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TETRACYCLINE COMPOUNDS AND METHODS OF TREATMENT

RELATED APPLICATIONS

This spplication claims the benefit of U.S. Provisional Application No. 62/381,383,
filed on August 30, 2016 and 62/437,533, filed on December 21, 2016. The entire teachings

of the above application(s) are incorporated hersin by reference.

BACKGROUND OF THE INVENTION

Hematological malignancies are cancers that affect the blood and lymph system.
Some types of hematologic malignancies include: Multiple myeloma, Hodgkin lvmphoma,
Non-Hodgkin lymphoma and Leokemia. The cancer may begin in blood-forming tissue {e.g.,
bhone marrow), or in the cells of the immune system. For example, leukemia originates in
blood-forming tissue. Leukemia is characierized by the uncontrolled growth of blood cells,
usually white blood cells (eukocytes), in the bone marrow. White blood cells arc a
fundamental component of the body's immume response. The leukemia cells crowd out and
replace normal bood and marrow cells.

There are four main types of leukemia: Acuie myeloid leukemia {AML); Chronic
myeloid leukemia (CML); Acute lymphocytic leukemia (ALLY; and Chronic lymphoeytic
leukemia (CLL). The primary differences between the four main types of leukemia have to
do with their rates of progression and where the cancer develops. Acute myeloid leukemia
{AML), also known as acute myslogenons leukemia, acute myeloblastic leukemia, acute
granulocytic leukemis or acuie nontymphocyiic leukemia, is a fast-growing form of cancer of
the blood and bone marrow. AML is the most common type of acute leukemia. It ocours
when the bone marrow begins o make blasts, cells that have not yet completely matured.
These blasts normally develop into white blood cells. However, tn AML, these cells do not
develop and are unable to ward off infections. In AML, the bone marrow may alsc make
abnormal red blood cells and platelets. The number of these abnormal cells increases rapidly,
and the abnormal (leukemia) cells begin to crowd out the normal white blood cells, red blood
cells and platelets that the body needs.

The standard treatment for AML includes remission-induction treatment consisting of
administration of the chemotherapeutic agents cytarabine and daunorubicin (743}, This

treatment has been the standard of care for decades. Few other therapeutic approaches for
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malignant disease have remained so unchanged for such a long period. In addition, the co-
morbidities and high susceptibility to treatment-related toxicity still limit treatment success.
Despite advances in treatment strategies for hematological cancer there remains a need to
identify novel, potent and/or well-tolerated tetracyclines, particularly for the treatment of
leukemias, such as AML, to be used either as a single agent or in combination with other

anti-neoplastic agents.

SUMMARY OF THE INVENTION
In a first aspect of the invention, there is provided a method of treating an Acute Myeloid
Leukemia (AML), said method comprising administering to a subject in need of treatment an

effective amount of a compound having Structural Formula (XX):

R403 R403'

OH O HO ﬁ O O (XX)
or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable composition
thereof, wherein:

R3% is H, a Ci alkyl, a C1.¢ haloalkyl, Ci.6 hydroxyalkyl, a Cs.12 carbocyclyl-(Co.
3)alkylenyl, an amino-(Ci-Cs) alkyl, a mono- or di- (C-Cs alkyl)amino-(Cj.s)alkyl, or a (4-13
member)heterocyclyl-(Co-Cs)alkylenyl, wherein the heterocyclyl portion is optionally
substituted with a C13 alkyl;

R7!is H, a Ci.4 alkyloxy, -OH, Ci.4 alkyl, a Ci.4 haloalkyl, or Ci.4 hydroxyalkyl, Ci.4
haloalkoxy; and

R*3 and R*3’ each independently, is H; a Ci.4 alkyl; a Cs.12 carbocyclyl-(Co-
Cs)alkylenyl-, wherein the carbocyclyl portion is optionally substituted with a hydroxyl
group; or a HoNC(O)-(C-Cs)alkylenyl-.

In a second aspect of the invention, there is provided use of a compound having Structural

Formula (XX):

(39456210 1):AXG
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(XX)
or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable composition
thereof, wherein:

R3% is H, a Ci alkyl, a C1.¢ haloalkyl, Ci.6 hydroxyalkyl, a Cs.12 carbocyclyl-(Co.
3)alkylenyl, an amino-(Ci-Cs) alkyl, a mono- or di- (C-Cs alkyl)amino-(Cj.s)alkyl, or a (4-13
member)heterocyclyl-(Co-Cs)alkylenyl, wherein the heterocyclyl portion is optionally
substituted with a C13 alkyl;

R7!is H, a Ci.4 alkyloxy, -OH, Ci.4 alkyl, a Ci.4 haloalkyl, or Ci.4 hydroxyalkyl, Ci.4
haloalkoxy; and
R*3 and R*%’, each independently, is H; a C.4 alkyl; a Cs.12 carbocyclyl-(Co-Cs)alkylenyl-,
wherein the carbocyclyl portion is optionally substituted with a hydroxyl group; or a
H>NC(O)-(Ci-Cs)alkylenyl-,

in the manufacture of a medicament for treating an Acute Myeloid Leukemia (AML).

A first embodiment of the present invention is directed to a method of treating a
hematological cancer in a subject in need thereof comprising administering to the subject an

effective amount of a compound represented by:

Structural Formula (I) or (I’):

R* _R*
R! RG-RGH R5H\N/
N\ OH
R3 | / NHZ
OH (]
OH O HO o} o}

@

Structural Formula (II) or (IT’):

(39456210 1):AXG
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~NH;

(b

NH,

o O HO O G {IH

or a pharmaceutically acceptable salt thersof, wherein the variables are as defined and

described herein.

1941

Another embodiment of the present invention is the use of g compound represented by
Structoral Formula (§), (1"}, (), (07}, (B8} or (II1"} or a pharmaceutically acceptable salt
thereof, for the manufacture of 8 medicament for treating 2 hematological cancer. In one
aspect the hematogical malignancy is leukemia. In a specific aspect, the leukemda is AMIL.
16 Another embodiment of the present invention is a compound represented by

Struchural Formula (), (T}, (@5, (I, (15} or (I1F), or a pharmaceutically acceptable salt
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thereof, four use in ireating hematological cancers. In one aspect the hematogical
malignancy is leukemia. In a specific aspect, the levkemia is AML.

Another embodiment of the present invention is a method of treating a hematological
cancer comprising administering o a subject in need of freatment an effective amount of a

5  compound represented by any one of structural formulas (0 or (X-1)

R?OO N R401 R40'l'
H i

X,

/ Mo B
R907 s O OHE O O
O 0%-1),

or a pharmaceutically acceptable salt thergof] or a pharmacsutically acceptable composition
thereof.

10 Another embodiment of the present invention is a method of treating a hematological
cancer comprising administering to a subject in need of treatment an effective amount of 2
compound represented by any one of structural formulas (X3), or a pharmaceutically

accepiable salt thereof, or a pharmaceutically acceptable composition thereof,

R402 a2
AN
C N
OH
2502
R\N 4 NH,
| e
RZOH O OO O
15 Another embodiment of the present invention is a compound represented by structural

formula (X1}, or a pharmaceutically acceptable salt thereof:

R\.’H Ri'\!
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Anocther embodiment of the present invention iz 3 method of treating a hematological
cancer comprising administering to a subject in need of freatment an effective amount of a
compotnd represented by structural formmtla (X1, or 4 pharmaceutically acceptable sal
thereof, or a pharmaceutically acceptable composition thereof.
5 Another embodiment of the present invention is a hematological cancer comprising
administering o a subject in need of treatment an effective amount of & compound

represented by the following structural formula

CH O HO S O O (XX)
or a pharmaceutically acceptable salf thereof], or a pharmaceutically acceptable composition
16 thereof
Another embodiment of the present invention is a method of treating a hematological
cancer comprising administering to a subject in need of treatment an effective amount of a

componnd represented by the following structural formala:

R nave
R702 N

CH © PO (ﬁ} o O [9:9.4)]
15 or 3 pharmaceutically accepiable salt thereof, or a pharmaceutically acceptable composition
thereof.
Another embodiment of the present invention is a method of treating a hematological
cancer comprising administering o a subject in need of freatment an effective amount of a
compound represented by any one of structural formulas

|4 405 R4UJ
\
B

OH

N H 2

20 OH O HO H o 0 9:9:41})
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or a pharmaceutically acceptable salf thereot, or a pharmaceutically acceptable composition
thercof.

Another embodiment of the present invention is a method of treating a hematological
cancer comprising administering to a subject in need of freatmment an effective amount of a

5  compound represented by the following structural formula

RA05 paoe

OH © HOHO O  (xxmy
or g pharmaceutically acceptable salt thereof, or a pharmacsutically acceptable composition
thereof.
Anocther embodiment of the present invention is a method of treating 8 hematological
180 cancer comprising administering to a subject in need of treatment an effective amount of a

compound represented by the following structural formula

R705 N

RS(M

’EI

O (XXIV)
or a pharmaceutically acceptable salt thereof, or a pharmaceutically accepiable composition
thereof.

15 Another embodiment of the present invention iz 3 method of treating a hematological
cancer comprising administering to a subject in need of freatment an effective amount of a

compound represented by the following structural formula

=
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or a pharmaceutically acceptable salf thereot, or a pharmaceutically acceptable composition
thercof.
Anocther embodiment of the present invention is any compound represented by

structural formula (X

R H

Vi
RYH /l\(’/ o~
a

5 oH O ; (X1,

or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable composition
thereof.
Another embodiment of the present invention is a method of treating a hematological
cancer comprising administering to a subject in need of treatment an effective amount of a
10 compound represented by structuiral formula (X1, or a pharmaceutically accepiable salt
thereof, or a pharmaceutically acceptable composition thereof,
Another embodiment of the present invention is a compound represented by any one

of structural formulas (XIV) or (XY

Y Ry R
o H
- S ~ N //’\:/ //\\:/ P LOH
F Bl i ]
— AN //’\r ANH,
s T
H 5 ]

13

or a pharmaceutically acceptable salt thereof.
Anocther embodiment of the present invention is a pharmaceutical composition
comprising a pharmaceutically acceptable carrier or dilvent and 3 compound of any of the
20 foregoing embodiments,
Angther embodiment of the present invention is a method of treating a subject

suffering from a bematological tumor, comprising administering to the subject a
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therapeutically effective amount of any compound of a pharmaceutical composition of the
foregoing embodiments.

Anocther embodiment of the present invention is a method for treating a bacierial
infection in a subject in need thereof, comprising administering to the subject a
therapeutically effective amount of a compound represenied by any one of structural formulas
XIV or XV or a compound of Formals X1 or XIL
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts 3 Western Blot that shows levels of COX1, COX4 and actin in
MV4-11 cells treated with Compound 1 as described in Example 2.

FIG. 2 depicts a Western Blot that shows levels of COX1, COX4 and sctin in MV4-
11 cells treated with Compound 2 as deseribed in Example 2.

FIG, 3 depicts a Western Blot that shows levels of COX1, COX4 and actin in MV4-
11 cells treated with Compound 3a as desceribed in Example 2.

FIG. 4 depicts a Western Blot that shows levels of COX1, CGX4 and actin in MV4-
11 celis treated with Compound 4a as described in Example 2.

FIG. 8 depicts a Western Blot that shows levels of COX1, COX4 and sctin in MV4-
11 cells treated with Compound 5 as described in Example 2.

FIG. & is 3 graph showing the dose-response fitting functions for cytarabine (Iop
panel) and Compound 3a (bottom panel}. The X-axis is the concentration of compound
tested and the Y-axis is the Normalized effect-Survival % {count/ED). Normalization was
done afier modeling regarding the estimated basal {E0) parameter.

FIG, 7TA is a graph of Tumor Volume vs. Days After Start of Treatment (Compound
3a at dose 1 and dose 2 of Table 1C) of CB17 SCID mice testing in the xenografl model
using MV4-11 leukemia model

FIG. 7B is a graph of Body Weight Change (%6) vs. Davs After Start of Treatment
{Compound 3a at does | and dose 2 of Table 1C) of CB17 SCID mice testing in the xenografl
mode] using MV4-11 Jeukemia model

FIG. 7C is a graph of Tumor Volume vs. Days After Start of Treatment (Compound
4a at dose 1 and dose 2 of Table 1C) of CB17 SCID mice festing in the xenografl model
using MV4-11 leukemis model
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FiG. 7B is a graph of Body Weight Change (%) vs. Days After Start of Treatment
{Compound 4a at does 1 and dose 2 of Table 1C) of CB17 SCID mice testing in the xenografl
model using MV4-11 leukemia model

FIG. 7E is a graph of Tumor Volume vs. Days After Start of Treatment (Compound 5
at dose 1 and dose 2 of Table 1C) of CB17 SCID mice testing in the xenografl model using
MV 4-11 leukemia model

FIG. 7F is 2 graph of Body Weight Change (%) vs. Days After Start of Treatment
{Compound 5 at does 1 and dose 2 of Table 10 of CB17 SCID mice testing in the xenograft
model using MV4-11 leukemia model

FIG. 8 shows the dose~response resulis for Compound 3z in the Rat Heart
Mitochondrial Translation Assay.

FIG. 9 shows the resulis for MV411 MT-COX1 (Cyiochrome oxidase
subunit 1, expressed in mitochrondria) expression. The X-axis (drug concentration)
shows resulis from left to right on the page as follows: Compound 33, Tigecycline
and Cytarabine.

FIG. 18 shows the resalts for MV411 COX-IV expression (Cytochrome
oxidase subunit 4, expressed in muclens). The X-axis (drug concentration) shows
results from left to right on the page as follows: Compound 3a, Tigecycline and
Cytarabine.

FIG. 11 shows the resulis for MV411 PIG3 expression (TPslz-g p53
responsive protein, expression induced in response to pS3 activation, role associated
with response {o oxidative stress). The X-axis (drug conceniration) shows resulis
from left to right on the page as follows: Compoond 3a, Tigecycline and
Cytarabine,

FIG. 12 shows the results for MV411 BAX expression {pro-apoptotic
protein expression induce by pS3 activation, forms a heterodimer with BCL2 to
induce apoptosis). The X-axis (drug concentration) shows results from left to right
on the page as follows: Compound 3a, Tigecycline and Cytarabine.

FIG. 13 shows the results of CDKNZA expression (also known as pl4% or
ARF -nuclear gene, translation regulated by cMye, functions to stabilize/activate

p33 by binding and sequestering Mdm?2}. The X-axis {drug concentration} shows



LV

WO 2018/045084 PCT/US2017/049462

~10-

results from lef Yo right on the page as follows: Compound 3a, Tigecycline and
Cytarabine.

FIG. 14A through FIG. 14K, collectively, represent a table of Minimal
Inhibitory Concentrations (MIC) values, in pg/mi, of the example compounds
disclosed in the preset application.

FIG. 18A through FIG, 18M, collectively, represent a table of “Inhibitory
Concentrations 50%” (ICso) values of example compounds disclosed in the present
application measured against the indicated hematological cancer cell lines.

FiG, 16A through FIG. 16¥, collectively, represent a table of “Inhibitory
Concentrations 509" (JCso} values of example compounds disclosed in the present
application measured against the indicated hematological cancer cell lines,

FIG. 174 through FIG. 17D, collectively, represent a table of “Inhibitory
Concentrations 30%” (ICso) values of example compounds disclosed in the present

application measured against the indicated hematological cancer cell lines.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a method of ireating a hematological cancerina
subject in need thereof, The method comprises administering to the subject an effective
amount of a compound represented by any one of Structural Formulas (33, (%), (D), (1), (HI
or {I{I"} or a pharmaceutically acceptable salt thereof. The variables in Structural Formulas
{0, (), G0, 30, 41D or (1) are described herein in the following paragraphs. Itis
understood that the invention encompasses all combinations of the substituent variables (e,
RE R?, R, ete.) defined herein,

In g first embodiment of the invention, the compound administered in the method of

{reating a hemaiological cancer is a compound having Structural Formula (D or (T}
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or g pharmaceutically accepiable salt thereof, wherein:
X is selecied from N and C(R),

each of RL, R2, RY, R and R® is independenily selected from hydrogen,
halo, ~{C1-Ce alkyl}, ~ORA, -C{OINRFRP, .NRFRF, -8(0)0-2R", {Co-Cs

alkylene}-carboeyclyl, and «(Co-Cs alkylene)-heterocyelyl; or

U

R} and R? are optionally taken together with atoms o which they are bound to
form a carbocyelyl or heterocyelyl ring; or
R? and R? are optionally taken together with atoms to which they are bound to
10 form a carboeyely! or heterocyelyl ring;
R* is selected from hydrogen, ~{Ci-Cs alkyl), -{Co-Cs alkylene)-carbocyelyl,
and ~{Co-Co alkylene)-heterocyelyl;
R¥ is selected from hydrogen, -{Ci-Cs alkyl), S{O)2RS, -{Ce-Co
alkylene}-carbocyelyl, -{Co-Cs alkylene)-heterocyelyl, ~-C{OM{Chi-Cs alkyl},
15 and -C{OW{C1-Cs alky H-NRPRE; or
R* and RY are optionally taken together with the nitrogen atom to which they
are commonly bound to form 3 4-8 membered ring optionally comprising 1-2
additional heterogtoms independently selected from N, O and §;
RY is selected from hydrogen, ~(C1-Ce alkyl) and ~{C3Cs cycloalkyl);
20 each R4 is independently selected from hydrogen, ~(C1-Cs alkyD), «{(Co-Cs
alkyiene-carbocyelyl, -{Co-Cs alkyiene)-heterocyelyl, ~C{OM{(Ci-Ce
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alkyl}, -C{OY-(Co-Cs alkylene)-carbocyelyl, -C{O-{Co-Cs alkylene}-heterocyelyl,
and ~C{ONRPHREy,

each RP and each RY is independently selected from hydrogen, ~{Ci-Ce
alkyhy, €C1-Cs haloalkyl), {(Co-Cs alkylenei-carbocyelyl, -{Co-Co
alkylene-heterocyelyl, ~5{0).2-(C1-Cs alkyl), ~S{0h.2-{Ce-Cs
alkylene}-carboeyelyl, ~S(O)2-{Co-Cs alkylene)-heterocyelyl, ~-C{(OWCi-Cs
alkyl}, -C{OY-(Co-Cs alkylene}-carbocyelyl, -CIOMH, ~-C{O}(Co-Cs
alkylene)-heterocyclyl, and ~-C{O)~{Co-Cs alkylene)-N{RPYRE);

each R“ is independently selected from ~{C1-Ce alkyl), «(Co-Cs
alkylene)-carbocyelyl and -(Co-Cs alkylene)-heterocyclyl; and

each R” and each RE is independently selected from hydrogen, -{C1-Cs
alky D}, {Co-Cs alkylene)-carbocycelyl, and -{Co-Cs alkylene)-heterocyclyl,

wherein any alkyl, alkylene, carboeyclyl or heterocyely! portion of R}, R?, R?, R4, RY,

R, RS, RS, RA, RB RP, RY, RE, or RF or formed by taking R and R, R? and R?, or R% and
R? together is optionally and independently substituted.

In 3 first aspect of the first embodiment:

any alkyl, or alkylene portion of RY, R?, R®, RY, RY, RS, RS is optionally and
independently substituted with one or more substituents independently selected from
halo, =0, OR?, NR*R”, and S(0)2RE,;

any alky! or alkylene portion of R¥, R, or RY is optionally and independently
substitiied with one or more fluoro;

any carbocyelyl or heterocyclyl portion of any of R, B2, R, RE RY, R, RS, or
any ring formed by taking together R! and R?, R? and R® or R* and R* is optionally
and independently substituted on a carbon atom with one or more substituents
independently selected from halo, =0, C1-Cs fluoroalkyl, C1-Cs alkyl, -{Co-Cs
alkylene)}-{Cs~Cio carbocyelyl), {Co-Cs alkylene}-(4-13 membered heterocyelyl),
ORA, ~{Co-Cs alkylene)-NR¥RP, and S{O)aRS;

any heterocyclyl portion of any of RY, R%, R, R4, RY, R%, RS, or any ring
formed by taking together R! and R, R? and R® or R* and RY is optionally and
independently substituted on a substitutable nitrogen atom with RY;

each RF is independently selected from -(Ci-Cs alkyl), (C-Cs
haloalkyl), -(C1-Cs hydroxyalkyl), -(Co-Cs alkylenc)-carbocyelyl, -(Co-Cs

PCT/US2017/049462
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~13.

alkvieneyheterocyelyl, -8{0h0-{C1-Cs allyl), -S${02-{Co-Cs
alkylene}-carbocyelyl, -S{0)1.2-(Co-Cs alkylene)-heterocyelyl, ~-CO(Ci-Cs
alky D), ~-C{O{(Co-Cs alkylenel-carboeyelyl, ~-C{OMH, -C{OW{Co-Cs
alkylene}-heterocycelyl, ~{Co-Cs alkylene)-C{On-(Ci-Cs alkyly, -(C1-Cs
alkylene}NRBERF and ~-C{OIN(RPWRE);

any carbocyelyl or heterocyelyl portion of RA, RB, R¥, RY, RP, RE RF, any

LV

cycloalkyl portion of RY, or any substituent of RY, R%, R, R4, RY, R®, RO is optionally
and independently substituted on a carbon atom with a one or more substituents
independently selected from fluore, chloro, Ci1-Ca alkyl, Ci-Cq fuoresalkyl, ~0-Ci-Cy

14 alkyl, ~-0-Ci-Ca fhaoroalkyl, =0, ~OH, -NHz, ~-NH(C-C4 alkyl), and -N{C1-Cs alkyll;

any heterocyclyl portion of R4, RB, RP, RE, RP, RE, RF, or any heterocyclyl

substituent of RY, R2, R?, RY, RY, RY, or RY is optionally substituted on a substitutable
nitrogen atom with ~C1-Ca allkyl, or -8(On-2-(Ci~Ca slkyl). The remaining variables
are as described and defined in the first embodiment.

15 In a second aspect of the first embodiment, the compound is other than:
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,Ora
salt of any of the foregoing. The remaining variables are as described and defined in the first
embodiment, or first aspect thereof.

5 In a third aspect of the first embodiment, each of R%, R® and R¥ is hydrogen. The
remaining variables are as described and defined in the first embodiment, or the first or
second aspect thereofl

In a fourth aspect of the first embodiment, X is C(R). The remaining variables are as
described and defined in the first embodiment, or the first, second or third aspect thereofl

10 In g fifth aspect of the first embodiment:

X is selected from N and C(R%);

each of R}, R%, B3, R and R is independently selecied from hydrogen, halo, ~«(Ci-Cs
alkyl}, -ORA, NRBRY, -C{O)NRPR®, 5(0O¥.2RY, -(Co-Cs alkylene)-carbocyelyl, and ~(Co-Cs
alkylene)-heterocyelyl; or

13 R! and R? are optionally taken together with atoms to which they are bound to form a
carbocyelyl or heterooyelyl ring; or

R? and R? are optionally taken together with atoms to which they are bound to form a
carbocyelyl or heterooyelyl ring;
R? is selected from hydrogen, ~{C1-Cs alkyl), ~(Co-Cs alkylene)-carboeyclyl, and ~(Co~

28 Cs alkylene)-heterocyclyl;

R¥ is selected from hydrogen, {(Cz-Cs alkyl), ${032RE, ~{Co-Cs
alkylenecarboeyelyl, «{Co-Cs alkylene)-heterooyelyl, -C{ONW{(C1-Cs alkyl), and ~-COMC1-Ce
alky}-NRPRE; ar
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R* and RY are optionally taken together with the nitrogen atom to which they are
commonly bound to form a 4-8 membered ring optionally comprising 1-2 additional
heterogtoms independently selected from N, G and 8;

R¥ is selected from hydrogen, ~({1-Cs alkyl) and -(Cs-Cs cycloalkyl);

each R is independently selected from hydrogen, ~(Ci-Cs alkyl), ~(Co-Cs
alkyleney-carbocyclyl, ~{Co-Cs alkylene)-heterocyelyl, -C{OW(Ci-Cs alkyh), ~C{O{Co-Cs
alkylene)-carboeyclyl, ~-C{O-{Co-Cs alkylene)-heterocyclyl, and ~-C{ON{RPY R,

each R? and each R¥ is independently selected from hydrogen, -(C1-Cs alkyl}, ~{Co-
Cs alkylene}-carboeyelyl, {(Co-Cs alkylene)-heterocyelyl, ~8{0)2-{C1-Cs
alkey D), ~S{O)-2-{Co-Cs alkylens)-carbocyelyl, ~S({}1.0-(Co-Cs
alkylene}-heterocyclyl, ~C{OW(Ci-Cs aliyl}, -C{O-{Co-Cs
alkylene)-carbocyclyl, -C{OMH, -C{OW(Co-Cs alkylene)-heterocyclyl, and -C{OWN(RPHRE),

sach RV is independently selected from -(C1-Cs alkyl), ~(Co-Cs alkylene)-carbocyelyl
and -{C¢-Cs alkylene)-heterocyclyl; and

each RP and each RF is independently selected from hydrogen, ~{Ci-Cs alkyl), «{(Co-Cs
alkylene)-carbocyelyl, and -{Co-Cs alkylens)-heterocycelyl;

wherein any alkyl, alkylene, carbocyclyl or heterocyelyl portion of RE, R?, R R4, RY,
R3, RE RY, RA RB, R¥ RS, RP, or RE or formed by taking R! and R?, R? and R?, or R? and
R¥ together is optionally and independently substituted. The remaining variables are as
described and defined in the first embodiment, or the first, second, third or fourth aspect
thereof.

In a sixth aspect of the first embodiment:

any alky! or alkylens portion of R}, R%, R% R4, RY, R°, or R% is optionally and
independently substitited with one or more substituents independently selected from halo,
=, OR®, NRFRP, and S{0Uje2RY;

any alkyl or alkylene portion of R, R, or RS, is optionally and independently
substituted with one or more flucro;

any carbocycly! or heterocyclyl portion of any of RY, R%, R*, R4, RY, R°, or R®, or any
ring formed by taking together R! and R2, R? and R, or R* and RY is optionally and
independently substitited on a carbon atom with one or more substituents independently
selected from halo, =0, C1-Cs fluoroalkyl, Ci-Cs alkyl, Ts-Cio carboeyelyl, 2 4-13 membered
heterocyclyl, OR?, NRFR?, and S{U)e2RE;
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any heterocyclyl portion of any of R, R%, B3, R%, RY, R®, or RS, or any ring formed by
taking together R! and B2, R? and RY, or R* and RY is optionally and independently
subsiituted on a substitutable nitrogen atom with RY;

each RY is independently selected from -(C1-Cs alkyly, ~(Co-Ce
alkylenc)-carbocyclyl, «(Co-Cs alkylene)-heterocyelyl, ~S(Oh2-(Ci-Ce alkyl}, -S(O2-(Co-
Cs alkylene)-carbocyelyl, ~S{Oh2-{Co-Cs alkylene)-heterocyclyl, ~-CO{Ci-Cs
alkyh, -CN={Co-Cs alkyleng)-carbocyclyl, -C{OMH, -C{O)-{Co-Cs alkylenel-heterocyclyl,
and -C{OMNERVYR;

any carbocyclyl or heteroeycely! portion of R®, R, R®, RC, RY, RE, RF, any cyeloalkyl
portion of R, or any substituent of R, RZ R?, R4, RY, R®, or RY is optionally and
independently substituied on a carbon atom with a one or more substituents independently
selected from halo, Ci-Cs alkyl, Ci-C4 fluoroalkyl, -0O-Ci-Cs alkyl, ~0O-Ci~C4 fluoroalkyl,
=03, -OH, -NHz, -NH{C:~C4 alkyl), and ~-N(C1-Cs alkyl; and

any heterocyelyl portion of R4, R, R RC, RP, RE, R¥, or any heterocyelyl
substituent of RY, R%, B3, RY, RY, B>, or R® is optionally substituted on a substitutable nitrogen
atom with ~C1~-Cs alkyl, or ~8{0)1-2-(C1-Cy alky]). The remaining variables are as described
and defined in the first embodiment, or the first, second, third, fourth or {ifth aspect thereof.

In a seventh aspect of the first embodiment, X is N. The remaining variables are as
described and defined in the first embodiment, or the first, second, third, fourth, fifth or sixth
aspect thereof.

In an eighth aspect of the first embodiment, R’ is selected from hydrogen, halo, ~(Ci-
Cs alky}) optionally substituted with one or more halo, -NRBRF | .C{OWRERE', -ORA, (Co-
Cs alkylene)-carbocyelyl, and ~(Co-Cs alkylene l-heterocyclyl, wherein R is C1-Ce alkyl
optionally substituted with one or more fluoro. The remaining variables are as described and
defined in the firs{ embodiment, or the first, second, third, fourth, fifth, sixth or seventh
aspect thereof.

In a ninth aspect of the first embodiment, R is selected from hydrogen
and -N{R®}RP", wherein R? is hydrogen. The remaining variables are as described and
defined in the frst embodiment, or the first, sccond, third, fourth, fifth, sixth, seventh or

cighth aspect thereof.
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In g tenth aspect of the first embodiment, the compound for use in treating a

hematological cancer is selected from any of the compounds in the following tables or a

pharmacsutically acceptable salt thereof:
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The compounds set forth in the above lables were prepared according to the synthetic
procedures deseribed in W(O2014/036302, incorporated herein by reference in ifs entirety.
The compound numbers in the tables sat forth above reference synthetic schemes in
WO2014/03650 all of which are found in U.S. Patent No. 9,573,895 the entire content of
which is hereby incorporated by reference.

