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COMPOSITIONS AND METHODS FOR INHIBITING VIRAL INFECTION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit under 35 U.S.C. § 119(¢) of U.S. Provisional Application
No. 62/748,691 filed October 22, 2018, the contents of which are incorporated herein by reference in

their entirety.

GOVERNMENT SUPPORT
[0002] This invention was made with government support under Contract No. ROIDK088787 and
R35 GM-118173 awarded by the National Institute of Health and under an intramural fund by the

U.S. Food and Drug Administration. The government has certain rights in the invention.

TECHNICAL FIELD
[0003] The technology described herein relates to compositions and methods for inhibiting viral
infections and uses thereof.
BACKGROUND
[0004] Viruses are small infectious agents that enter specific living cells either by endocytosis or

direct injection of DNA and multiply, causing disease. One example, the Hepatitis C Virus (HCV), is a
widespread viral pathogen affecting nearly 143 million carriers world-wide. Chronic HCV infection is
the cause of severe liver disease including liver cancer and cirrhosis. HCV resistance to direct-acting
antiviral agents (DA As) has become a challenge for those infected by the virus. Resistance to current
HCYV treatments can be lethal and lead to significant liver damage. Unlike Hepatitis A and B, there is

currently no way to prevent hepatitis C infection.

SUMMARY
[0005] In general, the inventions described herein relate to rocaglate compositions, methods for
making rocaglates, as well as their usage as therapeutic agents. For example, a concise synthesis of
aglaroxin C analogues utilizing a highly regioselective pyrimidinone condensation is described as well
as the use of these compounds for inhibiting a Hepatitis C viral infection.
[0006] In a first aspect the disclosure is a compound having the structure of Formula (I), (II), or

(I1T)
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@ (II) (I1I) :
or stereoisomers, tautomers, or pharmaceutically acceptable salts thereof; wherein:

Xis O, S, CRERE or NRE; wherein R® and RE independently are H, alkyl, aryl, heteroaryl, heteroalkyl,

cycloalkyl, acyl, or allyl;
W is F or -YRA, wherein Y is O, NH or S, and R* is H, alkyl, aryl, heteroaryl, heteroalkyl, cycloalkyl,
acyl, NH(alkyl), NH; or NH(aryl);

A is a heteroaryl or aryl;

R; is aryl or heteroaryl;

Rs is H, phenyl, alkyl, heteroalkyl, aryl, heteroaryl, aldehyde, ester, alkenyl, amide or —CO,H; wherein
when Rj is not H; Rs is sy#n to Ry or R3 is frans to Ry;

R4 s H, alkyl, aryl, heteroaryl, heteroalkyl, cycloalkyl, acyl halide, CN, NH(alkyl), NH(aryl), NH(CN),
COx(alkyl) or NH-NH(alkyl);

Zis O, NH, S, Se, N(alkyl) or N(aryl), CRRF; wherein R and RF independently are H, alkyl, aryl,
heteroaryl, heteroalkyl, cycloalkyl, acyl, allyl or CN;

Rs is H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl heteroalkyl;

7’ is a halide or -TRs’; wherein T is O, S, NH, or CH; and Rs’ is H, alkyl, alkenyl, alkynyl aryl,
heteroaryl, cycloalkyl, heteroalkyl, acyl or sulfate;

D is a C;-s alkylene, C;-s heteroalkylene, heteroaryl or aryl, wherein when D is a three carbon alkylene

the compound does not have the structure of formula ((-)-6)).



WO 2020/086562 PCT/US2019/057413

Oe ((-)-6)).

and;

wherein any alkyl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl or aryl is optionally substituted with 1,
2, or 3 groups selected from OH, CN, SH, SO,NH,, SO»(C;i-Cs)alkyl, SO,NH(C;-C4)alkyl, halogen,
NH,, NH(C-Cyalkyl, N[(C;-Cy)alkyl],, C(O)NH,, COOH, COOMe, acetyl, (C;-Cg)alkyl, O(C;-
Cyg)alkyl, O(C;-Cg)haloalkyl, (C;-Cs)alkenyl, (C,-Cs)alkynyl, haloalkyl, thioalkyl, cyanomethylene,
alkylaminyl, NH,—C(0O)-alkylene, NH(Me)-C(O)-alkylene, CH,—C(O)-lower alkyl, C(O)-lower
alkyl, alkylcarbonylaminyl, CH,—[CH(OH)|n—(CH,),—OH, CH,—[CH(OH)]mn—(CH:);—NH;or
CHy-aryl-alkoxy; or wherein any alkyl, cycloalkyl or heterocyclyl is optionally substituted with oxo;

[S3EE]

m” and “p”are 1, 2, 3, 4, 5 or 6. Optionally the compound has the structure of formula 121 or 12s:

Me Me

OMe ((-)-121), OMe ((+)-121),

MeO MeO

OMe ((-)-12s), and OMe ((+)-12s),

[0007] In a second aspect, the disclosure is a method for preparing the compounds according to
the first aspect and compound ((-)-6)). The method comprising providing a first compound and a second
compound in a solution, and reacting the first compound with the second compound. The first
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compound has the structure of (VI), (VII) or a salt thereof, and the second compound has the structure
of (VIII), (IX) or a salt thercof. The structures of (VI), (VII), (VIII) and (IX) are;

(VID),

HN (VIID) , and HN (IX);
wherein Q is OR® or NRYR!, wherein R¢ R and R! are independently H or an alkyl, and wherein L
is a leaving group.

[0008] In a third aspect, the disclosure is a pharmaceutical composition comprising a compound
according to the first aspect and a pharmaceutically acceptable carrier, diluent, or excipient.

[0009] In a fourth aspect, the disclosure is a pharmaceutical composition comprising a compound
made by the method according the second aspect.

[0010] In a fourth aspect, the disclosure is a method of inhibiting a viral infection in a subject in
need thereof. The method comprises administering to the subject a therapeutically effective amount of
the compound according to the first aspect or the pharmaceutical composition according to the third
aspect. Optionally, the viral infection is caused by a Flavivirdae family virus or an alphavirus.
Optionally, the viral infection is caused by a virus selected from the group consisting of: Hepatitis C
virus (HCV), Chikungunya virus (alphavirus), Dengue virus, Zika virus, yellow fever virus, Japanese
encephalitis virus, West Nile virus, tick-borne encephalitis virus, and Omsk Hemorrhagic Fever Virus
(OHFV). Optionally, the administration involves oral delivery or direct injection. Optionally, the
method further comprises administering one or more additional agents. Optionally, the agent is an
antiviral agent.
[0011] In a fifth aspect, the disclosure is a method of inhibiting a Hepatitis C viral infection in a
subject in need thereof. The method comprising administering to the subject a therapeutically effective
amount of the compound according to the first aspect or the pharmaceutical composition according to
the third aspect. Optionally, the subject is a human. Optionally, the administration method is oral or
direct injection. Optionally the method further comprises administering one or more additional agents.
Optionally, the agent is an antiviral agent. Optionally, the agent is selected from the group consisting

of: a small molecule, an antibody, a peptide, a genome editing system, and a nucleic acid. Optionally,
4
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the agent is selected from the group consisting of: ribavirin, daclatasvir, sofosbuvir, velpatasvir,
ledipasvir/sofosbuvir, telaprevir, interferon aphacon-1, interferon alpha-2b, glecaprevir and
pibrentasvir, simeprevir, pegylated interferon, pegylated interferon alpha-2b, interferon alpha-2a,
elbasvir, and grazoprevir. Optionally, the agent is sofosbuvir.

[0012] In a sixth aspect, the disclosure is a method of inhibiting viral entry into a cell, the method
comprising: contacting a cell with at least one compound according to the first aspect. Optionally, the
method further comprises contacting the cell with an additional agent. Optionally, the agent is an
antiviral agent. Optionally the agent is sofosbuvir. Optionally the compound inhibits prohibitin or
glycoprotein fusion with the cell. Optionally, the cell is contacted with 121 or 12s. Optionally, the cell
is contacted with both 121 and 12s. Optionally, the cell is a hepatocyte. Optionally, the virus is Hepatitis
C virus, Dengue virus, or Chikungunya virus.

[0013] In a seventh aspect, the disclosure is a method of inhibiting prohibitin or glycoprotein
fusion with a cell, the method comprising: contacting the cell with an effective amount of at least one
compound according to the first aspect. Optionally, the method further comprises contacting the cell
with an additional agent. Optionally, the agent is an antiviral agent. Optionally, the agent is sofosbuvir.
Optionally the compound inhibits prohibitin or glycoprotein fusion with the cell. Optionally, the cell is
contacted with 121 or 12s. Optionally, the cell is contacted with both 121 and 12s. Optionally, the cell is
a hepatocyte. Optionally, the virus is Hepatitis C virus, Dengue virus, or Chikungunya virus.

[0014] The above summary is not intended to represent every embodiment or every aspect of the
present disclosure. Rather, the foregoing summary merely provides an example of some of the novel
aspects and features set forth herein. The above features and advantages, and other features and
advantages of the present disclosure, will be readily apparent from the following detailed description of
representative embodiments and modes for carrying out the present invention, when taken in connection

with the accompanying drawings and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] FIG. 1 demonstrates representative biologically active rocaglates products and synthetic
analogues.
[0016] FIG. 2 shows the first-generation synthesis of aglaroxin C using stepwise pyrimidinone
formation.
[0017] FIG. 3 shows retrosynthetic analysis for aglaroxin C analogues.
[0018] FIG. 4 shows Table 1: optimization of the direct pyrimidinone formation and side products
observed.
[0019] FIG. 5 shows possible mechanistic pathways and products of direct pyrimidinone
formation.

[0020] FIG. 6 shows Table 2: optimization of pyrimidinone formation using the amidine salt.

5
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[0021] FIG. 7 shows Table 3: synthesis of aglaroxin C analogues using direct pyrimidinone
formation with amidines.

[0022] FIG. 8 shows Table 4 demonstrating the structure-activity relationship of aglaroxin C
analogues in the HCV infection inhibition assay.

[0023] FIG. 9 shows Table 5: chirality-based biological profiles of lead compounds.

[0024] FIG. 10A-10D demonstrates aglaroxin C and analogues (121 and 12s) neither inhibit HCV
RNA replication nor protein translation. HCV replicon cell line 2-3+ was treated with the indicated
compounds for 3h. Cells were incubated for an additional 48 hours (FIG. 10A and FIG. 10C) or 72
hours (FIG. 10B and FIG. 10D). Cellular RNA or protein was isolatied for quantifications of HCV
viral RNA by real-time PCR (FIG. 10A and FIG. 10B) or structural protein NS5 by Western blotting
(FIG. 10C and FIG. 10D).

[0025] FIG. 11A-11B shows aglaroxin type analogs which displayed minimal translation
inhibition in the comparison to (-)-4(CR 1-31-B). FIG. 11A shows a schematic representation of the
bicistronic reporter FF/HCV/Ren mRNA used to monitor translation. In this system, Firefly luciferase
(FLuc) translation is cap-dependent whereas Renilla luciferase (RLuc) expression HCV-IRES
dependent. FIG. 11B shows the assessment of cap or HCV dependent translation of FF/HCV/Ren
mRNA in the presence of 1 pM of the indicated compounds in Krebs-2 extracts. Results are presented
relative to values obtained in the presence of DMSO ad expressed as mean + error of two biological
replicates.

[0026] FIG. 12A-12D demonstrates that aglaroxin C (6) and its analogues (121 & 12s) inhibit viral
entry. FIG. 12A shows that Huh7.5.1 cells were infected by the indicated pseudovirus in the presence
of compounds (1 uM) for 3 hours. After an additional 48-hour infection, cells were lysed for luciferase
assay. Relative infectivity was calculated by normalizing against the values obtained from cells treated
with DMSQO (arbitrarily set to 1.0) (mean = SD *P < 0.05). FIG. 12B is the same as in FIG. 12A except
(+)-121 and 12s were added at 2 uM. FIG. 12C shows Huh7.5.1 cells which were infected by Dengue
virus (serotype 2, Thailand 16681 strain, MOI 0.1) treated with 2 uM compounds for 3 hours. 48 hours
post-infection, RNA was isolated for quantitative RT-PCR analysis. Viral RNA levels were normalized
against GAPDH levels. Date presented are representatives of two independent experiments. FIG. 12D
shows (£)-6, (£)-121, and (+)-12s inhibited HCV infection when added together with the virus. Details
on this time-of-addition experiment can be found in EXAMPLES 2 and 6-7.

[0027] FIG. 13 shows a summary of FIGs. 1-12.

[0028] FIG. 14 shows Figure SI1 which is a graphic comparison between aglaroxin analogues as
viral entry inhibitor and current DA As as treatment for HCV.

[0029] FIG. 15 shows the synthesis of keto-rocaglate and first-generation synthesis of aglaroxin
C.
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[0030] FIG. 16A-16C shows chiral HPLC traces for (£)-, (-)-, and (+)-tosyl enol rocaglates.
[0031] A WelkO column was used with an isocratic mobile phase of 40% isopropanol in hexanes
at a flow rate of 1.0 mL/min for 30 min. (+)-tosyl enol rocaglate is shown in FIG. 16A. (-)-tosyl enol
rocaglate [a]p26 =-223.220° (¢ = 0.05, CH2CI12) is shown in FIG. 16B. (+)-tosyl enol rocaglate [0]p26
=206.091° (¢ = 0.05, CH2CI12) is shown in FIG. 16C.

[0032] FIG. 17A-FIG. 17C shows chiral HPLC traces for (£)-, (-)-, and (+)-CMLD012043 (121).
A ChiralCel OD column was used with an isocratic mobile phase of 20% isopropanol in hexanes at a
flow rate of 1.0 mL/min for 30 min. (£)-CMLD012043 (121) is shown in FIG. 17A. (-)-CMLD012043
(121) [a]p26 = =59.55° (¢ = 0.02, CH2CI2) is shown in FIG. 17B. Minor solvent residue at 5.9 min.
(H)-CMLD012043 (121) [a]p*® = 75.200° (¢ = 0.02, CH>Cl,). is shown in FIG. 17C. Minor solvent
residue is shown at 5.9 min

[0033] FIG. 18A-18C shows chiral HPLC traces for (+)-, (-)-, and (+)-CMLD012044 (12s). A
ChiralCel OD column was used with an isocratic mobile phase of 20% isopropanol in hexanes at a flow
rate of 1.0 mL/min for 30 min. (£)-CMLDO012044 (12s) is shown in FIG. 18A. (-)-CMLD012044 (12s)
[a]D26 = -61.796° (¢ = 0.02, CH2CI2) is shown in FIG. 18B. (+)-CMLD012044 (12s) [a]D26 =
74.913° (¢ = 0.02, CH2CI12) is shown in FIG. 18C.

[0034] FIG. 19 demonstrates an X-ray crystal structure for oxazoline 15.

[0035] FIG. 20-FIG. 57 shows structures of compounds and dose-response curves of said
compounds according some embodiments as follows: FIG. 20 aglaroxin C 6. FIG. 21 compound 12a.
FIG. 22 compound 12b. FIG. 23 compound 12c¢. FIG. 24 compound 12d. FIG. 25 compound 12e.
FIG. 26 compound 12f. FIG. 27 compound 12g. FIG. 28 compound 12h. FIG. 29 compound 12k.
FIG. 30 compound 12k. FIG. 31 compound 12l. FIG. 32 compound 12m. FIG. 33 compound 12n.
FIG. 34 compound 120. FIG. 35 compound 12p. FIG. 36 compound 12q. FIG. 37 compound 12r.
FIG. 38 compound 12s. FIG. 39 compound 12t. FIG. 40 compound 12v. FIG. 41 compound 12w.
FIG. 42 compound 12x. FIG. 43 compound 12y. FIG. 44 compound 12z. FIG. 45 compound 12aa.
FIG. 46 compound 12ab. FIG. 47 compound 12ac. FIG. 48 compound 12ad. FIG. 49 compound 12a.
FIG. 50 compound 12af. FIG. 51 compound 12ah. FIG. 52 compound 12ai. FIG. 53 compound 12aj.
FIG. 54 compound (+)-121. FIG. 55 compound (-)-121. FIG. 56 compound (+)-12s. FIG. 57 compound
(-)-12s.

[0036] FIG. 58- FIG. 67 shows dose-response curves for isolated side products as follows: FIG.
58 compound 15. FIG. 59 compound CMLD012103. FIG. 60 compound CMLD012104. FIG. 61
compound CMLD012105. FIG. 62 compound CMLD012148. FIG. 63 compound CMLD012149.
FIG. 64 compound CMLDO012078. FIG. 65 compound CMLDO012130. FIG. 66 compound
CMLDO012069. FIG. 67 compound CMLD012068.
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[0037] FIG. 68- FIG. 71 shows a comparison between MTS and CellTiter-GLO™ cell viability
assays for the following compounds: FIG. 68 shows niclosamide. FIG. 69 shows compound 12k. FIG.
70 shows compound 120. FIG. 71 shows compound (£)121.

[0038] FIG. 72A-72C shows fluorescence emission for the pyrimidinone compound 12n. FIG.
72A shows absorbance. FIG. 72B shows emission at 354 nanometers. FIG. 72C shows emission at 405
nanometers.

[0039] FIG. 73A shows a lentiviral reporter construct (pTrip-luciferase), lentiviral packaging
construct (HIV-gag-pol) and an expression plasmid of desired viral envelope protein (e.g., CHIKV El1-
E3) were co-transfected into 293T cells to produce lentiviral reporter virus particles whose entry depend
on the specific viral Envelope protein. FIG. 73B shows a WNV replication-competent construct
expressing the luciferase report gene is co-transfected with a flaviviral prM-Env expression plasmid to
generate flaviviral Env-specific RVPs. FIG. 73C demonstrates treatment of Huh 7.5 cells with 4 uM If
and Ie for 3 h nearly abolished OHFV, JEV, WNV, Denv, and Zika viral envelope protein-mediated
entry. Notably, the bars representing compound S-treated groups are hardly visible in the graph because
the % infections of this group were inhibited to under 1%.

[0040] FIG. 74 shows reaction pathways for the preparation of aglaroxin C analogues.
[0041] FIG. 75 shows structures of aglaroxin C analogues.

DETAILED DESCRIPTION
[0042] As described herein, several novel agents have been developed for the prevention and
treatment of viral infections. Specifically, the compounds, compositions and methods described herein
prevent viral entry (e.g., the Hepatitis C virus) into cells.
[0043] In some embodiments, the disclosure relates to compounds having a structure of the
structure of Formula (I), (I), or (I1I), or stereoisomers, tautomers, or pharmaceutically acceptable salts

thereof.

@

In these structures:
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Xis O, S, CRERE or NRE; wherein R® and RE independently are H, alkyl, aryl, heteroaryl, heteroalkyl,
cycloalkyl, acyl, or allyl;

W is F or -YRA, wherein Y is O, NH or S, and R* is H, alkyl, aryl, heteroaryl, heteroalkyl, cycloalkyl,
acyl, NH(alkyl), NH; or NH(aryl);

A is a heteroaryl or aryl;

R; is aryl or heteroaryl;

R; is H, phenyl, alkyl, heteroalkyl, aryl, heteroaryl, aldehyde, ester, alkenyl, amide or —CO,H; wherein
when Rj is not H; R is syn to R, or R3 is frans to Ry;

R4 1s H, alkyl, aryl, heteroaryl, heteroalkyl, cycloalkyl, acyl halide, CN, NH(alkyl), NH(CN) or NH-
NH(alkyl);

Zis O, NH, S, Se, N(alkyl) or N(aryl), CRRF; wherein R and RF independently are H, alkyl, aryl,
heteroaryl, heteroalkyl, cycloalkyl, acyl, allyl or CN;

Rs is H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl heteroalkyl;

7’ is a halide or -TRs’; wherein T is O, S, NH, or CH; and Rs’ is H, alkyl, alkenyl, alkynyl aryl,
heteroaryl, cycloalkyl, heteroalkyl, acyl or sulfate;

D is a Ci-s alkylene, Ci-s heteroalkylene, heteroaryl or aryl, wherein, in some embodiments, when D is

a three carbon alkylene the compound does not have the structure of formula ((-)-6),

OMe ((-)-6),

and;

wherein any alkyl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl or aryl is optionally substituted with 1,
2, or 3 groups selected from OH, CN, SH, SO,NH,, SO»(C;i-Cs)alkyl, SO,NH(C;-C4)alkyl, halogen,
NH;, NH(Ci-Cy)alkyl, N[(Ci-Cyalkyl],, C(O)NH,, COOH, COOMe, acetyl, (Ci-Cg)alkyl, O(C;-
Cyg)alkyl, O(C;-Cg)haloalkyl, (C;-Cs)alkenyl, (C,-Cs)alkynyl, haloalkyl, thioalkyl, cyanomethylene,
alkylaminyl, NH,—C(0O)-alkylene, NH(Me)-C(O)-alkylene, CH,—C(O)-lower alkyl, C(O)-lower
alkyl, alkylcarbonylaminyl, CH,—[CH(OH)|n—(CH,),—OH, CH,—[CH(OH)]mn—(CH:);—NH;or
CHy-aryl-alkoxy; or wherein any alkyl, cycloalkyl or heterocyclyl is optionally substituted with oxo;

m” and “p”are 1, 2, 3, 4, 5 or 6. In some embodiments, Rs is syn to Ra.

9
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[0044] As used herein, a “stercoisomer” refers to each of two or more compounds differing only
in the spatial arrangement of their atom.

[0045] As used herein, “tautomers” refers to two molecules with the same molecular formula but
different connectivity, for example, a keto-enol pair. For example, in some embodiments, compounds
having the structure of (I) and (II) are keto-enol pairs, such as when Z = O and Rs is H in (I), and
Z°=0H in (I); and all other groups in (I) and (IT) are the same and have the same stereochemistry, then
(I) is the keto pair of the enol (II).

[0046] The compound in some embodiments can exist in various isomeric forms, as well as in one
or more tautomeric forms, including both single tautomers and mixtures of tautomers. The term
“isomer” is intended to encompass all isomeric forms of a compound of this invention, including
tautomeric forms of the compound.

[0047] Some compounds described here can have asymmetric (chiral) centers and can therefore
exist in different enantiomeric and diastereomeric forms. A compound of the invention can be in the
form of an optical isomer or a diastereomer. Accordingly, some embodiments encompass compounds
and their uses as described herein in the form of their optical isomers, diastercoisomers and mixtures
thereof, including a racemic mixture. Optical isomers of the compounds according to some
embodiments can be obtained by known techniques such as asymmetric synthesis, chiral
chromatography, or via chemical separation of stereoisomers through the employment of optically
active resolving agents.

[0048] Unless otherwise indicated “stercoisomer” means one stereoisomer of a compound that is
substantially free of other stereoisomers of that compound. Thus, a stereomerically pure compound
having one chiral center will be substantially free of the opposite enantiomer of the compound. A
stercomerically pure compound having two chiral centers will be substantially free of other
diastereomers of the compound. A typical sterecomerically pure compound comprises greater than about
80% by weight of one stereoisomer of the compound and less than about 20% by weight of other
stereoisomers of the compound, for example greater than about 90% by weight of one stercoisomer of
the compound and less than about 10% by weight of the other stereoisomers of the compound, or greater
than about 95% by weight of one stereoisomer of the compound and less than about 5% by weight of
the other stereoisomers of the compound, or greater than about 97% by weight of one stereoisomer of
the compound and less than about 3% by weight of the other stereoisomers of the compound.

[0049] If there is a discrepancy between a depicted structure and a name given to that structure,
then the depicted structure controls. Additionally, if the stereochemistry of a structure or a portion of a
structure is not indicated with, for example, bold or dashed lines, the structure or portion of the structure
is to be interpreted as encompassing all stereoisomers of it. In some cases, however, where more than

oneg chiral center exists, the structures and names may be represented as single enantiomers to help

10
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describe the relative stereochemistry. Those skilled in the art of organic synthesis will know if the
compounds are prepared as single enantiomers from the methods used to prepare them.

[0050] As used herein the term "aryl", whether alone or as part of a substituent group, refers to an
unsubstituted carboxylic aromatic ring comprising between 6 to 14 carbon atoms. Suitable examples
include, but are not limited to, phenyl, and naphthyl.

[0051] As used herein, “cycloalkyl” refers to a stable non-aromatic monocyclic or polycyclic
hydrocarbon radical consisting solely of carbon and hydrogen atoms, which may include fused or
bridged ring systems, having from three to fifteen carbon atoms, is some embodiments having from
three to ten carbon atoms, three to nine carbon atoms, three to eight carbon atoms, three to seven carbon
atoms, three to six carbon atoms, three to five carbon atoms, a ring with four carbon atoms, or a ring
with three carbon atoms. The cycloalkyl ring may be saturated or unsaturated and attached to the rest
of the molecule by a single bond. Monocyclic radicals include, for example, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl. Polycyclic radicals include, for example,
adamantyl, norbornyl, decalinyl, 7,7-dimethyl-bicyclo[2.2.1]heptanyl, and the like.

[0052] As used herein, “heterocyclyl”, “heterocycle”, or “heterocyclic ring” refers to a stable 3- to
18-membered saturated or unsaturated radical which consists of two to twelve carbon atoms and from
one to six heteroatoms, for example, one to five heteroatoms, one to four heteroatoms, one to three
heteroatoms, or one to two heteroatoms selected from the group consisting of nitrogen, oxygen and
sulfur. Exemplary heterocycles include without limitation stable 3-15 membered saturated or
unsaturated radicals, stable 3-12 membered saturated or unsaturated radicals, stable 3-9 membered
saturated or unsaturated radicals, stable 8-membered saturated or unsaturated radicals, stable 7-
membered saturated or unsaturated radicals, stable 6-membered saturated or unsaturated radicals, or
stable 5-membered saturated or unsaturated radicals.

[0053] Unless stated otherwise specifically in the specification, the heterocyclyl radical may be a
monocyclic, bicyclic, tricyclic or tetracyclic ring system, which may include fused, spiro or bridged
ring systems; and the nitrogen, carbon or sulfur atoms in the heterocyclyl radical may be optionally
oxidized; the nitrogen atom may be optionally quaternized; and the heterocyclyl radical may be partially
or fully saturated. Examples of non-aromatic heterocyclyl radicals include, but are not limited to,
azetidinyl, dioxolanyl, thienyl[1,3]dithianyl, decahydroisoquinolyl, imidazolinyl, imidazolidinyl,
isothiazolidinyl, isoxazolidinyl, morpholinyl, octahydroindolyl, octahydroisoindolyl, 2-oxopiperazinyl,
2-oxopiperidinyl, 2-oxopyrrolidinyl, oxazolidinyl, piperidinyl, piperazinyl, 4-piperidonyl, pyrrolidinyl,
pyrazolidinyl, quinuclidinyl, thiazolidinyl, tetrahydrofuryl, thietanyl, trithianyl, tetrahydropyranyl,
thiomorpholinyl,  thiamorpholinyl,  1-oxo-thiomorpholinyl, and 1,1-dioxo-thiomorpholinyl.
Heterocyclyls include heteroaryls as defined herein, and examples of aromatic heterocyclyls are listed

in the definition of heteroaryls below.
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[0054] As used herein, the term “heteroaryl” or “heteroarylene™ refers to a 5- to 14-membered ring
system radical comprising hydrogen atoms, one to thirteen carbon atoms, one to six heteroatoms
selected from the group consisting of nitrogen, oxygen and sulfur, and at least one aromatic ring. In
some embodiments, the heteroaryl radical may be a stable 5-12 membered ring, a stable 5-10 membered
ring, a stable 5-9 membered ring, a stable 5-8 membered ring, a stable 5-7 membered ring, or a stable
6-membered ring that comprises at least 1 heteroatom, at least 2 heteroatoms, at least 3 heteroatoms, at
least 4 heteroatoms, at least 5 heteroatoms or at least 6 heteroatoms. Heteroaryls may be a monocyclic,
bicyclic, tricyclic or tetracyclic ring system, which may include fused or bridged ring systems; and the
nitrogen, carbon or sulfur atoms in the heteroaryl radical may be optionally oxidized; the nitrogen atom
may be optionally quaternized. The heteroatom may be a member of an aromatic or non-aromatic ring,
provided at least one ring in the heteroaryl is aromatic. Examples include, but are not limited to,
azepinyl, acridinyl, benzimidazolyl, benzothiazolyl, benzindolyl, benzodioxolyl, benzofuranyl,
benzooxazolyl, benzothiazolyl, benzothiadiazolyl, benzo|[b][1,4]dioxepinyl, 1,4-benzodioxanyl,
benzonaphthofuranyl, benzoxazolyl, benzodioxolyl, benzodioxinyl, benzopyranyl, benzopyranonyl,
benzofuranyl, benzofuranonyl, benzothienyl (benzothiophenyl), benzotriazolyl,
benzo[4,6]imidazo| 1,2-a]pyridinyl, carbazolyl, cinnolinyl, dibenzofuranyl, dibenzothiophenyl, furanyl,
furanonyl, isothiazolyl, imidazolyl, indazolyl, indolyl, indazolyl, isoindolyl, indolinyl, isoindolinyl,
1soquinolyl, indolizinyl, isoxazolyl, naphthyridinyl, oxadiazolyl, 2-oxoazepinyl, oxazolyl, oxiranyl, 1-
oxidopyridinyl, 1-oxidopyrimidinyl, 1-oxidopyrazinyl, l-oxidopyridazinyl, 1-phenyl-1H-pyrrolyl,
phenazinyl, phenothiazinyl, phenoxazinyl, phthalazinyl, pteridinyl, purinyl, pyrrolyl, pyrazolyl,
pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl, quinazolinyl, quinoxalinyl, quinolinyl, quinuclidinyl,
isoquinolinyl, tetrahydroquinolinyl, thiazolyl, thiadiazolyl, triazolyl, tetrazolyl, triazinyl, and
thiophenyl (e.g. thienyl).

[0055] As used herein the term "acyl" refers to a group of the Formula —C(O)C, wherein C,
represent a straight or branched alkyl chain wherein n can be 1, 2, 3,4, 5, 6, 7, 8, 9 or 10. Where an
“acetyl” refers to the methyl derivative, —-C(O)CHs.

[0056] As used herein a “ester” refers to a group of the formula -C(O)-OC, wherein C, represent
a straight or branched alkyl chain wherein n can be 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10. For example a
chemical compound derived from an acid in which at least one —OH (hydroxyl) group is replaced by an
—O-alkyl (alkoxy) group.

[0057] As used herein the term "alkyl", whether alone or as part of a substituent group, refers to a
saturated C;-C, carbon chain, wherein the carbon chain may be straight or branched; wherein n can be
2,3,4,5,6, 7,8, 9 or 10. Suitable examples include, but are not limited to methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, 7-butyl, n-pentyl and n-hexyl.

12
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[0058] As used herein the term "alkenyl", whether alone or as part of a substituent group, refers to
a C»-C, carbon chain, wherein the carbon chain may be straight or branched, wherein the carbon chain
contains at least one carbon-carbon double bond, and wherecinn can be 3,4, 5,6, 7, 8,9, or 10.

[0059] As used herein the term "alkynyl", whether alone or as part of a substituent group, refers to
a C,-C, wherein the carbon chain may be straight or branched, wherein the carbon chain contains at
least one carbon-carbon triple bond, and wherein n can be 3,4, 5,6, 7, 8,9, or 10.

[0060] The groups of the present disclosure can be unsubstituted or substituted, as herein defined.
In addition, the substituted groups can be substituted with one or more groups such as a C1-Cg alkyl, C;.
salkyl, —O—C4alkyl, hydroxyl, amino, (Ci-4 alkyl)amino, di(Ci-4 alkyl)amino, —S—(Ci4alkyl), —
SO—(Ci-salkyl), —SO>,—(Ci4 alkyl), halogen, aryl, heteroaryl, and the like.

[0061] With reference to substituents, the term “independently” means that when more than one

of such substituents is possible, such substituents may be the same or different from each other.

[0062] “Amino” refers to a -NH; substituent.

[0063] “Aminocarbonyl” or “Amido” refers to the—C(O)NH, substituent.

[0064] “Carboxyl” refers to the—CO:H substituent.

[0065] “Carbonyl” refers to a —C(0)-, —(CO)- or —C(=0)- group. All notations are used
interchangeably within the specification.

[0066] “Cyano” refers to the—C=N substituent.

[0067] “Hydroxy” or “hydroxyl” refers to the -OH substituent.

[0068] “Oxo” refers to a =0 substituent

[0069] “Thio” or “thiol” refer to a—SH substituent.

[0070] Compound words have the meaning of the individual functional groups or fragments as

would be understood in the art. For example, “hydroxyalkyl” refers to the —(alkyl)-OH substituent,
“thicalkyl” refers to the —(alkyl)-SH substituent, “cyanoalkylene” refers to the -(alkylene)C=N
substituent; “hydroxyalkylene” refers to the -(alkylene)OH substituent; “arylmethoxy” refers to a
methoxy substituted aryl group.

[0071] In some embodiments, the ring D has the structure of formula X;
E
4 - N~ ‘%
EQ" N

(X). In structure (X): E; is N, C(O), NH or CRy9; Ez is N, C(O), NH or CRy11; Es3
i1s N, C(O), NH or CRy12; and E4 1s N, C(O), NH or CRyj3. Also in structure (X): Ri1o0, R111, R112 and
Ri13 independently are H, halogen, CN, Ci-Cs(alkyl), (Ci-Cg)haloalkyl, (C,-Cs)alkenyl, (C,-Cs)alkynyl,
OR”, NR'RY, [(C;-Cg)alkylene]ORT, [(Ci-Cs)alkylene[NHRT, [(C;-Cs)alkylene[NR'RY, C(O)RT,
C(O)NHR™, C(O)NR'RY, C(0)[(Ci-Cs)alkylene]NHRT, C(O)[(Ci-Cs)alkylene]NRTRY, CO,R”,
13
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C(S)NHR”, C(S)NRTR', SR”. S(O)R”. SO,R”. SO,NHR". SO,NR'RV, NHC(O)RT, NR'C(O)R',
NHC(O)NHR™,  NHC(O)NR'™RY,  NRTC(O)NHRY, = NRTC(O)NR'RY,  P(O)(OH)(OR™),
P(0)(ORT)(ORVY), tosylate, aryl, heteroaryl, cycloalkyl or heterocyclyl; R™, RV and RY independently
arc H, -OH, aryl, (C;-Cg)alkyl, [(C;-Cs)alkyl]aryl (C;-Cs)alkoxy, (C;-Cg)haloalkyl, cycloalkyl,
heterocyclyl, [(C1-Cs)alkylene Jheterocyclyl, [(C;-Cg)alkylene]aryl or heteroaryl; or RT and RY together
with the nitrogen atom to which they are attached form a heterocyclyl ring.

[0072] In some embodiments, the ring D has the structure of formula XI;

/e

’

Fs l\ ;

(XI). In structure (XI) Fy, F; and F; are independently CR;14, N, NRyi5, O or S. Also
in structure (XI): Ry14 and Ryys are independently H, CN, halogen, ORY, SRY, (C;-Cs)alkyl, C(0)O(C-
Cs)alkyl, C(0O)(Ci-Csalkyl, SO»(Ci-Cs)alkyl, SO.NRYR*, C(O)NRYR*, NRVR* or NRVC(O)R¥;
R®W and R%¥ independently are H, -OH, aryl, (C;-Cg)alkyl, [(C;-Cg)alkyl]aryl (C;-Cg)alkoxy, (C;-
Cs)haloalkyl, cycloalkyl, heterocyclyl, [(Ci-Cs)alkylenelheterocyclyl, [(Ci-Cg)alkylene]aryl or
heteroaryl; or the RW and R* together with the nitrogen atom to which they are attached of NRVRX or
NRYC(O)R¥, optionally form a heterocyclyl ring.

[0073] In some embodiments, the ring A has the structure of formula (I'V);

(IV). In structure (IV): Az is N, C(0), NH or CRy1; Az is N, C(0), NH or
CRi2; and A4 is N, C(0O), NH or CRis. Also in structure (IV), Ry, Ri1, Riz and Ry3 independently are
H, halogen, CN, C;-Cs(alkyl), (Ci-Cs)haloalkyl, (C»-Cs)alkenyl, (C2-Cs)alkynyl, OR®, NR°R”, [(C;-
Cyg)alkylene]OR®,  [(C;-Cyg)alkylene]NHR®,  [(C;-Cg)alkylene][NRPR?, C(O)R®, C(O)NHR®,
C(O)NRCRF, C(O)[(Ci-Cyg)alkylene]NHR®, C(O)[(C;i-Cg)alkylene][NRPR?, CO,R°, C(S)NHRC,
C(S)NRPRP, SR, S(O)R®, SO,R®, SO,NHR®, SO,NR°RF, NHC(O)R®, NR°C(O)R?, NHC(O)NHR®,
NHC(O)NRCRF, NRPC(O)NHR?, NR°C(O)NRFR?, P(0)(OH)(ORP®), P(0O)(OR®)(ORP), tosylate, aryl,
heteroaryl, cycloalkyl or heterocyclyl; R°, R and R? independently are H, -OH, aryl, (C;-Cs)alkyl,
[(Ci-Cs)alkyl]aryl (Ci-Cs)alkoxy, (Ci-Csg)haloalkyl, cycloalkyl, heterocyclyl,
[(Ci-Cg)alkylene heterocyclyl, [(Ci-Cs)alkylenelaryl or heteroaryl; or R° and R” together with the
nitrogen atom to which they are attached form a heterocyclyl ring; wherein any vicinal Ry, Ri1, Ria,
and Rys together with the carbons to which they are attached optionally form an aryl or heteroaryl ring.

In some embodiments, of structure (IV) Rio, R11, Riz0or Ryzis a heteroalkyl. In some embodiments, of
14
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structure (IV) Ay is CRy with Ry being OMe, A» is CRy2 with Ryz being H, As is CRi3 with Ry3 being
OMe and A4 is CRy4 with Ry4 being H.

[0074] As used herein, vicinal refers to any two functional groups bonded to two adjacent carbon
atoms such as in a 1,2-relationship. For example, when Aj is CRyg and A; is CRys, Ryy and Ry, are
vicinal; when A; 1s CRy; and Az 1s CRy;, Ry; and Ry are vicinal; and when Az is CRy3 and Ay 1s CRyq,
Ry3 and Ry4 are vicinal. It is understood that in embodiments wherein any vicinal Ryg, R11, Ry2, and Ry;
together with the carbons to which they are attached optionally for a ring, the ring can be the ring with
a structure corresponding to the formal loss of H, from the vicinal groups. For example, where A; is
CRyz and Rz is -NHa, and A3 is CRy3 and Ri3 is phenyl, the structure can optionally include the fragment
(XI11):

>
Z//A
Y

(XI11).
[0075] In some embodiments, the ring A has the structure of formula (V);

/B’s i{/
Byt
\‘Bf - ff
~ (V). In structure (V): By, Bs and B; are independently CRy4, N, NR;s, O or S. Also

in structure (V) Ris and Rys are independently H, CN, halogen, OR®, SR®, (C;-Cg)alkyl, C(0)O(C;-
Cs)alkyl, C(0O)(Ci-Cs)alkyl, SO»(Ci-Cs)alkyl, SO-NR®R®, C(O)NR®R®, NR*R® or NR*C(O)R®; R* and
R, independently are H, -OH, aryl, (C;-Cs)alkyl, [(Ci-Cs)alkyl]aryl (C;-Cs)alkoxy, (C1-Cs)haloalkyl,
cycloalkyl, heterocyclyl, [(Ci-Cs)alkylene heterocyclyl, [(C1-Cs)alkylene]aryl or heteroaryl; or the R®
and R® together with the nitrogen atom to which they are attached of NR*R® or NR*C(O)R®, optionally
form a heterocyclyl ring. In some embodiments, at least one of B1, B; and B3 is CRy4, or NRjs and R4
or Ris is a heteroalkyl. In some embodiments, at least one of By, Bz and B3 is or NRys and the remaining
two of By, Bz and B3 arc N.

[0076] In some embodiments, the compound has a structure (I) including ring A having the
structure (IV) or (V), and: W is -OH, -NH,, -SH, -OMe, -NH(CH,),OMe, or -OCH,C=—CH; X is O,
S, CH,, or NH; Z is O, S, CH,, NH, or N-C==N; R; is aryl; R;3 is H, phenyl, heteroalkyl, aryl,
heteroaryl, or amide; Rs is H, phenyl, alkyl, Me, or heteroalkyl, and Ry is H, alkyl, aryl, heteroaryl,
heteroalkyl, cycloalkyl. In some embodiments, the compound has a structure (I) including ring A and:
Wis OH; X is O; Zis O; Ry is an aryl; Rj is a phenyl; R» is syn relative to Rs; Rs is H or alkyl; and Ry
is alkyl or aryl.
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[0077] In some embodiments, the compound has a structure (II) including ring A having the
structure (IV) or (V), and: W is -OH, -NH,, -SH, -OMe, -NH(CH,),OMe, or -OCH,C==CH; X is O,
S, CH;, or NH; Z’ is OH, SH, NH,, -NH(CH,),OMe or -OCH,C==CH; R; is aryl; R; is H, phenyl,
heteroalkyl, aryl, heteroaryl, or amide; and Ry is H, alkyl, aryl, heteroaryl, heteroalkyl, cycloalkyl. In
some embodiments, the compound has a structure (II) including ring A and: W is OH; X is O; Z 15 O;
R is an aryl; R; is a phenyl; Rz is syn relative to Rs; and Ry is alkyl or aryl.

