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Inhibition and Treatment of Bacterial Infections by Sex-Specific GPER Targeting
Related Applications amd Grant Support

This application claims the benefit of priority from United States provisional
application US02/277 125, filed 11 January 2016 of identical title, the entive contents of

which are incorporated by reference heremn.

This invention was made with govermment support under grant no, Al091917 awarded

by National lnstinges of Health (NIH). The government has certain rights in the invention.

Field of the Invention

The present invention is directed to the use of compounds which are modulators of the
G protem-Coupled Estrogen Receptor (GPER) for the mbubition and/or treatment of Bactecdal
infections, especially including Staphylococors aurens and methicitlin-resistant

Staphviococcus aurens (MRSA) infections.

Background and Overview of the Invention

Staphydococcns aurens 15 a grame-positive bacterinm well known for human
infections. Some forms of this wfection can progress in patients to paoumonia and
bloodbhorne mnfections. These conditions are quite serious and sometimes can {0 cause
fatahity, Historically, with the initial introduction of peniciliin and pemicillin-like antibiotfics,
successful treatinents were found for N awrens infections. However, some time ago, because
of the development of resistance 16 penicillin antibiotics by S arens, the anti-staphylococeal
penicitling Methicillin, Nafcillin and Oxacillin were introduced. However, infections caused
by Y. qureys strains resistant to these anti-staphylococcal penicilling, jointly named
methicillin-resistant 5. aurens (MRSA), began to appear thereafter. Resistance renders these
mtections far more difficult to treat with standard antibiotics and recently the search has
become intensive for finding agents usefil o resolve these infections. MRSA poses a serious
health problem, especially in hospitals, nursing homes and other facilities, but also in
numeroys public settings. The risks of MRSA are particularly significant in people who are
immunocompromised {for example, those with HIV/AIDS) or bave immune systems that are
weakened (for example, those with diabetes or cancer). MRSA causes a range of diseases

from skin and wound infections to pneumonia and bloodstream infections that can cause
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sepety and death and significant vesearch 15 ongomy to find agents which can inhibat or treat
these infections. Female mice are better protected against many bactenial infections
compared to males. We have identified the (& protemn~Coupled Estrogen Receptor {GPER} as
a prophylactic and therapeutic target to enhance the host immune response to bacterial
infection. Proof of principle has been demonsirated in vive in & mouse model of wethicillin.
resistant Staphvlococcns aurens (MRSA)Y skin infection. Treatment of male and female mice
with the GPER agonist G-1 significantly reduces the pathogenesis of infection and promotes
bacterial clearance. Targeting the host immwune response using GPER agonists and antagonists
{G-1, GIS, G36) will provide protection against and treatment for infections caused by many

lneman pathogens.
Brief Description of the Figures

Figure 1 (a~-d} shows that §. guwrens (MRSA USA300 LAC) skin infection is innately

limited iy female C37BL/G mice compared to males.

antagonisis).

Figure 3 shows that GPER activation promotes protection against SA SSTH in male
niige. WT {{CSTBLAG) male mice were treated Lp. with vehiele or 200 ng G~1 on days -2, -1,
0, +1 and +2 relative to subcutaneons infection with 1.8 x 107 CFU of USA300 MRSA
solate LAC, Mice were weighed and abseess and dermonecrosis size measured daily before
mice were sacrificed on day 3 or day 7 post-infection. Daily measures (mean £ sem) and
calenlated area under the curve (ALC) values (median and 3™ to 95" percentile range) for the
3-day infection showing differences i {A) abscess aren, (B) dermonecrosis and (C) percent
weight loss, and well as (D) day 3 post-infection bacterial burden at the site of infection. (E)
Dermonecrosis was measured daily i mice treated as above with vehicle or G-1. Mann-

¥

Whitney test, n=7 mice per group from two independent experiments, ¥ p<0.05; ¥ p0.01,

Figure 4 shows that GPER activation 1s accompanied by reduced inflammation
during SA SSTL WT (C57BL/6) male mice were treated 1.p. with vehicle or 200 ng G-1 on

days -2, -1, 0, +1 and +2 relative to subcutaneous infection with 1.8 x 107 CFU of USA300
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MRSA isolate LAC. (A) IL-15, (B) TNFe, (O) IL-6, (D} CXCL1 and (E) myeloperoxidase
levels measured in clarified infection site homogenate collected on day 3 post-infection. Data
are mean + sem from n=7 mice per group from two independent experiments. * p<0.05; *¥

p<0.01.

Figure § shows that G-1-mediated protection against 88T is GPER-~dependent. WT
{CS7BL/6) and GPER KO (on a C37BL/6 background) male mice were treated i.p. with
vehicle or 200 ng G-1 on days -2, -1, 0, +1 and +2 relative to subcutaneons infection with 3 x
107 CFU of USA300 MRSA isolate LAC. Day 3 post-infection (A) abscess area, (B)
dermonecrosis, {C) percent weight loss, and well as (D) day 3 post-infection bacterial barden

at the site of infection. n=3-5 mice per group.

Figure 6 shows that GPER activation reduces dermonecrosis and mflammation
during challenge with Hla. WT (C37BL/6) male mice were treated Lp. with vehicle or 200
ng G-1 on days -2, -1, 0, +1 and +2 relative to subcutaneous mjection with 1 ug Hia. (A)
Area of dermonecrosis on day 3 post-injection. {B) 1L-15, {C) TNFa, (I IL-6, (E) CXCL1
and {F} myeloperoxidase levels measured in clarified infection site homogenate collected on
day 3 post-injection. Data are mean & sem from n=8 mice per group from two independent

experiments. * p<Q.05; ¥¥ p001; #F¥¥p<0.0001.

Figure 7 shows that GPER activation promotes protection against SA 8§T1 in female
mice. WT {C37BL/6) female mice were treated Lp. with vebicle or 200 ng G-1 ondays -2, -
1,0, +1 and +2 relative to subcutaneous infection with 2.3 x 10° CFU of USA300 MRSA
tsofate LAC, Mice were weighed and abscess and dermonecrosis size measared daily before
mice were sacrificed on day 3 post-infection. Daily measures (mean + sem) and calculated

area under the cwrve (AUQ) values (median and 5%

10 95" percentile range) for the 3-day
infection showing differences in (A) abscess area, (B) dermonecrosis and {C) percent weight
loss, and well as (D) dav 3 post-infection bacterial burden at the site of infection. Mann-
Whitney test, n=7-8 mice per group from two independent experiments. ns, not significant;

% <001

Figure 8 shows that GPER activation 1s accompanied by reduced inflammation

during SA SST1 in fomale nuce. WT (CSTBL/G) fomale nice were treated Lp. with velucle
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or 200 ng G-1 on days 2, -1, 0, +1 and +2 relative to subcutancous infection with 2.3 x 1¢°
CFU of USA300 MRSA isolate LAC. (AYIL-15, {B) TNFo, (C) IL-6, (D) CXCL1I {n=7-8
mice per group) and (E} myeloperoxidase levels {n=4 mice per group) measured in clarified
infection site homogenate collected on day 3 post-infection. Data are mean = sem. ¥ p<0.05;

% 150 01,

Brief Description of the Invention

The present invention is divected to compounds that are modudators (L& agonists or
whibitorsy of GPER and as such are nseful i the inhibition, redacing the likelihood andfor
treatment of bacterial infections including MRSA infections. The present invention is thus
directed to compounds and methods which are usefid to wreat bacterial infections, especially
Saphylococcus aurens infections, and in particelar, drug/antibiotic resistant Staphylococcus
aureans (MRSA) and secondary disease states and conditions related to same. Compounds
according to the present invention are shown to reduce the pathogenesis of MRSA infections
and promote bacterial clearsnce. GPER agonists, especially including compound G-1 are

shown 10 have a favorable effect on MRSA pathogenesis and bacterial clearance.

The present invention relates to compounds and their use in the treatment of bacterial

infections, especially MRSA infections in both male and female patients.

The present invention also relates to a method of treating MRSA comprising
administering to a patient an effective amount of @ GPER modulator, alone or in combination

with at teast one additional anti-MRSA compound as described herein.

