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ANTIMICROBIAL AND ANTIVIRAL SULFUR CONTAINING
GLYCEROL MONOESTER DERIVATIVES

CLAIM OF PRIORITY
[6061] This patent application claims the benefit of priority to U.S. Application
Serial No. 16/948,453, filed September 18, 2020, which 1s incorporated by

reference herein in 1S entirety.

TECHNICAL FIELD
{0002} The present teachings relate generally to novel sulfur containing glycerol

mono-ester dertvatives and methods useful for treating infections.

BACKGROUND
[8063] Microbial and viral infections continue to be important problems,
mcluding the microbial development of antibiotic resistance. It is therefore
crucial that effective new therapeutic and/or prophylactic antimicrobial agents
that are both inexpensive and logistically sumple to deliver to appropriate
subjects continue to be developed.
[9084] Glycerol monolaureate {GML}Y has been shown extensively o have
antimicrobial activity against a plethora of organisms (see for example in Table
{ within Schlievert and Peterson in PLoS ONE; July 2012, 7, 40350} excerpted
below.

Table 1. Spectrum of antibactenal activity of GML (From Schhievert 2012).

Bacterinm Gram or | Oxygen Strains | Average
{Mher Tolerance Tested | Bactericidal
Stain Concentration
{mg/ml)
Staphyiocoocus Positive | Aercbe 54 300
aureus
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Bacterium Gram or | Oxygen Strains | Average
{ther Tolerance Tested | Bactericidal
Stain Concentration
{mg/mi)

Streptococcus Positive | Aerctolerant | 4 30
pyogenes Anaerobe
Streptococcus Positive | Aerotolerant | 3 30
agalactiae Anaerobe
Group £ Positive | Aerotolerant | 1} 30
Streptococcus Anaerobe
Group F Positive | Aerctolerant | | 20
Streptococcus Anaerobe
Group G Positive | Aerotolerant | 1 50
Streptococcus Anaerobe
Streptococcus suis Positive | Aerotolerant |} 50

Anaerohe
Streptococcus Positive | Aerotolerant | 1 56
sanguines Anaerobe
Streptococcus Positive | Aerctolerant | 2 10
preumoniae Anaerobe
Serotype TH
Enterococous Positive | Aerotolerant | 1 100
faecalis Anaerobe
Listeria Positive | Aerobe i 50
monocytogenes
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Bacterium Gram or | Oxygen Strains | Average
{ther Tolerance Tested | Bactericidal
Stain Concentration

{mg/mi)

Bacilius anthracis Positive | Aerobe i 50

Sterne

Bacilius cereus Positive | Aerobe i 50

Pepiosireplococcus | Positive | Anaerobe 1 i

species

Clostridium Positive | Anaerobe i 1

perfringens

Neisseria Negative | Aerobe I 20

gonorrhoeae

Haemophilus Negative | Aercbe 2 50

mfluenza Non-

typable

Gardnerella Wegative | Aerobe 2 10

vaginalis

Campylobacter Negative | Aercbe i i

jejun

Bordetelia Wegative | Aerobe 1 1

bronchiseptica

Pseudomonas Negative | Aerobe i Not Susceptible

ASTULINGSa

Burkholderna Negative | Aerobe i 500

Cenocepacia

(V%]



WO 2022/061365 PCT/US2021/071500

Bacterium Gram or | Oxygen Strains | Average
{ther Tolerance Tested | Bactericidal
Stain Concentration

{mg/mi)

Pasteurella Negative | Aercbe i 500

muttocida

Prevotella Wegative | Anaerche i 50

melaninogenica

Bacteroides fragilis | Negative | Anaerobe 2 56

Fusobacterium Negalive | Anaerobe i 50

specias

Escherichia colt Negative | Aerobe 2 Not Susceptible

Salmonella Negative | Aerobe i Not Susceptible

Minngsota

Enterobacter Negative | Aerobe i Not Susceptible

aerogenes

Proteus vulgans Negative | Aerobe 1 Not Susceptible

Shigella sonnei Negative | Aerocbe i Not Susceptible

Klebsiella Negative | Aerobe | Mot Susceptible

prieumoniag

Mycobacterium Acid Fast | Aercbe 1 100

phler

My cobacterium Acid Fast | Aerche i 160

tuberculosis
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Bacterium Gram or | Oxygen Strains | Average
{ther Tolerance Tested | Bactericidal
Stain Concentration
{mg/mi)
Mycoplasma Cell Wall | Aerobe i i
hominis deficient

[00058] While GML can treat clostridium difficile and Bacillus (Schlievert et al|
M5 phere November/December 2018 Volume 3 Issue 6 e(0597-18), as well as
kill all envelope virus (Patrick M. Schlievert et al; ANTIMICROBIAL AGENTS AND
CHEMOTHERAPY, Dec. 2008, p. 4448-4454), a more recent paper {Welch, Jennifer
L. etal; mBio: 2020 May 5:11(3).¢00686-20.) reports that GML is not effective
against Escherichia coli (e, coli).

[8066] Drug-resistant infections are the cause of hundreds of thousands of
deaths every vear. There exists a need for new antibiotics that are able to kil

drug-resistant bacteria.

SUMMARY

{8067] The instant disclosure relates to compounds of Formuda (I},
S

R"”U\x’\(\oRS
R

wherein:

. ¥, or, taken together with
the carbon to which they are attached, R? and R’ may form a 3- to 5-membered
aliphatic carbocyelic ring;
R*is H, alkyl, alkenvl, arvl, cycloalkvl, heterocyelvi, or heteroaryl; and
XisQor S

or a pharmaceutically acceptable salt thereof.
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{8008} The disclosure also provides pharmaceutical compositions comprising
one or more compounds of formuda (1) and an acceptable pharmaceutical carrier.
{0009} This disclosure further provides a method of treating an infectionin a
subject suffering therefrom, comprising administering o the subject suffering

5 therefrom a compound of formula (I).
[6018] These and other {eatures, aspects and advantages of the present
disclosure will become better understood with reference to the following figures,

associated descriptions, and claims.

10 BRIEF DESCRIPTION OF THE FIGURES
[8011] Figures 1A-1B are the results of staphylococcus aureus MNE cultured
with various concentrations of GML, SGML, and S2GML
{0012} Figures 2A-2B are the results of inhibition of TSST-1 by GML, SGML,
and SZGML.

15 {8013] Figure 3 is the result test conducted with E. coli and GML, SGML, and
S2GML.
{8014 Figure 4 15 the photograph of esterase activity of two Staphylococcus
aureus sirains treated with GML, SGML, and 82GML.

20 DETAILED DESCRIPTION
{8015} While the concepts of the present disclosure are illustrated and described
in detail in the figures and descripiions herain, resulis in the figures and their
description are to be considered as examples and not restrictive in character; it
being understoond that only the illustrative embodiments are shown and described

25 and that all changes and modifications that come within the spirit of the
disclosure are desired to be protected.
[8016] Unless defined otherwise, the scientific and technology nomenclatures
have the same meaning as conunonly understood by a person in the ordinary
skill in the art pertaining to this disclosure.

30 [8017] The entire contents of each and every patent publication, non-patent
publication, and reference text cited herein are hereby incorporated by reference,

except that in the event of any inconsisient disclosure or definition from the
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present specification, the disclosure or definition herein shall be deemed to
prevail.
[8018] In each of the foregoing and each of the following embodiments, it1s o
be understood that the formulae include and represent not only all
5 pharmaceutically acceptable salts of the conjugate formulae, but it is appreciated
that certain functional groups, such as the hydrosy and like groups form
complexes and/or coordination conjugates with water and/or various solvents, in
the various physical forms of the compound of formula (). It is understood that
the forroulae depicted throughout the disclosure are include and represent
10 hydrates and/or solvates of compounds of formula {I). 1t 1s also to be understood
that the non-hydrates and/or non-solvates of compounds of formula (1} are
deseribed by such formula, as well as the hydrates and/or solvates of the

compounds of formula (I).