In a second embodiment of the invention, the compound administered in the method
of {reating a hemaiological cancer is a compound of Structural Formula (1) or (I}, wherein R*
is selected from hydrogen and -{Ci-Cs alky); RY is selected from hydrogen, ~{C2-Cs alkyl)
optionally substituted with one or more substituents independently selected from hydroxy and
halo, -{C3-Cs cycloalkyl), -C{O}(C1-Cs alkyl), -C{0){C1-Co alkylene}-N{RPYRE), and S{Oh-
2RC; or R® and RY are taken together with the nitrogen atom to which they are commonly
bound to form a 4-6 membered ring optionally comprising 1-2 additional hetercatoms
independently selected from N, O and 8; RC is -(C1-Cs alkyl); and each of R” and RE is
independently selected from hydrogen and ~(C1-Cs alkyl). The remaining variables are as

described and defined in the first embodiment, or any aspect thereofl
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In a first aspect of the second embodiment, R* is selected from hydrogen, methyl,
cthy} and propyl; and RY is selected from hydrogen, ethyl, propyl, eyclopropyl, -C(OYCH3,
~C{OYCHN{CHa, and ~S{ORCHi. The remaining variables are as desoribed and defined in
the first embodiment, or any aspect thereof, or in the second embodiment.

In a second aspect of the second embodiment, R? is selected from hydrogen and ~(Ci-
Cs alkyly; RY is selected from hydrogen, ~(Ca-Cs alkyl), {Ca-Cs eycloalkyl), ~-C{OMC1-Cs
alkyD), “CO)-{C1-Cs alkylene-N(RPYRY), and S{O34RE; RY is «(C1-Ce alkyl); and each of
RP and R® is independently selected from hydrogen and -(Ci-Cs alkyl). The remaining
variables are as described and defined in the first embodiment, or any aspect thereof, or the
second embodiment, or first aspect thereof.

In a third aspect of the second embodiment, R? and RY are both hydrogen.

In a fourth aspect of the second embodiment, R* is «(C1-Ce alky!) and RY is ~(C2-Cs
alkyty.

In a fifth aspect of the second embodiment, R* is hydrogen and RY is -(Co-Cs alkyly.

In a third embodiment of the invention, the compound administered in the method of
treating a hematological cancer is a compound of Structural Formala (0) or ('), wherein R is
selected from hydrogen, halo, and -{C1-Cs alkyl) optionally substituted with one or more
substituents independently selected from halo, -NRPRY | -C(OINRFR®, -ORA, -(Co-Cs
alkylene}-carboeyelyl, and -{Co-Cs alkylene)-heterocyelyl, wherein R is Ci-Cs alkyl
optionally substituted with one or more fluore. The remaining variables are as deseribed and
defined in the first or second embodiment, or any aspect thereofl

In 2 first aspect of the third embodiment, X is C(R%). The remaining variables are as
deseribed and defined in the first or second embodiment, or any aspect thereof, or the third
embodiment.

In a sscond aspect of the third embodiment, R! is selected from hydrogen, fluoro,
chloro, CFz and OCF3. The remaining variables are as described and defined in the first or
second embodiment, or any aspect thereof, or the third embodiment, or first aspect thereof.

In a third aspect of the third embodiment, R! is selected from hydrogen, halo,
and -{C1~Cs alkyD) optionally substituted with one or more substituents independently
selected from halo, and -ORA, wherein R is C1-Ce alkyl optionally substituted with one or
more fluore. The remaining variables are as described and defined in the first or second

embodiment, or any aspect thereof, or the third embodiment, or first or second aspect thereof
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In a fourth aspect of the third embodiment, R! is selected from hydrogen, fluoro,
chlorp, ~CFs, ~OCH3, -OCFs, -N{CHs )2 and -NHCH3. The romaining variables are ag
described and defined in the first or sscond embodiment, or any aspeet thereof] or the third
embodiment, or first, second or third aspect thereof,

In a fourth embodiment of the invention, the compound administered in the method of
treating a hematological cancer is a compound of Structural Fornmula (I or ('), wherein R
and R? are taken together with the atoms to which they are bound fo form a nitrogen-
containing heterocyclyl ring, wherein the ring comprising R! and R? is optionally substituted
on any substitutable nitrogen atom with C1-Cs alkyl; and optionally substituted on a carbon
atomn with NRPRP' wherein each of R¥ and R¥ is independenily selected from hydrogen and
C1-Co alkyl. The remaining variables are as described and defined in the first, second or third
embodiment, or any aspect thereof,

In a first aspect of the fourth embodiment, R! and R? are taken together with the
-~ -~
o0
TNTI N
E or f 2

“w\ 17 represents & point of attachment to the carbon atom bound to R and “n 2"

carbon atoms to which they are bound to form: , Wherein
represents a point of attachment to the carbon atom bound to R?. The remaining varigbles are
as described and defined in the first, second or third embodiment, or any agpect thereot, or
the fourth embodiment.

In 2 second aspect of the fourth embodiment, X is C(R?). The remaining variables are
as described and defined in the first, second or third smbodiment, or any aspect thereof, or
the fourth embodiment, or the first aspect thereof,

In a third aspect of the fourth embodiment, X is C(R?); and R! and R? are taken

B
RE an
N %
fogether with the carbon atoms to which they are bound to form: R® or
N-“‘ (RI )f
A
N o

=N
(R , wherein “Y\W 17 represents a point of attachment to the carbon stom

hound to RY; v\ 2 represents a point of attachment to the carbon atom bound to R% and fis
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{or 1. The remaining variables are as described and defined in the first; second or third
embodiment, or any aspect thereof, or the fourth embodiment, or the first or second aspect
thereof.

In a fifth embodiment of the invention, the compound administered in the method of
treating a hematological cancer is a compound of Structural Formula () or ('}, wherein R?
is -{Co~Cs alkylene)-heterocyclyl optionally substifuted on a nitrogen atom, i present,
with -{(C1-Cs alkyl); «{(Co-Cs alkylenei-carbocyclyl; or -(C1-Cealkyl substituted with NRERF'
The remaining variables are as described and defined in the first, second, third or fourth
embodiment, or any aspect thereof.

In a first aspect of the fifth embodiment, R? is pyrrolidinyl optionally substituted on a
gitrogen atom with Ci-C4 alkyl or benzyl. The remaining variables are as deseribed and
defined in the first, second, third or fourth embodiment, or any aspect thereof, or the fifth
embodiment.

In a third aspect of the fifth embodiment, R? is -{Co-Cs alkylens)-heterocyclyl
optionally substituted on a nitrogen atom, if present, with -(C1-Cs alky D} or ~(Co-Cs
alkylene)-carbocyelyl. The remsining variables are as deseribed and defined in the first,
second, third or fourth embodiment, or any aspect thereof, or the fifth embodiment, or first or
second aspect thereof,

In a sixth embodiment of the invention, the compound administered in the method of
treating a hematological cancer is a compound of Structural Foromula (I) or (1), wherein R?
and R? are taken together with the atoms to which they are bound to form a heterocyclyl, e.g.,
a nitrogen-containing heterocyclyl ring, wherein the ring comprising R? and R? is optionally
and independently substituled on any substitutable nitrogen atom with Ci-Cs atkyl The
remaining variables are as described and defined in the first, second, third, fourth or fifth
embodiment, or any aspect thereof,

In a first aspect of the sixth embodiment, R? and B> are taken together with the atoms

7
N

SS;Z s
: 5
i,

point of attachment to the carbon atom bound to R?, and “ww 3” represents a point of

o which they are bound to form wherein “W\ 27 represents a

attachment to the carbon aiom bound to R®. The remaining variables are as described and
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defined in the first, second, third, fourth or fifth embodiment, or any aspect thereof, or the

sixth embodiment.

In a second aspect of the sixth embodiment, R? and R® are taken together with the

(RF); B RS
N R N R
¢ e
Nj??s (RF} ___,Nv 2 N}g?f}
atoms to which they are bound to form H . , H or

N
i

N
= I\S‘S‘ 2
0PN

H  wherein ““N2” represents a point of attachment to the carbon atom bound

to R?% “nA 37 represents a point of attachment to the carbon atom bound to R and fis G or 1.
The remaining variables are as described and defined in the first, second, third, fourth or fifth
embodiment, or any aspect therecot, or the sixth embodiment, or first aspect thereof.

In a seventh embodiment of the invention, the compound administered in the method
of ireating a hematological cancer is a compound of Structural Formula (I) or (I), wherein R?
is selected from hydrogen and -N{R®YR®), wherein R® is hydrogen and R¥ is ~C{O)-{Co-Cs
alkylene)-heterocyelyl or -C{O){Co-Cs alkylene)-N{RPYREF). The remaining variables are as
described and defined in the first, sceond, third, fourth, fifth or sixth embodiment, or any
aspect thereof,

In a first aspect of the seventh embodiment, R> is selected from hydrogen and

O
AN
H . The remaining variables are as described and defined in the first, second,
third, fourth, fifth or sixth embodiment, or any aspect thereof, or the seventh embodiment.

In a second aspect of the seventh embodiment, X is C{R?). The remaining variables
are as described and defined in the first, second, third, fourth, fifth or sixth embodiment, or
any aspect thereof, or the seventh embodiment, or first aspect thereof,

In a third aspect of the seventh embodiment, R? is selected from hydrogen
and -N{RPHRP"), wherein R is hydrogen and R® is -C(0)-(Co-Cs alkylene)-heterocyciyl

The remaining varigbles are as described and defined in the first, second, third, fourth, fifth or
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sixth embodiment, or any aspect thereof, or the seventh embodiment, or first or second aspect
thercof.
In an eighth embodiment of the invention, the compound administered in the method

of treating a hematoclogical cancer i5 a compound of Formula I

or g pharmaceutically acceptable salt thereof, wherein:
R! and R? are taken together with atoms to which they are bound to form a
carbocyely! or heterocyelyl ring and R? is selected from hydrogen, halo, -(C1-Cs
alkyly, -ORA, -C(OINRBRY, NRBR¥, §(002RY, -{Co-Cs alkylene)-carboeyclyl, and «(Co-Cs
10 alkylene)-heterocyclyl; or
R? and R are taken together with atoms to which they are bound to forma
carbocyelyl or heterocyclyl ring and R} is selected from hydrogen, halo, ~{(C1-Cs
alkyh), -ORA, -C{OINRERP, NRPRF', S{0)02RE, ~(Co-Cs alkylene)-carbocyelyl, and -{(Co-Cs
alkylepe}-heterocyclyl;
15 each of R’ and R® is independently selected from hydrogen, halo, ~(C1-Cs
alkyl), -OR®, -C(OINRPRY, NRPR¥ | §(C02RY, «(Co-Cs alkylene)-carboeyclyl, and «(Co-Cs
alkylene)-heterocyelyl;
R¥ is selected from hydrogen, -{Ci-Cs alkyl) and -(Cs-Cs cycloalkyl);
each R is independently selected from hydrogen, -(Ci-Cs alkyl}, ~(Co-Cs
20 akylene}-carbocyclyl, {(Co-Ce alkylenel-heterocyclyl, ~C{OMCi-Cs alkyl), -CN-{(Co-Cs
alkylene)-carbocyclyl, ~-C{O)-{Co-Cs alkylene)-heterocyelyl, and -C{OMINRPHRFY,
each R® and cach RP is independently selected from hydrogen, -{C1-Cs alkyD), (Co-
(s alkyiene)-carboeyclyl, {Co-Co alkylene)-heterocyelyl, ~S{On.2(C1-Cs
alkyh}, -S{0n.2-(Coe-Cs alkylene-carbocyelyl, -8S{0)a-(Co-Cs
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alkylene)-heterocyelyl, -C{UN-{Ci-Cs alky [}, -COW(C0-Cs
alkylene)-carbocyelyl, ~-C{OMH, ~C{O-{Co-Cs alkylenel-heferocyelyl, and ~C{O{Co-Cs
alkylene-N(RPHR"Y,

each R* is independently selected from -{Ci-Cs alkyl), -(Co-Cs alkylene}-carbocyclyl
and ~{Co-Cs alkylene)-heterocyelyl; and

LV

each R” and each RF is independently selected from hydrogen, -(Ci-Cs alkyD), {Co-Cs
alkylene)-carbocyclyl, and -(Co-Cs alkylene-heterocyclyl, wherein any alkyl, alkylene,
carbocyelyl or heterocyclyl portion of RY, R, R, R°, RS, RY, R, RE, RF RC, R, or RP or
formed by taking R! and R? or R® and R? together is optionally and independently substituted.
16 Alternative values for the variables in Formula 11 are as described and defined in the first
through seventh embodiments, or any aspect thereof
1n a first aspect of the eighth embodiment, the compound is represented by Formula

Ha:

15 or a pharmaceutically acceptable salt thereof, wherein:
each R7, if present, is independently selected from halo, =0, Ci-Cs fluoroalkyl, Ci1-Cs
alkyl, ~(Co-Cs alkyleng){(Ca-Cio carboeyely ), {(Co-Cs alkylene)-(4-13 membered
heterocyclyl}, ORA, -(Co-Cs alkylene)-NRURY | and 5{(0)02R%;
pis0,1,2,30r4;
20 Y is C{0) or C{R®): wherein each R® is independently selected from hydrogen, «(Ci-
Ceoyalkyl and {Cs-Cs cycloalkyl); and
fis 0 or 1. The remaining variables are as described and defined in the first through

seventh embodiments, or any aspect thereof, or the eighth embodiment,
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In a further aspect of the first aspect of the eighth embodiment, p is §. The remaining
variables are as described and defined in the first through seventh embodiments, or any
aspect thereof, or the eighth embodiment, or first aspect thergof

In a second aspect of the cighth embodiment, the compound is represented by

5  Formula [Ih:

HgC\N,CHg

00 (1),
or 3 pharmaceutically acceptable salt thereof, wherein R is selected from halo, =0, C1-Cq
fluorcalkyl, C1-Cs alkyl, {Co-Cs alkylene)-{Cs~Cio carbocyelyly, (Co-Co alkylene}-(4-13
membered heterocyclyl), ORA, -(Co-Cs alkylene)-NRPRP, and S{0)2R"; and Y is C(O) or
10 C(R®p wherein each R® is independently selected from hydrogen, ~(Ci-Cealkyl and «{(C3-Cs
cycloalkyl}). The remaining varigbles are as described and defined in the first through seventh
embodiments, or any aspect thereof, or the cighth embodiment, or first aspect thereof,
In a third aspect of the cighth embodiment, the compound is represented by Formula

Tib-1:

NH,

05 ' WO H S8 (b'-1)
or a pharmaceutically acceptable salt thereof, wherein R is selected from halo, =0, C1-Cq

fluoroalkyl, C1-Cs alkyl, ~{Co-Co alkylene)-(Cs-Cio carbocyelyll, (Co-Co alkviene)-(4-13
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membered heterocyclyl), ORA, -(Co-Cs alkylene}-NR*RY, and 8(0)2RC. The remaining
variables are as described and defined in the first through seventh embodiments, or any
aspect thereof, or the cighth embodiment, or first or second aspest thereof

In a fourth aspect of the eighth embodiment, the compound is represented by Formula

Id:

or a pharmaceutically acceptable salt thersof, wherein:

each R7 and R®, if present, is independently selected from halo, =0, C1-C4 fluorcalkyl,
Ci-Ca glkyl, C3-Cio carbocyelyl, a 4-13 membered heteroeyclyl, ORA, <{Co-Cs
alkylene)-NRER¥ | and S(O)aRE;

pis0,1,2,30r4;

gis0, 1 or2;and

each f is independently 0 or 1. The remaining variables ave as described and defined
in the first through seventh embodiments, or any aspect thereof, or the sighth embodiment, or
first through third aspects thereof,

In a further aspect of the fourth aspect of the eighth embodiment, p and g are each 0.
The remadning variables are as described and defined in the first through seventh
embodiments, or any aspect thereof, or the cighth embodiment, or first through fourth aspecis
thereof.

In 3 fifth aspect of the eighth embodiment, each RY is independently selected
from -{C1-Cs alkyl), {Ci-Ce haloalkyl}, -{Ci-Cs hydroxyalkyly, -(Co-Ce
alkylene)-carboeyclyl, -{Co-Cs alkylenel-heterocyelyl, {(Co-Cs alkylene)-C{O0-(Ci-Cs alkyl)

and {C1-Cs alkylene}-NRPR® ., The remaining variables are as deseribed and defined in the



LV

10

15

20

WO 2018/045084 PCT/US2017/049462

38

first through seventh embodiments, or any aspect thereot, or the eighth embodiment, or first
through fourth aspects thereof

In a sixth aspect of the eighth embodiment, each {is 0. The remaining variables are
as described and defined in the first through seventh embodiments, or any aspect thereof, or
the eighth embodiment, or first through fifth aspecis thereof,

In a seventh aspect of the cighth embodiment, cach £is 1. The remaining variables
are as described and defined in the first through seventh embodiments, or any aspect thersof,
or the eighth embodiment, or first through sixth aspects thersof,

In an eighth aspect of the eighth embodiment, the ring formed by R! and R? or R? and
R? together with atoms to which they are bound is a 4-7 membered non-aromatic heterooyclic
ring optionally containing 1-2 heteroatoms independently selected from N, S and 0. The
rerpaining variables are as described and defined in the first through seventh embodiments, or
any aspect thereof, or the eighth embodiment, or first through seventh aspects thereofl

In a ninth aspect of the eighth embodiment:

any alkyl, or alkylene portion of R}, R?, B3, RY, RS is optionally and
independently substituted with one or more substifuents independently selected from
halo, =0, ORA, NRBRP', and S(0)2RS;

any akkyl or alkylene portion of R®, R, or R, is optionally and independently
substifuted with one or more fluoro;

any carbocyely! or heterocyelyl portion of any of RL, R%, R, R5, RS, or any
ring formed by taking together R! and R? or R® and R is optionally and independently
substituted on a carbon atom with one or more substituenis independently selected
from halo, =0, Ci-C4 fluoroatky], Ci-Cy alkyl, (Co-Cs alkylene)}(Ca-Cio
carbocyelyly, -(Co-Cs alkylene)-{4-13 membered heterocyelyly, ORA, {Co-Cs
alkylene}-NRER® | and ${O)2RS;

any heterocyelyl portion of any of Y, R%, R, R, R®, or any ring formed by
taking together R! and R? or R? and R® is optionally and independently substituted on

a substitutable nitrogen atom with RY;

each RF is independently selected from -(Ci-Cs alkyl), {Ci-Cs

haloalkyl}, ~{(C1-Cs hydroxyalkyl), ~(Co-Cs alkylene}-carboeyelyl, {Co-Cs

alkylene}-heterocyelyl, ~S{O).2-(C1-Cs aligyl), -S(0h2-{Co-Ce

alkylene}-carbocyclyl, ~S{OY12-(Co-Cs alkylenc)-heterocyclyl, ~-C{ON-{Ci-Cs
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alkyl}, -C{OY-(Co-Cs alkylene}-carbocyelyl, -CIMH, -C{OW{Co-Cs
alkylenc)-heterocyelyl, «(Co-Cs alkylene)-C{O0-{Ci-Cs alkyD), ~(C1-Cs
alkylene)-NRPRP and -C{OMNRMYERY;

any carbocyelyl or heteroeycelyl portion of R4, RE, R¥, RE, R®, RE, RY, any
cycloalky! portion of RY, or any substituent of RY, R2, R, R®, R® is optionally and
independently substituied on a carbon atom with 8 one or more substituents
independently selected from fluorg, chlore, Ci-Cs alkyl, C1-Cq fluoroalkyl, -0-C1-Cy
alkyl, -0O-Ci-Cs fluoroalkyl, =0, -OH, -NHz, -NH{Ci-Cs alky ]}, and -N{(Ci-Ca aligpli
and any heterocyclyl portion of RA, RE, RP, RY, RP, RE, RE, or any heterocyelyl
substituent of RY, R%, R, RS, or RY is optionally substituted on a substitutable nitrogen
atom with -Ci-Cy alkyl, or -8{(0)1.2-(Ci-Ca alkyl). The remaining variables are as
described and defined in the first through seventh embodiments, or any aspect thereof,
or the eighth smbodiment, or first through eighth aspects thereof.

In a tenth aspect of the eighth embodiment, the compound is represented by Formula

{(Ha-1)

i OH
oH O HO O O (a1}
2

or a pharmaceutically acceptable salt thereof, wherein p is 0 or 1 and R7, if present, is -Ci-Cs

alkyl. The remaining variables arve as described and defined in the first through seventh

embodiments, or any aspect thergof, or the eighth embodiment, or first through ninth aspects

thereof.

In an eleventh aspect of the eighth embodiment, the compound is represented by

Formula {b-2;

PCT/US2017/049462
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i & owe S g (Hb-2)
ot a pharmaceuntically acceptable salt thereof, wherein R7 is selected from halo, =0, C1-Cs
fluoroalkyl, C1-Cs alkyl, «(Co-Cs alkylene)-{Cs-Cio carbocyelyl), -(Co-Cs alkyiene)-(4-13
membered heterocyelyl), ORA, ~{Co-Cs alkylene)}-NEPRP, and 8(0)o2R". The remaining
variables are as described and defined in the first through seventh embodiments, or any
aspect thereof, or the cighth embodiment, or first through tenth aspects thereof.

In a twelfth aspect of the cighth embodiment, any carbocyelyl or heterocyelyl portion
of any ring formed by taking together R! and R? or R? and R® is optionally and independently
substituted on a carbon atom with one or more substituents independently selected from halo,
=03, C3-C4 fluoroalkyl, Ci-Cy alkyl, «(Co-Ce alkylene)-(Cz-Cio carbocoyelyl), ~(Co-Cs
alkylene)-(4-13 membered heterocyclyl) and (Co-Cs alkylene}-NRPRY, The remaining
variables are as described and defined in the first through seventh embodiments, or any
aspect thereof, or the eighth embodiment, or first through eleventh aspects thereof.

In a ninth embodiment of the invention, the compound adminisiered in the method of

freating a hematological cancer 13 a compound represented by Formula Hg:
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(EEeh
or a pharmaceutically acceptable salt thereof, wherein R’, if present, is selected from halo,
=03, C1-Cs fluorcalkyl, Ci-Cs alkyl, {Co-Cs alkylene}-(C3-Cio carbocyelyl), ~(Co-Ce
alkylene)-{4-13 membered heterocyelyly, ORA, (Co-Cs alkylene-NRPRY| and S(0)2R% p is
5 Qorl;andfis0orl. Values and aliernative values for the remaining variables are as
described and defined in the first through cighth embodiments, or any aspect thereof.

In a first aspect of the ninth embodiment, pis 1. The remaining variables are as
described and defined in the first through eighth embodiments, or any aspect thereof, or the
ninth embodiment.

16 In a second aspect of the ninth embodiment, the compound is represented by Formula

Tig-1:
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or a pharmaceutically acceptable salt thereof. The variables are as described and defined in
the first through eighth embodiments, or any aspect thereof, or the ninth embodiment, or firsi
aspect thergof,
In a third aspect of the ninth embodiment, R7, if present, is selected from ~(Co-Cs
5 alkylene}-{Cs~-Cio carbocyelyl), {Co-Cs alkylene)-(4-13 membered heterocyclyl) and ~(Co-Cs
alkviene)-NRPRP. The remaining variables are as described and defined in the first through
eighth embodiments, or any aspect thereof, or the ninth embodiment, or first or second aspect
thereof.
In g fourth aspect of the ninth embodiment, R7, if present, is -NRPRP. The remaining
144 variables are as described and defined in the first through eighth embodiments, or any aspect
thereof, or the ninth embodiment, or first through third aspects thereof
In a tenth embodiment of the invention, the compound administered in the method of
treating a hematological cancer is a compound of Formuls Ia:

(R RIRY
LRGN

or a pharmaceutically acceptable sali thereof, wherein:

gach R7, if present, is independently selected from halo, =0, Ci-Cs fluoroakkyl, Ci1-Ca
alkyl, ~{Co-Cs alkylene)-(Cs-Cio carbocyelyl), -{Co-Cs alkylene)-{4-13 membered
heterocyelyl), ORA, -(Co-Co alkylene)-NRPRY, and S(0)o.2RY;

pis{d, 1,2, 30r4;
20 Y is C(0) or C(R% wherein each R® is independently selected from hydrogen, -{Ci~
Cslalkyl and -(Cs-Cs cycloalkyl); and

fis 8 or |. Values and alternative values for the variables are as described and

defined in the first through ninth embodirnents, or any aspect thereof.
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In g first aspect of the tenth embodiment, p is §i. The remaining varigbles are as
described and defined in the first through ninth embodiments, or any aspeet thereof, or the
tenth embodiment.

In a second aspect of the tenth embodiment, each R? is hydrogen. The remaining
variables are as described and defined in the first through ninth embodiments, or any aspect
thereof, or the tenth embodiment, or first aspect thereof.

In an eleventh embodiment of the invention, the compound administered in the
method of treating a hematological cancer is a compound of Formula I, or a pharmaceutically
acceptable salt thereof, wherein X is C(R%); and R? is optionally substituted -{(Co-C:
alkylene}-{4-6-membered heterocyclyl). Values and alternative values for the variables are as
desecribed and defined in the first through tenth smbodiments, or any aspect thereof.

In a first aspect of the eleventh embodiment, R is hydrogen. The remaining variables
are as described and defined in the frst through tenth embodiments, or any aspect thereof] or
the cleventh embodiment.

In a second aspect of the eleventh embodiment, R? is optionally substituted ~(Co-Cy
alkylene)-pyrrolidinyl. The remaining variables are as described and defined in the first
through tenth embodiments, or any aspect thereot, or the eleventh embodiment, or first aspect
thereof.

In a third aspect of the eleventh embodiment, R? is optionally substituted pyrrolidin-2-
vl The remaining variables are as deseribed and defined in the first through tenth
embodiments, or any aspect thereof, or the eleventh embodiment, or first or second aspect
thereof.

In 3 fourth aspect of the eleventh smbodiment, R? is optionally substituted ~(C:
alkylene)-{pyrrolidin-1-vl). The remaining variables are as described and defined in the first
through tenth embodiments, or any aspect thereof] or the eleventh embodiment, or first
through third aspects thereof

In a twelfth embodiment of the invention, the compound administered in the method

of treating a hematological is 3 compound of Formula fb:
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or a pharmaceutically acceptable salt theveof, wherein:

gach R7 and R®, if present, is independently selected from halo, =0, C1-Ca fluoroalkyl,
Ci-Ca alkyl, C3-Cio carboeyelyl, a 4-13 membered heterocyelyl, ORA, <(Co-Cs

5 alkylene)-NRFRP and 8{0)2RE;

pish 1,2, 3ord;

gisih, or2; and

cach f is independently 0 or 1. Values and alternative values for the variables are as
described and defined in the first through eleventh embodiments, or any aspect thereof.

18 In a first aspect of the twelfih embodimend, p and g are each 0. The remaining
variables are as described and defined in the first through eleventh embodiments, or any
aspect thereof, or the twelfth embodiment.

In a second aspect of the twelfth embodiment, R is hydrogen. The remaining
variables are as described and defined in the first through eleventh embodiments, or any

15 aspect thereof, or the twelfth embodiment, or first aspect thereof,

In a thirteenth embodiment of the invention, the compound administered in the

method of treating a hematological cancer is a compound represented by Formula Io:
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or g pharmacsutically acceptable salt thereof, wherein R7, if present, is sclected from halo,
=3 C1-Cs fluorcalkyl, Ci-Cs alkyl, {Co-Cs stkylene)-{C3-Cio carbocyclyly, {Co-Cs
alkylene)-{4-13 membered heterocyclyl), ORA, (Co-Cs alkylene)-NRPRY, and S(O)aR%; p is

Gorl;and fis 0 or 1. Values and alfernative values for the remaining variables are ag

U

described and defined in the first through twelfth embodiments, or any aspeet thereof
In a first aspect of the thirteenth embodiment, p is 1. The remaining variables are as
described and defined in the first through twelfth embodiments, or any aspect thereof, or the
thirteenth embodiment.
i¢ In 8 second aspect of the thirteenth embodiment, the compound is represented by

Formula le-1:

OH O HO o} O de-1 ,

or a pharmaceutically acceptable salt thereof. The variables are as described and defined in
the first through twelfth embodiments, or any aspect thereof, or the thirteenth embodiment, or

18 frst aspect thereof
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In a third aspect of the thirteenth embodiment, R, if present, is selected from ~{Co-Cs
alkylene)-{Cs-Cio carbooyclyl), «(Co-Cs alkylene)-(4-13 membered heterosyelyly and {Co-Cs
alkylene)}-NRPRP The remaining variables are as described and defined in the first through
twelfth embodiments, or any aspect thereof, or the thirteenth embodiment, or first or second
aspect thereof,

In a fourth aspect of the thirteenth embodiment, R, if present, is -NRPRP. The
remaining variables are as described and defined in the first through twelfth embodiments, or
any aspect thereof, or the thirteenth embodiment, or first through third aspects thereol

In a fourteenth embodiment of the invention, the compound administered in the
method of treating a hematological cancer is a compound represented by Formulad, ora
pharmaceutically acceptable salt thereof, wherein X is N and R* is hydrogen. Values and
alternative values for the remaining variables are as deseribed and defined in the first through
thirteenth embodiments, or any aspeet thersof.

In a first aspect of the fourteenth embodiment, R} is selected from hydrogen and
NRERP. The remaining variables are as described and defined in the first through thirteenth
gmbodiments, or any aspect thereof, or the fourtsenth embodiment.

In 3 fifteenth embodiment of the invention, the compound administered in the method
of treating a hemaiological cancer is a compound of Formula §, or 3 pharmaceutically
acceptable salt thereof, wherein X is C(R?) and R? is (C1 alkyleng)-NRPR”. Values and
alternative values for the remaining variables are as described and defined in the first through
fourteenth embodiments, or any aspect thergof,

In a first aspect of the fifteenth embodiment, R® and R® are each independently
selected from hydrogen and <{Ci-Cs alkyl}. The remaining variables are as described and
defined in the first through fourtcenth embodiments, or any aspect thereof, or the fifteenth
embodiment.

