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METHODS OF TREATING CYSTIC FIBROSIS

CROSS-REFERENCE TO RELATED APPLICATIONS

[6001] This application claims the benefit of pricrity of U.5. Provisional Patent Application
No. 83/106,725, filed October 28, 2020, which is incorporated herein by reference iniis

entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

[0002] This invention was made with government support under Grant Nos. P20 GM113132,
P30 DK117469, RO1 DK101541, RO1 DK104847, and, T32 GMOO8704, awarded by the

National institutes of Health. The government has certain righis in the invention.

BACKGROUND OF DISCLOSURE

Field of Disclosure

[0003] This disclosure relates to compounds, pharmaceutical compositions comprising
them, and methods of using the compounds and compositions for treating diseases
associated with interaction of proteins with PDZ domain of the CFTR-associated ligand (CAL
POZ or CALP)Y and/or DH domain on Disabled-2 (Dab2) protein (Dab2-0H). More

particularly, this disclosure relates to methods of treating cystic fibrosis.

Tachnical Background

[0004] Cystic fibrosis (CF) is the most common fatal recessive genstic disease among
populations of European descent estimated to affect over 70000 people worldwide.
Approximately 1000 new cases of CF are diagnosed each year, and more than 75% of
people with CF are diagnosed by age 2. CF is caused by mutations in the gene encoding
the cystic fibrosis transmembrane conductance reguiator (CFTR), an ion channel required

for proper fluid and ion balance in multiple epithelial tissues.

[0008] Currently, therapies for CF, such as antibictics, anti-inflammatory agents, mucolytics,
nebulized hypertonic saline, pancreatic enzyme replacement, and lung transplantation, focus
on freating the symploms of CF disease {i.e., by removing mucus and secretions from the
respirgtory tract, and/or reducing secondary infections associated with the disease). Even
basic molecular therapies (e.g., KALYDECO® (ivacaftor), ORKAMBI® (lumacaftor/ivacafior
combination therapy}, SYMDEKO®R {(tezacaflor/ivacaftor combination therapy), and

TRIKAFTA® (elexacaftortezacafiorivacaftor combination therapy} achisve limited
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restoration of airway function and do not eliminate chronic bacterial infections. Therefore,

there remains a need for treating the CFTR loss-of-function.

[00086] Deletion of phenylalanine 508 is the most frequent mutation causing CF and
approximately 90% of CF patients are homozygous or heterozygous for the FS08def
mutation, which encodes a protein variant F508del-CFTR with severe loss of function. This
variant exhibits impaired folding, increased degradation by endoplasmic reticulum (ER)
guality confrol machinery, reduced capacity for CI™ transport, and decreased haif-life at the
plasma membrane. CFTR is recycled from the cell membrang and preferentially targeted for
tysosomal degradation by interaction of the CFTR C-terminus with the CFTR-associated
figand (CAL) PDZ domain (CALP; CAL PDZ). CAL has been implicated in both decreasing
concentration of CFTR at the membrane and arresting CFTR trafficking in the ER, and
knockdown of CAL has been shown o rescue transepithelial chioride transport in polarized
CFBE410- cells expressing F508del-CFTR by increasing the concentration of F508del-
CFTR at the plasma membrane. inhibition of the interaction between the CFTR C-terminal

peptide and CALP is a potential therapeutic avenue for CF.

[0007] In addition, Disabled-2 {Dab2) is a clathrin-associated sorting protein (CLASP) that
facilitates endocytosis by organizing clathrin assembly and by recruiting cargo and other
adaptor proteins. Dab?2 profein was identified as a key endocytic cargo adaptor for CFTR in
human airway epithelial celis. Thus, regulating the CFTR-Dab2 interaction also provides a
potential pharmacological approach {o treating CF. Specifically, inhibition of the Dab

Homology domain {DH) of Dab2 enhances CFTR abundance.

SUMMARY OF THE DISCLOSURE

[0008] The disclosure provides a new class of compounds targeting the CFTR loss-of-
function that can increase overall levels of functional protein and ameliorate the basic defect
that causes CF. For example, the disclosure provides novel CALP and/or Dab2-DH

inhibitors useful for treating cystic fibrosis.

[008] Thus, one aspect of the disclosure provides a method of treating cystic fibrosis, the
method including administering to a subject in need of such treaiment one or more

compounds as disclosed herein.

[0010] In one embodiment of the methods of the disclosure, the compounds useful in the
methods of the disclosure are any one of compounds lisied in Table 1:
(2R, 3R)-5,7-dihydroxy-2-{3,4, 5-trihydroxy-6-oxo-1-({2R ,3R}-3, &, 7-trihydroxychroman- 2-yi)-

GH-benzol7lannuien-8-ylichroman-3-yi 3.4, 5-trihydroxybenzoate;
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B-methyi-23,2a% 3,4,48,5,8,7 8a, 12b-decahydro-2H-4a% 5-ethanofurc[4’ 3',2"4,10lanthral, 1-
boloxepine-2,.9,12-trione;

(1aR,1b8,5a8 6aR ,6bS8, 11a8)-3,8-dichioroe-4,10-dihydroxy-1a,5a,6a, T 1a-tefrahydro-5H, 11H-
1b,8b-epoxyoxirenn|2’, 3.2, 2inaphtho{1,8-bcloxirenof2’, 3.2, 3inaphtho[ 1,8-efloxepine-
5 11-dions;

3,4, 5-frihydroxy-8-methyiphthalaldehyde;

4-{4-{pyrimidin-2-y)piperazin-1-yhphenol;

{E)-5-chioro-8-{3-hydroxy-2-methvibutanoyh-8a-methyl-3-(3-methvipent-1-en-1-yh)-6H-
furo{2, 3-hiisochromene-6,8(8aH)-dione;

1,8, 8-trihydroxy-3-methoxy-8H-banzofuro[3, 2-clchromen-8-one;

N-{d4-hydroxynaphthalen-1-y)-2-oxo-2, 3-dihydro-1H-benzo[dlimidazole-5-sulfonamide;

3,4 5 trihydroxy-5-methoxy-2'-methyl-[1, 1-biphenyl]-2-carboxylic acid;

(4%, 4aR 58, 5aR,12aR)-4-{dimethylamino}-1,5,10,11, 12a-pentahydroxy-6-methylene-3,12-
dioxo-3,4,4a,5,58,6,12,12a-octahydrotetracens-2-carboxamide;

S-methoxy-2-({{4-methoxy-3,5-dimethylpyridin-2-yhmethyhsulfinyl)- 1H-imidazoi4,5-
blpvridine;

(3)-8-methyl-5,6,8a,7 tetrahydro-4H-dibenzofde, glouincline-10, 11-diol hydrochioride;

5 ,5-dimethy!l-5,8-dihydro-[1,2, 4itriazolo]3, 4-glisoguinoline-3{2H)-thiong,;

methyl (1R, 2R 45)-4-({{2R 45,55 88)-4-(dimethylamino)-5-hydroxy-6-methyitetrahydro-2H-
pyran-2-yhoxy-2-ethyl-2,5,7 10-letrahydroxy-8,11-dioxe-1,2,3,4,8,11-
hexahydrotetracene-1-carboxylate;

2-chiorn-13,19,23 28-tetrahvdroxy-12,18,22,24,28 29-hexamethyl-13,14,19,22,23,24-
hexahydro-1H-3,31-methancbenzole][ 1lazacyciononacosine-1,5,15,27 32(4H,12H, 18H)-
pentaone,

5 8-dihydroxy-7-isopropyl-1, 1-dimethyt-1,2,4,9,16, 10a-hexahydro-2H-9, 4a-
{epoxymethano)phenanthren-12-one;

4.5 7-trihydroxynaphthalene-1,2-dioneg;

(1R 4aR 12a5)-3-gcetyl-1-amino-4 4a,6, 7-telrahydroxy-8, 1 1-dimethyi-12 12a-
dihydrotetracene-2,5(1H, 4aH)-dione;

{(E)-2-hydroxy-5-methoxy-4-({E)-3-phenvialivlidensjoyciohexa-2,5-dien-1-one;

1-{3,10-dihydroxy-12-2-{{{4-hydroxyphenoxy}carbonylioxypropyh-2,8,7, 11 -tetramethoxy-
4 9-dioxo-4,9-dihydroperylen- 1-yhpropan-2-yl benzoale,;

2-(2-hydroxy-4-methoxyphenyi}-2-oxo-N-phenylacelamids;

8,6 -oxybis{d-methylbenzens-1,2-dicl);

3-(2,8-dihydroxy-4-methyiphenoxy)-5-methylbenzene-1,2-diol;

(2R 4a8 8a8,12bR, 14a8 14bR}-10-hydroxy-2,45,8a,9,12b, 14a-hexamethyl- 11-0x0-
1,2,3,4,43,5,6,6a,11,12b,13,14 143, 14b-telradecahydropicene-2-carboxylic acid;

3
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{£)-3-(3,4-dihydroxyphenyh-2-({(3-(3,4-dihydroxyphenyhacryloyhoxyipropancic acid;

5 8-dihydroxy-3-methylnaphthol2, 3-cHuran-4(8H)-one,

(E)-4-{{18-methyl-2 5-dioxooxacyciohexadec-3-en-G-yhoxy)~-4-oxobutanoic acid;

methyt da-hydroxy-7-(hydroxymethyi)-1-((3,4, 5-trihydroxy-8-(hydroxymethyiitetrahydro-2H-
pyran-2-yhoxyi-1,4a,5,7a-tetrahydrocyclopentaicipyran-4-carboxylate,;

3, &-diaminoe-5-(3-{disthyl(methyhammonio)propyd-6-phenyiphenanthridin-5-ium bromide;

(45, 4aR 58 5aR 68, 12aR)-4-(dimethylamine)-1,5,6,10,11,12a-hexahydroxy-8-methyl-3,12-
dioxo-3,4,48,5,58,8,12,12a-cctahydrotetracene-2-carboxamide;

(4aR,98,10a5)-5,6-dihydroxy-7-isopropyl-1, 1-dimethyl-1,3,4,8, 10, 10a-hexahydro-2H-2 4a-
{epoxymethano)phenanthren-12-one;

4-decyl-3-methylenedihydrofuro[3 4-blfuran-2,6(3H,4H)-dione;

7-hydroxy-8-methyl-3,3a,5,1 1b-tetrahydro-2H-benzo{gifurol3, 2-clisochromene-2,8, 11-rione;

{1aR,1b5,5a8,8aR 608, 11a8)-3-chioro-4,10-dihydroxy-1a,5a,8a, 1 1a-tetrahydro-5H, 11H-
1b,Bbh-epoxyoxirenn|2’ 3.2, 3inaphthof1,8-bcloxireno[2', 3.2, 3inaphtho[1,8-efloxepine-
5, 11-dione;

3-(2,5-dihydroxy-3 4-dimethoxyphenylbutan-2-one;

or a pharmaceutically acceptabie salt thereof.

{0011] In ancther embodiment of the methods of the disclosure, the compounds useful in

the methods of the disclosure are the compounds of formula (1)

R
1\0

AN

Yo,

or a pharmaceuiically acceptable salt thereof, wherein,

nis aninteger 8, 1, or 2;

R+ is hydrogen or Cy-Ce alkyl;

Rz is hydrogen or C1-Ce atkyl;

Rsis Cs-Cs alkyl, aryl optionally subsiituted with one or more Rs, heteroary! optionally
substituted with one or more Rs, heterocyclyl optionally substituted with one or more Rs,
or Cs-Cs cycloalkyt optionally substituted with one or more Rs; and

R4 is independently selected from halogen, ~-CN, -NOz, Ci-Cs alkyl optionally substituted with
one or more Rs, C-Cs haloalkyl, -NHz, ~-NH{C4-Cs alkyl}, -N{C1-Cs alkyl)s, -OH, ~-O{C+-Cs
atky! optionally substituted with one or more Rs), C+-Cs haloalkoxy, -CONH,, -CONH{(Cy-
Ce atkyl}, ~-CON{C1-Cs alkyl)z, -CONH-OH, -COzH, -CO{C1-Cs alkyl}, -SH, -5{C4-Cs alkyl
optionally substituted with one or more Rs), -SOR7, ~50:0R7, ~SQ:N(R7)2, aryl optionally

4
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substituted with one or more R, hetercaryl optionally substituied with one or more Re,

heterocychyl optionally substifuted with one or more Rs, and C+-Ce cycloalkyl optionally

substituted with one or more Rg;

wherein

sach Rs is independently selected from the group consisting of halogen, -NG», -CN, Cy-
Cs alkyl, C4-Cs haloalkyl, -OH, C+-Cs atkoxy, C1-Ce haloalkoxy, ~-CONH,, -CONH{C+-
Cs alkyl), -CON(C+-Ce alkylz, ~-CO:H, ~CO{C+-Cs alkyl), -SO2Ry7, -80:0R5, and
~SON{(Rz;

each Rs is independently selectad from the group consisting of halogen, -NGs, -CN, Cy-
Ce alkyl, Ci-Cs haloalkyl, -OH, C:-Cs alkoxy, and C-Cs haloalkoxy; and

each Ry is independently selected from the group consisting of hydrogen, C4-Cs alkyl,

phenvi, or toiyl.

[0012] Another aspect of the disclosure provides compounds of formula () as described

hersin, provided the compound is not

MN-{4-hydroxynaphthalen-1-yi}-2-0x0-2, 3-dihydro-1H-benzoldlimidazole-5-sulfonamide,

MN-{4-hydroxynaphthalen-1-yi)- 1, 3-dimethyi-2-0xo-2, 3-dihydro- 1H-benzo[dlimidazole-5-
sulfonamide,

2-((1-hydroxy-4-({2-ox0-2, 3-dihydro- 1H-benzo[dlimidazole)-5-sulfonamido)naphthalen-2-
yiithic)acsetic acid

N-{4-hydroxynaphthalen-1-yibenzenesulfonamide, or

N-{4-hydroxynaphthalen-1-yiimethanesulfonamide.