[0078] In some embodiments, the compound is selected from the compounds having the following

listed structures:

OMe OMe (12j),

OMe (12d), OMe  (12h),

16



WO 2020/086562 PCT/US2019/057413

Br

(121), OMe (12r),
MeO

OMe (12K),

OMe (12b),

OMe (12w),

Me

OMe (12t), OMe (12¢), OMe (12m),

17
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OMe (12y),

(CMLDO012332), OMe ((-)-12s),

OMe ((-)-121),

Me

OMe ((+)-121), OMe (12e),

OMe (12aj).

18
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OMe (CMLDO012982), OMe (CMLD012982’),
HO MeQN

NF2 (Ih), F (1), (I)).

19
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OMe  (Ir), OMe  (Is).

OMe (12am),

20
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OMe (12ad),

MeO @

OMe ((+)-6).

OMe (I11d).

[0079] It is understood that these listed compounds represent a subset of some possible structures
and other embodiments will include derivatives of these. For example, such compounds can include
additional functional groups, or fewer functional groups while still having the core structure shown by
(I), (IT) or (IIT). In some embodiments, the compounds having core structures (I), (II) or (IIT) can be

used as pre-cursors to other compounds having the same core structure. For example, compound 12m
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which can be hydrogenated (loss of a functional group) to compound 12a0, which can be a
propargylated (addition of a functional group) to compound 12ap. Or, as an other example, or
compound 12a which can be propargylated to form compound 12an (See EXAMPLES). In some

embodiments, the compound is:

MeO

]
(XI) or  Res OMe X1V); wherein Rao, Ras, Raz, Ry and

R34 independently are H, halogen, CN, C;-Cs(alkyl), (Ci-Cs)haloalkyl, (Cs-Cs)alkenyl, (C,-Cs)alkynyl,
ORY, NRUR®, [(C;-Cg)alkylene]ORY, [(C;-Cg)alkylene[NHRY, [(C;-Cg)alkylene]NRIRS, C(O)RY,
C(O)NHR?, C(O)NRR®, C(0)[(C;-Cy)alkylene[NHR?, C(0)[(C;-Cg)alkylene]NRIR®, CO,RY,
C(S)NHR?, C(S)NRIR®, SR’ S(O)RY SO,RY. SO,NHRY, SO,NRIR®, NHC(O)R’, NRIC(O)R,
NHC(O)NHRY, NHC(O)NRR®, NR!C(O)NHR®, NRC(O)NR°R’, P(0)(OH)(ORY), P(O)(OR%)(OR®),
tosylate, aryl, heteroaryl, cycloalkyl or heterocyclyl; R, R® and R’ independently are H, -OH, aryl, (C;-
Cg)alkyl,  [(Ci-Cg)alkyllaryl  (Ci-Cglalkoxy,  (Ci-Cs)haloalkyl,  cycloalkyl, heterocyclyl,
[(Ci-Cg)alkylene heterocyclyl, [(Ci-Cs)alkylenelaryl or heteroaryl; or RY and RV together with the
nitrogen atom to which they are attached form a heterocyclyl ring.

[0080] Some embodiments relate to a method for preparing a compound having the formula (I),
(IT) or (III”), wherein the compounds (I), (I) are as previously described herein and where compound
(II) is as previously described for structure (IIT) but can also include aglaroxin C ((-)-6)). In some
embodiments, the method comprises providing a first compound and a second compound in a solution,
and reacting the first compound with the second compound. The first compound has the structure of
(VI), (VII) or a salt thereof, and the second compound has the structure of (VIII), (IX) or a salt thereof.
The structures of (VI), (VII), (VIII) and (IX) are;

b, > (VII),
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}'\ / &

NH / NH

HN (VIID) , and HN/\ (IX);

wherein Q is OR® or NRUR!, wherein RE, R and R! are independently H or an alkyl, and wherein L
is a leaving group. In some embodiments, the leaving group L is OH, OTs, OAc, OTf, or OMs; where
OT; is p-toluenesulfonate, OT; is trifluoromethanesulfonate and OM; is methanesulfonate.

[0081] In some embodiments, the solution comprises an inert solvent. For example, the solvent
can include one or more organic solvent selected from ethers (e.g. diethyl ether, t-butyl ethers), cyclic
ethers such as tetrahydrofuran (THF), dimethylformamide (DMF), acetonitrile, alkanes (e.g. pentane,
hexane), and aromatic solvents (e.g. toluene, xylene). In some embodiments, the solvent is xylene.
[0082] In some embodiments, the first compound and the second compound, are combined and
heated to a temperature above about 50 °C for at least 2 minutes and less than 2 hours. In some
embodiments, the first compound and the second compound are combined and heated in a temperature
range between a high and low temperature, wherein the low temperature is selected to be about 50, 60,
70, 80, 90, 100, 110, 120 or 130 °C; and the high temperature is selected to be not more than about 150,
140, 130, 120, 110 or 100 °C. In some embodiments, the temperatures are selected to be between about
100 and 150 °C. In some embodiments, the temperature is maintained at the temperature range between
the low and high temperature selected for at least 2, 5, 10, 20, 30, 40, 50, 60 minutes and not more than
about 24 hours, 6 hours, 120, 110, 100, 90, 80, 70, or 60 minutes. In some embodiments, the temperature
is maintained for a time in a range of about 30 min and 60 min.

[0083] In some embodiments, the second compound is provided in a molar amount greater than
the molar amount of the first compound. In some embodiments, the second compound is provided in as
atleast 1.5,2, 3,4, 5,6, 7, 8 or 10 molar equivalents as compared to the second compound.

[0084] In some embodiments, the first or the second compound is provided as a salt. In some
embodiments, the second compound is provided as a HCI salt.

[0085] In some embodiments, the first and second compound are combined in the presence of a
base. In some embodiments, the base has a pKa in a range of greater than about 8 and less than about
16, such as between about 9 and about 14. In some embodiments, the base 1s 1.8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) or an alkoxy base such as MeONa. In some embodiments, the
base is added in a molar amount that is greater than the first compound. In some embodiments, the base
is added in at least about 1.5, 2, 3,4, 5, 6, 7, 8, 9, or 10 equivalents as compared to the first compound.
[0086] In some embodiments, a catalyst is combined with the first and second compound. In some
embodiments, the catalysts is 4-dimethylaminopyridine (DMAP). In some embodiments, the catalyst is

added in 1.5 equivalents or less with respect to the first compound. In some embodiments, the catalyst
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is added in a range between about 0 (e.g., no-catalyst) and up to about 1.5 equivalents, such as between
about 0.1 and about 1.0, or between about 0.2 and about 0.6.

[0087] In some embodiments, the concentration of the first compound which is combined with the
second compound is less than about 0.1 M, such as less than about 0.09, 0.08, 0.07, 0.06, 0.05, 0.04 or
0.03M. In some embodiments, the concentration of the first compound is between about 0.01 and about

0.03 M.

Definitions:

[0088] For convenience, the meaning of some terms and phrases used in the specification,
examples, and appended claims, are provided below. Unless stated otherwise, or implicit from context,
the following terms and phrases include the meanings provided below. The definitions are provided to
aid in describing particular embodiments, and are not intended to limit the claimed technology, because
the scope of the technology is limited only by the claims. Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as commonly understood by one of ordinary skill
in the art to which this technology belongs. If there is an apparent discrepancy between the usage of a
term in the art and its definition provided herein, the definition provided within the specification shall
prevail.

[0089] As used herein, the terms "treat,” "treatment," or "treating,” refer to therapeutic treatments,
wherein the object is to reverse, alleviate, inhibit, slow down or stop the progression or severity of a
condition associated with a viral infection, e.g., HCV infection. The term “treating" includes reducing
or alleviating at least one adverse effect or symptom of a viral infection. Treatment is generally
“effective” if one or more symptoms or clinical markers are reduced. Alternatively, treatment is
“effective” if the progression of a disease is reduced or halted. That is, “treatment" includes not just the
improvement of symptoms or markers, but also a cessation of, or at least slowing of, progress or
worsening of symptoms compared to what would be expected in the absence of treatment. Beneficial
or desired clinical results include, but are not limited to, alleviation of one or more symptom(s),
diminishment of extent of disease, stabilized (i.e., not worsening) state of disease, delay or slowing of
discase progression, amelioration or palliation of the disease state, remission (whether partial or total),
and/or decreased mortality, whether detectable or undetectable. The term "treatment" of a disease also
includes providing relief from the symptoms or side-effects of the disease (including palliative
treatment). Symptoms and clinical markers of a viral infection are further described herein below.
[0090] As used herein, the term “prevent” or “preventing” refers to the prevention of at least one
symptom associated with a viral infection, or complete prevention of a viral infection, or the lessening
of the severity of a viral infection (e.g., preventing the progression of a viral infection) in a subject,
and/or delaying one or more symptoms of a viral infection, and/or delaying the onset of a viral infection

and/or symptoms following exposure to a virus.
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[0091] As used herein, the term "administering” refers to the placement of a therapeutic (e.g., a
compound or agent that inhibits viral entry of HCV), or composition or pharmaceutical composition
thereof as disclosed herein into a subject by a method or route which results in at least partial delivery
of the agent to the subject. Compositions and pharmaceutical compositions comprising therapeutics
(e.g., a compound or agent that inhibits viral entry of HCV) as disclosed herein can be administered by
any appropriate route which results in an effective treatment in the subject.

[0092] As used herein, a "subject” means a human or animal. Usually the animal is a vertebrate
such as a primate, rodent, domestic animal or game animal. Primates include, for example,
chimpanzees, cynomolgus monkeys, spider monkeys, and macaques, e.g., Rhesus. Rodents include,
for example, mice, rats, woodchucks, ferrets, rabbits and hamsters. Domestic and game animals
include, for example, cows, horses, pigs, deer, bison, buffalo, feline species, e.g., domestic cat, canine
species, e.g., dog, fox, wolf, avian species, e.g., chicken, emu, ostrich, and fish, e.g., trout, catfish and
salmon. In some embodiments, the subject is a mammal, e.g., a primate, e.g., a human. The terms,

9 <

“individual,” “patient” and “subject” are used interchangeably herein.

[0093] Preferably, the subject is a mammal. The mammal can be a human, non-human primate,
mouse, rat, dog, cat, horse, or cow, but is not limited to these examples. Mammals other than humans
can be advantageously used as subjects that represent animal models of disease e.g., HCV infection. A
subject can be male or female.

[0094] A subject can be one who has been previously diagnosed with or identified as suffering
from or having a disease or disorder in need of treatment (e.g., HCV infection) or one or more
complications related to such a disease or disorder, and optionally, have already undergone treatment
for the disease or disorder or the one or more complications related to the disease or disorder. A subject
can be resistant to at least one treatment for the disease or disorder. Alternatively, a subject can also be
one who has not been previously diagnosed as having such disease or disorder or related complications.
For example, a subject can be one who exhibits one or more risk factors for the disease or disorder or
one or more complications related to the disease or disorder or a subject who does not exhibit risk
factors.

[0095] As used herein, an “agent” refers to e.g., a molecule, protein, peptide, antibody, or nucleic
acid, that inhibits activity of a polypeptide or polynucleotide, or binds to, partially or totally blocks
stimulation, decreases, prevents, delays activation, inactivates, desensitizes, or down regulates the
activity of the polypeptide or the polynucleotide. Agents that inhibit HCV entry, e.g., inhibit binding of
a viral polypeptide to a host receptor, inhibit expression, e.g., translation, post-translational processing,
stability, degradation, dissociation, or localization of a polypeptide, or transcription, post transcriptional
processing, stability or degradation of a polynucleotide or bind to, partially or totally block stimulation,

nucleotide binding, transcription factor activity or enzymatic activity, decrease, prevent, delay
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activation, inactivate, desensitize, or down regulate the activity of a polypeptide or polynucleotide. An
agent can act directly or indirectly.

[0096] The term “agent” as used herein means any compound or substance such as, but not limited
to, a small molecule, nucleic acid, polypeptide, peptide, gene editing system, drug, ion, etc. An “agent”
can be any chemical, entity or moiety, including without limitation synthetic and naturally-occurring
proteinaceous and non-proteinaceous entities. In some embodiments, an agent is nucleic acid, nucleic
acid analogues, proteins, antibodies, peptides, aptamers, oligomer of nucleic acids, amino acids, or
carbohydrates including without limitation proteins, oligonucleotides, ribozymes, DNAzymes,
glycoproteins, siRNAs, lipoproteins, aptamers, and modifications and combinations thereof etc. In
certain embodiments, agents are small molecule having a chemical moiety. For example, chemical
moieties included unsubstituted or substituted alkyl, aromatic, or heterocyclyl moieties including
macrolides, leptomycins and related natural products or analogues thereof. Compounds can be known
to have a desired activity and/or property, or can be selected from a library of diverse compounds.
[0097] The agent can be a molecule from one or more chemical classes, e.g., organic molecules,
which may include organometallic molecules, inorganic molecules, genetic sequences, etc. Agents may
also be fusion proteins from one or more proteins, chimeric proteins (for example domain switching or
homologous recombination of functionally significant regions of related or different molecules),
synthetic proteins or other protein variations including substitutions, deletions, insertion and other
variants.

[0098] As used herein, a "compound" refers to any chemical, test chemical, drug, new chemical
entity (NCE) or other moiety. For example, a compound can be any foreign chemical not normally
present in a subject such as mammals including humans. A compound can also be an endogenous
chemical that is normally present and synthesized in biological systems, such as mammals including
humans.

[0099] As used herein, an “inhibitor” refers to any agent, compound, or composition that reduces
the levels or activity of a virus (e.g., HCV).

[00100] The term “decrease”, “reduced”, “reduction”, or “inhibit” are all used herein to mean a
decrease by a statistically significant amount. In some embodiments, “decrease™, “reduced”,
“reduction”, or “inhibit” typically means a decrease by at least 10% as compared to an appropriate
control (e.g. the absence of a given treatment) and can include, for example, a decrease by at least about
10%, at least about 20%, at least about 25%, at least about 30%, at least about 35%, at least about 40%,
at least about 45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at
least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least

about 95%, at least about 98%, at least about 99% , or more. As used herein, “reduction” or “inhibition”
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does not encompass a complete inhibition or reduction as compared to a reference level. “Complete
inhibition” is a 100% inhibition as compared to an appropriate control.

[00101] The terms “increased," “increase," “increases,” or “enhance" or “activate" are all used
herein to generally mean an increase of a property, level, or other parameter by a statistically significant
amount; for the avoidance of any doubt, the terms “increased", “increase" or “enhance" or “activate"
means an increase of at least 10% as compared to a reference level, for example an increase of at least
about 20%, or at least about 30%, or at least about 40%, or at least about 50%, or at least about 60%, or
at least about 70%, or at least about 80%, or at least about 90% or up to and including a 100% increase
or any increase between 10-100% as compared to a reference level, or at least about a 2-fold, or at least
about a 3-fold, or at least about a 4-fold, or at least about a 5-fold or at least about a 10-fold increase, at
least about a 20-fold increase, at least about a 50-fold increase, at least about a 100-fold increase, at
least about a 1000-fold increase or more as compared to a reference level.

[00102] As used herein, a “reference level” refers to a normal, otherwise unaffected cell population
or tissue (e.g., a biological sample obtained from a healthy subject, or a biological sample obtained from
the subject at a prior time point, e.g., a biological sample obtained from a patient prior to being
diagnosed with a viral infection or prior to receiving a given treatment, or a biological sample that has
not been contacted with an agent disclosed herein).

[00103] As used herein, an “appropriate control” refers to an untreated, otherwise identical cell or
population (e.g., a subject who was not administered an agent described herein, or was administered by
only a subset of agents described herein, as compared to a non-control cell).

[00104] The term “statistically significant" or “significantly" refers to statistical significance and
generally means a two-standard deviation (2SD) or greater difference.

[00105] As used herein the term "comprising" or "comprises"” is used in reference to compositions,
methods, and respective component(s) thereof, that are essential to the method or composition, yet open
to the inclusion of unspecified elements, whether essential or not.

[00106] The term "consisting of" refers to compositions, methods, and respective components
thereof as described herein, which are exclusive of any element not recited in that description of the
embodiment.

[00107] As used herein the term "consisting essentially of" refers to those elements required for a
given embodiment. The term permits the presence of additional elements that do not materially affect
the basic and novel or functional characteristic(s) of that embodiment of the invention.

[00108] The singular terms "a," "an," and "the" include plural referents unless context clearly
indicates otherwise. Similarly, the word "or" is intended to include "and" unless the context clearly
indicates otherwise. Although methods and materials similar or equivalent to those described herein can

be used in the practice or testing of this disclosure, suitable methods and materials are described below.
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The abbreviation, "e.g." is derived from the Latin exempli gratia, and is used herein to indicate a non-
limiting example. Thus, the abbreviation "e.g." is synonymous with the term "for example."

[00109] Further, unless otherwise required by context, singular terms shall include pluralities and
plural terms shall include the singular.

[00110] Other than in the operating examples, or where otherwise indicated, all numbers expressing
quantities of ingredients or reaction conditions used herein should be understood as modified in all
instances by the term “about.” The term “about™ when used in connection with percentages can mean

+1%.

Pathogenic Viruses

[00111] In one aspect, described herein is a method of preventing and treating a viral infection. In
another aspect, described herein is a method of inhibiting a hepatitis C viral (HCV) infection in a subject
in need thereof, the method comprises: administering to the subject a therapeutically effective amount
of any one or more of the compounds described herein or any one or more of the pharmaceutical
compositions described herein.

[00112] As used herein, a “viral infection™ refers to any infection caused by a virus (e.g., Hepatitis
(). A viral infection as described herein can be caused by any virus type currently known, or yet to be
discovered that results in a pathogenic discase.

[00113] Viruses are small infectious agents which generally contain a nucleic acid core and a protein
coat, but are not independently living organisms. Viruses can also take the form of infectious nucleic
acids lacking a protein. A virus cannot replicate in the absence of a living host cell. Viruses enter specific
living cells either by endocytosis or direct injection of DNA and multiply, causing disease. The
multiplied virus can then be released and infect additional cells. Some viruses are DNA-containing
viruses and others are RNA-containing viruses.

[00114] Specific examples of viruses that have been found in humans include but are not limited to:
Hepadnaviridae (Hepatitis C virus); Filoviridae (e.g., Ebola viruses);, Chikungunya virus (alphavirus),
vesicular stomatitis virus, Retroviridae (e.g., human immunodeficiency viruses, such as HIV-1 (also
referred to as HTLV-III, LAV or HTLV-III/LAV, or HIV-III; and other isolates, such as HIV-LP);
Picornaviridae (e.g., polio viruses, hepatitis A virus; enteroviruses, human Coxsackie viruses,
rhinoviruses, echoviruses); Calciviridae (e.g., strains that cause gastroenteritis); 7ogaviridae (e.g.,
equine encephalitis viruses, rubella viruses); Flaviviridae (e.g., dengue viruses, encephalitis viruses,
yvellow fever viruses); Coronaviridae (e.g., coronaviruses), Rhabdoviridae (e.g., vesicular stomatitis
viruses, rabies viruses); Paramyxoviridae (e.g., parainfluenza viruses, mumps virus, measles virus,
respiratory syncytial virus); Orthomyxoviridae (e.g., influenza viruses); Bunyaviridae (e.g., Hantaan

viruses, bunya viruses, phleboviruses and Nairo viruses); Arenaviridae (hemorrhagic fever viruses);
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Reoviridae (e.g., reoviruses, orbiviurses and rotaviruses); Birnaviridae, Parvoviridae (parvoviruses);
Papovaviridae (papillomaviruses, polyoma viruses); Adenoviridae (most adenoviruses); Herpesviridae
(herpes simplex virus (HSV) 1 and 2, varicella zoster virus, cytomegalovirus (CMV)); Poxyiridae
(variola viruses, vaccinia viruses, pox viruses); [ridoviridae (e.g., African swine fever virus), and
unclassified viruses (e.g., the ctiological agents of spongiform encephalopathies, the agent of delta
hepatitis (thought to be a defective satellite of hepatitis B virus), the agents of non-A, non-B hepatitis
(class 1=internally transmitted; class 2=parenterally transmitted); Norwalk and related viruses, and
astroviruses.

[00115] Hepatitis C is a liver disease caused by the hepatitis C virus (HCV). HCV can cause both
acute and chronic forms of the disease. The symptoms can range in severity from mild illness to serious
lifelong liver damage, and even death. HCV is also the leading cause of liver cancer and HCV has been
reported to affect over 71 million people world-wide. HCV is transmitted through sexual transmission,
contact with blood comprising the HCV, transfusion of unscreened blood, drug use and needle sticks.
The virus is not spread through food, water, casual contact, or breast milk.

[00116] Specifically, the Hepatitis C virus is a blood borne pathogen. HCV is a member of the genus
Hepacivirus and comprises a viral envelope, and single stranded RNA. The hepatitis C viral envelope
comprises host lipoproteins (e.g., Apolipoproteins B, E, and C) and viral glycoproteins such as E1 and
E2. E2 protrudes from the membrane of the HCV envelope. These glycoproteins allow for HCV entry
into host cells and interaction with the host immune system. In particular, the E2 glycoprotein can be
shielded from host immune system detection, as the E2 protein has a hypervariable region 1 that
prevents CDS81 from latching onto the virus. Additional, non-structural proteins that are comprised
within the HCV include core protein, NS1, NS2, NS3, NS4A, NS5A, and NS5B (viral RNA-dependent
RNA polymerase). Amino acid sequences of these proteins are known in the art. These proteins are
involved in many facets of viral replication within the host and preventing immune detection and
destruction of the virus by the host.

[00117] There are several genotypes and subtypes of HCV known in the art. The methods and
compositions described herein can be used to treat HCV infection by any one of the HCV genotypes.
[00118] Generally, pathogenic viruses can comprise viral envelopes that cover the viral protective
protein capsids. These envelopes can be derived from, e.g., portions of the host cell membranes
(phospholipids, surface molecules, and proteins), but can include some viral glycoproteins. The surface
molecules and proteins of the virus can mediate fusion of viral and target cell membranes to initiate
infection.

[00119] Furthermore, the host cell can also comprise receptors that bind to the virus and allow for
viral fusion, contributing to viral pathogenesis. One example, is the scaffolding protein, prohibitin (or

PHB), which is encoded by the PHB gene (SEQ ID NO: 1). Prohibitins have multiple functions which
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include mitochondrial function, mitochondrial morphology, and transcriptional modulation of
mammalian cells. Nucleic acid and amino acid sequences for prohibitin are known in the art (SEQ ID
NO: 2). Additional non-limiting examples of host molecules that can initiate viral and host cell fusion
can include: CD81, LDL receptor, SR-BI, DC-SIGN, Claudin-1, and Occludin.

[00120] In another aspect, described herein is a method of inhibiting viral entry into a cell, the
method comprises: contacting a cell with at least one compound or pharmaceutical composition
described herein.

[00121]  In another aspect, described herein is a method of inhibiting prohibitin or glycoprotein
fusion with a cell, the method comprising: contacting the cell with an effective amount of at least one
compound or pharmaceutical composition described herein.

[00122] In one embodiment of any of the aspects, the compounds and agents described herein
inhibit viral envelope or glycoprotein fusion with the cell. In another embodiment, the compounds and
agents described herein inhibit HCV fusion with prohibitin on a target cell.

[00123] As used herein, the terms “fusion to a target cell” or “viral entry™ are used interchangeably
to refer to the event when a virus contacts a portion or fragment of a cell membrane (e.g., a target cell)
and merges the viral envelope (e.g., HCV) with the cell membrane permitting formation of a fusion
pore. The formation of the fusion pore allows for exchange between the viral capsid and the target or
host cell cytosol. Following fusion to a target cell, a virus can begin to replicate using the proteins
already within the host cell.

[00124] Described herein is a method of identifying and screening for a compound or agent that
inhibits viral entry into a target cell (e.g., HCV). Fusion and viral entry can be determined by any assay

known in the art (e.g., a cell-cell fusion assay or time of addition assay).

Methods of Treating a Viral Infection

[00125] The compounds and agents, or compositions and pharmaceutical compositions described
herein can be used to treat a subject having a viral infection, or prevent a subject from having a viral
infection. Thus, provided herein are methods for treating and/or preventing a viral infection in a subject.
Methods include administering to a subject in need thereof (e.g., a subject having or at risk of having a
viral infection) an agent that inhibits viral entry.

[00126] In another aspect, the compounds, agents, or compositions or pharmaceutical compositions
thereof described herein can be used to treat or prevent an HCV infection.

[00127] In one aspect, described herein is a method of treating or preventing a viral infection
comprising administering to a subject having or at risk of having a viral infection any compound,
composition thereof, or pharmaceutical composition thereof that inhibits HCV entry into a cell.

[00128] In one embodiment of any of the aspects, the virus causes hepatitis C.
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[00129] In another embodiment, the subject has not been previously diagnosed as having a viral
infection.

[00130] In another aspect, described herein is a method of treating a viral infection comprising (a)
diagnosing a subject as having a viral infection, and (b) administering to a subject having a viral
infection a compound or agent, or composition or pharmaceutical composition thereof, that inhibits the
entry of HCV into a cell. In one embodiment, the viral infection is HCV infection.

[00131] In another aspect, described herein is a method of treating a viral infection comprising (a)
receiving the results of an assay that diagnoses a subject as having a viral infection, and (b)
administering to a subject having a viral infection a compound or agent, or composition or
pharmaceutical composition thereof, that inhibits viral entry of HCV.

[00132] In another aspect, described herein is a method of treating a Hepatitis C viral (HCV)
infection comprising (a) receiving the results of an assay that diagnoses a subject as having a HCV
infection, and (b) administering to a subject having a HCV infection a compound or agent, or
composition or pharmaceutical composition thereof, that inhibits viral entry of HCV.

[00133] In particular, the methods and compositions described herein can be used to treat or prevent
a hepatitis C infection.

[00134] A skilled clinician can diagnose a subject as having a viral infection via detection of
symptoms of a viral infection, such as, fatigue, loss of immune function, vomiting, diarrhea, headaches,
gastrointestinal upset, nausea, weight loss, etc. However, some subjects can remain asymptomatic
and/or carry the virus or the disease. Further, viral infections can further be diagnosed via clinical tests
of a biological sample from a subject, e.g., blood, saliva, spinal fluid, synovial fluid, or tissue biopsy.
Clinical tests are known in the art and include, but are not limited to, antibody tests, viral antigen
detection tests, viral culture, and viral DNA/RNA detection tests. Clinical tests useful in diagnosing a
viral infection are further reviewed in, e.g., U.S. Patent Nos 6,432,633; and 5,173,399, the contents of
which are incorporated herein by reference in their entireties. HCV, for example, is typically diagnosed
by testing for anti-HCV antibodies with a serological test and further testing for HCV RNA. If
necessary, a liver biopsy may also be taken to assess the level of liver damage (e.g., fibrosis or cirrhosis
of the liver) in the subject. Major symptoms associated with HCV include but are not limited to: fever,
fatigue, decreased appetite, nausea, vomiting, abdominal pain, dark urine, grey-colored feces, joint pain
and jaundice (yellowing of skin and the whites of the eyes).

[00135] Risk factors for having or developing a viral infection include exposure to the virus,
exposure or contact with a subject infected with a virus, exposure to contaminated surfaces contacted
with a virus, contact with a biological sample or bodily fluid from a subject infected by a virus, sexual
intercourse with a subject infected by a virus, needle sharing, blood transfusions, drug use, and any

other risk factor known in the art to transmit a virus from one subject to another. Risk factors for a
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subject can be evaluated, e.g., by a skilled clinician or by the subject. Generally, subjects with a
Hepatitis C viral infection are injecting drug users (IDUs), recipients of blood products, and sometimes
patients on hemodialysis.

[00136] Current therapeutics used to treat viral infections include anti-viral agents. Non-limiting
examples of antivirals and therapeutics used to treat an infection (e.g., an HCV infection) include
ribavirin, daclatasvir, sofosbuvir, velpatasvir, ledipasvir/sofosbuvir, telaprevir, interferon aphacon-1,
interferon alpha-2b, glecaprevir and pibrentasvir, simeprevir, PEGylated interferon, PEGylated
interferon alpha-2b, interferon alpha-2a, ¢lbasvir, and grazoprevir. However, there are currently no

vaccings or compounds available to prevent HCV before or after exposure to the virus.

Target Cells:

[00137] Various aspects described herein are directed to inhibiting viral entry into a target cell. As
used herein, “a target cell” refers to a cell within the host subject that is contacted by a virus, or becomes
physically attached to a virus via viral fusion (e.g., the merging of viral membrane and the target cell
membrane), as described herein. Viral fusion is mediated via transmembrane proteins on the target cell
and the virus, and allows for the passage of genetic material from the virus to the target cell. Thus, a
target cell is a cell that can be physically attached (e.g., fused) to e.g., a glycoprotein, glycoprotein
fragment, or glycoprotein envelope spike of a virus. The target cell express cells surface proteins or
receptors that facilitate the fusion of a viral envelope protein to its extracellular surface.

[00138] Exemplary cell surface proteins and receptors expressed on a target cell that can bind and
attach to a viral envelope include, but are not limited, to prohibitins, cluster of differentiation 81 (CD81),
scavenger receptor class B type I (SR-BI), low density lipoprotein receptor (LDL-R), claudin-1
(CLDN1), tight junction proteins, occludin (OCLN), epidermal growth factor receptor (EGFR), ephrin
receptor A2 (EphA2), transferrin receptor (TfR1), cholesterol transporter Niemann-Pick Cl-like 1
(NPCIL1), cluster of differentiation 4 (CD4), CC chemokine receptor 4 (CC4), CC chemokine receptor
5, C-X-C chemokine receptor type 4 (CXCR4), CC chemokine receptor 3 (CC3), nicotinic acetylcholine
receptor (nAChR), the neuronal cell adhesion molecule (NCAM), and the p75 neurotrophin receptor
(p75NTR), phosphate transporter 2 (Pit2), malonyl CoA-acyl carrier protein transacylase (MCAT),
feline leukemia virus subgroup C receptor-related proteins (FLVCRs), xenotropic and polytropic
retrovirus receptor 1 (XPR1), TVA, TVB, biliverdin reductase (BLVR), and hyaluronidase-2 (HY AL2).
[00139] Viral entry of HCV and interacting host proteins are further described in, for example, Zhe-
Zhu et al. World J. Gasteroenterol. (2014), which incorporated herein by reference in its entirety.
[00140] One skilled in the art can identify a target cell by determining if a cell expresses any of the
cell surface proteins or receptors via, e.g., fluorescent microscopy to visualize the cell surface protein

or receptors, or via sorting for cells expressing these cell surface proteins or receptors via fluorescence
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activated cell sorting (FACS) using standard protocols for sorting by cell surface proteins. One can
additionally, e.g., perform time of addition or viral fusion assays to determine if a virus can attach and
fuse a cell, thus identifying a target cell.

[00141] In one embodiment of any of the aspects, the target cell is a hepatocyte. In another
embodiment, the target cell is a leukocyte, fibroblast, blood cell, vascular cell, endothelial cells,
epithelial cell, nerve cell, biliary ductal cell, Kipffer cell, endothelial cell, Ito cell, oval cell,
lymphocyte, parenchymal cell, stem cell, or any other cell known in the art.

[00142] A target cell can be a human cell or mammalian cell, for example, a canine, avian, feline,

equine, bovine, porcine, primate, rodent, or bat cell.

Compounds and Agents

[00143] The agents described herein can also be polypeptides that block viral entry to a target cell.
In some embodiments, the virus is HCV. As used herein, the term "polypeptide" is intended to
encompass a singular "polypeptide" as well as plural "polypeptides,” and includes any chain or chains

of two or more amino acids. Thus, as used herein, terms including, but not limited to "peptide,"

"dipeptide," "tripeptide," "protein," "enzyme," "amino acid chain," and "contiguous amino acid
sequence" are all encompassed within the definition of a "polypeptide," and the term "polypeptide” can
be used instead of, or interchangeably with, any of these terms. The term further includes polypeptides
that have undergone one or more post-translational modification(s), including for example, but not
limited to, glycosylation, acetylation, phosphorylation, amidation, derivatization, proteolytic cleavage,
post-translation processing, or modification by inclusion of one or more non-naturally occurring amino
acids. Conventional nomenclature exists in the art for polynucleotide and polypeptide structures. For
example, one-letter and three-letter abbreviations are widely employed to describe amino acids: Alanine
(A; Ala), Arginine (R; Arg), Asparagine (N; Asn), Aspartic Acid (D; Asp), Cysteine (C; Cys),
Glutamine (Q; Gln), Glutamic Acid (E; Glu), Glycine (G; Gly), Histidine (H; His), Isoleucine (I; Il¢),
Leucine (L; Leu), Methionine (M; Met), Phenylalanine (F; Phe), Proline (P; Pro), Serine (S; Ser),
Threonine (T; Thr), Tryptophan (W; Trp), Tyrosine (Y; Tyr), Valine (V; Val), and Lysine (K; Lys).
Amino acid residues described herein are preferred to be in the "L" isomeric form. However, residues
in the "D" isomeric form may be substituted for any L-amino acid residue provided the desired
propertics of the polypeptide are retained.

[00144]  In some embodiments, viral entry into a cell (e.g., a target cell) and the viral proteins (e.g.,
El or E2) is decreased in a cell’s genome using any genome editing system including, but not limited

to, zinc finger nucleases, TALENS, meganucleases, and CRISPR/Cas systems that prevent the fusion
of the HCV virus to a target cell.
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[00145] The agents described herein can further be an antisense oligonucleotide. As used herein, an
“antisense oligonucleotide™ refers to a synthesized nucleic acid sequence that is complementary to a
DNA or mRNA sequence, such as that of a microRNA. Antisense oligonucleotides are typically
designed to block expression of a DNA or RNA target by binding to the target and halting expression
at the level of transcription, translation, or splicing. Antisense oligonucleotides as described herein are
complementary nucleic acid sequences designed to hybridize under cellular conditions to a gene. Thus,
oligonucleotides are chosen that are sufficiently complementary to the target, ie., that hybridize
sufficiently well and with sufficient specificity in the context of the cellular environment, to give the
desired effect.

[00146] In addition to antisense oligonucleotides, RNAi can be used to prevent Env fusion. The
term “RNAi” as used herein refers to interfering RNA or RNA interference. RNAI refers to a means of
selective post-transcriptional gene silencing by destruction of specific mRNA by molecules that bind
and inhibit the processing of mRNA, for example inhibit mRNA translation or result in mRNA
degradation. As used herein, the term "RNA1" refers to any type of interfering RNA, including but are
not limited to, siRNA, shRNA, endogenous microRNA and artificial microRNA. For instance, it
includes sequences previously identified as siRNA, regardless of the mechanism of down-stream
processing of the RNA.

Pharmaceutical salts

[00147] In one aspect, provided herein is a composition or pharmaceutical composition comprising
any of the compounds or agents described herein. In one embodiment, the composition further
comprises a pharmaceutically acceptable carrier.

[00148] Compounds of Formula (I), (II), (IIT) or (III’) agents described herein, or derivatives
thereof can also include pharmaceutically acceptable salts thercof. As used herein, the term
“pharmaceutically-acceptable salts™ refers to the conventional nontoxic salts or quaternary ammonium
salts of small molecules as disclosed herein, e.g., from non-toxic organic or inorganic acids. These salts
can be prepared in situ in the administration vehicle or the dosage form manufacturing process, or by
separately reacting a small molecule in its free base or acid form with a suitable organic or inorganic
acid or base, and isolating the salt thus formed during subsequent purification. Conventional nontoxic
salts include those derived from inorganic acids such as sulfuric, sulfamic, phosphoric, nitric, and the
like; and the salts prepared from organic acids such as acetic, propionic, succinic, glycolic, stearic,
lactic, malic, tartaric, citric, ascorbic, palmitic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic,
salicyclic, sulfanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic,
oxalic, isothionic, and the like. See, for example, Berge ef al., “Pharmaceutical Salts™, J. Pharm. Sci.

66:1-19 (1977), content of which is herein incorporated by reference in its entirety.
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[00149] In some embodiments of the aspects described herein, representative pharmaceutically
acceptable salts include the hydrobromide, hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate,
succinate, valerate, oleate, palmitate, stearate, laurate, benzoate, lactate, phosphate, tosylate, citrate,
maleate, fumarate, succinate, tartrate, napthylate, mesylate, glucoheptonate, lactobionate, and

laurylsulphonate salts and the like.

Prodrugs

[00150] In some embodiments, prodrugs of compounds of Formula (I), (IT), (IIT) or (III’) also fall
within the scope of the invention. As used herein, a “prodrug” refers to a compound that can be
converted via some chemical or physiological process (e.g., enzymatic processes and metabolic
hydrolysis) to a compound of Formula (I), (IT), (IT) or (II1”). Thus, the term “prodrug” also refers to
a precursor of a biologically active compound that is pharmaceutically acceptable. A prodrug can be
inactive when administered to a subject, 1.€. an ester, but is converted in vivo to an active compound,
for example, by hydrolysis to the free carboxylic acid or free hydroxyl. The prodrug compound often
offers advantages of solubility, tissue compatibility or delayed release in an organism. The term
“prodrug” is also meant to include any covalently bonded carriers, which release the active compound
in vivo when such prodrug is administered to a subject. Prodrugs of an active compound may be
prepared by modifying functional groups present in the active compound in such a way that the
modifications are cleaved, either in routine manipulation or in vivo, to the parent active compound.
Prodrugs include compounds wherein a hydroxy, amino or mercapto group is bonded to any group that,
when the prodrug of the active compound is administered to a subject, cleaves to form a free hydroxy,
free amino or free mercapto group, respectively. Examples of prodrugs include, but are not limited to,
acetate, formate and benzoate derivatives of an alcohol or acetamide, formamide and benzamide
derivatives of an amine functional group in the active compound and the like. See Harper, “Drug
Latentiation” in Jucker, ed. Progress in Drug Research 4:221-294 (1962); Morozowich efr al.,
“Application of Physical Organic Principles to Prodrug Design” in E. B. Roche ed. Design of
Biopharmaceutical Properties through Prodrugs and Analogs, APHA Acad. Pharm. Sci. 40 (1977),
Bioreversible Carriers in Drug in Drug Design, Theory and Application, E. B. Roche, ed., APHA Acad.
Pharm. Sci. (1987); Design of Prodrugs, H. Bundgaard, Elsevier (1985), Wang er al. “Prodrug
approaches to the improved delivery of peptide drug” in Curr. Pharm. Design. 5(4):265-287 (1999);
Pauletti ef al. (1997) Improvement in peptide bioavailability: Peptidomimetics and Prodrug Strategies,
Adv. Drug. Delivery Rev. 27:235-256; Mizen ef al. (1998) “The Use of Esters as Prodrugs for Oral
Delivery of (3-Lactam antibiotics,” Pharm. Biotech. 11,:345-365; Gaignault et al. (1996) “Designing
Prodrugs and Bioprecursors 1. Carrier Prodrugs,” Pract. Med. Chem. 671-696; Asgharmejad,

“Improving Oral Drug Transport™, in Transport Processes in Pharmaceutical Systems, G. L. Amidon,
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P. 1. Lee and E. M. Topp, Eds., Marcell Dekker, p. 185-218 (2000); Balant ef al., “Prodrugs for the
improvement of drug absorption via different routes of administration”, Eur. J. Drug Metab.
Pharmacokinet., 15(2): 143-53 (1990); Balimane and Sinko, “Involvement of multiple transporters in
the oral absorption of nucleoside analogues™, Adv. Drug Delivery Rev., 39(1-3): 183-209 (1999);
Browne, “Fosphenytoin (Cerebyx)”, Clin. Neuropharmacol. 20(1): 1-12 (1997); Bundgaard,
“Bioreversible derivatization of drugs— principle and applicability to improve the therapeutic effects
of drugs”, Arch. Pharm. Chemi 86(1): 1-39 (1979); Bundgaard H. “Improved drug delivery by the
prodrug approach”, Controlled Drug Delivery 17: 179-96 (1987); Bundgaard H. “Prodrugs as a means
to improve the delivery of peptide drugs”, Arfv. Drug Delivery Rev. 8(1): 1-38 (1992); Fleisher ef al.
“Improved oral drug delivery: solubility limitations overcome by the use of prodrugs”, Arfv. Drug
Delivery Rev. 19(2): 115-130 (1996); Fleisher ef al. “Design of prodrugs for improved gastrointestinal
absorption by intestinal enzyme targeting”, Methods Enzymol. 112 (Drug Enzyme Targeting, Pt. A):
360-81, (1985); Farquhar D, ef al., “Biologically Reversible Phosphate-Protective Groups”, Pharm.
Sci., 72(3): 324-325 (1983), Freeman S, et al., “Bioreversible Protection for the Phospho Group:
Chemical Stability and Bioactivation of Di(4-acetoxy-benzyl) Methylphosphonate with
Carboxyesterase,” Chem. Soc., Chem. Commun., 875-877 (1991); Friis and Bundgaard, “Prodrugs of
phosphates and phosphonates: Novel lipophilic alphaacyloxyalkyl ester derivatives of phosphate- or
phosphonate containing drugs masking the negative charges of these groups™, Fur. J. Pharm. Sci. 4:
49-59 (1996); Gangwar ef al., “Pro-drug, molecular structure and percutancous delivery”, Des.
Biopharm. Prop. Prodrugs Analogs, [ Symp.] Meeting Date 1976, 409-21. (1977); Nathwani and Wood,
“Penicillins: a current review of their clinical pharmacology and therapeutic use”, Drugs 45(6): 866-94
(1993); Sinhababu and Thakker, “Prodrugs of anticancer agents™, Adv. Drug Delivery Rev. 19(2): 241-
273 (1996); Stella ef al., “Prodrugs. Do they have advantages in clinical practice?”, Drugs 29(5): 455-
73 (1985); Tan ef al. “Development and optimization of anti-HIV nucleoside analogs and prodrugs: A
review of their cellular pharmacology, structure-activity relationships and pharmacokinetics”, Adv.
Drug Delivery Rev. 39(1-3): 117-151 (1999); Taylor, “Improved passive oral drug delivery via
prodrugs”, Adv. Drug Delivery Rev., 19(2): 131-148 (1996); Valentino and Borchardt, “Prodrug
strategies to enhance the intestinal absorption of peptides”, Drug Discovery Today 2(4): 148-155
(1997); Wiebe and Knaus, “Concepts for the design of anti-HIV nucleoside prodrugs for treating
cephalic HIV infection”, Adv. Drug Delivery Rev.: 39(1-3):63-80 (1999); Waller ef al., “Prodrugs™, Br.
J. Clin. Pharmac. 28: 497-507 (1989), and Sofia ef al. “Nucleotoide prodrugs for the treatment of HCV
infection”, Adv Pharmacol. 67:39-73, (2013), contents of all of which are herein incorporated by

reference in their entireties.