15 Definitions
{0019} For convenience, before further description of the present disclosure,
some terms emploved in the specification, examples and appended claims are
coliected here. These definitions should be read in light of the remainder of the
disclosure and understood as by a person of skiil in the art. Unless defined
20 otherwise, all techmical and scientific terros used herein have the same meaning
as commonly understood by a person of ordinary skill in the art.
{8028] In order for the present disclosure to be more readily understood, some
ierms and phrases are defined below and throughout the specification,
10021} The articles “a” and “an”™ are used herein to refer to one or to more than
25 one (e, to at least one) of the grammatical object of the article. By way of
example, “an element” means one element or more than one element.
[68022] The phrase “and/or,” as used herein in the specification and in the claims,
should be understood to mean “either or both” of the elements so conjoined, ie.,
elements that are conjunctively present in some cases and disjunctively present
30 in other cases. Multiple elernents listed with “and/or”™ should be construed n the
same fashion, 1.2, “one or more” of the elements so conjoined. Other elements
may optionally be present other than the elements specifically identified by the
“and/or” clause, whether related or unrelated to those elements specifically

7
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identified. Thus, as a non-limiting example, a reference {0 A and/or B”, when
used in conjpunction with open-ended language such as “comprising” can refer, in
one ernbodiroent, to A only {optionally including elements other than B); in
another embodiment, to B only (optionally inchuding elements other than A}, in
5 vet another embodiment, 1o both A and B (optionally including other elementis);
eic.
18023] As used herein in the specification and in the claims, “or” should be
understood to have the same meaning as “and/or” as defined above. For
example, when separating iteros in g list, “or” or “and/or” shall be interpreted as
10 bemginclusive, 1.e., the inclusion of at least one, but also including move than
one, of a number or list of elements, and, optionally, additional unlistad items.
Oniy terms clearly indicated to the contrary, such as “only one of” or “exactly
one of,” or, when used in the claimns, “consisting of,” will refer to the inclusion
of exactly one element of a number or fist of elemends. In general, the term “or”
15 as used herein shall only be interpreted as indicating exclusive alternatives {ie.,
“one or the other bui not both™) when preceded by terms of exclusivity, such as

°> 4C

“either,” “one of,” “only one of,” or “exactly one of.” “Consisting essentially
of,” when used in the claims, shall have #ts ordinary meaning as used in the field
of patent law.

20 [8024] As used heremn in the specification and 1n the claums, the phrase “at least
one,” i reference to a list of one or more elements, should be undersiood to
mean at least one element selected from any one or more of the elements in the
hist of elements, but not necessarily mcluding at least one of each and every
element specifically listed within the list of elements and not excluding any

25 combinations of elements in the list of elements. This definition also allows that
elements may optionally be present other than the elements specifically
wdentified within the hist of elements to which the phrase “at least one” refers,
whether related or unrelated to those elements specifically identified. Thus, as a
non-limiting example, “at least one of A and B” (or, equivalently, “at least one

30 of Aor B, or, equvalently “at least one of A and/or B”) can refer, in one
erobodirnent, to at least one, optionally including more than one, A, withno B
present {and optionally including elements other than B): in another
embodiment, to at least one, optionally inchuding more than one, B, with no A

8
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present {and optionally including elements other than A); in yet another
ermnbodiment, to at least one, optionally including more than one, A, and at least
one, optionally inchuding roore than one, B (and optionally jucluding other
elements); eic.

[6025] It should also be undersiood that, unless clearly indicated to the contrary,
n any roethods claimed herein that include more than one step or act, the order
of the steps or acts of the method is not necessarily limuted to the order in which
the steps or acts of the method are recited.

[8026] In the claims, as well as in the specification above, all transitional

EARESS

£

phrases such as “comprising,” “including,” “carrving,” “having,” “contairung,”

> >

“involving.” “holding,” “composed of,” and the like are to be understood to be
open-ended, t.e., {0 mean including but not himited to. Only the transitional
phrases “consisting of” and “consisting essentially of” shall be closed or senu-
closed transitional phrases, respectively, as set forth in the United States Patent
Office Manual of Patent Examining Procedures, Section 2111.03.

{0027} Varnious compounds contained 1o compositions of the present disclosure
may exist in particular geometric or stereoisomeric forms. In addition, polvmers
of the present disclosure may also be optically active. The present disclosure
cortemplates all such compounds, including cis- and trans-isomers, - and 5-
enantiomers, diastereomers, {D)-isomers, {L}-isomers, the racermic nuxiures
thereof, and other mixtures thereof, as falling within the scope of the disclosure.
Additional asvmmetric carbon atoms may be present in a substituent such as an
allyi group. All such isomers, as well as mixtures thereof, are intended to be
mcluded in this disclosure.

[9028] If, for instance, a pariicular enantiomer of compound of the present
disclosure is desired, 1t may be prepared by asymmetric synthesis, or by
desivation with a chiral aaliary, where the resulting diastereomeric mixture is
separated and the auxihiary group cleavad to provide the pure desired
enantiomers. Alternatively, where the molecule contains a basic functional
group, such as amino, or an acidic fonctional group, such as carboxyl,
diastereomeric salts are formed with an appropriate optically-active acid or base,

foliowed by resolution of the diastereomers thus formed by fractional

9
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crystallization or chromatographic means well known in the art, and subsequent
recovery of the pure enantiomers.

[8029] Structures depicted herein are also meant 1o include compounds that
differ only m the presence of one or more isotopically enriched atoms. For
example, compounds produced by the replacement of a hydrogen with deuterium
ot tritium, or of a carbon with a C- or M¥C-enriched carbon are within the scope
of this disclosure.

18036] The term “prodrug”™ as used heretn encompasses compounds that, under
physiclogical conditions, are converted into therapeutically active agents. A
comnmon method for making a prodrug 15 to include selected moieties that are

hyvdrolyzed under physiological conditions to reveal the desired molecule. The

[ P
AOTS
WD

-y

3
VAT
FUUNLS

N

vy

disclosed compound or a pharmaceutically acceptable salt, hydrate or solvate of
the compound. The transformation may occur by various mechanisms, such as
through hydrolvsis in blood. For example, if a compound of the invention or a
pharmaceutically acceptable salt, hydrate or solvate of the compound contains an
alcohol functional group, a prodrug can be formed by the replacement of the
hvdrogen atom of the hvdroxy group with a desired group. For example: an
ester, an oxygenated esler, an oxaester, pegylated ester, a hvdroxylaied ester, an
aliyi ester, an amimo ester, an alkylamino ester, a dialkylanuno ester, a
irtatkviammonium ester, a carbonaie, an alkvl carbonate, an amino carbonate, an
alkvlamino carbonate, a dialkviamuno carbonate, a trialkviammonium carbonale,
a carbamate, an alkvl carbamate, an amino carbamate, an alkviamino carbamate,
a dialkviamino carbamate, a triatkylammoniom carbamate, a substituied
phosphate ester, an unsubstituted phosphate ester, an unsubstituted diphosphaie
ester, a substituted diphosphate ester, an unsubstituted triphosphate ester, a
substituted triphosphate ester, a phosphonate ester, a substituted sulfate esters, an
unsubstituted sulfate esters, a suiphonate ester, an alpha-acvioxyalkyl, an alpha-
phosphoryloxyalkyl, or an alpha-sulphonvioxyalky.