Preferred compounds useful in the present invention are according to the chemical

structure I
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Where X is =N~ O, §, or N-R, with the proviso that when X is N-R and R iy a bond, N
together with R' forms a $- to 7-membered optionally substituted heterocyclic group;

R is a bond, H, OH, NO;, an optionally substituted C,-Cy hydrocarbyl, preferably an
optionally substitoted alkvl, an optionally substituted aryl, an optionally substituted heteroaryl,
an optionally substituted heterocyele, an optionally substingted -C{O)<(C-Cy) alkyl (amide), an
optionally substituted -C{O)}-0-(C-C¢) alkyl {urethane), an optionally substituted -C{O})-
NH{C-Cy} alkyl (urea}, an optionally substituted -C{ORN(C-Cyidialkyl, an optionally
substituted ~C{O-NH{aryl}, an optionally substituted -C(O)-N{diarvl), an optionally substituted
-C{O)-NHheteroaryl), an optionally sabstituted ~-C(O)-N{diheteroaryl), an optionally

substituted -C{O)-NH{heterocycle) or an optionally substituted -C(O3-N{diheterocyele);

RY, % and R are each independemly selected from H, OH, NOs, halogen (¥, Br, Clor
Iy, a €y optionally substituted carboxylic acid group, an optionally substituted O-{Cy~
Crlalkyl, optionally substituted C-Cy hydrocarbyl, an optionally substituted arvl, an optionally
substituted heteroaryl, an optionally substituted heterocycle, an optionally substituted -C(O)-
{C-Cy) alkyl (ketone), an optionally substituted
~C{ON-0-4C-Ced alkyl {ester), an optionally substituted O-C(O)-{T1-Cy) alkyl (ester), an
optionally sebstituted ~CEORNH{C-C) alkyl (urea}, an optionally substituted -C{ORN{C;~
Ce)dialkyl, an optionally substituted -C{O}-NH{arvl), an optionally substituted -C{O)-N(diaryl),
an optionally substituted ~-C(O)-NHbeteroaryl), an optionally substituted
-C{O)-N{diheteroaryl), an optionally substituted -C{QO)}-NH(heterocycle) or an optionally

substitated ~-C{O)-N{diheterocycle);
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R and R are each independently selected from H, OH, NO», halogen (F, Br, Clor D), a
Cy-Cq optionally substituted carboxylic acid group, an optionally substituted O-(C-Cgalkyl, an
optionally substituted C;-C;; hydrocarbyl, an optionally substituted arvl, an optionally
substituted heteroaryl, an optionadly sabstitoted heterocyele, an optionally substiteted ~C(O)
{C-Cy) alkyl (ketone), an optionally substituted ~C{ORO-(C-Cy} alkyl {ester), an optionally
sabstitated O-C{ON(C~Cy) athkvl {ester), an optionally sebstituted ~C(ORNB{C-Cg) alkyd
{urea}, an optionally substituted -C(O)}-N{C-Cs)dialkyl, an optionally substituted -C{QO)-
NH{aryl}, an optionally substituted -C(O}-N{diarvl}, an optionally substituted -C{O)-
NH{beterparyl), an optionally substituted -C{O-N{dibeteroaryl), an optionally substituted -
C(O)-NH(heterocycle) or an optionally substituted -C{O)-N{diheteroaryl) or R” and R together
form a 3- or &~-membered optionally substituted carbocyelic {which may be saturated o
unsaturated), optionally substituted aryl, optionally sybstituted heteroaryl or optionally

substituted heteracyclic group;

R* and R’ are cach independently absent or are selected from H, OH, NO;,, halogen (F,
Br, Clor 13, a C-Cy optionally substituted carboxylic acid group, an optionally substituted O-
{Cy-Celalkyl, an optionally substituted C;-Cy hydrocarbyl, an optionally substituted arvl, an
optionally substituted heteroaryl, an optionally substitited heterocyele, an optionally
substituted ~C{OW(C,-Cq) alkyl (ketone), an optionally substituted ~C{O»0O-{T-Cg) alkyl
{ester), an optionally substituted Q-0 -Cy) alloyl {aster), an optionally substituted ~C{O)-
NH{C-Cq) alkyl {urea), an optionally substitted -C{O-N{C-Coydiatkyl, an optionally
substituted ~-C{O)-NH{aryl), an optionally substituted -C{Q)-N{diaryl}, an optionally substituted
-C{O)-NH{heteroaryl), an optionally substituted -C{O)-N{diheteroarvl), an eptionally
substituted ~C{O)-NH{heterocycle) or an optionally substituted -C{O}-N{diheteroarvly, or
together RS and R’ form 8 4-, 5-, 6- or 7-membered optionally substituted carboevelie (which
mav be saturated or unsatorated), an optionally substituted arvl, optionally substituted
heteroaryl or optionally substituted heterocyclic group, or a 5~ to S-membered optionally
substitnied carbocyelic or heterocvelic bicyclic group, with the proviso that R7 is not absent

when both R and R are also absent:

R® is absent, H. a C-Cg optionally substituted hydrocarbyl group (preferably H, CH; or

CH2CHa) or together with R® forms a =0 proup;
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R is absent, H, optionally substituted hydrocarbyl groap {preferably H, CH; or

CH,CHy), or together with R forms a =0 group;

R” is absent, H, OH, halogen (F, Br, Cl or 1), an optionally substituted O-(C-Cyalkyl,
an optionally substituted UGy bydrocarbyl, an optionally substituted aryl, an optionally
substituted hetercaryl, an optionally substituted heterocyele, an optionally substituted ~C{O)-
{C-Cy) alkyl (ketone), an optionally substituted ~C{O3-0-(C-Cs) alkyl {ester), an optionally
substituted QO-C{ON-(C;-Cy) alkyl (ester), an optionally substituted -C{O}-NH({C;-C;) alkyl
{urea), an optionally substituted ~C(O-N(C-Cy)dialkyl, an optionally substituted -C{O)-
NH{aryl}, an optionally substituted ~C{O}-N{diaryl}, an optionally substituted -C{O)-
NH{heteroaryl), an optionally substituted -C(O}-N{diheteroaryl}, an optionally substituted -

C{O)-NH(heterocycle) or an optionally substituted -C{Q)-N{diheteroarvi);

Ry . s Ay B s o - .
R" is absent (when the carbon to which RY is attached and the carbon to which R" is

attached form an optional double bond), H, CHjz or CHCHy;

Ch~-Cs optionally substituted carboxvlic acid group, an optionally substituted O-(Cy-
Celalkyl, an optionally substinmted C;-Cg hvdrocarbyl, an optionally substituted aryl, an
optionally  substituted heteroarvl, an optionally substituted heterocycle, an  optionally
substituted -C{OMC1-Co) alkyl (ketone), an optionally substituted -C{)-0-(C~Cg) alkyl
{ester), an optionally substituted O-C{O{C-Cy) alkyl {ester), an optionally substituted -C{O3-
NH{C-Cq) alkyl {urea}, an optionally sebstitwied -C{ORWN(C-Co)diatkyl, an optionally
substituted -C{O}-NH({aryl), an optionally substituted -C{O}-N{diarvl), an optionally substituted
~C{O-NHtheteroaryl), an  optionally  substitwted  -C{O}-N(dibeteroaryl), an  optionally

substituted -C{O)-NH(heterocycle) or an optionally substituted -C{O-N{dibeteroaryl )

R™is H, OH, NOq, halogen (F, Br, Clor 1), a C;-Cq optionally substituted carboxylic
acid group, an optionally substituted O-{C41-Cglalkyl, optionally substituted C-Cy hydrocarbyl,
an optionally substituted aryl, an optionally substituted heteroaryl, an optionally substituted
heterocvele, an optionally substituted -C(O3-{C1-Cy) alkyl (ketone), an optionally substituted -
C{O-0-(C-Co) alkyl (ester), an optionally substituted O-CO-(C-Cg) alkyl (ester), an
optionally substituted -C{O}-NH{C,-C¢) alkyl {urea}, an optionally substituted -C{O}-N{T;-

Celdialkyl, an optionally substituted -C{O»NH({aryl), an optionally sabstitated -C{O)-N{diaryl},
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an optionally substitvted ~C{O)NH{heteroaryl}, an optionally substingted ~C{Q)-
N{diheteroaryl), an optionally substituted -C{O)}NHheterocyele) or an optionally substituted -
C(O)-N{diheterocycle) or together with the carbon to which R’ is attached forms a 5-, 6- or 7-
membered optionally substituted carbocyelic (which may be saturated or unsaturated),
optionally substituted aryl, optionally substituted heteroaryl or optionally substitoted
heterocyelic ring; or a sterecisomer, pharmaceuntically acceptable salt, solvate, or polymorph

s
)J

thereof. These compounds are disclosed m US patent number 7 873,721, the entire contents of

which is incorporated by reference herein.

Preferred compounds according to the present invention relate o compouads according

to the chencal structure T:

I

) 2 ni pd pd pd pld 12
Where B, RE R R R R RY RY RYM P and RY are as previously descrrbed
above, or a stereoisomer, pharmaceuatically acceptable salt, solvate, or polymorph thereof. In
preferred aspects of the invention, R& is H and the two carbons of the five membered ring

shared by the piperidine ring are saturated.

