-O-(CHL)-CCHR Y-, -RsC{=0INHR g,
~O-{CHo)n-, o1 -O-(CH2)e-0-;

nis(, 1.2.3,. 4.5, 6,7 or8; and

cach Ry and Ry are independently hyvdrogen, halogen, -CN, -NQy, Ci-Us alkyi, C1-Cs
atkoxy, {1-Cs haloalkyl, €1-Cs haloalkoxy, -STNR3Ry-, Co-Cro aryl, or U-Cro heteroaryl,
wherein each Rz, Ry, Bs, and Rs are mdependently hydrogen or Ci-Cs alkyl
{38721 In certain embodiments, A is substituted or unsubstitited Cs-Cro ary] or substituted
or unsubstituted Ca-Cie hetercarvl. In certain embodiments, A s substituted or unsubstituted
Cs-Co aryl, substituted or unsubstituted Cs-Cg arvi, or substituted or unsubstituted Cs-Cr aryl.
In certain embodiments A 1s substituted or unsubstituted Cs~-Co heteroaryl, substituted or
unsubstituted Ca-Csheteroaryl, substituted or unsubstituted Cs-Crheteroaryl, substituted or
uansubstituted Ci-Csheteroaryl, substituted or unsubstituted C3-Csheteroaryl, or substituted or

vnsubstitited C:-Cq heteroaryl.

13673]  In certain cmbodiments, A is pheayl, vaphthyl, anthracenyl, oxazolyl pyrrolyl,
furanvi, thiophenvl, imidazolvl, thiazolvl, pyrazolyl, pyrinudyl, guinolyl, isoquinolvi,
purinyl, acridyl, carbazolvl, cinnolyl, quinazolinyl, ndolyl, benzvliiniazolvi,
benzothiophenevl, isoxazolvl, indolvl, pyrazinyl, pyridazinyl, pyridinyl, tetrazolyl, trizinyl, or

carbazolyl.

[3674]  In certain embodiments, L1 1s a bond, «{CHojn-, {0-Cs branched alkyl,
~O-{CH2)-C{CHz )o-, or -RsC(=ONHRg-. In certain embodiments, L is C-Cs branched
alkyl, C2-C4 branched alkyl, or (o-Cs branched alkyl.

[G075]  In certain embodiments, L1 is a bond, ~{(CHa)y-, -CH{CH:)-,

N : \()\ , M ~O-{CH)a-C(CH)-, or -RsC(=0)NHR-
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[0076] In certain embodiments, nis 0, 1, 2, 3, or 4. In certain embodiments, nis 0, 1, 2, or

3. In certain embodiments, nis 0, 1, or 2. In certain embodiments. nis O or 1.

[8077] In certain embodiments, Ry is hvdrogen, halogen, -CN, -N(y, Ci-Cs atkyl, Co-Cyp
aryl, or Cs-Crioheteroaryl. In certain embodiments R1 18 Cis alkyl, Crgalkyl, Craalkvl or Cr
2 alkyl In cortain embodiments, Ry 1s Ce-Co arvl, Cs-Ce arvi, or Ce-Cr arvl. In cortam
ernbodiments Ry is {s-Co hetercaryl, Ca~Ceheteroaryl, C-Cr heteroaryl, Cs-Cshetercaryl, Cs-

Csheteroaryl, or (5-Cy heteroaryl.

[6078] In certain embodiments, Ry 1s hvdrogen, halogen, -CN, -N(;, methyl, ethyl, propvl,
isopropyl, butyl, tert-butyl, phenyl, naphthyi, anthracenvl, oxazolyl, pyrrolyl, furanyl,

thiopheovl, mudazolvl, or thiazolyl.

{0079]  In certain embodiments, Re is hvdrogen, halogen, -ON, -N{O», {1-Ce alkyl, T-Ce
alkoxy, Ci~Cehaloalkyl, C-Cs haloalkoxy, -80:NR3R4-, Ce-Cio aryl, or C3-Cigheteroaryl. In
certaim embodiments, Ro1s Cis alkyl, Chas alkyvl, Cis alkyl or Cio alkyl. In certain
embodiments, Rois Cis alkoxy, Cig atkoxy, Ciz alkoxy or Ciz alkoxy. In certain
embodiments, Rois Cis haloalkyl, Cig haloalkyl, Cis haloalkyl or Ciz haloalkyl. In certain
embodiments, Ryis Cus haloalkoxy, Cis haloalkoxy, €15 haloalkoxy or Ci haloalkoxy. In
cerfain embodiments, Rz is Co-Co arvl, Co-Us aryl, or Cs-Cr arvl. In certain embodiments, Ko
is Cs-Coheteroaryl, Ca-Cs heteroaryi, {s-Crheteroaryl, U3-Cs heteroarvl, Ca-Cs heteroaryi, or

(3-Ciheteroaryl

[008G]  In cortain embodiments, Rz 1s hvdrogen, halogen, -CN, -N(ha, methyl,
ethvl, propyl, isopropyl, butvl, tert-butyl, cthoxy, ethoxy, propoxy, propoxyl, butoxy, cyclopr
opoxy, cvclobutoxy, -CHxCl, -CFz, ~-CHLCFs, -CHoCCls, -SORNRaR4-, phenyl, naphthyl,

anthracenyl, oxazolyl, pyrrolvl, furanyl, thiophenyl, imidazolyl, or thiazolvl.

{0081} In certam embodiments, each Rs, Ra, Bs, R are each independently C1-Cs alkyl. In
certain embodiments, each Rs, Ry, Rs, Rs are each independently Crs alkyl, Crgalkyl, Cia

alkyl or Ci2 atkyl

{0082] In certain embodiments, sach Ra, R4, Rs, Ry are each independently methyl, ethyl,

propyi, isopropyl, butyl, or tert-butyl.

[0083]  In cortain embodiments, the disclosure relates to compounds of Formmuda 11

16
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or a phammaceutically acceptable salt or prodrug thereof, wherein:

Z s Na' K', or H; and

R’ is substituied or unsubstituted alkyl, substituted or unsubstituted cycloalkyl,
sabstituted or unsubstituted bridged cveloalkyl, or substituted or unsubstituted
spirocycloalkyl,
{0084]  In cortain embodiments, cach R’ has at least one substituent and wherein the at least
one substituent is selected from the group consisting of halogen, ~OH, -CN, -NO2, and Ci-Ce
alkyl. In certain embodiments, cach R has at least one substituent and wherein the at least
one substituent 18 selected from the group consisting of C1-Cs atkvl, C5-Cy alkyl, C-Cs5 alkyl,

and Ci~C2 alkyl.

[B085]  In cortain embodiments, R is substitited or unsubstituted Ca~Ce branched alkyl,

4

substituted or unsubstituted C-Co

w straight chain alkyl, substituted or unsubstituted Cs-Ce
cycioalkyl, or substituted or unsubstituted Cs-Cis bridged cycloalkyl. In certain embodiments,
R 15 substituted or unsubstituted £2-Cs branched alkyl, substituted or unsubstituted Co-Cy
branched alkyl, or substituted or unsubstituted C;-Cs branched alkvl. In certam embodiments,
R' i3 substituted or vnsubstituted C1-Cho strazght chain alkyl, substituted or unsubstituted
Ci~Cis straight cham alkyl, substituted or unsubstituted C1-Csr straight chain alkyl,
substituted or unsubstituted C1-Cis straight chain alkyl, substituted or unsubstituted C1-Cis
straight chain alkyl, substituted or unsubstituted C1-Cig straight chain alkyl, substituted or
unsubstituted £1-Ciz straight chain alkyl, substituted or unsubstituted C1-Cro straight chain
alkyl, substituted or unsubstitted C1~Cyy straight chain alkyl, substituted or unsubstituted
C1-Cip straight chaim alkyi, substituted or unsubstituted C5~-Co straight cham alkyl, substituted
or unsubstituted C1-Cs straight chain alkyd, substiteted or unsubstituted Ci-C7 straight chain
atkyl, substituted or unsubstituted C:-Cs straight chain altkyvl, substituted or unsubstituted
C5~Cs straight chain alkyl, substituted or unsubstituted C1-Ca straight chain alkyl, substituted
or unsubstituted Ci-Cs straight chain alkyl, or sebstituted or unsubstituted C1-Cs straight
cham alkyl In certain embodiments, R' is substituted or unsubstituted Ca-Ce cycloalkyl,
substituted or unsubstituted C3-Cs cvcloalkyl, and substituted or vosubstituted C2-Ca
eveloalkyl o certain embodiments, R 1s substituted or unsubstituted Ce-Crs bndged
cveloalkyl, substituted or unsubstituted Ce-Cig bridged cycloalkyl, substituted or

unsubstituted Ce-Cis bridged cycloalkyl, substituted or unsubstituted Cs-Ciz bridged

Ju—
~d
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cycloalkyl, sabstituted or unsubstituted Cs-Cyy bridged cyeloalkyl, substituted or
unsubstituted Cs-Cio bridged cyeloalkyl, or substituted or unsubstituted Ce-Co bridged

cycioatkvl

[0086]  In cortain embodmments, the disclosure relates to compounds of Formula IIE

7
LN 0,
/, - S -
Rg‘“{:‘ E N R
N
Ry (11D

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

ZrigNa” . K'Y or H;

L s a bond, {CHoly-, o1 Co-Cs branched alkyi;

nis 1,2 3, ord;

R7 18 hydrogen or €;1-Cs alkyl,

Rz is hydrogen, ~C{(=0}-Rip, C-Cs alkyl, C1-Cs alkoxy, C1-Cs haloalkyl, or C1-Cs
haloalkoxy, wherein Rig is sabstituted or vnsubstinuted Cs-Cio aryl or substitoted or
unsubstituted (3-Cio heteroaryl, wherein when substituted by a substituent, the substituent is
selected from the group consisting of halogen, ~-OH, -CN, -NO-, C-Cqalkyl, C1-Ca alkoxy,
and Cs~Cy haloalkyl; and

Ro 18 hydrogen, halogen, -CN, -NQOz, 1-Cs alkyl, C1-Cs alkoxy, C1-Cs haloalkyl, or
Ci-Cs haloatkoxy.

[8087]  In certain embodiments, Lois ~{CHohe- and nis 0, 1, 2 or 3. In certain
embodiments, Lz is {CHzde- and n1s 0, 1, or 2. In certain embodiments, Lo 1s -(CHade- and n

isQorl.

[0088]  In certain embodiments, Ry 1s hvdrogen or Ci-Ca alkvl. In certain embodiments, Ry

is hydrogen or U-Ca alkyl or C-Coalkyl.
[B08%] In certain embodiments, Ry 1s methyl, cthyl, propvl, isopropyl, butvl, or tert-butyl.

{00501 In certam embodiments, Re s hydrogen or ~-C{(=()-Rae, wherein Rip 18 substituted or
unsubsatifited phenyl, substituted or unsubstituted naphthalenyl, substituted or unsubstituted
anthracenyl, substituted or unsubstituted oxazolyi, substituted or unsubstituted pyrrolyl,
substitated or unsubstituted faryl, substituted or unsubstituted thiophenyl, substituted or

unsubstituted imidazolyl, substituted or unsubstituted thiazolyl, substituted or unsubstituted
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pyrazolyl, substituted or unsubstituted pynendinyl, or substituted or unsubstituted quinelyl,
and wherein when substitited by a substituent, the substituent is selected from the group

consisting of halogen, -OH, -UN, -NO», methyl, ethyl, propyl, isopropyl, butyl, and tert-butyl.

[6091]  In certain embodiments, Bo is hyvdrogen, halogen, ~-CN,_ -NO;, Ci-Us atkyl, C1-Cs
alkoxy, or Ci-Cq haloalkvl. In certain crabodiments, Ro 15 €5-Cs alkyl, C-Cs alkoxy, or €1-Cs
haloalkyl. In certain embodiments, Ro1s Ci1-Cs alkyl, C1-Cyq alkoxy, or €1-Cshaloalkvl In
certain embodiments, Ro 15 {1-Cs alkyl, C-Cs alkoxy, or Ci-Cs haloalkyl. in certain

embodiments, Ro 1s C3-Cs alkyl, Ci-C; alkoxy, or C1-C) haloalkvl.

[0092]  In certain embodiments, the disclosure relates to compounds of Formmulda IV:

§@z®
Ra LS
i
Ro {Iv)

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

ZrigNa” K'Y or H™:

L3 18 a bond, (CHz}u-, or Co-Cs branched alkyl;

nis( 1,2 3 ord;

X 1g -NH- or ~C{(={}-;

cach R, and Ry are independently hydrogen, halogen, -CN, -NG», C-Cs alkvl, Ci-Cs
alkoxy, C1-Co haloalkyl, or C1-Cs haloatkoxy.

VY

{80931 In certain embodments, L3 15 a bond, {(CH)e-, -CH{CHzY, N y

N

candnis 0, 1, 2 or 3. In certam ernbodiments, Ls 1s a bond, -(CHZo-, -CH{CHaY

,ﬂ"‘f
A YA ey
. R L OF candnis O, 1 or 2. In certain embodiments, Lz 1sa

3 w‘{.«‘x «“J\\/’\_
bond, -(CHy -, -CH(CHsY, Yj\)\ , X or X 4

19

candnisOor i,

2
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{0094]  In certain embodiments, sach R, and Ry are independently selected from hydrogen,
halogen, -UN, -NO», C1-Cq alkyl, C5-Cy alkoxy, C-Cs haloalkyl, or {-Cy haloalkoxy. In
certain embodiments, cach K. and Ry are independently selected from C1-Cs alkyl or C1-Cz
alkyl. In certain embodiments, each R, and Ry are independently selected from C4-Cs alkoxy
or -Cz alkoxy. In certain embodiments, each R, and Ry, are independently selected from
C;~Cs haloalkvl or C1-Cx haloalkyl. In certain emboduments, cach R, and Rs are

independently selected from C-Cs haloaltkoxy or C-C; haloalkoxy.

{00951 In certam embodiments, the disclosure relates to the following compounds:

RNy 3
O
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: :A
ZYSHO2(S-
indomethacin)

LY SHO(S- buproten) ZYSHO3(S- Ketoprofen)

2]
) NQS‘I[ o
= 3 4 \\__ e . / ‘\\FJ\\ J”
/\,rxc(sﬁ Na o <:_-\N3\\:04\F/ N’;__\/j
ZY SHO4(S- Gemfibrozil) Q=§:ﬂ YR
i ZYSHOG(S- telmisartan)

ZYSHO5(S- Probenecid}

SNa

zZT

. é e

ZY SH31(5- naproxen)

ZYSH2 (8- diclofenac)

ZYSHO8 (Oxaprozin) ZYSAILL ZYSALS

(3-indolepropionic acid)

LY SBO4
LYSBO8
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and a pharmaceutically acceptable salt or prodrug thereof.
10096]  In cortam embodiments, the disclosare relates to a compound comprising a
thiocarboxvhic acid moiety, wherein the compound releases hydrogen sulfide under enzyme-

catalvzed conditions.