[0013] Another aspect of the disclosure provides a method of inhibiting protein interactions
with PDZ domain of the CFTR-associated ligand (CALP), the msthod including administering
to a subject in need of such freaiment one or more compounds as disclosed herein. In
certain embodimentis, the disclosure provides a method of inhibiting interactions of cystic
fibrosis transmembrane conductance requiator (CFTR) with CALP, the method including
administering o a subject in nead of such treatment one or more compounds as disclosed

herein.

[0014] Anocther aspect of the disclosure provides a method of inhibiting protein interactions
with DH domain of Dab2 protein {e.g., Dab2-DH)}, the method including administering to a

subject in need of such treaiment one or more compounds as disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

I3815] The accompanying drawings are included {o provide a further understanding of the

compositions and methods of the disclosure, and are incorporated in and constiiule a part of
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this specification. The drawings illustrate one or more embodiment(s) of the disclosure and,

together with the description, serve 1o explain the principles and operation of the disclosure.

[0016] Figure 1 shows CALF inhibition dose-response of several of the compounds of the

disclosure.

[0017] Figure 2 displays graphs showing the effect of compounds according to example
embodiments on the cytotoxicity and anti-proliferation of wild-type CF bronchial epithelial
(CFRE) cells.

[0018] Figure 3 displays a graph showing the resulis of a functionary assay o determine
CFTR rescue in CFBE cells when treated with a compound according 1o an example

ambodiment.

[0019] Figure 4 displays immunobiots of input, supematant, and pull-down fractions

following detection with an anti-Dab2 antibody according (o example embodiments.

[0020] Figure 5 shows various views of the crystal structure determined of the Dab2-

DH.STADZ complex according to an example embodiment.

[0021] Figure & displays graphs of the {oxicity and anti-proliferative effects of compounds

according to example embodiments. D01 is 2-hydroxyestradiol; iDO3 is dipyridamole.

[0022] Figure 7 displays a graph of the observed increased abundance of CFTR when WT-

CFRBE celis were treated with a compound according to an example embodiment.

[0023] Figure 8 displays a graph showing the changes in ASL volume upon addition of

compounds according to example embodiments.

DETAILED DESCRIPTION

[0024] Before the disclosed processes and mailerials are described, i is {o be understood
that the aspecis describad herein are not iimited to specific emboediments, and as such can,
of course, vary. is also {0 be undersicoad that the terminology used herein is for the
purpose of describing particular aspects only and, unless specifically defined herein, is not

infended to be limiting.

[00258] In view of the present disclosure, the methods and compositions describad herein
can be configured by the person of ordinary skill in the art to meet the desired need. In
general, the disclosed materials and methods provide improvements in freatment of
diseases or disorders associated with interactions mediated by the CAL FDZ or Dab2 DH

domains.
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[0026] Thus, in one aspect, the disclosure provides a method of frealing cystic fibrosis, the
method including administering te a subject in need of such freaiment one or more

compounds as disclosed herein.

[0027] In certain embodiments, the compound usead in the methods of the disclosure as
described herein is any one of Examples 1-25 disclosed in Table 1. in certain embodimenis,
the compound used in the methods of the disclosure is any one of Examples 1-13 disclosed
in Table 1. In certain embodiments, the compound used in the methods of the disclosure is

any one of Examples 14-35 disclosed in Table 1.

[0028] In centain embodiments, the compound used in the methods of the disclosure as
described herein is (E)-5-chiore-8-(3-hydroxy-2-methyibutanoyh-8a-methyi-3-(3-methyipent-
1-en-1-yl}-6H-furef2 3-hlisochromene-6,8(6aH)-dione (exampie 6.

[0029] In certain embodiments, the compound used in the methods of the discliosure as
described herein is 3,4, 5-trihydroxy-5-methoxy-2-methyl-[1, 1-biphenyl}-Z-carboxylic acid

{example 9).

[0030] In certain embodiments, the compound used in the methods of the disclosure as
described herein is (48,4aR,55,5aR 12aR)-4-(dimethylaming)-1,5, 10,11, 12a-pentahydroxy-
&-methylene-3,12-dioxe-3,4, 42,5, 5a,6,12, 12a-octahydrotstracene-2-carboxamide {(example
10).

[0031] In certain embodiments, the compound usad in the methods of the disclosure as
described herein is (8)-8-methyl-5,6 63, 7-tetrahydro-4H-dibenzofde glquinoling-10, 11-diol
hydrochioride (example 12).

[0032] In cenain embodiments, the compound used in the methods of the disclosure as
described herein is 5,5-dimethyl-5 6-dihydre-[1,2 4]triazolof3,4-alisocuinoline-3(2H)-thione
{example 13).

f30833] In certain embodiments, the compound used in the methods of the disclosure as

describad herein is of formula (1)

or a pharmaceutically acceptable sall thereof, whersin n, Ry, Rz, Ry, and R4 are as described

above.

4
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[0034] In certain embodiments, in the compound of formula (1) as described herein, R4 is
hydrogen or C-Cs alkyl (e.g., methyl}. In certain other embodiments, Rs is hydrogen. in

certain other embodiments, Ry is C4-Cs alkyl, such as methyl.

[0035] In certain embodiments, in the compound of formula (1) as described herein, Rz is
hydrogen or C+-Ca alkyl {e.q., methyl). In cartain other embodiments, Ry is hydrogen. in

certain other embodiments, Ry is C-Cs alkyl, such as methyl.

[0038] In certain embodiments, in the compound of formula () both R and Rz are

independently hydrogen, i.e., the compounds have the formula:
O

[0037] In certain embodiments, in the compound of formula (1) as described herein, Rz is Cy-
Cs alkyl. In certain other embodiments, Rais C-Cs alkyl. In certain other embodiments, R;

is as methyl.

{0038] In certain embodiments, in the compound of formula (1) as described herein, Rais
aryl optionally substituted with one or more Rs, hetercaryl optionally substituided with one or
more Rs, heterocyclyl optionally substituted with one or more Rs, or C4-Cs cycloalkyl
opticnally substituted with one or more Rs. 0 centain other embodiments, Ry is aryl {e.qg.,
phenyl or naphthyh optionally substituted with one or more Rs. In certain other
embodiments, Rs is hetercaryt optionally substituied with one or more R or heterocyclyl
optionally substituied with one or more Rs. In certain other embodiments, Ry is heteroaryi
optionally substituted with one or more Rs. For example, in certain embodiments, Rais an
optionally substituted bicyclic hetercaryl. In certain embodiments, Rs: is an optionally
substituted benzimidazolyl, benzofuranyl, benzoxadiazelyl, or benzoxazolyl. In other
embodiments, R; is an optionally substituted benzimidazolyi (e.q., 2-0x0-2,3-dihydro-1H-

benzo[diimidazolyl).

[0038] In certain embodiments, in the compound of formula (1) as described herein, R; is

unsubstituted benzimidazolyl {e.q., 2-0x0-2,3-dihydro-1H-benzo[dlimidazolyi).

(00407 In the compound of formula (1} as otherwise described herein, sach Rs when present
is halogen, C-Cs alkyl, C-Cs haloalkyl, -OH, or C-Cs alkoxy. For example, each Rs is
halogen, -Gy alkyl, C+-Cs haloalkyl, -OH, or C1-Cs alkoxy. In certain embodiments, each
Rs is halogen or C4-C; alkyl (2.g., methyl).
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[0041] As noted above, the naphthyl moiety in the compounds of formula (1) may be
optionally substituted. In certain embodiments, the naphthyl moisly in the compounds of
formula (1) is unsubstituted, L.e, nis 0. In certain embodiments, the naphthyl moiety in the
compounds of formula (1) is substituted. For example, in certain embodimentis, nis f or 2. In

certain embodiments, nis 1.

[0042] tach Ry in the compound of formula {1} as otherwise described herein independently
may be selected from halogen, C-Cs alkyl optionally substituted with one or more Rs, Gi-Ce
haloaltkyl, ~-NHaz, -NH{C-Cs alkyl), -N{C+-Cs alkyl)z, ~-OH, -O(C4-Ce alkyl optionally substituted
with one or more Rs), C4-Cs haloalkoxy, ~CONH;, ~-CONH{C+-Cs alkyl), ~-CON{C+-Cs altkyl)s,
-COH, -C0{Ch-Cs alkyl), -SH, and -S(C4-Cs alky! optionally substituted with one or more
Rs). In certain embodiments, each Ry is independently selected from -NH,, -NH{C1-Cs alkyl),
~-N{C1-Cs alkyl)z, ~OH, -O(C+-Cs alkyl optionally substifuted with one or more Rs), C4-Ce
haloalkoxy, ~CONH,, ~-CONH{C+-Cq alkyl}, ~-CON{C4-Cs alkyl)z, ~-COuH, -CO(C4-Cs alkyl},
-SH, and -S{C+-Cs alkyl optionally substituted with one or more Rs). In certain embodiments,
gach Ry is independently selected from -OH, -O(C1-Ce alkyl optionaily substituted with one or
more Rs), C-Cs haloatkoxy, ~SH, and -5(Cy-Cs aikyl optionally subsiituted with one or more
Rs). In certain embodiments, sach Ry is independently selected from -OH, -0(C4-Cs alkyt
optionally substituted with one or more Rs), G+ haloalkoxy, -SH, and -S(C4-Cs alkyl
optionally substituted with one or more Rs). In certain other embodiments, each Rsis
independently selected from ~OH, ~-O(C+-Cs alkyl optionally substifuted with one or more Rs),
and C4-Cs haloalkoxy. In certain other embodiments, each Ry is independently selected
from —SH and -5(C4-C; alkyt optionally substituted with one or more Rs). In certain
embodiments, each Ry is independently selected from halogen, -OH, ~-O{C4-C; alkyl
optionaily substituted with one or more R}, C+~Cy haloalkoxy, ~SH, and -S(C-Cq alkyl
optionally substituted with one or more Rs). in certain other embodiments, one Ry is
selected from ~OH, -O{C+-Cs alkyl optionally substituted with one or more Rs), and $4-Cs
haloalkoxy, and the other R4 if present is halogen. In certain other embodiments, one Ry is —
SH or -S{C4-C5 alkyl oplionally substituted with one or more Rg), and the other Ry if present
is halogen. In cerfain embodiments, when Ry group is substituled with Rs, Rs is selected
from -CH, C-Cs alkoxy, -COH, and -CO{C1-Cs alkyl).

[0043] In some embodiments of the methods of the disclosure, at least a 5% {e.g., at least
10%, at least 15%, at least 20%, at least 25%, atleast 30%, at least 35%, at least 40%, at
least 50%, at least 80%, at least 70%) improvement in one or more symptoms of the disease
or disorder of the disclosure as described herein is sufficient {0 classify the subject as

responding to the method of reatment.
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[0044] The compounds and compaositions of the disclosure as describad herein may also be
administered in combination with ong or more secondary therapeutic agents. Thus, in certain
embodiment, the method also includes administering 1o a subject in need of such treatment
an effective amourt of one or more compounds of the disclosure as described herein (i.e.,
compounds of Table 1, Table 2, and/or formula (D) or a pharmaceutical composition of the

disclosure as describad herein and one or more secondary therapeutic agents.

[0045] In certain embodiments, the secondary therapeutic agent is a CFTR modulator.
Examples of CFTR modulators include, but are not limited to, ivacaftor (sold as Kalydeco®,
Vertex Pharmaceuticals, Boston, MA, USA), lumacaftor, tezacafior, and their combinations,
such as lumacaftorfivacaftor (sold as Orkambi®, Vertex Pharmaceuticals, Boston, MA, USA},
tezacaftorfivacaftor {(sold as Symdeko®, Vertex Pharmaceuticals), and

slexacaflorftezacafior/ivacaftor (sold as Trikafta™, Verlex Pharmaceuticals).

[0046] In certain embodiments, the secondary therapeutic agent is selected from antibictics,
anti-inflammatory agents, mucoactive agenis {such as mucolytics and nebulized hypertonic
saline}, and combinations thereof. In some embodiments, the secondary therapeutic agent
is & mucolylic agent. Bxamples of mucolyiic agents include, but are not imited to, dornase
alfa (sold as Pulmozyme®, Genentech USA, Inc., South San Francisco, CA, USA),
denufosol, acetyicysteing, ambroxol, bromhexine, carbocisteing, erdostgine, hyperionic
saline, etc. In some embodiments, the secondary therapeutic agent is an antibiotic.
Exampies of antibiofics include, but are not limited te, penicilling, cephalosporins,
carbapenems, suifas, fetracyclines, vancomycin, lincosamides, oxazolidinone,
aminogiycosides, macrolides, guinclones, azireonam, colistimethate/Colistin®, rifamycin,

clofazimine, ethambutel, and the like.

[0047] When administered as a combination, the compounds and compositions of the
disclosure as describad herein and the secondary therapeutic agents can be formulaied as
separate compositions that are given simulianeocusly or sequentially, or the therapeutic
agents can be given as a single composition. In certain embodiments, the secondary
therapeutic agent may be administered in an amount below its established half maximal
inhibitory concentration (ICse). For example, the secondary therapeutic agent may be
administered in an amount [ess than 1% of, e.q., less than 10%, or less than 25%, or less

than 50%, or less than 75%, or even less than 80% of the inhibitory concentration {(1Cso).

[0048] The compounds of the disclosure may be administerad as a pharmaceutical
compaosition. Thus, in some embodiments of the methods of the disclosure, the compound
is administered as a pharmaceutical composition comprising the compound and a

pharmaceutically acceptable carrier, solvent, adjuvant or diluent. The exact nature of the
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carrier, solvent, adiuvant, or diluent will depend upon the desired use for the composition,
and may range from being suitable or acceptable for velerinary uses to being suitable or

acceptable for human use.