Preferred compounds according to the present invention alse relate to compounds

according to the chemical structure 1
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i1

Where R, RY B RY RS &7 RY, RYM RY RV and RY are as previously deseribed
above;

Y s an optionally substituted {CHy), group where nis 0, 1 or 2, an optionally
substituted =CH-~ group, a C=0 group, O, §, optionally substituted NA{C-Celalkyl, optionally
substituted N-arvl, optionally substituted N-heteroaryl, optionally substituted N-heterocvele,
optionally substitpted N-C{O)}-(C;-Celalkyl, optionally substituted N-C{O}-aryl, optionally
substituted N-C(O)-heteroaryl, optionally substituted N-C{O)-heterocycle; or a stereoisomer,

pharmaceutically acceptable salt, sobvate, or polymorph thereof!

Z s an optionally substituted (CHz), group where nis 1 or 2, an optionally substituted
=("H- group, a C=0 group, O, S, optionally substituted N-{C;-Celalkyl, optionally substituted
N-aryl, optionally substituted N-heteroaryl, optionally substituted N-heterocycle, optionally
substituted N-C{O){C-Celalkyl, optionally substituted N-C{O}-arvl, optionally substituted N~
C{O)heteroaryl, optionally substitited N-C{O-heterocyele; or a stersoisomer,

pharmaceutically acceptable salt, solvate or polymorph thereof

In preferred aspects of the invention, R' and R” form a five membered heterocyelic ring,
preferably having two heteroatoms. Preferably, RY and R form a furan ring. In preforred
aspects of the invention, R 18 H or a {;~Cy alkyl group. In preferred embodiments according to
the present invention, at least one of R R*, R, R, RY, R™ and R" and as many as three of
these substituents is a halogen group. In certain preferred embodiments one of these R', RY, R,
RY RY RY and R groups is a (CHy),~NH; group, where n is 1-6, preferably 1,2 or 3,
preferably 2, where the amino group can be further reacted to provide a fluorescent label. In

. ~ . 51 T d gy e - o 4 o~ .
certain preferred embodiments, R', R™ or R” is a halogen (preferably F or Br) or an optionally
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substituted Ci-Cy hydrocarbyl group {alkyl or a C3-Cy alkenyl or alkyayl) or a -O-{CCy alkyl)
aroup and R' or R™ is a halogen, a Cu-Ce acy! group (preferably, acetyl), a carboxyl acid
group, an optionally substituted (with at least one C;~Cx alkyl group) carboxamido group, a -O-
{C1-C alkyl) group or an optionally substituted ester group {-C{OY0-(C;-Cy alkyl) or ~O-C(O)-
{Cy-Cr alkyl}).

A preferred compound for use in the present invention is a compound according to the

following structure.

Br
Where R is acetyl, H or an isopropyl group, or an isomer, diastereomer, epantiomer, or

pharmaceutically acceptable salt, solvate or polymorph thereof.

Even more preferred compounds are

Where R is an acetyl group {(agonist compound G-1), H (antagomst compound G158} or
an isopropyl group (antagonist compound G36}, or a pharmaceutically acceptable salt thereof.

These compounds are shown in Figure 3.

‘The above compounds are known in the art as GPFRIWGPER modulators {agonists or
inhibitors ). 1t has unexpectedly been discovered that the modulationof GPR3IO/GPER has an
unexpected favorable impact {modulation) on Staphviococcus aureus, especially MRSA
infection. Thas, modulators of GPR3G/GPER as described herein represent a previoosly
unknown therapeutic option for the treatment of Staphvlocoecus anreus, especially mcluding
MRSA infection.
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Additional GPR3WGPER modulators for use m the present mvention include
selective estrogen receptor modulators (SERMS), meluding bazedoxifene {Duavee),
broparestrol { Acnestrol}, clomifene (Clomid), evelofeni! (Sexovid), lasofoxifene (Fablyn),
ormeloxifene {Centron, Sevista), ospemifene (Qaphena), raloxifene (Bvista), tamoxifen
{novaldex) and toremifene (Farseton) , as well as acolbifene (4-hydroxytamoxifen),
arzoxifene, brilanestrant, clomifenoxide {clonufene N-oxide), droloxifene (3-
hydroxytamoxifen}, elascestrant, endomifene, 4-hydroxyetacstil (GW-7604), miproxifene,
nafoxidine, nitromifene {C1-628), panomifene, pipendoxifene, tesmilifene, trioxifene,
zindoxifene {D-106726), zuclomifens; selective estrogen receptor degraders or downregulators
{SERDS)}, including ICH 82,780/ faslodex/Fulvestrant; and pyvtoestrogens or animal estrogens,
including the isoflavones, for example, genistem, formonetin, daidzemn and blochanm A,
coumestans, including cowmestrol, 4" -methoxyceowmestrol, repensol and trifoliol or the

estrogen | 7-B-estradiol, or mixtures thereof.

The present invention also relates to pharmaceutical compositions comprising an
effective amount of one or maore of the above-referenced GPR3IO/GPER modulator compounds,
optionally in combination with a pharmaceutically acceptable additive, carrier or excipient and
further optionally in combination with at least one additional bioactive agent, preferably a drug

which also treats bacterial pathogens, especially Staphviococeus aurens, including MRSA (e.g

=

an additional anti-MRSA agent as described herein).

A method of treating Siaphdocaccus curens, especially MRSA 1n a patient in need
comprises administering an effective amount of &t least GPER modulator to said patient slone
or optionally m combination with at least one additional bicactive agent, preferabily an agent
that glso may be used to Weat Staphviococons gurens, especially including MRSA (an
additional anti-MRSA agent). In particular aspects, a method of treating Staphvipcoccns
awreus, especially MRSA n a patient in need comprises administering an effective amount of
at least one GPER modulator {e.g., compound G-1, G15 andfor G36) alone, optionally in
combination with a pharmaceutically acceptable carrier, additive or excipient, and/or further
optionally in combination with at least one additional bicactive agent, preferably an agent
that also may be used to treat bacterial pathogens, especially Staphvlococcus aureus,

mchiding MRSA (an additional anti-MRSA agent).
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Detailed Description of the Invention

The following terms are used throughout the specification to describe the present
nvention. Where a term is not given a specific definition herein, that term 1s o0 be given the
same meaning as understood by those of ordinary skill in the art. The definitions given to the
disease states or conditions which may be treated using one ar mote of the compounds

according to the present invention are those which are generally known mn the art.

It is noted that, as used 11 this specification and the appended claims, the singular
forms “a,” “an,” and “the.” nclude plural referents nnless expressly and uneguivocally
limited to one referent. Thus, for example, reference to “a compound” includes two or more
different compound. As used herein, the term “include” and its grammatical variants are
intended to be non-limiting, such that recitation of ttems in a list is not to the exclusion of

other like #tems that can be substituted or other #tems that can be added to the listed ttems.

The term “patient” or “subject”™ refers to a mammal, preferably a human, but includes
especially a domesticated animal, for example, a dog, cat, cow, horse, sheep, pig, especially a
dog or a cat, in need of treatment or therapy to which compounds according 1o the presemt
mmvention are administered tn order 1o treat a bacterial pathogen, including Staphviococcus
aureus, especially MRSA. Where a gender of a patient is tndicated that gender is etther a

female ora male.  In preferved aspects the patient s a male hwman or a fenale human.

The term “effective” 15 used to describe an amount, concentration an/or daration of a
compound or component which produces an intended effect by use of that compound or
component in a manner consistent with that intended effect, whether the effect is a favorable

treatment, a cure, an amelioration of svaptoms, the production of a compound, ete.

The term “GPR3I0 receptor” refers to 2 7-ransmembrane G protem-coupled receptor
that mediate estrogen-dependent signal transdaction. GPR30 18 an mtracelialar protein, found
in the endoplasmic reticulum, which binds estrogen with high affinity (K4 ~6 nM} and mediates
rapid cellular responses including calcium mobilization and phosphatidylinositol 3,45
trisphosphate production in the nucleus. GPR30 receptor refers to all types of GPR30 receptor,
regardless of the tissue 1n which such receptor 13 found and refers to any vaniant thereof,

including receptors of mammals (preferably, humans and domesticated mammals where
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veterinary applications are relevant) and variants thereof. Other names which have been used

for GPR30 include GPER, GPER-1, CMKRL2Z, DRY 12, FEG-1, GPCR-Br, LERGU,
LERGUZ, LyGPR, CEPR and MGC99678, among others.

The term “modulate™ means, with respect 1o disease states or conditions mediated by
binding of a compound according to the present invention to GPR3I0 and/or GPER 10
produce, either directly or indirectly, an improvement or lessening of a condition or disease
state which was, prior to administration of a compound according to the present invention,
sub-optimal and tn many cases, debilitating and even life threatening. Modulation may ccowr
by virtue of agonist activity, antagonist activity or ntixed agonist/aniagonist activity

{depending on the receptor site).