In a sixteenth embodiment of the invention, the compound administered in the method

of treating a hematological cancer is a compound represented by Formula Id:
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{1d"
or a pharmaceutically acceptable salt thereof, wherein R7 is selected from halo, =0, C1-C4
fluoroalkyl, C1-Ca alkyl, «(Co-Ts alkylene)-{Cs-Cro carbocyely ), ~(Co-Ca alkylene)}-(4-13
wembered beteracyelyl), ORA, ~(Co-Cs alkylene)-NRPRY, and 8{0)0.2RC. Values and
alternative values for the variables are as defined in the first theough fifieenth embodiments,
or any aspect therecf.

In a first aspect of the sixteenth embodiment, R7 is 4-6 membered heterocyclyl
or -NRER®. The remaining variables are as described and defined in the first through
fifteenth embodiments, or any aspect thereot, or the sixteenth embodiment.

In a seventeenth embodiment of the invention, the compound administered in the

method of treating a hematological cancer is a compound represented by Formula le:

:R'.“\N/R"

or a pharmaceutically acceptable salt thereof, wherein R7 is selected from halo, =0, C1-Cy
fluoroalkyl, Ci~Cs alkyl, «{Co-Cs alkylene)-{Ca-Cio carboeyely D), {(Co-Cs alkylene)-(4-13
membered heterocyclyl), ORA, <(Co-Co alkylene)}-NRPR? | and S(0)02RE. Vahues and
aliernative values for the variables are as defined in the first through sixteenth embodiments,

or any aspest thereofl
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In a first aspect of the seventeenth embodiment, R7 is 4-6 membered heterocyclyl
or -NRFRP', The remaining variables are as described and defined in the first through
sixteenth embodiments, or any aspect thereof, or the seventeenth embodiment.

In an additional aspect of any of the preceding embodiments, or any aspect thereof]
each R is independently selected from hydrogen, ~{(C1-Cs alkyl), ~{(Co-Cs
alkyleney-carbocyclyl, «{Co-Cs alkyvlene)-heterocyelyl, -8~{(C1-Cs alkyl), -8-(Co-Cs alkylene)-
carbocyclyl, -8-{Co-Cs alkylene}-heterocyelyl, ~-C{OW(1-Ce alkyD), ~-C{C}{(Ce-Cs
alkylene}-carbocycelyl, -C{O)-(Co-Cs alkylenei-heterocyclyl, and -C{OW(RPYRF). The

chemical moiety indicated when fin -N{RF )} is 0 in the structura! formulae described herein

LV

10 s -N(H)-. Similarly, when g in -(R¥)q is 0, it means that the carbon atom attached to ~{R?¥)q is
attached to two hydrogen atoms,

An gighteenth embodiment of the Invention is a compound of Formula (1T

Cily

Hal
o N
R N

+

aun
or a pharmaceutically acceptable salt thereof, wherein:
15 R} is selected from hydrogen, bromeo, flucre, chioro, Ci-Cs alkyl, ~0-Ci-Cs
alloyl, ~S(OuC1-Co alkyl, C3-Cr cyeloalkyl, -0-Cs-Cr eycloalkyl, -S{O)n-Cs-Cr
cyeloatkyl, -CN, -NROR®, and -NH-C{O)}-{C1-Cs alkylene)-NRORY', wherein each alkyl,
alkylene or cycloalky! in the group represented by R is optionally substituted with fluoro;
R? is selected from fluoro, ~C1-Cs alkyl, and -[CRIHRT)1=-NRIRT;
20 R® is selected from hydrogen, flaoro, brome, ~ON, -[CRTNRH)-NR'RY, -NRERY,
NQGz, -NH-C{0)-C1-Cs alkylene-NRORY, C1-Cs alkyl, -NH-C{0)-C1-Coalkyl, -NH-S{O)m-C-
Cs alkyl, ~NH-S{0-C3~Cro carbocyclyl, -NH-8{0)m-{4-13 membered) heterocyelyl;

each R and RY is independently selected from hydrogen and Ci1-Cq alkyl; or
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RY and RY taken together with the nitrogen atom to which they are bound form a (4-7
membered) heterocvlic ring optionally comprising one additional hetercatom selected from
N, § and O, wherein the (4-7 membsered) heterocvie ring is optionally substituted with
fhaoro, chloro, ~-OH, flucro-substituted C-Ca alkyl, -C1-Cq alkyl, or -C1-Cs alkyviene-0-01-Cy
alkyl, and is optionally benzofused;

gach R¥ and R¥ is independently selected from hydrogen, C1-Cs alkyl, and Ca-Cio
carbocyelyl;

each R is selected from hydrogen, Ci-Ciz atkyl, -Co-Cs alkylene-Cs-Cio carbocycelyl,
and ~Co-Cs alkylene-{4-13 membered) heterocvelyl;

each RY is selected from hydrogen, Ci1-Cs alkyl, -Co-Cs alkylene-C3-Cro
carbocyelyl, -Lo-Cs alkylene-{4-13 membered) heterocyelyl, -C(0)-C1-Cs alkyl, -Co-Cs
alkylene-C{O}NRORY, -C(O)-C1-Cs alkylene-NRORY, -C2-Cs alkylene-NRORY, -8(Un-Ci~
Cs alkyl, ~S{On-Cs-Cao carbocyelyl, and -S{On-(4-13 membered) heterocyelyl, wherein
each alkyl, carbocyclyl, alkvlene or heterocyclyl in the group represented by Rlor RV is
optionally and independently substituted with one or more substituents independently
selected from fluore, chloro, ~-OH, -O-Ci~Ca alkyl, Ci1-C4q alkyl, flooro-substituied-Ci1-Cs
alkyl, -NRORY, C3-Cie carbocyelyl and a {(4-13 membered) heterocyclyl; or

R and R taken together with the nitrogen atom to which they are bound form a (4-7
membered) monocyelic heterooylic ring, or a (6-13 membered) bicyelic, spirocyclic or
bridged heterocylic ring, wherein the (4-7 membered) monosyelic heterocylic ring, or the (6~
13 membered} bicyclic, spirocyclic or bridged heterocyclic ring optionally comprises 1 to 4
additional heteroatoms independently selected from N, 8§ and O; and wherein the (4-7
membered) monocyclic heterooyle ring, or the (8-13 membered) bicyclic, spirocyclic or
bridged heterocyelic ring is optionally substituted with one or more substituents
independently selected from C3-Cio carboeyelyl, (4-13 membered) heterocyclyl, fluoro,
chlore, ~-OR, Ci-Cs fluorcalkyl, C1-Cq alkyl, -0-Ca-Cio carboeyelyl, ~-0-{4-13 membered)
heterocyolyl, ~Co-Ca alky-O-Ci-Cs alkyl, -Co-Ca alkyl-0-Ci-Ca fluoroslkyl, =0, -C(OC1-Ca
alkyl, -C{0} NR°RY, -N(RC}3-C{O)-C1-Cs alkyl, and -Co-Cs alkylene-NRRY, and wherein
cach carbocyelyl or heterocyelyl substituent is optionally substituted with fluoro,
chlore, ~OFH, C1-C4 fluorealkyl, C1-Cy alkyl, ~0-C1-Cy alkyl, ~0-C1-Cs fluoroalkyl, ~-NH;,
~NH{C1-Cs alicyl}, or -N{C-Cs aligylis

mis§, 1 or2; and
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nislor2,

In 2 first aspect of the eighicenth embodiment, R! is hydrogen, brome, fluore, chlore,
C1-Cs alkyl, ~0-C1-Cs alkyl, ~S{Oh-Ci~Cs akkyl, C3-C7 cycloalkyl, ~-0-C3-Cr
cycloaliyl, -S(Oe-Cs-Cy cycloalkyl, -CN, - NRERY or -NH-C{O)}-(Ci-Cs alkylene)- NRORY
In some embaodiments, each alkyl, alkylene or cycloalkyl in the group represented by R' is
optionally substituted with flucre. In other embodiments, R} is fluore, chloro, -CN
or -N(CHs)s. In other embodiments, R} is fluore, chloro or -N{CHz)z. In other
embodiments, R! is fluorc, In other embodiments, R! is chloro. In other embodiments, R}
is -N{CHs}. In other embodiments, R is hydrogen. The remaining variables are as described
and defined in the sighteenth embodiment,

In a second aspect of the eighteenth embodiment, R? is fluore, -Ci-Cs alkyl,
ot -JCRHFEN Y n-NERH(RY). In other embodiments, B? is fluoro,
methyl, ~-CHBRF-NEHYRD), (CH2p-NERHYRYY, -NH(pyridy), -NE(Ci-Ce
alkyl}, -NHC(O-(1-Cs allvlene-piperidine, ~NHC({)-C-Cs alkylene-pyrrolidine
or ~NHS{Ox-phenyl, wherein each piperidine and cach pyrrolidine in the group represented
by R? is optionally substituted with one or more ~C1-Cs alkyl. In other embodiments, R? is
fluoro, methyl or ~-CH{RF-NERHYRY). In other embodiments, R? is -CHERD-NERHYR). In
other embodiments, R? is fluoro. In other embodiments, R? is ~NHR'. The remaining
variables are as described and defined in the sighteenth embodiment, or the first aspect
thereof.

In a third aspect of the eighteenth embodiment, R is hydrogen, fluoro,
bromo, -CN, ~[CREYRT-NRYRD), -NRORY, NOz, -NH-C(O}C1-Cs alkylens-NRHRD),
Ci1-Cs alkyl, ~-NE-C{OWCi-Cs alkyl, NH-85{0-Ci-Cs alkyl, -NH-8{0)e-Ca-Cio carboeyclyl
or -NH-8(0)m-{4-13 membered) heterocyclyl. In other embodiments, R? is hydrogen, NHz
or ~-CH2-NH-CH>-C(CHs):. In other embodiments, R® is hydrogen. In other embodiments, R?
is JCRMB N NERHYRY) or -NRORY, The remaining variables are as described and
defined in the eighicenth embodiment, or the first or second aspect thereofl

In a fourth aspect of the eighteenth embodiment, each R™ and RY is independently
selected from hydrogen, C1-Cs alkyl, and C3-Cie carbocyelyl. In other embodiments, RY is
hydrogen or methyl. The remaining variables are as described and defined in the eightcenth

embodiment, or the first, second, or third aspect thereofl
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In a fifth aspect of the eighteenth embodiment, R is hydrogen, Ci-Cyz atkyl, -Co-Cs
alkylene-Cs-Cio carbocyelyl, or ~Co-Cs alkylene-(4~13 membered) heterosyelyl. In some
embodiments, each alkyl, carboeyclyl, slkyviene or heterocyclyl in the group represenied by
R is optionally and independently substituted with one or more substituents independently
sclected from fluoro, chloro, ~OH, ~0-Ci-Cy alkyl, Ci1-Ca alkyl, fluoro-substituted-Ci~Cs
alkyl, -NRORY, C3-Cio carboeyclyl and a (4-13 membered) heterocyvelyl In other
embodimenis, R is hydrogen, C1-Cs straight chained alkyl, C1-Cs straight chained
flucroalkyl, cyclopropyl or -CHoz-cyclopropyl. In other embodiments, R! is hydrogen, C1-Cs
straight chained alkyl or -CHz-cyclopropyl The remaining variables are as described and
defined in the cighteenth embodiment, or the first throngh fourth aspect thereof,

In a sixth aspect of the eighteenth embodiment, R! is hydrogen, C1-Cs alkyl, -Co-Cs
alkylene-C3-Cio carbocyelyl, ~-Co-Cs alkylene-(4-13 membered) heterocyclyl, ~-C{0O)-Ci-Cs
alkyl, -Co-Cs alkylene-C{OWNRORY, -C(OWC1-Cs alkylene-NRIR, -Co-Cs
alkylene-NRORY, -S{0)m-Ci1-Cs alkyl, -8{0)m-C3-Cro carbocyelyl or -8{O)n-(4-13
membered) heterocyelyl. In some embodiments, when R? is hydrogen or Ci-C2 alkyl, R is
additionally benzyl In other embodiments, each alkyl, carbocyelyl, alkylene or heterocyelyl
in the group represented by R is optionally and independently substituted with one or more
substituents independently selected from fluoro, chlore, -OH, -O-Ci-Cy alkyl, Ci-Cs alkyl,
fluoro-substituted-Ci-Cs alkyl, -NRRY, C3-Cio carbocyclyl and a {4-13 membered)
heterocyclyl. In other embodiments, RY is hydrogen, C1-Ce alkyl, -CH»-CHF2, -C2-Cs
alkylene-0O-C1-Cs alkyl, -Cs-Cro eycloalkyl, -Cs-Crocyeloalkyl-substituted Ci-Cs alkyl,
cyclopropyl-substituted eyclopropyl, {CH2jz-pheny! or -S{Ok-pheny!l. In other
embodiments, RY is hydrogen, C1-Cs alkyl, ~-CH2-CHFz, -C1-Cs alkylene-0-C1-Ca alkyl, C3-
Cio eyeloalkyl, Cs-Cio eycloalkyl-substituted C1-Cs alkyl, or «(CHa)o-phenyl, and when Rl is
hydrogen or -Ci-Cz alkyl, RY is additionally benzyl. In other embodiments, RY is selected
from hydrogen, Ci-Cs alkyl, ~CH2-CHF, ~C1-Cs alkylene~-0-C1-Cs alkyl, Ca-Cio
gycloalkyl, {CHoY-phenyl and Ca-Cio cycloalkyl-substituted Ci-Cs alkyl, wherein each
cycloalkyl in the group represented by R is optionally substituted with-C;-Cs alkyl or
optionally benzofused The remaining variables are as described and defined in the cighteenth
embodiment, or the first through fifth aspect thergof

In a seventh aspect of the eighteenth embodiment, RY and RY taken together with the

nifrogen atom o which they are bound form a (4-7 membered) monocyclic heterocylic ring,
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or a {6-13 membered) bicyclic, spirocyclic or bridged heterocylic ring, wherein the (4-7
membered) monocyelic heterocyle ring, or the (6-13 membered) bicyelic, spirocyelic or
bridged heterocvelic ring optionally comprises 1 o 4 additional heteroatoms independently
selected from N, S and ©. In some embodiments, the (4-7 membered} monocyelic
heterocylic ring, or the (6-13 membered) bicyclic, spirocyclic or bridged heterocyelic ring is
optionally substituted with one or more substituents independently selected from Cs-Cio
carbocyclyl, (4-13 membered} heteroeyclyl, fluoro, chioro, -OH, Ci-Cy fluoroalkyl, C1-Ca
alkyl, -0O-Cs-Cio carbocyelyl, -0-(4-13 membered) heterocyelyl, -Co-Cs

alkyl-O-C1-Ca alkyl, ~Co~Cs alky-0-C1~Cq fluoroalkyl, =0, ~-C{OWCi-Ca alkyl, ~-C{OIN
RORY, -NRD-C(O)-C1-Cs atkyl, and -Co-Cs alkylene-N RYRY, and wherein each
carbocyelyl or heterocyelyl substituent is optionally substituted with fluoro, chlors, -OH,
Ci1-Cy fluorealkyl, Ci~Ca alkyl, ~0O-C~-Cyq alkyl, ~0-Ci-Ca fluorcalkyl, ~NHz, ~-NH(C1-Cy
alky ), or -N{C1-Cs alkylp. In other embodiments, R' and RY taken together with the nitrogen
atom to which they are bound form a ring selected from pyrrolidine, piperidine, piperazine
and morpholine, wherein the ring is optionally substifuted with one or more substituents
independently selected from -OH, ~C1-Cs alky! and ~C1-Cs alkylene-0-C1-Cs alkyl, and
wherein the ring is optionally benzofused or spircfused to eyclopropyl. In other
embodiments, R! and R! taken together with the nitrogen atom to which they are bound form
a ring selected from pyrrolidine and piperidine, wherein the ring is optionally substifited with
one or more substituents independently selected from fluoro, Ci-Cs alkyl and -Ci1-Cs
alkylene-0O-C1-Cs alkyl, and wherein the ring is optionally benzofused or spirofused to
cyclopropyl. The remaining variables are as described and defined in the eighicenth
embodiment, or the first through sixth aspect thereof.

In an eighth aspect of the eighteenth embodiment, RY and RY are independently
hydrogen or Ci-Cs alkyl In other embodiments, RY and RY taken together with the nitrogen
atom to which they are bound form a (4-7 membered) heterocylic ring optionally comprising
one additional hetercatom selected from N, § and O, wherein the (4-7 membered) heterooylic
ring is optionally substituted with fluoro, chlore, -OH, fluoro-substituted Ci-Cs alkyl, -Ci-Cy
alkyl, or ~C1-Cy alkylene-O- C1-Csq alkyl, and is optionally benzofused. The remaining
variables are as described and defined in the sighteenth embodiment, or the first through

seventh aspect thereof,
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A ninsteenth embodiment of the invention is a compound of Structural Formula (H1)
or (D), wherein R? is fluore,
methyl, -CHRM-NEHRY), -(CHz-NRHRD), -NH(pyridyD), ~-NICi-Cs
alky D), -NHC{O)-Ci-Caalkylene-piperidine, -NHC{O-C1-Cs alkylene-pyrrolidine
or ~-NHS{Op-phenyl, and cach piperidine and each pyrrrolidine in the group represented by
R? is optionally substituted with one or more ~C1-Ce alkyl; RY is hydrogen or methyl; R'is
hydrogen, Ci-Cs straight chained atkyl, Ci-Cs straight chained fluoroalkyl, cyclopropyl
or -CHo-cyclopropyl; RY is hydrogen, Ci-Ca alkyl, -CHz-CHFs, -C2-Cs alkylene-0-Ci-Cs
alkyl, ~Ca-Cie eyeloalkyl, ~Cs-Croeyeloalkyl-substituted Ci1~Ca alkyl, cyclopropyl-substifuted
cvelopropyl, -(CHay-phenyl or -8(O)-phenyl, and when R! is hydrogen or C1-Co alkyl, RV is
additionally benzyl; or R and R! taken together with the nitrogen atom to which they are
bound form a ring selected from pyrrolidine, piperidine, piperazine or morpholine, wherein
the ring is optionally substituled with one or more substituenis independently selected
from -OH, -Ci-Cs alkyl and -C1-Cs alkylene-0-C1-Cs alkyl, and wherein the ring is optionally
benzofused or spirofused to cyclopropyl. The remaining variables are as described and
defined in the cighteenth embodiment, or any aspect thersof.

A twentieth embodiment of the invention is a compound of Struetural Formula (1) or
(II1"}, wherein R? is fluoro, methyl or ~-CHRF)-N{RHRDY; RY is hydrogen or methyl, Rlis
hydrogen, C1-C3 straight chained alkyl or -CHz-cyclopropyl RU is hydrogen, C1-Cs
alkyl, -CHo-CHEF3, -Ci1-Cs alkylene-0-C1-Cs alkyl, Ca-Cio oyeloalkyl, or Cs-Cuo oycloalkyl-
substituted Ci-Cs alkyl, wherein each cycloalkyl in the group represented by R is optionally
substituted with -C1-Cs alkyl or optionally benzofused, or -{CH2)z-phenyl; and when RY is
hydrogen or ~C1-Cz alkyl, RY is additionally benzyl; or R! and RY taken together with the
nitrogen atom o which they are bound form a ring selected from pyrrolidine and piperidine,
wherein the ring is optionally substituted with one or more substituents independently
selected from fluoro, -Ci1~Cs alkyl and -Ci~Cs alkylene-0-Ci~Cs alkyl, and wherein the ring is
optionally benzofused or spirofused to cyclopropyl. The remaining variables are as described
and defined in the cighteenth or nineteeth embodiment, or any aspect thersof,

A twenty-first embodiment of the invention is a compoond of Structural Fornmda (1)
or (1I1"), wherein X is fhiore, chlore, ~CN or -N{CHz)z; and Z s hydrogen, NHz
or -CHa-NH-CHz-C{CHjs)s. The remaining variables are as described and defined in the

cighteenth through twenticth embodiments, or any aspect thereof
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A twenty-second embodiment of the invention is a compound of Structural Formula
{1 or 1I), wherein

R} is selected from ~OCHs, ~CFs, Cl, F, and -N{CH3)z;

Z is hydrogen and when R' is F, Z is additionally selected from hydrogen, -NHa, -
NH{C~Ca alkyly, and -N{Ci~Co alkyl); and

R? is -CHz-NRIRY;

wherein

R! is selected from hydrogen and (1-Cs alkyl; and

RY is selected from hydrogen, C1-Cr alkyl, Co-Cs alkylene C3-Cio carbocyelyl, Co-Ce
alkylene-{4-13 membered) heterocyclyl, and Ca-Cs alkylene -N(RYRY), wherein each
carbocyelyl or heterocyclyl in the group represenied by RY is optionally and independently
substituted with one or more substituents independently selected from fluore, -OH, ~-0-Ci-Cs
alkyl, C1-Cs alkyl, fluoro-substituted C1-Cs alkyl, -N{ROURYY, C3-Cio carbocyelyl or a (4-13
membered) heterocyelyl; or

R!and RY taken together with the nifrogen atom to which they are bound form a (4-7
membered) saturated monoeyclic heterocylic ring, or a (6-13 membered) saturated bieyclic,
spirocyclic or bridged heterocylic ring, wherein the (4-7 membered) monocyclic heterocylic
ring, or the {6-13 membered) bicycHe, spirocyclic or bridged heterocyclic ring, is optionally
substituted with one or move substituents independently selected from Cs-Cio carboeyelyl, (4-
13 membered) heterocyelyl, fhuore, ~-OH, ~Ci-Cs fluoroalkyl, ~C1-Cs alkyl, ~0-C3-Cro
carbocyelyl, -0O-(4-13 membered} heterocyelyl, Co-Cn alkylene-O-Ci-Cs alkyl, Co-Co
alkylene-0-Ci-Cs fluorcalkyl, =0, and Co-C4 alkylene-N{REWREY), and wherein each
carbocyelyl or heterocvely! substituent is optionally substituted with fluore, -OH, Ci-Cs
fluoroalkyl, C1-Cs alkyl, ~0-C1-Cs alkyl, -0-C-Cs fluoroalkyl, -NH -NH{C:-Cs akkyl}, or -
MN{C1-C4 alkyDz; and

gach RS and R¥ is independently selected from hydrogen and Ci~Cs alkyl The
remaining variables are as described and defined in the eighteenth through twenty-first
embodiments, or any aspect thereof,

A twenty-third embodiment of the invention is a compound of Structural Formula
(1iD) or (II"), wherein R is ~OCHa3. In other embodiments, R' is -CFa. In other
embodiments, R’ is -Cl. In other embodiments, R is -F and R? is hvdrogen. In other
embodiments, R' is - F and R? is selected from -NHz, -NH(C1-Cz alkyl), and -N(Ci-Ca
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alkyih. In other embodiments, R! is -N{CHz3}. In other embodiments, R? is -NH ; and RV is
pyridyl, C1-Cs alkyl, ~-C{0)-C1-Cs alkylene-piperidine or -C{0)-C1-Cz alkylens-pyrrolidine.
Each piperidine or pyrrolidine in the group represented by RY is optionally substituted with
one or more C1-Cs alkyl The remaining variables are as described and defined in the

cighteenth through twenty-second embodiments, or any aspect thereof.

A twenty-fourth embodiment of the invention is a compound of Structural Formulae

V), AV (VL (V') (Va), (Va'), (VI (VI (VD or (VIT):

H 3C~\ N /C H 3
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o O HO &3 ¢ (VI

or a pharmacentically acceptable sall thereof, whersin values and alternative values for the

5 variables are found in the eighteenth to twenty-third embodiments of the invention,
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A twenty-fifth ernbodiment of the fovention is a compound of Structural Formulae
{IVior (I¥V")

a‘\/v)

2

or g pharmaceutically acceptable salt thereof, wherein:

s

R! is selected from, bromo, fluoro, chlore, C1-Cs fluoroalkyl, -0-Ci-Cs
alkyl, ~S(O3-C1~Cs alkyl, Cs-Cr eycloalkyl, -0-Ca-Cr cycloalkyl, ~S{OueCa-Cr
cycloalkyl, -CN, and ~-NH-C(0)-(C1-Cs alkylene)-NRRE', wherein each alkyl, alkylene or
cycloalky! in the group represented by R’ is optionally substituted with fluors;
cach RO and RY is independently selected from hydrogen and Ci-Ce alkyl; or
160 RY and RY taken together with the nitrogen atom to which they are bound form a (4-7
membered) heterocylic ring optionally comprising one additional heteroatom selected from
N, 8 and O, wherein the (4-7 membered) heterocylic ring is optionally substituted with
fluore, chiore, ~OH, fluorc-substitited Ci-Cq alkyl, -C1-Cq alkyl, or -C1-Cyq alkyvlene-0-Ci1-Cy
alkyl, and is optionally benzofuaed;
15 each RY and R¥ is independently selected from hydrogen, Ci-Cs alkyl, and C3-Cio
carbogyelyl;
each R! is selected from hydrogen, C1-Ciz alkyl, ~Co-Cs alkylene-Cs-Cro carbocyclyl,
and -Co-Cs aliylene-(4-13 membered) heterocyelyl;
each R is selected from hydrogen, Ci-Cs alkyl, ~Co-Cs alkylene-Cs-Cio
20 carboeyelyl, -Co-Cs alkylene~{4-13 membered) heteroeyelyl, ~-C{OCi1-Cs alkyl, -Co-Cs
alkylene-C(ORNRORY, -C(0)-C1-Cs alkylene-NRORY, «(2-Cs atkylene-NRORY, -8(O)n-Ci-
Cs alkyl, -8{Q)m-C3-C10 carbocyelyl, and -S{0n~(4-13 membered} heterocyelyl, wherein
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each alkyl, carbocyclyl, alkylene or heterocyclyl in the group represented by Rlor RU is
optionally and independently substituted with one or more sobstituenis independently
selected from fluore, chloro, ~OH, ~O-C1~C4 alkyl, Ci1-C4 alkyl, fluoro-substituted-C1-Cs
alkyl, -NRORY, C3-Cio carbocycly! and a (4-13 membered) heterocyclyl; or
R and R taken together with the nitrogen atom o which they are bound form a (4-7
membered) monooyelic heterooylic ring, or a (6-13 membered) bicyelic, spirocyclic or
bridged heterocylic ring, wherein the (4-7 membered) monocyclic heterocylic ring, or the (6-
13 membered} bicyelic, spirocyclic or bridged heterogyclic ring optionally comprises 1 to 4
additional heteroatoms independently selected from N, 8 and O; and wherein the (4-7
membered) monocyclic heterocylic ring, or the {(6-13 membered) bicyclic, spirocyclic or
bridged heterocyclic ring is optionally substituied with one or more substituents
independently selected from C3~-Cio carboeyelyl, (4-13 membered) heterocyelyl, fluoro,
chlore, -OR, Ci-Cs fluorcalkyl, C1-Cs alkyl, -0-Ca-Cip carboeyelyl, ~-0-{4-13 memberad)
heterocyelyl, ~Co-Ca alky-0-Ci-Cy alkyl, -Co-Cs alkyl-0-Ci-Cs fluorosikyl, =0, -C(0)-C1-Cy
alkyl, ~C{U}) NRER®, -N{RG-C(O)C1-Cs alkyl, and ~Co-Cs alkylene-NRORY, and wherein
sach carboeyelyl or heterscyely] substitoent is optionally substituted with fluoro,
chloro, ~-OH, C1-C4 fluorealkyl, C1-Cy alkyl, ~0-L1-Cy alkyl, ~0-C1-Cs fluoroalkyl, -NH;,
~NH(C1-Ca alkyl}, or -N{Ci-Cs allyly; and
misG, Ior2.
In a first aspect of the twenty-fifth embodiment,
R¥ is selected from hydrogen and methyl;
Rlis selected from hydrogen, C1-Cs straight chained atkyl, Ci-Cs straight
chained fluoroatky], cyclopropyl, and ~-CHa-cyelopropyl;
RY is selected from hydrogen, C1-Cs alkyl, ~-CHa-CHFz, -C2-Cs alkylene-0O-Ci-
Cs alkyl, -Cs-Cio cyeloalkyl, -Cs-Cio eycloatkyl-substituted C1-Cs alkyl, cyclopropyl-
substituted cyclopropyl, {CHzz-phenyl, and ~S(O)-phenyl, when R? is hydrogen or
C:-C2 alkyl, R is additionally selecied from benzyl; or
R! and R taken together with the nitrogen atom to which they are bound form
a ring sclected from pyrroliding, piperidine, piperazine or morpholine, wherein the
ring is optionally substitited with one or more substituents independently selected
from -0OH, -Ci-Cs alkyl and -C1-C5 alkylene-0-Ci-Cs alkyl, and wherein the ring is
optionally fused to phenyl or spirofused to cyclopropyl
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In a second aspect of the twenty-filth embodiment,

RH is selected from hydrogen and methyl;

Rlis selected from hydrogen, C1-Cs straight chained atkyl
and -CHo-cyclopropyl;

RY is selected from hydrogen, Ci-Cs alkyl, -CH>-CHF», -C1-Cs alkylene-0-Ci-
Cs alkyl, Ca-Cip cycloalkyl, ~(CHz)-phenyl and Cs-Cro cyeloalkylb-substitited C1-Cs
alkyl, wherein each cycloalkyl in the group represenied by R is optionally substituted
with-C1-Cs alky! or optionally benzofused and when R? is hydrogen or -C1-Ca alkyl,
R? is additionally selected from benzyl; or

R! and RY taken together with the nitrogen atom to which they are bound form
a ring selected from pyrrolidine and piperidine, wherein the ring is optionally
substituted with one or more substituents independently selecied from Huore ~-Ci-Ca
alkyl and -C1-Cs alkylene-0-Ci-Cs alkyl, and wherein the ring is optionally fised to
phenyl or spirofused to cyclopropyl

In & third aspect of the twenty-fifth embodiment, R! is flucro or chioro.