[0048] When used o treat or prevent such diseases, the compounds described hersin may
be administered singly, as mixtures of one or more compounds or in mixiure or combination
with other agents useful for trealing such diseases and/or the symptoms associated with

such diseases.

[00580] Pharmaceutical compositions comprising the compound(s) may be manufactured by
means of conventional mixing, dissolving, granulating, dragee-making levigating,
emulsifying, encapsulating, entrapping or lyophilization processes. The compositions may be
formulated in conventional manner using one or more physiclogicaily acceptable carriers,
diluents, excipients or auxiliaries which facilitale processing of the compounds into

preparations which can be used pharmaceutically.

[0051] The compounds may be formulated in the pharmaceutical composition per se, orin
the form of a hydrate, solvate, N-oxide or pharmaceutically accepiable salt, as previcusly
describad. Typically, such salts are more soluble in agueous solutions than the
corresponding free acids and bases, bul salts having lower solubility than the corresponding

free acids and bases may also be formed.

[0052] Pharmaceutical compositions may take a form suitable for virtually any mode of
administration, including, for example, topical, ccular, oral, buccal, systemic, nasal, injection,
transdermal, rectal, vaginal, etc., or a form suitable for administration by inhalation or

insuffigtion.

[0053] Systemic formulations include those designed for administration by injection, e.g.,
subcutaneous, intravenous, inframuscular, intrathecal or intraperitoneal injection, as well as

those designed for transdermal, transmucosal oral or pulmonary administration.

[0054] Useful injectable preparations include sterile suspensions, solufions or emuisions of
the active compound(s) in agueous or oily vehicles. The composilions may also contain
formulating agents, such as suspending, stabilizing and/or dispersing agent. The
formulations for injection may be presenied in unit dosage form, e.g., in ampules or in
multidose containers, and may contain added preservatives. Alternatively, the injeclable
formulation may be provided in powder form for reconstitution with a suitable vehicle,
including but not limited o sterile pyrogen free water, buffer, dextrose solution, etc., before
use. To this end, the active compound(s) may be dried by any art-known technigus, such as

lyophilization, and reconstiluted prior to use.
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[0055) For transmucosal administration, penstrants appropriate (o the barrier to be

permeated are usad in the formulation. Such penstrants are known in the art.

f0056] For oral administration, the pharmaceutical compositions may iake the form of, for
example, lozenges, tablets or capsules prepared by conventional means with
pharmaceutically acceptable excipients such as binding agents {e.qg., pregelatinised maize
starch, polyvinylpyrrolidone or hydroxypropyl methylceliuloss); fillers {(e.q., lacioss,
microcrystailine cellulose or calcium hydrogen phosphate); lubricants (.., magnesium
stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch glycolate); or
wetling agents {e.q., sodium lauryl sulfate). The tablets may be cosated by methods well

known in the art with, for example, sugars, films or enteric coatings.

{0057 Liguid preparations for oral administration may take the form of, for example, elixirs,
solutions, syrups or suspensions, or they may be presented as a dry product for constitution
with water or other suilable vehicle before use. Such liquid preparations may be prepared by
cornventional means with pharmaceutically accepiable additives such as suspending agenis
{e.g., sorbitol syrup, celluiose derivatives or hydrogenated edible fats), emulsifying agents
{e.g., lecithin or acacia); non-agueocus vehicles {e.g., almond oil, oily esters, ethyl alcohol,
cremophore™ or fractionated vegetable olls); and preservatives (e.g., methyl or
propyl-p-hydroxybenzoates or sorbic acid). The preparations may also contfain buffer salls,

preservatives, flavoring, coloring and sweetening agents as appropriate.

[0058) Preparations for oral administration may be suitably formulated to give controlled
release of the compound, as is well known. For buccal administration, the compositions may
take the form of tablets or lozenges formulaled in conventional manner. For rectal and
vaginal routes of administration, the compound{(s) may be formulated as solutions (for
retention enemas) suppositoras or ointments containing conventional suppository bases

such as cocoa butter or other glycerides.

[0059] For nasal administration or administration by inhalation or insufflation, the
compound(s) can be conveniently delivered in the form of an aerosol spray from pressurized
packs or a nebulizer with the use of a suitable propeliant, e.q., dichlorodifluosromethane,
trichlioroflucromethane, dichiorotetrafiucroethane, flucrocarbons, carbon dioxide or other
suitable gas. In the case of a pressurized aerosol, the dosage unit may be determined by
providing a valve to deliver a metered amount. Capsules and cartridges for use in an inhaler
or insufflator (for example capsules and cartridges comprised of gelatin) may be formulated
corttaining a powder mix of the compound and a suitable powder base such as lactose or

starch.
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[0060] For prolonged delivery, the compound(s) can be formuiated as a depot preparation
for administration by implantation or intramuscular injection. The compound(s) may be
formulaied with suitable polymeric or hydrophobic malerials {e.q., as an emulsion in an
acceptabie oil} or ion exchange resins, or as sparingly soluble derivatives, e.g., as a
sparingly soluble salt. Alermnatively, fransdermal delivery systems manufactured as an
adhesive disc or patch which slowly releases the compound(s) for percutaneous absorption
may be used. To this end, permeation enhancers may be used o Tacilitate fransdermal

penetration of the compound(s).

[0061] Alternatively, other pharmaceutical delivery systems may be employad. Liposomes
and emuisions are well-known examples of delivery vehicles that may be used to deliver
compound{s}. Certain organic solvents such as dimesthy! sulfoxide (DMS0O) may also be

emploved, although usually at the cost of greater toxicily.

[0082] The pharmaceutical compositions may, if desired, be presented in a pack or
dispenser device which may contain one or more unit dosage forms containing the
compound(s). The pack may, for example, comprise metal or plastic foll, such as a blister

pack. The pack or dispenser device may be accompanied by instructions for administration.

[3063] The compound(s) described herein, or compositions thereof, will generaily be used in
an amount effective to achieve the intended resull, for example in an amount effective o
treat or prevent the particular disease being treated. By therapeutic benefit is meant
gradication or amelioration of the underlying disorder being freated and/or eradication or
amealioration of cne or more of the symploms associated with the underlying disorder such
that the patient reports an improvement in feeling or condition, notwithstanding that the
patient may siill be afflicted with the underlying disorder. Therapeutic benefit also generally
includes halting or slowing the progression of the disease, regardiess of whether

improvement is realized.

[0084] The amount of compound(s) administered will depend upon a varietly of factors,
including, for example, the particular indication being treated, the mode of administration,
whether the desired benefit is prophylactic or therapeulic, the severily of the indicatlion being
treated and the age and weight of the patient, the bicavailability of the particular
compound(s) the conversation rate and efficiency info active drug compound under the

selected route of administration, etc.

f3065] Determination of an effective dosage of compound{s) for a particular use and mode
of adminisiration is well within the capabililies of those skilled in the art. Effective dosages
may be estimated initially from in vifro aclivily and metlabolism assays. For example, an

initial dosage of compound for use in animals may be formulated to achieve a circulating

13



WO 2022/094079 PCT/US2021/057048

bicod or serum concentration of the metabdlite active compound that is at or above an iCso
of the particular compound as measured in as in vitro assay. Calculating dosagses to achieve
such circulating blood or serum concentrations taking info account the bioavaiiability of the
particular compound via the desired route of administration is well within the capabilities of
skilled artisans. Initial dosages of compound can alse be estimated from in vive data, such
as animal models. Animal models useful for testing the efficacy of the active metabolites {o
treat or prevent the various diseases described above are well-known in the art. Animal
models suitable for testing the bicavailability and/or metabolism of compounds into active
metabolites are also well-known. Ordinarily skilled artisans can routinely adapt such
information to determine dosages of parlicular compounds suitable for human

administration.

[0086] Dosage amounts will typically be in the range of from about 0.0001 mg/kg/day, 0.001
ma/kg/day or 0.01 mgrkg/day to about 100 mog/kg/day, but may be higher or lower,
depending upen, among other factors, the activity of the active compound, the bioavailability
of the compound, its metabolism kinetics and other pharmacokinetic properties, the mode of
administration and various other factors, discussed above. Dosage amount and interval may
be adjusied individuaily {0 provide plasma levels of the compound(s) and/or aclive
metabolite compound({s) which are sufficient to maintain therapeutic or prophylactic sffect.
For example, the compounds may be administered once per week, several times per week
{e.q., every cther day), once per day or multiple times per day, depending upon, among
other things, the mode of administration, the specific indication being treated and the
judgment of the prescribing physician. In cases of local administration or selective uptaks,
such as lecal topical administration, the effective local concentration of compound(s) and/or
active metabolite compound{(s) may not be related to plasma concentration. Skilied artisans

will be able to oplimize effeclive dosages without undue experimentation.
Definitions
{0067 The following terms and expressions used herein have the indicated meanings.

[0068] Throughout this specification, unless the context requires otherwise, the word

» o P

“‘comprise” and “include” and variations (e.q., “comprises,” “comprising,” “includes,”
“including™) will be understood o imply the inclusion of a stated component, feature,
glement, or step or group of components, feglures, elements or steps but not the exclusion

of any other integer or step or group of integers or steps.

[0088] As used in the spedification and the appendad claims, the singular forms “a,” “ar’”

and “the” include plural referents unless the context clearly dictates otherwise.
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3R]

[0070) Terms used herein may be preceded and/or followed by a single dash, *-", or &
double dash, “=" to indicate the bond order of the bond between the named substituent and
its parent moiety; a single dash indicates a single bond and a double dash indicates &
double bond. In the absence of a single or double dash it is understcod that a single bond is
formed between the substituent and its parent moiety, further, substituents are intended o
be read “left to right” {i.e., the altachment is via the last portion of the name) uniess a dash
indicates otherwise. For example, C-Csalkoxycarbonyloxy and -OC{O)C+-Cealkyl indicate

the same functionality; similarly aryiaikyl and —alkyiary! indicate the same functionality.

[0071] The term “alkoxy” as used herein, means an alkyl group, as defined hersin,
appended to the parent molecular moiety through an oxygen atom. Representative
examples of alkoxy include, but are not limited 1o, methoxy, ethoxy, propoxy, 2-propoxy,

butoxy, tert-butoxy, pentyloxy, and hexyioxy.

[0072] The term “alky!” as used hersin, means a straight or branched chain hydrocarbon
corttaining from 1 to 10 carbon aloms unless otherwise specified. Represeniative examples
of alkyl include, but are not imited to, methyi, ethyl, n-propyl, isc-propyl, n-butyl, sec-butyl,
iso-butyl, tert-butyl, n-pentyl, isopentyl, necpentyl, n-hexyl, 3-methythexyl, 2.2-
dimethyipentyl, 2,3-dimethyipentyl, n-heptyl, n-octyl, n-nonvl, and n-decyl. VWhen an “alky’
group is a linking group between two other moleties, then it may also be a straight or
branched chain; examples include, but are not limited {0 -CHy-, -CHCH,-,
~CHCHCHC{CHs)-, and ~-CHCH{CHCH2)CHy-.

I8073] The term “arvl.” as used herein, means a pheny! {Le., monocyclic aryl}, or a bicydlic
ring system containing at least one phenyl ring or an aromatlic bicyclic ring containing only
carbon atoms in the aromatic bicyclic ring system. The bicyclic aryl can be azulenyi,
naphthyl, or a phenyl fusad to a monccyclic cycloatkyl, @ monocydlic cyclealkenyl, or a
monocyclic heterocyceivl. The bicyclic aryl is attached to the parent molecular moiety through
any carbon atom contained within the phenyl portion of the bicyclic sysiem, or any carbon
atom with the napthyi or azulenyl ring. The fused monocyclic cycloalkyl or monocyclic
heterocyciyl portions of the bicyclic aryl are optionally substituted with one or two oxo and/or
thioxe groups. Representative examples of the bicyclic aryls include, bud are not limited 1o,
azulenyl, naphthyl, dihydroinden-1-yi, dihydroinden-2-yi, dihydroinden-3-yl, dihydroinden-4-
yl, 2,3-dihydroindol-d-yl, 2,3-dihydroindol-5-yi, 2,3-dihvdroindol-8-yl, 2,3-dihydroindol-7-yl,
inden-1-vi, inden-2-yl, inden-3-yi, inden-4-yi, dihydronaphthalen-2-vi, dihydronaphthalen-3-yi,
dihydronaphthalen-4-yi, dihydronaphthalen-1-yi, 5,8,7 8-tetrahydronaphthaien-1-yi, 5,8,7,8-
tetrahydronaphthalen-2-yi, 2,3-dihydrobenzofuran-4-yl, 2, 3-dihydrobenzofuran-5-yi,
2,3-dihydrobenzofuran-8-yl, 2,3-dihydrobenzofuran-7-yi, benzo{di[1,3ldioxol-4-yi,
benzo[di[1,3ldioxcl-B-yi, 2H-chromen-2-on-5-yl, 2H-chromen-2-on-8-yl, 2H-chromen-2-on-7-
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vi, 2H-chromen-Z2-on-8-yl, iscindoline-1,3-dion-4-yl, iscindoline-1,3-dion-5-yi, inden-1-on-4-yi,
inden-1-on-5-yi, inden-1-on-8-yl, inden-1-on-7-yl, 2 3-dihydrobenzo[b]{1, 4idioxan-5-yl, 2,3-
dihydrobenzo[bl[1,.4]dioxan-8-yl, 2H-benzo[bli1 4loxazin3{dH)-on-5-yl, 2H-

benzo[bi[1, 4joxazin3(4H}-on-B-yl, 2H-benzolbl[1,4joxazin3{4H)-on-7-yi, 2H-

benzo[bi[1 4]oxazin3{4H}-on-8-yl, benzo[dloxazin-2(3H}-on-5-vi, benzo{dioxazin-2(3H)-on-6-
vl, benzo{dioxazin-2(3H)}-on-7-yl, benzo[dioxazin-2{3H)-on-8-vyl, quinazolin-4{3H)}-on-5-yi,
guinazolin-4(3H)-on-8-yl, quinazolin-4{3H)-on-7-yi, quinazolin-4(3H)-on-8-yl, guinoxalin-
201H)-on-5-y, quinoxalin-2{1H}-on-8-yi, guinoxalin-2{(1H}-on-7-yl, quinoxalin-2{1H)-on-8-yi,
benzo[dithiazol-2(3H)-on-4-vl, benzo[dithiazol-2(3H}-on-5-yi, benzol[dlthiazol-2(3H}-on-6-yi,
and, benzeldithiazol-2{3H)-on-7-yl. In certain embodiments, the arvlis a phenylor a

naphthyl ring. In cerfain embodiments, the arvl is a phenyl ring.