[8097]  In certain embodiments, the compound 1s a thiolated sartan compound. In an
embodiment, the thiolated sartan compoand is thiolated valsartan, thiolated eplosartan, or

thiolated timosartan.

FORMULATIONS

{0098]  Described beretn are thiocarboxvlic acid compounds for use m the preparation of
hydrogen sulfide compounds that can be used as prodrugs. Ultimately, compounds having a
carboxylic acid structure can be thiolated to form a compound having a thiccarboxvlic acid
structure which can, in tum, be enzymatically byvdrolvzed under enzyvme-catalyvzed conditions

to release hydrogen sulfide.

{80991 Not intending to be bound by theory, the mechanism of hydrogen sulfide release
from the thiocarboxylic acid structure in the precursor described n the present disclosure is
as follows:

gnzyme
RECOSH -—--—-Y—--»» ROOOH  + HaS

{#108] In an cmbodiment, prior to thiolation, the precursor compounds may be drug. In
certain embodiments, the drug may be used as a drug for treating a cardiovascular or
cercbrovascular discases, an anti-inflammatory drug, an antipyretic drug, a rhewmatic or
rheumatoid arthritis drug, an anti-gout drug, a drug for lowering blood pressure, a drug for
lowering blood Lipids. or a drug for reducing the hepatic toxacity of another drug in regponse
to GSH depletion or mutochondual damage, and the hike. In another embodiment, the

carboxylic acid precursor compounds are: clofibrate lipid-regulating drugs, sartans,

[S%]
[
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sulfonamides, ndoles, non-sterodal anti-inflammatory drugs, and the hke. In another
preferred embodiment, these carboxylic acid precursor compounds include, but are not
fimited to, diclofenac, ketoprofen, indolepropionic acid, indomethacin, timosartan,
gemftbrozil, naproxen, oxaprozin, thuprofen, fhubiprofen, probenecid, and the like. Other
compounds having a carboxylic acid structiure can also be thiolated to form the hydrogen
sulfide compound of the present disclosure for the slow and controlled release of hvdrogen

sulfide under enzyme catalyzed conditions.

{3101} In an crobodiment, the hydrogen sulfide compounds are made from sartans having a
carboxylic acid structure that 1s thiolated {o form a thiocarboxvhe acid structure, capable of
releasing hydrogen sulfide wmder enzyme-catalyzed conditions. As used herein, “sartans”
refers to any sartan having a carboxyviic acid structure and for clinteal use. [n an embodiment,
preferred sartans are valsartan, epsomartan, or tchnisartan. In an embodiment, when multiple
carboxylic acid structures are contained in a single compound, one or more of the carboxylic

acids ¢an be thiclated to form a hydrogen sulfide compound.

[6102]  In certain embodiments, the hydrogen sulfide compounds described n the present
disclosure, the thiolation of carboxyhc acids of existing drugs can be carried out by means of

chemical syvothesis commonly used in the art.

16163} The compounds of the present disclosure may be used alone as a single therapeutic

agent or in combination with other active agents as described below.

[6104] Pharmaceutical compositions disclosed herein may be in the form of
pharmaceutically acceptable salts, as generally described below. Some preferred, but non-
Iimiting examples of suitable pharmaceutically acceptable organic and/or norganic acids are
hydrochloric acid, hvdrobromic acid, sulfarie acid, miric acid, acetic acid and citric acid, as
welf as other pharmaceutically acceptable acids known per se {for which reference 15 made o

the references referred to below).

I6105]  When the compounds of the disclosure contain an acidic group as well as a basic
group, the compounds of the disclosure may also form internal salts, and such compounds are
within the scope of the disclosure. When a compound contains a hvdrogen-donating
heteroatom {e.g. NH), salts are contemplated to covers isomers formed by transter of said

hydrogen atom to a basic group or atom within the molecule.

[S%]
(9%}
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{0186] Pharmaccutically acceptable salts of the compounds toclude the acid addition and
base salts thereof. Surtable acid addition salts are formed from acids that form non-toxic salts.
Examples include the acetaie, adipate, aspartate, benzoate, besylate, bicarbonate/carbonate,
bisulphate/sulphate, borate, camsylate, citrate, ¢cyclamate, edisylate, esylate, formate,
fumarate, gluceptate, gliconate, ghicuronate, hexafluorophosphate, hibenzate,
hydrochloride/chlonde, hydrobromide/bromide, hvdroiodide/iodide, isethionate, lactate,
malate, maleate, malonate, mesviate, methyisulphate, naphthyvlate, 2-napsylate, nicotinate,
nitrate, orotate, oxalate, paimitate, pamoate, phosphate/hydrogen phosphate/dihydrogen
phosphate, pyroglutamate, saccharate, stearate, succinate, tannate, tartrate, tosylate,
trifluorcacetate and xinofoate salts. Suitable base salts are formed from bases which form
non-toxic salts. Examples include the aluminum, arginine, benzathine, calenm, choline,
dicthyviamine. diolamine, glycine, lyvsine, magnesium, meglumine, olamine, potassivm,
soduum, tromethamine and zine salis. Hemisalts of acids and bases may also be formed, for
example, hemisulphate and hemicalcium salts. For a review on suitable salts, see Handbook
of Pharmaceutical Salts: Properties, Selection, and Use by Stahl and Wermuth (Wiley-VCH,

2602}, mcorporated herein by reference.

8107  As previously described, the compounds descnbed herein may be adounistered in
the form of prodrugs. A prodrug can include a covalently bonded carrier that releases the
active parent drug when administered to a mammalian subject. Prodrugs can be prepared by
modifving functional groups present in the compowunds in such a way that the modifications
are cleaved, cither in routinge manipulation or in vivo, to the parent compounds. Prodrugs
include, for example, compounds wherein a carboxylic acid of the parent drug 1s thiclated
and, when administered to a mammalian subject, is enzymatically hvdrolvzed to releass
hydrogen sulfide. Methods of structuring a compound as prodrogs can be found in the book

ot Testa and Mayer, Hydrolysis tn Drug and Prodrug Metabolism, Wiley (2006).

{3108} The hydrogen sulfide prodrug described herein can be administered to a subject.
The hvdrogen suifide prodrug refors to compounds of the present disclosure, or a
pharmaceutical composition mcluding compounds of the present disclosure, in an
environment sufficient for the formation of hydrogen sulfide.

{0189  Pharmaccutical compositions for use m the present disclosure typically melude an
effective amount of a compound and a switable pharmaceutical acceptable carier. The

proparations may be prepared in a manner known per se. which usually tnvolves mixing the
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at least one compound according to the disclosure with the one or more pharmaceutically
acceptable carders, and, if desired, in combination with other pharmaceutical active
compounds, when necessary under aseptic conditions. Reference is made to standard
handbooks, such as the latest edition of Rerungton's Pharmaceutical Sciences: Remingion, J
P (2021} Remington: the science and practice of pharmacy (A. ddejare, Fd.; 23rd edifion).

Academic Press is an imprint of Elsevier.

i0156]  Generally, for pharmaceutical use, the compounds may be formulated as a
phamacentical preparation comprising at least one compound and at least one
pharmaceutically acceptable carrier, diluent or excipient and/or adjuvant, and optionally one

or more further pharmaceutically active compounds.

{0111}  The pharmaceutical preparations of the disclosure are preferably n a unit dosage
form, and may be suitably packaged, for example in a box, blister, vial, bottle, sachet,
ampoule or in any other suitable single-dose or multi-dose holder or container (which may be
properly labeled); optionally with one or more leaflets containing product information and/or
mstractions for use. Generally, such unit dosages will contain between 10 and 300 mg and
preferably between 50 and 150 mg, of the at least one compound of the disclosure, e.g. about

23,50, 75, 100, 200 or 300 mg per unit dosage.

{3112} 'The compounds can be administered by a variety of routes including the oral,
ocular, rectal, transdermal, subcutaneous, ntravenous, intramuscular or iniranasal routes,
depending mainly on the specific preparation used. The compound will generally be
administered in an “cffective amount”, by which 1s meant any amount of a compound that,
upon suttable admunustration, 1s sufficient to achicve the desired therapeutic or prophylactic
effect 10 the subject to which 1t is admimistered. Usually, depending on the condition to be
prevented or treated and the route of administration, such an effective amount will usually be
between 0.61 to 1000 mg per kilogram body weight of the patient per day, more often
between 0.1 and 500 mg, such as between | and 250 mg, for example about 5, 10, 20, 50,
100, 150, 200 or 250 mg, per kilogram body weight of the patient per day, which may be
administered as a single daily dose, divided over one or more daily doses. The amount{s) to
be administered, the route of administration and the further treatment regimen may be
determined by the treating chimcian, depending on factors such as the age, gender and general

condition of the patient and the nature and severity of the discase/symptoms {0 be treated.

[S]
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Reference is again made fo the standard handbooks, such as the latest edition of Remington's

Pharmaceutical Sciences.

{0113} Depending upon the manner of introduction, the compounds described herein may
be formulated m a variety of ways. Formulations containing one or more inhibitors can be
prepared 1n various pharmaceutical forms, such as granules, tablets, capsules, suppositories,
powders, controlled release formulations, suspensions, emulsions, creams, gels, ointments,
salves, lotions, or acrosols and the like. Preferably, these formulations are emploved in solid

dosage forms suitable for staple, and preferably oral, admuistration of precise dosage

743

Solid dosage forms for oral admimistration include, but are not imited to, tablets, soft or hard
gelatin or non-gelatin capsules, and caplets. However, liquid dosage forms, sach as sohutions,
syraps, suspension, shakes, and the like can also be utidized. In another embodiment, the
formulation 18 adnyinistered topically. Suitable topical formulations include, but are not
limited to, lotions, cmtments, creams, and gels. In a preferred embodiment, the topical

formulation s a gel. In ancther embodiment, the formulation is administered intranasally.

{0114} Formulations contaming one or more of the compounds described herein may be
prepared using a pharmaceutically acceptable carrier composed of materials that are
considered safe and effective and may be administered to an individual without causing
undesirable biological side effects or unwanted inferactions. The carrier 18 all components
present in the phamaceutical formulation other than the active ingredient or ingredients. As
generally used herein “carrier” inchudes, bt is not himited to, dituents, binders, hubricants,
disimtegrators, fillers, pH modifving agents, preservatives, antioxidants, solubility enhancers,

and coating composttions.

{8115] A carrier may also mchide all components of the coating composition which may
include plasticizers, pigments, colorants, stabilizimg agents, surfactants, and glidants.
Delaved release, extended release, and/or pulsatile release dosage formuulations may be
prepared as deseribed m standard references such as “Phammaceutical dosage form tablets”,
eds. Liberman et. al. (New York, Marcel Dekker, Inc., 1989}, “Remington — The science and
practice of phammacy”, 20th ed.. Lippincott Williams & Wilkins, Baltimore, MD, 2000, and
“Pharmaceutical dosage forms and drug delivery systems”, 6th Edition, Ansel et al, (Media,
PA: Williams and Wilking, 1993}, These references provide information on carriers,
materials, equipment and process for preparing tablets and capsules and delayed release

dosage forms of tablets, capsules, and granules.
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{0116] Examples of suitable coating matenals include, but are not limited to, cellulose
polymers such as cellulose acetate phthalate, hydroxvypropyi cellulose, hydroxypropyl
methyicellulose, hydroxypropyl methyleellulose phthalate and hvdroxypropyi
methvicellulose acetate succinate; polyvinyi acetate phthalate, acrviic acid polymers and
copolymers, and methacrvlic resins that are commercially available, zein, shellac, and

polysacchandes.

i8117]  Optional pharmaceutically acceptable excipients present in the drug-containing
tablcts, beads, granules or particles include, but are not limited to, diduents, binders,
fubricants, disinfegrants, colorants, stabilizers, and surfactants. Dhluents, also referred fo as
“fillers,” are typically necessary to mcrease the bulk of a solid dosage form so that a practical
size is provided for compression of tablets or formation of beads and granules. Suitable
diluents 1nchude, but are not imited to, dicalcium phosphate dihvdrate, calcium sulfate,
lactose, sucrose, manniiol, sorbitol, cellulose, microcrystaliine celiulose, kaolin, sodium
chloride, dry starch, hydrolyzed starches, pregelatinized starch, silicone dioxide, titanium

oxide, magnesium aluminum silicate and powdered sugar.

[6118] Binders are used to impart cohesive qualitics to a solid dosage formulation, and thus
ensure that a tablet or bead or grasule romains wntact after the formation of the dosage forms.
Suitable binder matenials mnclude, but are not limited {o, starch, pregelatimized starch, gelatin,
sugars (including sucrose, ghicose, dextrose, lactose and sorbitol}, polyvethylene glyeol,
waxes, natural and synthetic gums such as acacia, tragacanth, sodium alginate, celiulose,
meluding hydroxypropyl methyleellulose, hvdroxypropyl cellulose, ethyleellulose, and
magnesium aluminum sibcate, and syathetic polymers such as acrvlic acid and methacrylic
acid copolvmers, methacrylic acid copolymers, methyvl methacrylate copolvmers, aminoalkyl

methacrylate copolymers, polvacrylic acid/polyvmethacrvlic acid and polyvinvipyrrolidone.

i0119] Lubricants are used to facilitate tablet manufacture. Examples of suitable lubricangs
include, but are not limited to, magnesium stearate, calcium stearate, stearic acid, glycerol

behenate, polvethvlene glveol, tale, and mineral o1l

{0126]  Disintegrants are used to facilitate dosage form disintegration o7 “breakup” after
admimstration, and generally mclude, but are not himited to, starch, sodium starch glveolate,
sodium carboxymethyl starch, sodiom carboxvmethyicellulose, hydroxvpropyl cellulose,
pregelatimized starch, clays, cellulose, argining, gums or cross~-linked polymers, such as cross-

{inked PVP.

[S%]
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[0121]  Stabilizers are used to inhibit or retard drug decompostition reactions which mchude,

by way of example, oxidative reactions,

{0122} Surfactants may be antonic, cationic, amphoteric or nonionic surface-active agents,
Suitable anionic surfactants include, but are not limited to, those containing carboxylate,
sulfonate and sulfate ions. Examples of anionic surfactants include sodium, potassium,
ammontem of long chain alkyl sulfonates and alkyi aryl sulfonates such as sodium
dodecvibenzene sulfonate, dialkyl sodium sulfosuccinates. such as sodium dodecyibenzene
sulfonate; dialkyl sodium sulfosuccinates, such as sodium bis-(2-cthylthioxyl)-sulfosuccinate;
and alky] sulfates such as sodium lauryl sulfate. Cationic surfactants mclude, but are not
himited to, quatersary ammonium compounds such as benzalkonium chlonide, benzethonium
chloride, cetrimonium bromide, stearyl dimethyibenzyl anvmonium chlonde, polyoxyethylene
and coconut amine. Examples of nonionic surfactants include ethviene glycol monostearate,
propylene glycol mynistate, glycervl monostearate, glyceryl stearate, polvelyceryl-d-oleate,
sorbitan acylate, sucrose acylate, PEG-150 laurate, PEG-400 monolaurate, polvoxyethylene
monolaurate, polysorbates, polvoxyethylene octylphenylether, PEG-1000 cetyl other,
polvoxyethviene tridecyl ether, polypropyiene glveol butyl ether, stearovl
monoisopropanolamide, and polvoxyethylene hvdrogenated tallow amide. Examples of
amphoteric surfactants inchide sodivm N-dodecyl-beta-alanine, sodim N-laurvi-beta-

iminodipropionate, mynstoamphoacetate, lauryl betaine, and lauryl sulfobetaine.

i0123] Ifdesired, the tablets, beads, gramules, or particles may also contain minor amount
of nontoxic auxiliary substances such as wetting or emulsifying agents, dyes, pH butfening

agents, or preservatives.