Compositions
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[00151] In one aspect, described herein is a composition comprising any of the compounds
described herein. Another aspect herein provides a composition comprising any of the agents described
herein. In one embodiment, the composition further comprises a pharmaceutically acceptable carrier.
[00152] In another aspect, described herein is a pharmaceutical composition comprising any of the
compounds described herein. Yet another aspect herein provides a pharmaceutical composition
comprising any of the agents described herein.

[00153] For administering to a subject, compounds of Formula (I), (II), (IIT) or (III’) can be
incorporated into pharmaceutical composition. As used herein, the term “pharmaceutical composition™
refers to the active agent in combination with a pharmaceutically acceptable carrier e.g. a carrier
commonly used in the pharmaceutical industry. The phrase “pharmaceutically acceptable™ is employed
herein to refer to those compounds, materials, compositions, and/or dosage forms which are, within the
scope of sound medical judgment, suitable for use in contact with the tissues of human beings and
animals without excessive toxicity, irritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio.

[00154] Amount of the compound of Formula (I), (I), (III) or (III’) in the pharmaceutical
composition can be based on weight, moles, or volume. In some embodiments, the pharmaceutical
composition comprises at least 0.0001% of the compound of Formula (I), (II), (IIT) or (IIT’). In some
embodiments, the pharmaceutical composition comprises at least 0.1% of the compound of Formula
(I), (D), (IT) or (IIT’). In some embodiments, the pharmaceutical composition comprises at least 0.5%
of the compound of Formula (I), (II), (III) or (II’). In some embodiments, the pharmaceutical
composition comprises at least 1% of the compound of Formula (I), (II), (IIT) or (III’). In some
embodiments, the pharmaceutical composition comprises at least 2% of the compound of Formula (I),
(II), (IIT) or (IIT’). In some embodiments, the pharmaceutical composition comprises at least 3% of the
compound of Formula (I), (II), (IIT) or (III’). In some embodiments, the pharmaceutical composition
comprises at least 4% of the compound of Formula (I), (II), (III) or (III’). In some embodiments, the
pharmaceutical composition comprises at least 5% of the compound of Formula (I), (IT), (IT) or (I1T”).
In some embodiments, the pharmaceutical composition comprises at least 10% of the compound of
Formula (I), (II), (IT) or (IIT’). In some embodiments, the pharmaceutical composition comprises
0.01%-99% of the compound of Formula (I), (II), (II) or (III’). In some embodiments, the
pharmaceutical composition comprises 0.05%-90% of the compound of Formula (I), (IT), (IIT) or (I1T”).
In some embodiments, the pharmaceutical composition comprises 0.1%-85% of the compound of
Formula (I), (II), (IT) or (IIT’). In some embodiments, the pharmaceutical composition comprises
0.5%-80% of the compound of Formula (I), (II), (III) or (III’). In some embodiments, the
pharmaceutical composition comprises 1%-75% of the compound of Formula (I), (II), (III) or (IIT’).

In some embodiments, the pharmaceutical composition comprises 2%-70% of the compound of
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Formula (I), (II), (IIT) or (III”). In some embodiments, the pharmaceutical composition comprises 3%-
65% of the compound of Formula (I), (II), (IT) or (II’). In some embodiments, the pharmaceutical
composition comprises 4%-60% of the compound of Formula (I), (II), (IIT) or (III’). In some
embodiments, the pharmaceutical composition comprises 5%-50% of the compound of Formula (I),
(1), (T10) or (IIT7).

[00155] Generally, a pharmaceutical composition of the invention comprises a therapeutically
effective amount of a compound of Formula (I), (I), (IIT) or (III’). In some embodiments, the
pharmaceutical composition comprises a compound of Formula (I), (II), (III) or (III’) at a
concentration of about 0.01uM to 300uM, or about 0.1 uM to 150uM, or about 1uM to 50 uM, or about
1 uM to 25uM. The dosage can vary within this range depending upon the dosage form employed and
the route of administration utilized.

[00156] It will also be appreciated that certain of the compound of Formula (I), (IT), (IIT) or (IIT°)
can exist in free form for treatment, or where appropriate, as a pharmaceutically acceptable derivative
thereof. According to the present invention, a pharmaceutically acceptable derivative includes, but is
not limited to, pharmaceutically acceptable salts, esters, salts of such esters, or a pro-drug or other
adduct or derivative of a compound of Formula (I), (IT), (IIT) or (IIT’) which upon administration to a
patient in need is capable of providing, directly or indirectly, a compound as otherwise described herein,
or a metabolite or residue thereof.

[00157] As described above, the pharmaceutical compositions of the present invention optionally
comprise a pharmaceutically acceptable excipient, which, as used herein, includes any and all solvents,
diluents, or other liquid vehicle, dispersion or suspension aids, surface active agents, isotonic agents,
thickening or emulsifying agents, preservatives, antioxidants, solid binders, lubricants, and the like, as
suited to the particular dosage form desired.

[00158] As used here, the term "pharmaceutically-acceptable carrier" means a pharmaceutically-
acceptable material, composition or vehicle, such as a liquid or solid filler, diluent, excipient,
manufacturing aid (e.g., lubricant, talc magnesium, calcium or zinc stearate, or steric acid), or solvent
encapsulating material, involved in carrying or transporting the subject compound from one organ, or
portion of the body, to another organ, or portion of the body. Each carrier must be "acceptable" in the
sense of being compatible with the other ingredients of the formulation and not injurious to the patient.
The terms “physiologically tolerable carriers” and “biocompatible delivery vehicles” are used
interchangeably. Some examples of materials which can serve as pharmaceutically-acceptable carriers
include: (1) sugars, such as lactose, glucose and sucrose; (2) starches, such as corn starch and potato
starch; (3) cellulose, and its derivatives, such as sodium carboxymethyl cellulose, methylcellulose, ethyl
cellulose, microcrystalline cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6)

gelatin; (7) lubricating agents, such as magnesium stearate, sodium lauryl sulfate and talc; (8)
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excipients, such as cocoa butter and suppository waxes; (9) oils, such as peanut oil, cottonseed oil,
safflower oil, sesame oil, olive oil, corn oil and soybean oil; (10) glycols, such as propylene glycol; (11)
polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol; (12) esters, such as ethyl oleate
and ethyl laurate; (13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum
hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19)
ethyl alcohol; (20) pH buffered solutions; (21) polyesters, polycarbonates and/or polyanhydrides; (22)
bulking agents, such as polypeptides and amino acids (23) serum component, such as serum albumin,
HDL and LDL; (24) C2-C12 alcohols, such as ethanol; and (25) other non-toxic compatible substances
employed in pharmaceutical formulations. Wetting agents, coloring agents, release agents, coating
agents, sweetening agents, flavoring agents, perfuming agents, preservative and antioxidants can also
be present in the formulation. The terms such as "excipient", "carrier", "pharmaceutically acceptable
carrier" or the like are used interchangeably herein.

[00159] Useful pharmaceutical carriers for the preparation of the compositions hereof, can be solids,
liquids or gases. Suitable pharmaceutical carriers and their formulation are described in Remington’s
Pharmaceutical Sciences by E. W. Martin. Such compositions will, in any event, contain an effective
amount of the compound of Formula (I), (IT), (IIT) or (III’) together with a suitable carrier so as to
prepare the proper dosage form for proper administration to the recipient.

[00160] Liquid dosage forms for oral administration include, but are not limited to,
pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In
addition to the compound of Formula (I), (II), (IIT) or (III”), the liquid dosage forms can contain inert
diluents commonly used in the art such as, for example, water or other solvents, solubilizing agents and
emulsifiers such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol,
benzyl benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in particular,
cottonseed, groundnut, com, germ, olive, castor, and sesame oils), glycerol, tetrahydrofurfuryl alcohol,
polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof. Besides inert diluents, the
oral compositions can also include adjuvants such as wetting agents, emulsifying and suspending
agents, sweetening, flavoring, and perfuming agents.

[00161] Solid dosage forms for oral administration include capsules, tablets, pills, powders, and
granules. In such solid dosage forms, the compound of Formula (I), (IT), (IIT) or (IIT’) are mixed with
at least one inert, pharmaceutically acceptable excipient or carrier such as sodium citrate or dicalcium
phosphate and/or a) fillers or extenders such as starches, lactose, sucrose, glucose, mannitol, and silicic
acid, b) binders such as, for example, carboxymethylcellulose, alginates, gelatin,
polyvinylpyrrolidinone, sucrose, and acacia, ¢) humectants such as glycerol, d) disintegrating agents
such as agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium

carbonate, ¢) solution retarding agents such as paraffin, f) absorption accelerators such as quaternary
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ammonium compounds, g) wetting agents such as, for example, cetyl alcohol and glycerol
monostearate, h) absorbents such as kaolin and bentonite clay, and 1) lubricants such as talc, calcium
stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, and mixtures thereof.
In the case of capsules, tablets and pills, the dosage form can also comprise buffering agents.

[00162] Solid compositions of a similar type can also be employed as fillers in soft and hard-filled
gelatin capsules using such excipients as lactose or milk sugar as well as high molecular weight
polyethylene glycols, and the like. The solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as enteric coatings and other coatings well
known in the pharmaceutical formulating art. They can optionally contain opacifying agents and can
also be of a composition that they release the active ingredient(s) only, or preferentially, in a certain
part of the intestinal tract, optionally, in a delayed manner. Examples of embedding compositions that
can be used include polymeric substances and waxes. Solid compositions of a similar type can also be
employed as fillers in soft and hard-filled gelatin capsules using such excipients as lactose or milk sugar
as well as high molecular weight polyethylene glycols, and the like.

[00163] The compound of Formula (I), (II), (IIT) or (IIT’) can also be in micro-encapsulated form
with one or more excipients as noted above. The solid dosage forms of tablets, dragees, capsules, pills,
and granules can be prepared with coatings and shells such as enteric coatings, release controlling
coatings and other coatings well known in the pharmaceutical formulating art. In such solid dosage
forms the compound of Formula (I), (II), (IIT) or (III’) can be admixed with at least one inert diluent
such as sucrose, lactose and starch. Such dosage forms can also comprise, as in normal practice,
additional substances other than inert diluents, e.g., tableting lubricants and other tableting aids such as
magnesium stearate and microcrystalline cellulose. In the case of capsules, tablets and pills, the dosage
forms can also comprise buffering agents. They can optionally contain opacifying agents and can also
be of a composition that they release the active ingredient(s) only, or preferentially, in a certain part of
the intestinal tract, optionally, in a delayed manner. Examples of embedding compositions which can
be used include polymeric substances and waxes.

[00164] Formulations suitable for parenteral administration conveniently include sterile aqueous
preparations of the agents that are preferably isotonic with the blood of the recipient. Suitable excipient
solutions include phosphate buffered saline, saline, water, lactated Ringer’s or dextrose (5% in water).
Such formulations can be conveniently prepared by admixing the agent with water to produce a solution
or suspension, which is filled into a sterile container and sealed against bacterial contamination.
Preferably, sterile materials are used under aseptic manufacturing conditions to avoid the need for
terminal sterilization. Such formulations can optionally contain one or more additional ingredients,

which can include preservatives such as methyl hydroxybenzoate, chlorocresol, metacresol, phenol and
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benzalkonium chloride. Such materials are of special value when the formulations are presented in
multidose containers.

[00165] Buffers can also be included to provide a suitable pH value for the formulation. Suitable
buffer materials include sodium phosphate and acetate. Sodium chloride or glycerin can be used to
render a formulation isotonic with the blood.

[00166] If desired, a formulation can be filled into containers under an inert atmosphere such as
nitrogen and can be conveniently presented in unit dose or multi-dose form, for example, in a sealed
ampoule.

[00167] Those skilled in the art will be aware that the amounts of the various components of the
compositions of the invention to be administered in accordance with the method of the invention to a
subject will depend upon those factors noted above.

[00168] Injectable preparations, for example, sterile injectable aqueous or oleaginous suspensions
can be formulated according to the known art using suitable dispersing or wetting agents and suspending
agents. The sterile injectable preparation can also be a sterile injectable solution, suspension or
emulsion in a nontoxic parenterally acceptable diluent or solvent, for example, as a solution in 1,3-
butanediol. Among the acceptable vehicles and solvents that can be employed are water, Ringer’s
solution, U.S P. and isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this purpose, any bland fixed oil can be employed
including synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid are used in the
preparation of injectable formulations.

[00169] The injectable formulations can be sterilized, for example, by filtration through a bacterial-
retaining filter, or by incorporating sterilizing agents in the form of sterile solid compositions which can
be dissolved or dispersed in sterile water or other sterile injectable media prior to use.

[00170] In order to prolong the effect of a drug, it is often desirable to slow the absorption of the
drug from subcutancous or intramuscular injection. This can be accomplished by the use of a liquid
suspension or crystalline or amorphous material with poor water solubility. The rate of absorption of
the drug then depends upon its rate of dissolution that, in turn, can depend upon crystal size and
crystalline form. Alternatively, delayed absorption of a parenterally administered drug form is
accomplished by dissolving or suspending the drug in an oil vehicle. Injectable depot forms are made
by forming microencapsulated matrices of the drug in biodegradable polymers such as polylactide-
polyglycolide. Depending upon the ratio of drug to polymer and the nature of the particular polymer
employed, the rate of drug release can be controlled. Examples of other biodegradable polymers include
(poly(orthoesters) and poly(anhydrides). Depot injectable formulations are also prepared by entrapping

the drug in liposomes or microemulsions which are compatible with body tissues.
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[00171] Compositions for rectal or vaginal administration are preferably suppositories which can
be prepared by mixing the compound of Formula (I), (IT), (III) or (III”) with suitable non-irritating
excipients or carriers such as cocoa butter, polyethylene glycol, or a suppository wax which are solid at
ambient temperature but liquid at body temperature and therefore melt in the rectum or vaginal cavity
and release the active compound.

[00172] A typical suppository formulation includes the compound or a pharmaceutically acceptable
salt thereof which is active when administered in this way, with a binding and/or lubricating agent, for
example, polymeric glycols, gelatins, cocoa-butter, or other low melting vegetable waxes or fats.
Typical transdermal formulations include a conventional aqueous or non-aqueous vehicle, for example,
a cream, ointment, lotion, or paste or are in the form of a medicated plastic, patch or membrane.
[00173]  Typical compositions for inhalation are in the form of a solution, suspension, or emulsion
that can be administered in the form of an aerosol using a conventional propellant such as

dichlorodifluoromethane or trichlorofluoromethane.

Administration and Dosing

[00174] As used herein, the term “administering” refers to the placement of a therapeutic (e.g., a
compound, composition, pharmaceutical composition, or an agent described herein) into a subject by a
method or route which results in at least partial localization of the composition at a desired site such
that desired effect is produced. A therapeutic (e.g., a compound, composition, pharmaceutical
composition, or an agent described herein) described herein can be administered by any appropriate
route known in the art including, but not limited to, oral or parenteral routes, including intravenous,
intramuscular, parenteral, subcutancous, transdermal, airway (aerosol), pulmonary, nasal, rectal, and
topical (including buccal and sublingual) administration.

[00175] Exemplary modes of administration include, but are not limited to, injection, infusion,
instillation, inhalation, or ingestion. “Injection” includes, without limitation, intravenous,
intramuscular, intraarterial, intrathecal, intraventricular, intracapsular, intraorbital, intracardiac,
intradermal, intraperitoneal, transtracheal, subcutancous, subcuticular, intraarticular, sub capsular,
subarachnoid, intraspinal, intracerebro spinal, and intrasternal injection and infusion. In preferred
embodiments, the compositions are orally administered. Without limitations, oral administration can
be in the form of solutions, suspensions, tablets pills, capsules, sustained-release formulations, oral
rinses, powders and the like.

[00176] The phrases "parenteral administration" and "administered parenterally" as used herein

means modes of administration other than enteral and topical administration, usually by injection, and
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includes, without limitation, intravenous, intramuscular, intraarterial, intrathecal, intracapsular,
intraorbital, intracardiac, intradermal, intraperitoneal, transtracheal, subcutaneous, subcuticular,
intraarticular, subcapsular, subarachnoid, intraspinal and intrasternal injection and infusion.

[00177] In jurisdictions that forbid the patenting of methods that are practiced on the human body,
the meaning of “administering” of a therapeutic to a human subject shall be restricted to prescribing a
controlled substance that a human subject will self-administer by any technique (e.g., orally, inhalation,
topical application, injection, insertion, etc.). The broadest reasonable interpretation that is consistent
with laws or regulations defining patentable subject matter is intended. In jurisdictions that do not
forbid the patenting of methods that are practiced on the human body, the “administering™ of therapeutic
includes both methods practiced on the human body and also the foregoing activities.

[00178] Toxicity and therapeutic efficacy can be determined by standard pharmaceutical procedures
in cell cultures or experimental animals, e.g., for determining the LD50 (the dose lethal to 50% of the
population) and the ED50 (the dose therapeutically effective in 50% of the population). The dose ratio
between toxic and therapeutic effects is the therapeutic index and it can be expressed as the ratio
LD50/ED50. Compositions that exhibit large therapeutic indices are preferred.

[00179] The term “effective amount” is used interchangeably with the term “therapeutically
effective amount” or “amount sufficient” and refers to the amount of at least one therapeutic (e.g., a
compound, composition, pharmaceutical composition, or an agent described herein) at dosages and for
periods of time necessary to achieve the desired therapeutic result, for example, to “attenuate™, reduce
or stop at least one symptom of a viral infection, e.g., an HCV infection. For example, an effective
amount using the methods as disclosed herein would be considered as the amount sufficient to reduce
one or more symptoms of an HCV infection by at least 10%. An effective amount as used herein would
also include an amount sufficient to prevent or delay the development of such a symptom, alter the
course of a symptom disease (for example but not limited to, slow the progression of a symptom of the
disease), or reverse a symptom of the disease in a subject suffering from HCV infection. Accordingly,
the term “effective amount™ or “therapeutically effective amount™ as used herein refers to the amount
of therapeutic (e.g., Formulas (I), (II), (III) or (III’) of a pharmaceutical composition to alleviate at
least one symptom of a disease. Stated another way, “therapeutically effective amount” of a therapeutic
as disclosed herein is the amount of the therapeutic which exerts a beneficial effect on, for example, the
symptoms of the disease (e.g., HCV infection). The dosage administered, as single or multiple doses,
to an individual will vary depending upon a variety of factors, including pharmacokinetic properties of
the inhibitor, the route of administration, conditions and characteristics (sex, age, body weight, health,
size) of subjects, extent of symptoms, concurrent treatments, frequency of treatment and the effect
desired. A therapeutically effective amount is also one in which any toxic or detrimental effects of the

therapeutic agent are outweighed by the therapeutically beneficial effects. The effective amount in each
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individual case can be determined empirically by a skilled artisan according to established methods in
the art and without undue experimentation. In general, the phrases “therapeutically-effective” and
“effective for the treatment, prevention, or inhibition”, are intended to qualify agonist as disclosed
herein which will achieve the goal of reduction in the severity of a HCV infection or at one related
symptom thereof.

[00180] The data obtained from the cell culture assays and animal studies can be used in formulating
a range of dosage for use in humans. The dosage of such compounds lies preferably within a range of
circulating concentrations that include the ED50 with little or no toxicity. The dosage may vary within
this range depending upon the dosage form employed and the route of use or administration utilized.
[00181] As used herein, the term ED denotes “effective dose™ and is used in connection with animal
models. The term EC denotes “effective concentration” and is used in connection with in vitro models.
[00182] The data obtained from the cell culture assays and animal studies can be used in formulating
a range of dosage for use in humans. The dosage lies preferably within a range of circulating
concentrations that include the ED50 with little or no toxicity. The dosage may vary within this range
depending upon the dosage form employed and the route of administration utilized.

[00183] The therapeutically effective dose can be estimated initially from cell culture assays. A
dose may be formulated in animal models to achieve a circulating plasma concentration range that
includes the IC50 (i.e., the concentration of the therapeutic which achieves a half-maximal inhibition
of symptoms) as determined in cell culture. Levels in plasma may be measured, for example, by high
performance liquid chromatography. The effects of any particular dosage can be monitored by a
suitable bioassay.

[00184] The dosage of a therapeutic (e.g., a compound, composition, pharmaceutical composition,
or an agent described herein) may be determined by a physician and adjusted, as necessary, to suit
observed effects of the treatment. Generally, the compositions are administered so that the compound
is given at a dose from 1 pg/kg to 150 mg/kg, 1 pg/kg to 100 mg/kg, 1 pg/kg to 50 mg/kg, 1 pg/kg to
20 mg/kg, 1 ug/kg to 10 mg/kg, 1pg/kg to Img/kg, 100 ug/kg to 100 mg/kg, 100 pg/kg to 50 mg/kg,
100 pg/kg to 20 mg/kg, 100 pg/kg to 10 mg/kg, 100pg/kg to Img/kg, 1 mg/kg to 100 mg/kg, 1 mg/kg
to 50 mg/kg, 1 mg/kg to 20 mg/kg, 1 mg/kg to 10 mg/kg, 10 mg/kg to 100 mg/kg, 10 mg/kg to 50
mg/kg, or 10 mg/kg to 20 mg/kg. It is to be understood that ranges given here include all intermediate
ranges, for example, the range 1 mg/kg to 10 mg/kg includes 1mg/kg to 2 mg/kg, 1mg/kg to 3 mg/ke,
Img/kg to 4 mg/kg, Img/ke to 5 mg/kg, Img/kg to 6 mg/kg, 1mg/kg to 7 mg/kg, lmg/kg to 8 mg/kg,
Img/kg to 9 mg/kg, 2mg/kg to 10mg/ke, 3mg/kg to 10mg/kg, 4mg/kg to 10mg/kg, Smg/kg to 10mg/ke,
6mg/kg to 10mg/kg, 7mg/kg to 10mg/kg,8mg/kg to 10mg/kg, 9mg/kg to 10mg/kg, and the like. Itisto

be further understood that the ranges intermediate to the given above are also within the scope of this
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invention, for example, in the range 1mg/kg to 10 mg/kg, dose ranges such as 2mg/kg to 8 mg/kg,
3mg/kg to 7 mg/kg, 4mg/kg to 6mg/kg, and the like.

[00185] In some embodiments, the compositions are administered at a dosage so that therapeutic
(e.g., a compound, composition, pharmaceutical composition, or an agent described herein) or a
metabolite thereof has an in vivo concentration of less than 500 nM, less than 400 nM, less than 300
nM, less than 250 nM, less than 200 nM, less than 150 nM, less than 100 nM, less than 50 nM, less than
25 nM, less than 20, nM, less than 10 nM, less than 5nM, less than 1 nM, less than 0.5 nM, less than
0.1nM., less than 0.05, less than 0.01, nM, less than 0.005 nM, or less than 0.001 nM after 15 mins, 30
mins, 1 hr, 1.5 hrs, 2 hrs, 2.5 hrs, 3 hrs, 4 hrs, 5 hrs, 6 hrs, 7 hrs, 8 hrs, 9 hrs, 10 hrs, 11 hrs, 12 hrs or
more of time of administration.

[00186]  With respect to duration and frequency of treatment, it is typical for skilled clinicians to
monitor subjects in order to determine when the treatment is providing therapeutic benefit, and to
determine whether to increase or decrease dosage, increase or decrease administration frequency,
discontinue treatment, resume treatment or make other alteration to treatment regimen. The dosing
schedule can vary from once a week to daily depending on a number of clinical factors, such as the
subject's sensitivity to the compound. The desired dose can be administered every day or every third,
fourth, fifth, or sixth day. The desired dose can be administered at one time or divided into subdoses,
e.g., 2-4 subdoses and administered over a period of time, e.g., at appropriate intervals through the day
or other appropriate schedule. Such sub-doses can be administered as unit dosage forms. In some
embodiments of the aspects described herein, administration is chronic, e.g., one or more doses daily
over a period of weeks or months. Examples of dosing schedules are administration daily, twice daily,
three times daily or four or more times daily over a period of 1 week, 2 weeks, 3 weeks, 4 weeks, 1
month, 2 months, 3 months, 4 months, 5 months, or 6 months or more.

[00187] The compounds described herein can be administered at once, or can be divided into a
number of smaller doses to be administered at intervals of time. It is understood that the precise dosage
and duration of treatment will be a function of the location of where the composition is parenterally
administered, the carrier and other variables that can be determined empirically using known testing
protocols or by extrapolation from in vivo or in vitro test data. It is to be noted that concentrations and
dosage values can also vary with the age of the individual treated. It is to be further understood that for
any particular subject, specific dosage regimens can need to be adjusted over time according to the
individual need and the professional judgment of the person administering or supervising the
administration of the formulations. Hence, the concentration ranges set forth herein are intended to be

exemplary and are not intended to limit the scope or practice of the claimed formulations.
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[00188] In one embodiment of any of the aspects, the agent or composition is administered
continuously (e.g., at constant levels over a period of time). Continuous administration of an agent can
be achieved, e.g., by epidermal patches, continuous release formulations, or on-body injectors.

[00189] The compound can be administered as a single bolus or multiple boluses, as a continuous
infusion, or a combination thercof. For example, the compound can be administered as a single bolus
initially, and then administered as a continuous infusion following the bolus. The rate of the infusion
can be any desired rate. Some contemplated infusion rates include from 1 pg/kg/min to 100 mg/kg/min,
or from 1 pg/kg/hr to 1000 mg/kg/hr. Rates of infusion can include 0.2 to 1.5 mg/kg/min, or more
specifically 0.25 to 1 mg/kg/min, or even more specifically 0.25 to 0.5 mg/kg/min. It will be appreciated
that the rate of infusion can be determined based upon the dose necessary to maintain effective plasma
concentration and the rate of elimination of the compound, such that the compound is administered via
infusion at a rate sufficient to safely maintain a sufficient effective plasma concentration of compound
in the bloodstream.

[00190] The terms “co-administration” or the like, as used herein, are meant to encompass
administration of the selected therapeutic agents to a single patient and are intended to include treatment
regimens in which the agents are administered by the same or different route of administration or at the
same or different time.

[00191] "Unit dosage form" as the term is used hercin refers to a dosage for suitable one
administration. By way of example a unit dosage form can be an amount of therapeutic disposed in a
delivery device, e.g., a syringe or intravenous drip bag. In one embodiment of any of the aspects, a unit
dosage form is administered in a single administration. In another embodiment of any of the aspects,
more than one-unit dosage form can be administered simultaneously.

[00192] The dosage of the therapeutic as described herein can be determined by a physician and
adjusted, as necessary, to suit observed effects of the treatment. With respect to duration and frequency
of treatment, it is typical for skilled clinicians to monitor subjects in order to determine when the
treatment is providing therapeutic benefit, and to determine whether to administer further agents,
discontinue treatment, resume treatment, or make other alterations to the treatment regimen. The dosage
should not be so large as to cause adverse side effects, such as cytokine release syndrome. Generally,
the dosage will vary with the age, condition, and sex of the patient and can be determined by one of
skill in the art. The dosage can also be adjusted by the individual physician in the event of any

complication.

Efficacy

[00193] The efficacy of a therapeutic described herein, e.g., for the treatment of a viral infection,

can be determined by the skilled practitioner. However, a treatment is considered “effective treatment,"
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as the term is used herein, if one or more of the signs or symptoms of viral infection (e.g., HCV
infection) are altered in a beneficial manner, other clinically accepted symptoms are improved, or even
ameliorated, or a desired response is induced e.g., by at least 10% following treatment according to the
methods described herein. Efficacy can be assessed, for example, by measuring a marker, indicator,
symptom, and/or the incidence of a condition treated according to the methods described herein or any
other measurable parameter appropriate, e.g., immune function. Efficacy can also be measured by a
failure of an individual to worsen as assessed by hospitalization, or need for medical interventions (i.¢.,
progression of the symptoms). Methods of measuring these indicators are known to those of skill in the
art and/or are described herein.

[00194] Efficacy can be assessed in animal models of a condition described herein, for example, a
mouse model or an appropriate animal model of a viral infection, e.g., an HCV infection, as the case
may be. When using an experimental animal model, efficacy of treatment is evidenced when a

statistically significant change in a marker is observed, e.g., reduced viral infection.

Anti-viral therapies

[00195] In some embodiments of any of the aspects, the agent or compositions described herein are
used as a monotherapy. In some embodiments of any of the aspects, the methods described herein
further comprise administering one or more additional agents to the subject. In some embodiments, the
agent is an anti-viral agent. In some embodiments, the agent is selected from the group consisting of: a
small molecule, an antibody, a peptide, a genome editing system, and a nucleic acid. In some
embodiments, the agent is sofosbuvir.

[00196] In another embodiment, the therapeutics described herein can be used in combination with
other known agents and therapies for HCV infection. Administered "in combination," as used herein,
means that two (or more) different treatments are delivered to the subject during the course of the
subject's affliction with the disorder, e.g., the two or more treatments are delivered after the subject has
been diagnosed with the disorder (e.g., HCV infection) and before the disorder has been cured or
eliminated or treatment has ceased for other reasons. In some embodiments, the delivery of one
treatment is still occurring when the delivery of the second begins, so that there is overlap in terms of
administration. This is sometimes referred to herein as "simultaneous" or "concurrent delivery."
[00197] In other embodiments, the delivery of one treatment ends before the delivery of the other
treatment begins. In some embodiments of either case, the treatment is more effective because of
combined administration. For example, the second treatment is more effective, e.g., an equivalent effect
is seen with less of the second treatment, or the second treatment reduces symptoms to a greater extent,
than would be seen if the second treatment were administered in the absence of the first treatment, or

the analogous situation is seen with the first treatment. In some embodiments, delivery is such that the
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reduction in a symptom, or other parameter related to the disorder is greater than what would be
observed with one treatment delivered in the absence of the other. The effect of the two treatments can
be partially additive, wholly additive, or greater than additive. The delivery can be such that an effect
of the first treatment delivered is still detectable when the second is delivered. The compounds and
agents described herein and the at least one additional therapy can be administered simultaneously, in
the same or in separate compositions, or sequentially. For sequential administration, the agent described
herein can be administered first, and the additional agent can be administered second, or the order of
administration can be reversed. The agent and/or other therapeutic agents, procedures or modalities can
be administered during periods of active disorder, or during a period of remission or less active disease.
The agent can be administered before another treatment, concurrently with the treatment, post-
treatment, or during remission of the disorder.

[00198] Therapeutics currently used to treat or prevent viral infections include but are not limited
to: ribavirin, daclatasvir, sofosbuvir, velpatasvir, ledipasvir/sofosbuvir, telaprevir, interferon aphacon-
1, interferon alpha-2b, glecaprevir and pibrentasvir, simeprevir, PEGylated interferon, PEGylated
interferon alpha-2b, interferon alpha-2a, elbasvir, and grazoprevir.

[00199] When administered in combination, the agent or compound described herein and the
additional agent (e.g., second or third agent), or all, can be administered in an amount or dose that is
higher, lower or the same as the amount or dosage of cach agent used individually, e.g., as a
monotherapy. In certain embodiments, the administered amount or dosage of the agent, the additional
agent (e.g., second or third agent), or all, is lower (e.g., at least 20%, at least 30%, at least 40%, or at
least 50%) than the amount or dosage of each agent used individually. In other embodiments, the
amount or dosage of agent, the additional agent (e.g., second or third agent), or all, that results in a
desired effect (e.g., treatment of diabetes) is lower (e.g., at least 20%, at least 30%, at least 40%, or at
least 50% lower) than the amount or dosage of each agent individually required to achieve the same
therapeutic effect.

[00200] The present invention is further illustrated by the following Examples, which in no way
should be construed as further limiting.

[00201] All patents and other publications identified are expressly incorporated herein by reference
for the purpose of describing and disclosing, for example, the methodologies described in such
publications that could be used in connection with the present invention. These publications are
provided solely for their disclosure prior to the filing date of the present application. Nothing in this
regard should be construed as an admission that the inventors are not entitled to antedate such disclosure
by virtue of prior invention or for any other reason. All statements as to the date or representation as to
the contents of these documents is based on the information available to the applicants and does not

constitute any admission as to the correctness of the dates or contents of these documents.
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[00202] Some embodiments of the various aspects described herein can be described as in the
following numbered paragraphs:

1. A compound having the structure of Formula (I), (II), or (IIT)

(D y) (IIT) ;

or stereoisomers, tautomers, or pharmaceutically acceptable salts thereof,

wherein:

X is O, S, CRERE or NRE; wherein R® and RE independently are H, alkyl, aryl, heteroaryl,
heteroalkyl, cycloalkyl, acyl, or allyl;

W is F or -YRA, wherein Y is O, NH or S, and R* is H, alkyl, aryl, heteroaryl, heteroalkyl,
cycloalkyl, acyl, NH(alkyl), NH; or NH(aryl);

A is a heteroaryl or aryl;

R; is aryl or heteroaryl;

Rs is H, phenyl, alkyl, heteroalkyl, aryl, heteroaryl, aldehyde, ester, alkenyl, amide or —CO-H;
wherein when Rs is not H; Rs is sy to Rz or R is #rans to Ry;

R4 is H, alkyl, aryl, heteroaryl, heteroalkyl, cycloalkyl, acyl halide, CN, NH(alkyl), NH(aryl),
NH(CN), CO(alkyl), or NH-NH(alkyl);

Zis O, NH, S, Se, N(alkyl) or N(aryl), CRCRF; wherein R¢ and RF independently are H, alkyl,
aryl, heteroaryl, heteroalkyl, cycloalkyl, acyl, allyl or CN;

Rs is H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl heteroalkyl;

7’ is a halide or -TRs’; wherein T is O, S, NH, or CH, and Rs’ is H, alkyl, alkenyl, alkynyl
aryl, heteroaryl, cycloalkyl, heteroalkyl, acyl or sulfate;

D is a C-5 alkylene, Ci-s heteroalkylene, heteroaryl or aryl, wherein when D is a three carbon

alkylene the compound does not have the structure of formula (I11a)
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Oe ((-)-6)).

and;

wherein any alkyl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl or aryl is optionally substituted
with 1, 2, or 3 groups selected from OH, CN, SH, SO:NH,, SO»(C;-C4)alkyl, SO,NH(C;-
Cyalkyl, halogen, NH,;, NH(C,-Cs)alkyl, N[(C,-Cq)alkyl],, C(O)NH,, COOH, COOMe,
acetyl, (Ci-Cyg)alkyl, O(C;-Cg)alkyl, O(C;-Cs)haloalkyl, (C,-Cg)alkenyl, (C,-Cg)alkynyl,
haloalkyl, thioalkyl, cyanomethylene, alkylaminyl, NH,—C(O)-alkylene, NH(Me)-C(O)-
alkylene, CH,—C(O)-lower alkyl, C(O)-lower alkyl, alkylcarbonylaminyl, CH,—
[CH(OH)|n—(CH),—OH, CH,—|CH(OH)|n—(CH2)y—NHsor CHs-aryl-alkoxy; or
wherein any alkyl, cycloalkyl or heterocyclyl is optionally substituted with oxo;

“m”and “p”are 1,2,3,4,50r6.

2. The compound according to paragraph 1, wherein D has the structure of formula X;

E
4-1\ }'L/
EQ" N

X)

wherein;

E:1is N, C(O), NH or CRy;

E:;is N, C(O), NH or CRyy;

Esis N, C(O), NH or CRy2;

Esis N, C(O), NH or CRi13; and

Ri10, Ri11, Rirzand Ryq3 independently are H, halogen, CN, C;-Cg(alkyl), (Ci-Cs)haloalkyl, (Cs-
Cy)alkenyl, (C,-Cg)alkynyl, ORT, NR™RY, [(C;-Cg)alkylene]ORT, [(C;-Cg)alkylene]NHRT,
[(C1-Cy)alkylene [NRTRY, C(O)RT, C(O)NHRT, C(O)NR™RY, C(0)[(C;-Cg)alkylene[NHRT,
C(0O)[(Ci-Cg)alkylene]NRTRY, CO,RT, C(S)NHR', C(S)NR'RY, SRT, S(O)RT, SO:R”,

50



WO 2020/086562 PCT/US2019/057413

SO,NHRT, SO,NR'RY, NHC(O)RT, NR'C(O)RY, NHC(O)NHR', NHC(O)NR'RY,
NR'C(O)NHRY, NRTC(O)NR'RY, P(0O)(OH)(OR"), P(O)(ORT)(OR"), tosylate, aryl,
heteroaryl, cycloalkyl or heterocyclyl; RT, RY and RY independently are H, -OH, aryl, (Ci-
Cy)alkyl, [(Ci-Cglalkyl]aryl (C;-Cs)alkoxy, (C;-Cg)haloalkyl, cycloalkyl, heterocyclyl,
[(C1-Cy)alkylene Jheterocyclyl, [(Ci-Cg)alkylene]aryl or heteroaryl; or RT and RV together
with the nitrogen atom to which they are attached form a heterocyclyl ring.

3. The compound according to paragraph 1, wherein D has the structure of formula XI;

(XI)

wherein;

Fi, F; and F; are independently CRis, N, NRyis, O or S; wherein R4 and Ryis are
independently H, CN, halogen, ORY, SRY, (C;-Cglalkyl, C(0)O(C;-Cs)alkyl,
C(0)(Ci-Cg)alkyl, SO(C-Cs)alkyl, SO:NRVR*, C(O)NRYR*, NRVR* or NRVC(O)R¥;

R*W and R®*, independently are H, -OH, aryl, (C;-Cs)alkyl, [(C1-Cs)alkyl]aryl (C;-Cs)alkoxy,
(Ci-Cg)haloalkyl, cycloalkyl, heterocyclyl, [(Ci-Cs)alkylene]heterocyclyl, [(Ci-
Cs)alkylene]aryl or heteroaryl; or the RV and R* together with the nitrogen atom to which
they are attached of NRYR* or NRVC(O)R¥, optionally form a heterocyclyl ring.

4. The compound according to paragraph 1, wherein A has the structure of formula (I'V);

Ay -
A"j e %‘?,L
Ag\‘* et 3555
™~ ~
As (Iv);

wherein;

A1is N, C(O), NH or CRyg;

Azis N, C(O), NH or CRy;

Az is N, C(O), NH or CRy3;

A4is N, C(0), NH or CRy3; and

Rio, Ri1, Rz and Ry3 independently are H, halogen, CN, Ci-Cs(alkyl), (Ci-Cs)haloalkyl, (Cs-
Cs)alkenyl, (C2-Cs)alkynyl, OR®, NRCPR”, [(C;-Cs)alkylene|ORP, [(Ci-Cs)alkylene [NHR,
[(C1-Cg)alkylene[NRORP, C(O)R®, C(O)NHR®, C(O)NRR”, C(O)[(C:-
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Cs)alkylene [INHR®, C(0)[(C:-Cs)alkylene[NR®RF, CO,R°, C(S)NHR®, C(S)NRR’, SR,
S(O)R®, SO,R®, SO,NHRP®, SO,NR°R’, NHC(O)R®, NR°C(O)R’, NHC(O)NHR®,
NHC(O)NRRF, NROC(O)NHR”, NRPC(O)NRFR®, P(0)(OH)(OR®), P(O)(OR®)(ORP),
tosylate, aryl, heteroaryl, cycloalkyl or heterocyclyl; R®, R” and R? independently are H, -
OH, aryl, (C;-Cglalkyl, [(C-Cglalkyl]aryl (C;-Cglalkoxy, (C;-Cs)haloalkyl, cycloalkyl,
heterocyclyl, [(Ci-Cg)alkylene Jheterocyclyl, [(C1-Cs)alkylene]aryl or heteroaryl; or R® and
R” together with the nitrogen atom to which they are attached form a heterocyclyl ring;

wherein any vicinal Ry, Ry1, Rz, and Ry3 together with the carbons to which they are attached
optionally form an aryl or heteroaryl ring.

5. The compound according to paragraph 4, wherein at least one of Ryo, Ri1, Rizor Ryzis a
heteroalkyl.

6. The compound according to paragraph 4, wherein:

the compound has the structure of formula (I)

W is OH;

Xis O;

Zis O;

Rz is an aryl;

R; is a phenyl;

R; is syn relative to Rs;

Rsis H or alkyl;

Ry is alkyl or aryl.

7. The compound according to paragraph 4, wherein:
the compound has the structure of formula (II);

W is OH;

Xis O;

Z’ is OH;

Rz is an aryl;

R; is a phenyl;

R; is syn relative to Rs;

Ry is alkyl or aryl.