[0074] The term “cycloalkyl” as used herein, means a monocychic or a bicydlic cycloalkyl ring
system. Monocyclic ring systems are cyclic hydrocarbon groups containing from 310 8
carbon atoms, where such groups can be saturated or unsaturated, but not aromatic. In
certain embodiments, cycloalkyl groups are fully saturated. Examples of monocyclic
cycloalkyis inciude cyclopropyl, cyelobutyl, cyclopentyl, cyclopentenyl, cyciohexyl,
cyciohexenvl, cycloheptyl, and cyclooctyl. Bicydlic cycloalkyl ring systems are bridged
monocyclic rings or fused bicydlic rings. Bridged monocyclic rings contain a monocydiic
cycloalkyl ring where two non-adjacent carbon atoms of the monocychic ring are linked by an
alkylene bridge of between one and three additional carbon atoms {i.e., a bridging group of
the form -(CHaw~, where w is 1, 2, or 3}, Representative examples of bicyclic ring systems
include, but are not iimited to, bicycle[3.1. 1theptane, bicycdio{2.2.1lheptane,
bicyclof2.2.2Joctane, bicyciol3.2 2lnonane, bicyclo[3.3. 1nonane, and bicyclo[4.2. 1jnonane.
Fused bicyclic cycloalkyl ring systems coniain a monocyelic cycloalkyl ring fused to either a
phenyl, a monocyclic cycloalkyl, a monocydlic cycloatkenyl, a monpceyclic heterocyalyl, or a
monocyclic hetercaryl. The bridged or fused bicyclic cycloalkyl is atiached {0 the parent
molecular meilety through any carbon atom contained within the monocyclic cycloalkyl ring.
Cycloalkyl groups are optionally substituted with one or two groups which are independently
oxo or thioxe. In certain embodiments, the fused bicydlic cycloalkyl is a 5 or 6 membered
monocyclic cycloatkyl ring fused o sither a phenyl ring, a 5 or 8 membered monocyclic
cycloalkyl, a 5 or 6 mambered monocyclic cycipalkenyl, a 5 or 6 mambered monocyclic
heterocyciyl, or & & or € membered monocyclic hetercaryl, wherein the fused bigydlic
cycloalkyl is optionally substituted by one or two groups which are independently oxo or
thioxe. In certain embodiments, cycloalkyl is @ monocydlic ring system containing from 3 o

8 carbon atoms.

[8075] The term “halo” or *halogen” as used hersin, means -Ci, -Br, -f or -F.
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[0076] The terms "haloalkyl” and "haloalkoxy” refer to an aikyl or alkoxy group, as the case

may be, which is substituted with one or more halogen atoms.

I8077] The term “hetercaryl,” as used herein, means a monocyclic heteroaryt or a bicyclic
ring system containing at least one helercaromatic ring. The monocyclic heleroarvican be a
5 or 8 membered ring. The 5 membered ring consists of two double bonds and one, two,
three or four nitrogen atoms and optionally one oxygen or sulfur atom. The & membered ring
consists of three double bonds and one, two, three or four nitrogen atoms. The bor6
membaered heteroaryl is connected (o the parent molecular moiety through any carbon atom
or any nitrogen atom contained within the hetercaryl. Representative examples of
monocyclic heteroaryl include, but are not limited to, furyl, imidazolyl, isoxazolyl, isothiazoiyi,
oxadiazolyl, oxazolyl, pyridinyl, pyridaziny, pyrimidinyl, pyrazinyl, pyrazolyl, pyrrolyl,
tetrazolyl, thiadiazolyl, thiazolyl, thienyl, triazobyi, and triazinyl. The bicyclic heteroaryl
consists of a monocyclic heteroaryl fused o a phenyl, @ monocyclic cycloalkyl, a monocyciic
cycloaikenyl, a monocydlic heterocyclyl, or a2 monocyclic heteroaryl. The fused cycdloalkyl or
heterocyciyl portion of the bicydclic heteroary! group is optionally substituted with one or two
groups which are independently oxo or thioxo. When the bicyclic heteroaryi contains a fused
cycloalkyi, cycloalkenyl, or heterccyclvi ring, then the bicyclic heteroaryl group is connecled
to the parent molecular moiety through any carbon or nitrogen atom contained within the
moneocyclic heteroaryl portion of the bicyclic ring system. When the bicydlic hetercarylis a
monocyclic heteroaryl fused to a benzo ring, then the bicyclic hetercaryl group is connected
to the parent molecular moiety through any carbon atom or nitrogen atom within the bicyclic
ring system. Represeniative examples of bicyclic heteroarnyt include, but are not limited to,
benzimidazolyl, benzofuranyl, benzothienyl, benzoxadiazolyl, benzoxazolyl,
henzoxathiadiazolyl, benzothiazolyl, cinnolinyl, 5,8-dihydroguinolin-2-yl, 5,6-
dibwdroisoquinotin-t-yl, furopyridinyi, indazoly, indolyl, isoquinclinyt, naphthyridiny,
guinolinyt, purinyl, 5,8,7 8-tetrahydroquinolin-2-yl, 5,87, 8-tetrahydroguinolin-3-yi, 56,7 8-
tetrahvydroquinciin-4-yi, 58,7 8-tetrahvydroisoguinolin-1-vi, thienopyridinyl, 4,5,6,7-
tetrahydrobenze[c][1,2, 5loxadiazolyl, 2, 3-dihydrothieno]3,4-A11 didioxan-5-yi, and 8,7
dihydrobenzo[cl{1,2, 5]loxadiazol-4(5H)-onyl. In certain embodiments, the fused bicyclic
hetercaryl is a 5 or 8 membered monoccyclic heteroaryi ring fused to either a phanylring, a 5
or 8 mamberad monocyclic cycloalkyl, a 5 or 8 membered monocyclic cycloalkenyl, a 5 or 8
membered monocyclic heterocychyi, or a & or 8 membered monocyclic hetercaryl, wherein
the fused cycloalkyl, cycloalkenyl, and heterocyclyl groups are optionally substituted with

one or two groups which are independently oxo or thioxa.

[0078] The terms "heterocycivl” as used herein, mean a monocyclic heterocycle or a bicyclic

heterocycie. The monocydlic heterocycle is a 3, 4, 5, 6 or 7 membered ring containing at
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feast one heteroatom independently selected from the group consisting of O, N, and & where
the ring Is saturated or unsaturated, but not aromatic. The 3 or 4 membered ring contains 1
heteroatom selected from the group consisting of O, N and 8. The & memberead ring can
coritain zero or one double bond and one, two or three heteroatoms selecled from the group
consisting of O, N and 8. The 8 or 7 membered ring contains zero, ons or two double bonds
and ong, two or three hetercatoms selected from the group consisting of O, Nand 8. The
monocyclic heterocycle is connacted to the parent molecular molety through any carbon
atom or any nitrogen atom contained within the monocyclic heterocycle. Representative
examples of monocyclic heterccycls include, but are not limited to, azetlidiny!, azepanyl,
aziridinyl, diazepanyl, 1,3-dioxany!, 1 3-dioxolanyl, 1,3-dithiclanyl, 1,3-dithianyl, imidazoliny,
imidazolidinyi, isothiazolinyl, isothiazolidiny, isoxazoliny!, isoxazolidinyl, morpholing,
oxadiazolinyt, oxadiazolidiny!, oxazolinyt, oxazolidiny!, piperazinyt, piperidinyl, pyramyi,
pyrazoliny!, pyrazolidinyl, pyrrolinyl, pyrroliding, tetrahydrofurany, tetrahydrothienyt,
thiadiazolinyl, thiadiazolidiny!, thiazolinyl, thiazolidinyl, thiomorpholiny,

1, 1~dioxidothiomorpholinyt (thiomorpholine sulfone), thiopyranyl, and trithianyl. The bicyclic
heterocycie is @ monocyclic heterocycle fused o either a phenyl, a monocyclic cycloalky, a
monocyclic cycloatkenyl, a monocyclic heterocycle, or a monocydlic hetercaryl. The bicyclic
heterocycie is connecied to the parent molecular moisty through any carbon atom or any
nitrogen atom contained within the monocyclic helerocycle portion of the bicyclic ring
system. Represeniative examples of bicydlic helerocyclyls include, but are not imited to, 2,2~
dihydrobenzofuran-2-yi, 2, 3-dihydrobenzofuran-3-yi, indolin-1-yl, indolin-2-yi, indolin-3-yl,
2,3-dihydrobenzothien-2-vl, decahydroquinolinyl, decahydroisoquinoiinyd, octahydro-1H-
indolvl, and oclahydrobenzofuranyl. Heterocyclyl groups are optionally substituted with one
or two groups which are independently oxo or thioxo. In certain embodiments, the bicyclic
heterocyciyl is a § or & membered monocyclic heterocyclyl ring fused to phenyiring, a5 or 8
membered monocyclic cycloalkyl, a § or & membered monocydlic cycloalkenyl, a b or §
membered monocyclic heterocychyl, or a 5 or 6 membered monocyciic heteroaryl, wherein
the bicyclic heterocyciyl is optionally subsiituted by one or two groups which are

independently oxo or thioxo.
[G073] The term "oxg” as used herein means a =0 group.

[0080] The term "substituted”, as used herein, means that a hydrogen radical of the
designated molety is replaced with the radical of a specified substifuent, provided that the
substitution results in a stable or chemically feasible compound. The term "substiiutable”,
when used in reference to a designated atom, means thal attached to the atom is a

hydrogen radical, which can be replaced with the radical of a suitable substituent.
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{0081 The phrase "one or more” substituents, as used herein, refers to a number of
substituents that equals from one 1o the maximum number of substituents possible based on
the number of available bonding sites, provided that the above condilions of stability and
chemical feasibilily are met. Unless otherwise indicated, an optionally substituted group may
have a substituent at 2ach substitutable position of the group, and the substituents may be
gither the same or different. As used herein, the term "independently selected"” means that
the same or different values may be selected for multiple instances of a given variable in a

single compound.

[0082] It will be apparent to one skilled in the art that certain compounds of this disclosure
may exist in tautomeric forms, all such tautomeric forms of the compounds being within the
scope of the disclosure. Unless otherwise stated, struciures depiclted hersin are aiso meant
fo include all sterecchemical forms of the structure; .e., the R and 5 configurations for each
asymmetric center. Therefore, single sterecchemical isomers as well as enantiomeric and
diastereomeric mixtures of the present compounds are within the scope of the disclosure.
Both the R and the S stereochemical isomers, as well as all mixtures thereof, are included

within the scope of the disciosure.

[0083] “Pharmaceutically acceptable” refers to those compounds, materials, compositions,
and/or dosage forms which are, within the scope of sound medical judgment, suitable for
contact with the tissues of human beings and animals without excessive toxicily, irritation,
allergic response, or other problems or complications commensurate with a reasonable
benefit/risk ratio or which have otherwise been approved by the United States Food and

Drug Administration as being acceptable for use in humans or domestic animals.
[0084] “Pharmaceutically acceplable salt” refers {0 both acid and base addition saiis.

[0085] “Therapeutically effective amount” refers (o that amount of a compound which, when
administered to a subject, is sufficient to sffect treatment for a disease or disorder described
hersin. The amount of a compound which constitutes a “therapeutically effective amount” will
vary depending on the compound, the disorder and iis severity, and the age of the subject to

be treated, but can be determined routinely by one of ordinary skill in the art.

[00886] “Treating” or “treaiment” as used herein covers the treatment of a disease or disorder
described herein, in a subject, preferably a human, and includes:

i inhibiting a disease or disorder, i e., arresting its development;

i. relieving a disease or disorder, 8., causing regression of the disorder,

iii. slowing progression of the disorder;, and/or

iv. inhibiling, relieving, ameliorating, or slowing progression of one or more symptoms of

the disease or disorder.
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in certain embodiments, treating as used herein includes inhibiting a disease or disorder. In
certain embodiments, treating as used herein includes inhibiling, relieving, amesliorating, or

slowing progression of one or more symptoms of the disease or disorder.

[0087] "Subject” or "patient” refers to a warm blooded animal such as a mammal, preferably
a human, or @ human child, which is affiicted with, or has the potential {0 be afflicted with one

or more diseases and disorders described herein.

Methods of Preparation

[0088] Many general references providing commaonly known chemical synthelic schemes
and conditions useful for synthesizing the disclosed compounds are available (see, 8.g.,
Smith and March, March's Advanced Organic Chemistry: Reactions, Mechanisms, and
Structure, Fifth Ed., Wiley-Interscience, 2001; or Vogsl, A Textbook of Practical Organic
Chemistry, Including Gualitative Organic Analysis, Fourth Ed., New York: Longman, 1878).