{8124} The concentration of the inhubitor(s) to carricr and/or other substances may vary
from about 0.5 to about 70 wi % {(weight percent). For oral use, the pharmaceutical
formulation will generally contain from about 5 to about 70% by weight of the active
material. For other uses, the phamaceutical formulation will generally have from about 0.5 10

about 60 wt % of the active material.

{8125  The compositions described herein can be formulation for modified or controlied
release. Examples of controlled release dosage forms include extended-release dosage forms,
delayed release dosage forms, pulsatile release dosage forms, and combinations thereof.
{0126} The exiended-release formulations are generally prepared as diffusion or osmotic

systems, for example, as described in “Remington — The science and practice of pharmacy”
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{20th ed., Lippincott Williams & Wilkins, Baltimore, MD, 2000} A diffusion system
typically consists of two types of devices, a reservoir and a matrix, and is well known and
described in the art. The matrix devices are generally prepared by compressing the drag with
a slowly dissolving polymer carrier into 3 tablet form. The three major types of matenals
used i the preparation of matrix devices are insoluble plastics, hydrophilic polymers, and
fatty compounds. Plastic matrices include, but are not luoited to, methyl acryiate-methyl
methacrylate, polyvinyl chloride, and polvethylene. Hyvdrophilic polymers include, but are
not iimited to, cellnlosic polymers sach as methyl and ethyl cellalose, hydroxyaltkyl
celhiloses such as hydroxypropyi cellulose, hydroxypropyt methyviceliulose, sodium
carboxymethylcelulose, and Carbopol® 934, polyvethviene oxides and mixtures thereof
Fatty compounds include, but are not limited to, various waxes such as carnauba wax and
glvceryl tnisicarate and wax-type substances mchiding hydrogenated castor oif or

hyvdrogenated vegetable oil, or mixtures thereof

i0127]  In certam embodiments, the plastic material is a pharmaceutically acceptable acrylic
polymer, including but not limited to, acrvlic acid and methacrvlic acid copolymers, methyl
methacrylate, methyl methacrylate copolymers, ethoxyethyl methacrylates, cvanoethyl
methacrylate, ammaoalkyl methacrylate copolymer, polv{acrylic acid}, polv{methacrylic acid),
methacryhic acid alkylamine copolymer poly{methy] methacrylate), polv{methacrylic

acid }anhydnide), polvmethacrylate, polvacrylamide, polyimethacrylic acid anhydride), and

glycidyl methacrylate copolymers.

[6128] In certain embodiments, the acrvlic polymer 18 comprised of one or more ammonio
methacrylate copolvmers. Ammonio methacrvlate copolvmers are well known in the art,
polymerized copolymers of acrvlic and methacrvlic acid esters with a low content of

quaternary anmmonium groups.

i0129]  Altematively, extended release formulations can be prepared using osmotic systoms
or by applving a semi-permeable coating to the dosage form. In the latter case, the desired
drug release profile can be achueved by combinming low permeable and high permeable

coating materials in suitable proportion.

{0136 The devices with different drug release mechanisms described above can be
combined in a final dosage form comprising single or mudtiple units. Examples of multiple
uniis include, but are not himited to, multilaver tablets and capsules contaiming tablets, beads,

ot granules[B131] An imediate release portion can be added to the exicnded release
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system by means of cither applyving an immediate release laver on top of the extended release
core using 3 coafing or compression process or inn a multiple voif system such as a capsule

contating extended and immediate release beads.

{6132} Extended release tablets containing hydrophilic polymers are prepared by
techmiques commonly known 1o the art such as direct compression, wet granulation, or dry
granulation. Their formulations usually mmcorporate polymers, diluents, binders, and
fubricants as well as the active pharmaceutical ingredient. The usual diluents include inert
powdered substances such as starches, powdered cellulose, especially crvstalline and
microcryvstalline cellulose, sugars such as fructose, mannitol and sucrose, grain flours and
similar edible powders. Typical diluents inclade, for example, various types of starch,
lactose, mannitol, kaolin, calcium phosphate or sulfate, morganic salts such as sodium
chionde and powdered sugar. Powdered cocllulose derivatives are also useful. Typical tablet
binders include substances such as starch, gelatin and sugars such as lactose, fructose, and
glucose. Natural and synthetic gums, including acacia, alginates, methyleelialose, and
polyvvinvlpyrrolido can also be used. Polvethviene giveol, hydrophilic polymers,
ethyleelhulose and waxes can also serve as binders. A lubrnicant is necessary in a tablet
formulation o prevent the tablet and punches from sticking in the die. In certain
embodiments. the lubricant 1s chosen from such slippery solids as talc, magnesium and

calcium stearate, siearic acid and hvdrogenated vegetable oils.

{0133} Exiended release tablets containing wax materials are generally prepared using
methods known in the art such as a direct blend method, a congealing method, and an
aqueous dispersion method. In the congealing method, the drug 1s mixed with a wax material

and either spray-congealed or congealed and screcned and processed.

{0134] Delayed release formudations are created by coating a solid dosage form with a
polymer film, which is insoluble in the acidic environment of the stomach, and soluble in the

neutral envionment of the small intestine.

[8135] 'The delayed release dosage units can be prepared, for example, by coating a drug or
a drug-containing composition with a sclected coatimg material. The drug-containing
composition may be, .g., a tablet for mcorporation info a capsule, a tablet for use as an inner
core it a “coated core” dosage form, or a plurality of drug-containing beads, particles or
granules, for incorporation into a tablet or capsule. Preferred coating matenals include

bioerodible, gradually hvdrolyzable, gradually water-selable, and/or enzymatically
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degradable polymers, and may be conventional “enteric” polymers. Enteric polymers, as will
be appreciated by those skitled 1n the art, become solable in the higher pH environment of the
{ower gastrointestinal tract or slowly erode as the dosage form passes through the
gastrointestinal tract, while enzymatically degradable polymers are degraded by bactenal
enzymes present in the lower gastrointestinal tract, particolarly in the colon. Suitable coating
materials for effecting delaved release include, but are not limited to, cellulosic polymers
such as hyvdroxypropy] cellulose, hydroxvethyi cellulose, hydroxvmethyl cellnlose,
hydroxypropy! methyl cellelose, hydroxypropyl methyi cellulose acetate succinate,
hydroxypropyl methylcellulose phthalate, methvicellulose, ethyl cellulose, cellulose acetate,
cellulose acetate phthalate, cellulose acetate trimelhitate and carboxymethvicellulose sodium;
acrylic acid polymers and copolymers, preferably formed from acrylic acid, methacryvlic acid,
methyl acrylate, ethyl acryiate, methyl methacryiate and/or ethyl methacrylate vinyl polymers
and copolymers such as polvvinyl pymolidone, vinyl acetate, vinyl acetate phthalate, vinyl
acetate crofonic acid copolymer, and ethyvlene-vinyl acetate copolymer; enzymatically
degradable polymers such as azo polymers, pectin, chitosan, amyiose and guar gum; zein and
shellac. Combinations of different coating materials may also be used. Multi-laver coatings

using different polymers may also be apphed.

[6136] The preferred coating weights for particular coating materials may be readily
determined by those skilled 1 the art by evaluating individual release profiles for tablets,
beads and granules prepared with different quantities of various coating materials. It is the
combination of aaterials, method and formof application that produce the desired release

characteristics, which one can determine ondy from the clinical studies.

{6137} 'The coating composition may include conventional additives, such as plasticizers,
pigments, colorants, stabilizing agents, ghidants, etc. A plasticizer is normally present to
reduce the fragility of the coating and will generally represent about 10 wt % to 30 wt %
relative to the dry weight of the polymer. Examples of typical plasticizers include
polvethviene glveol, propviene glveol, tnacetin, dimethyl phthalate, dicthyl phthalate, dibutyl
phthalate, dibutyl sebacate, triethyl citrate, tributy! citrate, tmethyi acety! citrate, castor o1l
and acetylated monoglyeenides. A stabihizing agent is preferably used to stabilize particles in
the dispersion. Typical stabilizing agents arc nononic emulsifiers such as sorbitan esters,
polysorbates and polyvinylpyrrolidone. Glidants are recoramended to reduce sticking effects
during film formation and drying and will generally represent approximately 25 wit % to 100

wt % of the polymer weight in the coating solution. One effective glidant is tale. Other
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ehidants such as magnesiom stearate and glycerol monostearates may also be used. Pigments
such as titantom dioxide may also be used. Small quantities of an anti-foaming ageot, such as

a sihicone {¢.g.. simethicone), may also be added to the coating composition.

{0138} 'The formulation can provide pulsatile delivery of the one or more inhibitors. By
“pulsatiie” 15 meant that a plurality of drug doses are released at spaced apart intervals of
time. Generally, upon ingestion of the dosage form, release of the initial dose s substantially
immediate, 1.¢., the first drug release “pulse™ occurs within about one hour of ingestion. This
initial pulse 1s followed by a first~-time mterval {dag time) during which very hittle or no drug
1s released from the dosage form, after which a second dose 18 then released. Similarly, a
second nearly drug release-free interval between the second and third drug release pulses may
be designed. The duration of the nearly drug release-free time interval will vary depending
upon the dosage form design ¢.g., a twice daily dosing profile, a three times daily dosing
profile, ete. For dosage forms providing a twice daily dosage profile, the nearly drug release-
free interval has a duration of approximately 3 hours to 14 hours between the first and second
dose. For dosage forms providing a three times datly profile, the nearly drog release-froe

mterval has a duration of approximately 2 hours to 8 hours between each of the three doses.

{3139]  In one ombodiment, the pulsatile relcase profile is achieved with dosage forms that
are closed and preferably sealed capsules housing at least two drug-contaiming “dosage units”
whergin cach dosage unit within the capsule provides a different drug release profile. Control
of the delaved release dosage unit(s) is accomplished by a controlied release polymer coating
on the dosage unit, or by ncorporation of the active agent in a controlled release polymer
matrix. Each dosage unit may comprise a compressed or molded tablet, wherein each tablet
within the capsule provides a different drug release profile. For dosage forms numicking a
twice aday dosing profile, a first tablet releases drug substantially immediately followmg
ingestion of the dosage form, while a second tablet releases drug approximately 3 hours 1o
icss than 14 hours following ingestion of the dosage form. For dosage forms mimicking a
three tuoes daily dosing profile, a first tablet releases drug substantially tomediately
following mgestion of the dosage form, a second tablet releases drug approxamately 3 hours
o less than 10 hours following ingestion of the dosage form, and the third tablet releases drug
at Jeast S hours to approximately 18 hours following ingestion of the dosage form. s
possible that the dosage form meludes more than three tablets. While the dosage form will
not generally include more than a third tablet, dosage forms housing more than three tablets

can be uttized.

5
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[0146] Altematively, cach dosage unit in the capsule may comprise a plorality of drug-
containing beads, granules or particles. As is known in the art, drug-contaiming “beads™ refer
1o beads made with dmg and one or more excipients or polymers. Prug-containing beads can
be produced by applying drug to an inert support, e.g., inert sugar beads coated with drog or
by creating a “core” comprising both drug and one or more excipients. As is also known,
drug-containing “granuies” and “particles” coraprise drug particles that may or may not
nclude one or more additional excipients or polymers. In contrast to drug-containing beads,
eranules and particles do not contain an inert support. Gramides generally compnse drug
particles and require further processing. Generally, particles are smaller than granules, and
are not further processed. Although beads, granules and particles may be formulated to
provide immediate refease, beads and granules are generally emploved to provide delayed

release.

{0141}  In one embodiment, the compound is formulated for topical administration. Suitable
topical dosage forms include lotions, creams, ointments, and gels. A “gel” is a semischid
svstem containing a dispersion of the active agerd, te., nhibitor, m a higuid vebicle that is
rendered semisolid by the action of a thickening agent or polvmeric matenal dissolved or
suspended in the liquad vehicle. The hquid may include a lipophilic component, an agueous
component of both. Some emulsions may be gels or otherwise include a gel component.
Some gels, however, are not emulsions because they do not contain a homogenized blend of
immiscible components. Methods for preparing lotions, creams, omtments, and gels are well

known 1o the art.

{0142} The compounds described herein can be administered in combination with other
active compounds. These compounds include but are not lunited to analgesics, anti-
inflammatory drugs, antipyretics, antidepressants, antieptleptics, antihistamines, antimigrame
drugs, antimuscarinics, anxiolytics, sedatives, hypnotics, antipsychotics, bronchodilators,
anti-asthma drogs, cardiovascular drugs, corticosteroids, dopaminergics, clectrolytes, gastro-
intestinal drugs, muscle relaxants, nutritional agents, vitamins, parasympathomimetics,
stimulants, anorectics and anti-narcoleptics. The additional active agent(s) can be formulated

for immediate release, controlled release, or combinations thereof.

{01431 In certamn embodiments, the disclosure relates to a pharmaceutical composition
comprising a compound as discussed in the previous section and a pharmaceuatically

acceptable carder, as outhined above. In certain embodiments, the disclosure relates to a

(Y]
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phamaceutical composition comprising a compound as discussed m the previoss section and

a pharmaceutically acceptable excipient, as outlined above.

KITS

[0144]  Also provided herein are kits for the slow and controlled release of hydrogen sulfide
under brologically applicable conditions. A kit can include any of the compound or
compositions described herein. For example, a kit can include a compound of Formula L
Formula 11, Formula I, Formula TV, or combinations thereof. In certain embodiments, a kit
can include the pharmaceutical composition{s) descnbed herein. A kit can further mechide one
or more additional agents, such as an antibiotic agent {¢.g., metromidazole, furazolidone, or
paromomycing, an antiparasitic agent {¢ g, tinidazole or mebendazole), and/or an
antiprotozoal agent {e.g., nitazoxanide or quinacrine}. A kit can inchude an oral formulation
of any of the compounds or compositions described herein. A kit can addiionally include
directions for use of the kit (e.g.. instructions for treating a subject), a container, a means for

admunistering the compounds or compositions, and/or a carrier.

METHODS OF USE

i0145]  In certam embodiments, the disclosare relates to methods of treating or proventing a
cerebrovascular discase, an anti-inflanunatory condition, rheumatic or theumatoid arhritis,
gout, high blood pressure, a high blood lipids condition, or liver tosicity in a subject,
comprising administering to the subject an effective amount of a compound disclosed hercin,
or a pharmaceutical composition disclosed herein to a subject in need thereof. In some
embodiments, the subject is diagnosed with, exhibiting svmptoms of, or at risk of the disease
or condition. In some embodiments, the disease or condition is cardiovascular and
cerebrovascular diseases, neurcdegenerative discases, metabolic discases, mflammatory

discase, chronic pain, and other painful disorders.