The term “compound”, “GPER modulator”™, “GPER agonist” or “GPER inhibitor”, as
used herein, unless otherwise indicated, refers to any specific chemical compound disclosed
herein which 1s a modulator {t.e. an agonist or inhibitor) of GPER and includes in context,
tautomers, regroisomers {especially cis/trans), geometnic isomers, and where applicable,
optical isomers thereof, as well as pharmaceutically acceptable salts, solvates and
polymorphs thereof, Within its use in context, the term compound generally refers to a single
compound, but alse may include other compounds such as sterecisomers, regioisomers and/or
optical 1somers {including in some nstances, racenmic mixtures) as well as specific
enantiomers or enantiomerically enriched mixtures of disclosed compounds. The compounds
of this invention mclude all sterepisomers where relevant {e.z, cis and trans isomers) and all
optical isomers of the present compounds {eg., R and S enantiomers}, as well as racemic,
diastersomeric and/or other nuxtures of such isomers, as well as all pharmaceutically
acceptable salt fonms, solvates, polymorphs and prodrug forms of the present compounds,

where applicable.

The term “independently” 15 used herein to indicate that the variable, which is

wdependently apphied, varies independently from application to apphication.

The tenm “non-existent” or “absent” refers to the fact that a substituent is absent and the
group to which such substituent is attached forms an additional bond with an adjacent atom or

group.
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The term “optionally substituted™ means opiional substitution with the specified groups,
radicals or moieties. It should be noted that any atom with unsatisfied valences i the text,
schemes, examples and tables herein is assumed to have the hydrogen atom(s) to satisfy the
valences,

The terms “weat”, “freating”, and “treatment”, etc., as used herein within context, also
refers to any action providing a benefit to a patient at risk for any of the disease states or
conditions {(bacterial pathogens, especially MRSA infections) which can be treated pursnant
to the present invention (e.g., inhibit, reduce the severity, cure, etc.). Treatment, as used
herein, principally encompasses therapeutic treatment, but may also encompass both
prophylactic and therapeutic treatment, depending on the context of the treatment. The term
“prophylactic” when vsed in context, means to reduce the likelthood of an oceurrence or in
some cases, reduce the seventy of an occurrence within the context of the treatment of a

disease state or condition otherwise described herein,

The term “prevention’ is used within context to mean “reducing the likelihood™ of a
condition or disease state from occurring as a consequence of administration or concusrent
administration of one or more compounds or compositions sccording to the present
mvention, alone or in combination with another agent. Thus, the term prevention is used
within the context of a qualitative measure and it is understood that the use of a compound
according to the present invention to reduce the Hkelihood of an occurrence of a condition or
disease state as otherwise described herein will not be absolute, but will reflect the ability of
the compound to reduce the likelihood of the occurrence within a population of patients or

subjects in need of such prevention.

The term "MRSA" as used herein describes any strain of Saphviococcns qureny that
has antibiotic resistance, including resistance to methicilling nafcillin, oxacillin,
Staphvlococcus gurens (5. curens) 1s a gram-positive bacterium that is frequently found in the
human respiratory tract and on the human skin. Although S argrens 15 vot usually pathogenic,
it is known to cause skin infections (e.g., boils), respiratory disease (e.g., pnewmonia),
bloodstream infections, bone infections {osteomyelitis), endocarditis and food poisoning.

The bacterial strains that often produce mfections generate protein toxins and also express
cell-surface proteins that apparently bind and inactivate antibodies. MRSA is responsible for

a number of very difficult-to-treat infections in humans. The resistance does render MRSA
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mifections far more difficult to treat. MRSA s often labeled as bemyg commumity acguired
MRSA ("CA-MRSA™) and hospital acquired MRSA ("HA-MRSA™), MSSA (methicillin
sensitive Mapiylococcrsy aureus) refers to a strain of Saphylococcus aureus that exhibits
sensitivity to methiciilin,

The term “coadnuinistration” or “combination therapy™ is used to describe a therapy in
which at least two active compounds in effective amounts are used to treat MRSA or MSSA
and another disease state or condition af the same time. Although the term coadninistration
preferably includes the admumstration of two active compounds to the patient at the same
time, i is not necessary that the compounds be administered to the patient at the same time,
although effective amounts of the individual compounds will be present in the patient at the
same time. Compounds according to the present invention may be administered with one or
more bioactive agents, including antiviral agents, anticancer agents (especially anticancer
agents where a Stapdrvlococous aureus infection, especially including MRSA 13 found), and
agents which may otherwise be used to treat disease states and conditions often found in
combination with SMapindococeus aurens, especially MRSA infections. Coadministration of
one of the present compounds with another bicactive agent as otherwise described herein,
often an additional anti-MRSA agent (1.c. an agent which can be used to treat MRSA- such
agents may also be used to treat MSSA), will often result in a synergistic enhancement of the
activity of the other agent, an wnexpected result. One or more of the present compounds may
also be coadmimistered with another bicactive agent {e.g., an antiblotic, antiviral agent,
aatthyperproliferative disease agent, agents which treat inflammation, including chronic
inflammatory disease, among others or as otherwise described herein), depending upon the

desired therapeutic outcome and the disease state or condition treated.

“Hydrocarbon™ or “hydrocarbyl” refers to any radical containing carbon and
hydrogen, which may be straight, branch~chained or cyclic in nature. Hydrocarbons include
linear, branched and cyelic hydrocarbons, mcluding alkyl groups, alkylene groups and
unsaturated hydrocarbon groups, which may be optionally substitnted. Hydrocarbyl groups
may be fully saturated or unsaturated, comaining one or more double (Yene™) or triple Myne™)
bonds.

“Adkyl" refers to a fully saturated monovalent hydrocarbyl radical containing carbon

and hydrogen, and which may be cyclic, branched or a siraight chain. Examples of alkyl



WO 2017/123492 16 PCT/US2017/012687

groups are methvl, ethyl, n-butyl, n-bexyl, n-heptvl, neoctyl, sopropyl, 2-methvipropyl,
cyclopropyl, cyclopropylmethvl, cyclobutyl, eyvclopentyl, cyclopentviethyl, cyelohexviethyl

and cyclohexyl. Preferred alkyl groups are C,-Cy alkyl groups.

“Alkylene” refers to a fully saturated hydrocarbon which s divalent {may be linear,
branched or cyelicy and which is optionally substituted. Other terms used to indicate
sabstitutoent groups in compounds according to the present mvention are as conventionally
used in the art. Thus, the term alkylens aryl includes alkylene phenyl such as a benzyl group

ot ethylene phenvi group, alkylaryl, includes alkylphenyl such a phenyl group which has

alkyl groups as substituents, ete. The bond ====== | when nsed in chemical structures of the
present application refers to a single chemical bond, which may be an optional double bond,

in confext

The term “additional bicactive agent” including an “additional anti-MRSA agent™ is
used to desceribe a drug or other bioactive agent whicls ftself is useful in the treatment of
bacterial infections, including Staphviococcus mureus infections, especially including MRSA
and 1s other than a GPER modulator useful in the treatment of bacterial mfections, including
Staphyviococcus aureus, especially including MRS A infections as described herein. These
additional bioactive agents may be used to treat disease states and conditions which are
cormmonly found in patients who also have Staphviococcis aureus wfections, especially
MRSA infections. These additional bioactive agents, include antibiotics, essential oils and
latnernative therapies such as garlic as otherwise described heremn which may be useful for
the treatment of bacterial pathogens. In particular, antibiotics and other bioactive agents,
mclading essential oils may be included in compositions and co-administered along with the
GPER modulators according to the present invention. Preferred bioactive agents for the
treatment of MRSA include, for example, oritavancin {(Orbactiv), dalvavancin (Dalvance),
tedizolid phosphate, {Sivextro), clindamycin, linezohd {(Zyvox), mupirocin {Bactroban),
trimethoprim, sulfamethoxazole, rimethoprinr-sulfamethoxazole (Sepira or Bactrin),
tetracvelines (e.g., doxyeychine, minocychne), vancomyein, daptomyein, fuorogquinolines
{e.g. ciprofloxacin, levofloxacin), macrolides {e.g. erythromycin, clarithromyein,
azithromycine} or mistures thereof. In addition to antibiotics, alternative therapies may be
used in combination with the GPER modulators pursuant to the present invention and include

the use of manuka honey and/or essential oils such as tea tree o1l oregano oil, thyme, clove,
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cinnamon, cirmamen bark, encalyptus, rosemary, lemongrass, geraniuny, lavender, nutmeg

and mixtures thereof

Antibiotics which are useful in the treatment of Sraphylococons aurensy infections
{both MSSA and MRSA} depend upon the tissue where the infection s found and whether
the Staphyiococcus gurens infection 1s MSSA or MRSA. In genesal, antibiotics which are
found useful 1n the treatment of general MSSA infections mclude, for example, P-lactams,
oxacillin, nafcillin and cefazolin, which are often used. For general MRSA infections,
vancomycin, daptomyein, linezolid, Quinupristin/dalfopristin, Cotrimoxazole, Ceftaroline

and Telavancin are more often used.