In a fourth aspect of the twenly-fifth embodiment, the compound used in the
method of treating hematological malignancies is seleted from any one of the

following:

R! is fluoro and ~-CH(R¥)-NR'R! is

TN

R} is flgoro and -CH(R®-NRRVis F CHa
Q

HCy Ayt

! , Hg(: !
R} s fluoro and -CH(RY-NRIRY is CH; CHy

/_\‘\\ﬁ’/\("{

o GHs

o

R} is fluoro and -CH(RM-NR'RY is CHy

R is fluoro and -CH{RM)-NRIRY is
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! is fluoro and -CH(RY)-NRRY i Helr

NS
! s fluore and ~-CHRE-NRIR! 15 &/ ;

! s fluoro and ~-CH(RT-NR'R! is CHy .

! is fluoro and ~CH(RD-NRIRL is ©H,

H:;C’O\“A?;éﬂc‘{

! is fluoro and -CH(RY)-NRRY is CHy

' s fluoro and ~-CHRY)-NR'R is HyC :

N, L
| Regs
* s fluoro and ~-CHR™-NRIRY is CHy .

S. ,/‘\(g‘
{ = i &
!is fluoro and ~-CHRYINR'R  is  ~F :

CHa

! s fluoro and -CHRY)-NR'R' 15 ;

CH;,

! is fluoro and ~-CH(R¥-NRIRT is CH; CHy

H?*C\//\Nf\éi

! is fluoro and ~-CH(RI)-NRR! is ;

! is fluoro and ~-CHRT-NRRY s CH, CH,

H. 5
3(:\//‘\3\;/\:5\

! s flooro and ~-CHRM-NRIRY is
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' is fluoro and -CH{RY)-NR'RY i

! {s fluoro and ~-CH(R¥-NRIRY |

! is fluoro and -CH{RM-NRRT

! s fluoro and ~-CHRM-NRRY

! s fluoro and -CH(RY)-NRIRY

! s fluoro and ~-CH{RE-NRIR

! is fluoro and -CH(RY¥-NR'RY

! is fluoro and ~-CH(RT-NRRY

! s fluoro and -CH{RE-NRIRY

! s fluoro and ~-CHERY-NRRY

! is fluoro and ~-CH(R™-NRRF

! is fluoro and -CH(RY)-NRRY

is

is

is

is

is

is

is

is

is

is

H,C

N g
ne L, N

3 (I:H:; Ac

\/“l\ " /\ési
H

cHy
T “s*g’"é’i
CH,
CH,
Ha O E\N/’\‘ﬁ

H )
$© CH, CH,

R TN
H3C é?g Dl

CH,
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R} is fluoro and ~-CH(RM-NRIRY §

R} is fluoro and ~-CH(RM-NRIRY

R} is fluore and -CHRY)-NRIRY

R} is fluoro and ~CH(R¥)-NRIRT

R} is flooro and ~-CH{R™)-NRIRY

R} is fluore and ~-CH{RY-NR'R

R} is fluoro and -CH{RT-NRIRY is

Rl is fluoro and -CH{RY)-NRIRY {

R} is flooro and -CH{R™)-NRRY

R} is fluoro and ~CH(RM-NRIRY §

R} is fluoro and -CH{RY)-NRIRY

R} is fluoro and ~-CHRINRIRY §

~52

CH

Hy0 SHa
HyG L N ot
is H

N

-
1S é’H3 ;
™
s HC ;
HeCor et
CH4
is :
H3C>/NN/\;{
H,C éHs
is ;
A

iS H3C\\//J ;

T T
)

CH,

,/L\\/’\‘s

ch N® &

o

I

is :
oy

is H,C >
C H,CCH

H3§3= aGCH;

H3c>\/ ?g"’\ ¥

CH,

I

is
HiG. CH,
E& ~

is :
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R} is fluoro and ~-CH(RM-NRRY §

R} is fluoro and ~CHER-NRRY §

R! is fluoro and -CH{R¥)-NRIRY §

R} is fluore and ~CHER-NRRY §

R} is fluoro and -CHER¥-NRRY i

R} is fluoro and ~CHRT-NRRY is

R!is fluoro and ~-CHRY)-NR'R s

R} is fluoro and ~CH{R-NRIRY i

R} is fluoro and -CH(R-NRRY §

R' is fluoro and -CH{R¥-NRRY |

R! is fluoro and ~-CH(R¥)-NR'R! is

is :

H O N &
3 0 .

Ty

H3c

PCT/US2017/049462
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R} is fluoro and ~-CH(RT-NRIRY is CH; .

R! is fluoro and -CHRH)-NRIR' s HC ;

R} is fluoro and ~-CH(R-NRRY is CHy

HyC
R is fluoro and ~-CHRE-NRIRT is \)

R is fluoro and -CHRM-NRRY i HC ;

R} is fluoro and -CH(RM-NRR is CHs

R is fluoro and -CH(RE-NRIRY is HiG.

O,

R’ is flooro and -CHR™-NRR' i HaC ;
H3g3€ HaGoH,

R.i iS ﬂﬁ(}r@ aﬂd ‘“’CH(R I)“NR;I RP iS
HSE:V/‘\N/\}{
. H

. . HeG
R!is fluoro and ~-CH(RP)-NR'R' is CHy
a
ng’b\fg“’\ﬁ
R’ is fluoro and ~CH(RF-NRRY is CH; .
H3C\N/\c’ £

RE is fluoro and ~CHRANRIRV is  CHe

H,C” N
H :
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2
R} is fluoro and -CHRAL.NRR! s~ OHs

H

/0\
FLC
ot
R s fluoro and ~-CH{RU-NRIRY is - :

R! is fluoro and -CH(R¥)-NR'R! is CHy
/’“\\=
}‘\/\N/\e{

R} is fluoro and -CHR"-NRRY is CH; :

[N o
5 R! is fluoro and -CHERUNRR s ~/

O
HaC
T
R is fluoro and -CH(RM)-NRIRY is et ;

W
R} is fluoro and -CH(R"-NRRY is CH;
FT/\N/\.S{

L v)
R} is fluoro and ~-CH(RI-NRIRY is

Ll

F
R} is fluoro and -CHR"-NR'RY is ;
19 R} is fluoro and -CH(RM-NRR' is CHy
T
R! is fluoro and -CH{RM)-NR'RY is CHy
CH,
----- N

R} is fluoro and -CHR¥)-NRRY is H
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R} is fluoro and ~-CH(RM-NRIRY

R} is flooro and -CH(R™)-NRRY |

R} is flooro and -CH{R™)-NRIRY

R} is fluore and -CH{RY)-NRIRY

R} is fluoro and ~-CH{RY)-NRR

R! is fluoro and -CH{R™)-NRIRY

R} is fluore and ~-CHR-NRIRY §

R! is fluoro and ~-CH(R¥)-NRR! §

R} is fluoro and ~-CH(R¥)}-NR'R

R} is fluoro and -CH(R®)-NRIRY

R} is fluoro and ~-CHRY}-NR'RY i

R is fluoro and -CH{RM)-NRIRY i

R} is fluore and -CH(R-NRIRY

is
is A
is :

zis‘7

is ‘ R
i

is :

is H
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N ~
R is fluoro and -CHRE-NRIRY is &/ :

R} is fluoro and ~-CHRT-NRRY is CH;.

R} s fluoro and -CH(R®-NRIRY is CHy .

R is fluoro and ~-CHRY)-NR'R is CH; CH,

R} is flyoro and ~-CH(RT-NRIRY is ;

R} is flyoro and ~CHRT-NRIRY is == :

R! is fluore and ~-CH{RE-NRIRY is CH;

R is fluoro and -CH(RT-NRRU i HeE ;

R} is fluoro and --CH(RT-NRIR! is H
H3C\TAN/‘:S{

1 ‘ cH, L
R} is fluoro and ~CH(RM)-NRIRY is CHy,

o
R!is fluore and -CHRALNRIRY i~ CHy .
2
TN S o Ve
R! is fluoro and -CH(RI-NRIR! is O H ;
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R} is fluoro and ~-CH(RM-NRIRY §

! is flooro and ~-CH(RY-NRIRY

! g fluoro and -CHRY-NR'RY i

! s fluoro and ~-CH(R-NRIRY

! is fluore and ~-CH{RY-NR'RY

% is fluoro and ~CH(RT-NRIRY

! s fluoro and ~-CH{RT)-NRIRY

! is fluoro and -CH(R¥)-NR'RF

! s fluoro and -CHRY-NR'RY §

' is fluoro and -CH{RY)-NR'RY

! is fluoro and -CH(R¥)-NRIRY

! is fluoro and -CHRY)-NRRY i

is

18

is

is

is

is

is

i3

s

is

i
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R} is fluoro and -CHRY-NRRY is H
R! is fluoro and -CH(R¥)-NRRY is H

R} is fluoro and -CH{RY}-NRIRY is ;

£l w )
R} is fluoro and ~CH(RT-NRRY is (S H ;

R} s flgoro and ~-CH(RT-NRIRY is CHy

seg
R} is chioro and ~CH{RE}-NR'R" is

R! is chloro and -CH{RFI-NRIRY is CHy

R! is chloro and -CHRM-NRIR i~ CHs :
. , . &: N
R} is chloro and -CH(RM-NR'R is H ;

Hy
R} is chioro and ~CH(RP-NRIR! is CHy
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$
Hsc\ "‘\N/"f\

R! is chioro and -CH(R®-NRIR is CH, CHy
N
R! is chloro and -CHEM-NRRY is H ;
CH;

HSC v
i
R} is chioro and ~-CH(RF-NR'R" is ) ;

R is chloro and -CH(R¥)-NR'R" is Ho

T - o H H
5 R! is chloro and ~-CH{RP)-NR'RY i5 3

N ¥
R! is chloro and ~-CHRF-NRIRY is cH, s and
HiC CHs
NS

R! is chioro and -CHRY-NRRY is v/\ﬁ or a pharmaceutically acceptable salt of
any of the foregoing. The above listed compounds were prepared according to the synthetic
procedures detailed in U.S. Patent No. 8,315,451 incorporated herein by reference in its
14 entirety.
In a fifth aspect of the twenty-fifth embodiment, R! is ~OCHs, ~CF3, Clor F.

A twenty-sixth embodiment of the invention is a compound selected from

HeC, . CHy
Mo

AV INE N '\T,A\ﬁ/ OH
- ) i\r/, N Q/XYNHZ
s
CH O HO HO O

Compound 1: $15-13-180 :

Halny -CHs

E
H H:
"/\N . NN | OH
\/\) \,«(’ gt . N,
| oH
£ CH & o O O

15  Compound 2: B1-14-60
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Compound 3

Compound 3a

Compound 3b

Compound 4

~Gi-

Compound 4a

Compound 4b

OH O HOHCG ©
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OH O HOHG O
59-5-4

Compound 5

or a pharmaceutically acceptable salt thereof

5 FURTHER EMBODIMENTS

In further embodiments, the present invention relates to a2 method of treating a
hematological cancer in 4 subject in need thereof and compounds for use In treating such
cancer. The method comprises administering to the subject an effective amount of a
compound represented by any one of structural formulas described belowora

10 pharmaceutically acceptable salt thereof,

A twenty-seventh embodiment, the present invention is a method of treating a

hematological cancer comprising administering to a subject in need of freatment an effective

amount of a compound having Structural Formula (D or (Ux

13

OH O HO O O ),
or g pharmaceutically acceptable salt thergof, or a pharmacsutically acceptable composition
thereof. In a first aspect of the twenty-sixth smbodiment:

X is selected from C(R?) and N;

20 R!ig ~ORA, hydrogen, halo, -(C1-Ce alkyl), -C(OWRPRP, -NRPRY | -S(O)02RE, (Co-

Cs alkylenyB-(Cs.12) carboeyclyl, and -(Co-Cs alkylenyl}-(4- to 13-member) heterocyclyl
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R? is {Co-Cs alkyleny!}-(4- to 13-member) heterooyclyl,
hydrogen, halo, ~{C1~Cs alkyl), -ORA, -C(OWRERP, -NRFRF' -§(00aR, or (Co-Cs
alkylenyD-{Cs12) carbocyelvl: or

R! and R? are optionally taken together with atoms to which they are bound to form a
Cs.12 carboeyelyl or a 4- to 13-member heterocyelyl ring;

each of B%, R® and R® is independently selected from hydrogen, halo, -(Ci-Cs
alkyl}, -ORS, -C(OJNRPRY | NRPRF| 8(C0aRY, «(Co-Cs alkylenyl-(Cs12) carbocyclyl,
and ~{Co-Cs alkylenyi-(4- to 13-member) heterocyelyl; or

R? and R? are optionally taken together with atoms to which they are bound to form a
Caaz carbocyelyl or a 4- to 13-member heterocyelyl ring;

R? is selected from hydrogen, -{Ci-Cs alkyl), -(Co-Cs alkylenyl}- (Cs.12) carbocyelyl,
and ~(Co-Cs alkylenvly- (4- 1o 13-member) heterocyelyl;

RY is selected from hydrogen, -(C1-Cs alkyl), 8{0312RY, ~{Co-Cs alkylenyly- (Ca12)
carboeyelyl, -{Co-Cs alkyvlenyi}- (4- to 13-member) heterocyelyl, -C(0)-{C1-Cs alkyl},
and ~C{OW(C1-Cs alky-NRURE, -C(NE*INR™R"™ , wherein R*, R™, and R™", each
independently, is H or a Cig alkyl, -C{OYW(Ca.n)carboeyelyl; or

R* and R are optionally taken together with the nitrogen atom to which they are
comnmonly bound to form a 4-8 membered ring optionsily comprising 1-2 additional
heteroatoms independently selected from N, G and §;

RY is selected from hydrogen, ~{C1-Cs alkyl) and -{C3Cs cycloalkyl);

gach R is independently selected from ~(C1-Cs alkyl), hydrogen, -(Co-Cs
alkyleny3(Ca.12) carbocyelyl, (Co-Cs alkvlenyl}- (4- to 13-member)
heterocyelyl, ~C(OMCi-Cs ally D), ~C{O{Co-Cs alkylenyl)- {Ca.12) carbocyelyl, -C{OY(Co-Cs
alkylenyD- (4~ to 13-member} heterocyclyl, and -C{OW(RMIRE);

each R® and cach RP is independently selected from hydrogen, -{Ci-Cs alkyD), «(Ci-
Cs haloalkyly, (Co-Cs alkylenyD~ (Cs.12) carboeyelyl, ~(Co-Ce alkylenyly (4~ to 13-member)
heterocyolyl, ~S{On2-{Ci-Cs alkyl}, -S{O}-2-(Co-Ts alkylenyl}- {(Cia2)
carbocyclyl, -S5{Oh2-{Co-Cs alkylenyl}- {4- to 13-member} heterocyelyl, ~-C{0-{C1-Cs
alky ), ~CO{Co-Cs alkylenyD- (Caaz) carboeyelyl, ~-CIOMH, ~-C{OY-{Co-Cs alkylenyl)- (4-to
13-member) heterocyelyl, ~-C(OM{Co-Cs alkyleny-N{RPWRF), and ~N*(R¥)s, wherein RF, for
cach occurrence independently, is H, a Ci.s alkyl, a Cis haloalkyl, a (Crs alkoxy)-{Cislalkyl,
an amino{Crealkyl or a mono- or di{Ci4 alkyDamine~(Cre)alkyl, a (Cridearboeyelyl-{Co.
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syalkylenvl, a or any two RF, taken together with the nilrogen atom to which they are
attached, for a 4- to 1 3-member heterocyvelyl, optionally including one addifional hetercatom
selected Hom O, N or §;

each R® is independently selected from -{Ci-Cs alkyl), -(Co-Cs alkylenyly- (Cs.i2)
carboeyelyl and ~{(Co-Ce alkylenyly- (4- to 13-member) heterocyelyl; and

each R” and each RF is independently selected from hydrogen, -(Ci-Cs alkyD), {Co-Cs
alkylenyi}- {(Cs.12) carbocyelyl, and ~{Co-Cs alkylenyi}- (4- to 13-member) heterocyclyl,

wherein:

any alkyl, or alkylenyl portion of RY, RZ, R, R%, RY, R°, R® is optionally and
independently substitited with one or more substituents independently selected from halo,
=3, OR®, NRPR®, and S{U).2RY;

any alkyl or alkylenyl portion of RY, RA, or RS, is optionally and independently
substituled with one or more fluore;

any carbocyelyl or heterocyelyl portion of any of RY, R% R, R4, RY, RY, RS, or any
ring formed by taking together R! and R%, R? and R® or R? and R* is optionally and
independently sobstituted on a carbon stom with one or more substituents independently
selected from hale, =0, Ci-Cs fhuoroalkyl, Ci-Cs alkyl, -{Co-Cs alkylenyD-{Cs-Cro
carbocyelyl), ~{Co-Cs alkylenyl)-(4-13 membered heterocycelyl), ORA, ~(Co-Cs
alkylenyD-NRPRP, and S(OpaRY;

any heterocyclyl portion of any of R, R R3, R4, RY, R, RS, or any ring formed by
taking together R! and R?, R? and R or R* and R* is optionally and independently substituted
on a substitutable nitrogen atom with RY;

each RF is independently selected from -{(C1-Cs alkyl), -(C1-Cs haloalkkyl), (C1-Cs
bydroxyalkyD, -{Co-Cs alkylenyh- (Ca12) carbocyelyl, «(Co-Cs alkylenyl)- (4- to 13-member)
heterocyelyl, -S{0n.0-(Ci-Cs alkyl), -S(0)1.0-{Co-Cs alkylenyD-{ Ca.
iearbocyelyl, -S(O2-(Co-Cs alkylenyl) (4~ to 13-member) heterocyelyl, ~C{OWC1-Cs
alkyhy, -CO{Co-Co alkylenyl}- (Cs12) carbocyelyl, -C(OH, ~C{O}{Co-Cs alkylenyl}- {4- 1o
13-member)} heterocyelyl, -{(Co-Cs alkylenyD-C(03~(C1-Cs alkyl), -(Ci-Cs alkylenyl)-NRFRY
and ~C{OMN(RTHREY,

any carbooyelyl or heteroeyelyl portion of RS, RE, R¥ RC RP, RY, RY, any cycloalkyl
portion of RY, or any substituent of RY, R, R, R4 R?, RY, RS is optionally and independently

substituted on a carbon atom with a one or more substituents independently selected from
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fhuors, chlore, Ci-Ca alkyl, Ci-Cy fluoroalkyl, -0-Ci-Cs alkyl, -0-Ci-Cs fluoroalkyl,
=03, ~OH, ~NHz, ~-NH{C:-Cs alky!), and -N{Ci-Cs alkyly;

any helerocyelyl portion of RA, RB, RP, RY, RP, RE, RF, or any heterocyelyl
substituent of RY, R%, RY, RY, RY, RY, or R® is optionally substituted on a substitutable nitrogen
atom with ~Ci-Cy alkyl, or ~-S{0)1.2+(Ci-Ca alkyl)

In a second aspect of the twenty-sixth embodiment:

X is selected from N and C(R%);

each of RY, R, R°, R® and RS is independently selected from hydrogen, halo, -(C1-Cs
alkyl), -ORA, -C{ONRFR®, NRFRF', §(O)aR", «(Co-Cs alkyleny )~ (Cs.12) carboeyelyl,
and -(Co-Co alkylenyl) (4- to 13-memberiheterocyelyl; or

R! and R? are optionally taken together with atoms to which they are bound to form a
Cs.izcarbocyelyl or 4~ to 13-member heterocyelyl ring; or

R? and R® are optionally taken together with atoms to which they are bound to form g

5.12 carboeyelyl or 4- to 13-member heterocyelyl ring;

R* is selected from hydrogen, ~(Ci-Cs alkyl), {Co-Cs alkylenyl)- (Ca.12) carbocyelyl,
and -(Co-Cs alkylenyl)- (4~ to 13-memberibeiorocyelyl;

RY is selected from hydrogen, «(C2-Cs alkyl), S(0)4RY, -(Co-Cs alkylenyD- (Cs.12)
carbocyelyl, (Co-Cs alkylenyl)- (4- to 13-membertheterocyclyl, ~-C{O-{C1-Cs alkyh,
and -C{O}-{C1-Cs alky3-NRPRF; or

R* and RY are optionally taken together with the nitrogen atom to which they are
sopunonly bound to form a 4-8 membered ring optionally comprising 1-2 additional
heteroatoms independently selected from N, O and 5;

RY is selected from hydrogen, -(C1-Cs alkyl) and -(Cs-Cs cycloalkyl);

each R4 is independently selected from hydrogen, ~(Ci-Cs alkyl), «(Co-Cs
alkylenyD- (Csa2) carboeyelyl, -(Co-Ce alkylenyl)- (4- 10 13-
membertheteroeyclyl, ~C{OMCi~Cs alkyly, ~CO{Co-Co alkylenyl}- (Cr12}
carbocyelyl, ~-COM(Co-Cs alkylenyD- (4- to 13-membertheterocyelyl, and -C(ONRTHR"y,

each R? and each RY is independenily selected from hydrogen, ~(C1-Cs alkyly, {Co-
Cs alkylenyD- {Cs.12) carboeyelyl, {Co-Cs alkyvlenyiy- (4~ to 13-
memberdheterocyelyl, ~S{0O)1-2-{C1-Cs alky Dy, -8{0h2-{Co-Cs alkylenyi}- (Cr12)
carbocyelyl, -S{Th.2-(Co-Cs alkylenyl- (4- to 13-memberiheterocyelyl, -CO{C1-Cs
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alkyhy, -C{O-{Co-Cs alkylenyD}- (Csa2) carbocyelyl, -C{OH, -C{0)-{Co-Cs alkyienyi)- {4- 10
13-membentheterocyclyl, and ~-C{OWNRPHREy,

each R is independently selected from ~{C1-Cs alkyl), {(Co-Cs alkylenyl)- (Cai2)
carbocyelyl and ~(Co-Ce alkylenyl)- (4- to 13-memberheterocyelyl; and

each R and each RF is independently selected from hydrogen, -(Ci-Cs alkyl), (Ce-Cs
alkylenyl)- (Cai2) carboeyelyl, and «Co-Cs alkyleny D~ (4~ to 13-member)heterocycelyl,

wherein:

any alkyl, or alkylenyl portion of R}, RZ, R?, RY, R¥, R?, R® is optionally and
independently substituted with one or more substituents independently selected from halo,
=0, ORA, NRERY | and $(0)2R";

any alkyl or alkylenyl portion of R®, R®, or R, is optionally and independently
substituted with one or more fluoro;

any carbocyehyl or heterocyelyl portion of any of R, R%, RS, R, RY, R, RS, or any
ring formed by taking together R! and R%, R? and R, or R* and R* is optionally and
independently substifuted on a carbon atom with one or more substituents independently
selected from halo, =0, Ci1-Cs fluoroalkyl, Ci-Cs alkyl, Ts-Cio carbocycelyl, 3 4-13 membersd
heterocyclyl, ORA, NRBR®, and S(0O)2RS;

any heterocyclyl portion of any of RI, B2, RY, R4, RY, RS, RY, or any ring formed by
taking together R' and R? R? and R?, or R® and RY is optionally and independently
substituted on a substitutable nitrogen atom with RY;

each RY is independenily selected from -{Ci-Cs alkyl), -(Co-Cs alkylenyl}- (Cs.a2)
carbocyelyl, {Co-Cs alkylenyl}- (4~ to 13-member)beterocyelyl, ~S{OWa2-{Ci-Ce
alkyD), ~S{0O)2-(Co-Cs alkylenyl}- (Cr.12) carboeyelyl, -S{O-2-(Co-Cs alkylenyl)- (4- to 13-
memberheterocyelyl, ~-C0)-{C:-Ce alky D), ~-CO{Co-Cs alkvienyh- (Cso12)
carbocyelyl, -CIOMH, -COM(Co-Ce alkylenyll- (4- to 13-memberiheterocyelvl,
and ~-C{OIN{RPYR®Y,

any carbocyely! or heterocyelyl portion of R, RE, RP, RC, RP, RE, RF, any cycloalkyl
portion of R¥, or any substituent of RY, R?, B3, RY, RY, RS, RS is optionally and independenily
substituted on a carbon atom with a one or more substituents independently selecied from
fhioro, chlore, Ci-Cs alkyl, Ci-Ca fluoroalkyl, ~0-Ci-Cs alkyl, ~0-C1-Cs fluoroalkyl,
=03, ~OH, -NHz, -NH{C:-Cs alkyl}, and -N(Ci-Cs alkylhe: and
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any heterocyclyl portion of RA, RB, R¥' RC, RP, RE, RY, or any heterocyclyl
substituent of RL, R?, B3, R%, R¥, B, or R® 15 optionally substituted on a substitutable nitrogen
atom with ~C1-Cy alkyl, or ~8{01.2-{C1~Cs alkyl). The remainder of the valoes and example
values of the variables in structural formulas (1) and (I') of the 26® embodiment are as
defined above with respect to the first aspect of the 26® embodiment.

In a third aspect of the 26™ embodiment, each of R, R® and RY is hydrogen. The
remainder of the values and example values of the variables in structural formulas (I} and (1"}
of the 26" embodiment are as defined above with respect to the first and second aspects of
the 26" embodiment.

In a fourth aspect of the 26% embodiment, R? is selected from hydrogen and ~(Ci-Cs
alkyl); RY is selected from hydrogen, -{(Ca-Cs alkyl) optionally substituted with one or more
substituents independently selected from hydroxy and halo, -{C3-Cs cycloalky D), -C{OW(Ci-
Cs alkyl), ~-C{OW(C1-Cs alkylenyD-NRPURS), and S{0O)12R"; or R* and RY are taken
together with the nitrogen atom o which they are commonly bound to form a 4-6 membered
ring optionally comprising 1-2 additional heteroatoms independently selecied from N, O and
8; RC is ~{C1-Cs alky); and each of RP and R* is independently selected from hydrogen
and -(C1~Ce alkyl). The remainder of the values and example values of the varigbles in
structural formulas (I) and (I") of the 26" embodiment are as defined above with respect to
the aspects one through three of the 26™ embodiment.

In the fifth aspect of the 26® embdoiemnt, R is selected from hydrogen and -(C1-Cs
alkyl); RY is selected from hydrogen, -{(Co-Cs alkyl), (Cs-Cs eycloalkyl), -C{O3-{C1-Cs
alkyh), ~-C{O-{C1-Cs alkyleny D-N{RPHRE}, and S{ON2RY; RC is (C1-Cs alkyly; and each of
RP and RF is independently selected from hydrogen and ~(Ci-Cs alkyl). The remainder of the
values and example values of the variables in structural formulas (I} and (I”) of the 26®
embodiment are as defined abave with respect fo the aspecis one through four of the 26t
embodiment.

In the sixth aspect of the 26® embodiment, R? is selected from hydrogen, methyl,
ethyl and propyl; and RY is selected from hydrogen, ethyl, propyl, cyclopropyl,

~C{OYCHs, ~COYCHN(CHs ), and ~S{ORCHs. The remainder of the values and example
vatues of the variables in structural fornmulas (1) and (I°) of the 26® embodiment are as

defined above with respect to the aspects one through five of the 26® embodiment.
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In the seventh aspect of the 26® embodiment, R! is selected from hydrogen,
halo, -(C1-Cs alkyl) optionally substituted with one or more substituents independently
selected from halo, -NRPR® | ZC{OWNRPRP, ~-ORA, «(Co-Cs alkylenyl (Ca12) carboeyelyl,
and ~{Co-Cs alkylenyl)- (4- to 13-member) heterocyelyl, wherein R* is C1-Cs alkyl optionally
substituted with one or more fluoro. The remainder of the values and example values of the
variables in structural formulas () and (') of the 26" embodiment are as defined above with
respect to the aspects one through six of the 26® embodiment,

In the eight aspect of the 26™ embodiment, R® is selected from hydrogen
and -N{RPHRP), wherein RP is hydrogen. The remainder of the values and example values
of the variables in structoral formulas (I) and (1) of the 26® embodiment are as defined above
with respect to the aspects one through seven of the 26 embodiment.

In the ninth aspect of the 26 embodiment, X is C(R?). The remainder of the values
and example values of the variables in structural forrmulas (I) and (D) of the 26 embodiment
are as defined above with respect to the aspects one through eight of the 26% embodiment.

In the tenth aspect of the 26™ embodiment, X is C{R?); and R is selected from
hydrogen, halo, -{C1-Cs alkyl) optionally substituted with one or more substituents
independently selected from halo, -NRFRP, -C(OINRPRY, -OR4, ~(Co-Cs alkylenyl- (Ca.12}
carbocyelyl, and -{Co-Cs alkylenyD}- {4- to 13-member) heterocyclyl, wherein R* is C1-Cs
alkyl optionally substituted with one or more fluore. The remainder of the values and
example values of the variables in structural formulas () and (1) of the 26™ embodiment are
as defined above with respect to the aspecis one through eight of the 26™ embodiment.

In the tenth aspect of the 26® embodiment, R! is selected from hydrogen, balo, {Ci-
Cs alkyD) optionally substitiied with one or more substituents indspendently selected from
halo, and -OR”, wherein R* is C1-Cs alky! optionally substituted with one or more fluoro.
The remainder of the values and example values of the variables in structural formulas (1) and
(I") of the 26™ embodiment are as defined above with respect to the aspects one through uine
of the 26® embodiment.

In the eleventh aspect of the 26™ embodiment, R! is selected from hydrogen, fluoro,
chloro, CF3, OCH3, OCFs, N{CHz): and NHCH3, for example, R! is selected from bydrogen,
fhioro, chiore, CFs and OCFs. The remainder of the values and example values of the
variables in structural formulas (I) and (3°) of the 26™ embodiment are as defined above with

respect to the aspects one through ten of the 26® embodiment.
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In the twelfth aspect of the 26" embodiment, X is C(R?); and R! and R? are taken
fogether with the stoms to which they are bound fo form a 4- to 13-member nitrogen-
containing heterocyelyl ring, wherein the ring comprising R and R is optionally substituted
on any substitutable nifrogen atom with Ci-Cs alkyl; and optionally substituted on a carbon
atom with NRPR®, wherein each of R® and R¥ is independently selected fiom hydrogen and
C1~Cs alkvl The remainder of the values and example values of the variables in stroctural
formulas (I} and (I') of the 26® embodiment are as defined above with respect to the aspects
one through elleven of the 26® embodiment.