8. The compound according to paragraph 1, wherein A has the structure of formula (V);
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wherein;

B,, B; and B; are independently CRyy, N, NR;s, O or S; wherein Ryy and Rys are independently
H, CN, halogen, OR®, SR¥, (C-Cg)alkyl, C(0)O(C-Cs)alkyl, C(O)(C,-Cs)alkyl, SO(C;-
Cs)alkyl, SO,NRFR®, C(O)NRFR®, NRFR® or NRRC(O)R®;

RR* and R®, independently are H, -OH, aryl, (C;-Cg)alkyl, [(C;-Csg)alkyl]aryl (Ci-Cg)alkoxy, (C;-
Cs)haloalkyl,  cycloalkyl,  heterocyclyl, [(Ci-Cs)alkylene]heterocycelyl, [(C:-
Cs)alkylenearyl or heteroaryl; or the R® and R® together with the nitrogen atom to which
they are attached of NRFR® or NRRC(O)R®, optionally form a heterocyclyl ring.

9. The compound according to paragraph 8, wherein at least one of By, By and B3 is CRy4, or
NRjys and Ryg or Rys is a heteroalkyl.

10. The compound according to paragraph 8, wherein;

the compound has the structure of formula (I);

W is OH;

Xis O;

Zis O;

Rz is an aryl;

R; is a phenyl;

R; is syn relative to Rs;

Rsis H or alkyl;

R, is alkyl or aryl.

11. The compound according to paragraph 8, wherein;

the compound has the structure of formula (II);

W is OH;

Xis O;

Z’ is OH;

Rz is an aryl;

R; is a phenyl;

R; is syn relative to Rs;

Ry is alkyl or aryl.

12. The compound according to paragraph 1, wherein Rs is syn to Ra.
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13. The compound according to paragraph 1, wherein the compound is selected from the

following compounds;

OMe (12z),

OMe (12d), OMe  (12h),
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OMe (12ab),

OMe (12k)’

OMe (12f),

OMe (12q).

55

PCT/US2019/057413

Br

OMe (12r),

OMe (12a),

OMe (12p),

OMe (12b),

OMe (12x),
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Me

OMe (12w), OMe (12t),
BnO

OMe (12c¢), OMe (12m),

OMe (120),
OMe (12y), (CMLD012332),

MeO
OMe ((-)-12s), OMe ((+)-12s),
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Me
Me

MeO @

OMe ((-)-121),

OMe (12v), OMe (12e),

OMe (12aj),

OMe (CMLDO012982), OMe (CMLDO012982’),
HO

OMe (12ap), OMe (12a0),
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MaO~
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/ (It), OMe (12am),

OMe (12ad),

MeO @

OMe ((+)-6).
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or

OMe (I11d).

14. A method for preparing a compound having formula (I), (IT) or (I11”);

@ ) ary -,

or stereoisomers, tautomers, or pharmaceutically acceptable salts thereof,

wherein:

X is O, S, CRERE or NRE; wherein R® and RE independently are H, alkyl, aryl, heteroaryl,
heteroalkyl, cycloalkyl, acyl, or allyl;;

W is F or -YRA, wherein Y is O, NH or S, and R* is H, alkyl, aryl, heteroaryl, heteroalkyl,
cycloalkyl, acyl, NH(alkyl), NH, or NH(aryl);

A is a heteroaryl or aryl;

R; is aryl or heteroaryl;

R; is H, phenyl, alkyl, heteroalkyl, aryl, heteroaryl, aldehyde, ester, alkenyl, amide or —CO,H;

wherein, when Rj is not H, Rs is sy»n to Ra, or Rs is frans to Ra; ;
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R4 is H, alkyl, aryl, heteroaryl, heteroalkyl, cycloalkyl, acyl halide, CN, NH(alkyl), NH(CN) or
NH-NH(alkyl);

Zis O, NH, S, Se, N(alkyl) or N(aryl), CRCRF; wherein R¢ and RF independently are H, alkyl,
aryl, heteroaryl, heteroalkyl, cycloalkyl, acyl, allyl or CN;

Rs is H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl heteroalkyl;

7’ is a halide or -TRs’; wherein T is O, S, NH, or CH, and Rs’ is H, alkyl, alkenyl, alkynyl
aryl, heteroaryl, cycloalkyl, heteroalkyl, acyl or sulfate;

D is a C;-s alkylene, C;-s heteroalkylene, heteroaryl or aryl,

and;

wherein any alkyl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl or aryl is optionally substituted
with 1, 2, or 3 groups selected from OH, CN, SH, SO:NH,, SO»(C;-C4)alkyl, SO,NH(C;-
Cy)alkyl, halogen, NH,, NH(C;-Cs)alkyl, N[(Ci-C4)alkyl],, C(O)NH,, COOH, COOMe,
acetyl, (Ci-Cs)alkyl, O(Ci-Cs)alkyl, O(Ci-Cs)haloalkyl, (C»-Cs)alkenyl, (C:-Cs)alkynyl,
haloalkyl, thioalkyl, cyanomethylene, alkylaminyl, NH,—C(O)-alkylene, NH(Me)-C(O)-
alkylene, CH,—C(O)-lower alkyl, C(O)-lower alkyl, alkylcarbonylaminyl, CH,—
[CH(OH)|n—(CH),—OH, CH,—|CH(OH)|n—(CH2)y—NHsor CHs-aryl-alkoxy; or
wherein any alkyl, cycloalkyl or heterocyclyl is optionally substituted with oxo;

“m”and “p”are 1,2,3,4,50r6;

the method comprising:

providing a first compound and a second compound in a solution, and reacting the first
compound with the second compound;

wherein the first compound has the structure of (VI), (VII) or a salt thereof, and

the second compound has the structure of (VIII), (IX) or a salt thereof;

wherein the structures of (VI), (VII), (VIII) and (IX) are;

(VID),

HN (VIII) , and HN (IX):
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wherein Q is OR® or NRUR!, wherein R¢, R" and R! are independently H or an alkyl, and

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.
28.

29.

wherein L is a leaving group.

The method of paragraph 14, wherein L is OH, OT, OAc, OTy, or OM;.

The method of paragraph 14, wherein the first compound and the second compound, are
combined and heated to a temperature above about 50 °C for at least 2 minutes and less
than 2 hours.

The method of paragraph 14, the second compound is provided in a molar amount greater
than the molar amount of the first compound.

The method of paragraph 14, wherein the second compound is provided in a concentration
less than 2 M.

A pharmaceutical composition comprising a compound made by the method of any one of
paragraphs 14-18.

A pharmaceutical composition comprising a compound according to any one of paragraphs
1-13 and a pharmaceutically acceptable carrier, diluent or excipient.

A method of inhibiting a viral infection in a subject in need thereof, the method comprising:
administering to the subject a therapeutically effective amount of the compound of any one
of paragraphs 1-13 or the pharmaceutical composition of any one of paragraphs 19-20.
The method of paragraph 21, wherein the viral infection is caused by a Flavivirdae family
virus or an alphavirus.

The method of paragraph 21, wherein the viral infection is caused by a virus selected from
the group consisting of: Hepatitis C virus (HCV), Hepatitis B virus, Hepatitis A virus,
Chikungunya virus, Dengue virus, Zika virus, yellow fever virus, Japanese encephalitis
virus, West Nile virus, tick-borne encephalitis virus, and Omsk Hemorrhagic Fever Virus
(OHFV).

The method of paragraph 21, wherein the subject is a human.

The method of paragraph 21, wherein the administering is oral administration or direct
injection.

The method of paragraph 21, further comprising administering one or more additional
agents.

The method of paragraph 26, wherein the agent is an antiviral agent.

A method of inhibiting a Hepatitis C viral infection in a subject in need thereof, the method
comprising: administering to the subject a therapeutically effective amount of the
compound of any on¢ of paragraphs 1-13 or the pharmaceutical composition of any one of
paragraphs 19-20.

The method of paragraph 28, wherein the subject is a human.

63



WO 2020/086562 PCT/US2019/057413

30.
31.

32.
33.

34.

35.
36.

37.

38.

39.

40.

4].

42.

43.

44.

45.

46.

47.
48.

49.

The method of paragraph 28, wherein the administering is oral or direct injection.

The method of paragraph 28, further comprising administering one or more additional
agents.

The method of paragraph 31, wherein the agent is an antiviral agent.

The method of paragraph 31, wherein the agent is selected from the group consisting of: a
small molecule, an antibody, a peptide, a genome editing system, and a nucleic acid.

The method of any one of paragraphs 28-33, wherein the agent is selected from the group
consisting of: ribavirin, daclatasvir, sofosbuvir, velpatasvir, ledipasvir/sofosbuvir,
telaprevir, interferon aphacon-1, interferon alpha-2b, glecaprevir and pibrentasvir,
simeprevir, pegylated interferon, pegylated interferon alpha-2b, interferon alpha-2a,
elbasvir, and grazoprevir.

The method of paragraph 32, wherein the antiviral agent is sofosbuvir.

A method of inhibiting viral entry into a cell, the method comprising: contacting a cell with
at least one compound of any one of paragraphs 1-13.

The method of paragraph 36, further comprising contacting the cell with an additional
agent.

The method of paragraph 37, wherein the agent is an antiviral agent.

The method of paragraph 37, wherein the agent is sofosbuvir.

The method of paragraph 36, wherein the compound inhibits prohibitin or glycoprotein
fusion with the cell.

The method of paragraph 36, wherein the cell is contacted with 121 or 12s.

The method of paragraph 36, wherein the cell is contacted with both 121 and 12s.

The method of any one of paragraphs 36-42, wherein the cell is a hepatocyte.

The method of any one of paragraphs 36-43, wherein the virus is Hepatitis C virus, Dengue
virus, or Chikungunya virus.

A method of inhibiting prohibitin or glycoprotein fusion with a cell, the method comprising:
contacting the cell with an effective amount of any one of the compounds of paragraphs 1-
13.

The method of paragraph 45, further comprising contacting the cell with an additional
agent.

The method of paragraph 45, wherein the agent is an antiviral agent.

The method of paragraph 45, wherein the inhibition of prohibitin or glycoprotein fusion
inhibits viral entry.

The method of paragraph 45, wherein the cell is a hepatocyte.
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[00203] The embodiments will be more readily understood by reference to the following examples,
which are included merely for purposes of illustration of certain aspects and embodiments of the
present invention, and should not be construed as limiting. As such, it will be readily apparent that
any of the disclosed specific constructs and experimental plan can be substituted within the scope of

the present disclosure.

EXAMPLES

EXAMPLE 1: CHEMICAL SYNTHESIS ENABLES STRUCTURAL REENGINEERING OF
AGLAROXIN C LEADING TO INHIBITION BIAS FOR HCV INFECTION

[00204] As a unique rocaglate (flavagline) natural product, aglaroxin C displays intriguing
biological activity by inhibiting HCV viral entry. To further elucidate structure-activity relationships
and diversify the pyrimidinone scaffold, a concise syn-thesis of aglaroxin C was characterized utilizing
a highly regioselective pyrimidinone condensation. More than forty aglaroxin C analogues were
prepared utilizing various amidine condensation partners. Through biological evaluation of analogues,
two lead compounds, 121 (CMLD012043) and 12s (CMLDO012044), were discovered which show
preferential bias for the inhibition of HCV viral entry vs. translation inhibition. Overall, the study
demonstrates the power of chemical synthesis to produce natural product variants with both target
inhibition bias and improved therapeutic indexes.

[00205] Rocaglates (flavagline) natural products were first isolated from the dried roots and stems
of Aglaia elliptifolia Merr. (family Meliaceae) in 1982. Since then, over thirty rocaglate natural
products have been identified with unique structures and intriguing biological activities. For instance,
silvestrol (1, FIG. 1) was identified as an excellent translation inhibitor for cancer chemotherapy,
whereas other related natural products and analogues (2-4) displayed similar activities. In previous
studies, translation inhibition was found to be associated with inhibition of the DEAD box RNA helicase
¢lF4A. Owing to the interesting structures and biological activities of rocaglates, the synthesis of
rocaglates and derivatives as well as investigations of their biology have been previously studied. For
example, the enantioselective synthesis of aglaiastatin (5) and aglaroxin C (6) through biomimetic
kinetic resolution is known. Subsequent studies revealed that 5 was a promising translation inhibitor. In
contrast, 6, containing a fully substituted pyrimidinone core, showed only moderate translation
inhibition. In separate studies, it was discovered that 6 inhibited hepatitis C viral (HCV) entry into host
cells at a low uM concentration, potentially through inhibition of the prohibitins (PHBs) as viral entry
factors. Notably, prohibitins 1 and 2 have been reported as general viral entry factors for other viruses
including dengue virus type 2 (DENV-2) and Chikungunya. However, 6 did not induce cytotoxicity by
translation inhibition at a concentration that is effective for inhibition of viral entry, providing a

promising therapeutic index (TI) for potential treatment of HCV infection.
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[00206] HCYV is a widespread viral pathogen. The recent estimated number of viral carriers is 143
million worldwide, and over 2% of the population in North America has been infected. In addition,
chronic HCV infection causes severe liver diseases in carriers, including liver cancer and cirrhosis. In
2015, over a half million people died from discases due to HCV infection. Recently, direct-acting
antiviral agents (DA As) have become available to cure HCV infection by inhibiting the function of non-
structural (NS) viral proteins. However, treatment effects of DAAs vary across different genotypes of
HCV, and HCV potentially may develop resistance to these agents. For example, the NS3 protease
inhibitor simeprevir only treats genotypes 1 and 4 of HCV, and several signature resistance mutations
have been identified against this treatment. Sofosbuvir, a top NS5B inhibitor, failed in HCV treatment
which was associated with resistance mutations (FIG. 14). Accordingly, discovery of alternative
treatments for HCV is sorely needed. As PHB-mediated cellular signaling pathways are required by all
HCYV genotypes to infect host cells, it is conceivable that a small molecule such as aglaroxin C (6) may
block infection from multiple HCV genotypes. Additionally, targeting the host component for viral
entry may create higher genetic barriers against resistance. Lastly, aglaroxin C and analogues may also
be valuable for dissecting the mechanisms of HCV entry and may inhibit other viruses sharing the same
entry mechanism.

[00207] The goal was to reengineer the structure of aglaroxin C (6) to increase activity against HCV
entry while minimizing translation inhibition, which may lead to undesired cytotoxicity.

[00208] As the oxidation state change between 6 and aglaiastatin (5) led to different biological
profiles, it was speculated that the pyrimidinone subunit of 6 may be important for inhibition of HCV
viral entry vs. translation inhibition. Qur first-generation synthesis of aglaroxin C (6) utilized a key
intermediate, keto-rocaglate 9, which was synthesized through the excited state intramolecular proton
transfer (ESIPT) [3+2] cycloaddition between 3-hydroxyflavone 7 and methyl cinnamate followed by
a-ketol shift of the aglain intermediate 8, FIG. 2. However, the late stage pyrimidinone synthesis in the
first-generation synthetic route is not ideal for rapid analog synthesis, affording 6 in low yield on a
multi-milligram scale.

[00209] A stepwise pyrimidinone synthesis can suffer from poor functional group tolerance in
analogues due to the use of both acidic and oxidative conditions. Moreover, use of tethered aminoacetals
such as 10 in the ester-amide exchange to produce intermediate 11 considerably narrows the diversity
of accessible analogues due to limited availability of such building blocks. Therefore, a streamlined
synthesis of aglaroxin analogues was pursued through late stage, one-step pyrimidinone formation
FIG. 3.

Results and Discussion

[00210] Development of a Direct Pyrimidinone Formation.
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[00211]  The second-generation synthetic route FIG. 3, which relies on condensation of keto-
rocaglate (9) with commercially available amidines 13, was expected to flexibly provide analogues (12)
for biological experiments. Pyrimidinones have served as biologically important substructures in both
drugs and natural products. There are many well-established and practical methods for the synthesis of
pyrimidinones and pyrimidines, including the Traube synthesis of purines. Thus, it was considered that
late stage construction of the pyrimidinone core of aglaroxin analogues would be useful. However,
condensation between the structurally complex substrate 9 and amidines 13 can be challenging. In
particular, the highly ionizable tertiary, benzylic alcohol adjacent to the keto ester moiety may provide
unexpected reactivity under the reaction conditions.

[00212] The initial model study for pyrimidinone formation employed benzamidine as a simplified
condensation partner. Microwave conditions, FIG. 4 (Table 1, entry 1), produced minimal amounts of
pyrimidinone 12a in an unsatisfactory yield of 28% (determined by 1H NMR analysis) due to low
conversion.”” Thermal conditions (entry 2) resulted in full consumption of 9, while
cyclopentapyrimidinedione 16 and 3,5-dimethoxyphloroglucinol were found as the major identified
side products. The formation of fragmentation product 16 was found to correlate with the amount of 4-
dimethylaminopyridine (DMAP) employed; reduction to 0.3 equivalents of DMAP minimized
production of 16 (entry 3) but also led to formation of an unexpected cyclization product, oxazoline 15.
The structure of 15 was confirmed by single crystal X-ray crystal structure analysis. Reduced
equivalents of the benzamidine reaction partner resulted in an incomplete reaction, with increased
production of decarboxylation product 14 and retro-Nazarov products 17 (entries 4 & 5). Next, it was
discovered that diluting the reaction eight-fold improved the yield of 12a (entry 6). Increasing both
temperature and reaction time under dilute conditions eliminated the production of 15, but also led to a
lower yield of 12a in favor of significant amounts of 16 (entry 7). Gratifyingly, by reducing the reaction
time to 45 minutes, a 90% NMR vyield of 12a was obtained with minimal fragmentation to 16 (entry 8);
ultimately, an 81% isolated yield of 12a was obtained on a 100-mg scale. Interestingly, it was discovered
that the model reaction gave the almost identical yield in absence of DMAP under the optimized
conditions (entry 9), but better reproducibility was achieved when amidine hydrochloride salt was used
with DMAP (vide infra).

[00213] Proposed Mechanistic Pathway. According to trends observed during reaction
optimization, the mechanistic pathway depicted in FIG. 5 was proposed. It was postulated that water
generated from the pyrimidinone condensation may hydrolyze 9 to the f-keto-acid intermediate 21,
which undergoes decarboxylation to ketone 14. When no nucleophile was used, 14 and retro-Nazarov
product 17 were obtained. Presumably DMAP may promote intramolecular proton transfer to 19
followed by the extrusion of water to afford the retro-Nazarov precursor 20, whereas the formed water

triggered decarboxylation of 9 (an alternative mechanism is shown in the SI). In the presence of the
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amidine, the desired formation of hemiaminals 22 and epi-22 appears to compete with decarboxylation
and retro-Nazarov reaction, which can be enhanced through use of increased equivalents of the amidine.
Based on the Katrizky mechanism determined for the Traube reaction of f-keto esters and amidines,
two possible pathways may be envisioned for the formation of pyrimidinone 12a. In one mechanism,
hemiaminal epi-22, generated from disfavored concave-addition of the amidine to 9, may cyclize to
dihydropyrimidinone 25 followed by extrusion of water. In contrast, hemiaminal 22, obtained from
amidine addition to the convex face of 9, has an anfi-relationship between the aminal and ester thereby
preventing direct cyclization. Instead, loss of water would produce the observed enamine 23, which
then cyclizes to 12a through extrusion of methanol generating imidoyl ketene 24 followed by a 6x-
electrocyclization to pyrimidinone 12a. To support the formation of hemiaminal 22, the oxazoline
byproduct 15 was formed through cyclization of the tertiary alcohol of 22 to the amidine carbon
followed by extrusion of ammonia. The formation of 22 is also supported by our isolation of enamine
23 from a 250 mg scale reaction, where a 28% yield of 23 was found to precipitate after 10 minutes; it
was discovered that 23 can also be synthesized in 60% yield using 9 and benzamidine at 60 °C in
toluene. Interestingly, isolated 23 was found to solely produce 12a with no observed formation of 15
when 23 was resubjected to the reaction conditions. It was rationalized that the sp’-hybridized
hemiaminal carbon of 22 allows for a conformation necessary for intramolecular cyclization, whereas
the sp>-hybridized enamine carbon of 23 prevents a similar cyclization. This conforms to the
observation that elevated temperatures facilitate extrusion of water generating enamine 23 and minimize
formation of byproduct 15. In contrast, 15 did not generate 12a under the reaction conditions. In a
control experiment, DMAP was found to accelerate the fragmentation of 12a into 16 and 3,5-
dimethoxyphloroglucinol.

[00214] Second-Generation Synthesis of Aglaroxin C. After determining optimal conditions for
direct pyrimidinone formation, these conditions were applied to synthesize aglaroxin C (6). In this case,
the requisite pyrrolidin-2-imine was commercially available as an HCI salt, FIG. 6 (Table 2). Initial
attempts using stepwise free-basing protocols failed due to the high-water solubility of the amidine;
accordingly, in-sifu free-basing conditions were performed for optimization studies. Using excess base
(entries 1 and 2), no conversion of substrate 9 was observed after refluxing for 12 h. As 9 exists as
mixture of enol/keto isomers, presumably excess base favors formation of an unreactive enolate. In
contrast, use of excess pyrrolidin-2-imine HCI salt (entry 3) did not induce pyrimidinone formation. It
was assumed that DMAP is protonated by the amidine salt which negated its function. When a slight
excess of amidine vs. NaOMe (entry 4) was used, 6 was obtained in 19% isolated yield. Consistent with
our carlier optimization efforts, use of increased concentration and 12 h reaction time resulted in a

complex reaction mixture containing fragmentation products (entry 5). Finally, use of 3.0 equiv. of
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amidine salt and 2.95 equiv. of NaOMe along with a catalytic amount of DMAP (40 mol%, 130 °C)
afforded 6 in 76% isolated vield on a 100-mg scale (entry 6).

[00215] Synthesis of Aglaroxin Analogues. With reliable annulation protocols available using
both amidines and amidine salts, a library of aglaroxin analogues were synthesized, FIG. 7 (Table 3).
In general, direct pyrimidinone formation was found to tolerate both aromatic and aliphatic amidines.
Consistent yields were observed for formation of C-substituted pyrimidinones (12b-12f). For instance,
simple aliphatic amidines reacted with 9 to afford such as iso-butanamidine and
cyclohexylcarboxamidine afforded the desired products 12d and 12e in excellent yields. Interestingly,
condensation of carbomethoxyformamidine with 9 was followed by an unexpected decarboxylation to
produce the non-substituted product 12f in 53% yield. Morecover, it was discovered that the
pyrimidinone condensation could tolerate various functional groups, including ester 12g (41%),
cyclopropane 12h (91%), and methoxyl methylene 12i (52%). Ester exchange was observed when ethyl
amidinoacetate was employed, producing compound 12g. Additionally, guanidine-type reaction
partners successfully underwent condensation, yielding products such as 12 (90% yield).

[00216] Preliminary biological studies of the analog set indicated that C-aryl pyrimidinones
consistently possessed good inhibition of HCV infection with low cytotoxicity (vide infra).
Accordingly, additional C-aryl pyrimidinone analogues were synthesized with a variety of substitution
patterns, with an initial focus on para-substituted aryl benzamidines, FIG.7 (Table 3, 12k-12r).
Generally, condensations tolerated both electron-rich and deficient benzamidines; however, it was
discovered that greater amounts of fragmentation products were generated using electron-deficient
amidines (¢f. compounds 12k-12n 66-83% yield) with compound 120, which was generated in 53%
yield along with the corresponding fragmentation products. Compound 12m was further subjected to
hydrogenolysis to afford the free phenol which may serve as a potential handle for further modifications.
As expected, analogues including para-halides (12p-12r) were synthesized in 70-80% yields. Such
compounds may also allow for late stage functionalization via aminations and SxAr reactions. It was
discovered that mera-substituted benzamidines were also workable, affording products (12s-12u) using
the standard protocol in reasonable yields (71%-73%). Using the sterically hindered ortho-substituted
benzamidines, 12v and 12w were synthesized in moderate yields (54% and 66%). Six C-heteroaryl
substituted analogues (12x-12ac) were also synthesized; in these cases, substantial fragmentation of the
desired products were observed. Only 12x and 12z were obtained in reasonable yields (92% and 77%,
respectively), while compounds 12y and 12aa-12ac were obtained in yields averaging 50%.

[00217] As aglaroxin C FIG. 6 (6, Table 2) was synthesized regioselectively using an
unsymmetrical amidine, additional unsymmetrical amidines were tested in the pyrimidinone formation.
Among all products formed, it was found that the N-substituent was situated exclusively on the nitrogen

adjacent to the pyrimidinone carbonyl (12ad-af). During the synthesis of 12ae, a small amount of
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oxazoline 15 was obtained as the only observable side product. This result supports our mechanistic
proposal FIG. S wherein the less sterically hindered, unsubstituted nitrogen likely engages in initial
hemiaminal formation with 9. Along these lines, 12ac, a ring-expanded analog of 6, was synthesized in
69% vield. Unlike 12ad, adducts 12ae and 12af were synthesized in 24 and 33% yields, respectively;
these reactions generated significant amounts of retro-Nazarov and decarboxylated products, suggestive
of lower overall reactivitics among the N-substituted amidines. The yield of 12ae was optimized to 39%
by increasing the reaction concentration to 0.2 M. Finally, using exo-keto-rocaglate as the starting
material, compounds 12ah and 12ag, the C-3 epimers of 12a and 6, were synthesized in 77 and 52%
yields, respectively.

[00218] As a comparison to the direct condensation with unsymmetrical amidines, alkylations of
12a were performed to produce compounds 12ai-aj FIG. 8 (Table 4) 12al-an (see Supporting
Information). Unfortunately, all attempted alkylations displayed poor chemo- and regioselectivity,
favoring the undesired O-alkylation products such as O-methoxypyrimidine 12ai.

Biological Studies

[00219] Structure-Activity Relationships. The library of (+)-aglaroxin analogues and side
products against HCV infection were evaluated, and also tested their corresponding cytotoxicity in
human hepatic (Huh) 7.5.1 cells. In comparison to aglaroxin C (6), C-alkyl substituted pyrimidinones
12b-d and 12h (Table 3, FIG.7) exhibited increased inhibition against HCV infection, whereas 12e-g
had decreased activities. Nevertheless, the C-aryl substituted products (12a, k-w) showed a promising
increase of inhibition of HCV infection with similar or reduced cytotoxicity in comparison to 6.
Excitingly, 121 (CMLD012043) and 12s (CMLD012044) showed a three-fold greater inhibition of HCV
infection in comparison to 6, while 121 and 12s exhibited relatively low cytotoxicity to Huh-7.5.1 cells
(Iess than 50% cell death at 200 uM). Thus, the two lead compounds (121 and 12s) provided excellent
selectivity indexes (SI) in inhibiting HCV infection (vide infra). Notably, among all the C-heteroaryl
substituted aglaroxin analogues (12x-12ac), only 12y and 12ab displayed slightly increased inhibition
of HCV infection relative to 6. The six-membered ring analog 12ad and guanidine-type adducts 12j and
12af were found to have moderate antiviral activity.

[00220] To further understand structure-activity relationships (SAR) among aglaroxin analogues,
compounds are highlighted in FIG. 8 (Table 4) along with dose-response curves depicting their
effectiveness in both HCV infection and cytotoxicity assays. As a benchmark compound, 6 was found
to inhibit HCV infection with an ECsoof 1.3 uM and showed a CCso of 12 uM. Of note, ECso and CCso
values were calculated according to the fitted sigmoid curves, which are reported as absolute values
(indicating the concentration of compounds providing 50% inhibition and 50% cell death, respectively).
Next, the ECso of cyclohexyl- (12e) and phenyl-substituted (12a) pyrimidinones were compared and it

was discovered that C-aryl substitutions led to improved potency against viral infection (420 nM vs. 2.5
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uM). The C-3 epimer (12ah) of 12a was found to be inactive against HCV infection and no cytotoxicity.
It is apparent that a sy»n-relationship of the two aryl rings on the cyclopenta|b |benzofuran core is crucial
for HCV inhibition.

[00221] Based on the observation that N-methylated isomer 12ae was one-fold more active than
12a (ECs 0.2 uM vs. 0.42 uM) with similar cytotoxicities (CCso 7.3 uM vs. 8.1 uM), methylation was
utilized to evaluate other sites for introduction of target identification tags. In contrast to N-methylation,
a decrease in inhibition of HCV infection (ECso = 9.2 pM) was observed with the O-methylated
pyrimidine 12ai. The doubly methylated product 12aj was also found inactive and non-toxic. Finally,
the impact of substituting the conjugated C-aryl group of the pyrimidinone was studied (cf 121, 120,
and 12s). Compound 120, with an electron-withdrawing CFs-group, had higher cytotoxicity (CCso =10
uM), and only a one-fold better ECso (0.24 uM) for HCV inhibition than 121 and 12s (ECso ~ 0.5 pM).
The two lead compounds 121 and 12s displayed improved ECsos in the viral infection assay but
displayed low cytotoxicity; neither compound reached 50% cell death up to 200 uM concentration
(maximum cytotoxicity plateau: 40% and 35% cell death for 121 and 12s, respectively).

[00222] Of note, a similar plateauing of cytotoxicity using aglaroxin C (6) and its analogues (12e,
12a, and 12ae) was observed. In contrast, the 4’ -trifluoromethylphenyl analog 120 achieved close to
100% cell death. For a more reliable comparison of cytotoxicities among these compounds, the arca
under the cytotoxicity curve (AUC) was calculated by integration, an alternative method for accurately
quantifying low cytotoxicity. In this manner, AUCy2-200 analysis indicates that 12e, 12a, and 12ai share
similar cytotoxicities to 6, whereas 121 and 12s exhibit relatively lower cytotoxicities. Extending this
analysis to compare the SI among the analogues, the AUC2-20(EC/CC) ratios were calculated,
determining that 12ae, 121, 120, and 12s had wider therapeutic windows (0.6 to greater than 2-fold
increase in the SI) than 6. Based on the performance of 121 and 12s using these metrics, these two lead
compounds were utilized for further biological investigations including mechanism studies.

[00223] To further characterize the mode of action of the two lead compounds 121 and 12s, each of
their respective enantiomers were independently synthesized and investigated their biological activities
in both the HCV viral infection and cytotoxicity assays FIG. 9 (Table 5). As expected, only (+)-121
and (+)-12s displayed HCV inhibition, whereas the other enantiomers (-)-121, and (-)-12s were found
to be inactive and non-toxic. Interestingly, it was discovered that maximum cytotoxicity plateau of both
active enantiomer (+)-121 and (+)-12s increased substantially compared to their racemic counterparts
(+)-121 and (+)-12s. To verify this result, a secondary MTS cell viability assay was also performed on
racemic compounds (£)-12k, (£)-121, and (+)-120, and showed nearly identical toxicity curves as were
observed in the CellTiter-Glo assay. While these results warrant further investigation, they suggest a
potential rationale for the observed SI enhancement in which the “inactive” enantiomers may reduce or

otherwise mitigate the cytotoxic effects of the active species through an as-yet undefined mechanism.
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[00224] Aglaroxin Analogues Do Not Affect HCV RNA Replication and Translation. Next, the
ability of the aglaroxin C analogues to inhibit HCV RNA replication and mRNA translation was
investigated using an HCV replicon system which harbors a full-length HCV Genotype 1b RNA
genome. In replicon cells, HCV RNA replicates and is translated into viral proteins without forming
infectious viruses. Hence, this system permits accurate assessment of any effects on viral RNA
replication and translation. As shown in FIG. 10A-10D, compounds (+)-121 and (+)-12s when used at
2 uM for 3 h did not inhibit HCV RNA replication or protein synthesis. This data implies that the
observed inhibitory effects of (+)-121 and (+)-12s were unlikely due to inhibition of viral RNA
replication or mRNA translation. To corroborate these findings, an in vitro translation inhibition assay
was assembled where a bicistronic reporter mRNA was programmed for translation in Krebs-2 extracts
FIG. 11A-11B.

[00225] In this system, translation of the Firefly luciferase (FLuc) translation is cap-dependent
whereas Renilla luciferase (RLuc) translation is dependent upon the HCV internal ribosome entry site
(IRES) Fig. 11A. It was observed that translation inhibition of firefly luciferase by 6 and analogues 121
and 12s were minimal in comparison with CR-1-31-B FIG. 1-4, a highly potent rocaglate translation
inhibitor showing strong inhibition of cap-dependent protein synthesis FIG. 11B. This data suggests
that HCV mRNA translation is not inhibited by 6 and its analogues 121 and 12s.

[00226] Aglaroxin Analogues Inhibit HCV Entry. As aglaroxin C was previously reported to
inhibit HCV entry, two sets of experiments were carried out to test whether compounds 121 and 12s
also inhibit viral entry. Firstly, infectious lentiviral pseudotypes bearing glycoproteins of HCV
(HCVpp), Chikungunya virus (CHIKVpp), Ebola virus (Ebolapp), and vesicular stomatitis virus
(VSVpp) were generated. Compositionally, these pseudotyped viruses differ only in viral envelopes
because they are packaged using the same lentiviral reporter construct with a separate construct
expressing specified viral envelope protein. Hence, the only difference among these pseudoviral
particles is the mode of entry, which is dictated by the particular viral glycoprotein found on the viral
envelopes. Compounds 121 and 12s, as both the racemates and single (+)-enantiomers, specifically
inhibited HCVpp and CHIKVpp but not Ebolapp and VSVpp FIG. 12A-12B. Interestingly, like
rocaglamide, compounds (+)-121 and (+)-12s as well as their racemic versions also inhibited Dengue
virus infection FIG. 12C. It is worth mentioning that HCV, Dengue virus, and CHIKYV all utilize PHBs
to enter cells; further studies are warranted to determine whether compounds 121 and 12s directly target
PHBs. Secondly, to confirm inhibition of HCV entry, time-of-addition experiments were performed
using the lead compounds 121 and 12s wherein compounds were added at different times relative to
when the virus was added to cells. Similar to 6, 121 and 12s displayed maximal anti-HCV activity when
added together with the virus, but partially lost their activity when added 3 h after infection was initiated
FIG. 12D. This finding confirmed that 121 and 12s are preferentially inhibiting viral entry.
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Summary

[00227] In summary, a second-generation synthesis of aglaroxin C using late-stage, direct
pyrimidinone formation of a keto-rocaglate scaffold was developed and described herein. Using this
method, commercially available amidines were used as reaction partners to synthesize a library of over
forty aglaroxin C analogues. Among newly synthesized analogues, it was successfully demonstrated
SAR for inhibition of HCV infection and identified two aryl pyrimidinone lead compounds, 121 and
12s, which have low cytotoxicities to Huh 7.5.1 cells. Additional biological studies with 121 and 12s
indicate that the mechanism of inhibition of HCV infection is through inhibition of HCV viral entry,
rather than by blocking viral replication and translation. Finally, 121 and 12s are also effective against
infection of other viruses including Dengue and Chikungunya, both of which have been found to use
prohibitins (PHBs) as an entry factor. These studies illustrate the power of chemical synthesis to bias
inhibition of HCV viral entry vs. translation inhibition and improve properties including therapeutic
index FIG. 13.
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3962; (b) Alajarin, M.; Ortin, M.-M.; Sanchez-Andrada, P.; Vidal, A.; Bautista, D. From Ketenimines
to Ketenes to Quinolones: Two Consecutive Pseudopericyclic Events. Org. Lett. 2005, 7, 5281; (¢)
Abe, T.; Kida, K.; Yamada, K. A Copper-Catalyzed Ritter-type Cascade via Iminoketene for the
Synthesis of Quinazolin-4(3H)-ones and Diazocines. Chem. Commun. 2017, 53, 4362.

[00259] Schonherr, H.; Cernak, T. Profound Methyl Effects in Drug Discovery and a Call for New
C-H Methylation Reactions. Angew. Chem. Int. Ed. 2013, 52, 12256.

[00260] Dye, J. F.; Somers, S. S.; Guillou, P. J. Simplified Quantitation of Cytotoxicity by
Integration of Specific Lysis against Effector Cell Concentration at a Constant Target Cell
Concentration and Measuring the Area Under the Curve. J. Immunol. Methods 1991, 138, 1.

[00261] (a) Sheeran, T. P.; Jackson, F. R.; Dawes, P. T.; Collins, M.; Shadforth, M. F. Measurement
of Natural Killer Cell Cytotoxicity by Area Under a Cytotoxic Curve: A Method Suitable for
Rheumatoid Arthritis. J. Immunol. Methods 1988, 115, 95; (b) Brown, C.; Havener, T.; Everitt, L;
McLeod, H.; Motsinger-Reif, A. A Comparison of Association Methods for Cytotoxicity Mapping in
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Quantifying Drug Sensitivity Based on /n Vifro Dose-Response Assays. Assay Drug Dev. Technol.
2012, /0, 88.

[00262] Scholle, F.; Li, K.; Bodola, F.; Ikeda, M.; Luxon, B. A.; Lemon, S. M. Virus-Host Cell
Interactions during Hepatitis C Virus RNA Replication: Impact of Polyprotein Expression on the
Cellular Transcriptome and Cell Cycle Association with Viral RNA Synthesis. J. Virol. 2004, 78, 1513.
[00263] Novac, O.; Guenier, A. S.; Pelletier, J. Inhibitors of Protein Synthesis Identified by a High
Throughput Multiplexed Translation Screen. Nucleic Acids Res. 2004, 32, 902.

EXAMPLE 2: SUPPORTING DATA
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[00264] Unless otherwise stated, reactions were performed under argon using freshly purified
solvents, which were purified using solvent purification columns purchased from Innovative
Technology (SPS-400-6, 2005). Reactions were monitored by thin-layer chromatography with E. Merck
silica gel 60 F,s4 pre-coated plates (0.25 mm). All work-up and purification procedures were carried out
with reagent-grade solvents in air. Flash chromatography was performed with the indicated solvents
using silica gel (particle size 40-63 pum) purchased from Sorbent Technologies. Infrared spectra were
recorded on a Nicolet Nexus 670 FI-IR spectrophotometer. 'H and "*C NMR spectra were recorded on
Varian Inova-400 MHz, 500 MHz. Chemical shifts are reported relative to internal chloroform (CDCl;:
'H, §=7.26 ppm, C, § =77.36 ppm), benzene (CsDs: 'H, & =7.15 ppm, *C, § = 128.62 ppm), toluene
(C+Ds: 'H, §=2.09 ppm, ®C, § =20.4 ppm), methanol (CD;0D: 'H, § =3.31 ppm, *C, §=49.15 ppm)
dichloromethane (CD-Cl: 'H, § = 5.36 ppm, "*C, & = 53.84 ppm). Coupling constants are in Hz and are
reported as d (doublet), t (triplet), q (quartet), bs (broad singlet), and m (multiplet). High-resolution
mass spectra were obtained in the Boston University Chemical Instrumentation Center (BU-CIC) using
a Waters Q-TOF API-US mass spectrometer. Melting points were recorded on a Mel-Temp apparatus
(Laboratory Devices). Analytical LCMS was performed on a Waters Acquity UPLC (Ultra Performance
Liquid Chromatography (Waters MassLynx Version 4.1) with a Binary solvent manager, SQ mass
spectrometer, Water 2996 PDA (PhotoDiode Array) detector, and ELSD (Evaporative Light Scattering
Detector). An Acquity UPLC BEH C18 1.7 um column was used for analytical UPLC-MS. Optical
rotations were recorded on an AUTOPOL III digital polarimeter at 589 nm, and specific rotations are
given [a]D 20 (concentration in grams/100 mL solvent). Chiral HPLC analysis of enantioenriched
compounds was performed using a Waters 1525 Binary HPLC Pump with a Waters 2487 diode array
detector. Preparative HPLC was performed on a Gilson PLC2020 using a Waters SunFire™ Prep C18
OBD™ 5pum 19X50 mm column.

[00265] Materials. Chemicals were purchased from Sigma-Aldrich, Fisher or Alfa Aesar, TCI,
Oakwood, Enamine BB, Combi-blocks, and Strem Chemicals and were used without further
purification.

[00266] Cells and Antibodies. The human liver cell line Huh7.5.1 was provided by Scripps
Research Institute. The full-length HCV Genotype 1b-replicon-containing cell line 2-3(+) was a gift
from University of North Carolina, Chapel Hill, NC. The Aedes albopictus cell line C6/36 was
purchased from American Type Culture Collection (ATCC) (CRL-1660). All cell lines were maintained
in DMEM supplemented with 5% penicillin and streptomycin, 1% NEAA, and 10% fetal bovine serum
(FBS) (Gemini Bio-Products). The B-actin antibody (clone AC-74) was purchased from Sigma. The
HCV NS5A monoclonal antibody 9E10 was a gift from Rockefeller University. Secondary antibodies
were purchased from Jackson ImmunoResearch Laboratories, Inc, and Molecular Probes (Invitrogen).

Primer sequences are: Dengue 16681: F. 5-CCTGGGAAGAGTGATGGTTATG-3"; R: 5°-
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GCTGCTAGTAGGGCAAGATAAG-3". GAPDH: F: 5-TGCACCACCAACTGCTTA-3’; R: 5°-
GGATGCAGGGATGATGTTC-3".

[00267] Viruses. Detailed descriptions about production and infection of HCVpp, CHIK Vpp, VSV-
Gpp, JFHI-HCVcc, and HCVcc-Luc have been published elsewhere. The Ebola virus envelope
expressing construct was a gift from University of lowa, IA. Dengue virus (Thailand 16681 serotype 2
strain) was propagated in C6/36 cells.