{0031} The phrase “pharmaceutically acceptable excipient” or “pharmaceutically
acceptable carrier” as used herein means a pharmaceutically acceptable material,
composition or vehicle, such as a liquid or solid filler, difuent, excipient, solvent

10
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or encapsilating material, involved in carrying or fransporting the subject
chemical from one organ or portion of the body, to another organ or portion of
the body. Each carrier moust be “acceptable” iu the sense of being compatible
with the other ingredients of the formulation, not injurious to the patient, and
5 substantially non-pyrogenic. Some examples of materials which can serve as
pharmaceutically acceptable carriers mnclude: (1) sugars, such as laciose,
ghucose, and sucrose; {2} starches, such as corn starch and potato starch; (3)
cellulose, and its denivatives, such as sodium carboxymethyl cellulose, ethyl
cellulose, and cellulose acetate; (4) powdered tragacanth; (3) malt; {6) gelatin;
10 {7)tale; (&) excipients, such as cocoa butlter and suppository waxes; {9} oils,
such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, com cil,
and sovbean oil; (10} glveols, such as propvlene glycol; (11) polyols, such as
glyeerin, sorbitol, mannitol, and polvethvlene glveol; (12) esters, such as sthyvl
oleate and ethyi laurate; (13} agar; (14) buffering agents, such as magnesium
15 hydroxide and aluminum hydroxide; (15) alginic acid; (16) pvrogen-free water;
{17y isotonic saline; (18) Ringer’s solution; {19} ethyl alcohol; (20} phosphaie
buffer solutions; and (21} other non-toxic compatible substances emploved 1n
pharmaceutical formulations. Pharmaceutical compositions of the present
disclosure can be non-pyrogenic, i.e., do not induce significant temperature
20 elevations when admirustered to a patient.
{8032} The term “pharmaceutically acceptable salts™ refers to the relatively non-
toxic, inorganic and organic acid addition salts of the compound(s}. These salts
can be prepared in situ during the final 1solation and purification of the
compound(s), or by separatelv reacting a purified compound(s) in 1ts free base
25 form with a suitable organic or inorganic acid, and 1solating the salt thus formed.
Representative salts include the hydrobromuide, hvdrochlornide, sulfate, bisulfate,
phosphate, nitraie, acetate, valerale, oleate, palmitate, stearate, laurate, benzoate,
tactate, phosphate, tosvlate, citrate, maleate, fumarate, succinate, tartrate,
naphthylate, mesylate, gluccheptonate, lactobionate, and laurylsuiphonate salts,
30 and the hike (See, for example, Berge ¢t al. (1977) “Pharmaceutical Salts”, J
Pharm. Sci. 66:1-19)
[8033] In other cases, the compounds useful in the methods of the presant
disclosure may contain one or more acidic functional groups and, thus, are

11
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capable of forming pharmaceuiically acceptable salis with pharmaceutically
acceptable bases. The term “pharmaceutically acceptable salis™ in these
mstances refers to the relatively non-toxic inorganic and organic base addition
salts of a compound(s). These salts can likewise be prepared in situ during the
final isolation and purification of the compound(s), or by separately reacting the
purified compound(s) in its free acid form with a suitable base, such as the
hvdroxide, carbonate, or bicarbonate of a pharmaceutically acceptable metal
cation, with ammonia, or with a pharmaceutically acceptable organic primary,
secondary, or tertiary amine. Representative alkali or alkaline earth salis include
the lithium, sodium, potassium, calcium, magnesium, and alurmimum salts, and
the like. Representative organic amines usefd for the formation of base addition
salts include ethylamineg, diethylamine, ethyvienediamine, ethanolamine,
diethanclanune, piperazineg, and the hike (see, for example, Berge et al., supra).
[9034] A “therapeutically effective amount” {or “effective amount™) of a
compound with respect to use in treatment, refers to an amount of the compound
in a preparation which, when admirustered as part of a desired dosage regiroen
{0 a mammal, such as a human) alleviates a symptom, ameliorates a condition,
or slows the onset of disease conditions according to chinically acceptable
standards for the disorder or condition to be ireated or the cosmetic purpose, e.g.,
at a reasonable benefit/risk ratio applicable to any medical treatroent.

{8035} The term “prophylactic or therapeutic” treatment is art-recognized and
includes administration to the patient of one or more compound of the
disclosure. If it 15 administered prior to chinical manifestation of the unwanied
condition {e.g., disease or other unwanted state of the host animal} then the
treatment is prophylactic, {i.e., it protects the host against developing the
unwanted condition), whereas if it 18 administered after manifestation of the
unwanied condition, the treatment s therapeutic, {t.e., it 1s intended to dimimsh,
ameliorate, or stabilize the existing unwanted condition or side effecis thereof),
{8036} The term “patient” or “subject” refers to a mammal in need of a particular
ireatment. A patient or subject can be a primate, camine, feling, boving, or
equine. A patient or subject can be a bird. The bird can be a domesticated bird,

such as chicken. The bird can be a fowl. A patient or subject can be a human.
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{8037} An aliphatic chain comprises the classes of alkyl, alkenyl and alkynyl
defined below. A straight aliphatic chain is hmuled to unbranched carbon chain
moteties. As used herein, the term “aliphatic group” refers to a straight chain,
branched-chain, or cyclic aliphatic hvdrocarbon group and includes saturated
5 and unsaturated aliphatic groups, such as an alkyl group, an alkeny! group, or an
alkvovl group,
19038] “Alkyl” refers to a fullv saturated cyclic or acvclic, branched or
unbranched carbon chain moiety baving the number of carbon atoms specified,
or up to 30 carbon atoms if no specification 15 made. For example, alkyl of [ to 8
10 carbon atoms refers to moteties such as methyl, ethvl, propyl. butyl, penivi,
hexvl, heptyl, and octyl, and those moieties which are positional isomers of these
moieties. Alkyl of 10 to 30 carbon atoms inchudes decvl, undecyl, dodecyl,
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl,
eicosyl, heneicosyl, docosyl, tricosyl and tetracosyl. A straight chain or branched
15 chain alkvi can have 30 or fewer carbon atoms in its backbone (e.g., Ci-Czo for
straight chains, Cs-Cse for branched chains), or 20 or fewer. Alky] groups may
be substituted or unsubstituted.
{0039} As used herein, the term “alkylene” refers to an alkyl group having the
specified number of carbons, for example from 2 to 12 carbon atoms, that
20 contains two points of attachment to the rest of the compound on its longest
carbon chain. Non-limiting examples of alkylene groups include methylene -
{CH»)~, ethvlene -(CH2CH: 3+, n-propylene «(CHCH>CH: 3, isopropylene -
{CHCH(CH3))-, and the ke, Alkyvlene groups can be cyelic or acyclic,
branched or unbranched carbon chain motety, and may be optionally substituted
25 with one or more substifuents.
{0048} "Cycloalkyvl™ means mono- or bicyclic or bridged or spirocvclic, or
polyevelie saturated carboeyclic rings, each having from 3 to 12 carbon atoms.
Cycloalkyis can have from 3-10 carbon atoms in their ring structure, or 3-6
carbons in the ring structure. Cycloalkyl groups may be substituted or
30 unsubstituted.
{0041} Unless the nurober of carbons s otherwise specified, “lower alkyl,” as
used herein, means an alkyi group, as defined above, but having from one to ten
carbons, or from one to six carbons, or one to four carbons atoms in i1t backbone

1
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structure such as methvl, ethyl, n-propvl, isopropvl, n-butvl, isobutyl, sec-buivi,
and tert-butyl. Likewise, “lower alkenvl” and “lower alkynyl” have simlar chain
fengths. A substituent designated heremn as alkvl can be a lower alkyl,
{0042} “Alkenyl” refers to any cyelic or acyclic, branched or unbranched

5 unsaturated carbon chain mwoiety having the number of carbon atoms specified,
or up to 26 carbon atoms if no limitation on the number of carbon atoms 15
specified; and having one or more double bonds in the moiety. Alkenyl of 6 1o
26 carbon atoms 1s exemplified by hexenvl, heptenyl, oclenvl, nonenyl, decenyl,
undecenvl, dodenvl, tridecenyl, tetradecenyl, pentadecenvl, hexadecenyl,

10 heptadecenyl, octadecenyl, nonadecenyl, ercosenyl, heneicosoeny!, docosenyl,
tricosenyl, and tetracosenyl, in their various isomeric forms, where the
unsaturated bond{s) can be localed anywhere in the moiety and can have either
the (Z} or the (E} configuration about the double bond(s).