In the thirteenth aspect of the 26" embodiment, X is C(R?); and R! and R? are taken

RE An
N
together with the carbon atoms to which they are bound to form: RE or
N Ss_a{n
1
¢ 2
Ry

, wherein “ 17 represents a point of attachment to the carbon atom
bound to R'; and “v\ 2” represents a point of atiachment to the carbon atom bound to R%;

and £is 0 or 1. For example, R! and R? are taken together with the carbon atoms to which
-~
-
C¥ ooy
TNTY T N
i or { 2

of attachment to the carbon atom bound to RY and “VA 2% represents a point of attachment to

they are bound to form: , wherein “vW 1” represents a point
the carbon atom bound to R% The remainder of the values and example values of the
variables in structural formulas (1) and (1°) of the 26™ embodiment are as defined above with
respect to the aspects one through twelve of the 26™ embodiment.

In the fourteenth aspect of the 26® embodiment, X is C(R?); and R? is -{Co-Cs
alkylenyl}- (4- to 13-member) heterocyclyl optionally substituted on a nitrogen atom
with «{C1-Cs alkyh); ~(Co-Cs alkylenyD)- (Cs.12) carboeyelyl; or (Ci-Celalkyl substituied with
NRER¥. For example, R? is pyrrolidinyl optionally substituted on a nitrogen atom with Ci-
4 alkyl or benzyl. The remainder of the values and example values of the variables in
structural formulas (1) and (1’) of the 26" embodiment are as defined above with respect to

the aspects one through elleven of the 26™ embodiment.
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In the fifteenth aspect of the 26® embodiment, X is C(R?); and R® and R* are taken
fogether with the atoms to which they are bound to form a nitrogen-containing 4~ to 13-

memberheterocyelyl. For example, R? and R’ are taken together with the atoms to which

RF B 2}
N( b RY,,R F§B
N
s X5
NE RN g ONF oY
they are bound to form Mo, , H ot H o, wherein

N 27 represents a point of attachment to the carbon atom bound to R% “W\A 3" represents 8
point of attachment to the carbon atom bound to R?; and £is 0 or 1. The remainder of the
values and example values of the variables in structural formulas () and (I7) of the 26®
embodiment are as defined above with respect fo the aspects one through cleven of the 26%
embodiment.

In the sixteenth aspect of the 26 embodiment, X is C(R%); and R? is selected from
hydrogen and -N{R®)R®), wherein R® is hydrogen and R®' is -C{O{(Co-Cs alkyleny])- (4~ to
13-member) heterocyelyl or ~-C(OM{Co-Cs alkyleny-NRPYRE). For example, R? is selected
from hydrogen and

O
A A
H . The remainder of the values and example values of the variables
in structural formulas (1) and (°) of the 26® embodiment are as defined above with respect to
the aspects one through fourteen of the 26™ embodiment,

In the seventeenth aspect of the 26™ embodiment, X is C(R?). The remainder of the
values and example values of the variables in structural fornmulas (1) and () of the 26®
embodiment are as defined above with respect to the aspects one through nine of the 260
embodiment.

In the eighteenth aspect of the 26® embodiment, the compound is represented by any

one of the following sirvctural formulas, or 3 pharmaceutically acceptable salt thereof:
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The compound numbers in the tables set forth above reference synthetic schemes in
WO2014/03630 all of which are found in U8, Patent No. 9,573,895 the entire content of

which is hereby incorporated by reference.

In the nincteenth aspect of the 26™ embodiment, the compound s represented by any

one of the following structural formulas:
oy

OH G HOSO O

compound 3A/MK4

18 or a pharmaceutically acceptable salt thereof
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In 2 27® embodiment, the present invention is a method of treating a hematological
cancer comprising administering to a subject in need of freatment an effective amount of a
compound represented by any one of structural formulas (X) or (X-1)

R?OO N R-ﬂ(}'l R4O 1
RE01 2.5

OH O OH O
R901a OH

-1,
or a pharmaceutically acceptable salf thereof, or a pharmaceutically acceptable composition
thereof.
In the first aspect of the 27% embodiment, R™, for sach occurrence independently, is
a halogen; R°%'2, for each occurrence independently, is H or a Ci-Cs alkyl; R* and R, for
10 each occurrence independently, is H or a Ci-Cs alkyl, a C1-Cq hydroxyalkyl, a (Ci4
alkyhC{O)-, 8 Cs.12 carbocyelyC{(O)-, wherein the carboeyclyl portion is optionally
substituted with 8 hydroxy! group, a8 (Cie alkyBS(O)2-, 8 (Crg alky BCOWNH{Ch14
alkylenyll~, a {Cr.q alkyHS{OnNH(C1.4 alkylenyl)- , or a moiety represenied by the
following structural formula:

R48

N

wherein “vn ” represents the point of attachment to the nitrogen atom, and R* and R*, for
each occwrrence independently, is H or a C1-Cy alkyl, or, taken together with the nitrogen
atom to which they are attached, form a 4-13 member heterocyclyl; and R*L, R%, and RV,
for each occwrrence independently, is H, a C-Cs alkyl, a C1-Cs baloalkyl, a C1-Cs

20 hydroxyalkyl, a (Ci-Cs alkosy{Crsalkyl, an amino~{C:i-Ce) alkyl, a mone- or di- (C1-Cy
alkyDamino-{Cis)alkyl, 8 Cs.12 carbocyely{Co-Cslalkylenyl, a (4-13 membentheterooyelyl
{Co-Cx)alkylenyl, or any two of R®!, RV and R®Y taken together with the nitrogen atom {o

which they are attached, form a 4-13 member heterocyelyl.
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In the second aspect of the 27% embodiment, R7 is F; and R*!, R®V, and RV, for
cach occurrence independently, is H, a Ci-Cs alkyl, a C1-Cs haloalkyl, a Ci-Cs hydroxyalkyl,
& {Ci~Cs alkoxy}-(Crejalkyl, an amino~-(Ci-Cs} alkyl, a mono- or di- (C1-Cs alkyDamino-{Ci-
sralyl, a Cs carbooyclyHCo-Colalkylenyl, a (4-13 membertheterocyelyl-{Co-Cralkylenyl
The remainder of the values and example values of the variables in structural formulas (X)
and {X-1) of the 27" embodiment are as defined above with respect to the first aspect of the
27 embodiment.

In the third aspect of the 27® embodiment, the compound is represented by the
structural formula (X); R is F; and R* and R, taken together with the nitrogen atom to
which they are attached, form 2 4-13 member heterocyclyl. The remainder of the values and
example values of the variables in structural formulas (X) and {X-1} of the 27® embodiment
are as defined above with respect to aspects one through two of the 27® embodiment.

In the fousth aspect of the 27% embodiment, the compound is represented by any one

of the following structural formulas, or 2 pharmaceutically acceptabie salt thereof:

i { 4 }
3 o0 COOoH O O 2
816-5-8 $18-8-10
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&, o4 6 oPB & EH, Adn o o S
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0 CHy

CH O
816-6-27
F NH
HoHEC 3 b Y
R 2 + 1 H T A
o fe) i \: i/‘\ ‘\\E/ ! QH
'E NP N o P SN MH,
i H i O
NgF OH O OH O OHO f} ¢}

$16-6-31

516-6-24 $18-8-38
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In the fifth aspect of the 27® embodiment, the compound is represented by any one of

the following structural formmilas, or a pharmaceutically acceptable salt thereof:

o
S LCOH
\,_N\/ . /Q 1;&7 Ny
OH i

Hy

l.

@] fo!
5 Sloﬁ"B ,
I
H
H
=z OH
| “\F o gy /\/L/' i O/\j e}
A A A A A A i LA
H CoA Ao & H , o i
OH & aH O O oH O OH o O
818-6-22 R $18-8-28 .
]
CHy OH O
$17-8
- o LCH;
S NN
/ : /\L[ NH;
i s
0-4 & oH’
820-6-1
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In the 28" embodiment, the present invention is a method of treating a hematological
5 cancer comprising administering to a subject in need of treatment an effective amount of g
compound represented by any one of struchural formulas (X1), or a pharmaceutically

acceptable salt thergof, or a pharmaceutically acceptable composition thereof,

RACZ g2

N

fozon o ofB o X0
wherein R™2, R R and R¥7| for each ocourrence independently, is H or a Ci-Cs alkyl
10 For example, the compound of structural formula (X} is represented by the following

structural formula, or a pharmaceutically acceptable salt thereof:

In the 29® embodiment, the present invention is a compound represented by structural

formula (XII}, or a pharmaceutically acceptable salt thereoft
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In the 30™ embodiement, the present invention is a method of treating a hematological
cancer comprising administering to 8 subject in need of treatment an effective amount of a

compound represented by the following structural formula, or 3 pharmaceutically accepiable

salf thereof, or a pharmaceutically acceptable composition thereof:

wherein:

rYH

N

-0
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Compound RV RYS Rix X
number
K58 CH
oM
e
K539 CH
i
Ml OFy N HaGu e,
OF \}_,.\M* % Rt i\:e'
o \\.§\~ ( iy
K6 ‘ CH
TSR :
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K&t CH
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Kg2 CH
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S
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In the 31% embodiment, the present invention is a method of treating a hematological
cancer comprising administering to 8 subject in need of freatment an effective amount of a

compound represented by the following structural formmila
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oH O HOHO O XK
or a pharmaceutically acceptable salf thereof, or a pharmaceutically acceptable composition
thercof.

In the first aspect of the 31% embodiment, R% is H, a C1.6 alkyl, a Cr.s haloalkyl, C1s
hydroxyalkyl, a Ca. carbocvelyl=-{Coslalkyienyl, an amino-(Ci-Ca) alkyl, a mono- or di- (Cy-
C4 alkyDamino-{Ciadalkyl, a (4-13 membenheterocyelyl{Co-Cadalkylenyl, wherein the
heterocyclyl portion is optionally substituted with a Crs alkyL, R7 s H, a Cra
alkyloxy, -OH, Ci4 alkyl, a Ci-¢ haloalkyl, Ci4 hydroxyalkyl, Ci-4 haloalkoxy; and R* and
R*¥_ each independently, is H; a Ci4 alkyl; a C1-Cq haloalkyl; a Ci-Cs hydroxyalkyl; a (Ci-
Cs alkoxy 3{Cr-a)alkyl; an amino-{(Ci-C4) alkyl a mono- or di- (Ci-Cs alkyDamino-{(Ci-
syalkyl; a Caaz carbocyelyl-(Co-Cajalkylenyl, wherein the carbocycelyl portion is optionally
substituted with g hydroxyl group; a (Cia alky DBC{O)-, a {(Cra alky DBS(Oh2~; 2 (Cra
alky DBCOINH{C 1.4 alkylenyl}~; a8 (Cia alkyDIS{On-2NB{C1-4 alkylenyl)-; 8 HOC(O)W(Ch-
Cralkylenyl: a FoNC{O{Ci-Chlaltkylenyl a (Cra alkyloxy ¥X(O)-{ Ci-Calalkylenvl

In the second aspect of the 31% embodiment, R™ is ~OCH;3, and R¥ is ethyl. The
remainder of the values and example vahies of the variables in structural formula (XX) of the
31% embodiment are as defined above with respect to the first aspect of the 31¥ embodiment.

In the third aspect of the 31% embodiment, R™! is ~0OCH;, and R* and R each is
bydrogen. The remainder of the values and example values of the variables fn structural
forpmita (XX of the 31 embodiment are as defined above with respect fo the first or second
aspects of the 31% embodiment.

In the fourth aspect of the 31% embodiment, R is ethy! and R*® and R* each is
hydrogen. The remainder of the values and example values of the varisbles in structural
formula (XX of the 31* embodiment are aas defined above with respect to aspects one
through three of the 31* embodiment.

In the fifth aspect of the 31% embodiment, R™! is a ~OCF3, and R* is methyl. The

remainder of the vahies and example values of the variables in structural formula (XX} of the
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s
embodiment.

31* embodiment are as defined above with respect o aspects one through four of the 31

In the sixth aspect of the 31% embodiment, the compound is represented by any one of

the following structural formulas, or a pharmaceutically acceptable salt thergof:

5153
El
OH E
ocHy H‘»i;y/\f 4 OCHs HN
) NG NG OH LN, S G o
*\,_ B NH, e Nyt ,;i NH;
CYEYT Y _ ST
HCHOHOG O OH G HOHOG O
$1-5-4 §4-5-5
2

N
Nl

HOE O O

10
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In the seventh aspect of the 31% embodiment, the compound is represented by any one

of the following structural formulas, or a pharmaceutically acceptable salt thereof,
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In the eighth aspect of the 31* embodiment, the compound is represented by any one

of the following structural formulas, or a pharmaceutically acceptable salt thereot
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~G4n

5 In the ninth aspect of the 31% embodiment, the compound is represented by any one of

the following structural formulas, or a pharmaceutically acceptable salt thergof:

CHa

In the tenth aspect of the 31% embodiment, the compound is represented by any one of

14 the following structural formulas, or 3 pharmaceutically acceptable salf thereof:
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CH

0] oHT O f
812-241 $12-2-2

In the 32™ embodiment, the present invention is method of treating a hematological
cancer comprising administering to a subject in need of treatment an effective amouni of a2
compound represented by the following structural formula:

pdod RACE

OH O EO ﬁ O O {(XXD

or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable composition
thereof. In a first aspect of the 32nf embodiment, R is 1, a halogen, a Ci.4 alkyloxy, -OH,
Ci-4 alkyl, a Ci4 haloalkyl, Ci4 hydroxyalkyl, Ci4 haloalkoxy; and R* and R**, each
independently, is H; a Crs alkyl; a C1-Cs haloalkyl; a C1-C4 hydroxyalkyl; a (Ci-Cs alkoxy -
{Cr-galkyl; an amino-{Ci1~Cq) alkyl; a mono- or di- (C1~Cs alkyDamino-{Cr-a)atkyl 8 Capz
carbocyclyl-{Co-Chlalkylenyl, wherein the carbocyclyl portion is optionally substituted with a
hydroxyl group; a (Cra alkyBC{O)-, a (Crs alkyDS(0Oh2-; 2 (Crg aliy DOOINE-Cig
alkylenyl; a (Cig alkyDS{O3oNH-Ciy alkylenyl; a HOCO)-{Ci-Cajalkylenyl; a HoaNC{O)-
{C1-Cslalkylenyl; & (Ciqg alkvioxy)YC(O{Cr-CalalkylenyL

In the second aspect of the 32 embodiment, R’ is a C1.4 haloalkyl. The remainder
of the values and example vahues of the varisbles in structural formula (XXI) of the 32%

embodiment are as defined above with respect to aspect one of the 32% embodiment.

PCT/US2017/049462
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~Gf

In the third aspect of the 32% embodiment, R™ is H or a halogen. The remainder of
the values and example values of the variables in stroctural formuda (XX of the 32%
embodiment are as defined above with respect to aspects one or two of the 32% embodiment.
In the fourth aspect of the 327 embodiment, R is ~OCHs. The remainder of the
5 wvalies and example values of the variables in structural formula (XX1) of the 32%
embodiment are as defined above with respect o aspect o fo three of the 32% embodiment.
In the {ifth aspect of the 32st embodiment, the compound is represented by any one of

the following structural formulas, or a pharmaceutically ace:eptabie salf thereof:

-._‘

14

$6-5-18

In the sixth aspect of the 32% embodiment, the compound is represented by any one of

the following structoral formuslas, or a pharmaceustically acceptable salt thereof:
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In the seventh aspect of the 32 embodiment, the compound is represented by any one

of the following structural formulas, or a pharmaceutically acceptable salt thereof:

CH < ;
OCH . NH, OCH; YT OC,,E;{;;V?N/\/C-%
oy NN | R ™ ?/"\\?/’-\f/OH SN W OH
ij;' \m,miz = Xy QWNHZ ! =5 M NiHy
, OH §oont 0 POH
oH O OH O O oH 0 OH'O O OH 0 OH O
3

§15.8-1 515-8-2 815-6-

PCT/US2017/049462
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In the 33 embodiment, the present invention is a method of treating a hematological
cancer comprising administering to a subject in need of treatment an effective amount of 2
compound represented by any one of structural fornmlas
RE 408
\E\i/
_H

OH O HO S O O (XX

or a pharmaceutically acceptable salf thereof, or a pharmaceutically acceptable composition
thereof. Tn a first aspeet of the 33" embodiment, R7 is H, a halogen, 2 Ciq alkyloxy, ~OH,
Ci-4 alkyl, a Cis haloalkyl, Ci4 hydroxyalkyl, Ci.s haloalkoxy, and R¥' and RV each
independently is H, a C1.s alkyl, a Cs.12 carboeyclyl-(Cos)alkylenyl; and R*® and R¥', each
independently, is H; a Crq alkyl; a C1-Cy haloalkyl; a C1-Cy hydroxyalkyl; a (Ci-Cq alkoxy)-
{Craalkyl; an amino-(Ci1~Ca} alkyl; a mono- or di- (Ci~Cs alkyDamino-{Cr-a3alky}; 8 Can
carbocyelyl-{Co-Crlalkylenyl, wherein the carbocyclyl portion is optionally substifited with a
hydroxyl group; a (Cia alkyDC(O)-, 2 (Cia alkyDHS(O)12-; a (Cra alky HCOINH(C1
allkylenyl}; 8 {Ciy alkyDS{(ON2NE{Cry slkylenyD-; 8 HOC(OW{Ci-Calalkylenyl a2
HeNC{OWCi-Chalkylenyl; a {Ci4 alkyloxy {0} Ci1-Calalkylenyl

PCT/US2017/049462
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In the second aspect of the 33 embodiment, R™ is a Ci.4 alkyloxy and R* and
R¥ each independently, is H or a Cis alkyl. The remainder of the values and example
values of the variables in structural formmula OO0 of the 33 embodiment are as defined
above with respect to aspect one of the 33™ embodiment. Examples of the compounds of the
5 33" embodimnent include compounds represented by any one of the following structural
formulas, or a pharmaceutically acceptable salt thereof:

OTH;

By

O
o 0 OH O O
$3-7-2

CHs

$8-8-1
CHg
Halu, .~
ock, N
H:C.. NS AN OH

W S NNHZ

:\

on o o 4
$9.5.3

]
CHy

10 In a 34" embodiment, the present invention is a method of treating a hematological

cancer comprising administering to a subject in need of treatment an effective amount of a
compound represented by the following structural formula
R&O(B R4 o8

R?(M

OH HO

O O XD
or a pharmaceutically acceptable salt thereof, or a pharmaceutically accepiable composition
15 thereof In g first aspect of the 34™ embodiment, R7 is H, a halogen, a Ci.4 atkyloxy, -0OH,
Crs alkyl, a Ci4 haloalkyl, Ci4 hydroxyalkyl, Ci4 haloalkoxy; R¥? and R%? taken together
with the nitrogen atom to which they are aftached, form a 4-13 monocyclye ora 7-13
bycyelic heterocyelvl; and R and R¥%, cach independently, is H; a Cia alkyl a Ci-Cs

haloalkyl; 8 C1-Cs bydvoxyalkyl; 8 (C1-Ca alkoxy W{Cra)alkyl; an amino-{(Ci-Ca} alkyl a
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mono- of di- (Ci-C4 alkyDamine-{Ci.4alkyvl; a Caz carbooyely-(Co-Cslalkylenyl, wherein
the carbocyelyl portion is optionally substituted with a hydroxyl group; 3 (Ci4 alkyDBC(O)-, a
{C14 alky SOz 2 (Cros alkyDBCOINE(Cra alkylenyl)s a (Cig alkyBS{0)2NH(Ci4
alkylenyl}-; a HOC{OW(Ci-Crlalkylenyl, a HoNC{O-{Ci-Calalkylenyl a (Cia
allyloxy YOO C1-Calalkylenyl

In the second aspect of the 34" embodiment, R™™ is a halogen; and R¥ and R¥?,
taken together with the nitrogen atom to which they are attached, form 1,2,3,4-
tetrahydroisoquinoline. The remainder of the values and example values of the variables in
structural formula (XXI) of the 34 embodiment are as defined above with respect to aspect
one of the 34® embodiment.

Examples of the compounds of the 34® embodiment include compounds represented

by any one of the following structural formulas, or a pharmaceutically accepiable sall thereof!

LCHs
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In the 35 embodiment, the present invention is a method of treating a hematological
cancer comprising administering to a subject in need of treatment an effective amount of a

compound represented by the following structural formula

e o {(XXTV)

or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable composition
thereof. In a first aspect of the 35% embodiment, R™ is H, a halogen, a C14 alkyloxy, ~-OH,
Ci.4 alkyl, a Ci4 haloalkyl, Ci4 hydroxyalkyl, or Ci4 haloalkoxy; R¥ is an amino-Cis alkyl,
a mong- or di- {C1~Cs alkyDamino{Crs)alkyl, or, a C-attached 4-13 monocyelye heterocyclyl,
wherein the hefrocyclyl is optionally N-substifuted with a Cis alkyl; and B* and R¥7, cach
independently, is H; a Ci4 alkyl; a C1-Cs haloalkyl; a Ci-Cs hydroxyvalkyl; a {Ci-Cq alkoxy)-
{Craialkyl an amino~{(C1-Cs) alkyl; a mono- or di- (C1-Cs alkyDamino-{Cr.a)alkyl a Caz
sarboeyelylH{Co-Caalkylenyl, wherein the carbocyelyl portion is optionally substituted with a
hydroxyl group; a (Cig alkyDC(O, a (Cig alkyDS{0Oh2-; a {(Cr alkyDHCOINEH(C 1
alkyleny}-; a {Ci4 ally SO 2NE{Ci4 alkylenyB-; 8 HOC{OH{Ci-Colalkylenyk 2
HzNCOW(Ci-Calalkylenyl; a (Cig alkyloxyYC(OW( Cr-Crjalicylenyl.

In the second aspect of the 35% embodiment, R™ is a Ci4 haloalkyl; and R¥ i a
mong- or di- {Ci1-C alioyDamine{Cisalkyl. The remainder of the values and example values
of the variables in structural fornmla OUXIV) of the 35® embodiment are as defined above
with respect o aspect one of the 35® embodiment.

In the third aspect of the 35" embodiment, R’ is a Ci4 haloalkyl; and R*™ is a 4-5
monocyclye heterocyelyl, N-substituted with methyl or ethvl, The remainder of the values
and example values of the variables in structoral formula (XXIV) of the 35% embodiment are
as defined above with respect to aspect one of the 35® embodiment,

In the fourth aspect of the 315® embodiment, the compound is represented by any one

of the following structural formulas, or a pharmaceutically acceptable salt thereof
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""Q
:
@

H_J,u\

HgC '\m
An O QH

OH {
311»41 511-4-2

bl

In the fifth aspect of the 35® embodiment, the compound is represented by any one of

the following structural formusdas, or a pharmaceutically acceptable salt thereof:

" OHy CHy CHy
3k ~
T\ :
N _-OH ‘, *
l
HyC /n JW Hall
A P 3 b
OH G OH iﬁo on o o' 8
$41-5-4 511-5-2
b

3 In the 36™ embodiment, the present invention is a method of treating a hematological

cancer comprising administering (o 8 subject in need of treatment an effective amount of a

compound represented by the following structural formula

NH,

o o HO H D o {XXV3,
or g pharmaceutically acceptable salt thereof, or a pharmacsutically acceptable composition
10 thereof. In a first aspect of the 36" embodiment, R7 is H, a halogen, a Ci.4 alkyloxy, -OH,
Ci-4 alkyl, a Ci4 haloalkyl, Ci¢ hydroxyalkyl, or Ci4 haloalkoxy; R¥® and R*, taken
together with the nitrogen atom o which they are atfached, form 2 4-13 monocycelye
heterocyclyl optionally substituted with a Cs.12 carbocyelyl and R4 and R each
independently, is H; a Ci4 alkyl; a Ci1-Cs haloalkyl; 3 Ci-Cs hydroxyalkyl; a (Ci-Cs alkoxy)-
15 {Crgyalkyl; an amino-{C1-Ca) alkyl, a mono- or di- (C1-Cs alkyDamino-{(Cr-alkyl; a Can2
carbocyclyl-{Co-Cajalkylenyl, wherein the carbocyelyl portion is optionally substituted with a
hydroxyl group; a (Ci4 alkyDC(O¥, a (Ci4 alkyDS{Oh2-; a {(Cr4 alkyDHOOINE(C 14
alkylenyi)-; a {Crq allkyDSONaNB(Crg alkylenyly-; a HOC(OWC-Coalkylenyl a
HzNCOW(Ci-Calalkylenyl; a (Cig alkyloxy YC(OW( Cr-Chjalicylenyl.
20 In the second aspect of the 36 embodiment, R™ is a halogen, and R¥ and R¥¥,

taken together with the nitrogen atom to which they are attached, form a 5-6 monocyelye
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heteroeyelyl optionally substituted with a phenyl, The remainder of the values and example
values of the variables in structural formmula OUV) of the 36® embodiment are as defined
above with respect to aspect one of the 36% embodiment.
Example embodiments of the 36® embodiment include the compound is represented
5 by any one of the following structural formulas, or a pharmaceutically acceptable salt thereof:

g H;,CV/\NH
H k.

H O H ,
. A\l,/\ - = Ero’—‘
i \(f Nyt NH;
O

OH & O O O
8 4

ro 5]
o & oPh 4
52465

2 zj '/

® m
&//’ o 6 o't o

52458

10 In the 37™ embodiment, the present invention is any compound represented by

structural formula (XTI

RV\:
4

O O HO

R’\iill P
l NH,

(X1},
or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable composition

thereof. In the first aspect of the 37% embodiment,
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In the 38® embodiment, the prosent invention is 3 method of wreating a hematological

cancer comprising administering to a subjeet in nood of reatment an effective amount of a

sompound represented by any one of stravtural formdas:

e,
ek

'xafj::w,.-/’
—Q"""’?
3

oH O HO { N0,
or a pharmaceutically acceptable salt thersof, or & plarmacsutivally soceptable composition

thereof, wherein:
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In a 40" embodiment, the present invention is a compound represented by any one of
structural formulas (XIV) or (XV):

7 R-’E‘i ,R‘“E
R N

XV,

or a pharmaceutically acceptable salt thereof In a first aspect of the 40" embodiment, ring B
is 8 4- or S5-member carbocyelyl; ring F is a 5- or 6-member heterocyelyl that includes at least

10 one nitrogen atom; ring G is represented by any one of the following structural formulas

e} G
% {a
G | G4 |
oo N
oF

wherein “wane” represents the point of attachment of ring G to ring D, “o=zo== isa
single or a double bond, G, G, and G, each independently, is ~CH=, -CHz-, -N=, or -NH-,
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as valence permits, provided that when “rT—T=s ” is & single bond, then at least two of G, G2,
and GF are -NH-~;

R7 and R7, each independently, is selected from hydrogen, halo, -{(C1-Cs
alkyD), -ORA, -C{OYNRERP, NRPRY', ${0)02RE, «(Co-Cs alkyleny-{Caizlearboeyelyl,
and ~{Co-Cs alkylenyvi)-(4- to 13-memberheterocyclyl;

R RY, R% and R*, sach independently, is selected from hydrogen, ~(C1-Ce alkyl),
S(0112RY, -(Co-Cs alkylenyD-(Tsz)carbocyelyl, (Co-Ce alkylenyD-(4- io 13-
member)heterocyelyl, -C(O}(C1-Cs alkyl), and -C{O)(C1-Cs alky}-NRPRE; or

R and R*Y, and, separately, R™ and R*, are taken togsther with the nitrogen atom
to which they are commonly bound to form a 4-8 membered ring optionally comprising -2
additional heteroatoms independently selected from N, G and §;

each R% is independently selected from hydrogen, ~(Ci-Cs atkyl), «{Co-Cs alkylenyD-(
Crazjearbocyelyl, «{(Co-Cs alkylenyD-(4- to 13-membenheterocyelyl, -C{OWT1-Cs
alkyh, -CN-{Co-Cs alkyleny)-{ Csanoarbooyelyl, -C{03-{Co-Cs alkylenyD-{4- to 13-
memberiheterocyelyl, and ~-C{OINRPURF);

each R® and each R¥ is independently selected from hydrogen, ~{C1-Cs alky?), ~(Ci~
Cs haloalkyD), -{(Co-Cs alkylenyh-( Caz}earbocyclyl, «(Co-Co alkylenyl}-{4- to 13-
memberiheterocyelyl, -S{0Ma-(Ci-Cs alky D), =S{0)12-(Co-Cs alkyleny={ Ca.
ijearbocyelyl, -S{0On-2-{Co-Cs alkyleny)-{4- to 13-membentheterocyelyl, -COW(Ci-Ce
alkyhy, ~C{O{Co-Cs alkyleny)-{ Canjearbocyelyl, ~-C{OMH, ~-C{OY{(Co-Cs altkylenyD-(4- to
13-memberheterocyclyl, and -C{O)-(Co-Cs alkyleny}-NRFYR);

each R© is independently selected from ~{C1-Cs alkyl}, «{(Co-Cs alkylenyD{ Cs.
icarboeyelyt and «(Co-Cs alkylenyD{4- to 13-membertheterceyclyl; and

each RP and each RY is independently selected from hydrogen, ~(C1-Cs alkyl), -(Co-Cs
alkyleny}-{ Caizdoarboeyelyl, and -{Co-Cs alkylenyh-(4- to 13-membeniheterocyelyl;

wherein:

any alkyl, or alkylenyl portion of R}, R™, R* RY', R®, or R* is optionally and
independently substituted with one or more substituents independently selected from halo,
=3, ORA, NRBRF | and ${O)2RS;

any alkyl or alkylenyl portion of R* or RY, is optionally and independently substituted

with one or more fluoro;
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rings E, F, and G, or any carbocycly! or heterocyclyl portion of any of R7!, R™ R*,
R, R®, o1 R% or any ring formed by taking togsther R and RY or R*® and R¥ §s
optionally and independently substituted on a carbon atom with one or mors substituents
independently selected from halo, =0, C1-Cs fluorcalkyl, Ci-Ca alkyl, (Co-Cs alkylenyl}-(
Cs.12 carbocyelyl), -{Co-Cs alkyleny-(4- to 13-membered heterocyclyl), ORA, {Co-Cs
alkylenyl}-NRPRP, and S(O)02RY;

rings F and G, or any heterocyclyl portion of any of R7,, R7, RY, RV, R%, or R¥ o
any ring formed by taking together R* and R or R* and R* is optionally and
independently substituted on a substitutable nitrogen atom with RY;

each R is independently selected from -{Ci-Cs alky1), -(C1-Cs haloalky), -(C1-Cs
bydroxyalkyD, -{Co-Cs alkylenyh-( Ca.zlearbocyelyl, -{Co-Co alkylenyl}-{4- to 13-
memberheteroeyelyl, -S{0)12-{Ci-Cs alkyl), -S{0)12-(Co-Cs alkyleny}-{ Cs.
izyearbocyelyl, -S{0n-2-{Co-Cs alkyleny}-(4- to 13-membentheterocyelyl, ~-COY(C1-Cs
alkyh, -CN-{Co-Cs alkyleny}-{ Caandoarbocyelyl, -C{OMH, ~-C{O-{Co-Cs altkylenyi-(4- io
13-memberiheterocyclyl, ~(Co-Cs alkylenyl3-C{O)-(C1-Cs alkyl), -(C1-Cs alkylenyl}-NRERF
and ~C{ON(RTR®y,

any carbocyclyl or heterocycly! portion of RS, RE R¥, RY, RP, RE, RY, or any
substifuent of R}, R™, RY, R, R%, or R¥ is optionally and independently substitited on a
carbon atom with one or more substituents independently selected from fluoro, chiore, Ci-Cy
alkyl, Ci-Cyq fluorcalkyl, -0-Ci-Cy alkyl, -O-Ci-Cs fluoroalkyl, =0, -OH, -NHa, -NH{C-C4
alkyh), and -N{C1-Cs alkyl)s; and

any heterocyclyl portion of R4, RB, R¥, RC, RD, RE, RF, or any heterocyelyl
substituent of R7, R™ RY B R% or R¥ is optionslly substituted on a substitutable
nitrogen atom with -C1-Cs alkyl, or -8{0)12-{C1-C4 alkyl).