For treatment of Staphvlococcus aurerss infections of the heart or its valves
{Endocarditis) oxacillin, cefazolin, naftillin or gentamycin are used for methicillin sensitive
strains {(MSSA) For MRSA infections of the heart or its valves, useful antibiotics include

ciprofloxacin, rifampin, vancomycin and daptomycin as preferred agents.

For Staphylococcus aurens wnfections of soft tisstes and skin - the prunary treatment
using antibiotics for MSSA includes Cephalexin, Dicloxacitlin, Clindamyein and
Amoxicillin/clavalanate. For MRSA infections, the preferred antibiotics include
Cotrimoxazole, Clindamycin, tetracychnes, Doxyeyeline, Minocyeline and Linezolide,

although others may be used.

For skin infections local application of antibiotics like Mapirocin 2% ointment are

generally prescribed,

For luny infections or poeumonia — for MRSA cases Linezolid, Vancomvein and
# A : 3

Clindamycin are preferred.

For bone and joiut infections — for MSSA oxacilling cefazolin, nafoitlin and
gentamyein are often used. For MRSA infections, Linezolid, Vancomyein, Clindamyvein,

Daptomycin and Coptrimoxazole are often used.
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For mfections of the brain and meninges ymfection (menmgitis} - for MSSA oxacillin,
cefazoln, nafcilling and gentamyein are preforred. For MRSA infections, Linezolid,

Vancomycein, Clindamyein, Daptomyein and Cotnimoxazole may be used.

For Toxic Shock Syndrome - for MASA oxacitlin, naftillin and clindamyein are often

used. For MRSA mfections Linerolid, Vancomycin and Clindamyein are often used.

Each of the above antibiotics may be combined in methods of the present invention
for treating bacterial pathogens, especially Staphvlocaccns crens nfections (MSSA or
MRSA) In addision, one or more of these antibiotics may be combined with one or GPER
modulators in pharmaceutical compositions for the treatment of bacterial pathogens,

especially Maphvlococcuy gurans infections (MSSA or MRSA).

*Aryl" refers to a substiinted or unsubstituted monovalent aromatic radical having a
single ring {e.g., benzene) or multiple condensed rings {e.g., naphthyl, anthracenyl,
phenanthryl) and can be can be bound to compound according to the present invention at any
position on the ring(s}. Other examples of aryl groups include heterocyclic aromatic rmg sys-
tems “hetercaryl” having one or more nitrogen, oxygen, or sulfur atoms in the ring, such as
midazole, furvl, pyrrole, pyridyl, indole and fused ring svstems, among others, which may be

substitaied or gnsubstiiuted.,

“Alkoxy™ as used herein refers to an alkyl group bound through an ether linkage; that

is, an "alkoxy"” group may be represented as --O-~alkyl where alkyl is as defined above.

The term “cyelic” shall refer to a carbocyclic or beterooyelic group, preferably a - or

to bicyelic

The term “heterocyele” or “heterocyelic” shall mean an optionally substituted motety
which is cyelic and containg at least one atom other than a carbon atom, such as a nitrogen,
sulfur, oxygen or other atom. A heterocyelic ring shall contamn up to four atoms other than
carbon selected from nitrogen, sulfur and oxygen. These rings may be saturated or have
unsaturated bonds. Fused rings are also contemplated by the present invention. A

heterocyele according to the present nvention is an optionally sabstitnted imdazole, a
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pipergzine {including piperazinone), pipenidine, foran, pyrrole, mudazole, thiazole, oxazole
or isoxazole group, among numerous others. Depending upon its use in context, a
heterocychic ring may be saturated andfor unsaturated. In instances where a heterocyelic ring

is fully unsaturated, there is overlap with the term “heteroaryl”.

The term “unsubstituted™ shall mean substituted only with hydrogen atoms. The tenn
“substituted” shall mean, within the chemical context of the compound defined, a substituent
{each of which substituents may itself be substituted) selected from a hydrocarbyl {which
may be substituted itself, preferably with an optionally substituted atkyl or halogen {(fluoro)
group, among others), preferably an alkyl (generally, no greater than about 12 carbon units in
length), an optionally substituted aryl {which also mav be heteroaryl and may mclude an
atkylenearyl or alkvleneheteroarvl}, an optionally substituted heterocyele (especially
including an alkylencheterocycle), CFy, halogen (especially fluore), thiol, hvdroxyl, carboxyl,
oxvaen {to form a keto group), C;-Cy alkoxy, ON| nitro, an optionally substituted amine {e.g..
an atkvieneamine or a C1-Ce monoatkyl or diatkyl amine), Ci-Cy acyl, C-Cy alkylester, C1-Cy
alkyleneacyl (keto), C-Cy alkylene ester, carboxylic acid, alkylene carboxylic acid, C-Cy
thicester, (- ether, C;-Cy thioether, anmude {amido or carboxamido), substituted amide
{especially mono- or di-alkylamide) or alkylencamide, an optionally substituted carbamate or
urethane group, wherein an alkylene group or other carbon group not otherwise specified
contains from 1 to 8 carbon untis long (alternatively, about 2-6 carbon units long) and the
alky! group on an ester group is from 1 to § carbon units Jong, preferably up to 4 carbon units
long. Various optionally substituted moisties may be substituted with 5 or more substituents,

preferably no more than 3 substiteents and preferably from 1 to 3 substituents.

The term “geometric isomer™ shall be used to signify an isomer of 3 compound
according to the present invention wherein a chemical group or atom cccupes different
spatial positions in refation to double bonds or in saturated ring systems having at least three
members in the ring as well as in certain coordination compounds. Thus “cis” and “trans”
Isomers are geometric isomers as well as tsomers of for example, cyclohexane and other
cvolic systems. In the present mvention all geometric isomers as mixtures (impure) or pure
isomers are contemplated by the present invention. In preferred aspects, the present

mvention is directed 1o pure geometric somers.
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The term “optical tsomer” 18 used to describe either of two kinds of optically active 3+
dimensional isomers (stercoisomers). One kind is represented by mirror-image structures
called enantiomers, which result from the presence of one or mere asyimetric carbon atoms.
The other kind is exemplified by diastereomers, which are not mirror images and which
contain at least bwo asymmetric carbon atoms. Thus, sach compounds have 2, optical
isomsers, where n is the number of asymmetric carbon atoms. I the present inventien all
optical isomers in impure {i.e., ag mixtares) or pure or substantially pure form (such as
enamiomerically enriched or as separated diastereomers) are contemplated by the present

invention. fun certain aspects, the pure enantiomer or diastercomer is the preferred compound.

The present invention includes the compositions comprising the pharmaceutically
acceptable salt. 1.e, the acid or base addition salts of compounds of the present mvention and
thetr derivatives. The acids which may be nsed to prepare the pharmacentically acceptable
acid addition salts of the aforementioned base compounds useful m this invention are those
which form non~toxic acid addition salts, 1.e., salts containing pharmacologically acceptable
amons, such as the hydrochlonide, hydvobromide, hydrolodide, nitrate, sulfate, bisulfate,
phosphate, acid phosphate, acetate, {actate, cifrate, acid citrate, tarirate, bitarirate, succinate,
maleste, fumarate, gluconate, saccharate, benzoate, methanesulfonate, ethanesulfonate,
benzenesulfonate, p-toluenesulfonate and pamoate {1e., 1,1 -methvlene-bis-{2-hydroxy-3

naphthoate)salts, among others.

Pharmaceutically acceptable base addition salts may also be used to produce
pharmaceutically acceptable salt forms of the compounds according to the present invention.
The chemical bases that may be used as reagents to prepare phanmaceutically acceptable base
salts of the present compounds that are acidic in nature are those that form non-toxic base
salts with such compounds. Such non-toxic base salts include, but are not limited to those
derived from such pharmacologically acceptable cations such as alkali metal cations (eg.,
potassium and sodium) and atkaline earth metal cations {e, calcium and magnesium),
ammoniom or water-soluble amine addition salts such as N-methyighcamine-(meglumine),
and the lower alkanolammonium and other base salts of pharmaceutically acceptable organic

amines, among others.