{8043} “Alkynyl” refers to hydrocarbyl moieties of the scope of alkenyl, bt
15 having one or more triple bonds in the motety.
{0044} The terro “alkyltheo” refers to an alkyl group, as defined above, having a
sulfur moiety aitached thereto. The “alkyithio” motety can be represented by one
of {(S)-alkyl, -(S)-alkenvi, -(S)-alkynyl, and ~(S)-(CH2)n-Rio, wherein m and Ry
are defined below. Representative alkvithio groups include methvlthio, ethylithio,

20 and the like. The terms “alkoxyl” or “alkoxy™ as used herein refers to an alkyl
group, as defined below, having an oxvgen moiety attached thereto.
Representative alkoxyl groups include methoxy, ethoxy, propoxy, tert-butoxy,
and the hike. An “ether” 1s two hydrocarbons covalently linked by an oxygen.
Accordingly, the substituent of an alkyl that renders that alky! an ether 1s or

25 resembies an alkoxyl, such as can be represented by one of -G-alkyl, -G-alkenyi,

“O-atkynyi, -O-(CH2m-Rio, where m and Ryp are described below,

[8045] The terms “amine” and “amine” are arl-recognized and refer to both

unsubstituted and substituted amines, .g., a moiety that can be represented by

the formulas:

14
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wherein Ry: and Riz each independently represent a hvdrogen, an alkyl, an

alkenyl, «{CH2}w-Ryo, or Ryy and Ry taken together with the N atom to which they

are attached complete a heterocycle having from 4 to 8 atoms in the ring structure;

Ruo represents an alkenvi, aryl, cvcloalkvl, a cycloalkenyl, a heterocvelvi, or a

5 polyvevelyl, and m 18 zero or an integer wn the range of 1 o 8§ Tn various

embodiments, only one of Ryt or Riz can be a carbonyl, eg., Rii, Ru, and the

nitrogen together do not form an imide. in various embodiments, Ry and Ry each

mdependently represent a hvdrogen, an alkvl, an alkenyl, or {(CH2)m- Rio. Thus,

the term “alkylamuine” as used herein means an amine group, as defined above,

10 having a substituted or unsubstituted alky! attached thereto, 1.e., at least one of Ry3

and Ry 18 an atkyl group. An amino group or an alkylamine can be basic, meaning

it has a conjugate acid with a pKa > 7.00, e, the protonated forms of these
functional groups have pK,s relative 1o water above about 7.00.

80461 The term “amide”, as used herein, refers {0 a group
2 > -~

O
K)I\N’R“’
Rss

15 '
wherein each Riz independently represent a hvdrogen or hydrocarbyl group, or
two Ris are taken together with the N atom to which they are attached compleie a
heterocycle having from 4 to 8 atoms in the ring structure.
[08047] The term “aryl” as used herein includes 3- to 12-membered substituted or

20 unsubstituted single-ring aromatic groups in which each atom of the ring is carbon
(t.e., carbocyehie arvl) or where one or more atoms are heteroatoms (ie.,
heteroaryl). Arvl groups can include 5- 1o 1Z-membered rings, or 6~ to 10-
membered rings The term “aryl” also includes polyeyclic ring systems having two
or more cyclic rings in which two or more carbons are common to two adioining

25 rings wherein at least one of the nings is aromalic, e.g., the other cyclic rings can
be cycloalkyvis, cycloalkenyls, cvcloalkvoyls, arvls, heteroarvls, and/or
heterocyclvls,  Carbocyvchic  aryl  groups include  benzene, naphthalene,
phenanthreneg, phenol, aniling, and the like. Hetercaryl groups include substituted
or unsubstituted aromatic 3- to 12-membered ring structures, 5~ o 12-membered

3¢ rings, or 5- to [O0-membered rings, whose ring structures include one to four

15
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heteroatoms. Heteroaryl groups include, for example, pyirole, furan, thiophene,

tmidazole, oxarole, thiazole, triazole, pyrazole, pyridineg, pyravine, pyridazine and

pyrimidine, and the like Arvl and heteroaryl can be monocychie, bicyelic, or

polycvelic. Fach instance of an aryi group may be independently optionally

5  substitnted, /e, onsubsiituled (an "onsobstituted aryl") or substituted {(a

"substituted arvl"} with one or more substifuents; e.g, for nstance from | {0 5

substituents, 1 to 4 substituents, 1 to 3 substituents, 1 to 2 substituents or just 1

substituent. The aromatic ring may be substituted at one or more ring positions

with one or more substituents, such as halogen, azide, atkvl, arvl, alkenyl, alkynyl,

10 cveloalkyl, hydroxvl, alkoxyl, amino, wiro, sulthvdrvl, wuno, armdo,

phosphonate, phosphunate, carbonyl, carboxyl, silvi, ether, alkyithio, sulfonyl,

sulfonamido, ketone, aldehvde, ester, heterocyclyl, aromatic or heteroaromatic

moieties, fluorcalky! (such as influromethyl}, evano, or the hike. For example, the

arvl group can be an unsubstituted Cs-Ciz arvl or can be a substituted Cs~Cio arvl

15 {8048] The term “halo”, “halide”, or “halogen™ as used herein means halogen and

mcludes, for example, and without being limited thereto, fluoro, chioro, bromo,

iodo and the like, in both radicactive and non-radioactive forms. Halo can be
selected from the group consisting of flucro, chioro and bromo.

[8049] The terms “heterocyeiyl” or “heterocyclic group” refer to 3- {0 12-

20 merobered ring structures, 5- to 12-membered rings, or 5- to 10-membered rings,

whose ring structires include one to four heteroatoms. Heterocycies can be

monocyciic, bicvclic, spirocvelic, or polycvelic. Heterocyelyl groups include, for

example, thiophene, thianthrene, furan, pyran, isobenzofuran, chromene,

xanthene, phenoxathiin, pyrrole, imidazole, pyrazole, isothiazole, isoxazole,

25 pvriding, pyrazine, pyrimudine, pvridazine, indolizine, 1soindole, indole, indazole,

purine,  quinolizine, isoquinoline, quinohine, phthalazine, naphthvridine,

guinoxaling, quinazoline, cnnoline, pleridine, carbarole, carboline,

phenanthridine, acridine, pyrnimidine, phenanthroline, phenazine, phenarsazine,

phenothiazine, furazan, phenoxazine, pyrrolidine, oxolane, thiolane, oxazole,

30 piperidine, piperazine, morpholine, lactones, lactams such as azetidinones and

pyrrohdinones, sultams, sultoves, and the Iike. The heterocvelic ring can be

substituted at one or more positions with such substituents as described above, as

for example, halogen, alkvl, aryl, alkenvl, alkvavl, cycloalkvl, hydroxyl, amino,

16
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nitro, sulfthvdryl, imino, amido, phosphate, phosphonate, phosphinate, carbonyl,
carboxyl, silyl, sulfamoyl, sulfinvl, ether, alkvithio, sulfonyl, ketone, aldehyvde,
ester, a heterocvelyl, an aroratic or heteroaromatic motety, -CFs, -CN, and the
fike.

5 {0888} The term “carbonyl” is artrecognived and includes such moteties as can

be represented by the formula:

0 O
{“a/U\X'RM o E/ELRas

wherein X is a bond or represents an oxygen, a nifrogen, of a sulfur, and Ry
represents a hydrogen, an alkyl, an alkenyl, -(CHzin-Rio or a pharmaceutically

10 acceptable salt, Ris represenis a hvdrogen, an alkyl, an alkenvi or {CH2)wRyo,
where m and Rio are as defined above. Where X is an oxygen and Ry or Rys 18
not hydrogen, the formula represenis an “ester.” Where X is an oxygen, and Ry
15 as defined above, the molety 1s referred to herein as a carboxyl group, and
particularly when Ry is a hyvdrogen, the formula represents a “carboxyvlic acid™

15 Where X 15 an oxygen, and Rys is a hvdrogen, the formula represents a “formate.”
In general, where the oxygen atom of the above formuda is replaced by a sulfiw,
the formula represents a “thiocarboryl” group. Where XU 1s a sulfur and Ry or Rys
is not hydrogen, the fornmula represents a “thicester” group. Where X7 is a sulfur
and Ris 18 a hyvdrogen, the formula represents a “thiocarboxylic acid™ group.