In the second aspect of the 40™ embodiment, ring E and ring F, together, are

represented by any one of the following structural formulas:

£,
R /J(T‘T\(Eﬁ/
(\ ] \ ) Dord :
r e S EJLa
P E ” l g N
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wherein F! and F?, for each occurrence independently, is selected from -CHz- or -NR-,
wherein R, for each occurrence independently, is H or a C1-C4 alkyl, and “wn” represents
the point of attachment of ring E to ring 1. The remainder of the values and example valueg
of the variables in structural formulas 30V) and (XV) of the 40” embodiment are as defined
above with respect to aspect one of the 40" embodiment.

In the third aspect of the 40™ embodiment, RY, R*', R®, or RY, each independently,
is selected from bhydrogen; -(Ci-Cs alkyl), optionally substituted with one or more
substituents independently selected from bydroxy and halo; -{Cs-Us eycloalipt); -C{OW(Cs-
Cs alkyl); ~C{OMC1-Cs alkylenyD-N{RPYREY; and S{On2R; or RM and R*Y or R and R¥
are taken together with the nitrogen atom to which they are commonly bound to form a 4-6
membered ring optionally comprising 1-2 additional heteroatoms independently selected
from N, O and 8; R” is «(C1-Cs alky}); and each of R” and R® is independently selected from
hydrogen and ~{C1-Cs alkyl). The remainder of the values and example values of the
variables in structural formulas V) and (XV) of the 40% embodiment are as defined above
with respect to aspects one and two of the 40™ embodiment.

In the fourth aspect of the 40® embodiment, RY, R*Y, R, or R*¥, each
independenily, is selected fom hydrogen, (Ci-Cs atkyl), -(Ca-Co cyeloalkyly, -C{O}{Ci-Cs
alkyD), -C{O)(C1-Cs alkyleny)-N{RPHRE), and S(0)1.2R%; R is «(C1-Cs alkyl); and each of
R and R¥ is independently selected from hydrogen and -{(Ci-Cs alkyl). The remainder of the
vahies and example values of the variables n structoral formudas (XIV) and (XV) of the 40th
embodiment are as defined sbove with respect {o aspects one through three of the 4Gth
egmbodiment.

In the fifth aspect of the 40™ embodiment, R*!, R*, R¥, or R%| each independently,
is selected from hydrogen, methyl, ethyl, propyl, cyclopropyl, ~C{OGCH;, ~C{OYCHN{CHs},
and -S{OnCHs. The remainder of the values and example values of the variables in structural
formulas (XIV) and (XV) of the 40th embodiment are as defined above with respect o
aspects one through four of the 40th embodiment,

In the sixth aspect of the 40" embodiment, R”! and R™, each independently, is
selected from hydrogen; halo; -{(Ci-Cs alkyl), optionally substituted with one or more
substituents mdependently selected from hydroxyl, halo,
and -NRER¥'; -NRBRPF'; -C{(ONRERE, -OR?, (Co-Cs alkylenyl)-{ Cs-Csearbocyclyl,
and ~(Co-Cs alkylenyl)~{ 4- to 8-member)heterocyclyl, wherein R* is C1-Cs alkyl optionally
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substituted with one or more fluoro. For example, R”! and R™, each independently, is
selected from hydrogen; halo; -{Ci~Cs alky]), optionally substituted with one or more halo;
and ~ORA, wherein R is C1-Cs alky! optionally substituied with one or more fluoro. The
remainder of the values and example values of the variables in structural formulas (XIV) and
{XV) of the 40th embodiment are as defined above with respect to aspecis one through five of
the 40th embodiment.

In the seventh aspect of the 40% embodiment, R” and R, each independently, is
selected from hydrogen, fluore, chloro, -CFs, -OCH3, ~OCF;, -N{CHsy and -NHCHs, The
remainder of the values and example values of the varigbles in structural formulas (XIV} and
{XV} of the 40th embodiment are as defined above with respect (o aspects one through seven
of the 40th embodiment.

In the eight aspect of the 40™ embodiment, ring E is represented by the following

structural formuda

wherein each “WA ” represents a point of attachment of the ring E to the ring D, The
remainder of the values and example values of the variables in structural formulas (XIV) and
{XV) of the 40th embodiment are as defined above with respect {o aspects one through seven
of the 4{th embodiment.

In the ninth aspect of the 40™ embodiment, wherein ring E is represented by the

:

wherein each “vW 7 represents a point of attachment of the ring E to the ring D, The

following structural formula

5

remainder of the valoes and example vahies of the variables in structural formulas (XIV} and
{XV) of the 40th embodiment are as defined above with respect to aspects one through eight
of the 40th embodiment.

In the tenth aspect of the 40® embodiment, ring F is represented by any one of the

following structural formulas
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Ty

N

s
or R ,
wherein each “ W\ ” represents a point of attachment of the ring F o the ring E, and wherein
E?,
for each occurrence independently, 18 H or 3 C1-C4 alkyl. The remainder of the values and
example values of the variables in structural formulas (XIV) and (XV) of the 40th
embodiment are as defined above with respect to aspecis one through nine of the 40th
embodiment.

In the eleventh aspect of the 40th embodiment, ring G is represented by any one of the

following structural formulas:

/ Ry

R or &,

wherein each “vv ” represents a point of attachment of the ring G to the ring I, and wherein
R¥, for each occurrence independently, is H or 3 C1-C4 alkyl. The remainder of the values
and example values of the variables in siructural formulas (XIV) and (XV) of the 4{th
embodiment are as defined above with respect {o aspects one through ten of the 46th
embodiment.

In the twelfth aspect of the 40™ embodiment, R*, R, R*, or R¥?, each
independently, is H or a C1-C4 atkyl; R”' and R", cach independently, is F or ~CFa. The
remainder of the values and example values of the variables in structural formulas (XIV) and
{X¥) of the 40th embodiment are as defined above with respect {o aspects one through eleven
of the 4{th embodiment.

In the thirteenth aspect of the 40" embodiment, ring F is represented by the following

structural formula
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wherein each “1 vW 7 repregents a point of attachment or the ring Eto the ring D, ring F is

represented by any one of the following structural formulas

wherein each “2 v\ ” represents a point of attachment or the ring F o the ring E, R®, for each
occurrence independently, is H or 2 C1-C4 alkyl; R*, R*, R%, or R¥?, each independently,
isHoraCl-C4 alkyl; and R and R™, each independently, is F or —CFs. The remainder
of the valucs and example vahuies of the variables in structural formulas (XIV) and (XV) of
the 40th embodiment are as defined above with respect to aspects one through twelve of the
44th embodiment.

In the fourteenth aspect of the 40™ embodiment, ring E is represented by the following

structural formula

|

wherein each “1 WA ” represents a point of atiachment of the ring E to the ring B, ring F is
represented by any one of the following structural fornulas

RC
{
N

2
f““ >

F

)

- or
wherein each “2 W\ ” represents a point of attachment of the ring F to the ring E, R®, for each
occurrence independently, is H or a Cr-Ca alkyl R, RYY, R%, or RY, each independently, is
H or a Ci-Cs alkyl; and R7 and R", each independently, is F or ~CF3. The remainder of the
values and example values of the variables in structural formulas (XIV) and {XV) of the 40th
embodiment are as defined above with respect to aspects one through thirteen of the 40th

embodiment.
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In the fificenth aspect of the 40th embodiment, ring G is represented by any one of the

following structural formulas:

wherein each “vWn ¥ represents a point of attachment of the ring G to the ring D; R¥, R,

R* or

W

R*, each independently, is H or a C1-Cq alkyl; and R7' and R™, each independently, is F
or -CF3, The remainder of the values and example values of the variables in structural
formulas (XIV) and (XV) of the 40th embodiment are as defined above with respect to
aspects one through fourteen of the 40th embodiment.

1¢ In the sixteenth aspect of the 40° embodiment, the compound is represented by any

one of the following structural formulas, or a pharmaceutically accepiable salt thereof:

GH~
y F Hga,\ /c+13
N B NG o /OH
B i i H \\//\ /\r N,
A > r3
o 0
55-9.7 $55-8-2, disstersomers & and B
/cns
r”
_CH, ¢ MG, ~CH

N/ F e C (‘H‘ /L N N ¢ E
r Y f~ \,/\ DA o \\/[ \\t\/ Y I/\H\ -
- ﬁf 8 I [ YTy

Ho B o
85-4-3, diasteresmers A and B $5-9-4, diastereomers A and B
Bn
/ £ HOo _CH
N N
7 H
L

1 5 $5-8-5, dizstereomers A and B
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. CHy
{ £ e
N e yooou
> B e SO
r \>~\ P NG SN

I
I
Il
/"\
At

L _-NH,

A
i f o f
3 H o

O 8 HO

2}

$5-2-11, disstereomers Aand B

OH G HO

$5-9-1, diasterecmers A and 3
CF, HSC\F;S'/CHJ
H o
RN T ~OH
Q/N;L s - \\,j;\\/’ - /,NHZ
sl 1
b H o HO H O o

813-9-2, diasterecomers A and B
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o
MG A
& H‘;G\‘;\' CH
veoow g , A /\ P
P N N ~/ Sy T \i
A | I : \ '/\ /,// NH,

ﬁ \f/"\ ],/‘\\1/ I/)\\_{/NH: 4/ \: /é r
& r GH ¢ Y A
, gL U W o o

S18-3-1 $18-3-2

or a pharmaceutically acceptable salt of any of the foregoing.
In the seventeenth aspect of the 40® embodiment, the compound is

represented by the following structural formula

5 on 6 ofh S

or a pharmaceutically acceptable salt thersof, wherein R#!, R®, and R™, each independently,
s H
or a C1-Cs alkyl, optionally substituted with a phenyl, The remainder of the values and
example values of the variables in structural foromulas (XIV) and (XV) of the 40th
10 embodiment are as defined above with respect to aspects one through fifleen of the 40th
embodiment,
In the eighteenth aspect of the 40P embodiment, the compound is represented by any

one of the following structural formulas:

HiCo CH, CHs L
; e g e, iy
i i iz \
g o~ E~EAOH
B ot NH,

oH O OHL Q O
85-8-2

15
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. F » ."13':1\&,.0!-'.3 ':

N

85-8-12 s and

or a pharmaceutically acceptable salt of any of the foregoing.

H:Cu. CHy

PCT/US2017/049462

In the nineteenth aspect of the 40% embodiment, the compound is represented by the

following structural forpwla




WO 2018/045084 PCT/US2017/049462

-131-

or a pharmaceutically acceptable salt thereof, wherein R¥, R%, and R™, each independenily,
is H or a Ci-Cq alkyl. The remainder of the values and example values of the variables in
structural formulas (XIV)Y and (XV) of the 40th embodiment are as defined above with
respect to aspects one through fifieen of the 40th embodiment.

5 In the twentieth aspect of the 40® embodiment, the compound is represented by any

one of the following stractural formulas:

oF H3C\ES,~CH3
L8 ow
. CTo 7Y
A SE NP
i & i ; &
OH & HOH O O HaC O O HOHO O

§13-8-1 §13-8-2

or g pharmaceutically acceptable salt thergof,
In the twenty-first aspect of the 40" embodiment, the compound is represented by the

10 following structural formula

or a pharmaceutically acceptable salt thereof, wherein R™ and R™, each independently, is H
or a
C1-Cq alkyl. The remainder of the values and example values of the variables in structural
15 formulas (XIV) and {(XV) of the 40th embodiment are as defined above with respeet to
aspects one through fiftcen of the 40th embodiment.
In the twenty-second aspect of the 40® embodiment, the compound is represented by

any one of the following structural formulas:

H3C\ ‘..CHg - H3C\ /‘\\(\

P
7 S NN | ot a
N E N /L
\N %/g o N Hz "N
H 58 1 Hol
G O OHH &

518-3-1 oF £18-3-2

28 or a pharmaceutically acceptable salt of any of the foregoing.
Tn the 41 embodiment, the present invention is a pharmaceutical composition

comprising a pharmaceutically acceptable carrier or diluent and 3 compound of any
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sompound described hersin with respect 1o embodiments 1 through 40, in particular
embodiments 37-48, and various aspects thereof.

In the 42°¢ embodiment, the present invention is a method of ireating a subject
suffering from a hematological tumor, comprising administering to the subject a
therapeutically effective amount of any compound described herein with respect to
embodiments 1 through 40 and various aspects thereof, or a pharmaceutically acceptable salt
thereot, or 2 pharmacentical composition of embodiment 41.

In the first aspect of the 42 embodiment, the hematological cancer is a leukemia.
Examples of leukemia include acute myeloid leukemia, acuie lymphoblastic leukemia,
chronic lymphocytic leukemia, chronic myelogenous leukemia, chronic myelomonocytic
leukemia, acute monocytic leukemia,

In the second aspect of the 42* embodiment, the leukemia is acute myeloid leukemia.

In the third aspect of the 427 embodiment, the hematological cancer is a lymphoma.
Examples of lymphomas include Hodgkin’s lymphoma, non-Hoedgkin’s lymphomas, multiple
myeloma, myelodysplastic or myeloproliferative syndrome, mantle cell lymphoma, diffuse
farge B-cell lymphoma (DLBCL), Burkitt lymphoma/evkemia and B-cell lymphoma.

In the fourth aspect of the 42 embodiment, the methof includes adminisiration of
one or more additional therapeutic agents. Examples of the additional therapeutic agents
include cytarabine and an anthracveline drugs. Examples of the anthracycline drug include
daunorubicin or idarabicin

In the fifth aspect of the 42°¢ embodiment, the method further includes administration
of cladribine.

In various aspecis of the 428 embodiment, the subject is a human.

In the 437 embodiment, the present invention is a method for treating a bacterial
infection in a subject {including preventing an infection or colonization in a subject) in need
thereof, comprising administering to the subject a therapeuntically sffective amount of any
compound described hersin with respect {o embodiments | through 40, particularly
embodiments 37-40, and various aspects thereof, or a pharmaceutically acceptable sal
thereof, or 8 pharmaceutical composition of embodiment 41,

In the first aspect of the 43 embodiment, the infection is caused by a Gram-positive
organism. Examples of the Gram-positive organisms include an organism selected from the

class Baeilli; phylum Actinobacteria; and class Clostridia.
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In the second aspect of the 43° embodiment, the infection is caused by a Gram-
negative organism. Examples of Gram~-negative organisms inchide an organism selecied
from the group consisting of Enterobactericeas, Bacteroidetes, Vibrionacene,
Pasteureliaceae, Psendomonadaceae, Neisseriaceae, Rickettsioe, Moraxellaceae any species
of Proteeae, Acinetobacter spp., Helicobacter spp., and Campylobacter spp.

In the third aspect of the 43" embodiment, the infection is caused by an organism
selected from order Ricketisiales and order Chlamydiales.

In the fourth aspect of the 43 embodiment, the infection is caused by an organism
selected from the phylum Chlamydiae and phylum Spriochaetales.

In the fifth aspect of the 43 embodiment, the infection is caused by an organism
selected from the class Mollicutes.

In the sixth aspect of the 43™ embodiment, the infection is caused by more than one
organism.

In the seventh aspect of the 43" embodiment, the infection is caused by an organism
registant to one or more antibiotics.

In the sighth aspect of the 43 embodiment, the infection is caused by a Gram-
positive organism, and the Gram-positive organism is selected from & aureus, ColN§, S.
preumonice, S. pyogenes, 8. agalactive, F. faecalis and E. faecium.

In the ninth aspect of the 43 embodiment, the infection is caused by a Gram-negative
organism, and the Gramenegative organism is selected from H. influenza, M. catarvhalis and

Legionella preumophila.

Definitions

“Alky!” means an optionally substituied saturated aliphatic branched or straight-chain
monovalent hydrocarbon radical having the specified number of carbon atoms. Thus,
“(C1-Cs) alkyl” means & radical having from 1~ 6 carbon atoms in a lingar or branched
arrangement. “(Cr-Cslalky?l” includes methyl, ethyl, propyl, butyl, pentyl and hexyl “(Ci-
Ciz} alky!” means a radical having from 1- 12 carbon atoms in 3 linear or branched
arrangement. “(Ci-Cinalkyl” includes methyl, sthyl, propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl and dodecyl. Unless otherwige specified, suitable substitutions
for a “substituted alky!” melude halogen, -OH, -0-C1-Csq alkyl, C-Cq alkyl, fluoro-
substituted-C1-Cs alkyl, ~0-Ci-Cq flnoroalkyl, ~-NHa, -NH{Ci-C4 alkyl}, -N(Ci-Cq alkyly, Ca-
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Ciz sarbocyelyl {e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, phenyl or
naphthalenyl), a (4-13 membered) heterocyelyl {e.g., pyrrolidine, piperidine, piperazine,
tetrahydrofuran, tetrahydropyran or morpholineg) or -N(RXHRY), wherein R and RY are
independently hydrogen or Ci-C4 alkyl, or taken together with the nitrogen atom to which
they are bound form a (4-7 membered) heteroovlic ring optionally comprising one additional
hetercatom selected from N, § and O, whergin the (4-7 membered) heterocvlic ring is
optionally substitated with flyoro, chloro, ~-OH, fluorc-substituted C:-Cs alkyl, ~C1-Cs alkyl,
or -Ce-Ca alkylene-G-Ci-Cy alkyl, and is optionally benzofused.

“Benzofused,” when referring to a ring system, means fused to a pheny! ring, forming
a fused bicyelyl ring,

“Alkylene” or “alkylenyl” (used interchangeably} mean an optionally substituted
saturated aliphatic branched or straight-chain divalent hydrocarbon radical having the
specified number of carbon atoms. An alkyl moiety of an alkylene group can be a part of 8
larger moiety such as alkoxy, alkylammonium, and the like. Thus, “{Ci-Celalkylene” means
a divalent saturated aliphatic radical having from 1- 6 carbon atoms in a lincar arrangement,
g.g., [{CHzk}~, where i is an inleger from 1 to 6, “(Ci-Colalkylene” inchudes methylens,
sthylene, propylene, butylene, pentylene and heaylene. Alternatively, “{Ci-Co)alkylene”
means a divalent saturated radical having from 1-6 carbon atoms in a branched arrangement,
for
example: -[({CFHCHCHXCHCH{CHY -, ~-[{CHCHCHRCHRC{CHa)-, ~[{CHC{CHaRCH
{CHDY-, and the ke, A “(Ci-Cinlalkylens” includes methyl, ethyl, n-propyl, iso-propyl, -
butyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl or octyl. A specific branched Cs-alkylene is

HaG

27N

Cis alkyl group include, for example, a methylene group, an ethylene group, an sthylidene

ch \\Q‘CHB

S

and a specific Cs-alkylene is % . Other examples of 3 divalent

group, an n-propylene group, an isopropylene group, an isobutylene group, an s-butylene
group, an n-butylene group, and a t-butylene group.

A “Co alkylenyl” is a covalent bond.

“Alkoxy” means an alkyl radical attached through an oxygen linking atom. “(C-Ca)-

alkoxy” inchides methoxy, cthoxy, propoxy, and butoxy.
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“Alkylthio” means an alkyl radical attached through a sulfur linking atom.
“{C1-Chalkylihio” inchude methylhio, ethylithio, propylthio and butylthio.

“Alkvisulfiny?” means an alkyl radicsl attached through a ~-S{0O)- linking group.
“Cr-Caralkyisulfinyl” include methylsulfinyl, ethylsulfiny], propylsulfinyl and butyisulfinyl

“Alkyisulfony!” means an alkyl radical attached through a ~-S{0O)- linking group.
“YCr1-Caalkylsulfony!” inchude methylsulfonyl, ethylsulfonyl, propyisulfonyl and
butylsulfonyl,

“Arvl” or “arcimatic” means an aromatic 6-18 membered monocyclic or polyeyclic
{e.g. bicyelic or tricyclic) carbocychic ring sysiem. In one emibodiment, “aryl” is a 6-18
membered monogylic or bicyclic system. Aryl systems include, but not limited to, phenyl,
naphthalenyl, fluorenyl, indenyl, azulenyl, and anthracenyl

“Arvioxy” means an arvl moiety attached through an oxygen linking atom. Aryloxy
inclodes, but not Umited to, phenoxy.

“Arvithio” means an aryl moiety attached through a sulfur linking atom. Arvihio
includes, but not limited fo, phenylthio.

“Arylsulfiny}” means an aryl moisty atiached through a -S{0)- linking group.
Arylsulfiny] inclodes, but not limited to, phenylsulfinyl

“Arylsulfony!” means an aryl molety attached through a -S{O)- lnking group.
Arvisulfonyl inchides, but not limited to, phenylsulfonyl

“Amine” means HaN- and can also be used to refer to aminium group HaN"-.

The term “alkylamine” includes a mono-, a dialkylamine and can also be used to refer
o aminium {bearing a positive charge). A “monoalky} amine” means an H{alkkyDiN-, a
“dialkylamine” means (alkyD{alkyDN-, and an “aminium” means {(alkyD{alkyD(alky N,
H{alkyD{alkyiN'-, or H(alkyhN"'-, where each instance of “alkyl” independently refers to
an alkyl having a specified number of atoms.

“Carbocyelyl” means a cycelic group having a specified number of atoms, wherein all
ring atoms in the ring bound to the rest of the compound (also known as the “first ring”) are
carbon atoms. Exples of “carbocycelyl” includes 3-18 (for example 3,4, 5,6, 7, 8,9, 18, 11,
12,12, 1, 14, 15,16, 17, or 17 or any range therein, such as 3-12 or 3-10) membered
saturated or unsaturated aliphatic cvelic hydrocarbon rings, or 6-18 membered aryl rings. A
carbocyelyl moiety can be monooyelic, fused bicyclie, bridged bicyclic, spiro bicyclic, or

polyeyelic.
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A “gycloalky!” is an example of a fully saturated carbocvelyl

Monoeyclic carbocyelyvls are saturated or unsaturated aliphatic cyclic hydrocarbon
rings or aromatic hydrocarbon rings having the specified number of carbon atoms, such as 3~
7 carbon atoms. Monocyclic carbosyelyls include eyclopropyl, eyclobutyl, cyclopentyl,
cvelohexyl and cycloheptyl, cycloalkenyl, cycloalkyny! and phenyl.

A fused bicyelic carbocyelyl has two rings which have two adjacent ring atoms in
common and can be, e.g., 8 {6~-13 membered} fused bicyclic. The first ring attached to the
parert molecular group is a monocyclic carbocyelyl and the ring fused to the first ring (also
known as the “second ring™) is also a monocyclic carboeyvelyl

A bridged bicyclic carbooyelyl hag two rings which have three or more adiacent ring
atoms in common and can be, £.5., a (4-13 membered) bridged bicyclic or (6-13 membered)
bridged tricyclic such as adamantyl. The first ring sttached to the parent molecular group is
a mongeyclic carboeyelyl and the second ring is also 3 monoeyclic carbocyelyl

A spiro bicyclic carbocyelyl has two rings which have only one ring atom in common
and can be, e.g., 2 (6~-13 membered) spiro bicyelic. The first ring attached to the parent
molecular group is 3 monocyclic carbocycelyl and the second ring is also a monocyelic
carbocyelyl.

Polyeyclic carbocyelyls have more than two rings {e.g., three rings resulting ina
tricyclic ring system) and adjacent vings have at least one ring atom in common. The first
ring is 8 monocyclic carbooyelyl and the remainder of the ring structures are monocyche
carbocyclyls . Polyeyclic ring systems include fused, bridged and spiro ring systems. A
fused polycyelic ring system has at least two rings that have two adjacent ring atoms in
common. A spiro polycyclic ring system has af least two rings that have only one ring atom
in common. A bridged polycyclic ring system has at least two rings that have three or more
adjacent ring atoms in common.

Suitable substituents for a “substituied carbocyclyls” include, but are not Houted to
halogen, ~OF, ~0-C-Ca alkyl, C1-Cs alkyl, fluoro-substituted-Ci-Ca alkyl, Ca-Cis
carbocyelyl {e.g., cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl) phenyl, naphthalenyl, a
{4-13 membered) heterocyelyl {e.g., pyrroliding, piperidine, piperazine, tetrahydrofuran,

tetrahydropyran or morpholing), or ~-N(RXHR®), wherein R and R® are as described above.
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“Cycloalkoxy” means a cycloalky! radical attached through an oxygen linking atom,
“{Cs-Coleyeloalkoxy™ inclodes cyclopropyloxy, cyclobutyloxy, eyclopentyloxy and
cvelohexyloxy.

“Cycloalkene” means an aliphatic cyclic hydrocarbon ring having one or more double
bonds in the ring.

“Cycloalkyne” means an aliphatic cyclic hydrocarbon ring having one or more triple
bonds in the ring,

“Hetero” refers to the replacement of at least one carbon atom member in g ring
system with at least one heteroatom selected from N, 8, and O. “Hetero” also refers to the
replacement of at least one carbon atom member in an agyclic system. When one
heteroatom is 8, it can be optionally monec- or di-oxygenated (L.e. -S{(QO% or-8{0Ok-}). A
hetero ring system or 3 hetero acyclic system may have 1, 2, 3 or 4 carbon alom members
replaced by a heteroatom.

“Heterocyelyl” means a cyclic 3-18 membered, for example 3-13-membered, 3-13, 5-
18, 5~12, 3-12, 5-6 or 5-7-membered sahurated or unsaturated aliphatic or aromatic ring
system containing 1, 2, 3, 4 or 5 heteroatoms independently selected from N, O and 8. When
one heteroatom is §, it can be optionally mono- or di-oxygenated {L.e. ~-S{0}- or -8{O)p-). The
heterocyclyl can be monoeyclic, fused bicyelic, bridged bieyelic, spiro bicyelic or polveyclic,
Non-Hmiting examples include (4-7 membered) monocyclic, (6-13 membered) fused
hicyelic, (6-13 membered) bridged bicyelic, or (6-13 membered) spiro bicyclic.

“Saturated heterocyclvl” means an aliphatic heterocyclyl group without any degree of
unsaturation {i.e., no double bond or triple bond). 1t can be monocyclic, fused bicyclic,
bridged bicyclie, spiro bicyelic or polyeyclic.

Examples of monocyclic saturated heterocyelvls include, but are not limited to,
azetidine, pyrrolidine, piperidine, piperazine, azepane, hexahydropyrimidine,
tetrahydrofuran, tetrahydropyran, morpholing, thiomorpholine, thiomorpholine 1,1-dioxade,
tetrahydro-2H-1,2-thiazine, tetrahydro-2H-1,2-thiazine 1,1-dioxide, isothiszoliding,
isothiazolidine 1,1-dioxide.