Regardless of the mechamsm, the compounds of the present invention may be used fo

treat bacterial infections, often Staphvlvcoccus wreny infections, often MRSA and related



WO 2017/123492 21 PCT/US2017/012687

disease states and/or conditions i patients or subjects who soffer from those conditions oy
discase states or are at risk for those conditions. In this method a compound in an effective
amount is administered to a patient in need of therapy to treat the condition(s) or disease
state(s). These disease states and conditions include obesity and diabetes and related disease
states and conditions which occur associated with these conditions, such as tnsulin resistance,

metabolic syndrome and the like.

Compositions according to the present invention may be administered by any
conventional means known in the art. Phammaceutical formulations include those switable for
oral, rectal, nasal, topical {including buceal and sub-Bngual), vaginal or parenteral (ncluding
ntramuscular, sub-cutaneous and intravenous) administration, Compositions according to
the present invention may also be presented as a bolus, electuary or paste. Tablets and
capsules for oral administration may comtain conventional excipients such as binding agents,
fillers, hubricants, disintegrants, or wetting agents. The tablets may be coated according to
methods well known in the art. Oral Liguid preparations may be in the form of, for example,
aqueous or oily suspensions, solations, emulsions, syrups or elixirs, or may be presented as a
dry product for constitution with water or other suitable vehicle before use. Such hiquid
preparations may comtain conventional additives such as suspending sgents, emulsifying
agents, non-agueous vehicles (which may include edible oils), or preservatives. When
desired, the above described formalations may be adapied to provide sustained release
characteristics of the active mgredient{s) in the composition using standard methods well-

known in the art.

Int the pharmacewtical gspect according to the present mvention, the compound{s}
according to the present invention is formulated preferably In admixture with a
pharmaceutically acceptable carrier. In general, it is preferable to administer the
pharmaceutical composition orally, but certain formulations may be preferably administered
parenterally and in particular, in intravenous or intramuscular dosage form, as well as via
other parenteral voutes, such as transdermal, buccal, subcutaneous, suppository or other route,
ncluding via inhalation intranasally. Oral dosage forms are preferably administered in tablet
or capsule (preferably, hard or soft gelatin} form. Intravenous and intramuscalar
formulations are preferably administered in sterile saline. Of course, one of ordinary skill in

the art may modify the formulations within the teachings of the specification to provide
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mgnerows formmlations for a particular route of admintstration without rendering the

compositions of the present invention unstable or compromising their therapeutic activity.

Compositions suitable for parenteral injection may comprise physiologically
acceptable stertle aqueous or nonagueous solutions, dispersions, suspensions, or emulsions,
or may comprise sterile powders for reconstitution imnto stertle injectable solutions or
dispersions. Examples of suitable aqueous and nonaqueous carriers, diluents, solvents, or
vehicles inclade water, ethanol, polyols {propylene glveol, polvethylene glycol, glycerol, and
the like), suitable mixtures thereof, triglycerides, including vegetable oils such as olive o1, or
injectable organic esters such as ethyl oleate. Proper fhudity can be maintamed, for example,
by the use of a coating such as fecithin, by the mamtenance of the required particle size in the

case of dispersions, and/or by the use of surfactants.

These compositions may also contan adjuvants such as preserving, welting,
emulsifying, andior dispersing agents. Prevention of microorganism contamination of the
compositions can be accomplished by the addition of varous antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, sorbic acid, and the hike. tay also be
desirable 1o mclude isotonic agents, for example, sugars, sodium chloride, and the like,
Prolonged absorption of injectable pharmaceutical compositions can be brought about by the
use of agents capable of delaying absorption, for example, sluminum monostearate and/or
gelatin,

Solid dosage forms for oral adminstration include capsules, tablets, powders, and
granules. In such solid dosage forms, the active compound is admined with at least one mernt
customary excipient {or carrier) such as sodsum citrate or dicalcium phospbate or {a) fillers or
extenders, as for example, starches, lactose, sucrose, mannitol, or silicic acid; (b} binders, as
for example, carboxymethyicellulose, alginates, gelatin, polyvinyipyrrohdone, sucrose, or
acacta; {¢) humectants, as for example, glvcerol; {d) disintegrating agents, as for exanple,
agar-agar, calctum carbonate, potato or tapioca starch, alginic acid, certain complex silicates,
or sodium carbonate; (e} solution retarders, as for example, paraffin; (f) absorption
accelerators, as for example, quaternary anmumonium compounds; (g) wetting agents, as for
example, cetyl alcohol or glyeerol monostearate; (h} adsorbents, as for example, kaolin v

bentomte, andfor (1) lubricants, as for example, tale, calcium stearate, magnesium steasate,
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soltd polyethylene glyveols, sodivm lawyl sulfate, or mixtares thereof. In the case of capsules

o

and tablets, the dosage forms may also comprise buffering agents,

Solid compositions of a similar type may also be used as fillers in soft or hard filled
gelatin capsules using such excipients as lactose or milk sugar, as well as bigh molecular
wetght polyvethylene glyeods, and the like.

Solid dosage forms such as tablets, dragees, capsules, and granules can be prepared
with coatings ot shells, such as enterie coatings and others well known in the art. They may
also contain ppacifyving ageats, and can also be of such conposition that they release the
active compound or compounds in a delayed manner. Examples of embedding compositions
that can be used are polymeric substances and waxes. The active compounds can alse be in

micro-encapsulated form, if appropriate, with one or more of the above-mentioned excipients,

Liquid dosage forms for oral administration include pharmacentically acceptable
emudstons, solutions, suspensions, syrups, and elixirs. In addition to the active compounds,
the liquid dosage form may contain mert diluents commonly used in the art, such as water or
other solvents, solubilizing agents and emulsifiers, as for example, ethyl alcohol, 1sopropyl
alcohol, ethyl carbonate, ethyl acetate, benzyl aleohol, benzyl benzoate, propviene glyeel,
1.3-butvlene glveol, dimethylformamide, otls, tn particular, cottonseed oil, groundnut oil,

glveerol, tetrahydrofurfinyt alechel,

Fre

cormn genn oil, olive oil, castor oil, sesame seed oil,
poltyethvlene glyeols, fatty acid esters of sorbitan, or mixtures of these substances, and the
like.

Besides such mert diluents, the composition can also include adjuvants, such as wetting

agents, enulsifying and suspending agents, sweetening, Havoring, and perfuming agents,

Suspensions, in addition to the active compound, mayv contain suspending agents, as for
example, ethoxylated wostearyl alcohols, polyoxvethylene sorbitol or sorbitan esters,
nmicrocrystalline cellulose, aluminum metahvdroxide, bentonite, agar-agar, or tragacanth, or

mixtures of these substances, and the like.

Compositions for rectal or vaginal administration, where applicable, can be prepared

by mixing an active agent and any additional compounds with seitable non-irritating
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excipients or carriers such as cocoa butter, polvethvlene glyeol or a supposttory wax, which
are solid at ordinary room temperature, but hguid at body temperature, and therefore, melt

the rectum or vaginal cavity and release the active.

Dosage forms for topical administration include ointments, powders, sprays and
inhalants. The compound(s) are admixed undey sterile conditions with a physiologically
acceptable carrier, and any preservatives, buffers, and/or propeliants that may be required.
Opthalmic formulations, eve ointments, powders, and solutions are also contemplated as

being within the scope of this invention,

The amount of compound of the instant invention that may be combined with the
carrier materials to produce a single dosage form will vary depending upon the host treated,
the particular mode of administration. Preferably, the compositions should be formulated so
that a dosage of between about 0.001 and 150, preferably about 8.1 to about 50 or about 0.5
to about 25 ma/kg of patient’day of the novel compound can be admunistered to a patient

receiving these compositions.

The amount of compound in a pharmaceutical composition of the instant invention
that may be combined with the carrier materials to produce a single dosage form will vary
depending upon the host and disease treated, the particalar mode of administration.
Preferably, the compositions should be formulated to contain between about 0.25 milligram

to about 1 gram, more preferably about 1 milligram to sbout 750 milligrams, and even more

preferably about 10 milligrams to about 500-600 milligrams of active ingredient.

It should also be understood that a specific dosage and treatment regimen for any
particular patient will depend upon a variety of factors, including the acuivity of the specific
compound emploved, the age, body weight, general health, sex, diet, time of administration,
rate of excretion, drug combination, and the judgment of the treating physictan and the

severity of the particalar disease or condition heing treated.

Administration of the active compound may range from continuous (intravenous drip)
to several oral administrations per day {for example, Q.LD.) and may inglude oral, topical,
parenteral, mtramuscular, intravenous, sub-cutaneous, transdermal (which may mclude a

penetration enhancerent agent), buccal and supposiiory admmistration, among other roates
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of advmimstration.  Enteric coated oral tablets may also be used to enhance broavailabihity of
the compounds from an oral route of administration. The most effective dosage form will
depend upon the pharmacokinetics of the particular agent chosen as well as the severity of
disease in the patient. Oral dosage forms are particularly preferred, because of ease of

administration and prospective favorable patient compliance.