20 Where X 1s a sulfur and Rys is a hydrogen, the formula represents a “thioformate”
group. On the other hand, where X 1s a bond, and R4 15 not hydrogen, the above
formula represents a “ketone” group. Where X is a bond, and Ry is a hydrogen,
the above formuda represents an “aldehvde” group.

[6051] As used herem, the term “nire” means -NOo, the term “halogen”

xe]
A

designates -¥F, -Ci, -Br, or -I; the term “sulfthydryvl” means -SH; the term
“hydroxyl” means ~OH; the term “sulfonyl” means ~-SOs-; the term “azido” means
=Ns; the term “cyano” means —CN; the term “isocyanate” means -NCO; the terro
“thiccyanato” means ~SCN; the term “isothiocyanato” means —~NCS; and the term

“eyanato” means ~OCN,
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{8052] As used herein, the defimition of each expression, eg, alkyl, m, n, eic,
when 1 occurs wore than once in any structure, is intended to be independent of

its definition elsewhere in the same structure.
[8053] The term “substituted” refers to moieties having substituents replacing a
5 hvdrogen on one or more carbons of the backbone of the motety. Bt will be
undersiood that “substitution” or “substituted with” mmcludes the tmplicit proviso
that such substitution 15 in accordance with permitted valence of the substituted
atom and the substituent, and that the substitution results in a stable compound,
e.g, which does unot spountancously undergo transformation such as by
10 rearrangement, cvclization, ebimination, eic.  As used herein, the term
“substituted” is contemplated to include all permissible substituents of organic
compounds. In a broad aspect, the permissible substituents include acvclic and
cvelic, branched and unbranched, carbocyclic and heterocyclic, aromatic and non-
aromatic substituents of organic compounds. The permissible substituents can be
15 one or more and the same or different for appropriate organic compounds. For
purposes of this disclosure, the heteroatoms such as mirogen may have hydrogen
substituents and/or any permissible substituents of organic compounds described
herein which satisty the valences of the heteroatoms. Substituents can include any
substituents described herein, for example, a halogen, a hvdroxyvl, a carbonyvi {such
20 as a carboxyl, an alkoxvearbonyl, a formvl, or an acvl), a thiocarbouyl (such as a
thioester, a thioacetate, or a thicformate), an alkoxy, a phosphoryi, a phosphate, a
phosphonate, a phosphinate, an amino, an amido, an amidine, an imine, a cyano,
a nitro, an ando, a sulthyvdryl, an alkvlthio, a sulfate, a sulfonate, a sulfamoyl, a
sulfonamido, a sulfonyl, a heteroevelyl, an arvl, or an aromatic or heteroaromatic
25 moiety. The substituents on substitided alkyls can be selected from (s alkyl, Cs-

s ¢vcloalkyl, halogen, carbonyvl, cyvano, or hyvdroxyl The substifuents on

substituted alkyls can be selected from fluoro, carbonvl, cvano, or hydroxyl It

will be understood by those skilled in the art that substituents can themselves be

substituted, 1if appropriate. Unless specifically stated as “unsubstituted,”
30 references to chemical moleties herein are undersicod to include subsiituled

vartants. For example, reference to an “arvl” group or moiety unplicitly jocludes

both substituted and unsubstituted variants.

[0084] “GML” refers to glycerol monolavreate.

18
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10

EXAMPLES

The mnvention now being generally described, it will be more

(00147

readily understood by reference to the following exaraples, which are included

purposes of iHustration of certain aspects and embodiments of the

merely for

present tnvention and are not intended to limit the invention.

15

Material and Methods

General Chemical Synthesis

{00148

ple

Several methods for the chenucal synthesis of the exam

e

s are described herein. These and/or other well-known methods mav

compound

20

2518 of

e synthe

be modified and/or adapted in known ways 1o order to facilitate th

additional compounds described herein,
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S
~ \\P/O\ "
O~ \SH a2 HX/\?\OR_}
O heating S g4 OR?
Riﬂ\OH or base, €S, le&S*"’ base, solvent
&1 MeY, solvent a3
S optional <
M * 5 deprotection I -
R X/\\C[)/\QR >l X/\X\GH
RE
G5 Ge H
1. R%Y, base g
2. R, pase *
+ Rl’ﬁ\x/‘\&/\m@
2
G7 R
180149} In one approach, certain compounds described herein may

conveniently be prepared by reaction of a suttably substituted carboxyhic acid Gi
with a reagent such as G2 to give an intermediate (G3. Other thionation reagents
may also be used such as Lawesson’s reagent, P4510, Davy’s reagent and other
similar compounds {ollowed by methylation. Aliematively, G3 may be prepared
by deprotonation of G with a strong base such as lithium diisopropylamide,
reaction with carbon disulfide and then a methylating reagent Me, such as
iodomethane. The intermediate G3 can be further wmodified with alcohols or
thiols G4 where R2 and R3 are either protecting groups or variable substituents.
If R2 and R3 are variable substituents, compound G5 would be a final example.
in the case that R2 and R3 are protecting groups, or a single diol protecting
group that forms a cyclic diether, deprotection of intermediate G5 will furnish
(36, which may be a final example or an intermediate. In the case that R2 and
R3 are a cyclic diether protecting group, deprotection can be done convenignily
with agueous acid. There are many other possibilities for R2 and R3 as
protecting groups such as ethers, silvl ethers or esters which roay be distinct or
combined into a single group including both RZ and R3. If an intermediate, G6
can be modified further with R2 and R3 groups to give compounds G7 with

39
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switable reagents R2Y and R3Y where Y is aleaving group such as halogen,
carboxyl or sulfony] group.  Intermediate G4 may either be achiral, racemic or a

single enantiomer.
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Example 1 (SGML)
{60150} Methyl dodecanedithioate (121 Compound 11(1.00 g, 5 mmol)
was added o O,0-dimethyl S-hydrogen phosphorodithioate (5.0 mL) under N2,
The reaction mixture was heated to 130°C for 1.5h. It was cooled to room

5 temperature. Diethyl ether (50 mL} was added to 1t, was washed with saturated
NaHCOs 25 mlX3) and saturated sodium chloride (30 mLX1), dried over
Naz804. It was concentrated by evaporation under reduced pressure. The residue
was purified by sthica columm chromatography (Petrolenm ether) (o give

compound 12 {0.37 g, 46%).

10 [08181] HNMR (300 MHz, CDCLY 8 3.04 (o, J=7.5 Hz ZH), 2.62 (s,
3H) 185~ 178 (m, 2H), 1.37-1.26 (i, 16H}, 0.88 {1,/ =7.2 Hz, 3H).
{00152} O-{(2,2-dimethyi-1,3-dioxolan-4-yimethyl) dodecanethisate

(13): (2,2-Damethyi~1,3-dioxolan~-4-yDimethanol (0.45 ml., 3.60 mmol) was
dissolved in dichloromethane (11 ml) containing sodium methoxide {0.19 g,

15 3.60 mmol}. Compound 12 (.59 g, 2.40 mmol} was added and the solution was
stirred at room temperature for 0.5 h. 1t was concentrated by evaporation under
reduced pressure. Diethyl ether (60 mL} was added to it and washed with water
{15 mL) and saturated sodium chloride (20 mL x2} and dried over Na»SQq It
was concentrated by evaporation under reduced pressure. The residue was

20 purified by silica columm chromatography (Petroleum ether: Ethyl acetate=50:1-
60:1} to give compound 33 (115 mg, 14%) and compound 12 {110 mg}.