[00268] HCVcce Time-of-addition assay. Detailed protocols have been previously published. In
brief, HCVcc-Luc was added to Huh7.5.1 cells at 37 °C and incubated for 3 h. HCVcc-Luc (HCV virus
carrying a luciferase reporter) was added to Huh7.5.1 cells at 37 °C and incubated for 3 h. At the
indicated time points, 0.5 uM of each compound or DMSO was added into the media and incubated for
3 h prior to removal. Infected cells were incubated at 37 °C for an additional 48 h prior to conducting
the luciferase assay (mean of n = 3; error bars, s.d.). Data was calculated as percentages of infections
relative to that of DMSO treated cells (arbitrarily set to 100).

[00269]  In vitro transcriptions and translations. I vifro transcriptions and translations were
performed as described previously. Plasmid encoding the bicistronic FF/HCV/Ren open reading frame
was linearized with BamHI and m’Gppp-capped mRNA was produced by iz vitro transcription reactions
using SP6 RNA polymerase. /n vifro translation reactions were performed with S10 extracts prepared
from Kreb-2 cells and programmed with 4 ng/ul. of in vifro transcribed mRNA. Firefly (FF) and Renilla
(Ren) luciferase activities were measured on a Berthold Lumat LB9507 Luminometer and values
normalized against vehicle control, which was set at 1.

[00270] Synthesis of keto-rocaglate 9 was accomplished using previously reported conditions FIG.
15 (Scheme SI1).

[00271] A graphic comparison between aglaroxin analogues as viral entry inhibitors and current

DAA treatment for HCV is shown in FIG. 14.

EXAMPLE 3: EXPERIMENTAL PROCEDURES AND CHARACTERIZATION DATA

[00272] The synthesis of keto-rocaglate and first-generation synthesis of aglaroxin C are shown in
FIG. 15.

General method for direct pyrimidinone formation

[00273] Modified Protocol for keto-rocaglate purification

Keto-rocaglate 9 was synthesized according to our previous experimental
procedure. An a-ketol-shift FIG. 15 (Scheme SI1) was used to generate keto-

rocaglate 9 from the endo-aglain precursor; 3-hydroxyflavone was found in

crude products which was found to be inseparable from keto-rocaglate 9 using

silica gel chromatography. To provide accurate yields for the subsequent
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analogue synthesis, an improved purification protocol was developed using trituration with toluene in
which case keto-rocaglate 9 was obtained as a white powder.

[00274] General Method for Direct Pyrimidinone Formation:

Two general methods were established according to amidine source employed:

Method A, Scheme 1. Direct pyrimidinone formation using a free-based amidine:

R

N

HNZ ~NH,
DMAP

m-xylene, 130 °C

SCHEME: 1

[00275]  When free-based amidine was used for the pyrimidinone condensation, extra base was
found to be unnecessary. Keto-rocaglate 9 (1.0 equiv), DMAP (0.3 equiv) and amidine (3.0 equiv) were
combined in a vial or flask with a stir bar. The reaction vessel was charged with nitrogen followed by
the addition of m-xylene to obtain a solution (0.025 M in substrate). After the mixture was stirred for 2-
5 min to give a clear solution, the reaction mixture was placed on a pre-heated heating block at 130 °C
(pre-heating the heating apparatus was found to be critical to minimize formation of oxazoline 15). The
reaction was heated at 130 °C for an additional 45 min. Reaction progress was determined by crude 'H
NMR or TLC analyses. Once the reaction was completed, saturated aqueous ammonium chloride
solution was added to quench the reaction at room temperature. The crude product was extracted three
times with ethyl acetate or dichloromethane according to the solubility of the crude product, dried
through sodium sulfate, and concentrated using a nitrogen stream as m-xylene is difficult to remove
using rotary evaporation. Flash chromatography was finally used to purify the desired pyrimidinone
product.

[00276] Method B, Scheme 2. Direct pyrimidinone formation using acidified amidine salt:

SCHEME 2
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[00277] It was discovered that a stepwise free-base protocol was unpractical, as the free-based
amidines were either water soluble or volatile. Therefore, when amidine hydrochloride was used for
condensations, an in-situ free-basing protocol was employed. In a reaction vial with 4 A molecular
sieves, stir bar, and amidine hydrochloride (3.0 equiv) under nitrogen, m-xylene (0.025 M) was added
followed by freshly prepared NaOMe (1.0 M, 2.95 equiv). The mixture was vigorously stirred at room
temperature for 15-30 minutes according to the disappearance of the crystalline amidine hydrochloride
salt. The reaction vial was centrifuged to remove formed sodium chloride, and the clear upper-layer
solution of amidine was transferred to a separate reaction vial with keto-rocaglate 9 (1.0 equiv), DMAP
(0.3 equiv), and a stir bar under nitrogen. The mixture was stirred for 2-5 min to afford a clear solution,
and the reaction mixture was placed on a pre-heated heating block at 130 °C. The reaction was heated
at 130 °C for an additional 45 minutes. Reaction progress was determined by crude '"H NMR or TLC
analyses. Once the reaction was completed, saturated ammonium chloride aqueous solution was added
to quench the reaction at room temperature. The crude product was extracted three times with ethyl
acetate or CH»Cl, according to the solubility of the product, dried using sodium sulfate, and
concentrated using a nitrogen stream. Silica gel chromatography was used to purify the desired
pyrimidinone product.

[00278]  When the reaction scale was larger than 100 mg, the methanol was removed from reaction
system after the free-basing step. This operation helped the reaction mixture quickly reach 130 °C and

minimize formation of the undesired product 15.

[00279] Compounds Characterization

[00280]

Aglaroxin C (6)

'HNMR (500 MHz, Chloroform-d) § 7.12 — 7.03 (m, 5H), 6.92 — 6.86
(m, 2H), 6.55 (d, J=9.0 Hz, 2H), 6.20 (d,/= 1.9 Hz, 1H), 6.05 (d, J
= 1.9 Hz, 1H), 4.69 (s, 1H), 4.10 (dddd, J = 32.8, 12.7, 8.3, 6.4 Hz,
2H), 3.84 (s, 3H), 3.79 (s, 3H), 3.66 (s, 3H), 3.33 (s, IH), 3.26 (dt, /=
16.9,8.1 Hz, 1H), 3.21 —3.12 (m, 1H), 2.26 (dddd, J=15.3,13.3, 6.7,
2.1 Hz, 2H). “C NMR (126 MHz, Chloroform-d) & 166.7, 166.0,
163.4,160.8, 159.1, 158. 6, 158.0, 136.9, 129.3, 128.9, 127.7, 127.0, 126.7, 121.6, 112.2, 107.2, 103.6,
92.6,90.3, 89.0, 56.9,55.6,55.6,55.0,46.7,32.8, 19.5. m.p. 155-159 °C; IR vmax (film): 1676, 1612,
1549, 1514, 1251, 1220, 1149. HR/MS: m/z Calcd for [C31H2oN2O6]+ 525.2026, found 525.2025
(0.1904 ppm). rf = 0.2 (EA:Hex=5:1).

[00281]

OMe
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(£)-Keto-rocaglate or methyl (2R,3S,3aR,8bR)-8b-hydroxy-6,8-
dimethoxy-3a-(4-methoxyphenyl)-1-0xo0-3-phenyl-2,3,3a,8b-
tetrahydro-1H-cyclopenta|b]benzofuran-2-carboxylate (9).

Keto-rocaglate was synthesized according to our previous protocol; this

compound shows tautomerism between enol (E) and ketone (K) forms.
9 OMe |1 NMR (500 MHz, CDCl3) 8 7.13 — 7.07 (m, 3H, K & m, 3H, E), f7.01
(d,J=9.0 Hz, 2H, E), 6.94 (d, J = 8.9 Hz, 2H, K), 6.93 — 6.89 (m, 2H, K & m, 2H, E), 6.68 (d, J = 8.9
Hz, 2H, K), 6.53 (d, J= 9.1 Hz, 1H, E), 6.35 (d, J= 2.0 Hz, 1H, K), 6.19 (d, J= 1.9 Hz, 1H, E), 6.11
(d,J=2.0Hz, 1H, K), 6.05 (d, /= 1.9 Hz, 1H, E), 4.48 (s, 1H, E), 424 (d, J= 13.3 Hz, 1H, K), 4.06
(d, J= 132 Hz, 1H, K), 3.86 (s, 3H, K), 3.83 (s, 3H, E), 3.82 (s, 3H, K), 3.79 (s, 3H, E), 3.71 (s, 3H,
K), 3.66 (s, 3H, K), 3.66 (s, 3H, E), 3.59 (s, 3H, E), 3.34 (s, 1H, E), 3.04 (s, 1H, K). 13C NMR (126
MHz, CDCls) & 203.5, 1722, 170.2, 167.4, 165.1, 163.7, 161.2, 160.9, 159.1, 158.7, 158.7, 1582,
139.0, 1355, 129.2,129.27, 128.1, 128.0, 127.8, 127.3, 127.1, 126.8,125.5, 113.4, 112.2, 106.2, 105.9,
102.5, 100.8,99.5,93.1,92.6, 90.0, 89.2, 89.1, 88.7, 57.0, 56.6, 55.9, 55.9, 55.8, 55.8, 55.3, 35.1, 53.1
52.1,51.7. ESI MS m/z: 491.3, [M+H]+. rf = NA (stripe on TLC, EA:Hex=1:1).
[00282]

>

(£)-Exo-keto-rocaglate or methyl (25,3R,3aR,8bR)-8b-hydroxy-6,8-

dimethoxy-3a-(4-methoxyphenyl)-1-0xo0-3-phenyl-2,3,3a,8b-
tetrahydro-1H-cyclopenta|b]benzofuran-2-carboxylate (exo0-9).
Exo-keto-rocaglate was synthesized according to our previous protocol;
this compound shows tautomerism between enol (E) and ketone (K)
forms. 1H NMR (500 MHz, CDCls) 6 7.44 (d, J = 8.8 Hz, 2H, E), 7.35
(d,/=89Hz 2H, K), 724 — 7.18 (m, 3H, K), 7.16 — 7.08 (m, 3H, E), 7.07 - 7.02 (m, 2H, K), 6.93 (d,
J=89Hz 2H,E), 6.89(d,/J=89Hz 2H,K), 6.82(d,/J=7.1Hz, 2H, E), 6.15 (d,.J= 1.9 Hz, 1H, K),
6.02(d,J=19Hz 1H, K), 6.00 (d, /J=2.0 Hz, 1H, E), 5.63 (d, /= 2.0 Hz, 1H, E), 4.69 (s, 1H, E),
443 (d,J=144Hz 1H, K),4.38 (d,/= 143 Hz, 1H, K), 3.84 (s, 3H, E), 3.82 (s, 3H, E), 3.80 (s, 3H,
K), 3.79 (s, 3H, K), 3.77 (s, 3H, K), 3.72 (s, 3H, K), 3.65 (s, 3H, E), 3.63 (s, 3H, E), 349 (s, 1H, K).
BC NMR (126 MHz, CDCls) § 203.2, 172.1, 169.5, 168.3, 164.7, 163.8, 161.9, 161.7, 159.4, 159.3,
158.1,157.5,137.7, 134.0, 130.4, 128.7, 128 .2, 128.2, 128.1, 127.6, 1274, 127.3, 126.6, 113.8, 113.5,
113.4, 106.6, 104.0, 103.0, 98.0, 97.2, 92.5, 92 3, 88.4, 88.1, 86.8, 58.0, 55.71, 55.69, 55.57, 55.55,
5523, 55.19, 548, 542, 52.7, 51.7. ESI MS m/z: 4913, [M+H]+. f = NA (stripe on TLC,
EA:Hex=1:1).
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H,O
DMAP

toluene, 110 °C

keto-rocaglate (9)

SCHEME 3

[00283] (3S,3aR,8bR)-8b-Hydroxy-6,8-dimethoxy-3a-(4-methoxyphenyl)-3-phenyl-2,3,3a,8b-
tetrahydro-1H-cyclopenta[b]benzofuran-1-one (14).

[00284] Ketone product 14 was obtained via thermal decarboxylation. The starting material keto-
rocaglate (9) was combined with DMAP (0.3 equiv) and stir bar in a 4 mL vial, Scheme FI1. 83. A drop
of water was added to the reaction mixture after the addition of m-xylene as reaction solvent. The
reaction was heated at 110 °C for 3 h. After concentration, the crude product was purified using flash
chromatography to afford the decarboxylated product 14 in quantitative yield. 'H NMR (500 MHz,
CDCl3) 6 7.14 - 7.07 (m, 3H), 6.98 — 6.92 (m, 4H), 6.68 (d, /= 8.9 Hz, 2H), 6.34 (d, /= 2.0 Hz, 1H),
6.10 (d,J=2.0 Hz, 1H), 3.89 (dd, J=12.4, 9.9 Hz, 1H), 3.85 (s, 3H), 3.83 (s, 3H), 3.71 (s, 3H), 3.10
(s, 1H), 3.05 (dd, J=19.8, 10.0 Hz, 1H), 2.98 (dd, /= 19.8, 12.4 Hz, 1H). *C NMR (126 MHz, CDCl5)
6210.7,164.7,161.2, 158.8, 158.4, 137.2, 128.0, 127.9, 127.8, 126.8, 125.8, 113.1, 106.5, 101.2, 92.6,
89.7, 88.8,55.7,55.6,55.1, 48.6, 39.9.

toluene

120°C

SCHEME 4
[00285] Methyl 2-(4,6-dimethoxy-2-(4-methoxyphenyl)benzofuran-3-carbonyl)-3-

phenylacrylate (17)
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As a mechanistic control experiment (mechanism above was displayed as alternative
mechanism for retro-Nazarov reaction), azeotropically-dried keto-rocaglate 9 (25 mg) and DMAP (3.0
mg) was dissolved in 0.25 mL of pre-dried toluene-ds (0.025 M, dried with 4 A molecular sieves,
contains 43 ppm water as measured by Carl-Fischer titration) under nitrogen in a 4 mL reaction vial,
Scheme 4. The mixture was heated at 120 °C for 12 h and was then, concentrated. Decarboxylated
product 14 (~54% NMR vyield), retro-Nazarov product 17 (~24% NMR yield), and keto-rocaglate 9
(~20% NMR vyield) were found after reaction completion. A plausible mechanism is shown in the
Scheme above, wherein one molecule of retro-Nazarov product 17 may be generated along with one
molecule of decarboxylated product 14. This control experiment matches our observation that reducing
the amount of nucleophile or use of amidines with low nucleophilicity generally afford greater amounts
of the retro-Nazarov product 17 and decarboxylated product 14. Preparative TLC was employed to
isolate the two retro-Nazarov isomers using 10% hexanes in CH»Cl as the eluent. However, the two
isomers were found to interconvert within 24 h in chloroform. For the major retro-Nazarov isomer: 'H
NMR (400 MHz, CDCls) 6 7.89 (d, /=89 Hz, 1H), 7.78 (s, 1H), 7.12 (t, /= 7.0 Hz, 1H), 7.04 - 6.91
(m, 5H), 6.50 (d,J=2.0 Hz, 1H), 6.30 (d, /= 2.0 Hz, 1H), 3.89 (s, 3H), 3.85 (s, 3H), 3.80 (s, 3H), 3.77
(s, 3H). ®C NMR (101 MHz, CDCl;) § 189.5, 165.8, 161.1, 159.3, 159.0, 155.2, 153.7, 142.1, 134 5,
133.4,131.1,129.3,129.3,127.8,122.3, 117.1, 1134, 109.9, 952, 87.6, 55.7, 55.4, 55 3, 52.3. ESI MS
m/z: 473.2, [M+H]+. For the minor isomer: 'H NMR (400 MHz, CDCl;) & 7.73 (d, J = 8.9 Hz, 2H),
738 —7.27 (m, 6H), 6.93 (d, J=8.9 Hz, 2H), 6.70 (d, /= 1.9 Hz, 1H), 6.31 (d, /= 1.9 Hz, 1H), 3.89
(s, 3H), 3.87 (s, 3H), 3.82 (s, 3H), 3.80 (s, 3H). ESI MS m/z: 4732, [M+H]+.

Ph
J—NH,
N CcOoMe

HNZ “NH, MeQ Ho,
Ph
toluene-dg
60 °C MeO
12h 23 OMe
SCHEME 5
[00286] Methyl (3R,3aR,8bS)-1-benzimidamido-8b-hydroxy-6,8-dimethoxy-3a-(4-

methoxyphenyl)-3-phenyl-3a,8b-dihydro-3H-cyclopenta[b]benzofuran-2-carboxylate, enamine
(23)

[00287] Enamine 23 (28% yield) was observed and isolated from a 250 mg scale reaction for 12a
as precipitates after 10 minutes under the standard conditions. However, enamine 23 can also be
synthesized using an alternative method below:

[00288] The reaction solvent (toluene-dS, C7Ds) was pre-treated with 4 A molecular sieves to
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remove trace amounts of water. Benzylamidine (7.4 mg, 0.06 mmol) and keto-rocaglate 9 (10 mg, 0.02

mmol) was dried azeotropically in benzene at rt under high vacuum. Toluene-ds (0.6 mL) was added to

dissolve the mixed solids, and the resulting clear solution was transferred into an NMR tube under
nitrogen. After 30 min at rt, the solution became cloudy. After heating for 12 h, a pale-yellow precipitate

formed, which was triturated with CH,Cl; to afford the pure enamine 23 (6.9 mg, 0.012 mmol) in 60%

vield, Scheme 5. Enamine product 23 could only be dissolved in DMSO and was stored in DMSO for

at least 6 months. "H NMR (500 MHz, (CD5),S0) 6 7.88 (d,J= 7.1 Hz, 2H), 7.73 — 7.69 (m, 1H), 7.60

(dd, J=8.2, 7.3 Hz, 2H), 6.98 (d, J = 8.9 Hz, 2H), 6.90 (dd, J = 7.8, 6.4 Hz, 2H), 6.87 — 6.80 (m, 3H),

6.48 (d,J=9.0 Hz, 2H), 6.27 (d,J=2.0 Hz, 1H), 6.07 (d, J=2.0 Hz, 1H), 4.04 (s, 1H), 3.75 (s, 3H),

3.70 (s, 3H), 3.56 (s, 3H), 3.22 (s, 3H). ®C NMR (126 MHz, (CD5),S0) & 182.0, 166.5, 166.3, 162.4,

160.5, 158.2, 157.6, 143.3, 133.7, 130.0, 129.6, 129.3, 129.0, 128.7, 128 .4, 126 .8, 1252, 111.9, 110.8,

100.2, 92.3, 89.5, 89.2, 88.3, 57.9,55.9, 55.6, 55.2, 49.0. HR/MS: m/z Calcd for [C3sH3:N,O7+H30]+

611.2393, found 611.2204.

[00289] Methyl (3aR,4R,5S,5aR,10bR)-3a-hydroxy-8,10-
dimethoxy-5a-(4-methoxyphenyl)-2,5-diphenyl-3a,4,5,5a-
tetrahydrobenzofuro[3',2':2,3]cyclopenta|1,2-d]oxazole-4-

carboxylate (15)

'H NMR (400 MHz, CDCls) § 7.82 — 7.73 (m, 2H), 7.47 (t, J= 7.4 Hz,

15 OMe  1H), 7.33 (t,J = 7.7 Hz, 2H), 7.14 — 6.94 (m, 7H), 6.53 (d, J = 8.9 Hz,

2H), 6.39 (d,J=19Hz, 1H), 6.14 (d,J= 1.9 Hz, 1H), 4.78 (s, 1H), 4.33 (d, /= 14.4 Hz, 1H), 4.04 (d,

J =143 Hz, 1H), 3.87 (s, 3H), 3.79 (s, 3H), 3.75 (s, 3H), 3.62 (s, 3H). >*C NMR (101 MHz, CDCls) &

169.5,165.1,164.6, 161.3, 158. 7, 157.1, 135.8, 132.1, 129.0, 128.2, 127.9, 127.8, 127.6, 126 .8, 126.7,

126.7, 113.0, 105.6, 102.2, 102.2, 101.8, 93.2, 89.8, 57.9, 55.9, 55.8, 551, 54., 52.5. m.p. 254-257 °C

(CDCly); IR vmax (film): 2950, 1746, 1629, 1603, 1515, 1381, 1151. HR/MS: m/z Calcd for

[C3sH3:NOg]+ 5942128, found 594.2132 (0.8414 ppm). rf = 0.4 (EA:Hex=1:2).

s
=

N
DMAP QMe N
o . o NH
m-xylene Q
MeO OH O
Q
130 °C Ph
48 h

MeO 16ac

SCHEME 6
[00290] 6-(4-Methoxyphenyl)-2-(2-methylthiazol-4-yl)-5-phenyl-3H-
cyclopenta[d]pyrimidine-4,7-dione (16ac)
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[00291]  Very poor solubility of the dark blue solid 16a (see article text Table 1, FIG. 4) was
observed in CDCls, whereas excellent solubility of 16ac in CDCl; was observed to afford a dark purple
solution. Therefore, 16ac was used as a representative fragmentation product and employed a control
reaction to understand the fragmentation of pyrimidinone 12a. To 5 mg of compound 12ac and 0.5 mg
DMAP (0.5 equiv), 0.2 mL of m-xylene was added. The reaction mixture was stirred at 130 °C for 48
h. The crude product was concentrated which was followed by purification using flash chromatography
(3% acetone in CH,Cl,) which afforded 3.1 mg of 16ac as a dark blue solid (84% yield), Scheme 6. 'H
NMR (400 MHz, CDCl5) 6 8.41 (s, 1H), 7.50 — 7.42 (m, 2H), 7.42 - 7.32 (m, 3H), 7.14 (d, /= 8.9 Hz,
2H), 6.79 (d, J = 9.0 Hz, 2H), 3.79 (s, 3H), 2.78 (s, 3H). ®C NMR (101 MHz, CDCl5) § 196.5, 167.7,
159.3, 155.9, 154.5, 153.6, 153.3, 146.4, 132.0, 131.3, 129.7, 129.5, 127.8, 127.7, 126.1, 1244, 122 3,
113.8,55.2,19.2. m.p. >260 °C (CH:Cl,); IR vmax (film): 2928, 1693, 1510, 1251, 1173, 844. HR/MS:
m/z Calcd for [Co4HisN3: O3S+ 428.1069, found 428.1086 (3.9710 ppm). rf = 0.4 (EA:Hex=1:2).
[00292]
(5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-
methoxyphenyl)-2,5-diphenyl-3,5,5a,10b-tetrahydro-4H-
benzofuro[2',3':4,5]cyclopenta[l,2-d]pyrimidin-4-one (12a)
All the following pyrimidinone condensations were performed using
25 mg of keto-rocaglate 9. Yields were calculated after product

purification using a pipet column or via preparative TLC. All

aglaroxin C analogues were generally obtained as white solids; in a
few cases, minor yellow impurities were removed by trituration using 10% ethyl acetate in hexanes. 'H
NMR (500 MHz, CDCls) 6 8.09 (d, J=7.2 Hz, 1H), 7.39 (tt, /= 7.5, 1.2 Hz, 1H), 7.15 - 7.08 (m, 7H),
7.04 = 7.00 (m, 2H), 6.57 (d, J=9.0 Hz, 1H), 6.23 (d, /= 1.9 Hz, 1H), 6.05 (d, J= 1.9 Hz, 1H), 4.77
(s, 1H), 3.85 (s, 3H), 3.79 (s, 3H), 3.67 (s, 3H), 3.58 (s, 1H). *C NMR (126 MHz, CDCls) & 168 .4,
163.6, 162.5, 160.7, 158.6, 158.4, 1369, 131.7, 131.7, 1294, 128.7, 127.7, 127.6, 126 .9, 126.7, 121.7,
112.3,107.4,104.1,92.7,89.9, 89.0, 57.6, 55.6, 55.0. m.p. 196-198 °C (CDCls); IR vmax (film): 2961,
2838, 1680, 1623, 1540, 1513, 1501, 1454, 1250, 1148, 1020, 813, 731, 699, 573. HR/MS: m/z Calcd
for [C34H29N,06]+ 561.2026, found 561.2029 (0.5346 ppm). rf = 0.6 (3% acetone in CH,Cl»)
[00293]
(5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-
methoxyphenyl)-2-methyl-5-phenyl-3,5,5a,10b-tetrahydro-4H-
benzofuro[2',3':4,5]cyclopenta[l,2-d]pyrimidin-4-one (12b)
'H NMR (500 MHz, CDCls) & 7.09 — 6.98 (m, 5H), 6.93 — 6.84 (m,
2H), 6.56 (d,J=9.0 Hz, 2H), 6.20 (d,J=2.0 Hz, 1H), 6.04 (d,/=1.9
Hz, 1H), 4.67 (s, 1H), 3.81 (s, 3H), 3.79 (s, 3H), 3.66 (s, 3H), 3.30 (s,
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1H), 2.32 (s, 3H). *C NMR (126 MHz, CDCl;) 5 168.1, 163.6, 162.3, 160.8, 160.6, 158.6, 158.1, 136.7,
129.2, 128.8, 127.6, 126.8, 126.7, 1214, 112.2, 107.1, 103.6, 92.7, 90.2, 89.0, 57.0, 55.6, 55.0, 21.8.
ESIMS m/z: 499.1, [IM+H]+. rf = 0.5 (5% acetone in CH,Cl,).

[00294]

(5R,5aR,10bS)-2-Benzyl-10b-hydroxy-8,10-dimethoxy-5a-(4-
methoxyphenyl)-5-phenyl-3,5,5a,10b-tetrahydro-4H-

benzofuro[2',3":4,5]cyclopenta[1,2-d]pyrimidin-4-one (12c)
'H NMR (500 MHz, CDCls) & 7.19 — 7.15 (m, 5H), 7.10 — 7.04 (m,
5H), 6.94 - 6.88 (m, 2H), 6.58 (d,/=9.0Hz, 2H), 6.23 (d,J=19 Hz,
1H), 6.06 (d, J=1.9 Hz, 1H), 4.63 (s, 1H), 3.98 (d, J= 14.4 Hz, 1H),
3.82(d, J=14.4 Hz, 1H), 3.81 (s, 6H), 3.67 (s, 3H), 3.24 (s, 1H). “C
NMR (126 MHz, CDCl3) 6 168.1, 163.7, 162.0, 161.8, 160.8, 158.6, 158.1, 136.5, 134.8, 129.4, 1293,
128.7, 128.6, 127.5, 127.3, 126 .8, 126.7, 121.5, 112.3, 107.2, 104.2, 92.7, 89.8, 88.9, 57.3, 55.6, 555,
55.0,41.7. ESIMS m/z: 575.3, [IM+H]+. if = 0.5 (3% acetone in CH;Cl,).
[00295]

(5R,5aR,10bS)-10b-Hydroxy-2-isopropyl-8,10-dimethoxy-5a-(4-
methoxyphenyl)-5-phenyl-3,5,5a,10b-tetrahydro-4H-

benzofuro[2',3':4,5]cyclopenta[1,2-d]pyrimidin-4-one (12d)
'H NMR (400 MHz, CDCls) § 7.12 — 7.00 (m, 5H), 6.95 — 6.85 (m,
2H), 6.56 (d,J=89Hz,2H), 6.21 (d,/=19Hz 1H),6.03(d,/=1.9
Hz, 1H), 4.65 (s, 1H), 3.80 (s, 6H), 3.66 (s, 3H), 3.41 (s, 1H), 2.83 (p,
J=6.9Hz, 1H), 1.22 (t,J=7.4 Hz, 6H). *C NMR (101 MHz, CDCl;)
6168.1,168.0,163.5,161.9,160.6, 158.5, 158.0,136.7,129.3, 128.7, 127.5,127.0, 126.5, 121.1, 112 .2,
107.5,103.9,92.6, 89.8, 88.9, 574, 55.6, 554, 55.0,34.3, 20.8, 20.0. ESI MS m/z: 527.3, [M+H]+. if
=0.6 (5% acetone in CH,Cl»).
[00296]

OMe

(5R,5aR,10bS)-2-Cyclohexyl-10b-hydroxy-8,10-dimethoxy-5a-(4-
methoxyphenyl)-5-phenyl-3,5,5a,10b-tetrahydro-4H-
benzofuro[2',3":4,5]cyclopenta[l,2-d]pyrimidin-4-one (12¢)
'H NMR (400 MHz, CDCls) § 7.03 — 6.92 (m, 5H), 6.87 — 6.79 (m,
2H), 6.50 (d, J=8.9 Hz, 2H), 6.19 (d,J=2.0 Hz, 1H), 6.00 (d,/=2.0
Hz, 1H), 4.52 (s, 1H), 3.76 (s, 3H), 3.75 (s, 3H), 3.61 (s, 3H), 2.95 (s,
1H), 2.55 (tt, J=12.0, 3.5 Hz, 1H), 1.95 — 1.81 (m, 2H), 1.80 — 1.68
(m, 2H), 1.56 (m, 3H), 1.32 - 1.16 (m, 2H), 1.16 — 1.04 (m, 1H). *C NMR (101 MHz, CDCl; + CD;0D)

90



WO 2020/086562 PCT/US2019/057413

0 168.1,167.1,163.5,161.5,160.6, 158.4, 158.0, 136.4, 129.1, 128.5, 1273, 127.0, 126 .4, 120.9, 112.1,
107.6, 104.3, 92.5, 89.3, 88.9, 57.3, 55.6, 55.3, 55.0, 44.0, 30.8, 30.1, 25.8, 25.6, 25.4. ESI MS m/z:
5672, [IM+H]+. rf = 0.2 (5% acetone in CH,Cly).
[00297]
(5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-

methoxyphenyl)-5-phenyl-3,5,5a,10b-tetrahydro-4H-
benzofuro[2',3':4,5]cyclopenta[l,2-d]pyrimidin-4-one (12f)
The amidine reaction partner carbomethoxyformamidine was used at
a concentration of 0.2 M. Spontaneous decarboxylation occurred to
afford pyrimidinone 12f. 'H NMR (500 MHz, (CDs),SO) & 8.25 (s,
1H), 7.07 — 7.00 (m, 3H), 6.97 (d, J = 8.9 Hz, 2H), 6.82 — 6.77 (m,
2H), 6.51 (d, J=8.9 Hz, 2H), 6.22 (d, J= 1.9 Hz, 1H), 6.09 (d, J= 2.0 Hz, 1H), 5.93 (s, 1H), 4.40 (s,
1H), 3.72 (s, 3H), 3.71 (s, 3H), 3.58 (s, 3H). *C NMR (126 MHz, (CD5),SO) & 167.3, 163.0, 160.6,
159.7, 158.6, 158.3, 151.4, 137.8, 129.6, 129.3, 128.2, 127.8, 126.8, 1243, 112.2, 108.2, 102.5, 92.9,
90.6, 89.4,57.0,55.9,559,55.4,552 ESIMS m/z: 485.2, [M+H]+. rf = 0.3 (3% acetone in CH,Cl).
[00298]

[00299] Methyl 2-((5R,5aR,10bS)-10b-hydroxy-8,10-dimethoxy-5a-(4-methoxyphenyl)-4-oxo-
5-phenyl-4,5,5a,10b-tetrahydro-3H-benzofuro[2',3":4,5]cyclopenta[1,2-d]pyrimidin-2-yl)acetate
(12g)

Ethyl 2-amidinoacetate hydrochloride was used as a condensation partner. However, it was discovered
that ester exchange occurred during the reaction due to the presence of methanol in the reaction system.
Accordingly, a 41% yield of 12g was isolated along with the corresponding ethyl ester (see 'H NMR
spectrum on page S92). Additionally, slow tautomerization of the products was noticed, wherein both
tautomers were separated using PTLC (two bands). Two tautomers were found to transform into each
other during product elution. The ratio of the major and minor tautomers was 10:1. NMR data for the
major tautomer: 'H NMR (500 MHz, CDCl3) § 7.11 — 7.02 (m, 5H), 6.88 (dd, J=6.6, 2.8 Hz, 2H), 6.55
(d,/J=9.0Hz, 2H), 6.20 (d, /= 1.9 Hz, 1H), 6.04 (d, J=2.0 Hz, 1H), 4.68 (s, 1H), 3.80 (s, 3H), 3.79

(s, 3H),3.76 (d,J= 1.4 Hz, 1H), 3.69 (s, 3H), 3.66 (s, 3H). °C NMR (126 MHz, CDCls) 5 168.7, 167.1,
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163.6, 160.8, 160.6, 158.6, 158.1, 155.8, 136.4, 129.2, 128.8, 127.7, 126.8, 126.7, 123.1, 112.3, 107.0,
103.4,92.7,90.2, 89.0, 57.1, 55.60, 55.57, 55.0, 52.7, 39.9. ESI MS m/z: 557 4, [IM+H|+. rf = 0.7 (5%
acetone in CH,Clb).
[00300] (5R,5aR,10bS)-2-Cyclopropyl-10b-hydroxy-8,10-
dimethoxy-5a-(4-methoxyphenyl)-5-phenyl-3,5,5a,10b-
tetrahydro-4H-benzofuro[2',3':4,5]cyclopenta|[1,2-d] pyrimidin-4-
one (12h)
'HNMR (500 MHz, CDCl5) 6 7.03 (t,J=5.9 Hz, 5H), 6.95 — 6.84 (m,
2H), 6.55 (d, J=8.5 Hz, 2H), 6.21 (s, 1H), 6.02 (s, 1H), 4.63 (s, 1H),
OMe 379 (s, 3H), 3.78 (s, 3H), 3.66 (s, 3H), 3.44 (bs, 1H), 1.67 (bs, 1H),
1.33 (bs, 1H), 1.10 (bs, 1H), 0.95 (d, J = 8.3 Hz, 2H). *C NMR (126 MHz, CDCls) & 168.7, 166.0,
163.5,162.3, 160.6, 158.5, 157.9, 136.8, 129.3, 128.6, 127.4, 127.0, 126 4, 119.6, 112.2, 107.5, 103.8,
925, 89.6, 88.9, 574, 556, 553, 55.0, 14.2, 11.1, 10.5. ESI MS m/z: 525.5, [M+H]+. f = 0.15
(EA:Hex=2:1).
[00301]
(5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-2-(methoxymethyl)-Sa-(4-methoxyphenyl)-5-
phenyl-3,5,5a,10b-tetrahydro-4H-benzofuro[2',3':4,5]cyclopenta[1,2-d]pyrimidin-4-one (12i)

MeQ
SNH
N\ . /::'::Q
Me(% HO\; ‘WL
"‘.«"’b‘.:-l‘r"f .‘\"‘.-""( Ph
! YN
MeQ T S

12i
'HNMR (400 MHz, CDCl3) § 7.10 — 7.02 (m, 5H), 6.92 — 6.86 (m, 2H), 6.56 (d, J = 8.5 Hz, 2H), 6.21
(d,J=2.0 Hz, 1H), 6.04 (d, J= 2.0, 1H), 4.71 (s, 1H), 4.55 (d, J= 154 Hz, 1H), 4.46 (d, J= 154 Hz,
1H), 3.81 (s, 3H), 3.79 (s, 3H), 3.66 (s, 3H), 3.47 (d, 3H), 3.20 (s, 1H). *C NMR (101 MHz, CDCLs) &
166.7, 163.6, 160.9, 159.9, 159.6, 158.6, 158.4, 136.5, 129.2, 128.8, 127.7, 126.8, 126.8, 123.2, 112.3,
107.0, 103.4, 92.7, 90.3, 89.1, 70.8, 59.5, 57.1, 55.61, 55.58, 55.0. ESI MS m/z: 529.2, [M+H]+. rf =

O\> 0.1 (2% acetone in CH,Cl,).
<\N [00302]

(5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-
methoxyphenyl)-2-morpholino-5-phenyl-3,5,5a,10b-tetrahydro-
4H-benzofuro[2',3':4,5]cyclopenta|1,2-d]pyrimidin-4-one (12j)
'H NMR (500 MHz, CDCls) § 7.07 — 7.00 (m, 5H), 6.89 (dd, J=17.5,
2.1 Hz, 2H), 6.54 (d, J = 9.0 Hz, 2H), 6.22 (d, J = 2.0 Hz, 1H), 6.02
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(d, J=2.0 Hz, 1H), 4.49 (s, 1H), 3.79 (s, 3H), 3.74 (s, 3H), 3.65 (s, 3H), 3.54 — 3.43 (m, 4H), 3.39 -
3.25 (m, 5H). ®C NMR (126 MHz, CDCl5) & 169.9, 163.4, 163.1, 160.7, 158 4, 158.0, 155.6, 137.7,
129.2, 128.5, 127.2, 127.1, 126 .3, 112.2, 110.3, 107.7, 104.0, 92.5, 89.7, 88.9, 66.1, 57.2, 55.6, 55.3,
55.0,44.8. ESIMS m/z: 5704, [M+H]+. rf = 0.2 (10% acetone in CH,Cl,).
[00303]

MeO (5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-2,5a-bis(4-

methoxyphenyl)-5-phenyl-3,5,5a,10b-tetrahydro-4H-

benzofuro[2',3':4,5]cyclopenta[l,2-d]pyrimidin-4-one (12k)
'H NMR (400 MHz, CDCl3) § 8.07 (d, J = 8.6 Hz, 2H), 7.15 - 7.08
(m, 5H), 7.07 - 7.01 (m, 2H), 6.60 — 6.51 (m, 4H), 6.24 (d,J=2.0 Hz,
1H), 6.05 (d, J=2.0 Hz, 1H), 4.76 (s, 1H), 3.84 (s, 3H), 3.80 (s, 6H),
3.67 (s, 3H), 3.52 (s, 1H). "C NMR (101 MHz, CDCl3) § 168.6, 163.6,
162.6, 162.3, 160.7, 158.5, 158.2, 158.0, 137.0, 129.5, 129.4, 128.6,
127.5, 126.9, 126.6, 124.1, 120.5, 114.1, 112.2, 107.5, 104.1, 92.6,
89.8,89.0,57.6,55.62,55.60,55.5,55.0. ESIMS m/z: 591 .3, [M+H]+. rf = 0.3 (1% acetone in CHzCl,).

[00304]
Me (5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-

methoxyphenyl)-5-phenyl-2-(p-tolyl)-3,5,5a,10b-tetrahydro-4H-
benzofuro[2',3':4,5]cyclopenta[l,2-d]pyrimidin-4-one (12I)
1. 'HNMR (500 MHz, CD,Cl, + CD;0D) § 8.00 (d, /= 8.3 Hz,
2H), 7.34 (d, J = 7.6 Hz, 1H), 7.09 — 7.03 (m, 5H), 6.95 — 6.89 (m,
2H), 6.53 (d, J=9.0 Hz, 2H), 6.25 (d, /=19 Hz, 1H), 6.09 (d, J =
2.0Hz, 1H), 4.59 (s, 1H), 3.84 (s, 3H), 3.78 (s, 3H), 3.63 (s, 3H), 2.43
(s, 3H). ®C NMR (101 MHz, CDCl;) & 168.5, 163.6, 162.6, 160.7,
158.8, 158.6, 158.1, 142.2, 137.1, 1294, 129.0, 128.7, 127.7, 127.6,
127.0, 126.6, 121.1, 112.2, 107.5, 104.1, 92.6, 89.9, 89.0, 57.6, 55.6, 55.6, 55.0, 21.5. m.p. >260 °C
(CDCly); IR vmax (film): 1663, 1623, 1544, 1515, 1455, 1253, 1203, 1149, 1023, 829. HR/MS: m/z
Calcd for [C3sH31N206]+ 575.2182, found 575.2186 (0.6954 ppm). rf = 0.4 (1% acetone in CH,Cl,).
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[00305] (5R,5aR,10bS)-2-(4-(Benzyloxy)phenyl)-10b-

BnO

hydroxy-8,10-dimethoxy-5a-(4-methoxyphenyl)-5-phenyl-
3,5,5a,10b-tetrahydro-4H-benzofuro[2',3':4,5]cyclopenta|1,2-
d]pyrimidin-4-one (12m)
'HNMR (500 MHz, (CD5),S0) 6 8.21 (d, /= 8.6 Hz, 2H), 7.49 — 7.46
(m, 2H), 7.40 (t, J=7.4 Hz, 2H), 736 — 7.32 (m, 1H), 7.19 (d,J=9.0
Hz, 2H), 7.06 — 7.01 (m, 3H), 6.99 (d, /= 8.9 Hz, 2H), 6.85 (dd, J =
6.9, 2.7 Hz, 2H), 6.52 (d, J = 9.0 Hz, 2H), 6.26 (d, J = 2.0 Hz, 1H),
6.12 (d,J=2.0Hz, 1H), 5.93 (s, 1H), 5.21 (s, 2H), 4.41 (s, 1H), 3.79
(s, 3H), 3.73 (s, 3H), 3.58 (s, 3H). “C NMR (126 MHz, (CD;),S0) § 167.7, 163.1, 161.6, 161.0, 160.6,
158.7,158.3, 158.0, 138.0, 137.0, 130.1, 129.6, 129.2, 128.9, 128 .5, 128.3, 128.3, 127.7, 126.7, 1251,
120.8, 115.3, 112.2, 108.6, 103.2, 93.0, 90.3, 89.4, 69.9, 57.3, 55.98, 55.94, 55.2. ESI MS m/z: 667.3,
[M+H]+. if = 0.4 (1% acetone in CH»Cl»).
[00306]
Me,N (5R,5aR,10bS)-2-(4-(Dimethylamino)phenyl)-10b-hydroxy-8,10-
dimethoxy-5a-(4-methoxyphenyl)-5-phenyl-3,5,5a,10b-

tetrahydro-4H-benzofuro[2',3':4,5]cyclopenta[1,2-d]pyrimidin-4-
one (12n)

The product was isolated as pale-yellow solids. The para-N,N-
dimethylaniline motif gives this compound strong fluorescence under
sunlight, which may be useful for future mechanistic and target ID
studies. The excitation/emission profiles of 12n are provided on page
S74. 'THNMR (500 MHz, CDCI; + CD;0D) 6 7.93 (d, J=8.8 Hz, 2H),
6.99 (d, /= 8.7 Hz, 2H), 6.97 — 6.93 (m, 3H), 6.86 — 6.81 (m, 2H), 6.67 (d, J= 8.9 Hz, 2H), 6.46 (d, J
=8.8 Hz, 2H), 6.15 (d,J/=2.0Hz, 1H), 5.98 (d,J=2.0 Hz, 1H), 3.78 (s, 3H), 3.72 (s, 3H), 3.57 (s, 3H),
3.00 (s, 6H). ®C NMR (126 MHz, CDCl; + CD;0D) & 168.8, 163.7, 162.0, 160.8, 159.0, 158.5, 158.3,
153.0, 137.0, 129.4, 129.3, 129.1, 128.8, 127.6, 127.4, 126.6, 119.5, 118.6, 112.2, 111.6, 108.0, 104.2,
92.8,89.7,89.1,57.6,55.7,55.6,55.1, 40.1.