To prepare the pharmaceutical compositions according to the present invention, a
therapeutically effective amount of one or more of the compounds according o the present
mvention is preferably intiroately admixed with a pharmaceutically acceptable carvier
according to conventional pharmaceutical compounding techaigques to produce a dose. A
carrier may take a wide variety of forms depending on the form of preparation desived for
adnunistration, e.g., oral or parenteral. In preparing pharmaceutical compositions in oral
dosage form, any of the usual pharmaceytical media may be used. Thus, for liguid oral
preparations such as suspensions, elixirs and solutions, suitable carriers and additives
mchuding water, glyeols, oils, alcohols, flavaring agents, preservatives, coloring agents and
the hke may be used. For solid oral preparations such as powders, tablets, capsules, and for
solid preparations such as suppositories, suitable carciers and additives including starches,
sugar carriers, such as dextrose, mannitol, lactose and related carriers, diluents, granulating
agents, lubricants, binders, disintegrating agents and the like may be used. If desired, the
tablets or capsules may be entertc-coated or sustained release by standard technigues. The
use of these dosage forms may significantly the bioavailability of the compounds in the

patient.

For parenteral formulations, the carrier will usually comprise sterile water or agueous
sodium chloride solution, though other ingredients, including those which aid dispersion, also
may be included. Of course, where stertle water 18 to be used and naintained as sterile, the
compositions and carriers must also be stenlized. Injectable suspensions may also be
prepared, in which case appropriate liquid carriers, suspending agents and the like may be

employed.

Liposomal suspensions {(including liposomes targeted to viral antigens) mav also be
prepared by conventional methods o produce pharmaceutically acceptable carriers. This
may be appropriate for the delivery of free compounds andfor pro-drug forms of the

compounds according to the present invention.
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Chemical Synthesis

The general procedure for preparation of preferred derivatives according to the
present invention 13 set forth in US patent no 7,875,721 which 18 incorporated by reference in

its gntirety herein.

Examples

Example 1

The inventors found that female mice are innately resistance t0 ¥ aurens skin infection.
Compared to males, females infected subeutaneously showed reduced pathogenesis
{dermonecrosis, abscess size and weight loss) compared to males. Given these findings, the
mventors tried to determine whether activation of the non-canonical estrogen receptor GPER
would support an innate defense against 3. gurans SSTL Figare 1 shows that S guwreans
{MRSA USA300 LAC) skin infection is mnately limited in female C57BL/6 mice compared to
males.

In a first experiment, male mice were treated one time daily with G (10ug'kg) on

days -2 through day +2 relative to infection. These mice were protected against 8. qureny-
mediated dermonecrosis through day 7 post-infection.  Figure 3 shows that GPER agonists
such as compounnd G1 inhibits MRSA skin infection from N, gwrens (MRSA USA300 LAC)

skin mfection in males,

Accordingly, the results presented m Figure 3 provides evidence of the activity of

GPER modulators in the treatment of MRSA.
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Exawmple 2

in this series of experiments, the iventors used an established mouse model of
Staphvlococeus aurens dermongcrosis {1) to determine the utility of G-1-mediated GPER
activation to protect against 8. aurens 58T CSTRL/G male mice were treated with G-1 {2)
and infected suboutaneously with the highly virulent MRSA wisolate USAZ00 LAC (3} G-1-
treated male mice showed redoced pathogenesis (absce . dermonecrosis and weight
loss) (Figure 3A-C), greater bacterial clearance {’Figur& D). Similar}y, (-1 administration

was protective in female mice (Figures 7 & 8).

The efficacy of G-1 in limiting 5. aureus SSTI is GPER-dependent, as administration
of G-1 to GPER knockout mice showed no protective benefit (Figure 5). This suggests that

GPER activation has significant host benefits for innate defense against 8. aurens SSTL

8. awreus alpha-hemolysin, also known as alpha-toxin or Hla, is the virulence factor
driving dermonecrosis in the mouse skin infection modet (1, 4), but also contributes to
numerous other 8. aurens mfections {reviewed in {5)). Importantly, G-1 mediated GPER
activation sigmficantly redoced dermonecrosis (Figure 6A) and pro-inflammatory cytokine
production (Figure 6B-E) in mice challenged with purified toxin, suggesting that G-1 could

be efficacious against a range of infection types.

i. Malachowa N, Kobayashi 82, Braughton KR, Del.eo FR. Mouse model of
Staphviococcus aurens skin infection. Methods Mol Biol, 2013;1031:109-16. dou:

10 1007/978-1-62703-481-4 14 PubMed PMID: 23824894,

2. Bologa CG, Revankar CM, Young SM, Edwards BS, Anterburn IB, Kiselvov AS,
Parker MA, Tkachenko SE, Savchuck NP, Sklar LA, Oprea T1, Prossnitz ER. Virntual and
biomolecular screening converge on a selective agonist for GPR30. Nat Chem Biol.
2006;2(4):207-12. doi: 10.1038/nchembio775. PubMed PMID: 16520733,

3. Public health dispatch: outbreaks of community-associated methicilin-resistant
Staphviococcus aurers skin infections--Los Angeles County, California, 2002-2003. Can
Commun Dis Rep. 2003;29(12%:110-2. Epub 2003/06/26. PubMed PMID: 12822295,

4. Kennedy AD, Bubeck Wardenburg J, Gardner DI, Long D, Whitney AR, Braughton

KR, Schneewind O, Del.eo FR. Targeting of alpha-hemolysin by active or passive
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mmunization decreases severity of USA3D0 skin infection in a mouse model. J Infect Dis.
2010;202(7):1050-8. dot: 10.1086/656043. PubMed PMID: 20726702, PMCID: 2945289,

S Berube Bl, Wardenburg IB. Staphviococcus aurens alpha-Toxin: Nearly a Century of
Intrigue. Toxins {Basely. 2013;5(6):1140-66. doi: DOI 10.33%0/t0xins5061 140, PubMed
PMID: WOS:000320770400006.
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Claims:

1. Amethod of inhubiting, treating or reducing the likelihood of 8 S owrens infection v a
patient in negd comprising adnunistering to said patient an effective ampunt of 8 GPER

modudator.

2. The method according to claam 1 wheremn said infection is a S, gurens infection in a male

or female patient,and the GPER modulator 1s 2 GPER agonist.

3. The method according to claim 1 or 2 wherein said GPER agonist is compound G-1 (fgure

33,

4. The method according to claim 1 wherein said infection 1s a S gurens infection, said

patient is a female patient and the GPER modulator is a GPER inhibitor.

8. The method according to claim 1 or 4 wherein said GPER antagonist is compound G135 or

G36 (figare 3},

6. The method according to any of claims 1-5 wherein said GPER modulator is or includes a

selective estrogen receptor modulator (SERM), a selective estrogen receptor degrader of

downregulator (SERDY, a phytoestrogen of estrogen or a mixture thereof.

7. The method according to claim 6 wherein said SERM is bazedoxifene {(Duaves),
broparestrol (Acnestrol), clomifene (Clomid), cyclofenil {Sexovid), lasofoxifene (Fablyn),
ormeloxifene (Centron, Sevista), ospemifene (Osphena), raloxifene (Evista), tamoxifen
{novaldex) and toremifene (Farseton) | as well as acolbifene {(4-hydroxviamoxiten), arzoxifens,
brilanestrant, clomifenoxide {clomifene Neoxide), droloxitene (3-hydroxvtamoxifen),
elascestrant, endomifene, d-hyvdroxyetacstil (GW-7604), miproxifene, nafoxidine, nitromifene
{C1-628), panomifene, pipendoxifene, tesmitifene, tioxifene, zindoxifene (D-16726),

zuclomifene or a mixture thereof

8. The method according to claim 6 wherein said SERD is faslodex {Fulvestrant or

ICT182,780).
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8. The method according to claim 6 wherem said phytoestrogen or estrogen is an soflavone, a

coumestan, 17-B-estradiol, or a mixture thereof,

10. The method according to claim 9 wherein said isoflavone is genistein, formonetin, daidzein

blochanin & ov & mintore thereof

11, The method according to claim 9 wherein said coumestan is conmestrol, 47~

methoxyeoumestrol, repensol, trifoliol or a mixture thereof.

12, The mathod according to claim 9 wherein said estrogen is 17-P-estradiol.

13, The method according to any of claims 1-12 wherein said patient is a human patient.

14. The method according to any of claims 1-13 wherein said 8. surews infection is MSSAL

15, The method according to any of claims 1-13 wheremn said 5. awrens infection 13 MRSA.

16. The method according to any of claims 1-15 wherein said GPER modulstor s

administered with at least one additional bivactive agent.