[6146]  In cortain embodiments, the methods described herein include a method of treating
or reducing the risk of disorders associated with cerebrovascular disease, an
anti-inflanmmatory condition, theumatic or rheumatoid arthritis, gout, high blood pressure, a
high blood lipids condition, or bver toxicity in a subject, comprising adouinistering to the
subject an effective amount of a compound disclosed herein or a pharmaceutical composition

disclosed herein to a subject in need thereof,
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{0147]  In certain embodiments, the methods described herein include an antipyretic or an
anaigesic compound. In certain embodiments, the method described herein include a

compound that reduces liver toxicity on GSH depletion or mitochondnal damage.

[0148] Aspects of the disclosure may be further understood by reference to the following

no-himiting examples.

EXAMPLES

Example 1: Compound Synthesis

{01491 All compounds were purchased from Bide Pharmaceutical Company (Shanghai,
China). All solvents and reagents were used as obtained without further purification. 'H
NMR and “C NMR spectra were obtained on a BRUKER® AV-300, BRUKER® AV-

400 BRUKER{® AV-500, BRUKER® AV-600 spectrometer (Bruker Corp., Billenica, MA),
Chemical shifts {5) are reporied i ppm and coupling constants (I} are m Hertz (Hz). The
following abbreviations are used to explain the multiplicities: s = singlet, d = doublet, ¢ =
triplet, g = guartet, m = multiplet, br = broad. Flash chromatography was performed using
stlica gel 60 Fasa plates.. ESI mass spectrometry was measured on AGILENTE Q-TOF 6520

{Agilent Technologies, Inc. Santa Clara, CA).
scheme 1: Synthesis of ZYSAQGE

NaOH
6,0, MeOH,15C

LY SAQM

{01581  To a solution of thichenzoiwe acid (1.00 g, 7.24 nunol) in methanol was added
sodium hvdroxide (NaDH; 0.23 g, 5.80 mmol}, and the reaction mixture was stirred in ice-
sakt bath for 5 mumstes. Methanol {MeCOH) was removed under reduced pressure and the
residue was washed with diethvl ether (EnO). £YSAG was obtained as a white solid (1,15 g,
70%3. ZYSAGL. 'H NMR (300 MHz, CDs0D) 3 8 15 - 7.70 (m, 2H), 747 — 6.94 (m, 3H).
HENMR (75 MHz, CD:0D) 5 213 44, 144.40, 130.00, 128.90, 127.90, 127 40, 126.96.

Scheme 2: Synthesis of ZYSAG6

[99]
h
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{3181]  To a solution of para-mcthviphenviacetic acid (100 mg, 0.66 nunol) w tolucne was
added Lawesson’s reagent (148 mg, 0.33 mmol}. The vessel was sealed with sealing fibn and
purged with argon for 3 minufes. The reaction mixture was stivved at 110 °C for 1.5 howrs
until the reaction was completed as indicated by TLC analvsis. Toliene was removed under
reduced pressure. The organic phase was punfied by column chromatography, eluting with
dichloromethane (BCM)}, to give a crude product. To the dissolved crude prodact in methanol
{(MeOH)} was added sodium hydroxide (NaQOH; 19 mg, 0,462 mmol}. The reaction mixture
was stitred 10 an icg-salt bath for 3 nuoutes. MeOH was removed under reduced pressure and
the residue was washed with dicthyl ether (E;03 1o vield £Y5A86 as a white solid (87 mg,
70%). ZYSAG6. 'H NMR (500 MHz, DMSO-de} 8 7.98(d, J = 8.1 Hz, 2H), 7.05(d, 1 =79
Hz, 2H}, 2.30 (s, 3H). FC NMR (75 MHz, DMSO-de) 8 212.98, 136.06, 133.90, 128.99,
128.09, 58.04, 20.70. HIRMS caleulated for CoHoNaOS requires 2110164 for [M+Nal',
found 211.01606.

Scheme 3: Synthesis of ZYSAQGS

o o a
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[6152] The synthesis of ZYSADS followed the same protocol of ZYSADB6 {exeept the
reaction temperature was 130 °C). ZYSADS was obtained as a white solid {88 mg, 77%:).
ZYSAGS. 'H NMR (500 MHz, DMSO-de} 8803 (dd, =92, 23 Hz, I1H), 677(d, =88
Hz, 1H), 3.75 (s, 3H). BC NMR (126 MHz, DMSO-ds} § 207.50, 160.76, 138 57, 130.16,
112.23, 35 37, HRMS calculated for CeHNa(h8 requires 212.99567 for [M+Na|", found
212.99475.

Scheme 4: Synthesis of ZYSAQ2
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TNGH tolusne, 13¢C TTan Ef;0, MeOH TSNa

ZYSADZ
[31583]  The svnthesis of ZYSADZ followed the same protocol of ZYSADG (except the
reaction temperature was 130 °C). ZYSAG2 was obtained as a white solid (88 mg, 77%).

ZYSAQG2Z 'H NMR (300 MHz, DMSO-ds) 8 7.19-7.08 (m, 5H). 3.68 (s, 2H). PC NMR (101
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MHz, CD:0OD} & 137.89, 128.85, 127.64, 125.64, 57.34. HRMS calculated for CHyNaDSs
requires 197 00075 for IM+Naj". found 197.00003.

Scheme 5: Synthess of ZYSAGS

Lawssson's reagsnt NaOR
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tolusne, 130T B0, MeldH

ZYSAWR
[3154] The syothesis of ZYSAGS followed the same protoco! of ZYSAD6 {except the

b 4
74%).

reaction temperature was 130 °C). ZYSA83 was obtained as a white sohd (68 mg,
ZYSAD3. 'H NMR (500 MHz, DMSO-ds} 6 7.22 (¢, § = 10.0 Hz, 2H), 7.17-7.10 (m, 35,
279 (t, )= 5.0Hz ZH), 2.63 (¢, J = 10.0 Hz, 2H).PC NMR (75 MHz, DMSO-ds} § 215.9%,
143.31, 128.69, 128.55, 12576, 33.24, 33.75. HRMS calculated for CoHoOS requires

165.03796 for [M-HJ, found 163.03782.

Scheme 3: Synthesis of ZYSAG4

Lawesson's reagent NaOM
NN SMa

EA S .

ZYBA04
13185] The symthesis of ZYSAO4 followed the same protocol of ZYSADNG {(except the

toluena, 138°C £t,0, MeOH

reaction temperature was 130 °C). ZYSAG4 was obtained as a white solid (770 mg, 60%}).
ZYSAB4. 'H NMR (500 MHz, DMSO-de) 6798 (d. = 8.1 Hz, 2H), 705(d, § = 7.9 Hz,
2H), 2.30 (s, 3H}. PC NMR (126 MHz, DMSO-ds) § 207.96, 143 21, 138.62, 12847, 127.74,
21,32 HRMS calculated for CeHyNaOSs requures 151.02231 for PM-HT found: 151.02295.

Scheme 6: Synthesis of ZYSAGT

o] o O
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ZYSALT

{3186} The synthesis of ZYSADT followed the same protoco! of ZYSASS {except the
reaction temperature was 130 °C). ZYSAS7 was obtained as a white sohid {73 mg, 67%).
ZYSAGT TH NMR (300 MHz, CD:0D) 3 7.23-7.57 (m, 4H), 2.95 (m., 48). BC NMR (101
MHz, CD:0D) & 140.75, 131.00, 129.63, 127.84, 52.23, 32 80, HRMS caleulated for
CoHzCINADS requires 244 97743 for [M+Nal” found: 244 97661

~d

[9S]
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Scheme 7: Synthests of ZYSANS
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[G157]  The svothesis of ZYSAOR followed the same protoco! of ZYSA?&;:%?XC@}}? the
reaction temperature was 130 °C). ZYSAOS was obtained as a white sohid (88 mg, 77%).
ZYSADS, 'H NMR (300 MHz, CD:0D) 3 7.07 (4, ] = 8.7 Hz, 2H), 6.84 - 6.71 {m, ZH), 3.70
(s, 3H), 2.76 - 2.66 {m, ZH), 2.64 — 2.534 {m, ZH). PC NMR (101 MHz, CD:0D) 38 157.84,
133,94, 128.83, 128,77, 113 28, 5424, 52.99, 3276, HRMS calculated for CioHiNa(G.8
requires 241 02697 for [M+Na}' found: 241 .02629.

Scheme 8: Synthesis of ZYSBOI
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2Y3B01
[31588]  To a solution of y-butvrolactone (2 g, 23.2 mmol) in toluene (30 mL) was added

Lawesson’s reagent (5.6 g, 13.9 mmol). The vesscl was scaled with sealing film and purged
with argon for 5 mins. The resulting mixture was stirred at 130 “C for 3 hours wndil the
reaction was completed indicated by TLC analvsis. Toluene was removed under reduced
pressure. The crude product was purified by column chromatography (eluent: petroleum
cther/ethyl acetate = 5/1} to remove impurities and thio-y-butyrolactone was obtained as a
vellow olly liguid (647 mg, 30%).

[318%]  To a solution of thio-y-butvrelactone (193 mg, 1.9 amol} in methanol (MeOH) was
added sodivm hvdroxide (91 mg, 2.3 mumol}. The reaction was stirred at room temperature for
3 hours, and thin layer chromatography (TLO) momitoring indicated the reaction was
complete. The solvent was removed under reduced pressure. ZYSBG was obtained as a
white solid (183 mg, 70%). ZYSRB01. 'H NMR (300 MHz, CD:0D) §3.57 (1, f = 6.0 Hz |,
2H), 2.71 (, F=6.0Hz , 2HD, 1 91-182 (m, 2H). PC NMR (75 MHz, CD:0D) 8221 88,
61.32, 34 48, 30.28. HRMS calculated for CaHyNa02S requires 164.99367 for [M+Na}’
found: 164.99546.
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Scheme 9: Synthesis of ZYSB2
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{3168] The synthesis of ZYSBO2Z foliowed the same protocol of ZYSBOG1. ZYSBO2 was

obtained as a white solid (750 mg.40%). ZYSBO2. 'H NMR (300 MHz, CD:0D) § 3.60-3.54
{m, 2H}, 2.96-2.85 (m, 1H), 1.98-1.85 (m, 1H), 1 58-1.49 (m, 1H), L11(d, ] =60Hz, 3H).
BCNMR (75 MHz, CD0D) 8 226.19, 60.17, 50.79, 37 99, 18.63. HRMS calculated for
CsHoNal3:8 requires 179.01132 for [M+Na]' found: 179.01092.

Scheme §4: Synthesis of ZYSCH
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13161] The synthesis of ZYSC01 followed the same protocol of ZYSADLS (except the
reaction temperature was 130 °C). ZYSC81 was obtamed as a white solid {78 mg, 67%).
ZYSCO1. 'HNMR (300 MHz, DMSO-de) 5 8.56 (s, 1H), 8.26 (d, ] =9.0 Hz, 1H), 7.96-7.84
{m, 2H), 7.74 {d, J = 9.0 Hz, 1H), 7.48-7 46 (m, 2H). " NMR (101 MHz, CD:0D) 8
213.07, 141,61, 13456, 132.63, 128 91, 128.00, 12711, 126,56, 12627, 12567, 125.37.
HRMS caleulated for C1iHyNaOS requires 233 00075 for [M+Nal' found: 233.00008.

Scheme 11: Synthesis of 2YSC02
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10162} The synthesis of ZYSC02 followed the same protocol of ZYSABG (oxcept the

reaction temperature was 130°C), £YSU02 was obtained as a white sohid (608 mg, 77%;).
ZYSC02. 'H NMR (300 MHz, BDMSO-ds) 6 7.83-7.78 {m, 2H), 7.73(d. I =0.0 Hz, 1H), 7.62
{s. 1H}. 7.46-7.36 (m, 3H), .86 (s, 2H). PC NMR (101 MHz, CD:0OD) § 135.52, 133.67,
132,26, 127,60, 12720, 127 11, 127.08, 127.02, V2530, 12476, 57 46, HRMS calculated for
CHos0S requires 201.03796 for {M-HJ found: 201.03773.
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Scheme 12: Synthesis of ZYSHO!
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{3163} The synthesis of ZYSHBE followed the same protocol of ZYSAD6 {except the
reaction temperature was 80°Cy. ZYSHO1 was obtained as a white solid (638 mg, 67%).
ZYSHOL TH NMR (400 MBz, CD:0D)Y 8 7.30 - 7.25 (m, 2H), 7.07 - 6.97 (m, 2H), 4.16 (q.
F=T71He 1H), 241(d, f=7 1 Hz, ZH), 181 (dp, §= 135, 6 8 Hz, 1H), 140(d, J = 7.1 Hy,
3H). 0.88{d. J = 6.6 Hz, 6H}.PC NMR {101 MHz, CD:0D) 8 14227, 140.36, 129 66,
128.36, 60.80, 46,11, 3150, 22.73, 20.42. HRMS calculated for Ciz Hi7 O 8 requires
22110056 for [M-HY, found 221 009993,

Scheme 13: Synthesis of ZYSHO2
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{0164} To a solution of indomethacin (8393 mg, 3 mmol} in dichloromethane (BCM; 13
o} was added 1-cthyi-3-(dimethylamonopropylicarboditmide hydrochlonde (EDCEHCL
690 mg, 3.6 mmaol} and N-hydroxysuccinimide (NHS: 518 mg, 4.5 mmol}. The reaction
mixtare was stirred at room temperatare (1.1} for 24 hours. BDCM was removed under reduced
pressure. The crude product was purified by columu chromatography {white sohid, 1.24 ¢,

vield = 91%y).

40
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[#165]  To a solution of crude product in tetrabydrofuran (THE) sclution was added sodium
hvdrosulfide hvdrate (136 mg, 2 mmol). The mixture was stirred 1n an ice bath for 1 howr.
The reaction was completed as indicated by TLC analysis. The solvent was removed under
reduced pressure. The orgamic phase was punfied by column chromatography, eluting with
BCM, to give a crude product. The crude product was dissolved in an appropriate amount of
methanol (MeOH) and cooled in an ice-salt bath. Afier cooling, a MeOH solution of sodium
hydroxide (MNaOH} was added (18.48 mg, 0.462 mmol) and stirred for 5 minutes in the ice-
salt bath. MeOH was removed under reduced pressure and the residue was washed with
diethyl ether (Etv(’)) The reaction vielded sodium thicindomethacinate {white solid, 854 mg,
vield = 72%). ZYSHE2Z. "H NMR (300 MHz, CD:0D) § 7.74 - 7.67 {m, 2H}, 7.58 - 7.51 {m,
2H), 7.13 ﬁd, F=23Hz 1H), 695(d, J=89Hz IH), 662(dd, J=9.0,2.6 Hz, 1H), 4.04 (s,
2H). 3.80 {s, 3H). 2.26 (s, 3H), 1.90 (s, 1H). PC NMR (101 MHz, CD:0D) 8 180.47, 167.57,
154,63, 140.44, 13456, 132,15, 132.08, 130,72, 12998, 12083, 111,51, 110.80, 108.50,
101.90, 56.29, 47.65,24.23, 11 .85, -15.68. HRMS calculated for CioHisCINGs § requires
372.04667 for IM-HY, found 372.04594.