[00307]

(5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-methoxyphenyl)-5-phenyl-2-(4-
(trifluoromethyl)phenyl)-3,5,5a,10b-tetrahydro-4H-benzofuro[2',3':4,5]cyclopenta][1,2-
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d]pyrimidin-4-one (120)

'H NMR (400 MHz, CD:Cl,) & 8.29 — 8.24 (m, 2H), 7.71 (d, J =82
Hz, 2H), 7.10 - 7.05 (m, 5H), 6.97 - 6.92 (m, 2H), 6.55 (d,/=9.2 Hz,
2H), 6.26 (d, J=2.0 Hz, 1H), 6.09 (d, J = 2.0 Hz, 1H), 4.64 (s, 1H),
3.83 (s, 3H), 3.79 (s, 3H), 3.78 (s, 3H), 3.64 (s, 3H). ®C NMR (101
MHz, CDCI; + CD;0D) 6 168.2, 163.6, 161.7, 160.7, 158.4, 158.1,
157.2,136.4,135.3,133.1(q,J =32.6 Hz), 129.1, 128.6, 128 2, 127 4,
1269, 126.6, 125.6 (q, J = 3.7 Hz), 123.6 (q, J = 270.9 Hz), 122.6,
112.1,107.3,104.1, 92.6, 89.5, 89.0, 57.5, 55.44, 55.36,54.9. ESI MS

m/z: 629.2, [IM+H]+. if = 0.1 (EA:Hex=2:1).

[00308]

(5R,5aR,10bS)-2-(4-Fluorophenyl)-10b-hydroxy-8,10-dimethoxy-
5a-(4-methoxyphenyl)-5-phenyl-3,5,5a,10b-tetrahydro-4H-
benzofuro[2',3':4,5]|cyclopenta[1,2-d]pyrimidin-4-one (12p)
'H NMR (400 MHz, CDCls) § 8.16 — 8.04 (m, 2H), 7.17 — 7.07 (m,
5H), 7.05-6.90 (m, 2H), 6.74 (t,J=8.5 Hz, 2H), 6.62 — 6.47 (m, 2H),
624 (d,J=2.1Hz 1H), 6.05 (d, /= 2.2 Hz, IH), 4.75 (s, 1H), 3.84
(s, 3H), 3.80 (s, 3H), 3.67 (s, 3H), 3.49 (s, 1H). *C NMR (101 MHz,
CDCls) 6 168.66, 16494 (d, J= 252 Hz), 163.7, 162.7, 160.7, 158.6,
158.0, 157.6, 136.8, 130.2 (d, J=9.2 Hz), 1294, 128.6, 127.9, 127 .8,

127.6,126.8 (d,J=3.3 Hz), 1214, 1158 (d, J=22.0 Hz), 112.3, 107.3, 104.2, 92.7, 89.8, 89.0, 57.6,
55.63, 55.60, 55.0. ESI MS m/z: 579.3, [M+H]+. rf = 0.1 (EA:Hex=2:1).

[00309]

Cl

(5R,5aR,10bS)-2-(4-Chlorophenyl)-10b-hydroxy-8,10-dimethoxy-
5a-(4-methoxyphenyl)-5-phenyl-3,5,5a,10b-tetrahydro-4H-
benzofuro[2',3':4,5]|cyclopenta[1,2-d]pyrimidin-4-one (12q)
'H NMR (500 MHz, CD,Cl, + CD;0D) & 8.07 (d, J = 8.6 Hz, 2H),
744 (d, J = 8.6 Hz, 2H), 7.10 — 7.02 (m, 5H), 6.96 — 6.89 (m, 2H),
6.53 (d,J=9.0 Hz, 2H), 6.25 (d, /= 2.0 Hz, 1H), 6.08 (d, /=2.0 Hz,
1H), 4.60 (s, 1H), 3.82 (s, 3H), 3.78 (s, 3H), 3.63 (s, 3H). *C NMR
(126 MHz, CD,Cl, + CDs;0D) 6 1684, 164.3, 162.2, 161.2, 159.1,
158.7, 158.3, 138.7, 137.2, 131.3, 1298, 129.7, 129.6, 129.1, 127.9,

1277, 127.1, 122.5, 112.5, 108.0, 104.8, 93.0, 90.0, 89.5, 58.0, 56.0, 55.9, 55.4. ESI MS m/z: 595.3,

[M+H]+. rf = 0.2 (EA:Hex=1:1).

[00310]
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Br (5R,5aR,10bS)-2-(4-Bromophenyl)-10b-hydroxy-8,10-dimethoxy-
5a-(4-methoxyphenyl)-5-phenyl-3,5,5a,10b-tetrahydro-4H-
benzofuro[2',3':4,5]cyclopenta[l,2-d]pyrimidin-4-one (12r)
'H NMR (400 MHz, CD,Cl, + CD;0D) § 8.02 (d, J = 8.6 Hz, 2H),
7.62 (d, J=28.6 Hz, 2H), 7.12 — 7.04 (m, 5H), 695 (dd, J=6.6, 2.9
Hz, 2H), 6.56 (d, J=9.0 Hz, 2H), 6.27 (d,J=1.9 Hz, 1H), 6.10 (d, J
=2.0 Hz, 1H), 4.62 (s, 1H), 3.84 (s, 3H), 3.80 (s, 3H), 3.65 (s, 3H).
BC NMR (126 MHz, CD,Cl, + CD;0D) § 168.2, 164.3, 161.1, 159.1,
158.6, 158.6, 158.3, 137.2, 132.6, 131.6, 129.8, 129.7, 129.2, 127.9,
127.6, 127.2, 127.1, 122.6, 112.6, 108.0, 104.7, 93.0, 90.1, 89.6, 58.0, 56.1, 56.0, 55.4. ESI MS m/z:
640.4. 642 .4, [M+H]+.
[00311]

(5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-2-(3-
MeO methoxyphenyl)-5a-(4-methoxyphenyl)-5-phenyl-3,5,5a,10b-
tetrahydro-4H-benzofuro[2',3':4,5]cyclopenta[1,2-d]pyrimidin-4-
one (12s)
'H NMR (500 MHz, CDCl5) & 7.72 (t, J = 2.1 Hz, 1H), 7.63 (dt, J =
7.6, 1.3 Hz, 1H), 7.10 — 7.05 (m, 5H), 7.03 (t,.J= 7.9 Hz, 1H), 7.00 —
6.94 (m, 3H), 6.56 (d, J=9.0 Hz, 2H), 6.21 (d, /= 1.9 Hz, 1H), 6.05
(d, /=19 Hz, 1H), 4.76 (s, 1H), 3.85 (s, 3H), 3.79 (s, 3H), 3.71 (s,
3H), 3.66 (s, 3H), 3.65 (bs, 1H). >C NMR (126 MHz, CDCl;) § 168.3, 163.5, 162.2, 160.7, 159.8,
158.6, 158.5, 158.0, 136.8, 133.0, 129.8, 129.3, 128 .8, 127.6, 127.0, 126.8, 121.9, 119.9, 118.8, 112.2,
112.0, 107.4, 103.6, 92.6, 90.1, 89.1, 57.5, 55.60, 55.57, 55.3, 55.0. m.p. 159-162 °C; IR vmax (film):
2932,2838, 1660, 1611, 1547, 1514, 1500, 1465, 1250, 1220, 1148, 1112, 1041, 980, 817, 699. HR/MS:
m/z Calcd for [C3sH31N207 ]+ 591.2131, found 591.2115 (2.7063 ppm). rf = 0.4 (3% acetone in CH2Cls).

[00312]

(5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-
methoxyphenyl)-5-phenyl-2-(m-tolyl)-3,5,5a,10b-tetrahydro-4H-

Me

benzofuro[2',3':4,5]|cyclopenta[l,2-d]pyrimidin-4-one (12t)

'H NMR (500 MHz, CDCl;) & 8.04 (s, 1H), 7.86 (d, J = 7.4 Hz, 1H),
722 (d,J =176 Hz 1H), 7.12 — 7.06 (m, 5H), 7.01 — 6.96 (m, 3H),
6.56 (d,J=9.0 Hz, 2H), 6.22 (d, /= 1.8 Hz, 1H), 6.05 (d, /= 1.9 Hz,
1H), 4.78 (s, 1H), 3.86 (s, 3H), 3.79 (s, 3H), 3.67 (s, 3H), 3.58 (bs,
1H), 2.21 (s, 3H). *C NMR (126 MHz, CDCl;) § 168.3, 163.5, 162.4,
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160.7, 158.7, 158.6, 158.1, 138.5, 136.9, 132.6, 131.6, 129.3, 128.8, 128.6, 128.4, 127.6, 127.0, 126.7,
124.7,121.6, 112.21 107.5, 103.7, 92.6, 90.0, 89.0, 57.6, 55.60, 55.56, 55.0, 21.3. ESI MS m/z: 575 .3,
[M+H]+. rf = 0.35 (3% acetone in CH,Cl»).
[00313]
(5R,5aR,10bS)-2-(3-(Benzyloxy)phenyl)-10b-hydroxy-8,10-
dimethoxy-5a-(4-methoxyphenyl)-5-phenyl-3,5,5a,10b-

BnO

tetrahydro-4H-benzofuro[2',3':4,5]cyclopenta[1,2-d]pyrimidin-4-
one (12u)

'H NMR (500 MHz, CDCls) 6 7.87 (t,J = 2.1 Hz, 1H), 7.61 (d, J =
7.8 Hz, 1H), 7.43 — 7.36 (m, 4H), 7.36 — 7.31 (m, 1H), 7.08 (d,J=9.0
Hz, 2H), 7.06 — 7.02 (m, 4H), 6.99 (t, /= 7.9 Hz, 1H), 6.95 - 6.90 (m,
2H), 6.56 (d,J=9.0Hz,2H), 6.21 (d,/=19Hz, 1H),6.05(d,/=1.9
Hz, 1H), 5.09 (d, J=11.8 Hz, 1H), 5.06 (d, /= 11.7 Hz, 1H), 4.76 (s, 1H), 3.84 (s, 3H), 3.79 (s, 3H),
3.66 (s, 3H). >C NMR (126 MHz, CDCl;) § 168.2, 163.5, 162.3, 160.7, 158.9, 158.6, 158.4, 158.0,
136.8, 136.7, 133.0, 130.0, 129.3, 128.8, 128.6, 128.0, 127.6, 127.5, 126 .9, 126.8, 122.0, 120.1, 119.3,
113.4,112.2,107.4,103.6,92.6,90.1, 89.1, 69.9, 57.5,55.62, 55.59,55.0. ESI MS m/z: 667.5, [M+H]+.
rf=0.3 (3% acetone in CH,Cl»).

[00314]

(5R,5aR,10bS)-2-(2-Ethoxyphenyl)-10b-hydroxy-8,10-
OEt dimethoxy-5a-(4-methoxyphenyl)-5-phenyl-3,5,5a,10b-
tetrahydro-4H-benzofuro[2',3':4,5]cyclopenta|[1,2-d] pyrimidin-4-
one (12v)
'H NMR (400 MHz, CDCl;) & 8.71 (dd, J = 8.0, 1.8 Hz, 1H), 7.51
(ddd,J=8.8,73,1.8 Hz, IH), 7.17 - 7.02 (m, 7H), 6.96 (dd, J=17.5,
2.0 Hz, 2H), 6.57 (d, J = 9.0 Hz, 2H), 6.23 (d, J = 1.9 Hz, 1H), 6.06
(d,J=1.9Hz, 1H), 4.79 (s, 1H), 4.31 (q,J= 7.0 Hz, 2H), 3.88 (s, 3H),
3.79 (s, 3H), 3.67 (s, 3H), 3.61 (s, 1H), 1.58 (t, J= 7.0 Hz, 3H). “C NMR (101 MHz, CDCls) & 167.0,
163.4, 160.7, 159.7, 158.5, 158.0, 157.3, 157.2, 136.8, 133.7, 131.7, 129.3, 128.9, 127.7, 127.1, 126 .7,
121.9, 121.6, 119.0, 112.7, 112.2, 107.5, 103.3, 92.6, 90.4, 89.0, 65.3, 57.6, 55.61, 55.60, 55.0, 14.6.
ESI MS m/z: 605.2, [M+H]+. rf = 0.3 (2% acetone in CH2Cl»).
[00315]
(5R,5aR,10bS)-2-(2-Chlorophenyl)-10b-hydroxy-8,10-dimethoxy-5a-(4-methoxyphenyl)-5-
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phenyl-3,5,5a,10b-tetrahydro-4H-
Cl benzofuro[2',3':4,5]cyclopenta[l,2-d]pyrimidin-4-one (12w)
'HNMR (500 MHz, CDCl; + CD;0D) 6 7.81 (d,J=7.4 Hz, 1H), 7.44
- 737 (m, 2H), 7.24 (ddd, J=7.8, 6.5, 2.1 Hz, 1H), 7.12 — 7.08 (m,
5H), 6.96 — 6.92 (m, 2H), 6.57 (d, J=9.0Hz, 2H), 6.22 (d, /= 1.9 Hz,
1H), 6.06 (d,J=1.9 Hz, 1H), 4.74 (s, 1H), 3.83 (s, 3H), 3.80 (s, 3H),
3.67 (s, 3H), 3.51 (s, 1H). ®C NMR (126 MHz, CDCl; + CD;0D) §
167.4, 163.6, 160.8, 160.4, 158.6, 158.1, 157.3, 136.5, 132.2, 131.99,
131.94,131.4,130.8, 129.3, 128.9, 127.7, 127.2, 126.82, 126.81, 123.0, 112.2, 107.1, 103.5, 92.7, 90.3,
89.0,574,55.62,55.58, 55.0. ESI MS m/z: 596.3, [M+H]+. rf = 0.3 (2% acetone in CH»Cly).
[00316]

(5R,5aR,10bS)-2-(6-Chloropyridin-3-yl)-10b-hydroxy-8,10-
dimethoxy-5a-(4-methoxyphenyl)-5-phenyl-3,5,5a,10b-
tetrahydro-4H-benzofuro[2',3':4,5]cyclopenta|[1,2-d] pyrimidin-4-
one (12x)
'HNMR (500 MHz, CD,Cl, + CD;0D) §9.13 (s, 1H), 8.39 (d, /=8 4
Hz, 1H), 7.39 (d,J= 8.4 Hz, 1H), 7.09-7.01 (m, 5H), 6.94 — 6.88 (m,
2H), 6.56 - 6.51 (m, 2H), 6.25 (d,J=19Hz, 1H), 6.08 (d,/J=1.8 Hz,
1H), 4.62 (s, 1H), 3.82 (s, 3H), 3.78 (s, 3H), 3.63 (s, 3H). “*C NMR
(126 MHz, CD,Cl; + CDs0D) 6 168.6, 164.3, 162.1, 161.2, 159.1,
158.7,156.3, 154.6, 149.8, 138.5, 137.1, 129.8, 129.2, 128.3, 127.9, 127.7, 127.1, 125.0, 123.2, 112.5,
107.9,104.6, 93.0,90.2, 89.5,58.0, 56.0, 55.9, 55.3. ESI MS m/z: 596.3, [M+H]+. rf = 0.6 (10% acctone
in CH,Cl,).

[00317]
(5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-
methoxyphenyl)-5-phenyl-2-(pyrazin-2-yl)-3,5,5a,10b-
tetrahydro-4H-benzofuro[2',3':4,5]cyclopenta[1,2-d]pyrimidin-4-
one (12y)
'H NMR (400 MHz, CDCl5) § 9.78 (s, 1H), 8.78 (d, J = 2.5 Hz, 1H),
8.61 (s, 1H), 7.16 — 7.06 (m, 5H), 7.00 — 6.91 (m, 2H), 6.57 (d,J=9.0
Hz, 2H), 6.21 (d, /=19 Hz, 1H), 6.07 (d, J = 1.9 Hz, 1H), 4.85 (s,
1H), 3.91 (s, 3H), 3.78 (s, 3H), 3.67 (s, 3H). “C NMR (101 MHz,
CDCls) 6 166.7, 163.6, 160.8, 159.1, 158.7, 158.1, 154.1, 147.2, 144 .4, 143.3, 1431, 136.5, 1293,
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129.1, 127.9, 127.1, 126 .8, 126 4, 112.2, 106.8, 102.8, 92.6, 90.6, 89.1, 57.5, 55.69, 55.62, 55.0. ESI
MS m/z: 563.2, [M+H]+. rf = 0.6 (10% acetone in CH,Cl,).
[00318]

(5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-
methoxyphenyl)-5-phenyl-2-(pyridin-3-yl)-3,5,5a,10b-tetrahydro-
4H-benzofuro|2',3':4,5]cyclopenta[l,2-d]pyrimidin-4-one (12z)
'HNMR (500 MHz, CD,Cl,) §9.30 (d, J=2.3 Hz, 1H), 8.69 (dd, J =
5.0,0.8Hz, 1H), 8.44 (dt,J=8.1, 1.9 Hz, 1H), 7.44 (ddd, J=8.1, 4.9,
09 Hz, 1H), 7.12 - 7.03 (m, 5H), 6.97 - 6.91 (m, 2H), 6.54 (d,J=9.0
Hz, 2H), 6.25 (d, /= 2.0 Hz, 1H), 6.09 (d, J = 2.0 Hz, 1H), 4.64 (s,
1H), 3.84 (s, 3H), 3.79 (s, 3H), 3.64 (s, 3H). ®C NMR (126 MHz,
CDy(Cly) 6 1684, 164.3, 162.0, 161.2, 159.1, 158.7, 157.1, 1521, 149.1, 137.2, 136.2, 129.8, 1294,
1292, 1279, 127.7, 127.1, 124.4, 123.2, 112.5, 107.9, 104.5, 93.0, 90.2, 89.5, 58.0, 56.0, 55.9, 55 4.
ESI MS m/z: 562.3, [M+H]+. rf = 0.3 (10% acetone in CH,Cly).

[00319]

(5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-
methoxyphenyl)-5-phenyl-2-(pyridin-4-yl)-3,5,5a,10b-tetrahydro-
4H-benzofuro[2',3':4,5]cyclopenta[l,2-d]pyrimidin-4-one (12aa)
2. 'HNMR (500 MHz, CD>Cl,) § 8.67 (d, J = 6.1 Hz, 2H), 8.09
(d,J=6.2 Hz, 2H), 7.09 — 7.03 (m, 5H), 6.95 — 6.90 (m, 2H), 6.54 (d,
J=9.0Hz, 2H), 6.25 (d, J = 1.9 Hz, 1H), 6.09 (d, J = 2.0 Hz, 1H),
4.62 (s, 1H), 3.84 (s, 3H), 3.78 (s, 3H), 3.64 (s, 3H). *C NMR (101
MHz, CDCl; + CD;0D) & 169.8, 168.0, 163.3, 161.6, 160.5, 158.2,
158.0, 149.2, 146.3, 137.8, 129.3, 128.6, 127.6, 127.2, 126.2, 122.4, 120.5, 112.0, 108.5, 103.9, 92 4,
89.7,89.0, 57.9, 55.44, 55.35, 54.9. ESI MS m/z: 562 3, [M+H]|+. f = 0.6 (10% acetone in CH,Cl,).

OMe

[00320]
= (5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-
,\\j / methoxyphenyl)-5-phenyl-2-(pyridin-2-yl)-3,5,5a,10b-tetrahydro-
J—NH 4H-benzofuro[2',3':4,5]cyclopenta[1,2-d]|pyrimidin-4-one (12ab)

'H NMR (400 MHz, CDCls) § 8.65 (d, J=3.9 Hz, 1H), 8.59 (d, J =
7.9 Hz, 1H), 7.92 (t, J = 7.8 Hz, 1H), 7.49 (dd, J = 7.4, 4.0 Hz, 1H),
7.19 — 7.04 (m, 5H), 6.98 — 6.92 (m, 2H), 6.57 (d, J = 8.9 Hz, 2H),
6.22 (d, J= 1.8 Hz, 1H), 6.06 (d, J= 1.9 Hz, 1H), 4.82 (s, 1H), 3.89
(s, 3H), 3.79 (s, 3H), 3.67 (s, 3H), 3.56 (s, 1H). *C NMR (101 MHz,
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CDCls) 6 167.0, 163.5, 160.8, 159.3, 158.6, 158.0, 155.6, 1489, 148.0, 137.5, 136.6, 129.3, 128.9,
127.8, 1269, 126.5, 125.2, 1222, 112.2, 107.2, 103.2, 92.7, 90.4, 89.1, 57.5, 55.62, 55.61, 55.0. ESI
MS m/z: 562 .4, [IM+H]+. if = 0.2 (10% acetone in CH,Cly).
[00321]
(5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-

methoxyphenyl)-2-(2-methylthiazol-4-yl)-5-phenyl-3,5,5a,10b-
tetrahydro-4H-benzofuro[2',3':4,5]cyclopenta[1,2-d]pyrimidin-4-
one (12ac)
'HNMR (500 MHz, CDCls) § 8.26 (s, 1H), 7.13 — 7.05 (m, 5H), 6.98
—6.89 (m, 2H), 6.57 (d,/=9.0 Hz, 2H), 6.22 (d, /= 1.9 Hz, 1H), 6.05
(d, J=2.0 Hz, 1H), 4.78 (s, 1H), 3.86 (s, 3H), 3.79 (s, 3H), 3.67 (s,
3H), 3.49 (s, 1H), 2.75 (s, 3H). ®C NMR (126 MHz, CDCl;) § 167.3,
167.2, 163.5, 160.8, 159.2, 158.6, 158.0, 152.6, 147.1, 136.7, 129.2, 128.9, 1278, 126.92, 126.86,
123.5,122.6,112.2,107.2,103.2,92.7,90.4, 89.1, 57.4, 55.64, 55.60, 55.0, 19.2. ESI MS m/z: 582.3,
[M+H]+. if = 0.5 (2% acetone in CH»Cly).
[00322]

OMe

(5aR,6R,13bS)-13b-Hydroxy-1,3-dimethoxy-5a-(4-
methoxyphenyl)-6-phenyl-6,9,10,11,12,13b-
hexahydrobenzofuro[2',3":4,5]cyclopenta|l,2-d]pyrido[1,2-
a]pyrimidin-7(5aH)-one (12ad)
"H NMR (400 MHz, CDCl3) & 7.11 — 7.02 (m, 5H), 6.91 — 6.86 (m,
2H), 6.56 (d, J= 9.0 Hz, 2H), 6.20 (d, J= 1.9 Hz, 1H), 6.05 (d,J= 1.8
OMe  Hz 1H), 4.70 (s, 1H), 4.02 (dt, J = 12.8, 5.6 Hz, 1H), 3.86 (dt, J =
12.8, 5.6 Hz, 1H), 3.84 (s, 3H), 3.79 (s, 3H), 3.66 (s, 3H), 3.27 (s, 1H), 3.07 (dd, J = 12.0, 6.3 Hz, 2H),
2.03 — 1.86 (m, 4H). ®C NMR (101 MHz, CDCls) & 164.5, 163.4, 161.6, 160.8, 160.1, 158.6, 158.1,
137.0,129.2, 128.9, 127.7,127.1, 126.7, 120.7, 112.2, 107.4, 103.4,92.7,90.5, 89.0, 37.5, 55.64, 55.38,
55.0,42.4,32.1,21.9, 19.1. ESI MS m/z: 539.2, [M+H]+. rf = 0.2 (EA:Hex=5:1).
[00323]

(5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-
methoxyphenyl)-3-methyl-2,5-diphenyl-3,5,5a,10b-tetrahydro-
4H-benzofuro[2',3':4,5]cyclopenta|l,2-d] pyrimidin-4-one (12ae)
Unlike the cycloamidines, N-substituted amidines was less reactive
which led to the formation of decarboxylated product 14 and retro-

Nazarov products 17. Meanwhile, small amount of oxazoline 15 was

found as the only undesired product. The assignment of
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regioselectivity was supports by 2D NMR data showing on page S119. 'H NMR (500 MHz, CDCls) &
7.64 —7.59 (m, 2H), 7.57 - 7.49 (m, 3H), 7.13 (d, J=9.0 Hz, 2H), 7.11 — 7.04 (m, 3H), 6.98 — 6.94 (m,
2H), 6.57 (d, J=9.0 Hz, 2H), 6.23 (d, J= 2.0 Hz, 1H), 6.07 (d, J= 2.0 Hz, 1H), 4.76 (s, 1H), 3.83 (s,
3H), 3.81 (s, 3H), 3.67 (s, 3H), 3.46 (s, 3H), 3.41 (s, 1H). *C NMR (126 MHz, CDCls) 6 164.7, 163.5,
162.1, 160.8, 160.6, 158.6, 158.0, 136.8, 135.1, 1304, 129.3, 128.8, 128.64, 128.60, 127.7, 127.0,
126.7, 121.5, 112.2, 107.5, 103.8, 92.7, 90.1, 89.0, 57.8, 55.63, 55.55, 55.0, 34.6. ESI MS m/z: 5753,
[M+H]+. rf = 0.3 (EA:Hex=2:1).
[00324]
(5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-

methoxyphenyl)-3,5-diphenyl-2-(phenylamino)-3,5,5a,10b-
tetrahydro-4H-benzofuro[2',3':4,5]cyclopenta|[1,2-d] pyrimidin-4-
one (12af)
'HNMR (500 MHz, CDCl3) § 7.64 — 7.51 (m, 5H), 7.39 (dd, J=8.2,
2.0Hz, 1H), 733 (dt,J=7.7, 1.8 Hz, 1H), 7.31 - 7.27 (m, 2H), 7.15
(d,J=8.9Hz, 2H), 7.10 — 7.02 (m, 4H), 7.00 — 6.96 (m, 2H), 6.57 (d,
J=8.9Hz, 2H), 6.22 (d, J= 1.8 Hz, 1H), 6.18 (s, 1H), 6.06 (d, J= 1.9 Hz, 1H), 4.79 (s, 1H), 3.86 (s,
3H), 3.81 (s, 1H), 3.80 (s, 3H), 3.67 (s, 3H). *C NMR (126 MHz, CDCls) § 165.5, 163.3, 160.8, 160.1,
158.5, 157.9, 152.3, 137.8, 134.2, 130.8, 130.2, 129.3, 129.2, 128.9, 128.8, 128.7, 127.7, 127.5, 126.6,
123.8, 120.3, 115.3, 112.0, 107.2, 102.8, 92.2, 91.1, 89.0, 57.5, 55.6, 55.5, 55.0. ESI MS m/z: 652 4,
[M+H]+. rf = 0.4 (EA:Hex=1:1).
[00325]

OMe

(6S,6aR,11bS)-11b-hydroxy-9,11-dimethoxy-6a-(4-
methoxyphenyl)-6-phenyl-1,2,3,6,6a,11b-hexahydro-SH-
benzofuro[2',3':4,5]|cyclopenta[l,2-d]pyrrolo[1,2-a]pyrimidin-5-
one (12ag)
'H NMR (500 MHz, CDCls) § 7.39 (d, J = 8.8 Hz, 2H), 7.15 - 7.06
(m, 3H), 6.90 (d, /= 8.9 Hz, 2H), 6.79 (d, /= 7.0 Hz, 3H), 5.99 (d, J
=2.0Hz, 1H), 5.68 (d, J=2.0 Hz, 1H), 498 (s, 1H), 4.13 (hept, J =
6.8, 6.2 Hz, 2H), 3.83 (s, 3H), 3.81 (s, 3H), 3.64 (s, 3H), 3.31 - 3.18 (m, 2H), 2.78 (s, 1H), 2.30 (dt, J
=13.8, 7.0 Hz, 2H). “C NMR (126 MHz, CDCls) § 166.8, 166.4, 163.6, 161.9, 159.3, 158.9, 157.6,
135.8, 130.3, 128.8, 127.5, 127.4, 126.8, 122.5, 113.5, 107.6, 100.0, 92.4, 90.1, 88.1, 57.5, 55.6, 555,
552,468,328, 19.5. ESIMS m/z: 525.2, [M+H]+. rf = 0.4 (EA:Hex=4:1).

[00326]
(55,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-methoxyphenyl)-2,5-diphenyl-3,5,5a,10b-
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tetrahydro-4H-benzofuro[2',3':4,5]cyclopenta|[1,2-d] pyrimidin-4-
one (12ah)

3. The product was isolated as pale-yellow solids. 'H NMR (500
MHz, Chloroform-d) 6 8.04 (d,J=7.1 Hz, 1H), 7.51 — 7.47 (m, 1H),
7.45 - 7.40 (m, 2H), 7.34 (d, J = 8.9 Hz, 2H), 7.10 — 7.00 (m, 3H),
6.83 (d,/J=89Hz, 2H), 6.77 - 6.71 (m, 2H), 5.93 (d, /= 2.0 Hz, IH),
5.62 (d,J=2.0 Hz, 1H), 4.95 (s, 1H), 3.79 (s, 3H), 3.73 (s, 3H), 3.57
(s, 3H). ®C NMR (101 MHz, cdsod) & 168.1, 163.6, 161.6, 161.4, 159.4, 159.1, 157.7, 135.9, 132.3,
131.9,131.2,128.7,128.6, 127.7, 127.3, 127.2, 126.6, 123.2, 113.3, 108.0, 99.6, 92.2, 88.9, 88.0, 58.0,
5521, 55.18, 54.9. ESI MS m/z: 561 4, [M+H]+. rf = 0.3 (EA:Hex=1:1).

OMe

[00327] Late-Stage Functionalization of Aglaroxin C Analogues:

Mel, Cs,CO3

acetone, overnight
14% N

Me N

12aj OMe

SCHEME 7

[00328] Methylation of pyrimidinone 12a:

To mixture of 18.2 mg 12a and 21.1 mg of Cs,CO; (2 equiv), 0.6 mL of an acetone solution of Mel
(3.0 uL, 1.5 equiv) was added dropwise at rt. The reaction was stirred overnight. After quenching the
reaction with sat. aq. ammonium chloride, the mixture of crude products was obtained by extraction
with ethyl acetate, drying with Na,SQy, filtration, and concentration. The mixture was isolated using
preparative TLC using 2% acetone in CH»Cl, as eluent. Four products 12ae, 12ai, 12aj, and 12ak were
isolated in 15%, 35%, 14%, and 31% yields, respectively, Scheme 7. Of note, 12ae was synthesized
using direct pyrimidinone formation (see characterization data on pages S22) The 'H NMR signal for
the tertiary methoxys in 12aj and 12ak was shiclded by the phloroglucinol ring and was found at 0
2.63 ppm and 2.72 ppm, respectively.
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[00329]

(5R,5aR,10bS)-8,10,10b-Trimethoxy-5a-(4-methoxyphenyl)-3-
methyl-2,5-diphenyl-3,5,5a,10b-tetrahydro-4H-

benzofuro[2',3':4,5]cyclopenta[1,2-d]pyrimidin-4-one (12ai)
'H NMR (500 MHz, CDCls) & 7.66 — 7.59 (m, 2H), 7.54 — 7.50 (m,
3H), 7.17 (d, J = 9.0 Hz, 2H), 7.08 — 6.97 (m, 3H), 6.90 — 6.81 (m,
2H), 6.56 (d,J=9.0 Hz, 2H), 6.33 (d,J=2.0 Hz, 1H), 6.13 (d,/=2.0
Hz, 1H), 4.47 (s, 1H), 3.87 (s, 6H), 3.68 (s, 3H), 3.41 (s, 3H), 2.62 (s,
3H). ®C NMR (126 MHz, CDCl5) § 164.9, 164.1, 161.6, 161.5, 160.1,
158.7, 158.4, 136.0, 135.4, 130.2, 129.0, 128.64, 12855, 127.7, 1274, 127.2, 126.3, 1209, 112.2,
104.1, 103.5, 93.8, 92.6, 88.8, 58.9, 55.7, 55.4, 55.0, 51.8, 34.3. m.p. 134-138 °C (CDCls); IR vmax
(film): 1679, 1616, 1594, 1515, 1497, 1425, 1249, 1148, 1075, 818, 700. HR/MS: m/z Calcd for
[C36H33N206]+ 589.2339, found 589.2323 (2.7154 ppm). rf = 0.2 (2% acetone in CH,Cl,).
[00330]

(5R,5aR,10bS)-4,8,10-Trimethoxy-5a-(4-methoxyphenyl)-2,5-

diphenyl-5,5a-dihydro-10bH-benzofuro[2',3':4,5]|cyclopenta][1,2-
d]pyrimidin-10b-ol (12a))
'H NMR (500 MHz, CDCls) & 8.62 — 8.57 (m, 2H), 7.54 — 7.47 (m,
3H), 7.09 — 7.01 (m, 3H), 7.03 (d, J = 9.0 Hz, 2H), 6.88 — 6.82 (m,
2H), 6.55 (d,J=9.0 Hz, 2H), 6.24 (d, /=19 Hz, 1H), 6.06 (d, J=2.0
Hz, 1H), 4.75 (s, 1H), 3.95 (s, 3H), 3.87 (s, 3H), 3.80 (s, 3H), 3.70 (s,
1H), 3.66 (s, 3H). ®C NMR (126 MHz, CDCls) 5 171.7, 166.3, 164 8,
163.6, 160.5, 158.6, 158.1, 137.7, 136.9, 130.6, 129.2, 128.5, 128.4, 128.4, 127.5, 126.9, 126.6, 116 4,
112.3,108.0, 104.7, 92.7, 89.4, 89.1, 57.4, 55.67, 55.61, 55.0, 53.6. ESI MS m/z: 5753, [M+H]+. rf =
0.2 (2% acetone in CH,Cl»).
[00331]

(5R,5aR,10bS)-4,8,10,10b-Tetramethoxy-5a-(4-methoxyphenyl)-
2,5-diphenyl-5a,10b-dihydro-5H-
benzofuro[2',3':4,5]cyclopenta[l,2-d]pyrimidine (12ak)
'H NMR (400 MHz, CDCls) & 8.64 — 8.61 (m, 2H), 7.52 — 7.47 (m,
3H), 7.05 (d, J= 8.9 Hz, 2H), 7.03 — 6.98 (m, 3H), 6.83 — 6.76 (m,
2H), 6.51(d,J=89Hz, 2H), 6.34 (d,/=2.0Hz, 1H), 6.10(d,/=2.0
Hz, 1H), 4.50 (s, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 3.81 (s, 3H), 3.66 (s,
3H), 2.75 (s, 3H). ®C NMR (126 MHz, CDCls) § 171.2, 165.8, 164.6,
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164.1, 161.4, 159.0, 158.4, 138.1, 136.3, 130.4, 129.1, 128.7, 128.2, 127.6, 127.3, 127.1, 126.2, 115.9,
112.2,104.8,103.7,93.7,92.7, 88.9, 58.1, 55.7, 55.6, 55.0, 53.3, 51.9. ESI MS m/z: 589.3, [M+H]+. «f

BN QN \\

C52CO3

=0.2 (2% acetone in CH,Cl»).

acetone, overnight

57% 12al OMe

SCHEME 8

[00332]  Propargylation of 12a:
[00333] To mixture of 15.5 mg of 12a and 27 mg of Cs>COs (3 equiv), 0.3 mL of an acetone solution
of propargyl bromide (3.28 puL, 80 wt%, 1.1 equiv.) was added dropwise at room temperature. The
reaction was stirred for 12 h. After quenching the reaction with ammonium chloride (sat. aq.), the
mixture of crude products was obtained through cthyl acetate extraction, drying through Na,SOs,
filtration, and concentration. The mixture was isolated using preparative TLC using 2% acetone in
CH,(l; as eluent. Two major products, 12al, 12am, were isolated in 57% and 4% yields, respectively,
Scheme 8.
(5R,5aR,10bS)-8,10-Dimethoxy-5a-(4-methoxyphenyl)-2,5-

diphenyl-4-(prop-2-yn-1-yloxy)-5,5a-dihydro-10bH-
\ benzofuro[2',3':4,5]cyclopenta[1,2-d]pyrimidin-10b-ol (12al)

'H NMR (400 MHz, CDCls) & 8.64 — 8.58 (m, 2H), 7.54 — 7.46 (m,
3H), 7.09 — 6.99 (m, 5H), 6.89 — 6.82 (m, 2H), 6.54 (d, J = 9.0 Hz,
2H), 6.25(d,J=19Hz, 1H), 6.06 (d,/=19Hz, 1H), 5.01 (d,/=2.3
Hz, 2H), 4.77 (s, 1H), 3.86 (s, 3H), 3.80 (s, 3H), 3.65 (s, 3H), 2.36 (d,

OMe  7=2 3 Hz, 1H). ®C NMR (101 MHz, CDCls) & 172.5, 164.6, 164.6,
163.7, 160.5, 158.6, 158.1, 137.5, 136.5, 130.7, 129.3, 128.46, 128.44, 12838, 127.4, 126.8, 126.6,
116.5, 112.3, 107.9, 1049, 92.8, 89.3, 89.1, 78.3, 74.3, 57.4, 55.66, 55.61, 55.0, 53.3. ESI MS m/z:
599 4, [M+H]+. rf = 0.65 (3% acetone in CH,Cly).
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[00334]

(5R,5aR,10bS)-8,10-Dimethoxy-5a-(4-methoxyphenyl)-2,5-

diphenyl-4,10b-bis(prop-2-yn-1-yloxy)-5a,10b-dihydro-5H-
benzofuro[2',3":4,5]cyclopenta[1,2-d]pyrimidine (12am)
'H NMR (400 MHz, CDCls) & 8.69 — 8.62 (m, 2H), 7.55 — 7.49 (m,
3H), 7.08 — 6.98 (m, 5H), 6.85 — 6.77 (m, 2H), 6.52 (d, J = 8.8 Hz,
2H), 6.33 (d, J=2.0 Hz, 1H), 6.07 (d,J=2.0 Hz, 1H), 5.00 (dd, J =
155,23 Hz, 1H), 4.92 (dd, J= 154, 2.4 Hz, 1H), 4.53 (s, IH), 3.89
(dd,J=15.3,2.4Hz, 1H), 3.85 (s, 3H), 3.81 (s, 3H), 3.65 (s, 3H), 3.58
(dd, J =153, 2.5 Hz, 1H), 2.33 (t, J = 2.3 Hz, 1H), 2.09 (t, J = 2.5 Hz, 1H). ®C NMR (101 MHz,
CDCls) 6 171.3, 1645, 164.4, 164.2, 161.4, 159.3, 158.6, 137.7, 135.8, 130.6, 129.2, 128.7, 128 3,
127.8, 127.1, 126.8, 126.4, 116.1, 112.4, 105.2, 103.6, 93.5, 92.9, 89.0, 80.0, 78.3, 74.2, 72.9, 57.9,
55.65,55.63,55.0,53.1, 52.8. ESI MS m/z: 637.5, [M+H]+. rf = 0.7 (3% acetone in CH,Cl,).

OEt
6]
AN
Br COZEt / N :S
C32CO3
MeO HO
acetone, overnight
MeO
44% 12an OMe

SCHEME 9

[00335] Alkylation of 12a:

[00336] To mixture of 20 mg of 12a and 35 mg of Cs2COs (3 equiv), 0.4 mL of an acetone solution

of ethyl 2-bromoacetate (6.5 mg, 1.1 equiv) was added dropwise at rt. The reaction was stirred for 12

h. After quenching reaction with sat. aq. ammonium chloride, the mixture of crude products was

obtained through cthyl acetate extraction, drying with Na,SQy, filtration, and concentration. The crude

product mixture was purified using preparative TLC using 2% acetone in CH,Cls as eluent to afford

10.3 mg (44% yield) of product 12an, Scheme 9.

[00337] Ethyl 2-(((5R,5aR,10bS)-10b-hydroxy-8,10-dimethoxy-5a-(4-methoxyphenyl)-2,5-

diphenyl-5a,10b-dihydro-5H-benzofuro[2',3':4,5]cyclopenta[1,2-d] pyrimidin-4-yl)oxy)acetate

(12an)

'H NMR (500 MHz, CDCls) & 8.55 — 8.49 (m, 2H), 7.53 — 7.45 (m, 3H), 7.09 — 7.04 (m, 3H), 7.02 (d,

J=9.0Hz, 2H), 6.97 - 6.92 (m, 2H), 6.55 (d, J=9.0 Hz, 2H), 6.28 (d,/= 1.9 Hz, 1H), 6.07 (d,J=1.8
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Hz, 1H), 491 (d, J=15.3 Hz, 1H), 4.80 (s, 1H), 4.75 (d, J= 154 Hz, 1H), 4.19 (qd.J=7.2, 2.3 Hz,
2H), 3.85 (s, 3H), 3.81 (s, 3H), 3.66 (s, 3H), 3.60 (s, 1H), 1.24 (t,J=7.1 Hz, 3H). ®*C NMR (126 MHz,
CDCl3) 8 172.7, 168.3, 164.6, 164.3, 163.8, 160.5, 158.6, 158.1, 137.3, 136.3, 130.8, 129.4, 128.37,
128.35,128.32,127.4 126 .8, 126.6, 116.1, 112.3, 107.8, 105.3,92.8,89.1,89.1,62.9, 61.1, 57.5, 55.65,
55.64,55.0, 14.2. ESIMS m/z: 647.5, [M+H]+. rf = 0.4 (2% acetone in CH,Cl,).