{8088 Compounds as described herein can be purified by any of the means known in the
art, including chromatographic means, such as HPLC, preparative thin layer
chromatography, flash column chromatography and ion exchange chromatography. Any
suitable stationary phase can be used, including normal and reversed phases as well as
ionic resins. Most typically the disclosed compounds are purified via silica gel and/or alumina
chromatography. See, e.g., introduction to Modern Liquid Chromatography, 2nd Edition, ed.
L. R Snyder and J. J. Kirkland, John Wiley and Sons, 1879; and Thin Layer
Chromatography, ed E. Stahl, Springer-Verlag, New York, 1063.

{00980 During any of the processes for preparation of the subject compounds, it may be
necessary and/or desirable 1o protect sensitive or reactive groups on any of the molecules
concerned. This may be achieved by means of conventional protecting groups as described
in standard works, such as J. F. W. McOmie, "Protective Groups in Organic Chemistry,”
Plenum Press, London and New York 1873, in T. W. Greene and P. G. M. Wuls, "Protective
Groups in Organic Synthesis,” Third edition, Wiley, New York 1889, in "The Peptides”;
Volume 3 {(editors: £ Gross and J. Meienhofer), Academic Press, London and New York
1981, in "Methoden der organischen Chemie,” Houben-Weyl, 4.sup.th edition, Vol. 15/,
Georg Thieme Verlag, Stuttgart 1974, in H.-D. Jakubke and H. Jescheit, "Amincsauren,
Peptide, Proteing,” Verlag Chemie, Weinheim, Deerfisld Beach, and Basel 1982, and/or in
Jochen Lehmann, "Chemie der Kohlenhydrate: Monosaccharide and Derivate,” Georg
Thieme Verlag, Stuttgart 1974. The protecting groups may be removed at a convenient

subseguent stage using methods known from the art.

[0081] The compounds disclosed herein can be made using procedures familiar to the

person of ordinary skill in the ant and as described herein. For exampie, compounds of
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structural formuia (1) can be prepared according to known methods or they can be

purchased from commercial sources.
EXAMPLES

[3052] The methods of the disclosure are iHlustrated further by the following examples, which
are not to be construed as limiting the disclosure in scope or spirit to the specific procadures

and compounds described in them.
Examples 1-35; CALP and Dab?2 inhibition Assay

[6093] CALP and/or Dab2 inhibition assays were performed in biochemical "mix-and-
measure” format in order 1o evaluate the effects on activation and inhibition of CALP and/or
Dab2 by the compounds of the disclosure. Briefl assay procedure is provided below. Uniless

otherwise specified, all of the compounds were oblained from commercial sources.

[0094] CALP inhibitors were identified by flucrescence polarization (FP) competition assays
in high-throughput screening (HTS) formatl. Recombinant CAL PDZ was expressed and
purified in £. cofi as previously described (Amacher ef al., Acta Cryst (2011) F67, 800-603),
and dialyzed into FP storage buffer (25 mM Tris pH 8.5, 150 mM NaCi, 0.1 mM TCEP, and
0.02% sodium azide). A fluorescent reporier peptide, NPG32, was purchased commercially
with the following sequence: FRANSRWQTSH (F* denotes a N-terminal fluorescein group
coupled via an aminchexanoic acid linker). initial single-dose HTS was performed with
libraries comprising ~52,000 compounds (FAST Lab — Novartis Instituies for BioMedical
Research). First, 25 nb of 5 mM small-molecule was transferred to 1536-well Grenier piates.
3yl of 3.708 uM CALP in FP buffer (FP storage buffer supplemented with 0.1 mM 1gG and
30 uM thesis) was added, and plates were incubated for 10 min. Nexi, 3 ub of 60 nM NPG32
(in FP buffer) was added. Final reaction volumes were 8 pl. and contained 1.854 uM CALP,
30 nM NPG32, and 20.83 uM small-moleculs. Negative controls contained equivalent
amounts of DMSQO (0.417%), while positive conirols contained 10 uM NPG35
(ANSRWQVTR[Tie] where [Tle] is L-tert leucing), an unlabeled, high-affinity peplide inhibitor
of CALPF (Kq = <1 uM). Plates were incubated for 30 minules at room temperature and
anisotropy was measured {480 nm excitation wavelength and 535 nim emission wavelength).
128 compounds showed »15% inhibition (3x 8D} and were subjected to subsequent
validation. Compounds were validated in triplicate using 8-point dilution series in half-log
increments with two orthogonal assays: FRET and TMR-based FP assay. For the FRET
assay, a cerulean-CALP fusion protein (Cer-CALP) was expressed and purified as
previously described (Zhao et al., 2018). A fluorescent reporter peptide, PRC34, was
purchased commercially with the following sequence: TMR*“ANSRWPTSH (TMR>denotes a

N-terminal tetramethylrhodamine group coupled via an aminchexanoic acid linker). First, 40
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nl. of compound was transferred {0 the piates. 5 pl of 16.632 pM Cer-CALP was added, and
plates were incubated for 30 min. Next, 5 ul. of 16.832 uM PRC34 was added, and plales
were incubated for 30 min. Final reaction volumes were 10 ul and contained 8.316 uM
CALP, 8316 uM PRC38, and variable concenirations of small-molecule. Negative controls
contained equivalent amounts of DMS0 (0.4%)}, while positive conirols contained 100 uM
NPG30 (sequence: ANSRWPVTRY). Plates were incubated for 30 min, and emission at 475
nm and 575 nm was measured foliowing excitation at 430 nm. TMR FP assays were
conducted as described for the FITC-based assay with the following exceptions: TMR was
used as the reporter peptide, the final CALP concentration was 11.952 uM, and the positive
control used was 100 uM NPG30.

[G095] Dab-2 inhibitors were also identified by FP competition assays via HTS. Human-
Dab2-DH, residues 31-181 (Uniprot: PE8082Y}, and trDab2-DH {residues 33-178) was
subcloned into the pET16b veclor via PCR ulilizing the restriction enzyme sites of Xhol and
Bamtl The construct was designed with a 3C protease cleavage site directly upstream and
in-frame with the protein coding sequence. DNA was sequence verified. (0.1mM) IPTS was
used o induce protein expression in £ cofi BLZ1{DEZ)RIL cells, after reaching an O.D. of
0.6. Celis were grown overnight at 20°C, after which they were lysed, and the protein
purified through a nickel affinity column (HisTrap HP, GE Healthcare Life Scignces; product
code 17-5247-01) and size- exclusion chromatography (SEC) using a Hil.oad Superdex 200
PG {(GE Healthcare Life Sciences; product code:28989338). Foliowed by 3C cieavage of the
10xHis tag (unless otherwise indicated), and a second nickel affinity column to remove the
3C protease and excess tag. Dab2-DH was dialyzed into FP storage buffer (25 mM Tris pH
8.0, 150 mM NaCl, 0.1 mM TCEPR, and 0.02% sodium azide). Fluorescent reporter peptides,
TMR*STAQZ (TMR*QNGFDNPNYQPQENMQA) and TMR™STAOS (TMR™
QNGFDNPNYGPQ), were purchased commerciaily with the following sequence where
THMR™ denotes a N-terminal tetramethylrhodamine group coupled via an aminohexanoic acid
finker. An unlabled positive control peptide STAOZ (QNGFDNPNYOPQENMQA) was also
purchased commercially. Inhibitors of Dab2-DH were identified from a varisty of sources with

various protocols outiined below.

[0098] For screens conducted at the Novartis Institutes for BioMedical Research FAST Lab,
single-dose HTS assays were performed with libraries comprising ~52,000 compounds at 20
HAM doses. Experiments were conducted as described for screens at the University of
Pittsburgh Lab and Drug Discovery Institute, except that Dab2-DH, not rDab2-DH, was used
as the protein source. 377 compounds exhibited >28% inhibitory activity {3x S0} and were

subjected to dose-response validation assays.
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{0097 For screens conducted at the Broad Institute, compound fransfers were done using a
384-well pin tool squipped with 100 nL hydrophobic surface coated pins. 100 nl of DMSO
(negative control), STAOZ (positive control), or library compounds were dispensed info 20 ul
of protein (200 nM) and reporter (F*-STAD0Z, 30 nM) mixiure with 8.1 mg/mi mouse IgG and
0.5 mM Thesit. Final concentrations in the mixture were DMSO (1%), STAD2 (20 uM), and
compounds (18 uM). Plates were incubated for 35-45 minutes before measuring
polarization. Compounds were tesied in duplicates on two separaie plates. Positive and

negative controls were included in each individual plate.

[0098] For experiments conducted at the University of Piltsburgh Lab and Drug Discovery
institute, single-dose HTS assays were performed with a library containing ~220,000
compounds. On the day of screening, a master mix of equal parts trDab2-DH (800 nM) and
TMR-STAO3 (80 nM) was prepared. Compound plates containing assay ready 2 yl aliquots
of a 1 mM stock solution in DMSO were thawed, reconstituted in FP buffer {0 a concentration
of 30 ub in 3% DMSQO, and five pl transferred {o low volume assay plates using a Perkin
Elmer MDT. Ten ul. of master mix were added by a Microfio bulk liguid dispenser (Biotek,
Winooski, V1) and processed as described in the general protocol above. Each piale
contained 32 wells of positive (Dab2-DH + probe + DMSO) and negative (Dab2-DH + probe
+ 10 uM STAG3) controls. Plates were read at 1.5-h and 4-h on the Envision multilabsl

reader.

[008%] The results of CALP and/or Dab2 inhibition assay for the representative compounds

of the disclosure are provided in Table 1.

Table 1

inhiblory activity

Ex. Structure Name CALP Dab2

iCso | At 100 | 05, | at
(M) | uM M) | Ceas

(2R, 3R)-5,7-dihydroxy-
2-(3,4 S-trihydroxy-&-
oxo-1-({(2R,3R)-3,5,7-
trihydroxychroman-2-
yh~OH-
henzo[7lannulen-8-
yhchroman-3-yl 3.4 5
trihydroxybenzoate

11.32 | -8553 | 2.45 |-79.61

{theaflavin-3-
gallate(TF24), CAS
RN 30462-34-1,
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Ex. Structurs

Name

inhibitory activity

CALP Dab2

i0ss | @t 100 10g | at
(BM) | M M) | Caax

PubChem CID
188167)

&-methyl-
2a,2a'.3,4,458,586,7 8a,
12b-decahydro-2H-
4at 5-

gthanofure[4' 324,10
lanthra[8, 1-beloxepine-
2.9 12-trione

(PubChem CID
101110)

130 | -67.12 1 0.22 |-88.89

(1aR,1b§,5a8,6aR 6b
8, 11a8)-3,8-dichioro-
4, 10-dihydroxy-
18,58.8a8,11a
tetrahydro-5H,11H-
1b,8b-
spoxyoxirenc{2' 32 3]
naphthoi1,8-
bejoxirenof2', 32, 3nap
hthol[1,8-efloxepine-
5. 11-dione

(spirexin B; PubChem
CiD 10366321)

-80.85 1 0.26 |-93.47

3,4 5-{rihydroxy-6-
methyiphthalaldehyde

(flavipin; CAS RN 483-
53-4: PubChem CID
3083587)

10.24 {-94.08 | 3,42 |-8585

4-(4-{pyrimidin-2-
yhpiperazin-1-
yhphenol

(FubChem CID
2100296)

40.62 | -46.33 {20.61]-44.86

24




WO 2022/094079

PCT/US2021/057048

Ex.

Structurs

Name

inhibitory activity

CALP Dab2

i0ss | @t 100 10g | at
(BM) | M M) | Caax

(E£3-5-chiore-9-(3-
hydroxy-2-
methylbutanoyl)-Oa-
methyl-3-(3-
methylpeni-1-en-1-yi}-
BH-furof2,3-
hlisochromens-

8, 8(BaH)-dione

(PubChem CID
74075505)

34.21 |-72.96 1 7.54 |-80.85

o 4N

-0

1,8,9-trilvydroxy-3-
methoxy-8H-
henzofuro[3,2-
clchromen-8-one

(wedelolactone; CAS
RN 524-12-9;
PubChem CID
5281813)

1.24 | -74.42

N-(4-
hydroxynaphthalen-1-
yh-2-ox0-2, 3-dihydro-
1H-benzol[dlimidazole-
S-suifonamide

(FubChem CID
2133822)

4.57 |-72.18

3,4, 5 -trihydroxy-5-
methoxy-2-methyl-
i1, 1-biphenyi}-2-
carboxylic acid

(alutenusin; CAS RN
31188-12-6; FubChem
CiD 8818488}

0.037(-88.07
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Ex.

Structurs

Name

inhibitory activity

CALP

Dab2

ECSQ at 160
(pd) | M

{Cso
{ut}

at
Smax

10

(45,4aR ,53,5aR,12aR}
-4-{dimethylamino}-
1,5,10,11,12a-
pentahydroxy-6-
methylene-3,12-dioxo-
3,4.4a55a6,12,12a-
octahydrotetracens-2-
carboxamide

{methacycline;
rondomycin, CAS RN
914-00-1; PubChem
CID 54675785)

8-
85%

11

S-methoxy-2-{({4-
methoxy-3,5-
dimethylpyridin-2-
yhmethviisulfinyh-1H-
imidazoel4, 5-blpyridine

(tenatoprazole; CAS
RN 113712-98-4;
PubChem CID
836411

52-

83%

12

(S)-8-methyl-56,68,7-
tetrahydro-4H-
dibenzofde glguinoline-
10,11-didl
hydrochioride

{{(S)-apomorphine
hydrochloride;
FubChem CID
8852389}

Ki=
1.81

o

-95%

13

5 5-dimethyl-5,6-
dihydro-

1,2 Altriazolo]3,4-
alisoquinoline-3{2H)-
thione

Ki=
0.486

-~

-85%
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Ex.