{60153} H NMR (300 MHz, CD:0DY § 4.51 - 411 (m, 3H), 4.15 - 4.10
(m, 171}, 3.82-3.77 (m, 1H), 2.75 {1,/ = 7.5 Hz, 2HD), 1.80 — 1.70 {m, 2H), 1.41
(s. 3H), 1.35 (s. 3H). 1.30 (m, 16H), 0.90 (1, J = 6.9 Hz, 3H).

25 [00154] SGML: To a solution of compound 13 {0.332 g, 1.15 mmoh) in
tetrahy drofuran (6.5 mL} was added acetic acid agqueous solution (8. 18 mlL,
60%) under No. The reaction maxiure was heated t0 126 °C for 1.5 h. B was
cooled to room temperature. Diethyl ether (100 mL) was added to it, was washed
water (30 mb x2} with saturated NaHCOs (30 mL x3) and saturated sodium

30 chlornide (20 mE x2) and dried over MgSO4 It was concentrated by evaporation
under reduced pressure. The residue was purified by silica colurmn
chromatography (Petroleum ether: Ethyi acetate=3.2) to give compound 2

(SGML3} (100 mg, 29.5%).
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[00155] H NMR (300 MHz, CD:0D) § 3.83-3.79 (m, 1H), 3.57-3.50 (m,
3H), 3.26 (d, J = 7.5 Hz, 1H), 3.03 (1,.J = 7.2 Hz, 2H), 1.88 — 1.78 ¢m, 2H), 1.39
~1.29 (m, 16H), 0.90 (¢, J = 6.6 Hz, 3H).

Example 2 (52GML)

[00156] f-Thioglycerol {0.26 mL, 2.95 nunol; {reed of water by
azeotropic distillation with toluene was dissolved in absolute methanol (19.4
mb} containing a catalvtic amount of sodium methoxide (16 mg, 0.30 mmol}.
Compound 12 (0.87 g, 3.54 mmol} was added and the sohition was stirred at
room temperature for 1.5 h. Diethyl ether (100 mb} was added to it and washed
with water (20 mL) and saturated sodiom chloride (40 mL) and dried over
MgSO4. It was concentrated by evaporation under reduced pressure. The residue
was purified by silica column chromatography (Petroleum ether: Ethyl
acetate=3:2} (o give compound 2 {S82GML} {89 mg, 19%:}.

(0157 ' NMR (300 MHz, CD:OD) 8 3.83-3.79 (m, 1H), 3.57-3.50 (m,
3H), 3.26(d. 5 =7.5Hz, 1H), 3.03 ¢4, =72 Hz, 2H), 1.88 - 1.78 {m. 2H). 139
~1.29 {m, 16H), 0.90 (1, ] = 6.6 Hz, 3H).
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Example 3: ((R}-SGML)
{00158] ({R)-SGML} 15 prepared in a method analogous to Example |

from (8)-(2,2-dimethyl-1,3-dioxolan~-4-y Dmethanol.

5 Example 4 {(535SGML)
{80159} {{8)-SGML) 15 prepared in a method analogous o Example |

from {R)}-(2 2-dimethyi-1.3-dioxolan-4-vymethanol.

Fxample 5: ((R}-S52GML)
10 [00160] {{4R }-2,2-Dimethyi-1.3-dioxolan-4-yijmethanethiol ((R})-
i4): A solution of toluene-p-sulfonyl chloride (5.2 g, 27.2 numol} in dry
CHLCE (30 mL) s added to a sohution of (83-(2,2-dimethyi-1,3-dioxolan-4-
yhmethanol (3 g, 22.7 momol), DMAP {0.01 equiv,, 28 mg, 0.23 mimol} and
triethviamine (7.3 mb, 52 2 nunol) in dry CHoCh (50 ml} at 0 °C. The flask is
15 kept in arefrigerator for 2 d. After dilution with CHLC (225 mi), the solution
is washed twice with water (45 mL). After evaporation of the solvent, the
residue is dissolved i diethyl ether (75 ml} and the organic layer is dried with
MgS0y, filtered and concentrated under reduced pressure. The crude tosvlate is
dissolved in acetone (120 mLl) and potassium thicacetate (2.95 g, 25.8 mmol} is
20 added. The resulting solution 1s refluxed for 24 b After filtration and
concentration, the residue is treated with water {20 mbL) and extracied with
diethyl ether {2 » 100 mL). The organic layer is dried with MgSQy, filtered and
concentrated to give the thioacetate which 1s dissolved in EtOH (3 mL) and
5N NaOH (5.5 mL, 27.7 mmaol} is added. The resulting solution is stirred for 9 h
25 at 20 °C. The reaction is carefully neutralized with acetic acid and the EtOH 1s
evaporated. After extraction with ether (3 « 10 mL), the combined organic layers
are washed with a saturated solotion of NaHCO;, dried with MgS8Q0; and
concentrated. The residue 15 finally purified by flash coluom chromatography
{CsH»/BEL O, 24:1)io afford (R)-14.
30 [00isl] {R)-(2.2-dimethyl-1,3-dioxolan-4-yDimethyi dodecanedithioate
{{(R3-15): {(R3-14 (0.30 g, 2.0 nunol} was dissolved in absolute methanol {19.4
ml) containing a catalvtic arnount of sodivm methoxade (16 mg, 0.30 nmunol).
Compound 12 {0.58 g, 2.4 mmol) was added and the solution was stirred at room
45
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temperature for 1.5 h. Diethyl ether {100 mL} was added to it and washed with
water (20 mb) and saturated sodium chloride (40 mL) and dried over MgSG.. Tt
was concentrated by evaporaiion under reduced pressure. The residue was
purified by silica column chromatography (Petroleum ether: Ethyl acetate=3:2}
to give the title compound (140 mg, 20%).

{60162} {(R}-S2GME: To asolution of compound (R)-15 (.10 g 0.29
mmoi} in tetrahydrofuran (5 mL) was added acetic acid agueocus solition {5 mL,
60%) under Na. The reaction mixture was heated to 120 °C for 1.5 b Tt was
cooled to room temperature. Diethyl ether (50 mill) was added to 1t, was washed
water (25 ml x2) with saturated NaHCOs (25 mb x3) and saturated sodium
chloride (20 mb x2) and dried over MgSQu. It was concentrated by evaporation
under reduced pressure. The residue was purified by silica column
chromatography (Petroleum ether: Ethvl acetate=3:2) to give Exarople 5 ((R)-
S2GML) (44 mg, 50%).

{60163} "H NMR (300 MHz, CD:0D) § 3.83-3.79 (m, 1H), 3.57-3.50 (m,
3H), 3.26 (d, } =75 He, TH). 3.03 (4 J = 7.2 Hz, 2H), 1.88 — 178 (m, 2H), 1.39
~1.29 (m, 16H), .90 (1. J = 6.6 Hz. 3H).

Example 6: ((53-52GML)
{801 64] {{8)-8S2GML) 18 prepared in a method analogous to Example 5

from {R)}-(2 2-dimethyi-1.3-dioxolan-4-vymethanol.

Example 7
i LDA THE
i C8,
W\/V\AEQH i) M
16
\\./‘\\/\»»/\\/'\\Ag/gi‘\'iie
17

46
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{00165} To a sohution of dodecanoic acid (30g, 150 mumol} in anhvdrous
THF (1000mL) at 0 °C was added LDA (Lithinun dissopropylamide) (2M in THF
{tetrabydrofuran), 330 muol) dropwise with continuous stirrmg. After complete
addition, the reaction was heated to 35 °C for 30 mins, forming a thick brown

5 shary. The reaction was cooled 10 ~30 °C and C8; (12.6g, 165 mmol) was added
dropwise. The reaction was stirred for a further 15 minutes, and cooled 0 -30
C. Mel {21.3g, 150 mumol} was added dropwise and the reaction stirred for 30
mins. The reaction was quenched by pouring info ice cold 1M HCE (1000 ml).
The aqueocus layver was exiracted with pentane, the combined organic layers were

16 washed with brine, dried over sodium sulfate and concentrated in vacuo. The

crude product was purtfied by flash column chromatography with pentane as the

gluent to give 17 as a yellow oil, (13.4g, 5437 mmol, 36%:.