HO 0
va
Cs,C0O3
Pd/C, H, N B N N

R

MeOH

quant.

acetone

SCHEME 10
[00338] Hydrogenation of the benzyl protecting group and subsequent propargylation:

To demonstrate late-stage functionalization of the pyrimidinone scaffold, the benzyl group of
12m was hydrogenolyzed. Subsequent propargylation of the emerged phenol afford compound 12ap as
a pull-down probe surrogate. To Pd/C catalyst (1 mg) under nitrogen, 0.2 mL of a methanol solution of
12m (5.2 mg, 0.4 M) was added which was followed by bubbling with hydrogen gas for 30 min. The
reaction was stirred for additional 3 h under hydrogen. The reaction mixture was filtered through
Celite® to afford the crude phenol product 12a0 (4.3 mg) in quantitative yield, Scheme 10.

[00339]

HO (5R,5aR,10bS)-10b-Hydroxy-2-(4-hydroxyphenyl)-8,10-

dimethoxy-5a-(4-methoxyphenyl)-5-phenyl-3,5,5a,10b-

tetrahydro-4H-benzofuro[2',3':4,5]cyclopenta[1,2-d]pyrimidin-4-
one (12a0)
'H NMR (400 MHz, CD;0D) & 8.09 (d, J=8.8 Hz, 2H), 7.07 (d, J =
9.0 Hz, 2H), 7.04 — 6.98 (m, 3H), 6.94 (d, /= 8.8 Hz, 2H), 6.92 — 6.85
(m, 2H), 6.53 (d,J=9.0 Hz, 2H), 6.30 (d,/=2.0 Hz, 1H), 6.15 (d, J
= 2.0 Hz, 1H), 4.51 (s, 1H), 3.85 (s, 3H), 3.80 (s, 3H), 3.62 (s, 3H).
BC NMR (101 MHz, CD;0D) & 168.9, 163.9, 161.6, 161.2, 160.7,
158.8, 158.5, 158.4, 137.0, 129.7, 129.1, 128.5, 127.5, 1269, 126 .0, 123.3, 119.9, 115.2, 111.6, 107 .8,
104.1, 92.2, 89.5, 88.6, 57.4, 54.7, 54.6, 54.0. 12a0 crashed out in Methanol-d4 during the overnight
experiment. ESI MS m/z: 577 .4, [M+H]+.
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[00340]
(5R,5aR,10bS)-10b-Hydroxy-8,10-dimethoxy-5a-(4-

methoxyphenyl)-5-phenyl-2-(4-(prop-2-yn-1-yloxy)phenyl)-
3,5,5a,10b-tetrahydro-4H-benzofuro[2',3':4,5]cyclopenta|1,2-
d]pyrimidin-4-one (12ap)
12a0 was used in the following propargylation without further
purification. To solid Cs2COs (7.6 mg, 3.0 equiv.) and a stir bar, 0.1
mL of an acetone solution of 4.5 mg 12a0 (1.0 equiv) was added

followed by 0.1 mL of an acetone solution of propargyl bromide (1.6

OMe mg, 80 wt%, 1.4 equiv). The reaction mixture was stirred overnight.
The reaction mixture was concentrated which was followed by extraction using cthyl acetate and
ammonium chloride (sat. aq.). The crude product was purified using preparative TLC (eluent: EA:Hex
= 1:1) to afford 1.0 mg 12ap in 21% yield. '"H NMR (500 MHz, CDCls) § 8.07 (d, J=8.7 Hz, 2H), 7.14
—7.11 (m, 3H), 7.09 (d, /= 8.9 Hz, 2H), 7.03 — 6.99 (m, 2H), 6.73 (d, J= 8.6 Hz, 2H), 6.57 (d, /= 8.9
Hz, 2H), 6.23 (d, /= 1.8 Hz, 1H), 6.05 (d, /= 1.8 Hz, 1H), 4.75 (s, 1H), 4.70 (d, /= 2.3 Hz, 2H), 3.85
(s, 3H), 3.79 (s, 3H), 3.67 (s, 3H), 3.53 (s, 1H), 2.57 (t,J = 2.3 Hz, 1H). *C NMR (126 MHz, CDCl5)
5168.5,163.6,162.2,160.7,160.4, 158.6, 158.0, 158.0, 136.9, 1294, 129.4, 1287, 127.6, 126.9, 126.7,
125.0, 120.8, 115.0, 112.2, 107.4, 104.0, 92.7, 89.9, 89.0, 77.9, 76.0, 57.6, 55.8, 55.6, 55.0. ESI MS
m/z: 614.5, IM+H|+. if = 0.6 (EA:Hex =2:1).

EXAMPLE 4: ENANTIOSELECTIVE SYNTHESES OF CMLDO012043 (121) AND

CMLDO012044 (12s)
[00341] 3.1 Enantioselective Synthesis of (+)- and (-)-Tosyl Enol Rocaglates:

107



WO 2020/086562 PCT/US2019/057413

NEt3/HCO,H
Ph, Ph
/ 4 mol%
TsHN  NH,

[RhCP*Cl], 2 mol%

CH,Cly, 1t
24-48 h

(+)-aglain ketone

NEt;/HCO,H
Ph,  Ph
\ 4 mol%
TsHN  NH,
[RhCP*Cll, 2 mol%

CH,Cl,, rt
24-48 h

o]
(+)-reduced product (-)-aglain ketone

(x)-aglain ketone

SCHEME 11
[00342] According to a biomimetic kinetic resolution protocol, Noyori reduction conditions were
employed to access the (+)-aglain ketone, Scheme 11. However, it was discovered that the
enantioselectivity of the kinetic resolution was reduced for reactions conducted on larger than 200 mg
scale. Therefore, an additional recrystallization protocol was employed to further enrich the

enantiomeric excess of both enantiomers of keto-rocaglate 9 from 50%-75% ee to > 97% ce.

Ts CO,Me

Q,
MeQ HO,
1. NaOMe, MeOH, 60 °C O é Ph NaOMe

—_—
O
2. TSC], NEt3, CHzclz MeG Q MeOH
60 °C
OMe
(-)-tosyl enol rocaglate keto-rocaglate
(-)}-aglain ketone 72% ee upto0.2g
97% recrystalization
> b ee

CO,Me
1. NaOMe, MeOH, 60 °C PR
2. TsCl, NEt, CH,Cly

OMe
(+)-tosyl enol rocaglate keto-rocaglate
(+)-aglain ketone 54% ee o upto0.5g

recrystalization
>99% ee
SCHEME 12

[00343]  With both enantioenriched (+)- and (-)-aglain ketones in hand, a-ketol-shift afforded keto-
rocaglate 7 which was followed by tosylation to afford the tosyl enol rocaglate, which was recrystallized
from isopropanol. After several recrystallizations, enantioenriched (-)- and (+)-tosyl enol rocaglates
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were obtained. Subsequent removal of the tosylate protecting group afforded both enantiomers of keto-

rocaglate 9, Scheme 12.

TsQ  co,Me
MeO HO

TsCl, NEt; Ph
CH,Cl, O O
o)

OMe
tosyl enol rocaglate

SCHEME 13
[00344] Methyl (3R,3aR,8bR)-8b-hydroxy-6,8-dimethoxy-3a-(4-methoxyphenyl)-3-phenyl-1-
(tosyloxy)-3a,8b-dihydro-3H-cyclopenta[b]benzofuran-2-carboxylate (tosyl enol rocaglate)
[00345] To keto-rocaglate 9 (561 mg, 1.14 mmol) and a stir bar, 7 mL of a dichloromethane solution
of tricthylamine (0.5 M, 3 equiv) was added followed by 5 mL of a dichloromethane solution of tosyl
chloride (0.5 M, 2 equiv) at rt. The reaction was stirred for 2 h and was checked for completion using
TLC analysis. The reaction was quenched with sat. aq. ammonium chloride. The crude product was
obtained by extraction with ethyl acetate, drying with Na,SQy, filtration, and concentration. After flash
chromatography (eluent: ethyl acetate:hexane = 1:3, rf = 0.4), 627 mg (0.972 mmol) of the pure tosyl
enol rocaglate was obtained in 85% yield as a white powder, Scheme 13. '"H NMR (400 MHz, CDCls)
68.04 (d, /=83 Hz, 2H), 7.38 (d, /= 8.1 Hz, 2H), 7.19 — 7.08 (m, 5H), 7.05 (d, /= 9.0 Hz, 2H), 6.54
(d,/=9.0Hz 2H), 6.13(d,J=19Hz, 1H), 5.87 (d,J= 1.9 Hz, 1H), 4.63 (s, 1H), 3.76 (s, 3H), 3.66
(s, 3H), 3.61 (s, 3H), 3.55 (s, 1H), 3.47 (s, 3H), 2.47 (s, 3H). >C NMR (101 MHz, CDCls) § 163.6,
163.0, 160.9, 158.6, 157.7, 153.4, 145.2, 137.5, 134.1, 129.5, 129.3, 129.2, 128.9, 128.0, 127.1, 126.7,
1243, 112.0, 1054, 994, 922, 89.7, 88.9, 58.9, 55.6, 55.0, 54.9, 51.8, 21.7. ESI MS m/z: 6453,
[M+H]+. The ee of yielding product was improved to >97% ee through crystallization in isopropanol
upon heating.
[00346] 3.2 Chiral HPLC Traces for (), (-)-, and (+)-Tosyl Enol Rocaglates
[00347] A WelkO column was used with an isocratic mobile phase of 40% isopropanol in hexanes
at a flow rate of 1.0 mL/min for 30 min.
[00348] (¥)-Tosyl enol rocaglate is shown in FIG. 16A. (-)-Tosyl enol rocaglate [a]D26 = —
223.220° (¢ = 0.05, CH2CI2) is shown in FIG. 16B. (+)-Tosyl enol rocaglate [a]D26 = 206.091° (¢ =
0.05, CH2C12) is shown in FIG. 16C.
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[00349] 3.3 Removal of Tosyl Protecting Group

NaOMe
MeQOH/CH,Cl,

6 h

tosyl enol rocaglate keto-rocaglate (9)

SCHEME 14
[00350]  Tosyl enol rocaglate (400 mg, 0.62 mmol) was dissolved in 2.0 mL of dichloromethane
which was followed by addition of 1 M NaOMe in MeOH (3.0 equiv) at room temperature. The reaction
was stirred for 6 h and was checked completion by TLC analysis. After completion, the reaction was
quenched by ammonium chloride (sat. aq.). Methanol was removed rotary evaporation and the product
was obtained in quantitative yield through extraction with ethyl acetate (3 times), drying through sodium
sulfate, and concentration. The crude product was used without further purification, Scheme 14.
[00351] 3.4 Chiral HPLC Traces of (£)-, (-)-, and (+)-CMLD012043 (121):
[00352] A ChiralCel OD column was used with an isocratic mobile phase of 20% isopropanol in
hexanes at a flow rate of 1.0 mL/min for 30 min.
[00353]  (£)-CMLDO012043 (121) is shown in FIG. 17A.
[00354]  (-)-CMLDO012043 (121) [a]D26 = —59.548° (¢ = 0.02, CH2CI12) is shown in FIG. 17B.
Minor solvent residue at 5.9 min.
[00355]  (+)-CMLD012043 (121) [a]p*® = 75.200° (¢ = 0.02, CH>Cl,). is shown in FIG. 17C. Minor
solvent residue at 5.9 min
[00356] 3.5 Chiral HPLC Trace of (£)-, (-)-, and (+)-CMLD012044 (12s):
[00357] A ChiralCel OD column was used with an isocratic mobile phase of 20% isopropanol in
hexanes at a flow rate of 1.0 mL/min for 30 min.
[00358]  (x)-CMLDO012044 (12s) is shown in FIG. 18A.
[00359]  (-)-CMLDO012044 (125s) [a]D26 = —61.796° (¢ = 0.02, CH2CI12) is shown in FIG. 18B.
[00360]  (+)-CMLDO012044 (12s) [a]D26 = 74.913° (¢ = 0.02, CH2CI2) is shown in FIG. 18C.

EXAMPLE 5: X-RAY CRYSTAL STRUCTURE OF OXAZOLINE 15

[00361] Crystals of oxazoline 15 suitable for X-ray analysis were obtained by vapor diffusion from
CHCl3/hexanes (FIG. 19). Crystallographic data have been deposited with the Cambridge
Crystallographic Data Center (CCDC 1867925).

[00362] Refinement: Crystal data, data collection and structure refinement details are summarized

in the Tables below.
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Results and discussion

[00363] Computing details

[00364] Data collection: APEX3 (Bruker, 2016); cell refinement: SAINT V8.38A (Bruker, 2006);
data reduction: SAINT V8.38A (Bruker, 2016); program(s) used to solve structure: Shel XT (Sheldrick,
2015); program(s) used to refine structure: SHELXL (Sheldrick, 2015); molecular graphics: Olex2

(Dolomanov et al., 2009); software used to prepare material for publication: Olex2 (Dolomanov ef al.,
2009).

[00365] References

Sheldrick, G. M. (2008). A Brief History of SHELX. Acta Cryst. A64, 112-122.

Sheldrick, G. M. (2015). Crystal Structure Refinement with SHELXL. Acta Cryst. C71, 3-8.

Bruker (2006). SAINT. Bruker Analytical X-ray Instruments Inc., Madison, Wisconsin, USA.

Bruker (2016). APEX3. Bruker Analytical X-ray Instruments Inc., Madison, Wisconsin, USA.

Krause, L., et al. (2015). Comparison of Silver and Molybdenum Microfocus X-ray Sources for Single-
Crystal Structure Determination. J. Appl. Cryst. 48, 3-10 (2015).

Dolmanov, O. V., ef al. (2009). OLEX2: A complete structure solution, refinement and analysis
program. J. Appl. Cryst. 42, 339-341.

(zhang3a_Om)

[00366] Crystal data

CssH31NOg F(000) = 2496
M, =593.61 Dy=1.338Mgm>
Monoclinic, C2/¢ Cu Ko radiation, A = 1.54178 A
a=26.6128 (17) A Cell parameters from 9980 reflections
b=10.4020 (7) A 0 =3.3-66.7°
c=21.3640 (14) A n=0.78 mm™
B =94.776 (4)° r=100K
V'=5893.6 (7) A’ Prism
Z=8 0.18 x 0.14 x 0.06 mm

[00367] Data collection

Bruker APEX-II CCD | 4678 reflections with 1> 25(])
diffractometer

¢ and ® scans Riye = 0.068

Absorption correction: multi-scan |0.x = 66.6°, Opin = 3.3°
SADABS2016/2 (Bruker,2016/2) was used
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for absorption correction. wR2(int) was
0.0960 before and 0.0758 after correction.
The Ratio of minimum to maximum
transmission is 0.8247. The A/2 correction

factor is Not present.

Tmin=0.621, Tiax = 0.753 h=-31->31
33704 measured reflections k=-12—12
5217 independent reflections [=-21-25

[00368] Refinement

Refinement on F* Primary atom site location: dual

Least-squares matrix: full Hydrogen site location: inferred from

neighbouring sites

R[F* > 26(F%] = 0.069 H-atom parameters constrained

WR(E) =0.161 w = 1/[cX(F) + (0.040P7 + 18.183P]
where P = (F,2 + 2F2)/3

S=1.10 (A/S)max < 0,001

5217 reflections Admax =036 ¢ A

418 parameters Admin=-0.41¢ A’

1 restraint

[00369] Special details

Geometry. All esds (except the esd in the dihedral angle between two ls. planes) are
estimated using the full covariance matrix. The cell esds are taken into account individually
in the estimation of esds in distances, angles and torsion angles; correlations between esds
in cell parameters are only used when they are defined by crystal symmetry. An
approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s.

planes.

[00370]  Fractional atomic coordinates and isotropic or equivalent isotropic displacement
parameters (A°) for (zhang3a Om)
X y z Usso®/Ueq Occ. (<1)
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05 0.59210 (6) |0.37894 (18) [0.23913 (8) [0.0311 (4)

04 0.53474 (6) |0.30325 (17) |0.34125 (8) [0.0309 (4)

H4 0540313 |0.320767  |0.305046  |0.046*

02 0.68580 (7) |0.2831(2) |0.42509(8) |0.0416 (5)

03 0.62109 (7) |0.54304 (18) [0.36020 (9) 0.0364 (5)

07 046653 (7) |0.3352(2) |0.46497 (10) [0.0472 (5)

06 0.72816 (8) |0.0834 (2) |0.23268 (9) |0.0486 (6)

N1 053738 (8) |0.5214 (2) |0.36978 (10) [0.0319 ()

08 0.50853(9) |0.1533(2) |0.45203 (13) [0.0607 (7)

O1A 0.71920 (13) |0.7846 (4)  |0.59182 (15) [0.0438 (10) |0.779 (6)
C18 0.55849 (9) |0.3939 (2) |0.38232 (11) [0.0252 (5)

Cl1 0.63156 (9) |0.3091 (3) ]0.26652 (12) [0.0286 (6)

C10 0.64096 (9) |0.3242 (3) |0.33144 (12) [0.0281 (5)

C9 0.61630 (9) |0.4083 (3) 037607 (11) [0.0272 (5)

C20 0.55413 (9) |0.3495 (3)  |0.45100 (12) [0.0283 (5)

H20 0554517 0426481  |0477481  |0.034*

C12 0.66196 (9) |0.2274 (3)  |0.23493 (12) [0.0336 (6)

HI2 0656136 |0.215996  |0.191759  |0.040*

C3A 0.66444 (10) |0.4777 3)  |0.48300 (17) [0.0311(9) |0.779 (6)
C6A 0.71449 (10) |0.4747 3)  |0.50745 (14) [0.0363 (10) |0.779 (6)
H6A 0734875  |0.405323  |0.498962  |0.044* 0.779 (6)
C7A 0.73407 (8) |0.5756 (4)  |0.54459 (12) [0.0376 (11) |0.779 (6)
H7A 0767559  |0.573592  |0.560953  |0.045* 0.779 (6)
C2A 0.70360 (11) |0.6793 3)  |0.55728 (11) [0.0320(9) |0.779 (6)
C3A 0.65355 (11) |0.6822 (3)  |0.53283 (13) [0.0326 (8)  |0.779 (6)
H3A 0633169  |0.751632  |0.541324  |0.039* 0.779 (6)
C4A 0.63397 (9) |0.5814 (3) |0.49569 (17) [0.0324 (8)  |0.779 (6)
H4A 0.600484  |0.583363  |0.479334  |0.039* 0.779 (6)
Cl5 0.68022 (9) |0.2584 (3) |0.36230 (12) [0.0354 (6)

C23 0.60339 (9) |0.2767 3)  |0.46743 (12) [0.0311 (6)

H23 0601640  |0.199165  |0.441266  |0.037* 0.801 (6)
H23A 0602512 |0.192707  |0.446569  |0.037* 0.199 (6)
C19 0.57344 (11) |0.5944 3)  |0.35823 (12) [0.0351 (6)

C13 0.70159 (10) |0.1623 3)  |0.26878 (13) [0.0381 (7)
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C8 0.64409 (9) ]0.3652 (3)  ]0.44068 (12) [0.0319 (6)

C21 0.50518 (10) |0.2804 (3)  |0.45751 (13) [0.0376 (7)

Cl16 0.58518 (10) |0.3789 (3)  |0.17193 (12) [0.0412 (7)

HI16A 0615250  |0.409935  |0.155123  |0.062*

H16B 0557359  |0.433721  |0.158394  |0.062*

H16C 0578295  |0.292946  |0.157240  |0.062*

Cl4 0.71196 (10) |0.1769 3)  0.33293 (14) [0.0427 (7)

H14 0738649  |0.134557  |0.354969  [0.051%

C30A 0.61447 (17) [0.2312 (4) |0.53416 (19) [0.0345 (10) |0.801 (6)
C31A 0.64510 (15) |0.1243 (4)  |0.54698 (18) [0.0383 (9)  |0.801 (6)
H31A 0.656605  |0.077722  |0.513873  |0.046* 0.801 (6)
C24A 0.56193 (14) |0.7318 3) |0.3417(3)  [0.0315 (12) |0.588 (4)
C25A 0.60273 (12) |0.8145 (4) 03391 (3) [0.0725 (19) |0.588 (4)
H25A 0.635438  |0.782961  |0.345845  [0.087* 0.588 (4)
C26A 0.59464 (17) |0.9442 (4) 103265 (3)  |0.080 (2) 0.588 (4)
H26A 0621942 [0.999574 0324738  |0.096* 0.588 (4)
C27A 035458 (2) |0.9913(3) |03164(3) [0.077 (2) 0.588 (4)
H27A 0.540347 1.078151  |0.307935  |0.092% 0.588 (4)
C28A 0.50496 (15) |0.9086 (4) 103190 (3)  [0.091 (2) 0.588 (4)
H28A 0472248  |0.940115 0312239  [0.110% 0.588 (4)
C29A 0.51304 (13) |0.7788 (4) |0.3316(3) [0.0717 (19) |0.588 (4)
H29A 0485743 |0.723500  |0.333347  |0.086* 0.588 (4)
C35A 03972 (2) |0.2969(35) |0.5845(2) [0.0524 (13) |0.801 (6)
H35A 0576438  |0.368286  |0.577228  |0.063* 0.801 (6)
C17 0.77016 (14) |0.0171 (4)  |0.26302 (17) [0.0696 (12)

HI17A 0784778  |-0.037823  |0.233317  |0.104*

H17B 0759186  |-0.033870  |0.296780  |0.104*

H17C 0794862 |0.078266  |0.279452  |0.104*

C32A 0.65876 (16) |0.0861 (3)  |0.60828 (19) [0.0503 (11) |0.801 (6)
H32A 0679941  |0.015641  |0.615786  |0.060* 0.801 (6)
ClA 0.77125 (15) |0.7919 (6)  |0.61427 (19) [0.0516 (14) |0.779 (6)
HIAA 0791778  |0.780255  |0.579820  |0.077* 0.779 (6)
HIAB 0778822 |0.725790  |0.644978  [0.077* 0.779 (6)
HIAC 0778113 |0.874520  |0.633085  |0.077* 0.779 (6)
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C22 0.46080 (16) 0.0856 (4) 0.4532(3) [0.0838 (15)

H22A 0437121  |0.119081  |0.420958  [0.129%

H22B 0447841  [0.097320  |0.493450  [0.129%

H22C 0465939  |-0.004412  |0.446070  |0.129%

C34A 0.6106(2) |02570(6) |0.6461(2) [0.0702 (18) |0.801 (6)
H34A 0598736  |0.301831  |0.679600  |0.084* 0.801 (6)
C33A 0.6414(2) |0.1507(35) |0.6575(2) [0.0650 (14) |0.801 (6)
H33A 0650240  |0.123797  |0.698421  |0.078* 0.801 (6)
C24B 0.5820(2) |0.7307 (4) 03475 (4) [0.0315 (12) |0.412 (4)
C25B 0.6239(2) |0.7875(35) 03243 (4) [0.0725 (19) |0.412 (4)
H25B 0651301  |0.737125  |0.315379  |0.087* 0412 (4)
C26B 06249 (3) |0.9195(6) |03145(4) [0.080 (2) 0412 (4)
H26B 0.653007  |0.957500  |0.298972  |0.096* 0412 (4)
C27B 0.5840 (3) |0.9948 (4) 03278 (4) [0.077 (2) 0412 (4)
H27B 0.584706 1.083123 0321257  |0.092% 0412 (4)
C238B 05421 (3) |0.9380(6) |0.3510(4) [0.091 (2) 0412 (4)
H28B 0514697  |0.988373  |0.359948  [0.110% 0412 (4)
C29B 0.5411(2) |0.8060 (6) |0.3608 (4) [0.0717 (19) |0.412 (4)
H29B 0512990  |0.767998 0376355  |0.086* 0412 (4)
01B 0.7494 (5)  |0.7159 (12) |0.6008 (5)  [0.030 (3) 0.221 (6)
C1B 0.7357(8) |0.841 (2) 0.5951(8) |0.047 (5) 0.221 (6)
HIBA 0728208  |0.861059  |0.551532  |0.070% 0.221 (6)
HIBB 0762718  |0.894071  |0.612477  |0.070% 0.221 (6)
HIBC 0706265  |0.855171  |0.617332  |0.070* 0.221 (6)
C3B 0.6707 (5)  |0.4479 (12) |04871(7) [0.0311(9) |0.221 (6)
C6B 07188 (4) |04223(11) |0.5149(6) [0.0363 (10) |0.221 (6)
H6B 0734276  |0.344266  |0.507575  |0.044% 0.221 (6)
C7B 0.7437(3) |0.5135(14) |0.5537(5) [0.0376 (11) |0.221 (6)
H7B 0775817  |0.496393 0572273  |0.045* 0.221 (6)
C2B 0.7205(4) |0.6302(12) |0.5646(5) [0.0320(9) |0.221 (6)
C3B 0.6725(5) |0.6557 (11) |0.5368(6) [0.0326(8) |0.221 (6)
H3B 0.656955  |0.733768  |0.544188  |0.039* 0.221 (6)
C4B 0.6476 (4) |0.5646 (14) |0.4981(7) [0.0324 (8) |0.221 (6)
H4B 0615412 |0.581643  |0.479489  [0.039* 0.221 (6)
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C30B 0.6213 (7) 0.2623 (17) ]0.5375 (6) 0.0345 (10) ]0.199 (6)
C35B 0.6019 (7) 0.3298 (18) ]0.5862 (8) 0.0524 (13) ]0.199 (6)
H35B 0.576073 0.389130 0.577512 0.063* 0.199 (6)
C34B 0.6210 (7) 0.3087 (17) 10.6479 (7) 0.0702 (18) 10.199 (6)
H34B 0.607987 0.353903 0.680466 0.084* 0.199 (6)
C33B 0.6595 (6) 0.2201 (17) ]0.6609 (4) 0.0650 (14) 10.199 (6)
H33B 0.672338 0.206003 0.702158 0.078* 0.199 (6)
C32B 0.6790 (5) 0.1526 (15) 10.6122(5) 0.0503 (11) ]0.199 (6)
H32B 0.704776 0.093329 0.620897 0.060* 0.199 (6)
C31B 0.6599 (5) 0.1737 (14) 10.5505 (5) 0.0383 (9) 0.199 (6)
H31B 0.672862 0.128554 0.517943 0.046%* 0.199 (6)

[00371]  Atomic displacement parameters (4°) for (zhang3a Om)
A 2 e 2 T 1
05 0.0262 (9) 10.0422 (11)0.0247 (9) [0.0046 (8) [0.0015 (7) [0.0035 (8)
04 0.0285 (9) 10.0327 (10)[0.0320 (9) [-0.0067 (7) [0.0061 (7) [-0.0042 (8)
02 0.0269 (9) 10.0718 (15)10.0258 (9) [0.0160 (9) [0.0008 (7) [-0.0017 (9)
03 0.0403 (10)0.0350 (11)0.0341 (10)[-0.0138 (8) [0.0050 (8) [0.0009 (8)
07 0.0312 (11)0.0692 (15)[0.0423 (11) [-0.0054 0.0099 (8) |-0.0023
(10) (10)
06 0.0401 (11)10.0700 (15)10.0370 (11)[0.0235 (11)[0.0109 (9) [-0.0014
(10)
N1 0.0375 (12)0.0273 (11)0.0319 (11)|0.0061 (10) [0.0087 (9) [0.0035 (9)
08 0.0534 (14)10.0405 (13)10.0890 (19) [-0.0133 0.0104 (12)0.0234 (12)
(1)
OlA 0.0227 (19)10.073 (3)  |0.0359 (15)[-0.0144 0.0029 (13)|-0.0118
(18) (17)
CI18 0.0214 (11)0.0240 (12)[0.0305 (12) [0.0008 (9) [0.0044 (9) [0.0012 (10)
Cl1 0.0204 (11)]0.0387 (15)0.0269 (12)[-0.0018 0.0036 (9) 10.0027 (11)
(10)
C10 0.0185 (11)0.0388 (14)10.0275 (12) [-0.0011 0.0045 (9) 10.0007 (11)
(10)
C9 0.0226 (12)10.0320 (14)|0.0274 (12) |-0.0022 0.0039 (9) 10.0018 (11)
(10)

116




PCT/US2019/057413

WO 2020/086562
C20 0.0260 (12)[0.0302 (14)[0.0292 (13)[0.0005 (10)[0.0051 (10)[0.0024 (11)
C12 0.0269 (13)[0.0475 (17 [0.0272 (13) [0.0007 (12) [0.0061 (10) [-0.0019
(12)
C3A 0.0208 (15)[0.050 3)  [0.0231 (14)[0.0005 (17) [0.0038 (11)[-0.0004
(17)
C6A 0.0239 (15)[0.053 3)  [0.0317 (17)[0.0030 (19)[0.0027 (12)[0.0039 (19)
C7A 0.0184 (16)[0.066 3) [0.0277 (18)[0.001 (2) [-0.0019  |0.005 (2)
(13)
C2A 0.022(2) [0.052(3) [0.0218 (15)[-0.0050  0.0020 (14)]0.0004 (16)
(17)
C3A 0.019(2) [0.0502) [0.0291 (15)[0.0013 (17) [0.0074 (16)[-0.0040
(15)
C4A 0.0176 (18)[0.053 2) [0.0270 (13)[-0.0023  [0.0043 (15)[-0.0040
(16) (14)
Cl5 0.0234 (12) [0.0369 (18) [0.0263 (13)[0.0042 (12) [0.0035 (10)[0.0002 (12)
C23 0.0309 (13) [0.0345 (14) [0.0281 (13) [0.0061 (11)[0.0038 (10)[0.0039 (11)
C19 0.0501 (17)[0.0266 (14 [0.0296 (13)[-0.0002  [0.0097 (12)[-0.0019
(12) (11)
C13 0.0287 (13) [0.0540 (18) [0.0332 (14) [0.0077 (12) [0.0120 (11) [-0.0006
(13)
Cs8 0.0239 (12) [0.0467 (16) [0.0256 (12) [0.0039 (11) [0.0055 (10) [-0.0008
(11)
C21 0.0338 (15) [0.0460 (17) [0.0341 (14)[-0.0031  [0.0083 (11)]0.0112 (13)
(13)
Cl16 0.0320 (14)[0.065 2)  [0.0263 (13)[0.0070 (14)[0.0019 (11)]0.0062 (13)
Cl4 0.0265 (13)[0.067 2)  [0.0351 (15)[0.0154 (13)[0.0053 (11)[0.0037 (14)
C30A 0.0363 (19)[0.036 (2)  [0.0310 (15)[0.0009 (18)[0.0025 (12)]0.0051 (15)
C31A 0.035(2) [0.039(3) [0.0419(18)[-0.0013  [0.0037 (15)]0.0100 (17)
(17)
C24A 0.030 (4) [0.0267 (16)[0.039 (2) 0.000 (2) [0.007 3) |-0.0005
(14)
C25A 0.058(5) [0.040(3) [0.124(6) [-0.008(3) [0.032(4) [0.013(3)
C26A 0.085(5) [0.036(3) [0.125(6) [-0.013(3) [0.036(4) [0.011(3)
C27A 0.108(5) [0.024(2) [0.102(3) [0.010(4) [0.023(5) [0.003(3)

117




PCT/US2019/057413

WO 2020/0863562

C28A 0.090 (5) [0.039(3) [0.148(8) [0.024 (3) [0.023(5) [0.021 (4)

C29A 0.055(4) |0.038(3) [0.124(6) [0.009(3) [0.016(3) |0.019 (3)

C35A 0.075(3) |0.050(3) [0.0331(16)[0.018 (2) [0.0102 (16)]0.0070 (19)

C17 0.059(2) |0.103(3) [0.050(2) [0.051(2) [0.0215(16)]0.013 (2)

C32A 0.049(2) [0.053(3) [0.048(2) [0.004(2) [-0.0022 [0.020 (2)

(18)

ClA 0.026(2) |0.097 (4) [0.032(2) [-0.022(3) |0.0045 (16)]-0.008 (2)

C22 0.068 (3) |0.065(3) |0.124 (4) [-0.032(2) [0.003(3) |0.038 (3)

C34A 0.108 (4) |0.073(4) [0.0307 (18)[0.020 (3) [0.009 (2) [0.003 (2)

C33A 0092 (4) |0.067(4) [0.034(2) [0.003(3) [-0.005(2) |0.019(2)

C24B 0.030 (4) |0.0267 (16)[0.039 (2) [0.000 (2) [0.007 3) |-0.0005
(14)

C25B 0.058 (5) |0.040(3) [0.124(6) [-0.008 (3) [0.032(4) [0.013 (3)

C26B 0.085(5) |0.036(3) |0.125(6) [-0.013(3) [0.036(4) |0.011 (3)

C27B 0.108 (5) [0.024(2) [0.102(5) [0.010(4) [0.023(5) |0.003 (3)

C28B 0.090 (5) [0.039(3) [0.148(8) [0.024 (3) |0.023(5) |0.021 (4)

C29B 0.055(4) [0.038(3) [0.124(6) [0.009(3) |0.016(3) |0.019 (3)

O1B 0.040 (7) |0.059(8) [0.048 (6) [-0.009(6) [-0.012(5) |0.001 (5)

C1B 0.031 (11) |0.070 (14) [0.038(8) |-0.006(8) [-0.005 (7) |-0.008 (9)

C5B 0.0208 (15)]0.050 (3) 0.0231 (14) [0.0005 (17)[0.0038 (11)]-0.0004
(17)

C6B 0.0239 (15)]0.053 (3) |0.0317 (17)[0.0030 (19) [0.0027 (12)[0.0039 (19)

C7B 0.0184 (16)]0.066 (3) |0.0277 (18)[0.001 (2) [-0.0019  |0.005 (2)

(13)
C2B 0.022(2) [0.052(3) [0.0218 (15)[-0.0050  [0.0020 (14)]0.0004 (16)
(17)

C3B 0.019(2) |0.050(2) [0.0291 (15)[0.0013 (17)]0.0074 (16)|-0.0040
(15)

C4B 0.0176 (18)]0.053 (2) [0.0270 (13)[-0.0023  [0.0043 (15){-0.0040

(16) (14)

C30B 0.0363 (19)]0.036 (2) 0.0310 (15)0.0009 (18)[0.0025 (12)[0.0051 (15)

C35B 0.075(3) |0.050(3) [0.0331(16)[0.018 (2) [0.0102 (16)]0.0070 (19)

C34B 0.108 (4) |0.073(4) [0.0307 (18)[0.020 (3) |0.009 (2) |0.003 (2)

C33B 0.092 (4) |0.067(4) [0.034(2) [0.003(3) [-0.005(2) |0.019(2)
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C32B 0.049(2) 10.053(3) 10.048(2) 10.004(2) ]-0.0022 0.020 (2)
(18)
C31B 0.035(2) 10.039(3) ]0.0419 (18)]-0.0013 0.0037 (15)10.0100 (17)
(7
[00372] Geometric parameters (A, °) for (zhang3a Om)
05—Cl11 1.368 (3) C25A—C26A 1.3900
05—Cl16 1.432 (3) C26A—H26A 0.9300
04—H4 0.8200 C26A—C27A 1.3900
04—C18 1.402 (3) C27A—H27A 0.9300
02—CI15 1.362 (3) C27A—C28A 1.3900
02—C8 1.461 (3) C28A—H28A 0.9300
03—C9 1.450 (3) C28A—C29A 1.3900
03—C19 1.373 (3) C29A—H29A 0.9300
07—C21 1.199 (4) C35A—H35A 0.9300
06—CI3 1.364 (3) C35A—C34A 1.398 (6)
06—C17 1.423 (4) Cl7—H17A 0.9600
N1—C18 1.457 (3) C17—H17B 0.9600
N1—C19 1.264 (4) C17—H17C 0.9600
08—C21 1.330 (4) C32A—H32A 0.9300
08—C22 1.455 (4) C32A—C33A 1.360 (7)
01A—C2A 1.366 (5) ClIA—HIAA 0.9600
01A—Cl1A 1.430 (5) ClIA—HIAB 0.9600
C18—C9 1.562 (3) CIA—HI1AC 0.9600
C18—C20 1.552 (3) C22—H22A 0.9600
C11—C10 1.398 (3) C22—H22B 0.9600
Cl11—C12 1.386 (4) C22—H22C 0.9600
C10—C9 1.486 (4) C34A—H34A 0.9300
C10—C15 1.371 (4) C34A—C33A 1.387 (7)
Co—C8 1.576 (3) C33A—H33A 0.9300
C20—H20 0.9800 C24B—C25B 1.3900
C20—C23 1.529 (3) C24B—C29B 1.3900
C20—C21 1.505 (4) C25B—H25B 0.9300
Cl2—H12 0.9300 C25B—C26B 1.3900
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Cl12—C13 1.403 (4) C26B—H26B 0.9300
C5A—C6A 1.3900 C26B—C27B 1.3900
C5A—C4A 1.3900 C27B—H27B 0.9300
C5A—C8 1.548 (3) C27B—C28B 1.3900
C6A—HO6A 0.9300 C28B—H28B 0.9300
C6A—CT7A 1.3900 C28B—C29B 1.3900
C7A—H7A 0.9300 C29B—H29B 0.9300
C7A—C2A 1.3900 01B—CIB 135(3)
C2A—C3A 1.3900 01B—C2B 1.373 (14)
C3A—H3A 0.9300 CIB—HIBA 0.9600
C3A—C4A 1.3900 CIB—HIBB 0.9600
C4A—H4A 0.9300 CIB—HIBC 0.9600
CI15—Cl14 1.383 (4) C5B—C6B 1.3900
C23—H23 0.9800 C5B—C4B 1.3900
C23—H23A 0.9800 C6B—Ho6B 0.9300
C23—C8 1.566 (4) C6B—C7B 1.3900
C23—C30A 1.508 (5) C7B—H7B 0.9300
C23—C30B 1.540 (10) C7B—C2B 1.3900
CI19—C24A 1.498 (4) C2B—C3B 1.3900
C19—C24B 1.458 (5) C3B—H3B 0.9300
C13—Cl14 1.384 (4) C3B—C4B 1.3900
C8—C5B 1.452 (9) C4B—H4B 0.9300
Cl16—HI16A 0.9600 C30B—C35B 1.3900
Cl16—HI16B 0.9600 C30B—C31B 1.3900
Cl16—H16C 0.9600 C35B—H35B 0.9300
Cl4—H14 0.9300 C35B—C34B 1.3900
C30A—C31A 1.392 (5) C34B—H34B 0.9300
C30A—C335A 1.385 (5) C34B—C33B 1.3900
C31A—H31A 0.9300 C33B—H33B 0.9300
C31A—C32A 1.388 (5) C33B—C32B 1.3900
C24A—C235A 1.3900 C32B—H32B 0.9300
C24A—C29A 1.3900 C32B—C31B 1.3900
C25A—H25A 0.9300 C31B—H31B 0.9300
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Cl11—05—Cl6 1173 (2) C26A—C25A— 120.0
C24A

C18—04—H4 109.5 C26A—C25A— 120.0
H25A

C15—02—C8 108.21 (19) C25A—C26A— 120.0
H26A

C19—03—C9 106.49 (19) C27A—C26A— 120.0
C25A

C13—06—Cl17 1173 (2) C27A—C26A— 120.0
H26A

CI9—NI—CI8 1072 (2) C26A—C27A— 120.0
H27A

C21—08—C22 1145 3) C28A—C27A— 120.0
C26A

C2A—O01A—CIA [1178 (4) C28A—C27A— 120.0
H27A

04—C18—N1 110.52 (19) C27A—C28A— 120.0
H28A

04—C18—C9 114.0 2) C27A—C28A— 120.0
C29A

04—C18—C20 109.1 (2) C29A—C28A— 120.0
H28A

NI1—C18—C9 10533 (19) C24A—C29A— 120.0
H29A

N1—C18—C20 112.8 (2) C28A—C29A— 120.0
C24A

C20—C18—C9 105.12 (19) C28A—C29A— 120.0
H29A

05—C11—C10 115.6 (2) C30A—C35A— 119.7
H35A

05—C11—C12 125.1 2) C30A—C35A— 120.6 (4)
C34A

CI2—Cl1—Cl10  [1193(2) C34A—C35A— 119.7
H35A
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C11—C10—C9 130.6 (2) 06—C17—HI7A [109.5