Scheme 14: Synthesis of ZYSHO4

Q Lawesson's reagent /B:j:; fe)
o e - P
- 0/\/\76)\9’“ tohiene 30 0’\/"7\”11‘5;';

Naf}H

xx
MeGH RIS /\‘/%

ZYSHO4
3166] The symthesis of ZYSHO4 followed the saroe protocol of ZYSARG {except the

reaction temperature was 90°C). ZYSHE4 was obtained as a white solid (790 mg, 57%).
ZYSHO4. 'H NMR (400 MHz, CD0D86.92(d, I =75 He, 1H), 6.65(d, I = 1.5 Hz. 1H),
6530(d, J=74Hz 1H),395-382{m, 2H), 226, 3H), 2.12 (s, 3H), 1.77(d. I =3 4 Hz
3H), 1.21 (s, 6H). PO NMR (101 MHz, CD:0D) 5 157.06, 136,12, 129.69, 12299, 120.14,
111.61, 68 41,5092, 38.81, 26.75, 25 15, 20.10, 14.64. HRMS calculated for CisHn 058
requires 265 12677 for [M-Naj, found 26512605,
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Scheme 15: Synthesis of ZYSHOS
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{3167} A solution of propofol (285 mg, 1 mmol) 1 dichloromethane (DCM) was purged

with argon for 3 minutes and then oxalvl chlonde (170 pl., 4 mmol, 2 eg) and
dimethyHormamide (DMF; 2 drops) were added using a syringe. The mixture was stirred at
room temperature for 1 hour. DCM was removed under reduced pressure and the obtained
restdue was dissolved in tetrahydroturan {THF; 3 mL}, which was directly used in the next

reaction.

[3168] To a solution of residue in THF solution was added sodium hyvdrosultide hvdrate
(136 mg, 2 mmol}. The mixture was stirred 10 an ice bath for | hour. The reaction was
completed ag indicated by TLC analvsis. The solvent was removed under reduced pressure.
The organic phase was purified by column chromatography, cluting with DCM, to give a
crude product. The oblained reside was suspended in methanol (MeOH). The mixture was
stirred at ( °C for 5 min, and then NaOH (8dmg, 1.6 mmol) was added ko the reaction
guxture. The McOH was removed under vacuum and the residue was washed with BCM and
diethyl ether (FEt2(3) 3 umes. A bnght vellow solid was obtamned (119 mg, 36%). ZYSHOS.
'H NMR (300 MHz CD:0OD) 8 826 - 8.18 (m, 2H), 7.77 - 7.70 (m, 2H), 3.10(d. J = 7.6 Hz,
45}, 1.55 (h, J =74 Hz, 4H), 0.88 (1, ] = 7.4 Hz, 65). "C NMR (101 MHz, CD;0D) &
2¥2.67, 149,16, 141.03, 12960, 127.23, 51.31, 23 11, 11.43. HRMS calculated for
CraH1NG3S reguires 300.06999 for {M-HT, found 300.07259,

Ln
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Scheme §16: Synthesis of ZYSH21
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[0169] To a solution of 2- [{2,6-dichlorophenyl} aming] - benzene sodium acetate (504 mg,
1.58 mmol} in dichioromethane (DM} was added Lawesson's reagent (351 mg, 0.369
gunol). The mixture was stirred at voors temperature for | hour, DCM was removed under
reduced pressure. The crude product was purified by column chromatography, and the pure
product was dissolved in 1.5 mL of dichloromethane (BCM) and 0.4 mL of 0.1 M of sodium
bicarbonate (NaHCOs) ethanol solution. The resulting mixture was stured at room
temperature for 30 minutes. The ethanol was removed under vacuum and the residue was
washed with DCM and dicthyl ether (Et20) for 3 times. A white solid was obtained (361 mg,
60%). LYSH21. "H NMR (300MHz, DMSO-de): §9.17 (s, 1H), 7.46 (d, ] = 8.0 Hz, Z2H),
T257.04 (o, 2H), 6.95(d, J=75Hz, 1H), 679 (d, J=73Hz, [H),626(d, =78 Hz, 1H),
387 (s, 2HD, BPC NMR(DMSO-de): 214 3, 143.4, 1384, 130.9, 1296, 129.5, 128.9, 126 4,
1247, 120 8, 116.6, 56 8 HRMS calcolated for CraHCpNOS requires 312.00112 for
[M+HT, found 312.0012

Scheme 17: Synthesis of ZYSH31
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[3178] The synthesis of ZYSH3! followed the same protocol of £YSALS (except the

reaction temperature was 80 °Cy. ZYSH31 was obtained as a white solid (800 mg, 74%).
ZYSA3L. 'H NMR (500 MHz, CDROD)Y 5 7.73 - 7.61 (m, 3H), 752 (dd, 1= 8.6, 1.7 Hz, 1),
TA5{d, F=25Hz, 1H), 706{dd, J =89 25 H21H), 432 (q, = 7.1 Hz, 1H), 3.88 (38.3H),
130 (d J =71 Hz3H). PC NMR (126 MHz, CDs0D) 5 223.91, 158.64, 140.29, 134 84,
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130,49, 130.16, 128.06, 12735, 126.64, 119.28, 10657, 61.10, 35,70, 20,41 HRMS
calculated for Ciq Hiz Na G2 S requires 291.04262 for [M+Na]™, found 291 .04247.
Scheme 18; Synthesis of ZYSBG3
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{8171}  The synthesis of ZYSBOJS followed the same protocol as ZYSAD6 (except the

reaction temperature was 65 °C). ZYSBO3 was obtained as a white solid (298mg, 74%).
ZYSBO3. 'TH NMR (300 MHz, DMSO-de} 230 (1. J=7.5 Hz, 2H), 143 (t, J= 7.2 Hz, 2H),
1.23 {s. 28H}, 0.91 — 0.79 {m, 3H).

Scheme 19; Synthesis of ZYSDGIL
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{0172]  "The synthesis of ZYSDO1 followed the same protocol of ZYSHOL. ZYSDOT was
obtained as a white solid (42 mg, 20%). ZYSD#1. 'H NMR (300 MHz, Methanoi-ds)} & 7.36 -
7.21 (m, SH), 4.10 (s, 2H), 3.59 (5, 2H).°C NMR (75 MHz, MeOD) § 175.56, 168 55,
140,18, 138.77, 12896, 126.98, 45 64, 4473, 40.58, 30,20, 21 41, 17.61.

Scheme 20: Synthesis of ZYSD02

NaHS xH,O

THF B0, 8C to it

ZYSDoz
{6173} 'The svanthesis of ZYSDH2 followed the same protocol as ZYSHOGL, ZYSDO2 was

obtained as a white solid (35mg, 45%). ZYSDG2. H NMR (300 MHz, Methanol-d4} § 7.26
(A, J=803Hz, 2H), 7.10{(d, I =8 10 Hz, 2H)}, 404 (d, I = 2.74 Hz, 2H}, 3.6% (g, J = 7.08
Hz, 1H), 244 {d. F =7 18 Hz2H), 1.83 (hept, 1 = 13534, 6. 76 Hz, 1H), 146(d. J=7.14 Hz,
3H), 0.89(d, ] = 6.61 Hz, 6H).C NMR (75 MHz, Methanol-ds} & 175.56, 168,55, 140.18,
138,77, 12896, 12608, 45 64, 44.73, 40,58, 30.20, 21 41, 1761,
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Scheme 21: Synthesis of ZYSHO3

EDCI, NHS NaH8 xH,0
DO, .t THE, H,@, 0C to nd.
NalH

DO, MeOH, 8°C

ZYSHOS
{3174} The synthesis of ZYSHO3 followed the same protocol of ZYSHS1. ZYSHE3 was

obtained as a white solid (800 mg, 74%). 'H NMR (300 MHz, Chloroform-d) § 7.83 — 7.70
{m, 4H}, 7.65 - 743 (m, 5H), 425 - 389 {m, 1H), 1.58¢dd, /=196, 7.1 Hz, 3H).

Scheme 22: Synthesis of ZYSHO6
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10175  Telmisartan (500 mg. 0.99 mmol) was placed in a three-necked flask, vacoumed to
replace Nz, and the compound was dissolved in dichloromethane (DCM). Oxalvi chlonde
(137 mg, 125 pl) was added dropwise under the condition of an ice bath, and a catalytic
amount of dimethvlformamide (BMF) was added dropwise. The mixture was stirred at room
temperature for | hour, and then passed into the dry hvdrogen sulfide gas. The crude product
was purified by column chromatography and a vellow solid was obtained (300 mg, 37%).
ZYSHO6. 'H NMR (300 MHz, Methanol-d4) 8 8.09 (s, 1H), 7.98¢d, J = 5.2 Hz, 1H), 7.89 (d,
J=94Hz 2HY, 783 - 765 (m, 3H), 757(d. J=64Hz IH), 746 (d. I =68 Hz 3H), 739
(d, J=73Hz 3H),592 (s, 2H), 4.04 (s, 3H}, 286 (s, 3H). 1 95 (g, J =76 Hz, 2H). 115 (¢, ]
=74 Hz, 3H).
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Scheme 23: Synthesis of ZYSHG7

Lawesson's reagent

¥

toluene,35°C

NaQH

ROMMeORAMETT

LYSHOT
10176} The synthesis of ZYSHO7 followed the same protocol of ZYSADG {except the

reaction temperature was 93 °C). ZYSHO7 was obtained as a white solid {535mg, 49%).
ZYSHO7. 'H NMR (300 MHz, Methanol-d4) 8 7.52(dt, I=8.2, 1 5 Hz, 2H), 746 - 7.31 (m,
4H), 7.29 - 719 (m, 2H). 424 {g. J = 7.1 Hz, 1H), 147 (d, § = 7.1 Hz, 3H).¥C NMR
(73MHz, Methanol-d4)

222.80,162.37,159.12,146.94, 137 30,131 12,129.90,129.36,128 39,127 87,127.69,125 01,11
5.80.60.61,20.26.

Scheme 24: Synthesis of ZYSHOS
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[3177]  The svothests of ZYSHOS followed the same protocol of £YSANS {except the

reaction temperature was 20 °C). ZYSHEOS8 was obtained as a white solid (324mg, 34%;).
ZYSHOS. H NMR (300 MHz, Methanol-d4) § 7.45 (dddd. = 56.6, 7.8, 4.8, 2.1 Hz, 10H),
3.18 (s, 4H). YC NMR (73MHz. Methanol-d4) § 218,16, 163.98, 14530, 134,48, 132.18,
128.67, 12839, 12831, 12801, 127.83, 126,12, 46,63, 25 .42,
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Scheme 25: Synthesis of ZYSALZ
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[3178] The svothesis of ZYSALZ followed the same protocol of ZYSAQG6 (except the
reaction temperature was 100 °C). ZYSA12 was obtamned as a white solid (413mg, 45%).
ZYSALZ 'H NMR (300 MHz, Methanol-d4) 8 7.57 {dt, 1 = 7.7, 1.0 Hz, 1H), 729 (dt, | =
8.1, 1.0 Hz, 1H), 7.08 - 6.93 (m, 3H), 3.11 - 2.96 (m, 4H}. PC NMR (75 MHz. Methanol-d4)
22345 13806, 128.74, 12285, 122.03, 11937, 11923, 116.08, 111,99, 33.02, 24.54.

Scheme 26: Synthesis of ZYSAL3
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[3179]  The syothesis of ZYSALS followed the same protoco! of ZYSAD6 {oxcept the

reaction temperature was 100 °C). ZYSAL3 was obtamned as a white solid (342mg, 65%).
ZYSAL3. 'H NMR (300 MHz, Methanol-d4) 8§ 7.12(d, J = 9.0 Hz, 2H), 6.86 {d, J = 9.0 Hz,
2H), 1.61 (s, 6H). 1*C NMR (75 MHz, Methanol-d4} § 223 .38, 156.36, 129.37, 126.33,
121,40, 88.18, 27.92.



WO 2025/042979 PCT/US2024/043214

Scheme 27: Synthesis of ZYSBO4
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{3180} The synthesis of ZYSBO4 followed the same protocol of ZYSAB6 (except the
reaction temperature was 93 °C). £YSB04 was obtained as a white solid (435mg, 76%;).
ZYSBO4. 'H NMR (300 MHz, DMSO-d63 3229 (t, = 7.6 Hz, 2F), 1.43 (s, 2H), 1.23 (s,
32H3, 0.85 (5, 3H). PO NMR (75 MHz, DMS0-d6) 6 217.09, 51.30, 31.41, 29,18, 28 85,
2730,22.19, 1395,

Scheme 28: Synthesis of ZYSBOS
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[6181] TThe synthesis of ZYSBOS followed the same protocol of ZYSADS {except the

DEHMMeOH, 18T

reaction temperature was 95 °Cy. ZY SBO5 was obtained as a white solid {(643mg, 54%).
ZYSBOS. 'H NMR (300 dMHz, DMSO-d6) § 2.30 (1, J = 7.5 Hz, 2H), 1.48 — 1.39 (m, 2H),
1.23 (s, 24HD), 0.89 — 0.81 (m, 3H). °C NMR (75 MHz, DMSO0-d6) 3 216.68, 51.34, 31 35,
29.13,28.97, 2877, 27.26,22.15, 13 98,

Scheme 29: Synthesis of ZYSB6
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{3182} TThe synthesis of ZYSBS6 followed the same protocol of ZYSADS (oxcept the
reaction temperatiure was 95 °Cy. ZY SBG6 was obtained as a white solid (467mg, 62%;).
ZYSBO6. 'H NMR (300 MHz, Methanol-ds) 8 2.64 — 2.58 {my, 2H), 1.63 (£, J = 7.4 Hz, 2H),
1.28 (s, 20H), 0.95 — 0.84 (m, 3H).C NMR (75 MHz, Methanol-da) 3 224.00, 52.32, 33.09,
30.79,30.30, 30.42, 29.00, 23.73, 14 48.
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Scheme 30: Synthesis of ZYSBG7
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I3183] The symthesis of ZYSBOT foliowed the same protocol of £YSADS (except the
reaction temperature was 93 °C). ZYSBO7 was obtained as a white solid (342mg, 45%;).
ZYSBO7. 'H NMR (400 MHz, DMSO-ds} §2.33 - 2.27 (m, 2H), 1.44 (p. J= 7.3 Hz, ZH),
1.23 (s, 16H), (.87 — 0.83 (m, 3H}. VC NMR (75 MHz, DMSO-ds) §51.26, 31.36, 29.15,
2895, 2878, 2725, 22 .15, 13.99,

Scheme 31: Synthesis of Z2YSBOS
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{0184} The synthesis of ZYSBO8 followed the same protocol of ZYSADGS (except the
reaction temperature was 90 °C). ZYSBO8 was obtained as a white sohd (273mg, 31%).
ZYSBO0S. 'H NMR (300 Mz, Methanol-da) § 1.99 - 1.92 (m, OH), 1.71 (¢, § = 2.9 Hz,
6H).PC NMR (75 MHz, Methanol-ds) 8 22992, 51.23, 42,43, 38.05, 30.40.
Scheme 31: Synthesis of ZYSBGS
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[#185] The synthesis of ZYSBEGY followed the same protocol of ZYSAB6 (except the

reaction teraperature was 90 °C). £YSBGY was obtained as a white solid (144mg, 34%).
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ZYSBOS. 'H NMR (300 MHz, Methanol-ds) 5 2.17 (s, 1H), 1.17(d, J= 145 Hz, 12H).B°C
NMR (75 MHz, Methanold4} 6 218.04, 52.65,32.03, 2427, 17.13.