One type of “heterocyelyl” is a “hetercarvl” or “hetercaromatic ring”, which refers to
a 5-18 membered monovalent heleroaromatic monooyclic or bicylic ring radical. A

heteroaryi contains 1, 2, 3 or 4 hetercatoms independently selected from N, (, and S.
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A fused bicyelic heterocyclyl has two rings which have two adjacent ring atoms in
common. The first ring is a monocyelic heterocyelyl and the second ring s a monocyslic
carbogycle or a monocyclic heterocyelyl. For example, the second ring is a
{Cs-Coyeyeloalkyl, such as cyclopropyl, cyelobutyl, cyeclopentyl and cyclobexyl. Examples
of fused bicyelic heterocyelyls inchude, but are not limited fo, octahydrocyclopenta

{clpyirolyl, indoling, isoindoline, 2,3-dihydro~-1H-benzo{djimidazole,
2,3-dihydrobenzo[dloxazole, 2,3-dihydrobenzofdiihiazole, octahydrobenzofd]oxazole,
actahydro-1H-benzofd limidazole, octahydrobenzo]dithiazole,
octahydrocyclopentale]pyrrole, 3-azabicyelo[3.1.0thexane, and 3-azabicyelo[3.2.0]hepiane.

A spiro bicyclic heterogyely] has two rings which have only one ring atom in
commeon, The first ring is a monocyclic heterocyclyl and the second ring is 8 monocyclic
carbocycle or a monocyclic heterocyclyl. For example, the secondring is a
{Cs-Cexeycloalkyl, Examples of spiro bicyelic heteroeyclyl includes, but are not Himited o,
azaspiro[4.4]nonane, 7-azaspiro[4.4]nonane, azasprio]4.5]decane, 8-azaspiro[4.5]decans,
azaspiro[5.5lundecane, 3-azaspiro|S.5jundecane and 3,9-diazaspirof5.5jundecane.

A bridged bicyclic heterocyelyl has two rings which have thres or more adjacent ring
atoms in common, The first ring is a monocyelic heterocyclyl and the other ring is a
monocychic carbocyele or a monocyclic heterocyclyl, Examples of bridged bicyclic
heterocyelyls include, but are not imited to, azabicyelo[3.3.1jnonane,
3-gzabicyclo]3.3. 1lnonane, azabicyclo]3.2.1]Joctane, 3-azabicyclo]3.2.1Joctane,
t-azabicyclo]3.2. 1 octane and azabicyclo{2.2.2Joctane, 2-azabicyclo]2.2.2 joctane.

Polycyclic heterocyclyls have more than two rings, wherein the first ringcanbe a
heterocyclyl (e.g., three rings resulting in a tricyclic ring system) and adjacent rings having
at least one ring atom in common and are heterocyely! or carbooyelyl. Polycyclic ring
systems inchude fused, bridged and spiro ring systems. A fused polyceyclic ring system has at
least two rings that have two adjacent ring atoms in common. A spiro polycyclic ring
system has at least two rings that have only ons ring atom in common. A bridged polycyelic

ring system has at least two rings that have three or more adjacent ring atoms in common.

0w
PeCAOIG

Examples of polyeyclic heteroeyclyls include s H and



10

20

WO 2018/045084 PCT/US2017/049462

-135-

“Heteroaryl” or “heteroaromatic ring” means a 3-18 membered monovalent
heteroaromatic monocyelic or bieylhic ring radical. A heteromryl contains 1, 2,3 or 4
heterogtoms independently selected from N, O, and 8. Heteroarvis include, but are not
limited to furan, oxazole, thiophene, 1,2,3-triazole, 1,2.4-triazine, 1,2 4-triazole, 1,2,5-
thiadiazole 1,1-dioxide, 1,2,5~-thiadiazole 1-oxide, 1,2,5-thiadiazole, 1,3.4-oxadiazole, 1,3.4~
thiadiazole, 1,3,5-triazine, imidazole, isothiazole, isoxazole, pyrazole, pyridazine, pyridine,
pyridine-N-oxide, pyrazine, pyrimidine, pyrrole, tetrazole, and thiazole. Bicyclic heteroaryl
rings include, but are not limited {0, bicyclo4.4.0] and bicyclo[4.3.0] fused ring systems such
as indolizine, indole, isoindole, indazole, benzimidarole, benzthiazole, puring, guinoline,
isogquinoline, cinnoline, phthalazine, quinazoline, quinoxaline, 1,8-naphthyridine, and
pleridine.

“Halogen™ and “halo” are used interchangably herein and refer to fluorine, chloring,
bromine, or iodine.

“Haloalkyl” and “halocycloalkyl” include mong, poly, and perhaloalky! groups
where cach halogen is independently selected from fluorine, chlorine, and bromine.

“Fluoro” means -F,

“Chiors” means ~-ClL

As used herein, “fluorc-substituted-alkyl” or “fluoroalky?” means an alkyl baving 2
specified number of atoms and substituted with one or more -F groups. Examples of
fluorg-substituted-alkyls inchide, but are not limited
10, =CFs3, -CHoCFs, <CHCFH, -CHLRCHF and -CH2CHRCF:,

“Hydroxyalkyl,” as used herein, refers to an alkyl group substituted with one or more
hydroxyls. Hydroxyalkyl includes mono, poly, and perhydroxyalky! groups. Examples of
bydroxyalkyls include ~CHoCH20H and ~-CH2CH{CH)YCH0H.

“Oxo” means substituted with =0.

As described herein, compounds of the invention may contain “optionally substituted”
moieties. In general, the {erm “substituted”, whether preceded by the term “optionally” or
not, means that one or more hydrogens of the designated moicty are replaced with a suitable
substituent. Unless otherwise indicated, an “optionally substituted” group may have a
suitable substituent at each substitutable position of the group, and when more than one
position in any given structure may be substituted with more than one substituent selected

from a specified group, the substituent may be cither the same or different at every position.
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Combinations of substituents suvisioned by this invendion are preferably those that resuli in
the formation of stable or chemieally feasible compounds. The term “stable™, as used herein,
refers to compounds that are not substantially altered when subjected to conditions to allow
for their production, detection, and, in certain embodiments, their recovery, purification, and
use for one or more of the purposes disclosed herein,

In the paragraphs below, where “Ph™ is phenyl

Suitable monovalent subsiftuents on a substitutable carbon atom of an “optionally
substituted” group are independently halogen; ~(CH2)o4R”; -(CHz)osOR®; -O(CH)0-4R?,
~O-{CH2)0.4C{OYOR®; {(CH2)esCH{OR ™Yz ~(CH230.48R°; -(CH2)o.4Ph, which may be
substituted with R®; «{CHz)o4O({CH2)-1Ph which may be substituted with R®; -CH=CHPh,
which may be substituted with R®; ~({CH2)e4O{CHz2)0.1-pyridy! which may be substituted with
R®; -NQu; -CN; ~Ns; ~{CH2)0-aMN{R ") ~{(CHpoaNER*ICIOR®; -NERDYC(SIR®; (CH2Jo4N{R")
C{OINR"2; -NR™IC(SINR 2 (CHu)oaNROC{OYORT; -NEROINERYC{OIR; -N{RON(RC
{ONR®2; -NERINERYC{OYOR®; {CH2)ouC{OIR"; -C(BIR®; (CHu)ousC{OYORT; {CH2)euC
{O)SR®; {CHz)o2C{OYOBIR %s; (CH2)04OC{O)R"; -OC(OYCH)o-4SR-, -SC{S)SR;
“{(CH2osaSCIMR®; -(CHzo4C{OMNR"; -C(SINR®2; -C(B)SR”; -SC(8I8R", «(CHz)o4OC{D)
NR; -C{OIN(OR"IR®; -COXC(OR®; -C{OYCHC(OIR”; -CNOR®IR®-{CH2 04SSR, «(CH
2)043(01R°; -{(CH2)o4S{OROR®; {CH2}o4OS{0)R"; ~S{ORNR; -{(CH2o4S{O)RY; -N{R™)S
{O)NR; -N{R"IS{ORR"; -N{ORTR®; -C(NH}NR®; -P(ORR®; -P(O)R; -OP{O)R; -OP
{ONOR®Y; SiR%s; -{Cia straight or branched alkylene}O-N(R Y or ~{Cis straight or
branched alkylene}C(OYO-N(R®), wherein each R” may be substituted as defined below and
is independently bydrogen, Cus aliphatic, ~-CHoPh, -O(CHz)o.1Ph, ~CH2-{5-6 membered
heteroaryl ring}, or a S-6-membered saturated, partially unsaturated, or aryl ring having 0-4
hetercatoms independently selected from nitrogen, oxvgen, or sulfur, or, notwithstanding the
definition above, two independent occurrences of R®, taken together with their infervening
atom(s), form a 3-12-membered saturaied, partially unsaturated, or aryl mong- or bicyclic
ring having (-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, which
may be substitited as defined below.

Suitable monovalent substituents on R° (or the ring formed by taking two independent
sccurrences of R® together with their intervening atoms), are independently

halogen, (CH2)o2R?, ~(haloR®), «(CHoo2OH, (CH2)020R® ~(CHz2)02CH{OR®; -OhaloR ™),
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=N, -N3, -(CH230.2C(O)R®, -(CH2)02C(OYOH, ~(CH2)0-2C{OYOR®, -(CH2)028R®, ~(CH2)o28
H, -{CHz)o2NHz, -{CH2)02NHR®, -(CH2)02NR®z, -NOz, -8iR®;, ~O8iR*;, ~-C{OMSR®, -(Ci4
siraight or branched alkylene)}C{O)YOR?®, or -S8R°® wherein each R® is unsubstituted or where
preceded by “halo” is substituited only with one or more halogens, and is independently
sclected from Ci.4 aliphatic, ~-CHaPh, ~-O(CHz2)o.1Ph, or a 5-6-membered saturated, partially
unsaturated, or aryl ring having -4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur. Suitable divalent substituenis on a saturated carbon atom of R® include =0
and =5.

Suitable divalent substituents on a saturated carbon atom of an “optionally
substituted” group include the following: =0, =8, =NNR"2, =NNHC(OR’, =NNHC(OYOR®,
=NNHS(ORR, =NR’, =NOR’, -O(C(R "2}1230-, or -8{C(R"2)}238-, wherein each
independent occurrence of R” is selected from hydrogen, Cr.s aliphatic which may be
substituted as defined below, or an unsubstituted 5-6-membered saturated, partially
vnsaturated, or aryl ring having 0-4 hetercatoms independently selected from nitrogen,
oxvgen, or sulfur. Suitable divalent substituents that are bound to vicinal substifuiable
carbons of an “optionally substituted” group include: ~O(CR"2)220~, wherein each
independent ocourrence of R is selected from hydrogen, Ci- aliphatic which may be
substituted as defined below, or an unsubstituted 5-6-membered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfir.

Suitable substituents on the aliphatic group of R’ include
halogen, -R®, -(haloR®), -0, -OR®, -O(haloR®}, -CN, -C{O)OH, -C(GYOR®, -Ni, -NHR®, -
MR ®3, or -NO2, wherein each R® is unsubstituted or where preceded by “halo”™ is substituted
only with one or more halogens, and is independently Cis aliphatic, ~-CHoPh, -O(CHz2)o.1Ph,
or g 5-6-membered satorated, partially unsaturated, or aryl ring baving -4 heterostoms
independently selected from nitrogen, oxygen, or sulfur.

Suitable substituents on a sgbstitutable nitrogen of an “optionally substituted” group
inchude -RY, -NRYz, -C(ORY, -C(OORY, -CIOY(ORT, -CUOCHC(ORT, -S(ORRT, -S{O)N
Ry, -C{SNRY, ~-CNHINR,, or -N{RNS(ORRT; wherein each RT is independently hydrogen,
Ci.s aliphatic which may be substituied as defined below, unsubstituted -OPh, or an
unsubsiituted 5~-6-membered saturated, partially unsaturated, or arvl ring having -4

hetercatoms independently selected from nitrogen, oxygen, or sulfur, or, notwithstanding the
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definition above, two independent occurrences of RY, taken together with their intervening
atom(s) form an onsubstituted 3-12-membered saturated, partially vnsatorated, or aryl

mono- of bicvelic ring having 0-4 heteroatoms independently selected from nitrogen, oxygen,
or sulfur.

Suitable substituents on the aliphatic group of R' are independently
halogen, ~-R®, ~(haloR®), ~-OH, -OR?®, ~O(haloR®), -CN, -C{OYOH, ~-C(OYOR®, -NH:z, -NHR®, -
NR®z, or -NO», wherein sach R® is unsubstitoted or where preceded by “hale” is substituted
ondy with one or more halogens, and is independently Ci.4 aliphatic, -CHaPh, -O{CH2)o.1Fh,
or g 3-6-membered saturated, partially unsatorated, or arvl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur.

Another embodiment of the pregent invention is a pharmacseutical composition
comprising oue or more pharmaceutically acceptable carrier and/or diluent and 3 compound
disclosed herein, or a pharmaceutically acceptable salt thereof,

“Pharmaceutically acceptable carrier” and “pharmaceutically acceptable diluent”
means non-therapeutic componenis that are of suificient purity and quality for use in the
formulation of a composition of the Invention that, when appropriately administered to an
animal or human, typically do not produce an adverse reaction, and that are used ag a vehicle
for a drug substance (i.e., 3 compound of the present invention),

Pharmaceutically acceptable salts of the compounds of the present invention are also
incloded. For example, an acid salt of a compound of the present invention containing an
amine or other basic group can be obtained by reacting the compound with a suitable organic
or inorganic acid, resulting in pharmaceutically acceptable anionic salt forms. Examples of
anionic salts include the acetale, benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide,
calcium edetate, camsylate, carbonate, chloride, citrate, dihydrochloride, edetate, edisylate,
estolate, esylate, fumarate, glvcepiate, ghiconate, ghutamate, glycollylarsanilate,
hexylresorcinate, hydrobromide, hydrochloride, hydroxynaphthoate, iodide, iscthionate,
lactate, lactobionate, malate, maleate, mandelate, mesylate, methylsulfate, mucate, napsylate,
pitrate, pamoate, paniothenate, phosphate/diphosphate, polvgalacturonate, salicylate, stearate,
suhacetate, succinate, sulfate, tannate, tarirate, teoclate, fosvlate, and tricthiodide salis.

Salis of the compounds of the present invention containing a carboxyhe acid or other
acidic functional group can be prepared by reacting with a suitable base. Sucha

pharmaceutically accepiable salt may be made with a base which affords g pharmaceutically
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acceptable cation, which includes alkali metal salis {especially sodium and potassium),
alkaline earth metal salts (especially calcium and magnesium), ahiminum salts and
ammonium salts, as well as salts made from physiologically acceptable organic bases such as
trimethylamine, tricthylamine, morpholine, pyridine, piperidine, picoline, dicyclohexylamine,
N N’~dibenzylcthylenediamine, 2-hydroxyethylamine, bis-{2-hydroxyethylamine,
tri-{2~hydroxyethyDamine, procaine, dibenzylpiperidine, dehydroabietylamine,
NN’-bisdehydroabietylamine, glucamine, N-methylglucaming, collidine, quinine, quincling,
and basic amino acids such as lysine and arginine.

The invention also inchudes various isomers and mixtures thereof, Certain of the
compounds of the present invention may exist in various sterecisomeric forms,
Sterevisomers are compounds which differ only in their spatial arrangement. Enantiomers
are pairs of sterecisorers whose mirror images are not superimposable, most cornmonly
because they contain an asymmeirically sobstituted carbon atom that acts as a chiral center,
“Enantiomer” means one of a pair of molecules that are mirror images of each other and are
not superimposable. Diastercomers are sterecisomers that are not related as mirror images,
most commonly because they contain two or more asymmetrically substituied carbon atoms.
“R” and “8” represent the configuration of substituents arcund one or more chiral carbon
atoms. When a chiral center is not defined as R or §, either a pure enantiomer or a mixture
of both configurations is present.

“Racemate” or “racemic mixture” means a compound of equimolar quantities of two
enardiomers, wherein such mixtures exhibit no optical activity; i.e., they do not rotate the
plane of polarized light.

The compounds of the invention may be prepared as individual isomers by either
isomer-specific synthesis or resclved from an isomeric mixture. Conventional resolution
techniques include forming the sali of a free base of each isomer of an isomeric pair using an
optically active acid (followed by fractional crystallization and regeneration of the free base),
forming the salt of the acid form of each isomer of an isomeric pair using an optically active
amine (followed by fractional crystallization and regeneration of the free acid}, forming an
ester or amide of each of the isomers of an isomeric pair using an optically pure acid, amine
or aleohol (followed by chromatographic separation and removal of the chiral suxiliary), or
resclving an isomeric mixture of either a starting material or a final product using various

well known chromatographic methods.
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When the sterecchemistry of a disclosed compound is named or depicted by
structure, the named or depicted siereoisomer is at least about 60%, about 70%, about 8(%,
about 90%, about 99% or about 99.9% by weight pure relative to the other stereoisomers.
When a single enantiomer is named or depicted by structure, the depicted or named
enantiomer is at least about 60%, about 70%%, about 80%, about 90%, about 99% or about
99.9% by weight optically pure. Percent optical purity by weight is the ratio of the weight of
the enantiomer that is present divided by the combined weight of the epantiomer that is
present and the weight of is optical isomer,

“Cis” means on the same side. “Trans” means on opposite sides. The designation

(133

“gis” i used when two substituents have an ““up-up” or a2 “down-down” relationship. The
designation “frans” i3 used when two substituenis have an “up-down” or “down-up”
refationship, Typically, two substituents that are “cis” 1o one another are arranged on the
same side of a molecule. When the term “cis” is osed with reference to a fused, saturated or

partially saturated ring system, the term is intended to indicate that the two atoms attached o

/

+
<.
5

N
the common ring atoms are ¢is substituents. For example, H and H  arecis

diastercomers of a moiety having the following structural formula: H

As used herein, the term “subicet” means a mammal in need of treatment or
prevention, ¢.g., 2 human, companion animals {e.g., dogs, cats, and the like), farm snimals
{e.g., cOWS, pigs, horses, sheep, goats and the like} and laboratory animals {e.g., rats, mice,
guinea pigs and the like}. Typically, the subject is a2 buman in need of the specified
{reatment.

As ysed herein, the ferm “treating” or ‘treatment”™ refers o obfaining desired
pharmacological and/or physiological effect. The effect can include achieving, partially or
substantially, one or more of the following results: partially or {otally reducing the extent of

the disease, disorder or syndrome; ameliorating or improving a clinical symptom or indicator
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associated with the disorder; delaying, inhibiting or decreasing the likelihood of the
progression of the disease, disorder or syndrome.

As psed herein, “preventing” or “prevention” refers to reducing the likelithood of the
onset or development of disease, disorder or syndrome,

“Effective amount” means that amount of active compound agent that elicits the
desired biclogical response in a subject. In one embodiment, the effective amount of g
compoond of the invention is from sbout .01 mg'kg/day to about 1000 mg/kg/day, from
about §.1 mg'kg/day to about 100 mg/kg/day, or from about 8.5 mg/kg/day 1o about 50
mglkg/day.

As used herein the terms hematological malignancy and hematological cancer are
used inferchangeably and refer to cancers of the blood (Jeukemia) or cancers of the lymph
system (Jymphomas). Leukemias can include acute myeloid lewkemia {AML), also known as
acuie myelogenous levkemia, acute myeloblastic leuksmia, acute granulocytic leukemia or
acute nonlymphocytic leukemia, acute lymphoblastic leukemia (ALL), chronic lvmphocytic
leukemia (CLL), chronic myelogenous leukemia (CML), chronic myelomonoceytic loukemia
{CMML), acute monocytic leukemia (AMol). Lymphomas can include, Hodgkin’s
ymphoma, non-Hodgkin’s lymphomas, multiple myeloma, myelodysplastic or
myecloproliferative syndrome, mantle cell lymphoma, diffuse large B-cell lymphoma

{DLBCL), Burkitt lymphoma/leukemia and B-cell ymphoma.

Indications

Hematological malignaneies are cancers that affect the blood and lymph system.
Some types of hematologic malignancies inclode: Multiple myeloma, Hodgkin’s lymphoma,
MNop-Hodgkin's lymphoma and Leukemia. The cancer may begin in blood-forming tissue
{e.g., bone marrow), or in the cells of the immune system. For example, leukemia originates
in bloocd-forming tissue. Leukemia is characterized by the uncontrolled growth of blood cells,
usually white blood cells (leukoeoytes), in the bone marrow. White blood cellsare a
fundamental component of the body's immune response. The leukemia cells crowd out and
replace normal blood and marrow cells.

There are four main types of leukemia: Acute myeloid leukemia (AMLY}; Chronic
myeloid leukemia (CML); Acute lymphocytic leukemia {ALLY; and Chronic fymphocytic

feukemia (CLL). The primary differences between the four main types of leukemia have to
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do with their rates of progression and where the cancer develops. Acule myeloid leukemia
{AML), also known as acute myelogenous leukemia, acute myeloblastic leukemia, acute
granulocytic leukemia or aciie nontymphocytic leukemis, iy a fast-growmg form of cancer of
the blood and bone marrow, AML is the most common type of acute leukemia. If occurs
when the bone marrow begins {o make blasts, cells that have not yvet completely matured.
These blasts normally develop into white blood cells. However, in AML, these cells do not
develop and are vnable to ward off infections, In AML, the bone marrow may also make
abnormal red blood cells and platelets. The number of these abnormal cells increases rapidly,
and the abnormal (leukemia) cells begin to crowd out the normal while blood cells, red blood
cells and platelets that the body needs.

In certain embodiments, provided herein iz a method of ireating a hematological
cancer in a subject in need of treatment comprising administering to the subject in need of
treatment an effective amoung of any of the compounds disclosed herein, incloding a
compound of Formula (I}, Formula (37), Formula (IF), Forsmmula (I1), Formula (1), Formula
(111"}, Formula (1Y), Formula (AV"), Formula (V), Formula (V7), Formula (V1), Formula
{V1"}, Formula (VII) or Formala (VIT"), or g pharmaceutically acceptable salt thereofora
pharmacsutically acceptable composition thereof. In further embodiments, provided herein is
a method of treating a hematological cancer in g subject in need of ireatment comprising
administering to the subject in need of treatinent an effective amoung of any of the
compoonds disclosed herein, including a compound of Formela (X)), (-1}, X}, XI0), (XX},
G, (XX, (XX, XV, 0V, (I, (X)), or (XV).

In one aspect, the hernatological cancer is selected from Acute Myeloid Leukemis,
Multiple myeloma, Hodgkin lymphoma, Non-Hodglin lymphoma and Leukemia

In particular embodiments, provided herein is a method of treating a leukemiaina
subject in need of treatment comprising administering to the subject in need of treatment an
effective amoung of any of the compounds disclosed herein, including a compound of
Formuls (1), Formula (*}, Formulda (30, Formula (117}, Formula (151}, Formula (1%}, Formula
V), Formula (IV”}, Formula {V), Formula (V7}, Formula (VI}, Formula (VI7}, Formula (Vi)
or Formula (VID), or a pharmaceutically acceptable salt thereof or a pharmaceutically
acceptable composition thereof. In further embodiments, provided herein is a method of
treating a leukemia in a subject in need of treatment comprising administering to the subject

in need of treatment an effective amoung of any of the compounds disclosed herein,
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including a compound of Formula (X}, (X-1), (X5, (X1}, (XX, (XX, (XXII), {(XXII1,
XTIV, (XX, (XD, (3XV), or (XV).

In some embodiments, provided herein is a method of treating acute myeloid
keukemia in 8 subject in need of treatment comprising administering o the subjectan
effective amount of any of the compounds disclosed herein, including a compound of
Foroala (1), Formula {07, Formuda (), Formula (11", Formula (&), Formula (11}, Formala
V), Formula (IV7"}, Formula (V), Formula (V'}), Formula (VD), Formula (VI7), Formuls (Vi)
or Formula (VII’}, or a pharmaceutically acceptable salt thereof or g pharmaceutically
accepiable composition thereof. In some embodiments, provided herein is a method of
treating acute myeloid leukemia in a subject in need of treatment comprising administering to
the subject an effective amount of any of the compounds disclosed herein, including a
compound of Formulda (X}, (X-1), (X1, (XTI, (XX, (XX0), (3O, X, (XX1v),
XXV, (XTI, (XIV}, or (XV).

In certain embodiments, provided herein is a method of treating acuie myeloid
leukemia comprising administering to a subjeet an effective amount of a compound of
Formula (0}, Formula (I°), or a pharmaceutically acceptable salt thereof or a pharmaceutically
acceptable composition thereof. In one aspect of this embodiment, the compound is selected
from Compounds 3, 3a, 3b, 4, 41, 4b and 5 as defined herein or g pharmaceutically accepiable

salt thereof. In a specific aspect, the compound is Compound 3a.

In certain embodiments, provided hersin is 8 method of treating acute myeloid
feukemia in a subject in need of treatment comprising administering fo the subject an
effective amount of a compound of Formula (81}, Formula (17, or 2 pharmaceutically

acceptable salt thereof or a pharmaceutically acceptable composition thereof.

In certain embodiments, provided herein is a method of treating acute myveloid
feukemia in 2 subject in nead of treatment comprising administering to the subject an
effective amount of a compound of Formula {Ii1}, Formula (I} or a pharmaceutically
acceptable salt thereof or a pharmaceutically acceptable composition thereof, In one aspect
of this embodiment, the compound is selected from Compounds 1 and 2 as described heremn

or g pharmaceutically acceptable salt thereof,

In certain embodiments, provided herein is a method of treating acute myveloid

feukemia in a subject in nead of treatment comprising administering to the sabject an
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effective amnount of a compound of Formula {(IV), Formula (IV”) or a pharmaceutically

accepiable salf thereof or a pharmaceutically aceeptable composition thereof.

In other embodiments, provided herein is a method of treating acute myeloid
leukemia in a subject in need thereof comprising administering to the subject an effective
amount of 8 compound of Formula (V), Formula (V') or a pharmaceutically acceptable salt
thereof or 8 pharmaceutically acceptable composition thereof.

In certain embodiments, provided herein is a method of treating acute myeloid
leukemia in a subject in need of treatment comprising administering fo the subject an
effective amount of a compound of Formula (VI), Formula (VI’} or a pharmaceutically

acceptable salt thereof or a pharmaceutically acceptable composition thereof.

In certain embodiments, provided herein is a method of treatling acute myeloid
leukemia in 2 subject in need of treatment comprising administering to the subject an
gffective amount of a compound of Formula {VI), Formula (Vi) or a pharmaceutically

accepiable salt thereof or a pharmaceutically aceeptable composition thereof.

In some embodiments, the compound of Formula (I} is a compound selected from
formulae (Ia), (§8°), {Ib), (b)), de), (), (Ic-1), (Ic’~1), (Id}, (d"), (de) and (Ie’}). In some
embodiments, the compound of Formula (I} is a compound selecled from formulae (Ila),
(Ha"), (Jla-1), (Ha’-1), ({h), (1Ib"), Jib-13, (Ob’-1), (Hb-2), {b’-2), {c), {i”), ({e-13,
{Iic’~1), (JId) and ({1d*). In some embodiments, the compound is selected from Formula (),
Formula JIT7), Formula §V), Formula GV7), Formula {V), Formula (V”), Formula (VT),
Formulda (VT), Foremula (VII) and Formula (VIT).

In some embodiments, the methods described herein comprise administering to a
subject in need of treatment an effective amount of 3 compound selecied from Compound 1,
Compound 2, Compound 3, Compound 3a, Compound 3b, Compound 4, Compound 4a,

Compound 4b and Compound §.

In certain embodiments, the compound is Compound 1. In certain embodiments, the
compound is Compound 2. In certain embodirments, the compound is Compound 3a. In
certain embodiments, the compound is Compound 4a. In certain embodiments, the compound

is Compound 5.

In other embodiments, provided hersin is the use of an effective amount of a

sompound of Formula (1}, Formula (07, Formula (1), Formula (1), Formula (1), Formula
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(11"}, Formula ({V), Formula (IV’}, Formula (V), Formula (V'}, Formula (VI), Formula
{VI}, Formula (VII) or Formula (VII™), or a3 pharmaceutically acceptable salt thergofora
pharmacsutically acceptable composition thereof, in the manufacture of 2 medicament for the
treatment of a hematological cancer. In one aspect, the hematological cancer is Multiple
myeloma, Hodgkin lymphoma, Non-Hodgkin Iymphoma and Leukemia. In a particular aspect the
hematological cancer is leukemis. In 3 move particular aspect, the leukemia is acute myeloid
feukemia. All compound and Formula embodiments described above are contemplated for
these uses.

In other embodiments, provided herein is the use of an effective amount of 2
compound of Formela (I}, Formula (I7), Formula (13, Formula (11"}, Formula (HI), Formula
{Ii1"), Formula (IV), Formula (IV”), Formula (V), Formula (V”}, Formula (VI}, Formula
{(V1*}, Formula (Vi) Forowla (VII'}, Formula (X}, Formula (X-1}, Formula (X1}, Formula
{(XI1), Formula (XX, Formala (XXI), Formuls (XX}, Formula (XXII), Formuda (XXIV)},
Formula {XXV), Formula (XIII}, Formula (XIV), or Formia {XV).

or 3 pharmaceutically acceptable salf thereof or a pharmaceutically acceptable
composition thereof, for the treatment of a hematological cancer.  In one aspect, the
hematological cancer is Multiple myeloma, Hodgkin lymphoma, Nop-Hodgkin lymphoma
and Leukemia. In a particular aspect the hematological cancer is leukemia. In a more
particular aspect, the leukemia is acute myeloid leukemia.

All compound and Formulas described above are contemplated for these uses.

Bacterial Infections

Compounds of the invention, in particelar, a compound represnetd by any one of
structural formulas XV or X1V or a compound of Formulas XTH or X, can be used {0
prevent or freat important manunalian and veterinary diseases such as diarrhea, urinary fract
infections, infections of skin and skin structure inchiding wounds, cellulitis, and abscesses,
ear, nose and throat infections, mastitis and the like. In addition, methods for treating
neoplasms using tetracycline compounds of the invention are also included (van der Bozert et
al., Cancer Res,, 48; 6686-6690 (1988)).