Structurs

Name

inhibitory activity

CALP

Dab2

iCsa
{(1d)

at 100
Y

{Cso
{ut}

at
Smax

(PubChern CID
870599)

14

mathyl (1R, 2R 48)-4-
({{2R,48,55,65)-4-
{dimethylamino)-5-
hydroxy-8-
methyltetrahydro-2H-
pyran-2-yhoxy)-2-ethyl-
2,5,7 10-tetrahydroxy-
8 11-dioxo-
1,2,2,4,86,11-
hexahydroteiracene-1-
carboxylate

(Pyrromycin, CAS RN
888-17-7; PubChem
CiD 198890)

0.73

-67.06

2-chiore-13,18,23,28-
tetrahydroxy-
12,16,22,24,26,29-
hexamethyl-
13,14,19,22,23,24~
hexahydro-1H-3,31-
methanobenzolel[1]az
acyclononacosine-
1,5,15,27 32(4H 12H 1
gH)-pentaone

(naphthomycin B, CAS
RN 86825-88-9;
PubChem CID
73688824

-b4 29

16

5,8-dihydroxy-7-
isopropyk-1, 1-dimethyl-
1,3.4,8,10,10a-
hexahydro-2H-8,4a-
{(epoxymethanoiphena
mthren-t2-one

(CAS RN 5857-80-2;

6.89

-88.12
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Ex.

Structurs

Name

inhibitory activity

CALP

Dab2

iCsa
{(1d)

at 100
Y

{Cso
{ut}

at
Smax

PubChem CID 2579)

17

457-
trihydroxynaphthalene-
1, 2-dione

(flaviolin, CAS RN 479-
05-0; PubChem CID
160478)

8.29

18

(1R 4aR 12a5)-3-
acetyl-1-amino-

4 43,6, 7-tetrahydroxy-
8,11-dimethyl-12,12a-
dihydrotetracene-
2,5(1H 4aH)-dions

{cetocycline; CAS RN
25144-42-1, PubChem
CID 71402)

8.86

-98.3

19

(E)-2-hydroxy-5-
methoxy-4-({E)-3-
phenviallylidene)oycioh
exa-2 S-dien-t-one

{obtusaguinone; CAS
RN 21105-15-7;
PubChem CID
5087872)

-81.17
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Ex.

Structurs

Name

inhibitory activity

CALP Dab2

i0ss | @t 100 10g | at
(BM) | M M) | Caax

20

1-(3,10-dihydroxy-12-
(2-({{(4-
hydroxyphenoxyicarbo
nyhoxyjpropyt-

2,86,7 11-tetramethoxy-
4,9-dioxo-4,5-
dihydroperylen-1-
yhpropan-2-yi
benzoate

{caiphostin C, CAS RN
121263-19-2;
PubChem CID 2533)

0.51 1-108.8

21

2-(2-hydroxy-4-
methoxyphenyl)-2-oxo-
N-phenylacetamide

(FubChem CID
5082817}

0.94 |-62.96

22

8,6-oxyhis(4-
methylbenzens-1,2-
diol}

(Viclaceol I) ethericin
A; CAS RN 88027-81-
8; PubChem CiD
100618)

0.77 |-82.01

23

3-{2 8-dihydroxy-4-
methyiphenoxy}-5-
methylbenzens-1,2-
diol

(Viclaceol I; CAS RN
81827-49-8, PubChem
CiD 18156968}

0.89 {-81.48
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inhibitory activity

Ex. Structure Name CALP Dab2

i0ss | @t 100 10g | at
(BM) | M M) | Caax

(2R, 4a5,6a3,12bR, 143
&, 14bR)-10-hydroxy-
2,4a,6a,8,12b,14a-
hexamethyl-11-oxo-
1,2,3,4,4a,56,63,11,12
,13,14,14a 14b-
tetradecahydropicens-

2-carboxylic acid 0.66 |-85.24

24

{celastrol; tripterin;
CAS RN 34157-83-0;
FubChem CID
122724

(E)-3-(3 4~
dihydroxyphenyi)-2-((3-
(3,4~

o dihydroxyphenylacrylo
o on [¥Dexy)propancic acid
OH
D&AQLT {rosmarinic acid, CAS
© RN 537-15-5;

PubChem CID
5315615)

25| e 3.22 |-80.27

5,8-dihydroxy-3-
methyinaphthol2,3-
cifuran-4{GH)-one

(MS-444, CAS RN (.69 |-87.06
150045-18-4;
PubChem CID
132004)

(E}-4-{{16-methyl-2 5-
dioxooxacyclohexadec
-3-en-S-ylioxy)-4-
oxcbutanoic acid

o
o0
&
L]
0
o
©
o

(PubChem CID 41880)
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Ex.

Structurs

Name

inhibitory activity

CALP

Dab2

iCsa
{(1d)

at 100
Y

{Cse at
{uM} | Crax

28

OH

methyl da-hydroxy-7-
{hydroxymethyi}-1-
((3,4,5-trihydroxy-6-
{hydroxymethylitetrahy
dro-2H-pyran-2-
yhoxyy-1,4a,57a-
tetrahydrocyclopentald]
pyran-4-carboxylate

(PubChem CID
12443420)

0.39 |-86.21

28

3,8-diaming-5-(3-
{diethyi{methyhammon
iopropyh-6-
phenviphenanthridin-5-
ium bromide

{propidium bromide;
CAS RN 72480-87-8;
PubChem CID
16043037}

9.41 |-06.64

30

(45,4aR,58,5aR 65,12
aR)-4-(dimethylamino)-
1,5,6,10,11,12a-
hexahydroxy-8-methyk-
3, 12-dioxo-
3,4.4a,5,538,12,123-
octahydrotetracene-2-
carboxamide

(oxytetracycline,
terramyein; CAS RN
79-67-2; PubChem
CID 54675779

8.02 {-83.01

31

(4aR,85,10a88)-5,6-
dihydroxy-7-iscpropyl-
1, 1-dimethyl-
1,3,4,8,10,10a-
hexahydro-2H-8,4a-
(epoxymethano)phena

537 |-78.21
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Ex. Structurs

Name

inhibitory activity

CALP Dab2

i0ss | @t 100 10g | at
(BM) | M M) | Caax

nthren-12-one

{carnosol, CAS RN
5957-80-2; PubChem
CID 442009}

2| A

4-decyl-3-
methylenedihydrofurof
3,4-blfuran-
2,6{(3H,4H)-dione

(FubChem CID
21125855}

5.22 |-77.91

33

7-hydroxy-5-methyl-
3,3a,5,11b-tetrahydro-
2H-benzolgliure{3,2-
clisochromene-2,8,11-
frione

(kalafungin; CAE RN
29384-81-4; PubChem
CiD 283138}

8.02 |-86.55
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(1aR,1b3,5a%,6aR ,6b
5, 11a8)-3-chiore-4,10-
dihydroxy-

1a,5a,6a 11a
tetrahydro-5H,11H-
1b,8b-

gpoxyoxirenciz2’ 32,3}
naphthoi1,8-
beloxirenof2', 302, 3nap
htho[1,8-efloxepine-

5 11-dione

{spiroxin A; PubChem
CID 10070299}

2.89 |-86.04
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inhibitory activity

Ex. Structure Name CALP Dab2

i0ss | @t 100 10g | at
(BM) | M M) | Caax

3-(2,5-dihydroxy-3,4-
dimethoxyphenylibuian
-2-one

35 1.17 |-80.52
{(FubChem CID

11195806)

Examples 38-41:

{0100] The following compounds of Table 2 were obtained from commercial sources, and

gvaluated in fluorescence polarization (FP) competition assay.

[80101] Specifically, dose-dependent CALP inhibition of compounds of examples 36-41 was
assessed by FP competition assays. Experiments were conducied similarly to HTS assays
described above but in large-volume format. Briefly, CALP was expressed and purified as
previously described (Amacher ef al,, 2011}, A fluorescently labsled peplide, NPG32, was
commercially obtained (sequence: F-ANSRWQTSH where F* denotes a N-terminal
fluorescein group coupled via an aminchexanecic acid linker). CALP was dialyzed into FP
storage buffer (25 mM Tris pH 8.5, 150 mM NaCl, 0.1 mM TCEP, and 0.02% sodium azide).
CALP was diluted into FP buffer (FP storage buffer supplemented with 0.1 mg/mL 1gG and
30 uM thesit) containing 31.58 nM NFG32. The protein/reporter solution was aliquoted into
384-well plates with sach well containing 19 ul. of the mixture. Twelve-point titrations (2-fold
serial dilutions) of the test compounds were prepared in 25% DMSO. To each well, 1 ul of
compound was added. The final 20 ub solution contained: 1.854 uM CALP, 30 nM NPG32,
1.25% DMSO, and variable concentrations of the test compounds (maximal conceniration
ranged between 100-500 ub). Each well was mixed by pipetie before plates were
centrifuged for 3 min at 750 x g. Plates were incubated at room temperature for 30 min
before anisotropy was measured. individual experiments were performed with triplicate
technical replicates. Except for Examples 37-38, the reporied potency for all compounds was
calculated by averaging three experimental replicates. Assays containing Examples 37-38

were only conducted with one experimeantal replicate 1o determine absence of binding.
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Table 2.
Ex : .
No. Chemical structure Chemical name
OH
OO N-{4-hydroxynaphthalen-1-yD-1,3-dimethyi-2-
38 O oxo-2,3-dihydro- TH-benzo[dlimidazole-&-
N Ni sulfonamide
S Y =0
g
3
37 HEE‘!\ (_(53 H N»(napht‘ha‘ﬁen»1»yE)»Z»oon,3~Kdihydr0»1H»
deNFQ benzo[dlimidazole-5-sulfonamide
SN
Ok
28 ‘ ‘[ N-{4-hydroxyphenyl}-2-ox0-2, 3-dihydro- 1H-
HN\é,fD = henzofdlimidazoie-5-suifonamide
N
o) \FQ
N
H
OH @]
O‘ ’&\/U\OH
A A 2-{{1-hydroxy-4-({2-ox0-2,3-dihydro-1H-
38 uly O henzo[diimidazole)-5-
\S’W g sulfonamido)naphthalen-2-yhithic)acetic acid
40 . N-{4-hydroxynaphthalen-1-
HN ¢ viibenzenesulfonamide
N
O// E/ I
SN
OH
| R
41 A Nn(é@_hydroxynaphthgienw"i-
o viymethanesuifonamide
HN_ &
d ™
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[80102] Examples 36-41 were evaluated for CALP inhibition using the above-provided
procedure. Figure 1 provides dose-response curves of these compounds as compared o

freatment with DMSO (control) and example 8.
Example 42: Evaluation of Example 8

[0103] Example 8 was found to covalently modify CAL PDZ by matrix-assisted laser
desorption/ionization-time of flight (MALDI-TOF) spectrometry, using known procedures
such as those described in Zhao ef al. (ACS Appl. Mater. Inferfaces 2018, 10, 43, 37732~
37742). Following incubation of 50 uM protein with 75 uM of example 8, the molecular
weight of the samples was determined by MALDI {unlabeled CALP molecular weight: 9464 %
15 Da; labeled CALP molecular weight: 9623 + 9 Da). Although example 8 is 355 Da, only a
~160 Da adduct was observed for CAL PDZ. When the same reaction is performed with the
point mutant CAL PDZC319A (where the only cysteine residue is mutated o alanine), no
adduct is detected, indicating that example 8 covalently modifies CAL PDZ’s cysteine

residus.

[0104] 1t is hypothesized that cysieine, when deprotonated, acts as a nucieophile (Nu) and
attacks the napthol group on 8, causing hydrolysis of the sulfonamide group. Without being
bound {0 a theory, itis believed that the proposed adduct thal remains covalently bound o
CALFis:

interestingly, all analogs tested resulted in the same adduct size, suggesting that new

chemical substituents also serve as leaving groups in the reaction.

[0105] Next, to probe the biochemical effect example 8 exerts on CAL PDZ-peplide binding,
CAL PDZ was pre-labeled with exampie 8 and performed fluorescence polarization (FF)
assays to determine apparent Kp values for both unlabeled and labeled CAL PDZ.
Comparad to uniabeled CAL PDZ, the adducted form (CAL PDZ-example 8} shows about a
4-fold attenuation in peptide binding: Kp of 1.03 uM vs. 4.38 yM. These data suggest that

exampie 8 might acts as a covalent allosteric inhibitor of CAL PDZ

[0108] "H-°N HSQC NMR measurements were performed using isotopically ("°N) labsled
CAL PDZ pre-treated with example 8 or DMS0. The control showed tight and non-
overlapping peaks indicative of a well-folded protein. When CAL PDZ is adducted with
gxample 8, some peaks show loss of signal intensity and show peak broadening, which is

generally observed when a protein is unfolded. Because CAL FDZ-example 8 still engages
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in peptide binding via FP assays and remains soluble by size-exclusion chromatography,
without being bound by a theory, itis believed that these data suggest that example 8
partially unfolds CAL PDZ but allows it to remain binding competent. it is hypothesized that
when CAL PDZ is partially unfolded by example 8, the entropy cost of peptide binding

increases, which in turn modulates its binding affinity.

[8107] The effect of example B on cytotoxicity and anti-profiferation in wild-type CFBE cells
was assessed. Upon addition of 10 pM compound, cells were found to contain similar levels
of cellular toxicity and proliferation as unireaied cells as provided in Figure 2 using MTT ceill
viability assay (Thermo Fisher Scientific, Waltham, MA, USA) and CyQUANT™ LDH
cylotoxicity assay (Thermo Fisher Scientific, Waltham, MA, USA).