Scheme 32; Synthesis of ZYSCG3
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[0186] 'The syathesis of ZYSCE3 followed the same protocol of ZYSAG6 {except the

reaction temperature was 60°C). £YSCH3 was obtained as a white solid (76 mg, 65%).
ZYSCH3. 'H NMR (300 MHz, Methanol-d4) 88 61 (s, 1H), 8.19(dd, J = 8.6, 1.8 Hz, 1H),
782 }=90Hz 1H), 768 {(d J=806Hz IHL723{d J=25Hz 1H).712{dd. ] =90,
2.5 Hz, 1H), 3.91 (s, 3H). PC NMR (75 MHz, Mcthanol-d4) § 214 25, 160.13, 140.92,
137.48, 131,78, 129.52, 12924, 127.30, 126.54, 11987, 106 47, 3578,

Example 2: Biological Assay Data and Procedures
Determination of the half-life of veleased hydrogen sulfide

{0187} Detection of pig hiver esterase (PLE) hvdrolyais of ZY S A sentes thiocarboxvlic

acids and gencration of corresponding carboxylic acids:

[0188]  First, 4 5 mbL of PBS buffer of pig hiver esterase (PLE) (3 U/mL) was added to 3 20
mL reaction vial. Then, 0.5 mL of PBS baffer (5 mM) of ZYSA was added and the mixture
was co-incubated 1 a water bath at 37 °C. An equal amount of 200 ub. of the solution was
pipetted at each time point and transferred to a 1.5 mL centrifuge tube contamning 200 b of
chromatography acetomtrile. The solution was transferred to a -20 °C refrigerator for rapid
freezing and centrifuged for 10 minutes (13.0 x 1000 /). After quick freezing ina
refrigerator at ~20 °C, the solution was centafuged for 10 munutes (13.0 x 1000r/oun) and the

supernatant was aspirated for HPLC detection.

Determination of hyvdrogen sulfide release from LYSA series thiocarboxylic acids by

methviene blue method

{8189  Compounds of the ZYSA series, as described above, were dissolved in 5 mb of PBS

buffer solution (reaching a final concentration 500 uM} at pH=7 4 and then co-incubated with
3 UL PLE. An equal amount of 200 b of the solution was aspirated at cach time point and

transferced to a 1.5 mL centrfuge tube containing 200 pl. of zinc acetate (1%, w/v). The tube
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was then centrifuged for 10 minuies (13.0 x 1000 r/min}. The supernatant was removed, and
the precipitate was washed with PBS (100 ul. x 2). Following, 600 ub of N N-dimethyi-1 4-
phenyvienediamune suifaie (0.2% w/v dissolved m 20% H2504 solution) and 50 pl. of ferric
chionde (10% wiv dissolved in 0.2% HoSO4 solution) were added to the centrifuge tube.
After transferring to a metal bath at 37 °C for 30 munutes of incubation, an absorbance at 740

nm was detected by UV absorption spectrophotometer. The concontration of hvdrogen sulfide

was calculated from the standard curve of sodium hydrosulfide.

[3158]  With the methvlene blue method, the compounds showed a release hydrogen sulfide

at a certamn rate under esterase conditions, with the release t17 shown in Table 1.

Table 1. Stucture and nomenclature of thiocarboxylic acids and theu halt-hves for the

release of

hydrogen sulfide.

Compound
Number

ZYSAD

ZYSAB2

ZYKAB3

t1/2

{1504+15 mmm

32,7417 min

74401 min

Peak time of
Ha8
(min)

603 min

3846 min

2049 min

Peak
concentration of
HLS (uM)

6744 1M

1342 uM

12422 yM

Compound
Number

ZYSA04

ZYSAD

R

ZYSALS

112

27507 o

225435 nun

26.54£0.3 min

Peak time of S
{min)

60 min

60 min

63423 min

Peak
concentration of
Hzs (uMh)

10342 pM

100+1 pM

10342 uM

Compound ZYSAGT ZYSALS ZYSBO1
Mumber
t1/2 5.8+:0 6 min 162432 min 1525461 min
Peak time of HLS 40+17 mm 45+ 5min 330 ram
{min)
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Peak
coneentration of 12947 uM 12043 b 3241 pM
Hzs (uMh
Compound LYSBG2 ZYSBO3 ZYSCo1
Number
1172 [619£21 min 28.6+1 1 min
Peak time of S 1104191 min 70446 min 45 mun
{min)
Peak
coneentration of 2142 uM 14243 uM 10448 uM
HLS (uM)
Compound LY S02 ZYSH21 ZYSH3
Number
1172 26603 min 47 9£5 8 nun 2084121 nun
Peak time of S 3846 min 50 min 180 min
{min)
Peak
coneentration of 9246 uM 6249 uM 3455 uM
HoS (uMh)
Compound ZYSHOI LYSHO2 ZYSHG3
Number
1172 112 mmn 242 min 468 min
Peak time of HiS Fi0mm 90 min 120 min
{min)
Peak
coneentration of G0+0 pM 29 uM 25 uM
Hzs (uMh
Compound ZYSHO4 LYSHGS ZYSHGs
Number
1172 23849 min 2518462 mun 67,9402 min
Peak time of HzS 155435 min 120 mn 40423 min
{nun)
Peak
concentration of 4341 uM HEl uM
HaS (uM) 940 uM
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Example 3: Efficacy data of compound ZYSAP! as prepared in Example 1
Determination of infarct area

{0191}  Mouse bramns were frozen at ~20 “C for 20 nunutes and cut mto 5 pieces, cach 1 mm
thick. Each section was tmumediately stained with 1% 2,3, 5-iriphenyltetrazolivm chloride
(TTC) solution for 30 minutes at 37 °C and fixed in 4% paraformaldehvde (PFA} sohution.
Infarcted arcas were unstained and normal arcas were stained red (FIG. 1A4). Hach patrof
sections was photographed and the infarct areca was calenlated by Tmageld. The formula was as

follows:
Infarct volume = Sum of Infarct Area/Total Area

Sec FIG. 1B. Not mtending to be bound by theory, ZYSA01 was significantly better than
benzoic acid. The expenmental results show that ZYSAO] can significantly reduce the mfaret
size compared with benzoic acid in cerchral ischemia and other discases, showing a good

therapeutic effect.
Determination of serum LIDH level and brain tissue L.D4 level

[6192] After blood collection, serum was collected by centrifugation at 3000 g for 16
minuies at 4 °C. The method of factate dehydrogenase (LDH) determination was described in
the instruction manual of Lacate Diehvdrogenase (LDH) Activitv Assay Kit (Solarbio,
Beyjing, China, NO. BCO685). Bram tissucs were taken to determine the malondialdehyde
(MDA} level, and the method of measurement was described in the instruction manual of
Malondialdehvde (MDA} Conient Assay Kit used (Solarbio, Betjing, NO. BCOG25) Not
mtending to be bound by theory, the LDH level reflects the damage of cell membrances
caused by ischemia-reperfusion injury, and the MDA level reflects the peroxidation of
membrane hipids caused by ischemia-reperfusion injury, } was tound that ZYSB2 1 showed a
greater potential in the muddle cerebral artery occlusion (MUAQ) model, *¥p< 6.01 as shown

in FI1G. 1, FIG. 1D
Example 4: Activity data for Compound ZYSHOS {Telmisartan}
Verification of cerebral infarct activify

{01931 Mouse model of middie cercbral artery occlusion 25-30 g C57/6] mice were
randomly divided. Telmisartan was used as the control group. For the drug adounistration
group, the drog was administered at a dose of 0.5 * 10 mol/kg. The rest of the groups were

administered the muddle cerebral artery occlusion model. Anesthesia was mduced with 3%

LHh
L4l
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isofturane and maintained with 0.6% isoflurane after anesthesia. After stertlization, a median
incision was made in the neck. Blunt dissection was performed to expose the left common
carotid artery (CCA), internal carotid artery (1CA}, and external carotid artery (ECA}. The
proximal end of the CCA was separated from the distal end of the ECA and higated. The CCA
was ligated distally, and a suture (Beijing Smon Biotechnology Co ., Lid |, Begjing, China) was
wmserted and passed through the ICA untd the cerebral artery (MCA) was occluded i the
middle. Drugs were adnunistered by gavage at the time of infarction, and 1 hour and 20
minutes after infarction, the suture was removed and was reperfused. Other treatments were
applied as described above. After 24 hours, blood was collected, mice were executed by
cervical dislocation, craniotormny was performed, and brain tissue was collected for

sabseguent experiments.
Infaver area

i0194] DMouse brains were frozen at -20 °C for 20 nunuates and sliced into 5 pieces, each 1
mm thick. Fach section was wmemediately stained with 1% 2,3, 5-triphenylietrazolium chioride
{TTC) solution for 30 minutes at 37 °C and fixed in 4% paraformaldehvde (PFA) solution.
Infarcted arcas were unstained and normal arcas were stained red. Fach pair of sections was
then photographed, and the fofarct arca was calculated by fmaged. The formula was as

follows:
Infarct Volume = Sum of Infarct Area/Total Area.

Not intending to be bound by theory, results of the study showed that both the positive drug
and the prodrug could sigmificantly reduce the infarcet area and showed a dose-dependent
effect where £YSA06 was significantly more potent than the positive drug, in which
ZYSA06 showed greater superiority in reducing the infarct arca compared to Tehmisartan, as

shown in FIG, 2A and FIG 2B,
Serum lactate debivdrogenase (LDH) level and brain tissue MDA level

[6195]  After blood collection, serum was cenirifuged at 3000 g for 10 mimutes at 4 °C. The
method of LDH determination was described in the instruction manual of Lacate
Dehydrogenase(LDH) Activity Assay Kit {Solarbio, Beijing, China, NC. BL0685). Brain
fissue was taken to determine the malondialdehyde (MDA} level m the tissue, and the method
of measurement was described in the mstruction manual of Malondialdehyde(MDA) Content

Assay Kit used (Solarbio, Beijing, NG, BC0025). Not intending to be bound by theory, the
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LDH level reflects the damage of cell membrane caused by ischenmia-reperfusion injury, and
the MDA level reflects the peroxidation of membrane fipids caused by ischemia-reperfusion
injury. It was found that the ZYSAG6 MCAO model {or the middic cercbral artery occlusion
model) showed a greater potential for 0.3x10 “* mol/kg. ZYSAD9 was able to significantly
reduce MDA levels compared to the telmisartan group showing a significant difference

*<0.05 as shown in FIG, 2C and FIG, 2D,
Example 4: Activity Data for Compound ZYSH2
ZYSH2I in vivo release of prodrug diclofecan (DCE} in rats

[0196] Five rats were fasted and watered freely for 10 hours (h) prior to drug
administration by giving 10.50 me/kg of ZYSH21 solution. Blood samples were coliected at
Ohand 0.033, 0.083, 0.167,0.25, 05, 1, 2, 4, 6 and § h after administration, respectively. A 5
uL aliguot of IS solation (1000 ng/ml naproxen} was added to a 50 pl plasma sample in a
cenirifuge tube, vortexed and mixed for 10 seconds, and then 200 yb of methano! (MeOH)
was added to the muxture to precipitate protems. The samples were vortex mixed for | minute
and centrifuged at 12000 rpro for S muinutes at 4 "C. Finally, the supematant was

characterized by triple quadrupole hquid mass spectrometer (FIG. 3).
Anti-inflammatory effect of ZYSH21

{0197 Wistar rats were divided into two groups of 8 rats gach: 1} ZYSH21 (16 mg/g/day)
and 2} 2'-deoxycoformycin (BCF, 16 mg/ke/day). Separately, immune-grade natural tvpe
collagen (CIF) was dissolved m 0.05 mol/L acetic acid to prepare a 2 mg/ml solution.
Emnuisions were then prepared by homogenizing the type H collagen with Fachs' incomplete
adjuvant (1.1} at 4 °C, resulting in a final CH concentration of 1 mg/mb. The cmulsion was
fully emulsified 1 an ice bath with a homogenizer 1o the extent that it did not spread when
added to a drop of water. Then the emulsified mixture was injected subcutaneousiy into the
caudal root at a rate of 200 pg of CH per amimal per 0.2 mE per animal for 7 days, and then
the emuldsified mixture was tyected subcutancously into the dorsal region at a rate of 100 ug
of CII per animal per 0.1 mL for 7 days. Starting from the 16th day, the respective drugs were
administered via gavage for 28 consecutive days. The changes in paw swelling rates were
recorded throughout this time period. Compared with the normal group: *p <0.03, ¥*p <

Q.01 ¥8%p <001, ¥¥%%5 < 0.0001 (FIG, 4).
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ZYSH21 gasiric safety

[0158]  Wistar rats were divided joto ZYSH21 (10 mg/ke/day, 5 mg/kg/day) and DCF (10
mg/ke/day, 5 mgdkg/day) groups with 8 rats in each. The drug/prodrug was adnunistered for
28 consecutive days, and the percentage of uleerated area was examined. It was found that
the ulcerated arca was extremely low in ZYSH21 (10 me/kg/day, 5 mgike/day) treated group,

while DCF (10 mg/ke/day, 5 mg/kg/dav}) had significant vlcerated spots (FIG, §).
ZYSH21 acute liver injury

{01991 C37BL/AINifde nmice were fasted for 10 h before drug admmistration, and water
was freely available. The mice were randomly divided into three groups: sahine control groap,
DCF group, and £YSH21 group, with DCF administered at a dose of 150 mg/kg and
ZYSH21 admunstered somorphically, 6 mice in cach group. £YSH21 was administered by
intraperitoncal injection for 24 h. Blood was collected from the eveballs at 24 hours and the
mice were sacrificed by spinal dislocation method. Serom levels of azelaie transaminase
{AST) and alanine transaminase (ALT) were determined (FIG. 6A and FIG. 68,

respectivelv).
ZYSH2I renal injury

{0206  Wistar rats were divided info two groups of 8 rats each: 1) ZYSH21 (16 mg/kg/day)
and 2} DCEF (10 mg/kg/day). The drug/prodrug were admimistered for 28 consecutive days.
The level of uric acid (UA}, an mndicator of renal impairment, was significantly decreased,
and mamtained within the normal level (Fp <005, ¥¥p < 0.01, *¥¥p <000}, #¥¥¥p <