CI5—C10—Cl11  [1192(2) 06—C17—HI7B  |109.5

C15—C10—C9 1102 (2) 06—C17—H17C  [109.5

03—C9—CI8 102.65 (19) H17A—C17—H17B [ 109.5

03—C9—CI10 1115 (2) H17A—C17—H17C 1095

03—C9—C8 1158 (2) H17B—C17—HI7C | 1095

C18—C9—C8 106.96 (19) C31A—C32A—  [1197
H32A

C10—C9—C18 1193 (2) C33A—C32A—  [120.5 (4)
C31A

C10—C9—C8 1012 (2) C33A—C32A—  |1197
H32A

C18—C20—H20 |107.7 O1A—CIA—HIAA [109.5

C23—C20—C18  [103.55 (19) O1A—CIA—HIAB [1095

C23—C20—H20  |107.7 O01A—CIA—HIAC [109.5

C21—C20—CI18  [111.3(2) HIAA—ClA— 109.5
HIAB

C21—C20—H20  |107.7 HIAA—ClA— 109.5
HIAC

C21—C20—C23  [1183(2) HIAB—CIA— 109.5
HIAC

Cl1—Cl2—H12 |1204 08—C22—H22A  |109.5

Cl1—CI12—CI3  [1193(2) 08—C22—H22B  |109.5

CI3—Cl2—H12 |1204 08—C22—H22C  [1095

C6A—C5A—C4A  [120.0 H22A—C22—H22B [ 1095

C6A—C5A—C8  [118.72 (18) H22A—C22—H22C [109.5

C4A—C5A—C8  [121.26 (18) H22B—C22—H22C [109.5

C5A—C6A—H6A  [120.0 C35A—C34A—  [1199
H34A

C7TA—C6A—C35A  [120.0 C33A—C34A—  [120.1 (4)
C35A

C7TA—C6A—H6A 1200 C33A—C34A—  [1199
H34A

C6A—C7A—H7A [120.0 C32A—C33A—  [119.6 (4)
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C34A

C6A—CTA—C2A  [120.0 C32A—C33A—  |1202
H33A

C2A—C7A—H7A [120.0 C34A—C33A—  |1202
H33A

01A—C2A—C7A [124.9(2) C25B—C24B—C19 [127.6 (4)

01A—C2A—C3A [115.1(2) C25B—C24B— 120.0
C29B

C3A—C2A—C7A  [120.0 C29B—C24B—C19 [112.4 (4)

C2A—C3A—H3A [120.0 C24B—C25B— 120.0
H25B

C2A—C3A—C4A  [120.0 C26B—C25B— 120.0
C24B

C4A—C3A—H3A [120.0 C26B—C25B— 120.0
H25B

C5A—C4A—H4A [120.0 C25B—C26B— 120.0
H26B

C3A—C4A—C35A  [120.0 C25B—C26B— 120.0
C27B

C3A—C4A—H4A [120.0 C27B—C26B— 120.0
H26B

02—C15—CI10 1133 (2) C26B—C27B— 120.0
H27B

02—C15—Cl4 1228 (2) C28B—C27B— 120.0
C26B

Cl0—C15—Cl4  [123.9(2) C28B—C27B— 120.0
H27B

C20—C23—H23  [106.1 C27B—C28B— 120.0
H28B

C20—C23—H23A [110.5 C27B—C28B— 120.0
C29B

C20—C23—C8 1033 (2) C29B—C28B— 120.0
H28B

C20—C23—C30B  [117.5 (6) C24B—C29B— 120.0
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H29B
C8—C23—H23 106.1 C28B—C29B— 120.0
C24B
C8—C23—H23A [110.5 C28B—C29B— 120.0
H29B
C30A—C23—C20 [118.0 3) CIB—OIB—C2B [116.0 (15)
C30A—C23—H23 |106.1 O1B—CIB—HIBA [109.5
C30A—C23—C8  [1163 (3) 01B—CIB—HIBB [109.5
C30B—C23—H23A [110.5 01B—CIB—HIBC [109.5
C30B—C23—C8  [104.1 (8) HIBA—C1B— 109.5
HIBB
03—C19—C24A  [1233 (3) HIBA—C1B— 109.5
HIBC
03—C19—C24B [103.1 3) HIBB—CI1B— 109.5
HIBC
N1—C19—03 118.4 (2) C6B—C5B—C8  [123.9(8)
NI—C19—C24A |1184 (3) C6B—C35B—C4B [120.0
NI—C19—C24B  |1382(3) C4B—C5B—C8  [115.7(8)
06—C13—C12 113.7 (2) C5B—C6B—H6B  [120.0
06—C13—Cl4 123.8 (3) C5B—C6B—C7B  [120.0
Cl4—CI13—CI12  [1225(3) C7B—C6B—H6B  [120.0
02—C8—C9 106.05 (19) C6B—C7B—H7B  [120.0
02—C8—C3A 109.8 (2) C2B—C7B—C6B  [120.0
02—C8—C23 107.5 (2) C2B—C7B—H7B  |[120.0
C5A—C8—C9 114.4 (2) 01B—C2B—C7B |[115.3(10)
C5A—C8—C23 116.8 (2) 01B—C2B—C3B |124.7(10)
C23—C8—C9 101.44 (19) C3B—C2B—C7B  [120.0
C5B—C8—02 99.5 (6) C2B—C3B—H3B 1200
C5B—C8—C9 126.7 (6) C2B—C3B—C4B [120.0
C5B—C8—C(23 1143 (7) C4B—C3B—H3B 1200
07—C21—08 123.3 (3) C5B—C4B—H4B  [120.0
07—C21—C20 123.0 (3) C3B—C4B—C5B  [120.0
08—C21—C20 113.7 (2) C3B—C4B—H4B  [120.0
05—Cl16—HI6A [109.5 C35B—C30B—C23 [125.0 (10)
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05—C16—H16B 109.5 C35B—C30B— 120.0
C31B

05—C16—H16C 109.5 C31B—C30B—C23 |115.0 (10)

H16A—C16—HI16B [109.5 C30B—C35B— 120.0
H35B

H16A—C16—HI16C [109.5 C34B—C35B— 120.0
C30B

H16B—C16—HI16C [109.5 C34B—C35B— 120.0
H35B

C15—C14—H14 122.0 C35B—C34B— 120.0
H34B

CI13—C14—C15 116.0 (3) C35B—C34B— 120.0
C33B

C13—C14—H14 122.0 C33B—C34B— 120.0
H34B

C31A—C30A—C23 |120.1 (4) C34B—C33B— 120.0
H33B

C35A—C30A—C23 |121.9 (4) C34B—C33B— 120.0
C32B

C35A—C30A— 1179 (3) C32B—C33B— 120.0

C31A H33B

C30A—C31A— 1194 C33B—C32B— 120.0

H31A H32B

C32A—C31A— 121.2 (4) C33B—C32B— 120.0

C30A C31B

C32A—C31A— 1194 C31B—C32B— 120.0

H31A H32B

C25A—C24A—C19 |117.1 (3) C30B—C31B— 120.0
H31B

C25A—C24A— 120.0 C32B—C31B— 120.0

C29A C30B

C29A—C24A—C19 |122.9 (3) C32B—C31B— 120.0
H31B

C24A—C25A— 120.0
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H25A

[00373] Document origin: pubICIF [Westrip, S. P. (2010). J. Apply. Cryst., 43, 920-925].

EXAMPLE 6: DOSE RESPONSE CURVES FOR AGLAROXIN C ANALOGUES:

[00374] According to our previous studies, the ECso of each analog was found to correlate with the
treatment time of cells using the compounds, where a longer treatment time gave rise to a lower ECso.
To simplify the experiment protocol, 3 h treatment of cells using analogues were used for the
comparison; aglaroxin C (6) was also included in each independent experiment as a positive control.
[00375] To determine the ECso of each compound, Huh7.5.1 cells were infected with JFH-1 HCVcc-
Luc (MOI =0.5) in the presence of compounds at various concentrations for 3 h in 96-well plates. After
removal of virus and compounds, cells were further incubated for 72 h prior to luciferase assay. Data
were presented as percent inhibition relative to control infections in which cells were treated with
dimethyl sulfoxide (DMSO) (0%). Results are expressed as mean + standard deviation (SD) (n = 3).
[00376] To determine the ECso of each compound, Huh7.5.1 cells were treated with compounds or
DMSO at indicated doses for 3 h in 96-well plates. After removal of compounds, cells were further
incubated for 72 h prior to the viability assay. The numbers of viable cells in culture were determined
using the CellTiter-Glo Cell Viability Luminescent Assay kit according to the manufacturer's instruction
(Promega). Percentages of toxicity were calculated using the formulas: 100-percentage of vial cells
relative to that from the dimethyl sulfoxide (DMSO) treated group (100%) (n = 3) (FIG. 20-FIG. 57).
[00377] Some side products were isolated and subjected to the same inhibition of HCV infection
assay (FIG. 58- FIG. 67).

EXAMPLE 7: COMPARISON BETWEEN MTS AND CELLTITER-GLO CELL VIABILITY
ASSAYS

[00378] In this comparison, niclosamide was used as a positive control, which is known as HCV
inhibitor (unclear mechanisms). Data from CellTiter-Glo assay was obtained from separate experiments
conducted on a different date.

[00379] MTS  (3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium)) assay is a colorimetric assay used to determine the mitochondrial metabolic rate by
quantifying the reduced formazan product of MTS in cells to reflect viable cells. To determine the CC50
of each compound, Huh7.5.1 cells were treated with compounds or DMSQO at indicated doses for 3 h in
96-well plates. After removal of compounds, cells were further incubated for 72 h prior to conducting

the viability assay. The MTS assay in this study is accordance with a protocol provided by manufacturer
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(Promega, Madison, WI USA). One-fifth volume of M TS reagent was added into the culture supernatant
at indicated time points. Plates were incubated at 37°C for 3 hours with 5% CO2 followed by measuring
the absorbance at 490 nanometers (nm) with an ELISA reader (SpectraMax Plus 385, Molecular
Devices, USA). Percentages of toxicity were calculated using the formulas: 100-percentage of vial cells

relative to that from the dimethyl sulfoxide (DMSO) treated group (100%) (n = 3) (FIG. 68- FIG. 71).

EXAMPLE 8: FLUORESCENCE EMISSION FOR PYRIMIDINONE 12N

/ ®/
N N

SCHEME 15

[00380] A strong fluorescence for compound 12n was observed under visible light, which suggests
potential future applications as an imaging probe for target identification (Scheme 15). Therefore, the
UV absorbance and emission of 12n were obtained using an Infinite 200 PRO plate reader at a
concentration of 1 mg/mL. This compound shows maximum absorbance between 345-382 nm. The
maximum emission using 356 nm excitation is 428 nm, whereas no emission was observed using 405
nm excitation (FIG. 72A-FIG. 72C).

References for Examples 3-8:

[00381] Zhong, J.; Gastaminza, P.; Cheng, G.; Kapadia, S.; Kato, T.; Burton, D. R.; Wieland, S. F ;
Uprichard, S. L.; Wakita, T.; Chisari, F. V. PNAS 2005, /02, 9294.

[00382] Scholle, F.; Li, K.; Bodola, F.; Ikeda, M.; Luxon, B. A.; Lemon, S. M. J. Virol. 2004, 78,
1513,

[00383] Liu, S.; McCormick, K. D.; Zhao, W .; Zhao, T ; Fan, D.; Wang, T. Hepatol. 2012, 56, 484.
[00384] Liu, S.; Wang, W.; Brown, L. E.; Qiu, C.; Lajkiewicz, N.; Zhao, T.; Zhou, J.; Porco, J. A,
Jr.; Wang, T. T. EBioMedicine 2015, 2, 1600.

[00385] Liu, S.; Yang, W_; Shen, L.; Turner, J. R.; Coyne, C. B.; Wang, T. J. Virol. 2009, §3, 2011.
[00386] Kondratowicz, A. S.; Lennemann, N. J.; Sinn, P. L.; Davey, R. A.; Hunt, C. L.; Moller-
Tank, S.; Meyerholz, D. K.; Rennert, P.; Mullins, R. F.; Brindley, M.; Sandersfeld, L. M.; Quinn, K ;
Weller, M.; McCray, P. B.; Chiorini, J.; Maury, W. PNAS 2011, 108, 8426.

[00387] Novac, O; Guenier, A -S; Pelletier, J. NAR 2004, 32, 902.
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[00388] Yueh, H.; Gao, Q.; Porco, J. A.; Beeler, A. B. Bioorg. Med. Chem. 2017, 25, 6197.

[00389] Malona, J. A.; Cariou, K.; Spencer, W. T.; Frontier, A. J. The J. Org. Chem. 2012, 77, 1891.
[00390] Stone, S. D.; Lajkiewicz, N. J.; Whitesell, L.; Hilmy, A.; Porco, J. A. J. Am. Chem. Soc.
2015, 137, 525.

[00391] Jurgeit, A .; McDowell, R.; Moese, S.; Meldrum E.; Schwendener, R. Greber, U. F. PLOS
Pathogens 2012, 8, ¢1002976.

EXAMPLE 9: ADDITIONAL ANTIVIRAL ACTIVITY OF IE AND IF

[00392] FIG. 73A shows a lentiviral reporter construct (pTrip-luciferase), lentiviral packaging
construct (HIV-gag-pol) and an expression plasmid of desired viral envelope protein (e.g., CHIKV E1-
E3) were co-transfected into 293T cells to produce lentiviral reporter virus particles whose entry depend
on the specific viral Envelope protein. FIG. 73B shows a WNV replication-competent construct
expressing the luciferase report gene is co-transfected with a flaviviral prM-Env expression plasmid to
generate flaviviral Env-specific RVPs. FIG. 73C demonstrates treatment of Huh7.5 cells with 4 uM If
and Ie for 3 h nearly abolished OHFV, JEV, WNV, Denv, and Zika viral envelope protein-mediated
entry. Notably, the bars representing compound 5 treated groups are hardly visible in the graph because

the % infections of this group were inhibited to under 1%.

EXAMPLE 10: SUPPLEMENTAL REACTION SCHEMES AND COMPOUND STRUCTURES

[00393] FIG. 74 is an additional figure showing possible reaction pathways for preparation of
aglaroxin C analogues. FIG. 75 shows some structures of aglaroxin C analogues according to some
embodiments.
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SEQUENCE LISTING
[00394] SEQID NO: 1

Gene sequence can be found for PHB prohibitin [ Homo sapiens (human)] at:
NCBI Gene ID: 5245; NG_023046.1 RefSeqGene

[00395] SEQ ID NO: 2

Amino acid sequence for prohibitin isoform 1 [Homo sapiens|/:

1 maakvfesig kfglalavag gvvnsalynv daghravifd rfrgvgdivv gegthflipw
61 vgkpiifdcr srprnvpvit gskdlgnvni tlrilfrpva sqglpriftsi gedydervlp
121 sitteilksv varfdageli tqgrelvsrqgv sddlteraat fglilddvsl thltfgkeft

181 eaveakgvaqg geaerarfvv ekaeqgkkaa iisaegdska aelianslat agdglielrk
241 leaaediayqg lsrsrnityl paggsvllgl pg

[00396] Primer sequences described herein are:
[00397] Dengue 16681 F: 5°-CCTGGGAAGAGTGATGGTTATG-3" (SEQ ID NO: 3);
[00398] R:5’-GCTGCTAGTAGGGCAAGATAAG-3" (SEQ ID NO: 4).

[00399] GAPDH: F: 5°-TGCACCACCAACTGCTTA-3" (SEQ ID NO: 5);
[00400] R: 5°-GGATGCAGGGATGATGTTC-3" (SEQ ID NO: 6).
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CLAIMS
WHAT IS CLAIMED IS:
1. A compound having the structure of Formula (I), (II), or (IIT)

(D (ID) (I1T) ;

or stereoisomers, tautomers, or pharmaceutically acceptable salts thereof,

wherein:

Xis O, S, CRERE or NRE; wherein R® and RE independently are H, alkyl, aryl, heteroaryl, heteroalkyl,
cycloalkyl, acyl, or allyl;

W is F or -YRA, wherein Y is O, NH or S, and R* is H, alkyl, aryl, heteroaryl, heteroalkyl, cycloalkyl,
acyl, NH(alkyl), NH; or NH(aryl);

A is a heteroaryl or aryl;

R; is aryl or heteroaryl;

Rs is H, phenyl, alkyl, heteroalkyl, aryl, heteroaryl, aldehyde, ester, alkenyl, amide or —CO,H; wherein
when Rj is not H; R is syn to R, or R3 is frans to Ry;

R4 i1s H, alkyl, aryl, heteroaryl, heteroalkyl, cycloalkyl, acyl halide, CN, NH(alkyl), NH(aryl), NH(CN),
COs(alkyl), or NH-NH(alkyl);

Z is O, NH, S, Se, N(alkyl) or N(aryl), CRRF; wherein R¢ and RF independently are H, alkyl, aryl,
heteroaryl, heteroalkyl, cycloalkyl, acyl, allyl or CN;

Rs is H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl heteroalkyl;

7’ is a halide or -TRs’; wherein T is O, S, NH, or CH; and Rs’ is H, alkyl, alkenyl, alkynyl aryl,
heteroaryl, cycloalkyl, heteroalkyl, acyl or sulfate;

D is a Ci-s alkylene, Ci-s heteroalkylene, heteroaryl or aryl, wherein when D is a three carbon alkylene

the compound does not have the structure of formula (Ila)
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Oe ((-)-6)).

and;

wherein any alkyl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl or aryl is optionally substituted with 1,
2, or 3 groups selected from OH, CN, SH, SO>NH,, SO»(C;-Cs)alkyl, SO:NH(C;-Cs)alkyl, halogen,
NH,, NH(C;-Cy)alkyl, N[(C;-Cg)alkyl],, C(O)NH,, COOH, COOMe, acetyl, (C;-Cg)alkyl, O(C;-
Cy)alkyl, O(C,-Cg)haloalkyl, (C,-Cs)alkenyl, (C,-Cs)alkynyl, haloalkyl, thioalkyl, cyanomethylene,
alkylaminyl, NH,—C(O)-alkylene, NH(Me)-C(O)-alkylene, CH,—C(O)-lower alkyl, C(O)-lower
alkyl, alkylcarbonylaminyl, CH>—[CH(OH)]n—(CH;),—OH, CH,—[CH(OH)]n—(CH,);—
NH; or CHz-aryl-alkoxy; or wherein any alkyl, cycloalkyl or heterocyclyl is optionally substituted
with oxo;

“m”and “p”are 1,2,3,4,50r6.

2. The compound according to claim 1, wherein D has the structure of formula X;

E
4-3.\ ‘%
EQ" N

X)

wherein;

E:1is N, C(O), NH or CRy;

E:;is N, C(O), NH or CRyy;

Esis N, C(O), NH or CRy2;

Esis N, C(O), NH or CRi13; and

Riw, Rui1, Riz and Ryss independently are H, halogen, CN, Ci-Cg(alkyl), (Ci-Cs)haloalkyl, (Cs-
Cs)alkenyl, (C>-Cg)alkynyl, ORT, NR™RY, [(C;-Cs)alkylene]OR”, [(C;-Cs)alkylene[NHRT, [(C;-
Cgalkylene]NR™RY, C(O)RT, C(O)NHR', C(O)NR'RY, C(0)[(C;-Cg)alkylene]NHRT,
C(0)[(C;-Cg)alkylene[NRTRV, CO,RT, C(S)NHRT, C(S)NR'RY, SRT, S(O)R”, SO,RT, SO,NHRT,
SO,NR™RY, NHC(O)RT, NR'C(O)RY, NHC(O)NHRT NHC(O)NR'RY, NRTC(O)NHRY,
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NRC(O)NRVRY, P(0)(OH)(OR"), P(O)(ORT)(ORY), tosylate, aryl, heteroaryl, cycloalkyl or
heterocyclyl; RT, RY and RY independently are H, -OH, aryl, (C;-Cs)alkyl, [(C-Cs)alkyl]aryl
(Ci-Cyg)alkoxy, (Ci-Cg)haloalkyl, cycloalkyl, heterocyclyl, [(Ci-Cs)alkylene]heterocycelyl, [(Ci-
Cy)alkylenelaryl or heteroaryl; or RT and RV together with the nitrogen atom to which they are
attached form a heterocyclyl ring.

3. The compound according to claim 1, wherein D has the structure of formula X1,

(XI)

wherein;

F1, F» and F; are independently CRiis, N, NRyis, O or S; wherein Rii4 and Riis are independently H,
CN, halogen, ORY, SR¥, (C-Cs)alkyl, C(0)O(Ci-Cs)alkyl, C(O)(Ci-Cs)alkyl, SO(Ci-Cs)alkyl,
SO,NRYR*, C(O)NRYR*, NR"R* or NRVC(O)R*;

R*W and R%* independently are H, -OH, aryl, (Ci-Cs)alkyl, [(Ci-Cs)alkylJaryl (C;-Cs)alkoxy, (Ci-
Cs)haloalkyl, cycloalkyl, heterocyclyl, [(Ci-Cg)alkylene]heterocyclyl, [(Ci-Cs)alkylene]aryl or
heteroaryl; or the RY and R* together with the nitrogen atom to which they are attached of NRWR*
or NRYC(O)R¥, optionally form a heterocyclyl ring.

4. The compound according to claim 1, wherein A has the structure of formula (IV);

(Iv);

wherein;

A1is N, C(O), NH or CRyo;

Azis N, C(O), NH or CRyy;

Az is N, C(O), NH or CRy3;

A4is N, C(0), NH or CRy3; and

Ry0, R11, Rizand Ry; independently are H, halogen, CN, C;-Cs(alkyl), (C1-Cg)haloalkyl, (C,-Cs)alkenyl,
(Cy-Cg)alkynyl, OR®, NRORF, [(C;-Cg)alkylene]OR®, [(C;-Cg)alkylene]NHR®,  [(C;-
Cg)alkylene][NRPRF,  C(O)R®, C(O)NHR®, C(O)NR°RF,  C(0)[(C;-Cg)alkylene[NHRP,
C(0)[(C1-Cs)alkylene[NRPR”, CO,R°, C(S)NHR®, C(S)NRR’, SR®, S(O)R®, SO,R®, SO:NHR®,
SO,NRPRF, NHC(O)R®, NRCC(O)R", NHC(O)NHR®, NHC(O)NR°R’, NRCC(O)NHR’,
NRPC(O)NRFR®, P(0)(OH)(OR®), P(O)(OR®)(OR"), tosylate, aryl, heteroaryl, cycloalkyl or
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heterocyclyl; R°, R and R? independently are H, -OH, aryl, (C;-Cs)alkyl, [(C1-Cs)alkyl]aryl
(Ci-Cyg)alkoxy, (Ci-Cg)haloalkyl, cycloalkyl, heterocyclyl, [(Ci-Cs)alkylene]heterocycelyl, [(Ci-
Cs)alkylene]aryl or heteroaryl; or R® and R” together with the nitrogen atom to which they are
attached form a heterocyclyl ring;

wherein any vicinal Ryo, Ry, Ryz, and Rys together with the carbons to which they are attached
optionally form an aryl or heteroaryl ring.
5. The compound according to claim 4, wherein at least one of Ryg, Ry1, Ryzor Ryzis a heteroalkyl.
6. The compound according to claim 4, wherein:

the compound has the structure of formula (I)

W is OH;

Xis O;

Zis O;

Rz is an aryl;

R; is a phenyl;

R; is syn relative to Rs;

Rsis H or alkyl;

Ry is alkyl or aryl.
7. The compound according to claim 4, wherein:

the compound has the structure of formula (II);

W is OH;

Xis O;

Z’ is OH;

R; is an aryl;

R; is a phenyl;

R; is syn relative to Rs;

Ry is alkyl or aryl.

8. The compound according to claim 1, wherein A has the structure of formula (V);

7
\:‘“‘.,‘ ;
. f Ny

wherein;

B4, B; and B; are independently CRyy, N, NRys, O or S; wherein Ri4 and Rys are independently H, CN,
halogen, OR®, SR®, (Ci-Cs)alkyl, C(0)O(Ci-Cs)alkyl, C(O)(Ci-Cs)alkyl, SO(Ci-Cs)alkyl,
SO,NRFR®, C(O)NRFR®, NRFR® or NRRC(O)R®;
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R® and R®, independently are H, -OH, aryl, (C;-Cs)alkyl, [(Ci1-Cs)alkylJaryl (C;-Cs)alkoxy, (Ci-
Cs)haloalkyl, cycloalkyl, heterocyclyl, [(Ci-Cg)alkylene]heterocyclyl, [(Ci-Cs)alkylene]aryl or
heteroaryl; or the R® and R® together with the nitrogen atom to which they are attached of NRFR®
or NRRC(O)R®, optionally form a heterocyclyl ring.

9. The compound according to claim 8, wherein at least one of By, B; and B; is CRy4, or NRys and
Ry4 or Rys is a heteroalkyl.
10. The compound according to claim 8, wherein;

the compound has the structure of formula (I);

W is OH;

Xis O;

Zis O;

Rz is an aryl;

R; is a phenyl;

R; is syn relative to Rs;

Rsis H or alkyl;

Ry is alkyl or aryl.

11. The compound according to claim 8, wherein;

the compound has the structure of formula (II);

W is OH;

Xis O;

7’ is OH;

R; is an aryl;

R; is a phenyl;

R; is syn relative to Rs;

R, is alkyl or aryl.

12. The compound according to claim 1, wherein Rs is sy» to Ra.

13. The compound according to claim 1, wherein the compound is selected from the following

compounds;
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OMe (12z), OMe (12j),

OMe (12d), OMe  (12h),
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Br

OMe (12r),

OMe (12ab), OMe (12a),

OMe (12k), OMe (12p), OMe (12f),
cl

OMe (12b), OMe (12q),

Me

OMe (12x), OMe (12w), OMe (12t),
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BnO

OMe (12¢), OMe (12m),

OMe (120),
OMe (12y), (CMLDO012332),
MeO
OMe ((-)-12s), OMe ((+)-12s),
Me
OMe ((-)-121), OMe ((+)-12D),
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OMe (12v), OMe (12e),

OMe (12aj),

OMe (CMLD012982), OMe (CMLDO012982’),
HO

OMe (12ap).

OMe (12n),
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MeQ




WO 2020/086562 PCT/US2019/057413

OMe (12ai),

OMe (12ad), OMe ((+)-6).
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OMe (I1Ib),

@ ) ary -,

or stereoisomers, tautomers, or pharmaceutically acceptable salts thereof,

wherein:

Xis O, S, CRERE or NRE; wherein R® and RE independently are H, alkyl, aryl, heteroaryl, heteroalkyl,
cycloalkyl, acyl, or allyl;;

W is F or -YRA, wherein Y is O, NH or S, and R* is H, alkyl, aryl, heteroaryl, heteroalkyl, cycloalkyl,
acyl, NH(alkyl), NH; or NH(aryl);

A is a heteroaryl or aryl;

R; is aryl or heteroaryl;

Rsis H, phenyl, alkyl, heteroalkyl, aryl, heteroaryl, aldehyde, ester, alkenyl, amide or —CO,H; wherein,

when Rj is not H, Rs is sy» to Ra, or Rs is frans to Ra; ;
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R4 1s H, alkyl, aryl, heteroaryl, heteroalkyl, cycloalkyl, acyl halide, CN, NH(alkyl), NH(CN) or NH-
NH(alkyl);

Zis O, NH, S, Se, N(alkyl) or N(aryl), CRRF; wherein R and RF independently are H, alkyl, aryl,
heteroaryl, heteroalkyl, cycloalkyl, acyl, allyl or CN;

Rs is H, alkyl, alkenyl, alkynyl, aryl, heteroaryl, cycloalkyl heteroalkyl;

7’ is a halide or -TRs’; wherein T is O, S, NH, or CH; and Rs’ is H, alkyl, alkenyl, alkynyl aryl,
heteroaryl, cycloalkyl, heteroalkyl, acyl or sulfate;

D is a C;-s alkylene, C;-s heteroalkylene, heteroaryl or aryl,

and;

wherein any alkyl, alkenyl, cycloalkyl, heterocyclyl, heteroaryl or aryl is optionally substituted with 1,
2, or 3 groups selected from OH, CN, SH, SO>NH,, SO»(C;-Cs)alkyl, SO:NH(C;-Cs)alkyl, halogen,
NHa, NH(C;-Cy)alkyl, N[(Ci-Cs)alkyl]s, C(O)NH2, COOH, COOMe, acetyl, (C;-Cglalkyl, O(C;-
Cs)alkyl, O(Ci-Cg)haloalkyl, (C2-Cs)alkenyl, (C2-Cs)alkynyl, haloalkyl, thioalkyl, cyanomethylene,
alkylaminyl, NH,—C(O)-alkylene, NH(Me)-C(O)-alkylene, CH,—C(O)-lower alkyl, C(O)-lower
alkyl, alkylcarbonylaminyl, CH>—[CH(OH)]n—(CH),—OH, CH;—[CH(OH)]n—(CHa2);—
NH; or CHz-aryl-alkoxy; or wherein any alkyl, cycloalkyl or heterocyclyl is optionally substituted
with oxo;

“m”and “p”are 1,2,3,4,50r6;

the method comprising:

providing a first compound and a second compound in a solution, and reacting the first compound with
the second compound;

wherein the first compound has the structure of (VI), (VII) or a salt thereof, and

the second compound has the structure of (VIII), (IX) or a salt thereof;

wherein the structures of (VI), (VII), (VIII) and (IX) are;

(VID),

HN (VIII) , and HN (IX):

142



WO 2020/086562 PCT/US2019/057413

wherein Q is OR® or NRYR!, wherein R¢ R and R! are independently H or an alkyl, and wherein L

is a leaving group.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.
25.
26.
27.
28.

29.
30.
31.
32.
33.

The method of claim 14, wherein L 1s OH, OT;, OAc, OTy, or OM;.

The method of claim 14, wherein the first compound and the second compound, are combined
and heated to a temperature above about 50 °C for at least 2 minutes and less than 2 hours.
The method of claim 14, the second compound is provided in a molar amount greater than the
molar amount of the first compound.

The method of claim 14, wherein the second compound is provided in a concentration less than
2 M.

A pharmaceutical composition comprising a compound made by the method of any one of
claims 14-18.

A pharmaceutical composition comprising a compound according to any one of claims 1-13
and a pharmaceutically acceptable carrier, diluent or excipient.

A method of inhibiting a viral infection in a subject in need thereof, the method comprising:
administering to the subject a therapeutically effective amount of the compound of any one of
claims 1-13 or the pharmaceutical composition of any one of claims 19-20.

The method of claim 21, wherein the viral infection is caused by a Flavivirdae family virus or
an alphavirus.

The method of claim 21, wherein the viral infection is caused by a virus selected from the group
consisting of: Hepatitis C virus (HCV), Hepatitis B virus, Hepatitis A virus, Chikungunya virus,
Dengue virus, Zika virus, yvellow fever virus, Japanese encephalitis virus, West Nile virus, tick-
borne encephalitis virus, and Omsk Hemorrhagic Fever Virus (OHFV).

The method of claim 21, wherein the subject is a human.

The method of claim 21, wherein the administering is oral administration or direct injection.
The method of claim 21, further comprising administering one or more additional agents.

The method of claim 26, wherein the agent is an antiviral agent.

A method of inhibiting a Hepatitis C viral infection in a subject in need thereof, the method
comprising: administering to the subject a therapeutically effective amount of the compound of
any one of claims 1-13 or the pharmaceutical composition of any one of claims 19-20.

The method of claim 28, wherein the subject is a human.

The method of claim 28, wherein the administering is oral or direct injection.

The method of claim 28, further comprising administering one or more additional agents.

The method of claim 31, wherein the agent is an antiviral agent.

The method of claim 31, wherein the agent is selected from the group consisting of: a small

molecule, an antibody, a peptide, a genome editing system, and a nucleic acid.
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34.

35.
36.

37.
38.
39.
40.

4].
42.
43.
44.

45.

46.

47.

48.

49.

The method of any one of claims 28-33, wherein the agent is selected from the group consisting
of: ribavirin, daclatasvir, sofosbuvir, velpatasvir, ledipasvir/sofosbuvir, telaprevir, interferon
aphacon-1, interferon alpha-2b, glecaprevir and pibrentasvir, simeprevir, pegylated interferon,
pegylated interferon alpha-2b, interferon alpha-2a, elbasvir, and grazoprevir.

The method of claim 32, wherein the antiviral agent is sofosbuvir.

A method of inhibiting viral entry into a cell, the method comprising: contacting a cell with at
least one compound of any one of claims 1-13.

The method of claim 36, further comprising contacting the cell with an additional agent.

The method of claim 37, wherein the agent is an antiviral agent.

The method of claim 37, wherein the agent is sofosbuvir.

The method of claim 36, wherein the compound inhibits prohibitin or glycoprotein fusion with
the cell.

The method of claim 36, wherein the cell is contacted with 121 or 12s.

The method of claim 36, wherein the cell 1s contacted with both 121 and 12s.

The method of any one of claims 36-42, wherein the cell is a hepatocyte.

The method of any one of claims 36-43, wherein the virus is Hepatitis C virus, Dengue virus,
or Chikungunya virus.

A method of inhibiting prohibitin or glycoprotein fusion with a cell, the method comprising:
contacting the cell with an effective amount of any one of the compounds of claims 1-13.

The method of claim 45, further comprising contacting the cell with an additional agent.

The method of claim 45, wherein the agent is an antiviral agent.

The method of claim 45, wherein the inhibition of prohibitin or glycoprotein fusion inhibits
viral entry.

The method of claim 45, wherein the cell is a hepatocyte.
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. I:l Claims Nos.:

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

2. D Claims Nos.:

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

3. K‘ Claims Nos.: 21-35, 43, 44
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

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

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

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

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

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

4. m No r'equired additional search fees ‘were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1,4, 20, 36-42, and 45-49

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

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

D No protest accompanied the payment of additional search fees.
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Continued from Box No. Il Observations where unity of invention is lacking

Claims 1, 4, 20, 36-42, and 45-49 have been analyzed subject to the restriction that the claims read on a compound having the structure
of Formula (1), or sterecisomers, tautomers, or pharmaceutically acceptable salts thereof, wherein: X is O; Wis F; A is heteroaryl,
wherein A has the structure of formula (1V), as shown in instant claim 4, wherein A1 is N; A2is N; A3 is N; A4 is N; R2 is aryl, which is
unsubstituted phenyl; R3is H; R4 is H; Z is O; RS is H.
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Claim 14 is objected to under PCT Rule 66.2(a)(v) as lacking clarity under PCT Article 6 because claim 14 is indefinite for the following
reason(s):

Regarding claim 14, the claim refers to the variable R20 in structrures (V1) and (VI1), which is undefined in claim 14. For the purposes of
this Written Opinion proposed, the variable R20 is ignored based on chemical valency considerations, as best interpreted.

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

Group 1+: claims 1-13, 20, 36-42, and 45-49 are drawn to compounds having the structure of Formula (1), (I1), or (lll}, pharmaceutical
compositions thereof, methods of inhibiting viral entry into a cell thereof, and methods of inhibiting prohibitin or glycoprotein fusion with a
cell thereof.

Group II+: claims 14-19 are drawn to methods for preparing a compound having formula (i), (i1} or (lII'), pharmaceutical compositions
thereof.

The first invention of Group I+ is restricted based on the provisos in the instant claim 1 wherein a) when R3 is not H, R3 is synto R2 or
R3 is trans to R2; and b) when D is a three carbon alkylene the compound does not have the structure of formula (llla), as shown; and is
restricted to a compound having the structure of Formula (1), or sterecisomers, tautomers, or pharmaceutically acceptable salts thereof,
wherein: X is O; W is F; A is heteroaryl, wherein A has the structure of formula (IV), as shown in instant claim 4, wherein A1 is N; A2 is
N; A3 is N; A4 is N; R2 is aryl, which is unsubstituted phenyl; R3 is H; R4 is H; Z is O; R5 is H; pharmaceutical compositions thereof,
method of inhibiting viral entry into a cell thereof, and method of inhibiting prohibitin or glycoprotein fusion with a cell thereof. It is
believed that claims 1, 4, 20, 36-42, and 45-49 read on this first named invention and thus these claims will be searched without fee to
the extent that they read on the above embodiment.

The first invention of Group II+ is restricted based on the proviso in the instant claim 14 wherein when R3 is not H, R3 is syn to R2 or R3
is trans to R2; and is restricted to a method for preparing a compound having formula (1), or stereoisomers, tautomers, or
pharmaceutically acceptable salts thereof, wherein: X is O; Wis F; Ais heteroaryl, wherein A has the structure of formula (IV), as shown
in instant claim 4, wherein Atlis N; A2 is N: A3 is N; Adis N; R2 is aryl, which is unsubstituted phenyl; R3is H; R4 is H; Zis O; RS is H;
the method comprising: providing a first compound and a second compound in a solution, and reacting the first compound with the
second compound; wherein the first compound has the structure of (V1) or a salt thereof, and the second compound has the structure of
(Vill) or a salt thereof; wherein the structures of (VI) and (VIll) are, as shown; wherein Q is ORG, wherein RG is H; and pharmaceutical
compositions thereof.

Applicant is invited to elect additional formula(e) for each additional compound to be searched in a specific combination by paying an
additional fee for each set of election. Each additional elected formula(e) requires the selection of a single definition for each compound
variable. An exemplary election would be a compound having the structure of Formula (1), or stereoisomers, tautomers, or
pharmaceutically acceptable salts thereof, wherein: X is S; Wis F; A is heteroaryl, wherein A has the structure of formula (IV), as shown
in instant claim 4, wherein A1is N; A2 is N; A3 is N; A4 is N; R2 is aryl, which is unsubstituted phenyl; R3is H; R4 is H; Zis O; R5 is H;
pharmaceutical compositions thereof, method of inhibiting viral entry into a cell thereof, and method of inhibiting prohibitin or glycoprotein
fusion with a cell thereof. Additional formula(e) will be searched upon the payment of additional fees. Applicants must specify the claims
that read on any additional elected inventions. Applicants must further indicate, if applicable, the claims which read on the first named
invention if different than what was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to
be applied to the "+” group(s) will result in only the first claimed invention to be searched/examined.

The inventions listed in Groups I+ and I+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT
Rule 13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group I+, compounds having the structure of Formula (1), (11}, or (lll), pharmaceutical compositions
thereof, methods of inhibiting viral entry into a cell thereof, and methods of inhibiting prohibitin or glycoprotein fusion with a cell thereof,
are not present in Group |1+, and the special technical features of Group |1+, methods for preparing a compound having formuta (1), (II) or
(I}, pharmaceutical compositions thereof, are not present in Group I+,

The Groups |+ and I+ formulae do not share a significant structural element requiring the selection of alternatives for the compounds of
Formula (1), (I1), (1), or (1II') and compound variables R2, R3, R4, RS, A, X, W, Z,Z, Q, D, and accordingly these groups lack unity a
priori.

Additionally, even if Groups I+ and |1+ were considered to share the technical features of a compound having the structure of Formula
(1), (1), or (l1); a pharmaceutical composition comprising a compound and a pharmaceutically acceptable carrier, diluent or excipient; a
method of inhibiting viral entry into a cell, the method comprising: contacting a cell with at least one compound; and a method of
inhibiting prohibitin or glycoprotein fusion with a cell thereof, the method comprising: contacting the cell with an effective amount of any
one of the compounds; a method for preparing a compound having formula (1), (I1) or (IiI'}, the method comprising: providing a first
compound and a second compound in a solution, and reacting the first compound with the second compound; wherein the first
compound has the structure of (VI), (VII) or a salt thereof, and the second compound has the structure of (VIlI), (IX) or a salt thereof: a
pharmaceutical composition comprising a compound made by the method thereof, these shared technical features do not represent a
contribution over the prior art as disclosed by US 10,085,988 B1 to SRI International et al. and Biomimetic kinetic resolution: highly
enantio- and diastereoselective transfer hydrogenation of aglain ketones to access flavagline natural products to Stone et al.

US 10,085,988 B1 to SRI International et al. teach a compound having the structure of Formula (Ill), wherein X is O; W is ~YR4 wherein
Yis Oand RAis H; Ais aryl; R2 is aryl; R3 is heteroaryl; wherein when R3 is not H; R3is synto R2; Zis O; D is a C4 alkylene (Col. 13,
Lns. 1-16, compound 11, as shown); a pharmaceutical composition comprising a compound and a pharmaceutically acceptable carrier,
diluent or excipient (Col. 4, Lns. 57-59), a method of inhibiting viral entry into a cell (Title; Claim 1), the method comprising: contacting a
cell with at least one compound (Title; Claim 1; Col. 13, Lns. 1-16, compound 11, as shown); a method of inhibiting prohibitin (Col. 1,
Lns. 57-62) or glycoprotein fusion with a cell thereof, the method comprising: contacting the cell with an effective amount of any one of
the compounds (Col. 1, Lns. 57-62; Col. 13, Lns. 1-16, compound 11, as shown).

Form PCT/ISA/210 (extra sheet) (January 2015)
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Additionally, Biomimetic kinetic resolution: highly enantio- and diastereoselective transfer hydrogenation of aglain ketones to access
flavagline natural products to Stone et al. teach a method for preparing a compound having formula (III'), wherein X is O; W is ~YR4
wherein Y is O and RA is H; Ais aryl; R2 is aryl; R3 is aryl; wherein when R3 is not H; R3is synto R2; Z is O; D is a C3 alkylene (Pg.
527, Col. 2, Scheme 1, ... Synthesis of ... (—)-Aglaroxin C (3) ... as shown), the method comprising: providing a first compound and a
second compound in a solution, and reacting the first compound with the second compound (Pg. 527, Col. 2, Scheme 1, ... Synthesis of
... (=)-Aglaroxin C (3) ... as shown); wherein the first compound has the structure of (V1) ((Pg. 527, Col. 2, Scheme 1, ... compound 186,
as shown).

Further, US 9,790,203 B2 to Abbvie Deutschland Gmbh & Co. KG et al. teach the second compound has the structure salt of (1X) (Col.
42, Ln. 30, Pyrrolidin-2-imine hydrochloride).

The inventions listed in Groups I+ and 1+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical feature.
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