[8108] The effect of example 8 on cell-surface expression of wild-type CFTR was also
tested in the absence of correctors or potentiators. Two doses (1 uM and & uM) of example
8 were applied to wild-type cyslic fibrosis bronchial epithelial (WT-CFBE) cells and the
abundance of WT-CFTR celis in the plasma membrane was guantified. As provided in

Figure 3, Example 8 was found to reduce surface ievels of WT-CFTR.
Example 43; Evaluation of Example 7

[6108] Example 7 was found to covalently modified CAL PDZ. Following incubation with the
small molecule, there was observed a ~300 Da shift by MALDI, corresponding to the
example 7's molecular weight of 214 Da. Like example 8, example 7 attenuated CAL PDZs
ability to bind peplides by ~4-fold: Kp of 1.03 uM vs. 429 uM.

[0110] Example 7 was applied to wild-type cystic fibrosis bronchial epithelial (WT-CFBE)
cells in dosages of 5 uM, 10 oM, and 20 uM, and the change in short-circuit current was
gquantified. The cells were freated for 4 hours with example 7 or the DMSO control in FBS
negative medium. Cells were fed with FBS negative medium 24 hours before treatment.

Exampie 7 showed no significant stimulation in current activity at the three doses tested.
Example 44: Evaluation of Example 12 and Example 13

[0111] 200 nM Dab2-DH was equilibrated with flucrescently labeled peptide (F=-ETAD2, 30
nivl) for 30 minutes at RT. Unlabsled competitor peptide (3TADZ) was serially diluted and
mixed with the protein-reporter mix. Percent DMSO in all samples was 1%. Plates were
mixed by vibration, cenirifuged at 1200 g for 2 minutes and allowed to equilibrate at RT for
30- 45 minutes before measurementi. Fluorescence polarization was measured at an

excitation wavelength of 470 £ & nm and an emission wavelength of 525 x 20 nm.

[0112] Fluorescent anisotropy measurements of 3 nM flucrescently labeled reported

peptide, F*-STADZ, at various protein concentrations revealed a Ko =83 £ 10 nM. FP
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competitive displacement experiments revealed a STADZ Ki= 150 £ 36 nM. ITC binding
isctherms fit using a single-site binding model for STAOZ peptide titration into a Dab2-DH
solution in sodium phosphate buffer vielded a AH = -20.6 keal/mol and Kp= 1571 nM. As
shown in Figure 4, immunoblots of input, supernatant, or pull-down fractions following
detection with an anti-Dab? antibody that interacts with sither isoform (aDab?) or specifically

with the p86 isoform {o-pda).

[0113] The crystal structure of the Dab2-DH:STADZ complex was resolved. Figure 5, pansl
A shows the siructure of the Dab2-DH domain and STAQZ (shown as sticks). STAQ2Z docks
in the canonical peptide-binding cleft of the domain. Panels B, C, and D show interactions of
individual affinity-enhancing STADZ substitutions with residues of the Dab2-DH binding
pocket, along with electron density from the (2Fo-Fo) map as a mesh, calculated before

inclusion of the peptide in the phasing model.

[0114] A high-throughput screen was conducted with positive (STADZ) and negative
(DMSQO) controls. Positive hits were selected for further analysis. 2-Hydroxyestradiol,
example 12, and example 13 - were incubated for 2 hours with an equilibrated solution of
BT-STAD2:Dab2-DH: streptavidin beads. The beads were washed thrice with wash buffer
and the bound profein was eiuted with excess STAQZ peptide. Eluted samples were
examined by immunaobiotiing for Tab2-DH protein. FP competitive displacement
experiments revealed a Ki = 2.38 £ 1.92 uM for 2-hydroxyestradicl, 1.61 £ 0.74 uM for

example 12, and 486 £ 322 uM for example 13.

I31158] The toxicity and anti-proliterative effects of the compounds were investigated. In
short, CFBE cells were seeded at 5 x 108 in 96 well plates. Celis were treated in phenol- and
fetal bovine serum (FBS)-free minimum essential medium (MEM, Gibco), WT-CFBE cells
grown in 96 well plales were freated with Trifon X-100 {positive control}, 0.2% DMBC
{negative control) or 20 uM of the test compound for 24 or 48 hours. Assays were performed
and measured according to the CytoTox 96 Non- Radicactive cylotoxicity Assay (G1780) kit
{(Promega) and the CellTiter 86 Agueocus Cne solution Cell proliferation Assay kit (Promega)

instructions. Percent maximum toxicity {max. tox.} for the LDH assay was calculated.

[0116] Figure 8, panels A and B, show cytotoxicity and percent profiferation. Polarized
CFRE-AFS08 monolayers were exposed basolateraily for 48 hours {o V5-808 (0.1 uM) and
2-hydroxyesiradiol {identified as iDO1), example 12, dipyridamole (identified as iD03), and
example 13 at a concentration of 20 M. Short-circuit current are expressed as the change
{Alse) induced by CFTR inhibitor 172 {20 uM) and Kalydeco (10 ubd).
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Example 45: Evaluation of Example 10

[8117] An increase in the abundance of CFTR was observed when WT-CFBE cells were
treated with 1 UM example 18, as shown in Figure 7. Representative immunobiots (lop) and
summary of biolinylation experimenis {(bottom) demonsirating effects of P2 on the apical
membrane abundance of CFTR in WT-CFBE cells. The lowest concentration (1ubd) that
showed an effect was used (data not shown). Apical membrang CFTR was normalized for
CFTR abundance in cell lysate. N=2 {1th and 2 h) and n=3 {4h)}. Error bar S.EM. *p < 0.08

versus vehicle control (CTRL,; 0.03% water).

[8118] A significant enhancement of CFTR activity was also observed when F508del HBE
primary cells were treated with 1 uM of example 10 for 4 hours in conjunction with VX770,
Fsk, and IBMX. These data underscore the relative unresponsiveness of WT-CFBE cells o
potential CFTR modulators. Further, significant enhancement of CFTR activity when
F508de!l HBE primary cells were treated with 1 uM of example 10 for 4 hours in conjunction
with VX770, C-18, CFFT-002, Fsk, and IBMX. The obsarved channel aclivity was
approximately 2-fold more active than when tested in the absence of C-18 and CFFT-002.
These resulls illustrate the importance of testing putative CFTR modulators in the context of

primary cells and in combination with other CFTR modulators.
Example 46: Evaluation of Example 6 and Example 8

[8119] A functional test for CFTR activity is the determination of airway surface liquid (ASL)
height, reflecting ion fransport and associated osmotic recruitment of water, following
activation of CFTR ion fransport via forskolin stimulation. This functional test is directly
refated o one of the hallmarks of CF! the viscosity of airway mucus due to lack of anion

transport.

[0120] Example 6 or Example 8 (20 uM each) or DMSO (CTR,; 0.02%; 1 ul/ 5 mbL) was
added to the basclateral medium for 4hr. Subsequently, forskolin (20 1M} and IBMX (1 mM)
was addead {o the apical and basclateral medium. The test compounds were added for 30
min directly to the basolateral medium, and they were added in 10 ul medium to the apical
side. The 10 ul volume was subtracted from the ASL volume (N=2-4/group). Exampie 9
increased the ASL volume generated in response to a forskolin stimulus when tested in HBE

primary cells. See Figure 8.

[0121] Some embodiments of this invention are described herein, inciuding the best mode
known to the inventors for carrying out the invention. Of course, variations on these
described embodiments will become apparent 1o those of ordinary skill in the art upon

reading the foregoing description. The inventor expects skilled artisans to employ such
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variations as appropriate, and the inventors intend for the invention {0 be practiced otherwise
than specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject maiter recited in the claims appended hereto as permilted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated hersin or

otherwise clearly contradicted by context.
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What is claimed is:

1. A method of treating cystic fibrosis, the method comprising administering o a subject
in nead of such treatment one or more compounds selected from:
(45,4aR 58,5aR, 12aR}-4-(dimethylamine)-1,5,10,11, 12a-pentahydroxy-8-methylene-3,12-
dioxo-3,4,4a,5,53,6,12, 12a-octahydrotetracene-2-carboxamide (methacyciineg, Ex. 10);
(S)-8-methyl-5 8 8a,7-tetrahydro-4H-dibenzofde, glquinoline-10,11-diol hydrochloride ((8)-
apomorphine hydrochloride; Ex. 12);
5,5-dimethyl-5,8-dihydro-[1,2,4}triazolof3, 4-alisoguinocline-3{2H)-thione (Ex. 13);
3,4 5 -trihydroxy-5-methoxy-2'-methyl-[1, 1-biphenyl]-2-carboxylic acid (alutenusin, Ex. B);
and
(E£)-5-chiore-8-(3-hydroxy-2-methylbutanoyl}-Ga-methyl-3-(3-methyipent-1-en-1-y)-6H-
furo{2, 3-hlisochromene-6,8{0aH)-dione (Ex. 8.

2. A method of treating cystic fibrosis, the method comprising administering to a subject
in nead of such treatment one or more compounds selected from:
(2R, 3R}-5,7-dihydroxy-2-(3,4, 5-rihydroxy-8-oxo-1-{(2R,3R}-3,5, 7 -trihydroxychroman-2-yi)-
oH-benzo[7lannulen-8-ylichroman-3-yi 3,4, 5-trihydroxybenzoate {(Ex. 13;
8-methyl-2a,2a' 3,4,42,5 8,7 8a, 12b-decahydro-2H-4at 5-
gthanofurcld’ 3' 2"4, 10lanthra[8, 1-beloxepine-2,8, 12-tricne {Ex. 2);
{1aR,108,5a5,6aR,6bS,11a%8)-3,8-dichioro-4,10-dihydroxy-1a,5a,8a, 1 1a-ietrahvdro-
5H, 11H-1b,Bb-epoxyoxirenofe’, 3" 2, 3naphiho{1, 8-beloxirenc]d’, 3.2, 3inaphtho[1,8-
efloxepine-5,11-dione {Ex. 3);
3,4 5-trihydroxy-G-methyiphthalaldehyde (Ex. 4);
4-{4-{pyrimidin-2-ylipiperazin-1-yhphenol (Ex. 5);
1.8, 8-trihydroxy-3-methoxy-6H-benzofuro[3, 2-cjchromen-6-one (Ex. 73;
N-{4-hydroxynaphthalen-1-yi}-2-0x¢-2, 3-dihydro-1H-benzofdlimidazole-5-sulfonamide {(Ex
8},
S-methoxy-2-{{{4-methoxy-3,5-dimethylpyridin-2-yhmethyDsulfinyl}- 1H-imidazol4,5-
Blpyridine (Ex. 11);

or a pharmaceutically acceptable sait thereof.

3. The method of claim 1, wherein the compound is (45 4aR, 58 5aR,12aR)-4-
{dimethylamine)-1,5,10,11,12a-pentahydroxy-8-methylene-3,12-dioxo-3,4,43,5,58,6,12,125-

octahydrotetracene-2-carboxamide.

4. The method of claim 1, wherein the compound is (8)-6-methyl-5,6 8a,7-tetrahydro-
4H-dibenzolde, glquinctine-10,11-diol hydrochloride.
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5. A method of treating cystic fibrosis, the method comprising administering to a subject
in nead of such treatment one or more compounds selected from:

methvl (1R, 2R 48)-4-({{2R 45,55 68)-4-{dimethylamino)-5-hydroxy-8-methylitetrahydro-2H-
pyran-2-yhoxyy-2-ethyt-2,5,7, 10-tetrahydroxy-6,11-dioxo-1,2,3,4,8,11-
hexahydrotetracene-1-carboxylate (Ex. 14);

2-chiore-13,19,23,28-tetrahydroxy-12,18,22, 24,26, 29-hexamethyl-13,14,18 22 23,24~
hexahydro-1H-3,31-methancbenzolelf1lazacyclononacosine-
1,5,15,27,32(4H, 12H, 18H}-pentacne (Ex. 15);

5 8-dihydroxy-7-isopropyl-1, 1-dimethyi-1,3,4,9,10,10a-hexahydro-2H-9 4a-
{epoxymethano)phenanthren-12-one (Ex. 16);

4.5 7-trinydroxynaphthalene-1,2-dione (Ex. 17);

(1R, 4aR,12a8)-3-acetyl-1~-aminoe-4,4a,8, 7-tetrahydroxy-8, 11-dimsthyl-12,12a-
dihydrotetracene-2,5(1H 4aH)-dione (Ex. 18);

{E)-2-hydroxy-S-methoxy-4-({E)-3-phenylaliylidens)oyciohexa-2 5-dien-1-one {Ex. 19);

1-(3,10-dihydroxy-12-2-{{{4-hydroxyphenoxycarbonyhoxyipropyl)-2,8,7, 1 1-letramethoxy-
4 9-dioxo-4, 9-dihydroperyien- t-yllpropan-2-yl benzoate (Ex. 20);

2-(2-hydroxy-4-methoxyphenyl)-2-oxo-N-phenylacetamids (Ex. 21);

8,8"-oxybis{d-methylbenzene-1, 2-diol) (Ex. 22);

3-(2,8-dihvdroxy-4-methylphenoxy)-5-methylbenzene- 1, 2-diol (Ex. 23};

(2R, 4a8,6a8,120R 1488, 14bR)-10-hydroxy-2,45,63,9,12b, 14a-hexamethyl-11-oxo-
1,2,3.4,4a,5 6,6a,11,12b,13,14, 145, 14b-telradecahydropicens-2-carboxylic acid (Ex.
24;

(E)-3-(3 4-dihydroxyphenyl-2-((3-(3 4-dihydroxyphenyhacryioyhoxyipropanocic acid (Ex.
25;

5,8-dihydroxy-3-methyinaphthof2,3-clfuran-4(8H)-one (Ex. 26};

(E)-4-{{18-methyil-2, 5-dioxooxacyclohexadec- 3-en-6-yljoxy)-4-oxobutanoic acid (Ex. 27};

methyl 4a-hydroxy-7-(hydroxymethyl)-1-((3 4, 5-trinydroxy-8-(hydroxymethyhtetrahydro-2H-
pyran-2-yhoxy)-1,4a,5,7a-tetrahydrocyclopentalcipyran-4-carboxylate {(Ex. 28);

3,8-diaminoe-5-(3-{disthyl{methyhammoniopropyl}-&-phenyiphenanthridin-5-tum bromide
{(Ex. 29);

(45,4aR, 55, 5aR 88, 12aR-4-(dimethylaming)-1,5,6,10,11, 12a-hexahydroxy-8-methyl-3,12-
dioxo-3,4,43,5,5a,8,12, 12a-oclahydrotetracene-2-carboxamide (Ex. 30);

(4aR,85,1085})-5,6-dihydroxy-7-isopropyl-1, 1-dimethyi-1,3,4,9,10, 10a-hexahydro-2H-9 4a-
{epoxymethano)phenanthren-12-one {(Ex. 31);

4-decyl-3-methylenedihydrofuro[3,4-blfuran-2,8(3H,4H)-dione (Ex. 32);
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7-hydroxy-5-methyl-3,3a,5,11b-tetrahydro-2H-benzofgifure{3, 2-clisochromene-2,6,11-trione
{Ex 33);

(1aR,1bS,5a8,6aR 6bS,11a8)-3-chioro-4,10-dihydroxy-1a,5a 6a, 11a-telrahydro-5H 11H-
1b,8b-epoxyoxirenn[2’ 3'.2,3naphthoi1,8-bcloxireno{Z', 3" 2, 3inaphtho[1,8-efloxepine-
5,11-dione (Ex. 34);

3-(2,5-dihydroxy-3, 4-dimethoxyphenylbutan-2-one (Ex. 35);

or a pharmaceutically acceptable sall thereof.