0.0001) (FIG., 7).
Example 3: Activity Data for Compound ZYSH3
Release of prodrug NPX from ZYSH3! in rats

{0281} Five rats were fasted for 10 hours before drug admumstration by giving 10.60 mg/kg
ZYSH31 solution. Blood samples were collected at O k, $.033, 0.083, 0,167, 425,05, 1,2, 4,
6, and & h after drug admunistration, respectively. A 5 ull aliquot of IS solution (10060 ng/mi
diclofenac) was added to a 30 ul plasma sample m a centrifuge tube, vortexed and muxed for
10 seconds, and then 200 ul of methanol (MeOH) was added to the mixture to precipitate
proteins. The samples were vortex mixed for 1 minute and centrifuged at 12000 r-min-1 for 5
minutes at 4 "C, and finally the supernatant was analyzed using a trple quadruple quadrapole

higuid mass spectrometer (FIG. 8),
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Anti-inflammartory effect of ZYSH31

10202]  Wistar rats were divided 1oto two groups of 6 rats cach: ZYSH31 (10 mg/kg/day),
NPX (10 mg/kg/day). Separately, inunune-grade natural type 1l coliagen (CH) was dissolved
in 0.065 mol/l acetic acid to make a 2 mg/ml solution, and emulsions were prepared by
homogenizing the type 1 coliagen with Fuchs' incomplete adjuvant (1.1 at 4 *C. The final
concentration of Cl was | mg/ml. The emulsion was fully emulsified with a bomogenizer in
an ice bath to the extent that it did not diffuse when added to a drop of water. Then the
cmulsificd mixture was injected subcutancously into the caudal root at a rate of 260 pug of CHf
per animal per 0.2 ml per animal for 7 days. Changes in the degree of paw swelling were
recorded. Paw swelling rate was assessed from day 0 to dav 36. Compared with the normal

group: *p < 0.03, #¥¥p << 0.01, *¥*p <0.001, ¥¥**p <0.0001 (FH. 9).
Stomach safely of ZYSH31

[3203]  Wistar rats were divided into ZYSH31 (10 mg/kg/day, 5 mg/kg/day) and NPX (10
mg/ke/day, 5 mgdkg/day) groups with 6 rats in each. Drug adeunistration was conducted for
28 consecutive days, in which the percentage of ulcerated area was extremely low in
ZYSH31 (10 mg/kg/day, 5 mg/kg/day), whereas NPX (10 mg/kg/day, § mg/kg/day) had

significant ulcerated spots (FIG, 16},
ZYSH31 Acute Liver Injury

10204] CSTBL/sINifde nuice were fasted for 10 hours before administration of ZYSH31.
Water was freely available. The mice were randomly divided mio 3 groups, saline conirol
group, NPX group, and ZYSH3 1 group. NPX was administered at a dose of 1530 mg/ke, and
ZYSH31 was administered isomorphically with 6 mice m cach group. Twenty-four hours
after indraperitoneal injection of giving Y SH31, the serum and related samples were
collected. The serum levels of alanine aminotransferase (AST) and alanine aminotransferase
{ALT) were determined (FIG. 11A and 11B, respectively).

ZYSH3I renal injury

[0265]  Wistar rats were divided Udo two groups of 6 rats cach (ZYSH31 (10 mg/kg/day)
and NPX (10 mg/kg/day)) for continuous drug administration for 28 days. Not intending to

be bound by theory, results suggest that NPX albumin levels were significantly reduced as

compared to the control group after treatment, and the pointer kidney function was damaged.

o
~—t
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However, for ZYSH31 admiustration, there was no obvigus difference compared with

control group. (Fp < Q.05 #Fp < 0.01,%%%p < 0.001 ¥¥%%p < 0.0001) (FIG. 12).
Example 6: Stabilization of compounds

[8206] ZYSAQI-06, ZYSAI12Z-ZYSALS, ZYSBOI-03, ZYSC01-02, ZY SHO-ZYSHOS,
ZYSH31, and ZYSH2 1 were dissolved into a PBES sohution to a final concentration of 500
ub. These samples were kept at room temperatare under ambient conditions to observe their
stability. ZYSAG1-6 was monttored by HPLC, ZYSA12-ZYSA13, ZYSB02-03, ZYSCO1-02,
ZYSHOI-ZYSHO5, ZYSH3L, ZYSH21, ZYSBOL by HPLC, and ZYSBO! by UV, Not
intending to be bound by theory, the results suggest that ZYSA(1-06, ZYSA12-ZYSALS,
ZYSBOI-G3, ZYSCO1-02, ZYSHOL- ZYSHOS5, ZYSH3 1, ZYSH2 1 all have good stability

with no significant decomposition was observed at the 144-h point.

Compound ZYSAQL ZYSADZ ZYSAQL3
Number
t1/2 150+15 min 32.7x1.7 min 7.120.1 min
Peak time of H:5 50 min 38+6 min 2049 min
{min)
Peak
concentration of 6714 uM 131342 1M 12442 ubM
H25 ()
Compound ZYSADE ZYSAGS ZYSALE
Number
11/2 27.5£0.7 min 22.5%£3.5 min 26.5:0.3 min
Peak time of H.S 60 min 60 min 685123 min
{min}
Peak
concertration of 10512 uh 10021 pudd 10312 ub
Ha5 (M)
Compound ZYSAQ? ZYSAQE ZVsBol
Number
11/2 5.8+0.6 min 16.243.2 min 1525+61 min
Peak time of HyS AG£17 min A45+15min 330 min
{min)
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Peak
concentration of 12942 M 12043 pu 32+1 uM
H25 (i)
Compound Z¥SBG2 ZYSBO3 ZY¥SL01
Number
t1/2 1619+21 min 29.611.1 min
Paak time of HyS 1104191 min 70446 min 45 min
{min}
Peak
concentration of 2112 uM 14243 uM 10418 uh
Ha5 (M)
Compound Z¥YSCo2 Z¥SH21 ZYSH31
Number
£1/2 26.610.3 min 47.9+5.8 min 208.4+2.1 min
Peak time of HS 38+6 min 30 min 180 min
{min}
Peak
concentration of 9246 uM 6219 uM 3415 pM
Ha5 (M)
Compound I¥YSHOL ZYSHQ2Z ZYSHO3
Number
1172 112 min 242 min 468 min
Peak time of Ha5 110 min 90 min 120 min
{min)
Paak
concentration of G040 uM 29 uM 25 uM
HaS {uM)
Compound ZYSHO4 ZYSHOS ZYSHOs6
Number
11/2 23819 min 2518462 min 67.910.2 min
Peak time of H25 155435 min 120 min 40+23 min

{min}
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Peak
concentration of 4311 uM 1143 uM
H25 (i) G0 M

EXEMPLARY EMBODIMENTS
{02071 Exemplary embodiments provided 1in accordance with the presently disclosed

sabject matter include, but are not hnmited to, the claims and the following embodiments:

{0208 Embodiment 1: A compound of Formula €

<N
2y

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

ZTisNa', K, or HY;

Ry

0,8

Ra S

A is substituted or unsubstituted Cs-Cop aryl or substituted or unsubstituted
{3-Cg0 heteroaryl;

Liis a bond, {(CH2jo~, C2-Cs branched alkyl, ~-O~(CH2)o-C(CHz )0,
-RsC{=(NHRs-, ~O~(CHz)y-, o1 -O-{CH2)0~0-;

nisG, 1,2, 3,4, 5,6, 7, or&; and

cach R: and R are independently hydrogen, halogen, -CN, -NO;, Ci-Cs alkvl,
C1-Co alkoxy, C1-Cs haloalkyl, Ci-Cs haloalkoxy, -SONRaR4-, Cs-Cio arvi, or C3-Cro
heteroaryl, wherein each Rs, Ry, Rs, and Ry are independently hvdrogen or C1-Cs alkyl
16206%] Embodiment 2; The compound of embodiment 1, wherein A is substituted or

unsubstituted Cs-Cio arvl or substituted or unsubstituted Cz-Cio heteroaryl,

{0216} Embodiment 3: The compound of embodiment 1 or embodiment 2, wherein A 1
phenvl, naphthvl, anthracenyl, oxazolvl, pyrrolvl, furanyl, thiophenyl, voidazolivl, thiazolvl,
pyvrazolvl, pyrmidyl, quinolyl, isoquinolvl, puanyl, acridyl, carbazolyi, cinnolvl,
quinazolinyl, indolyl, benzyliriazolvl, benzothiopheneyl, benzo{fiuranyl, isoxazolyl, indolyl,

pyrazinyl, pyridazinyl, pyridinyl, tetrazolyl, trizinyi, or carbazoly!

{6211} Embodiment 4. The compound of any one of embodiments 1 to 3, wherein Liisa

bond, -{(CHz)a-, C2-Cs branched atkyvl, -O-(CH2}p-C{CHz}z-, or -RsC{=0)NHRs-.
{0212] Embodiment 5: The compound of any one of embodiments 1 to 4, wheren:
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L1 is a bond, ~(CHy)u-. ~CH(CH3)—,YL\A YQ}‘ , M

L ~O-{CH-C{CHR -, or -RsC=GNHR -,
10213} Embodiment 6. The compound of any one of embodiments 1 to 4, whercinnis 0, 1,

2,3, or4,

[6214] Embodiment 7: The compoond of any one of embodiments 1 to 6, wherein Ry s

hyvdrogen, halogen, -CN, -N{h, ;-Cs altkyl, Cs-Cro arvl, or $-Cro heteroaryl.

[#3215) Embodiment 8: The compound of any one of embodiments 1 to 7, wherein Ry 1s
hydrogen, halogen, -CN, -NGO:, methyi, ethyl, propyl, isopropyl, butyl, tert-butyl, phenyl,

naphthvl, anthracenyl, oxazolvl, pyrrolyl, furanyl, thiophenvl, mudazolyl, or thiazolyl

[6216] Embodiment 9: The compound of any one of crmbodiments 1 to &, whercin Rz is
hydrogen, halogen, -CN, -NChy, C-Us alkyl, Ci-Cs alkoxy, Ci-Cs haloalkyl, C-Cs

haloalkoxy, -3O:NRsRy-, Cs-Cio arvl, or C3-Cyg heteroarvl.

16217]  Erobodiment 19 The compound of any one of embodiments 1 to 9, wherein Ro is
hydrogen, halogen, ~-UN, -NO», methvi, ethvl, propvl, isopropyl, butvl, tert-butyl, methoxy, et
hoxy, propoxy, propoxyl, butoxy, cyclopropoxy, evclobutoxny, -CHCL -CFz, -UCHY(UF;, -CH;
CCls, -SONR3R -, phenyl, naphthyl, anthracenyl, oxazolyl, pyrrolvl, furanvl, thiophenyl,

mmdazolvl, or thiazolvl

[6218] Erobodiment 11: The compound of any onc of embodiments 1 to 10, wherein each

Rs, Ra, Rs, Rs are each independently C1-Cs alkyl.

[G219]  Embodiment 12: The compound of any one of embodiments | to 11, wherein each

Ra, Ry, Rs, Re are each mdependently methyl, cthyl, propyl, isopropyl, butyl, or teri-butyl.

{0228} Embodiment 13: A compound of Formula 1

R' SQ i (1D
or a pharmaceutically acceptable salt or prodrug thereof, wherein:
Z s Na', K" orH" and
R’ s substituted or unsubstituted atkvl, substituted or unsabstituted cveloalkyl,
substituted or unsubstituied bridged cvcloatkyl or substituted or unsubstituted

spirocycloalkyl.
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{0221} Embodiment 14: The compound of embodiment 13, wherein each R’ has at least
one substituent and wherein the at feast one substituent is selected from the group consisting

of halogen, -OH, -CN, -NO7, and C1-Cs alkvl.

16222} Embodiment 15: The compound of embodiment 13 or embodiment 14, wherein R’
is substituted or unsubstituted C2-Cs branched alkyl, substituted or unsubstituted C1-Ca
straight chain alkyl, substituted or unsubstituted C5-Ce oveloalkyl, or substituted or

unsubstituted Cs-Cie bridged cycloalkyl.

{02231 Embodiment 16; A compound of Formula 1T

{;j"\c L@
.:‘/” >
E\c"'["'" E /\%‘“‘RT
o ‘N‘
Ha §i1))

ot a pharmaceutically acceptable salt or prodrug thereof, wherein:

Z g Na', K or H":

Lo 1g a bond, {(CHzhe-, or $o-Cs branched alkyl;

nisf, 1 2,3, 0r4;

Ry is hvdrogen or C1-Cs alkyl;

Rg is hvdrogen, -C(E0-Rie, U1-Ce alkyl, C-Cs alkoxy, C-Cs haloalkyl, or
C3~Cs haloalkoxy, wherein Ry is substituted or unsubstituted Cs-Cio arvl or substituted or
unsubstituted Cs-Cio heteroaryl, wherein when substituted by a substituent, the substituent 1s
selected from the group consisting of halogen, ~OH, -CN, -NG», C-Cy alkyl, C1-Cy alkory,
and C1-Cq haloalkyk and

Ry is hydrogen, halogen, -CN, -NO», Ci~Ce alkyl, C1-Cs alkoxy, Ci-Cs
haloalkyl, or C1-Ce haloalkoxy.

16224} Embodiment 17: The compound of embodiment 16, wherein:

L2158 «{CHzda~; and
nis 0 I, 2or3.
{02258} Embodiment 18: The compound of embodiment 16 or embodiment 17, wherem Rs

is hvdrogen or C1~Ca alkyl,

8226} Embodiment 19: The compound of any one of embodiments 16 to 18, wherein Ry is

methyl, ethvl, propyl, isopropyl, butyi, or tert-butyl.
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{0227 Embodiment 20: The compound of any one of embodiments 16 to 19, wherein Rgis
hydrogen or ~C{=0}-Rip, wherein Ryp 15 substituted or unsubstituted phenyl, substituted or
unsubstituted naphthalenyl, substituted or unsubstituted anthracenyl, substituted or
unsubstituted oxazolyl, substituted or unsubstituted pyrrolvi, substituted or unsubstituted
furyl, substituted or unsubstituted thiophenyl, substitoted or unsubstituted imidazolyl,
substituted or unsubstituted thiazolvl, substituted or unsubstituied pyrazolyl, substituted or
unsubstituted pyrimidinyl, or substituted or unsubstituted quinolvl, and wherein when
substituted by a substituent, the substituent is selected from the group consisting of halogen, -

OH, ~CN, -NG», methvl, ethyi, propyl, isopropyvl, butyl, and tert-butyl.