17. The method according to claim 16 wherein said additional bioactive agent is an antibiotic.

18, The method according to claim 17 wherein said antibiotic is a B-lactam (including
cephalexin), oxgcitling nafeillin, cefazolin, gentamycin, vancomyvein, daptomyein, linezolid,
aprofloxacin, levofloxacin, rifampin, daptomyein, Quinupristin/dalfopristin,
Cotrimoxazole, Ceftarcline, Telavancin, Dicloxacillin, Chadamyvein, Amoxicillin/clavalanate,

tetracychnes, Doxyeveline, Minocyeline, Linexolide, Mupirocin or Daptomyein

19, The method according to claim 16 wherein said additional bioactive agent 1s an antibiotic,

an anticancer agent, an anti-inflamumatory agent or an additional anti-MRSA agent.

20, The method according to claim 19 wherein said S gwrens infection is MRSA and said

bioactive agent 1s an additional anti-MRSA agent.
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21. The method according to claim 19 or 20 wherein said additional anti-MRSA agent s or
mcludes oritavancin {(Orbactiv), dalvavancin (Dalvance), tedizolid phosphate, (Sivextro),
chindamycin, linerolid {Zyveox), mupirocin (Bactroban), trimethoprim, sulfamethoxazole,
trimethoprim-sulfamethoxazole (Septra or Bactrum), a tetracyeline, vancomyoin, daptomycin, a

fluoroguinoling; a macrobide or a mixture thereof

22, The method according fo claim 21 wheretn said tetracychine s doxycychne, minocychne
or a mixture thereof, said fluoroquinoline is ciprofloxacin, levofloxacin or @ mixture thereof

and said macrolide is ervthromyein, clarithromyein, azithromycine or a mixtare thereot.

23, The method according to claim 16 wherein said additional bioactive agent is or includes

manuka honey and/or an essential oil.

24. The method according to claim 23 wherein said essential oil i3 tea tree o, oregano oil,

JSTAIHN,

&

thyme, clove, cinnamon, cinnamon bark, sucalyptus, vosemary, lemongrass,

lavender, nutmeg or a mixture thereof.

25. A pharmaceutical composition comprising an effective amownt of a GPER moedulator in

combination with an additional bioactive agent in an effective amount.

26. The composition according to claim 23 wherein said GPER modulator s G-1, G158, G386, a
selective estrogen receptor modulator (SERM), a selgctive estrogen receptor degrader or

downregelator (SERD), a phytoestrogen, estrogen or a mixture thereof.

27. The composition according to elaim 26 wherein said SERM is bazedoxifene (Duavee),
broparestrol { Acnestrol), clomifene (Clomid), evelofent] (Sexovid), lasofoxifene (Fablyn),
ormeloxifene {Centron, Sevista), ospemifene (Osphena), raloxifene {(Evista), tamoxifen
{novaldex) and toremifene (Farseton) , as well as acolbifene (4-hydroxytamoxifen), arzoxifene,
brilanestrant, clomifenoxide (clomifene N-oxide), droloxifene (3-hydroxytamoxifen),
elascestrant, endomifene, 4-hydroxyetacstil (GW-7604), miproxifene, nafoxidine, nitromifene
{C1-628), panomifene, pipendoxifene, tesmilifense, trioxifene, zindoxifene (D-1672063,

zuclomifene or a mixtwe thereof.
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28. The composition according to claim 26 wherein said SERD 13 faslodex (Folvestrant or

ICT182,780).

29, The composition according to claim 26 wherein said phytoestrogen or estrogen is an

isoflavone, a coumestan, 17-B-estradiol, or a mixture thereof.

30. The composition according to claim 29 wherem sawd isoflavone s genistein, formonetin,

daidzein blochanin A or a mixture thereof.

31. The composition according to claim 29 wherein said coumestan 13 coumesirol, 47~

methoxveoumestrol, repensol, tritoliol or @ mixture thereof.

32, The composition according to claim 29 wherein said estrogen is 17-P-estradiol.

33, The composition according to any of clatms 25-32 wherein said additional bivactive agent

1s an antibiotic.

34. The composition sccording to claim 33 wherein said antibiotic is 8 B-lactam {including
cephalexin), oxacillin, nafcillin, cefazolin, gentamycin, vancomyein, daptomycin, linezolid,
ciprofloxacin, levofloxacin, rifampin, daptomyein, Quinapristin/dalfopristin,

Cotrimoxazele, Ceftarcline, Telavancin, Dicloxacillin, Clindamivein, Amoxicillin/clavulanate,
tetracyelines, Doxyeyeling, Minocychine, Lingzolide, Mupirocin, Daptomycin of & mixturs

thereot

35, The composition according to claim 33 wherein said antibiotic is a f-lactam (e.g.
cephalexin, oxacillin and nafeilling, a tewacyeling, a Huoroquinoline {e.g ciprofioxacm,
levofloxacin), a macrolide (e.g. erythromiyein, clarithromyein, azithromycine), cefazolin,
gentamyein, vancomycin, daptomycein, linezolid, rifampin, daptomyein,
Quinopristin/dalfopristin, Cotrimmoxazole, Ceftarohne, Telavancin, Dicloxacitlin, Clindamyein,
Amoxicillinfclavulanate, tetracyelines, Doxyeyeline, Minocveline, Linezolide,

Mupirocin, Daptomyein, oritavancin (Orbactiv), dalvavancin {Dalvance), tedizolid phosphate,
{Sivextro), chindamycin, linezolid {Zyvox), mupirocin (Bactroban), trimethoprim,

sulfamethoxazole, trimethoprim-suliamethoxazole (Septra or Bactrim), or a mixture thereof.
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36. The composition according to any of claims 25-32 wheremn said additional bicactive agent

is an antibiotic, an anticancer agent or an anti-inflammatory agent.

37, The composition according to any of claims 23-32 wherein said additional bioactive agent

is an additional anti-MRSA agent.

38. The composition according 1o claim 37 wherein said anti-MRSA agent 15 or includes
oritavancin {Orbactiv), dalvavascin {Dalvance), tedizohd phosphate, (Sivextro), chindamyon,
linezolid (Zyvox), mupirocin {Bactroban), ttimethopriny, sulfamethoxazole, trimethoprim-
sulfamethoxazole (Septra or Bactrim), a tetracycline, vancomycein, daptomvem, a

fluoroquinoline, a macrolide or a mixture thereof.

39. The composition according to claim 38 wherein said tetracycline is doxycycline,
minocycline or 3 mixture thereof, said fluoreguinoline is ciprofloxacin, levefloxacinor
muxture thereof and said macrohide 1s erythromycin, clarithromyein, azithromyeine or a
mixture thereof.

40, The composition according to any of claims 25-32 wherein said additional bioactive agent

15 or inchudes manuka honey anddor an essential oil.

41. The composition according to claim 40 wherein said essential oil 15 tea tree oil, oregano
oil, thyme, clove, cinnamon, cinnamon bask, eucalyvptus, rosemary, lemongrass, geranium,

lavender, nutmeg or & mixture thereof,
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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.

Group I: Claims 1-5, directed to a method of inhibiting, treating or reducing the likelihood of a S. aureus infection in a patient in need ..
comprising administering to said patient an effective amount of a GPER modulator.

Group |I: Claims 25-41, directed to a pharmaceutical composition comprising an effective amount of a GPER modulator in combination
with an additional bioactive agent in an effective amount.

The group 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:

Group | includes the technical feature of a method of inhibiting, treating or reducing the likelihood of a S. aureus infection in a patient in
need comprising administering to said patient an effective amount of a GPER modulator, which is not required by Group |I.

Group Il includes the technical feature of a pharmaceutical composition comprising an effective amount of a GPER modulator in
combination with an additional bioactive agent in an effective amount, which is not required by Group |.

Common technical features:
Groups | and Il share the technical feature of an effective amount of a GPER modulator. v : .

These shared technical features, however, do not provide a contribution over the prior art, as being obvious over a document entitled
"Identification of a GPER/GPR30 Antagonist with Improved Estrogen Receptor Counterselectivity” to Dennis et al. (hereinafter Dennis)
which teaches an effective amount (pg. 7, para 3: To determine the potency of G36, cells were stimulated with a constant dose of E2 or
G-1 and increasing concentrations of G36 were used to generate a dose-response curve (Fig. 7B). IC50 values for G36 inhibition of E2
and G-1 mediated calcium mobilization were similar, with G36 having an IC50 of 112 nM for E2 and 165 nM for G-1) of a GPER. - .t
modulator (abstract: a GPER selective agonist G-1).

As said compound and compositions were known in the art at the time of the invention, these cannot be considered special technical
features that would otherwise unify the inventions of Groups | and Il

The inventions of Group | and Il thus lack unity under PCT Rule 13.
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