. A method of treating cystic fibrosis, the method comprising administering o a subject

in nead of such treatment one or more compounds of formuia ()

or a pharmaceuytically acceptable sall thereof, wherein,
nis aninteger 0, 1, or 2;
Ry is hydrogen or $4-Ce alkyl;
Rz is hydrogen or C-Ce alkyl;
Rz is C4-Cs alkyl, aryl optionally substituted with one or more Rs, hetercary! optionally
substituted with one or more Rs, heterocyclyl optionally substituted with one or more Rs,
or Cs-Ca cycloatkyl optionally substituted with one or more Rs;, and
R4 is independently selected from halogen, -CN, -NO;, T1-Cs alkyl optionally substituted with
one or more Rs, C-Ce haloalkyl, -NHz, -NH{C+-Cs alkyl}, -N{C1-Cs alkyl)z, ~OH, -O(C+-Ce
alkyl optionally substituted with one or more Rs), C+Cs haloalkoxy, -CONH,, -CONH(Cy-
Cs alkyl), ~CON{C+-Cs alkyl)y, ~-CONH-OH, -COzH, ~CO{C+-Cs alkyl), -SH, -S{C1-Cs alkyl
optionally substituted with one or more Rs), ~-S0:Ry, -S00R7, -SON(RY)2, aryl optionally
substituted with one or more Re, hetercary! optionally substituled with one or more R,
heterocychyl optionally substifuted with one or more Rs, and Ca-Ce cycioalkyl optionally
substituted with one or more Re;
wherein
each Rs is independently selected from the group consisting of halogen, -NO;, -CN, Cs-
Cs alkyl, C1-Cs haloalkyl, -OH, C4-Cs atkoxy, C1-Ca haloalkoxy, ~-CONHy, -CONH({C-
Cs atkyl), -CON(C+-Cs alkylz, ~-COzH, ~CO{C+-Cs alkyl}, -SOR, -80,0R>, and
~SON(R7 2

gach Rs is independently selected from the group consisting of halogen, -NOy, -CN, G-
Ce atkyl, C1-Ce haloalkyl, -OH, C+-Ce alkoxy, and C4-Cs haloalkoxy,; and
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each Ry is independently selectad from the group consisting of hydrogen, C1-Cs alkyl,

phenvi, or toiyl.

7. The method of claim 6, wharein Ry is hydrogen or methyl.
8. The method of claim 8, wherein Ry is hydrogen.
9. The method of any of claims 8-8, wherein Rz is hydrogen or methyl

10. The method of any of claims 6-8, wherein R; is hydrogen.
11. The method of any of claims 6-10, wherein R is C+-Cs alkyl (e.g., methyi).

12. The method of any of claims 6-10, wherein R; is aryl oplionally substituted with one
or more Rs, hetercaryl optionally substituted with one or more Rs, heterocyclyl optionaily
substituted with one or more Ry, or Cs-Cs cycloalkyt optionally substituted with one or more
Rs.

13. The method of any of claims 6-10, wherein Ry is aryl {e.q., pheny! or naphthyh

optionally substituied with one or more Ra.

14. The method of any of claims 6-10, wherein Rs is hetercaryt optionally substituted with

one or more Rs or heterocychyl optionally substituted with one or more Rs.

15. The method of any of claims 6-10, wherein Rs is hetercaryt optionally substituted with

one or more Rs.
16. The method of claim 15, wherein R; is an optionally substituied bicyclic heteroaryl

17. The method of claim 15, whersin R; is an optionally substituted benzimidazolyi,

benzofuranyl, benzoxadiazolyl, or benzoxazolyl.

18. The method of claim 15, wherein Rs is an optionally substituted benzimidazolyl (e.g.,
2-0x0-2, 3-dihydro-1H-benzo[diimidazolyl.

19. The method of claim 15, wherein R is unsubstituted benzimidazolyl (e.qg., 2-0x0-2,3-

dihydro-1H-benzofdlimidazolyl).

20. The method of any of claims 1-18, whersin each Rs is halogen, Ci-Ce alkyl, C1-Cs
haloalkyl, -OH, or C1-Cs alkoxy.
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21. The method of any of claims 1-18, wherein each Rs is halogen, CCa alkyl, Ci-Cs
haloalkyl, -OH, or C4-Cs alkoxy.

22. The method of any of claims 1-18, wherein each Rs is halogen or C4-Cs alkyl {(e.g.,

methyl).
23, The method of any of claims 1-22, whereinnis S or 1.
24. The method of any of claims 1-22, whereinnis 1or 2 {e.g.,, nis 1).

25, The method of any of claims 1-25, wherein each R4 is independently selecied from
halogen, Ci-Ce alky! optionally substituted with one or more Rs, C4-Ce haloalkyl, -NHa,
~NH(C1-Ce atkyl), -N(C+-Cs alkyl)a, ~-OH, -O({C4-Ce alkyl optionally substituted with one or
more Rg), C-Ce haloalkoxy, -CONH;, -CONHIC-Cs alkyl), -CON{C+-Cs alkyhs, -COH,
~CO(C+-Cs alkyly, -SH, and -8{C4-Cs alkyl optionally substituled with one or more Rs).

26, The method of any of claims 1-25, wherein each Rs is independently selected from
~NHz, ~-NH({C+-Cs alkyl), -N(C+-Cs alkyl)z, -OH, -O(C1-Cs alkyl optionally substituted with one
or more Rs), Ci-Cs haloalkoxy, -CONHa, -CONH{C-Cs alkyl}, -CON{T+-Cs alkyl)z, -COzH,
~CO(C4-Ce alkyly, -SH, and -5(C+-Cs alkyl optionally substituted with one or more Rs).

27. The method of any of claims 1-25, wherein each Rq is independently selected from
-OH, -O(C+-Ces alkyl optionally substituted with one or more Rs), C1-Cs haloalkoxy, -SH, and
-S{C+-Cs atky! optionally substituted with one or more Rs).

28. The method of any of claims 1-25, wherein each R4 is independently selected from
-OH, -O(C-Cs alkyl optionally substifuted with one or more Rs), G1-Cs haleoalkoxy, -SH, and

-3(C+-Cs alkyl optionally substituted with one or more Rs).
29. The method of any of claims 1-22, whereinnis 0.

30. The method of any of claims 1-28, wherein the compound is administered as a
pharmaceutical composition comprising the compound and a pharmaceutically accepiable

carrier, solvent, adjuvant or diluent.

31 The method of any of claims 1-30, further comprising administering a secondary

therapeulic agent.

32. The method of claim 31, wherein the secondary therapeutic agentis a CFTR

modulator.
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33 The method of claim 31, wherein the secondary therapeutic agent is selected from
one or more of antibictics, anti-inflammalory agents, mucoactive agents, and combinations

thersof.

34, A method of inhibiting protein interactions with PDZ domain of the cysiic fibrosis
fransmembrane conduciance requiator (CFTR)-associated ligand (CAL), the method
comprising administering (o & subject in need of such ireatmant one or more compounds

recited in any one of claims 1-30.

35. A method of inhibiting protein interactions with DH domain of Disabled-2 {Dab2)
protein, the method comprising administering to a subjact in nesd of such treatment one or

more compounds recited in any one of claims 1-30.
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claims.
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Claims Nos.: 2, 4, 6-29(completely); 1, 5, 30-35(partially)

The reasons for which the application is not considered to comply with
the requirements of unity of invention are specified in the annexed
provisional opinion accompanying the partial search results (EPO Form
1707).

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guidelines C-IV, 7.2),
should the problems which led to the Article 17(2) PCT declaration be
overcome.




International Application No. PCT/USZOZ]- /057048
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This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 3 (completely); 1, 5, 30-35(partially)

Potential Invention I relates to tetracycline derivatives
and their use in the treatment of cystic fibrosis. The
following tetracycline derivates are included:

example 10, example 14, example 18 and example 30.

2. claims: 4 (completely); 1, 30-35(partially)

Potential Invention II relates to the chemical compound of
example 12 and its use in the treatment of cystic fibrosis.

3. claims: 1, 30-35(all partially)

Potential Invention IITI relates to the chemical compound of
example 13 and its use in the treatment of cystic fibrosis.

4. claims: 1, 30-35(all partially)

Potential Invention IV relates to the chemical compound of
example 9 and its use in the treatment of cystic fibrosis.

5. claims: 1, 30-35(all partially)

Potential Invention V relates to the chemical compound of
example 6 and its use in the treatment of cystic fibrosis.

6. claims: 2, 30-35(all partially)

Potential Invention VI relates to the chemical compound of
example 1 and its use in the treatment of cystic fibrosis.

7. claims: 2, 30-35(all partially)
Potential Invention VII relates to the chemical compound of

example 2 and its use in the treatment of cystic fibrosis.

8. claims: 2, 30-35(all partially)
Potential Invention VIII relates to the chemical compounds

of example 3 and 34 and their use in the treatment of cystic
fibrosis.

9. claims: 2, 30-35(all partially)
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10.

11.

12.

13.

14.

15.

16.

17.

Potential Invention IX relates to the chemical compound of
example 4 and its use in the treatment of cystic fibrosis.

claims: 2, 30-35(all partially)

Potential Invention X relates to the chemical compound of
example 1 and its use in the treatment of cystic fibrosis.

claims: 2, 30-35(all partially)

Potential Invention XI relates to the chemical compound of
example 7 and its use in the treatment of cystic fibrosis.

claims: 6-29 (completely); 2, 30-35(partially)

Potential Invention XII relates to the chemical structures
represented by formula (I) and example 8 for use in the
treatment of cystic fibrosis.

claims: 2, 30-35(all partially)

Potential Invention XIII relates to the chemical compound of
example 11 and its use in the treatment of cystic fibrosis.

claims: 5, 30-35(all partially)

Potential Invention XIV relates to the chemical compound of
example 15 and its use in the treatment of cystic fibrosis.

claims: 5, 30-35(all partially)

Potential Invention XV relates to the chemical compound of
examples 16 and 31 and their use in the treatment of cystic
fibrosis.

claims: 5, 30-35(all partially)

Potential Invention XVI relates to the chemical compound of
example 17 and its use in the treatment of cystic fibrosis.

claims: 5, 30-35(all partially)

Potential Invention XVII relates to the chemical compound of
example 20 and its use in the treatment of cystic fibrosis.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

18. claims: 5, 30-35(all partially)

Potential Invention XVIII relates to the chemical compound
of example 21 and its use in the treatment of cystic
fibrosis.

19. claims: 5, 30-35(all partially)

Potential Invention XIX relates to the chemical compounds of
examples 22 and 23 and their use in the treatment of cystic
fibrosis.

20. claims: 5, 30-35(all partially)

Potential Invention XX relates to the chemical compound of
example 24 and its use in the treatment of cystic fibrosis.

21. claims: 5, 30-35(all partially)

Potential Invention XXTI relates to the chemical compound of
example 25 and its use in the treatment of cystic fibrosis.

22. claims: 5, 30-35(all partially)

Potential Invention XXII relates to the chemical compound of
example 26 and its use in the treatment of cystic fibrosis.

23. claims: 5, 30-35(all partially)

Potential Invention XXTIII relates to the chemical compound
of example 27 and its use in the treatment of cystic
fibrosis.

24. claims: 5, 30-35(all partially)

Potential Invention XXIV relates to the chemical compound of
example 28 and its use in the treatment of cystic fibrosis.

25. claims: 5, 30-35(all partially)
Potential Invention XXV relates to the chemical compound of

example 29 and its use in the treatment of cystic fibrosis.

26. claims: 5, 30-35(all partially)

Potential Invention XXVI relates to the chemical compound of
example 32 and its use in the treatment of cystic fibrosis.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

27. claims: 5, 30-35(all partially)

Potential Invention XXVII relates to the chemical compound
of example 33 and its use in the treatment of cystic
fibrosis.

28. claims: 5, 30-35(all partially)

Potential Invention XXVIII relates to the chemical compound
of example 35 and its use in the treatment of cystic
fibrosis.
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