HS/T\OH
H

MaONa, MeOH

WW\/\ESMQ

17

\/\M/\/\Q/S\)\/QH

2

15 [00166] To a sohution of I-thioglycerol {4.02g, 37.2 mmol} in methanol
{450 mL) was added sodium methoxide (402 mg, 7.44 romol). The reaction
stirred for 5 mins, followed by addition of 37 (11g, 44.6 mmol}. The reaction
was stirred for 2h, diluted with water {750 mL) and extracted with ethyl acetate.
The combined organic lavers were washed with brine, dried over sodium solfate

20 and concentrated in vacuo. The crude product was pusified by FCC (3:2 PEEA),
followed by recrystallisation from cvelohexane to give 2 as a vellow crystalline
solid, 1.06g, 3.46 mimol, 9.3%;).

[060167] TH NMR (400 MHz, DMSO-de) § 5.12(d, J= 5.5 Hz, 1H), 474
(i, /=57Hz 1H)YL 373 -363(m, 1H}, 347 (dd, /=133, 43 He, 1H), 3.39 (dt
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J=10.8, 5.4 Hz, 1H), 3.17 (dd. J= 13.3, 7.9 Hz, 1H), 3.00 (t.J = 7.5 Hz, 2H),
1.74 (p, J= 7.3 Hz, 2H). 1.24 (s, 16}7). 0.85 (1. 7= 6.7 Hz, 3H).

Example 8
Y

NaOMe, DCM

18

80368} To asolution of (2,2-dimethyl-1,3-dioxolan-4-yDimethanol {7.40g,
36.0 mmol) 1o dichloromethane {DCM 300 wl) was added NaOMe (3.03g, 56.0
mmoi} to form a suspension. 17 (9.2g, 37.3 mmol} was added and the reaction
stirred for 1h The reaction was diluted with water (500 mL) and exiracted with
160 DCM. The combined organic lavers were dried over sodivm sulfate and
concentrated in vacuo. The crude product was purified by FCC (2% EA/PE) to

give 19 as a colourless oil {4.4g, 12.70 mmol, 34%;).

3
QOH
W\/W\g/o\/l\/OH
1
15 (00169 A solution of 19 (4 4g 12,70 mamol) in acetic acid (10 mL), THF

(5 mL} and water {5 mL)} was heated to 90 °C for 30 mimuies. The reaction was

4%
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guenched by pouring carefully into ice NaHCOs, and extracted with ethvl acetate.
The combined organic layers were washed with brine, dried over sodium sulfate
and concentrated in vacuo. The crude product was purified by FCC followed by
recrystallisation from cyclohexane o give 1 as colourless needles, 740 mg, 2.55
mmol, 20%).

[60176] TH NMR (400 MHz, DMSO-de) 8 5.02 (brs, /=33 Hz, 1H), 471
{brs, 1H), 443 (dd, /=114, 38 Hz, 1H), 429(dd, J=11.4 65 Hr, 1H}, 3.83
{brs, J=69Hz, 1H), 346 - 338 (m, 2H), 2.72 (¢, J= 7.5 Hx, 2H), 1.67 (p. J =
7.3 Hz, 2H), 1.34 - 118 (m. 16H). 0.86 (1, ./ = 6.8 He, 3H).

Antibacterial Activity- Results
808711 The SGML and SZGML compounds have been shown in the
exarnples below to perform at least as well if not much better than the native

GMLL.

Example 9

{80172} Staphylococcus aureus, including toxic shock syvndrome strains,
are among the bacteria most resistant to glveerol monolawrate (GML). All strains
of 8. aureus tested remain susceptible to <500 ug/ml. For most S. aureus strains,
GML is bactericidal at 250 pg/ml. When examined, other Gram-positive bacteria
and those Gram-negative bacteria with an incomplete hipopolvsaccharide (in
their case called hipo-chgosaccharide), are killed by GML concentrations of
approximately 25-50 ug/ml. Gram-negative bacteria with an intact
hipopolysaccharide, such as Escherichia coli, are completely resistant to GML
unless accelerants are added {0 mcrease activity. Such acceleranis would include
low pH and EDTA addition to remove calcium and magnesium frorm the
fipopolysaccharide layer. Under those conditions, GML is able to kill such
Gram-negative bacteria at 25-50 ug/ml.

{60173 The reason 8. aureus straing exhibit a degree of resistance (o
GML, is that thase bacteria produce a glycerol ester hydrolase (lipase) that can

degrade GML into lauric acid and glycerol and then use the products as nutrient
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sources. Qur experience is that lipase cannot be produced at GML concentrations
about 300 pg/mi.

[00174] The following protocol was developed to test GML plus SGML
and S2GML, wherein sulfur residues are inserted to replace oxygens in the GML

5 molecule.

[00175] Toxic shock syndrome (TS8) 8. aureus strain MNE, which
produces TSS Toxin-1 (TSST-1) was cultured overnight 1n Difco, Detroit, Mi
Todd Hewitt broth in a 125 mil Erlenmeyer flask to be sure it reached stationary
phase. For this experiroent, all cultures were acrobic at 37 °C with 150 RPM

10 gyvrotary shaking. Statiovary phase with this mucrobe is 1.0x 1610 colony-
formang units ({CFUs)/ml
{00176} The next morning the culture was diluted to approximately
5x10%mil in 1 o amounts of Todd Hewitt broth in S mi polystyrene test tubes.
The tubes contained serial fwo-fold dilutions of glycerol monclaurate, SGML, or

15 S2GML. The control tubes contained no GML or SGML and S2GML
compounds. The compounds were tested in triphicate. GML and SGML and
S2GML were solubilized at 100 mg/mi in absolute ethanol. The control tube
contained the highest volume of ethanol that was used to deliver the compounds
to each 1 mi test tube.

20 {00377 After 24-hour incubation, serial 10-fold dilution plate counts were
performed on each tube with plating onto Todd Hewitt 1.5% agar plates. Once
plated, the plates were incubated aerobically for 24 howrs at 37 °C. Counts were
made to determine CFUs/ml
[00178] The CFUs/ml were log-transformed and mean + SD were

25 determuned.

[00179] The test tubes from the prior day’s 24-hour growth were freated
with 4 vohumes of absolute ethanol. After 2-howrs to precipitate TSST-1, the
precipitates were collected by 4000 x g centrifugation for 10 minutes and
pouring off the supernates. The precipitates were dried for 30 minutes in a

30 laminar flow hood to dry off ethanol. The precipitates were then diluted to 0.1
ml with water giving a 10x concentration of TSST-1. Serial two-fold dilutions of
the TSST-1 were made in distilled water. Twenty microliters of each diluiion
were set up o a standard double immunodiffusion assay. The center well
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contained hyperimmune polvclonal antibodies against TSST-1. The diluted toxin
preparations were added i a hexagonal patiern around the outside and 4 mm
away from the antibodies. The shides were incubated exactly 4 howrs at 37°C
and then examined for visible precipitin arcs. The positive control, purified
TSST-1 was visible at 6 ug/ml. Thus, the lower limt of TSST-1 detection in the
test samples was 0.6 pg/ml, being 10x concentrated.

{80180} Fach slide was read and TS8T-1 pg/ml determined. Because there
15 a two-fold Tt on sensitivity of this assay, there was a mean but no standard

deviation. Data were recorded as means only.

[00181] Using the standard MIC and MBC assay above with
staphylococcus aureus strain MINS, SGML and 82GML were tested with GML.
[0182] Figures 1A and 1B show the log of the CFU/mL of

staphylococcus aureus MIN8 cultured with various concentrations of GML,
SGML, and 82GML. SGML and S2GML can be distinguished easily by color.
SGML is clear in ethanol and S2ZGML 1s yellow. The vellow one (S2GML)
clearly has more activity, though both are more active than GML. The CFUs
were log converted so minor variations in data would not be skewed. All data
points balow the rero compound added are statistically significant. Normally a 3
fog drop is considered bactericidal. There are small standard deviations on the
tog CFUs/ml.