[6228] Embodiment 21: The compound of any one of embodiments 16 to 20, wherein Re i

hydrogen, halogen, -UN, -NO», C1-Cs alkyl, Ci-Co alkoxy, or {1-Ce haloalkyl,

{0228 Embodiment 22: A compound of Formula 1V:

Ry (V)
or a pharmaceutically acceptable salt or prodrug thereof, wherein:
ZrisNa™ K or H;
L s abond, {(CHon, or Co-Cs branched alkyl;
nis 0, 1, 2.3 ord;
X 18 -NH- or -C{=0}-;
cach R, and Ry are independently hydrogen, halogen, -CN, -NQO:, C-Cs alkyl,
C1-Cs alkoxy, C1-Cs haloalkyl, or C1-Cs haloalkoxy.

{02381  Embodiment 23 The compound of clamm 22, wherein:

fé‘
JdN
23p-, -CH(CH:Y, M , X _or X

1 s a bond, ~{({H

nisQ, 1, 2or3.

cand

{0231] Embodiment 24: The compound of embodiment 22 or embodiment 23, wherein
each R, and Ry are each independently hydrogen, halogen, -ON, -NO», -Ca alkyl, 4-Ca
alkoxy, C1-Cq haloalkyl, or Ci-Cyq haloalkoxy.

{6232} Embodiment 253: A compound selected from the group consisting of:
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Has k
(’m}mf " /\’ >

N \4\/!&
Y-

ZY SHO6(S- telmisartan)

/\/chs' Ko

7Y SHO4(S- Gemfibrozil)

SNa

e 4

ZYSH21(S- diclofenac)

Q - &
oS Na
. H
ZYSHO8 (Oxaprozin) ZYSAL2

(B-indolepropionic acid)

LYS5B0O4

o)
N\M/\«';’g\“ *
8 Na i
ZYSBO7 ZYSBOs
Lo
o] e -
/W\M/\fwﬁ\sn g Na
ZYSBOS
ZYSBO9

and a pharmaceutically acceptable salt or prodrug thereof,

{82331 Embodiment 26: A phammaceutical composition comprising a compound of any one

of claims 1 to 25 and a pharmaceutically acceptable carrer,
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#2341 Embodiment 27 A kit comprising a compound of any one of embodiments 1 10 25
p g p ¥

or a pharmaccutical composttion of embodiment 26.

{0235} Embodiment 28 A method of ireating or preventing a cerebrovascular disease, an
anti-inflammatory condition, theumatic or rheumatoid arthritis, gout, high blood pressure, a
high blood lipids condition, or liver toxicity in a subject, compusing administering to the
subject an effective amount of a compound of any one of embodiments 1 to 23, ora

phamaceutical composition of embodiment 26.

{0236} Embodiment 29: The method of embodmment 28, wherein the compound is an

antipyretic or an analgesic compound.

{02371 Embodiment 30: The method of embodiment 28 or embodiment 29, wherein the

compound reduces liver toxicity on GSH depletion or mitochondrial damage

[6238] Embodiment 31 A compound comprnising a thiocarboxylic actd moiety, wherein the

compound releases hydrogen sulfide under enzyme-catalyzed conditions.

[023%] Embodiment 32: The compound of embodiment 31, wherein the compoundis a

thiolated sartan compound.

{02481  Embodiment 33 The compound of embodiment 32, wherein the thiolated sartan

compound 1s thiolated valsartan, thiolated eplosartan, or thiolated timosartan.

[0241] Al references throughout this apphication, for example patent documents, including
issued or granted patents or equivalents and patent application publications, and non-patent
literature documents or other source material are horeby incorporated by reference herein in

their entireties, as though imdividually incorporated by reference.

102427 Al patents and publications mentioned in the specification are indicative of the
tevels of skill of those skilled 1o the art to which the wvention pertamms. References cited
herein are incorporated by reference herein in their entivety to indicate the state of the art, in
some cases as of their filing date, and it is intended that this mformation can be employed
herem, if needed, to exclude (for example, 1o disclaim) specific enmbodiments that arc in the

prior art.

8243] When a group of substitucnts 15 disclosed herein, # 1s understood that all individual
members of those groups and all subgroups and classes that can be formed using the

substituents are disclosed separately. When a Markush group or other grouping 18 used
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hereim, all individual members of the group and all combinations and sub-combinations
possible of the group are intended to be individually included m the disclosure. As used
heremn, “and/or” means that one, all, or any combination of 1iems in a list separaied by
“and/or” are included in the hist; for example, 1, 2 and/or 37 is equivalent to 1, 2, 3, T and 2,

Tand 3, 2and 3, or |, 2 and 37

{0244] Every formulation or combination of components described or exemplified can be
used to practice the invention, urdess otherwise stated.  Specific names of matenals are
intended to be exemplary, as it is known that one of ordinary skill in the art can name the
same material differently. It will be appreciated that methods, device elements, starting
materials, and synthetic methods other than those specifically exemplified can be employed
in the practice of the mvention without resort to undue experimentation. Al art-known
functional equivalents, of any such methods, device clements, starting matenials, and
synthetic methods are mtended to be included in this mvention. Whenever a range is given in
the specification, for example, a temperature range, a time range, or a composition range, all
intermediate ranges and subranges, as well as all individual values included 1o the ranges

given are infended to be included in the disclosure.

0245] The terms and expressions which have been emploved are used as terms of
description and not of limifation, and there is no mtention in the use of such terms and
expressions of exclading any equivalents of the feabires shown and described or portions
thereof, but it is recognized that vanous modifications are possible within the scope of the
invention claimed. Thus, it should be understood that although the present invention has
been specifically disclosed by examples, embodiments, and optional features, modification
and variation of the concepts herein disclosed may be resorted to by those skilled in the art,
and that such modifications and vanations are considered to be withun the scope of this

mvention as defined by the appended claims.
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WHAT IS CLAIMED IS

i A compound of Formula b

R 1
Y
R?‘/"\<\,>k L;I/J\SE} z@ M

or a pharmaceutically acceptable salt or prodrug thereof, wherein:

Z isNa K" orH":

A 13 substituted or unsubstituted Ce~Cop ary! or substituted or unsubstituted
C5-Cop heteroarvi;

L1 s a bond, {(CHoln-, Co-Cs branched alkyf, -O-{CH23-C{CHs )2,
~BsC(=0NHRe-, -O-{CHzh-. o1 -O-{CH2}n-0-;

nisQ,1,2,3, 4,5, 6,7 or8 and

each R; and Roare independently hyvdrogen, halogen, -CN, -NGO», C-Cs alkyl,
Ci-Cs alkoxy, C1-Us haloalkyl, Ci-Cs haloatkoxy, ~SONR:Ry-, Cs-Cio aryl, or T3-Cio

heteroarvl, wherein each Rz, R4, Rs, and Re are mdependently hydrogen or Ci-Ce alkevl.

2. The compound of claim 1, wherein A is substituted or unsubstituted

Ce-Ciro arvl or substituted or unsubstituted Cs-Cip heteroaryl.

3. The corapound of claio 1 or elaim 2, wheremn A 1s phenvl, naphthvl,
anthracenyl, oxazolvl, pyrrolvl, furanyi, thiophenvl, imidazolyl, thiazolyl, pyrazolvl,
pyrimidyl, quimolyl, isoquinolyl, purinyi, acridyl, carbazolyl, cinnolyl, quinazolinyl, indolyl,
benzvltriazolvl, benzothiophenevl, benzo{fluranvl, isoxazolyl, ndolyl, pyrazinyl, pvadazinvi,

pyridmnyl, tetrazolvl, trizinyvl, or carbazolyvl.

4. The comapound of any one of claims | to 3, whercin Liisa

bond, {CHz}a-, Co-Us branched alkyl, ~-O-{CHz}a~-C{CHz)z-, or -RsC{=0G)NHR-.

5. The compound of any one of claims | to 4, whercin:

Liis a bond, -{CH2)e-, -CH{CH:)-, N . Yﬁ)\ , M

, ~O-{CH2)- C{CHz)p-, o1 -RsC(=0NHR-,

. The compound of any one of claims 1 to 4, whereinnis 0, 1,2, 3, or 4.
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7. The compound of any one of claims 1 to 6, wherein Ry is hydrogen,

halogen, -UN, -NO», C1-Cs alkyl, Ce-Cio aryl, or C3-Cro heteroarvl,

8. The compound of any one of claims 1 to 7, wherein Ry is hydrogen,
halogen, -CN, -NOq, methyl, ethvl, propvi, ssopropyl, butvl, tert-butyl, phenyl, naphthyl,

anthracenyl, oxazolvl, pyirolvl, furanyl, thiophenyl, imidazolvl, or thiazolvl.

9. The compound of any one of claims 1 o §, wherein Ry is hvdrogen,
halogen, -CN, -NQ;, €-Cs alkyl, Ci-Ts alkoxy, Ci-Us haloalkyl, €1-Ce
haloaltkoxy, -SGNR3Ry-, Cs-{ig aryl, or Ca-Cio heteroaryl,

13, The compound of any one of claims 1 to 9, wherein Rz is hydrogen,
halogen, -CN, -NO», methyl, ethvl, propyl, isopropyl, butvl,
tert-butyl, methoxv, ethoxy, propoxy, propoxyl, butoxy, cyclopropoxy, evelobutoxy, ~-CHCI,
~CFz, -CHCF3, ~-CHyCCls, -500NRaRu-, phenyl, naphthvl, anthracenyl, oxazolyl, pyrrolyl,

furanyl, thiophenyl, imidazolvi, or thiazolvi.

1. The compound of any one of claims 1 to 10, wherein cach Ra, Ry, Rs,

Rs are cach independently Ci-Cs alkyl

12. The compound of any one of claims 1 to 11, wherein each Rs, By, Rs,

R are cach independently methyl, ethyl, propvl, isopropyl, butyl, or tert-butyl.

13. A compound of Formula It

RTS7Z g
or a pharmacetically acceptable salt or prodrug thereof, wherein:
ZisNa", K" or H: and
R’ 13 substituted or unsubstituted alkyi, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted bridged cycloalkyl, or substituted or unsubstituted

spirocycloalkyl.

14, The compound of claim 13, wherein each R has at least one
substitaent and wherein the at least one substituent is selected from the group consisting of

halogen, ~OH, -CN, -NO2, and C1-Cs alkyl
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15, The compound of ¢laim 13 or claim 14, wherein R' 18 substituted or
unsubstituted (2-Cs branched alkyl, substituted or ansubstituted Ci-Con straight chain alkyl,

substituted or unsubstituted Cs-Cs cvcloalkyl, or substituted or unsubstituted Cs-Cis bridged

cveloalkyl.
16, A compound of Formula HI:
O
i
L\ O.®
Py sz

Re i E g‘R?

Ry (11D

or a pharmagceutically acceptable salt or prodrug thereof, wherein:

Z s Na", K" orH";

Lo 13 a bond, (CHou-, or Cp-Co branched alkyl;

nis O 12, 3, ord;

Ry 1s hvdrogen or Ci-Cs alkyl;

Rg 18 hydrogen, ~C(=0)-Rig, C1-Cs alkyl, C1-Cs alkoxy, C1-Ces haloalkyl, or
{1~Cs haloatkoxy, wherein Ryg 18 substituted or unsubstituted Ce-Cio arv] or substituted or
unsubstituted C5-Cio heteroary!, wherein when substituted by a substituent, the substituent is
selected from the group consisting of halogen, ~-OH, -CN, -NO-, C-Cqalkyl, C1-Ca alkoxy,
and Ci-Cs haloalkyl; and

Ro 1s hyvdrogen, halogen, -CN, -NO, Ci-{s alkyl, C1-Cs alkory, C1-Cs

haloalkvl, or C1-Cs haloalkoxy,

17.  'The compound of claim 16, wherein:
,{,;2 IS "(CHZ);}"; al’id

nisQ b 2or3

18, The compound of claim 16 or claim 17, wherem Ry is hvdrogen or

Ci-Caalkyl.

19, The compound of any one of claims 16 to 18, wheretn Ry 18 methvi,

ethyl, propyl, isopropyl, butvl, or tert-butyl.

20, The compound of any one of claims 16 to 19, wheren:
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Rx is hydrogen or ~C(=0}-Rie, wherein Ryg 15 substituted or unsubstitited
phenvl, substitited or unsubstibited naphthalenyl, substituted or unsubstituted anthracenyl,
substituted or unsubstituted oxazolvl, substituted or unsubstituted pyreolyl, substituted or
unsubstituted furyl, substitited or unsubstituted thiophenyl, substituted or unsubstituted
imidazolyl, substitoted or unsubstitoted thiazolyi, substituted or unsubstituted pyrazolyl,
substituted or unsubstituted pyrimidmyl, or substituted or unsubstituted quinolyl, and wherem
when substituted by a substituent, the substituent 1s selected from the group consisting of

halogen, -OH, -UN, -NO», methyl, ethyl, propyvl, isopropyl, butyvl, and tert-butyl.

21, The compound of any one of claims 16 to 20, wherein Ry is hydrogen,

halogen, -CN, -NOz, {1-Cs alkyl Ci-Us alkony, or Ci-Cshaloalkyl,

22. A compound of Formula IV:
s@z@
Ry L
N n T o
PR
Ro avy

or a pharmaceutically acceptable salt or prodrug thercof, wherein

Z isNa" K or H';

Lz s abond, «(CHon-, or C2-Cs branched alkyl;

nisQ, 1,2, 3, ord;

X 18 -NH- or ~-C(=0}~;

gach R, and Rs are independently hyvdrogen, halogen, -CN, -NQO;, C-Cs alkyl,
C1-Cs alkony, €1-Cs haloalkyl, or C1-Cs haloalkoxy.

23, The compound of claim 22, wherein:

N y,l\:‘:& i’e{*l\»r“"%}iy |

Lz s a bond, (CH2)o-, -CH{CHzY, nd

nisQ, 1, 2or3.

24, The compound of ¢claim 22 or claim 23, wherein sach R, and Ry are
cach mdependently hyvdrogen, halogen, -CN, -NO», Ci~Cy alkyl, C-Cy alkoxy, C-Cs
haloalkyl, or C5-Cy haloalkoxy.

25 A compound sclecied from the group consisting of!
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26, A pharmaccutical composition comprising a compound of any one of

claims 1 to 25 and a phammaceutically acceptable carnier.

27, A kit comprising a compound of any one of claims 1to 25 ora

pharmaceutical composition of claim 26,

2%, A method of treating or preventing a cerebrovascular disease, an
anti-inflammmatory condition, theumatic or rheumatoid arthritis, gout, high blood pressure, a
high blood bipids condition, or liver toxicity in a subject, compnising admimstering to the
sabject an effective amount of a compound of any one of claims 1 to0 25, or a pharmaceutical

composition of claim 26,

29, The method of claim 28, wherein the compound is an antipyretic or an

analgesic compound.

30, The method of claim 28 or claim 29, wherein the compound reduces

liver toxaeity on GSH depletion or mitochondnal damage

31, A compound comprismg a thiocarboxyhic acid motety, wherein the

compound releases hydrogen sulfide under enzyme-catalyzed conditions.

32, The compound of claim 31, wherein the compound is a thiolated sarian

compound.

33, The compound of claim 32, wherein the thiolated sartan compound is

thiolated valsartan, thiolated eplosartan, or thiolated ttmosartan,
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