{80183} A second study was conducted where toxic shock syndrome
superantigen (TS8T-1) was measured.

180184} Figures 2A and 2B show the results of each compound on the

reduction in TSST-1, TSS8T-1 is shut off prior to the impact on growth.

Example 10

[B0185] The same MIC and MBC test was conducted with E. colt and
SGML was found 1o be more effective than GML rather than the S2GML which
at least in this assay performed similarly to GML (Figure 3).

{601 86} The conditions for this test were the same as n the above

example with S. aureus MNR8. The E. coli strain was a laboratory strain from a
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patient with a confirmed urinary fract infection. The strain is maintained in the
faboratory at -80 °C.

{00187} Both SGML and S2GMIL have been shown to have greater
activity than the parent GML compound in minimum inhibitory concentration
{(MIC) and minimum bactericidal concentration {(MBC) assays against the
Staphyviococcus Aureus MINS strain. Both were more effective than GML which
had a MIC of 250 pg/ml and a MBC of 250 ug/ml in the assay. The SGML
had a MIC of 125 pg/mlb and a MBC of 125 pg/mL and the S2GML was shown
to have a MIC of 31,125 pg/mL and a MBC of 63.3 ug/mol. In addition both
SGMUL and S2GML show a greater reduction in the toxin TSST-1 where GML
mhibition was found to be at 16 pg/mL and the SGML was at 8 ug/ml and the
S2GML inhibition of TSST-1 was <4 pg/mL using the same Staphviococcus

Aureus MNS stram.

Escherichia coli

Compound Tested Mininum Bactericidal RMinimum Enhi?itﬁry
Concentration {ug/mi} Concentration
{pg/mi)
GML 500 500
SGML (Clear) 250 250
S2GML {Yeliow) 500 500

Example 11. Esterase resistance for the SGML and S2GML compounds.

[00188] Protocaol for Lipase (glveero! aster hydrolase)} assav:

i. Two separate samples of lipase at 25 ug/ml were prepared.

2. Microscope slides were made up with 500 ug/ml of GML, SGML, or
S2ML compounds. These slides contained 0.85% agarose (Difco) heat
solubilized into PBS (0.005M NaPQ4 pH 7.2; 6.15M NaCl).

3. The mixtures contained the compounds above therr solubiity liroits, so
they were vortexed, and 4.5 mi of the cloudy mixtures was spread onto
microscope shides.

4. The shides remained at room temperature for 1 hour to allow the agarcse

o solidify.
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5. The, 4 mm wells were punched into the agarose, twice per shide.

6. 20 ul of the Lipase was added to sach well.

-3

The slides were incubated for 24 hours at 37°C.

8. A photograph of each shide is provided in Figure 4.

9. The diameter squared was detenmined for each. This allows
determunation of hydrolysis of corapound.

GML: 15 mm; 15 mm diameters (diameters squared=225 mm)

SGML: 12 num; 13 rom diameters {diameters squared=144 mm and 169

mm for an average of 156.5 mam)
S2GML: 0 wim; O mm diameters (diameters sguared=0}

10, Diameter squared i3 used to the determunation would be a straight fine
with a standard curve.

Set GML at 100%

11 SGML is 70% as much as GML

12. S2GML 18 0% of GML
{00189} These numbers correlated with the slightly greater killing of
Staphyiococcus aureus by SGML compared to GML and the much greater

killing by S2ZGML.

Fxample 12

Time 0 CFU/ml

Candida auris: 4.5E+05

GAS 594: 2 7E+06

B. cubtilis: 1.1E+07

Dretermined MEC/MBC at 24 hours

L
[95]
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Microbe Agent Tested MIC/MBC (ug/ml)
Bacitlus subiilis GML 50
SGML 10
SZGML <1.0
Streptococcus pyogenes GML 1.0
SGML 0.1
SZGML <{3.1
Candida auris GML 50
SGML 10
S2GML 1.0
[6019G] Candida auris is a newly emerging veast (fungus) that is causing skin

and blocdstream infections in humans. It casily becomes resistant {o anti-fungal agents,
making development of novel therapeutics a necessity, This organism (s related to

5 Candide adbicans and other Candidir species. The MIC and MBC in the above table
show very good acivity of both the SGML and S2GML versus this orgasism.
{80161} Bactllus subtilis, an asrobic spore-former, was incubated with 200
RPM shaking at 37 °C.  The stramn was a recent clinical 1solate at the University
of lowa, and proves to develop resistance to standard anti-fungal agents.

10 [00192] Streptococcus pyogenes {Group A streptococcus) 594 is a
standard scarlet fever strain that has been extensively published on. The strain
was incubated stationary at 37 °C in 5% COs.

{80193} Al soluiions used in the MBC and MIC studies were prepared
from a stock of 100 mg/ml of either GML, SGML or S2GML n absolute

15 ethanol
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INCORPORATION BY REFERENCE
180184} Al of the U.S. patents U.S. pateni application publications and

non-patent publications cited herein are hereby incorporated by reference.

5 EQUIVALENTS
[060195] Those skitied in the art will recognize or be able 1o ascertain
using no more than routine experimentation, many equivalents to the various
ermmbodiments of the disclosure described herein. Such equivalents are
encompassed by the following clats.

10
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" document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive step
when the document is taken alone

" document of particular relevance; the claimed invention cannot

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

“&” document member of the same patent family

Date of the actual completion of the international search

24 January 2022 (24.01.2022)

Date of mailing of the ?egﬁonll §ar§~d?72n

Name and mailing address of the ISA/US

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

Facsimile No. 571-273-8300

Authorized officer

Kari Rodriquez

Telephone No. PCT Helpdesk: 571-272-4300
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos.:

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

2. D Claims Nos.:

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

3. D Claims Nos.:

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

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

This International Searching Authority found multiple inventions in this international application, as follows:
(see extra sheet)

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

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

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

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-2,16-17,29,31,39-48

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

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

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2019)
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--BOX Hli - LACK OF UNITY--

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

Group |+: Claims 1-48 directed to a compound of Formula (1) or a pharmaceutically acceptable salt thereof. The compound of Formula
(1) will be searched to the extent that it encompasses the first species of claim 1, wherein R1 is alkyl; R2 and R3 are hydrogen; X is O:
and wherein R1 is the first species of claim 2, unsubstituted C8 alkyl. Itis believed that claims 1-2, 16-17, 29, 31 and 39-48 encompass
this first named invention, and thus these claims will be searched without fee to the extent that they encompass the first species of claim
1. Applicant is invited to elect additional compounds of Formula (1), wherein each additional compound elected will require one
additional invention fee. Applicants must specify the claims that encompass any additionally elected compound. Applicants must further
indicate, if applicable, the claims which encompass the first named invention, if different than what was indicated above for this group.
Failure to clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed
invention to be searched. Additionally, an exemplary election wherein different actual variables are selected is suggested. An exemplary
election would be a compound of claim 1, wherein R1 is alkyl; R2 and R3 are hydrogen; X is O; and wherein R1 is the first species of
claim 2, substituted C8 alkyl (i.e. claims 1, 3, 16-17, 29, 31 and 39-48).

The groups of inventions listed above do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:
Special Technical Features:

Each invention in Group I+ includes the technical feature of a unique compound of Formula (1), which is not required by any other
invention of Group I+. :

Common technical features:
The inventions of Groups |+ share the technical feature of a compound having the structure of Formula (1).

These shared technical features, however, do not provide a contribution over the prior art, as being anticipated by the document entitled
PubChem-SID-370086359 (hereinafter 'PubChem-359').

PubChem-359 teaches a compound of Formula (I) wherein R1 is alkyl; R2 and R3 are hydrogen; X is O (pg 2, figure, this is a
purchasable chemical).

As said compound was known in the art at the time of the invention, this cannot be considered a special technical feature that would
otherwise unify the inventions of Group 1+.

The inventions of Group I+ thus lack unity under PCT Rule 13.
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