Infections that can be treated using compounds of the Invention or a pharmaceutically
acceptable salt thereof include, but are not limited to, skin infections, Gl infections, urinary

tract infections, genito-urinary infections, respiratory fract infections, stnuses infections,



10

20

WO 2018/045084 PCT/US2017/049462

-150-

middle ear infections, systemic infections, intra-abdominal infections, pyelonephritis,
pncumonia, bacierial vaginosis, sivepiococeal sore throat, chronic bacterial prostatitis,
gynecological and pelvic infections, sexually transmitted bacterial diseases, ocular and otic
infections, cholers, influenza, bronchitis, acne, psoriasis, rosacea, impetigo, malaria, sexually
transmiticd disease including syphilis and gonorrhea, Legionnaires’ disease, Lyme disease,
Rocky Mountain spotied fever, Q fover, typhus, bubonic plague, gas gangrene, hospital
acquired infections, leptospirosis, whooping cough, anthrax and infections caused by the
agenis responsible for lymphogranuloma venereum, inclusion conjunctivitis, or psittacosis,
Infections can be bacterial, fungal, parasitic and viral infections {including those which are
resistant to other tetracycline compounds),

In one embodiment, the infection is a respiratory infection. In g particular aspect, the
respiratory infection is Conwnunity-Acquired Bacterial Pneurnonia (CABP). In a more
particular embodiment, the respivatory infection, for example, CABP is caused by a
bacterium selected from 8 aureus, 8 prewmoniae, S. pyogenes, H. influcnza, M catarrbnlis
and Legionelia pneumophiia.

In another embodiment, the infection is a skin infection. In a particular aspect the
skin infection is an acute bacterial skin and skin structure infection {ABSSSI). In a more
particular embodiment, the skin infection, for example ABSSSI is caused by a bacterivm
selected from 8. aureus, CoNS, 8. pyogenes, 8. agalactiae, £. jascalis and E. faecium.

In one embodiment, the infection can be caused by a bacterium {e.g. an anasrobic or
aerobic bacterium).

In another embodiment, the infection is caused by a Gram-positive bacierium. Ina
specific aspect of this embodiment, the infection is caused by a Gram-positive bacteriuim
selected from class Bacilli, including, but not limited Yo, Sfuphyiococcus spp., Streplococcus
spp., Enferococcus spp., Bacillus spp., Listeria spp.; phylhum Actinobacteria, including, but
not limited to, Propionibacterium spp., Corynebacierium spp., Nocardia spp., Actinobacieria
spr., and class Clostridia, including, but not limited to, Closgridium spp.

In another embodiment, the infection is caused by a Gram-positive bacterium selected
from 8 aurens, CoNS, 8. preumoniae, 8. pyogenes, 8. agalactiae, E. faecalis and F. faecium.

In ancther embodiment, the infection is caused by a Grame-negative bacleriom. In one
aspect of this embodiment, the infection is caused by a phylum Protecbacteria {e.g.,

Betaproteobacteria and Gammaproteobacteria), including Escherichia coli, Salmonelia,
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Shigella, other Enterobacteriaceae, Pseudomonas, Moraxella, Helicobacier,
Stenotrophomonas, Bdellovibrio, acetic acid bacteria, Legionella or alpha-protecbacteria such
as Wolbachin, In another aspect, the infection is caused by a Grame-negative bacterium
selected from cyanobacteria, spirochactes, green sulfur or green non-sulfur bacteria. Ina
specific aspect of this embodiment, the infection is cansed by a Gram-negative bacteria
selected from Enfercbactericeae {(e.g., E. coli, Kiebsiclla preumoniae including those
contgining extended-spectrum B-lactamases and/or carbapenemases), Bacteroidetes (e.g.,
Bacteroides fragilis)., Vibrionaceae (Vibrio cholerae), Pastewrellaceae {e.g., Haemophilus
influenzae), Pseudomonadaceae (e.g., Pseudomonas aeruginosa), Neisseriaceae (e.8.
Neisseria meningitidis}, Rickettsiae, Moraxellaceae {e.g., Moraxella catarrhalis), any
species of Profeeae, Acinetobacter 3pp., Helicobacter spp., and Campviobacter spp. Ina
particular embodiment, the infection is caused by Gram-negative bacterium selecied from the
group consisting of Enferobactericeae {e.g., E. coli, Kiebsiella pneumoniae), Pseudomonas,
and Acinetobacier spp. In ancther embodiment, the infection is caused by an organism
selected from the group consisting of K. preumoniae, Salmonella, E. hirae, A. baumanii, M.
catarrhalis, H. influenzae, P. aeruginosa, E. faectum, F. coli, 8. aureus, and £, foecalis.

In ancther embodiment, the infection is cause by a gram negative bacterium selected
from H. influenza, M. catarrhaliz and Legionella preumophila,

In one embodiment, the infection is caused by an organism that grows intracellularly
as part of its infection procsss.

In another embodiment, the infection is caused by an organism selected from the
group consisting of order Ricketisiales; phylum Chlamydiae; order Chlamydiales; Legionella
spp.; class Mollicotes, including, but not Hmited to, Mycoplasma spp. {e.g. Mycoplasma
preumoniae); Mycobacterium spp. (e.g. Mycobacterium juberculosis); and phylum
Spriochactales (e.g. Borrelia spp. and Trepornema spp.).

In ancther embodiment, the infection is cansed by a Category A Biodefense organism
as described at hitp://www bt.cde.gov/agent/agentlist-category.asp, the entire teachings of
which are incorporated herein by reference. Examples of Category A organisms include, but
arve not mited to, Bacillus anthracis {anthrax), Yersinia pestis (plague), Clostridium
botulirmeon (botulism) or Francisella sularensis (tularemia). In another embodiment the

infection is a Bacillus anthracis imfection. "Bacillus amihracis infection” mcludes any state,
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dizseases, or disorders caused or which result from exposure or alleged exposure to Bacillus
anthracis or another member of the Bacillus cereus group of bacteria.

Additional infections that can be treated using compounds of the inventionora
pharmaceutically acceptable salt thereof include, but are not imited to, anthrax, botulism,
bubonic plague, and tularemia.

In ancther embodiment, the infection is caused by a Category B Biodefense organism
as described at hitp://www bt.cdc.gov/agent/agentlist-category.asp, the entire teachings of
which are incorporated herein by reference. Examples of Category B organisms include, but
are not limited to, Brucella spp, Clostridium perfringens, Salmonella spp., Escherichia coli
O15T:H7, Shigelia spp., Burkholderia mallei, Burkholderia psevdomaliel, Chlomydia
psittaci, Coxiella burnetill, Staphiylococcal emterotoxin B, Ricketisia prowazekil, Vibrio
cholerae, and Cryprosporidium parvum,

Additional infections that can be treated using compounds of the invention or a
pharmaceutically acceptable salt thereof include, but are not limited to, Brucellosis,
Clostridium perfringens, food-borne illnesses, Glanders, Melioidosis, Psittacosis, Q@ fever,
and waler-bome illnesses.

In yet another enmtbodiment, the infection can be caused by one or more than one
organism described above., Examples of such infections inchude, but are not limited to, intra-
abdominal infections {often a mixture of 2 gram-negative speeies like F. cofi and an anaerobe
like B. fragilis), diabetic foot (various combinations of Streptococcus, Servatia,
Staphylococcus and Enferococcus spp., anaerobes {8.E. Dowd, st al,, PloS one 2008;3:e3326,
the entire teachings of which are Incorporsted herein by reference) and respiratory disease
{especially in patients that have chronic infections like cystic fibrosis —e.g., 8. aurens plus 2,
aeruginosa or H. influenzae, atypical pathogens), wounds and abscesses {various gram-
negative and gram-positive bacteria, notably MSSA/MRSA, coagulase-negative
staphvlocooct, enterococsl, dcinefobacter, P aeruginoesa, K. cofi, 8. fragilis), and
bloodstream infections {13% were polymicrobial (H. Wisplinghoff, et al., Clin. Infect. Dis.
2004;39:311-317, the entire teachings of which are incorporated herein by reference}).

In one embodiment, the infection is caused by an organism resistant to one or more

aniibiotics.
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In another embodiment, the infection is caused by an organism resistant to
fetracycline or any member of first and second generation of tetracyeling antibiotics (e.g.,
doxyeycline or minocycline).

In ancther embodiment, the infection is caused by an organism resistant to methicillin,

In another embodiment, the infection is caused by an organism resistant fo
vaneomyein.

In another embodiment, the infection is caused by an organism registantto g
guinclone or fluoroguinolone.

In ancther embodiment, the infection is caused by an organism resistant to tigeeycline
or any other fetracycline derivative. In a particular embodiment, the infection is caused by an
organism resigtant o tigecycling,

In another embodiment, the infection is caused by an organism resistant to a f-lactam
or cephalosporin antibiotic or an organism resisiant {o penems or carbapenems,

In another embodiment, the infection is caused by an organism resistant {c an
antimicrobial peptide or a biosimilar therapeutic treatment. Antimicrobial peptides (also
called host defense peptides) are an evolutionarily conserved component of the innste
immune response and are found among all classes of Hie. In this case, antimicrobisl peptide
refers to any naturally ocourring molesule or any semifsynthetic molecule that are analogs of
anionic peptides, Hnear cationic u-helical peptides, cationic peptides enriched for specific
amino acids (Le, rich in proline, arginine, phenylalanine, glycine, tryplophan}, and anionic
and cationic peptides that contain cystein and form disulfide bonds,

In another embodiment, the infection is caused by an organism resistant to
macrolides, lincosamides, streptogramin antibiotics, oxazolidinones, and plewromutilins.

In ancther embodiment, the infection is caused by an organism resistant to PTK796
{7-dimethylamino, 9-(2,2-dimethyl-propyl-aminomethyleycline).

In another embodiment, the infection is caused by a multidrog-resistant pathogen

{having intermediate or full resistance to any two or more antibiotics).

Cancer Combination Therapies

In some embodiments, a compound described herein is administered together with an
additional cancer treatment. Exemplary cancer freatments include, for example,

chemotherapy, targeied therapies such as antibody therapies, kinase inhibitors,
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imynunotherapy, and hormonal therapy, and anti-angiogenic therapies. Examples of each of
these treatments are provided below.

As used herein, the term “combination,” “combined,” and related terms refer to the
simultancous or sequential administration of therapeutic agents in accordance with this
invention. For example, a compound of the present invention can be administered with
another therapeutic agent simultaneously or sequentially in separate unit dosage forms or
togsther in a single unit dosage form. Accordingly, the present invention provides a single
unit dosage form comprising 3 compound of the invention, an additional therapeutic agent,
and a pharmaceutically acceptable carrier, adjuvant, or vehicle.

The amount of both a compound of the invention and additions! therapeutic agent (in
those compositions which comprise an additional therapeutic agent as described above} that
can be combined with the carrier materials o produce a single dosage form will vary
depending upon the host treated and the particalar mode of administration. For example,
compositions of this invention should be formulated so that a dosage of between (.61 - 160

mg/ke body weight/day of a compound of the invention can be administered.

Chemotherapy

In stime embodiments, a compound described herein is administered with a
chemotherapy. Chemotherapy is the treatment of cancer with drugs that can destroy cancer
cells. “Chemotherapy” usually refers to cyiotoxic drogs which affect rapidly dividing cells in
general, in conirast with targeted therapy. Chemotherapy drugs interfere with cell division in
various possible ways, e.g., with the duplication of DNA or the separation of newly formed
chromosomes, Most forms of chemotherapy target all rapidly dividing cells and ave not
specific for cancer cells, although some degree of specificity may come from the inability of
many cancer oells to repair DNA damage, while normal cells generally can.

Examples of chemotherapeutic agents used in cancer therapy incluade, for example,
antimetabolites (e.g., folic acid, purine, and pyrimidine derivatives) and alkylating agents
{e.g., nitrogen mustards, nitrosoureas, platinum, alkyl sulfonates, hydrazines, triazenes,
aziridines, spindle poison, cytotoxic agents, topoisomerase inhibitors and others). Excmplary
agents include Aclargbicin, Actinomycin, Alifretinon, Aliretamine, Aminopterin,
Aminoclevulinic acid, Amrubicin, Amsacrine, Anagrelide, Arsenic trioxide, Asparaginase,

Atrasentan, Belotecan, Bexarotene, Bendamustine, Bleomycin, Bortezomib, Busulfan,

PCT/US2017/049462
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Camptothecin, Capecitabing, Carboplatin, Carboquone, Carmofur, Carowstine, Celecoxib,
Chiorambucil, Chlormethine, Cisplaiin, Cladribing, Clofarabine, Crisantaspase,
Cyclophosphamide, Cytarabine, Dacarbazine, Dactinomycin, Daunorabicin, Decitabine,
Demecokine, Docetaxel, Doxorubicin, Efaproxiral, Elesclomol, Elsamitrucin, Enocitabine,
Epirubicin, Estramustine, Etoghicid, Etoposide, Floxuridine, Fludarabine, Fluorouracil
{5FL)), Fotemustine, Gemeitabine, Gliade! implants, Hydroxycarbamide, Hydroxyurea,
Idarubicin, Ifosfamide, Irinotecan, Irofulven, Ixabepilone, Larotaxel, Leucovorin, Liposomal
doxorubicin, Liposomal daunorubicin, Lonidamine, Lomustine, Lucanthone, Mannosulfan,
Masoprocol, Melphalan, Mercaptopurine, Mesna, Methotrexate, Methyl aminolevulinate,
Mitobronitol, Mitoguazons, Mitotane, Mitomycin, Mitoxantrone, Nedaplatin, Nimustine,
Oblimersen, Omacetaxine, Ortataxel, Oxaliplatin, Paclitaxel, Pegaspargase, Pemetrexed,
Pentostatin, Pirarubicin, Pixantrone, Plicamycin, Porfimer sodium, Prednimustine,
Procarbazing, Raltiivexed, Ranimusting, Rubiiecan, Sapacitabine, Semustine, Sitimagene
ceradenoves, Strataplatin, Streptozocin, Talaporfin, Tegafur-uracil, Temoporfin,
Temozolomide, Teniposide, Tesctaxel, Testolactone, Tetrantirate, Thiotepa, Tiazofurine,
Tioguanine, Tipifarnib, Topotecan, Trabectedin, Triaziguone, Triethylsnemelaming,
Triplatin, Tretinoin, Treosulfan, Trofosfamide, Uramustine, Valrubicin, Verteporfin,
Vinblastine, Vincristine, Vindesine, Vinflunine, Vinorelbine, Vorinostat, Zorubicin, and
other cyiostatic or oytotoxic agents deseribed herein.

Because soms drugs work beiter together than alone, two or more drugs arg ofien
given at the same time, Often, two or more chemotherapy agents are used as combination
chemotherapy. In some embodiments, the chemotherapy agents (inchiding combination
chemotherapy) can be used in combination with a compound described herein.

In a specific embodiment, the two additional therapeutic agends used in combination
with the compounds of the invention and include, cytarabine (ara-C) and an anthracycline
drug such as daunorubicin (davnomycin) or idarubicin, In certain instances, a third additional
agent, cladribine, is used.

Targeted therapy

Targeted therapy constitutes the use of agents speeific for the deregulated proteins of
cancer cells. Small molecule targeted therapy drugs are generally inhibitors of enzymatic
domains on mutated, overexpressed, or otherwise critical proteins within a cancer cell

Prominent examples are the tyrosine kinase inhibitors such as axitinib, bosutinib, cediranib,
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desatinib, erclotinib, imatinib, gefitinih, lapatinib, lestaurtinib, nilotinib, semaxanib,
sorafenib, sunitinib, and vandetanib, and also cyclin-dependent kinase inhibitors such ag
alvocidib and seliciclib. Monoslonal antibody therapy is another strategy i which the
therapeutic agent is an antibody which specifically binds to a protein on the surface of the
cancer cells. Examples include the anti-HERZ/neu antibody trastuzumab (Herceptin®)
typically used in breast cancer, and the anti~-CD20 antibody rifindimab and tosthumomab
typically used in a variety of B-cell malignancies. Other exemplary antibodies include
cetuximab, panitummumab, {rastuzumab, alemtuzumab, bevacizumab, edrecolomab, and
gemtuzumab. Exemplary fusion proteins include aflibercept and denileukin diftitox. In some
embodiments, targeted therapy can be osed in combination with 2 compound deseribed
herein, e.g., Gleevee (Vignari and Wang 2001).

Targeted therapy can also involve small peptides as “homing devices” which can bind
to cell surface recepiors or affected extracellolar mabrix swrrounding a tomor. Radionuclides
which are attached to these peptides {e.g., RGDs) eventually kill the cancer gell if the nuclide
decays in the vicinity of the cell. An example of such therapy includes BEXXAR®.

Phamaceutical Formulations

The compositions of the invention inchide ocular, oral, nasal, transdermal, topical
with or without oeclusion, intravenous (both bolus and infusion), inhalable, and injection
{intraperitoneally, subcutanecusly, intramuscularly, intratumorally, or parenterally)
formulations. The composition may be in a dosage unit such as a tablet, pill, capsule,
powder, granule, liposome, ion exchange resin, sterile ocular solution, or ocular delivery
device (such as a contact lens and the like facilitating tmmediate release, timed release, or
sustained relesse), parenieral solution or suspension, metered aerosol or Hguid spray, drop,
ampoule, auto-injector device, or suppository: for administration ocularly, orally,
intranasally, sublingually, parenterally, or rectally, or by inhalation or insufflation.

Compositions of the invention suitable for oral administration include solid forms
such as pills, tablets, caplets, capsules (each including immediate release, timed release, and
sustained release formmulations), granules and powders; and, liguid forms such as sohutions,
syrups, clixirs, emulsions, and suspenstons. Forms useful for ocular administration include
sterile solutions or ocular delivery deviees. Forms psefid for parenteral administration

include sterile solutions, emulsions, and suspensions,
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The compositions of the invention may be administered in a form suitable for
once-weekly or once-monthly adminisivation. For example, an insohible salt of the active
compound may be adapted to provide a depot preparstion for intramuscitiar injection {e.g., 8
decanoate salt) or to provide a solution for ophthalmic administration.

The dosage form containing the composition of the invention contains an effective
amount of the active ingredient necessary fo provide a therapeutic effect. The composition
may contain from about 5,000 mg to about 0.5 mg {preferably, from about 1,000 mg to about
(.5 mg) of a compound of the invention or salt form thereof and may be constituted inlo any
form suitable for the selected mode of administration. The composition may be administered
about 1 fo gbout 5 times per day. Daily administration or post-periodic dosing may he
employed.

For oral adroinistration, the coraposition is preferably in the form of a tablet or capsule
containing, e.g., about 500 to about 8.5 milligrams of the active compound. Dosages will vary
depending on factors associated with the particular patient being treated {e.g., age, weight,
diet, and time of administration}, the severity of the condition being treated, the compound
being employed, the mode of administration, and the sirength of the preparation.

The oral composition is preferably formulated as 8 homogeneous composition,
wherein the active ingredient is dispersed evenly throughout the mixture, which may be
readily subdivided into dosage unils containing equal amounts of a compound of the
invention, Preferably, the compositions are prepared by mixing a compound of the invention
{or pharmaceutically acceptable salt thereof)} with one or muore optionally present
pharmaceutical carriers (such as a starch, sugar, diluent, granulating agent, hubricant, glidant,
binding agent, and disintegrating agent), one or more optionally present inert pharmaceutical
execipients (such as water, glveols, oils, alcohols, flavoring agents, preservatives, coloring
agents, and syrup), one or more optionally present conventional tableting ingredients {such
as corn starch, lactose, sucrose, sorbitol, tale, stearic acid, magnesium stearate, dicalcium
phosphate, and any of a variety of gums), and an optional diluent (such as water).

Binder agents inchude starch, gelatin, natural sugars {e.g., ghicose and beta-lactose},
corn swesteners and natoral and synthetic gums {e.g., acacia and tragacanth). Disintegrating
agents include starch, methyl cellulose, agar, and bentonite.

Tablets and capsules represent an advantageous oral dosage unit form. Tablets may

be sugarcoated or filmeoated using standard technigues. Tablets may also be coaled or
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otherwizse compounded to provide a prolonged, control-release therapeutic effect. The
dosage form may comprise an inner dosage and an outer dosage component, wherein the
outer component is in the form of an envelope over the inner component. The two
components may further be separated by a layer which resists disintegration in the stomach
{such as an enteric layer) and permits the inner component to pass intact info the duodenum
or a layer which delays or sustains release. A variety of enieric and non-enieric layer or
coating materials (such as polymeric acids, shellacs, acetyl sleohol, and cellulose scetate or
combinations thereof) may be used.

Compounds of the invention may also be administered via a slow release
composition; whersin the composition includes a compound of the invention and g
biodegradable slow release carrier {e.g., a polymeric carrier) or g pharmaceutically
acceptable non-biodegradable slow release carrier {e.g., an ion exchange carrier).

Biodegradable and non-biodegradable slow release carriers are well known in the art.
Biodegradable carricrs are used to form particles or matrices which retain an active agent{s)
and which slowly degrade/dissolve in a suitable environment {c.g., aqueous, acidic, basic
and the like) {o release the agent. Such particks degrade/dissolve in body fluids to release
the active compound(s} therein. The particles are preferably nanoparticles or nancemulsions
{e.g., in the range of about 1 to about 500 nm in diameter, preferably about 50 to about 200
nm in diameter, and most preferably about 100 nm in dismeter). In a process for preparing a
slow relesse composition, a slow release carrier and a compound of the invention are first
dizssolved or dispersed in ap organic solvent. The resulting mixture is added indo an aguecus
sohution containing an optional surface-active agent(s) to produce an emulsion. The organic
solvent is then evaporated from the emulsion {o provide a colloidal suspension of particles
containing the slow release carrier and the compound of the invention.

The compound disclosed herein may be incorporated for administration orally or by
injection in a liquid form such as aguecus solutions, saitably flavored syrups, agueous or il
suspensions, flavored emulsions with edible oils such as cottonseed oil, sesame oil, cocomst
oil or peanut oil and the like, or in elixirs or similar pharmaceutical vehicles, Suitable
dispersing or suspending agenis for aqueous suspensions, include synthetic and natural gums
such as tragacanth, acacia, alginate, dextran, sodium carboxymethyleelhulose,
methylceHulose, polyvinyl-pyrrolidone, and gelatin, The liguid forms in suitably flavored

suspending or dispersing agents may also include synthetic and natural gums. For parenteral



10

20

WO 2018/045084 PCT/US2017/049462

-155-

administration, sterile suspensions and solutions are desired. Isotonic preparations, which
generally contain sudtable preservatives, are employved when intravenous adminisivation is
destred.

The compounds may be administered parenterally via injection. A parenteral
formulation may consist of the active ingredient dissolved in or mixed with an appropriate
inert iguid carrier. Accepiable liquid carriers usually comprise agueous solvents and other
optional ingredients for aiding solubility or preservation. Such agueous solvents inchude
sterile water, Ringer's solution, or an isotonic aqueous saline solution. Other optional
ingredients include vegetable oils (such as peanut oil, cottonseed oil, and sesame oil}, and
organic solvents (such as solketal, glycerol, and formyl). A sterile, non-volatile o1l may be
employed as a solvent or suspending agent. The parenteral formulation is prepared by
dissolving or suspending the active ingredient in the Hquid carrier whereby the final dosage
unit containg from about §.005 to about 10% by weight of the active ingredient. Other
additives include preservatives, isctonizers, solubilizers, stabilizers, and pain-soothing
agents. Injectable suspensions may also be prepared, in which case appropriate lHaguid
carriers, suspending agents and the like may be employed.

Compounds of the invention may be administered indranasally using a suitable
intranasal vehicle,

In another embodiment, the compounds of this invention may be administered
directly to the Jungs by inhalation.

Compounds of the invention may alse be administered topically or enbanced by
using a suitable fopical transdermal vehicle or a transdermal paich.

For ocular administeation, the composition is preferably in the form of sn ophthalmic
composition. The ophthalmic compositions are preferably formmulated as eye-drop
formulations and filled in appropriate containers to facilitate administration o the eve, for
example 8 dropper fitted with a suitable pipetie. Preferably, the compositions are sterile and
aqueous based, using purified water. In addition to the compound of the nvention, an
ophthalmic composition may contain one or more of a) & surfactant such asa
polvoxyethylene fatty acid esier; b) a thickening agents such as celiulose, ecellulose
derivatives, carboxyvinvl polymers, polyvinyl polvmers, and polyvinyipyrrolidongs, typically
at a concentration g the range of about 0.05 to about 5.0% {(wt/vol}; ¢) (as an alternative to or

in addition to storing the composition in a container containing nitrogen and optionally
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including a free oxygen absorber such as Fe}, an anti-oxidant such as butylated
hydroxyanisol, ascorbic acid, sodium thiosulfate, or butylated hydroxytoluene at a
concentration of about §.00005 to about 0.1% (wifvol); d} ethanol at a concentration of about
0.61 to 0.5% (wtivol); and e} other excipients such as an isolonic agent, buffer, preservative,
and/or pH-controlling agent. The pH of the ophthalmic composition is desirably within the
vange of 4 1o 8.

While this invention has been particolarly shown and described with references to
example embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.

EXEMPLIFICATION

Additional methods of synthesizing the compounds described herein and their
synthetic precursors are within the means of chemists of ordinary skill in the art. Synthetic
chemistry fransformations and protecting group methodologies (protection and deprotection)
osefil in synthesizing the applicable compounds are known in the art and inchsde, for
example, those described in Larock R, Comprehensive Organic Transformations, YCH
Publishers {1989); Greene, TW et al., Protective Groups in Ovganic Svnthesis, 3 Ed., John
Wiley and Sons (1999); Fieser, L et al,, Fieser and Fieser's Reagenis for Organic Synthesis,
John Wiley and Sons (1994); and Paquette, L, ed., Encyclopedia of Reagents for Organic
Synthesis, John Wiley and Sons (1995} and subsequent editions thereof.

Example 1 Synthesis of Compounds 1 through §

¢l N

OH O HOFH O O
Compound 1:
Compound 1 was prepared sccording to the synthesis described in WO2010/129057 at pp.
69-70 {815-13-190), incorporated herein by reference in its entirety.
TH NMR (400 Miiz, CD:0D) & 7.34-7.24 (comp, 4 H}, 7.21-7.17 (m, 1 H), 4.69 (s, 2
H), 454 (s, 2H), 411 (s, 1 H), 3.90-3.53 (m, 2 H), 3.47-3.39 (m, 2 H), 3.04 (5, 3 H), 2.96 (s,
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3 H), 3.28-2.94 {comp, 3 H), 2.50-2.40 (m, 1 H), 2.29-2.22 (m, 1 H), 1.72-1.61 {m, 1 H}; MS
(EST) m/z 594.15 (M+FD.

] Compound 2:

Compound 2 was prepared according to the synthesis described in WO2010/1298057 at pp.
248-249 (81-14-60).
H NMR (400 MHz, CD30D) 8 7.24-7.11 (m, S H), 7.07¢(d, J= 4.8 He, 1 H), 435 (s,
16 2H),4.04 (s, 1 H), 3.606-3.57 {m, 3 H}, 3.16-2.80 (m, 11 H), 2.31-2.17 {m, 2 H}, 2.06-1.96 {3,
4 H}, 1.63-1.52 (m, 1 B); MS (ESI) m/z 606.2 (M+H).

Compound 3a B TR Ve .
Compound 3a was prepared according fo the synthesis deseribed in WO2014/036502 at p.
15 142 (§18-4-1), incorporated herein by referencs in s entirety.
H NMR {400 MHz, CD:0D, hydrochloride salt) §7.09 (s, 1 H), 3.90 (s, 1 H), 3.86-
3.80 (m, 1 H), 3.68 (s, 3 H), 3.37-3.30 (m, 1 H}, 3.28-3.07 {m, 3 H}, 3.00-2.91 {m, 1 H}, 2.67-
254 (m, 2HL 241 (1, /=142Hz, 1 H), 234221 (m, S H), 1.66-1.57 (m, 1 H), 125 (4 J=
7.3 He, 3 H); MS (ESI) m/z 514.28 (M+H).
28

OH O HON O O

Compound 4a
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Compound 4a was prepared aceording to the synthesis deseribed in WO2014/036502, at pp
142-143 (S18-4-2).

(single diastereomer): H NMR (400 MHz, CD:0D, hydrochloride salt) §7.10 (s, 1 H),
3.88 (s, 1 H}, 3.85-3.80 {m, 1 H), 3.68 (s, 3 H), 3.46-3.31 (m, 3 H}, 3.27-3.07 (m, 3 H), 3.01-
292(m, 1 H),2.86-2.83 {m, 1 H), 2.62-2.55 (m, 1 H), 238 (1, J=14.2 He, 1 H), 2.34-2.22 {m,
SH), 1.64-155(m, 1 H), 136 (8, J=T3He, 3H), 125, J=T73 He, 3 H); MS ESD 2z
542.35 {(M+H).

OH O HORO O
Compound 3

Compound 5 was prepared according to the synthesis deseribed in WO2014/036502 at p. 140
(89-5-4}.

TH NMR (400 MHz, CDsOD, hydrochloride salt) §8.22 (d, J=11.0Hz, 1 H), 433 (5,
2H), 3.89 (s, 1 H), 3.82-3.76 (m, 2 H), 3.23-3.12 (m, 3 H}, 3.02-2.94 (m, 1 H}, 2.67-2.64 {m,

Corpounds 1, 2, 3a, 48 and § are also referred to hergin as Compounds K11, K31,
K4, K5 and K43,
Example 2; Anti-cancer Activity of Compound 1-3

Compounds 1, 2, 33, 4a and 3 and the Compounds of FIGs. 15A-15M, 16A-16F and

17A-170 were assayed for tumor cell proliferation using AML cancer cell lines THP-1 and
MV4-11. The inhibition of cyirochrome-oxidase 1 ({COX-1) expression in MV4-11 cells was

also measured for Compounds 1, 2, 32, 4a and §.

A. THP-1 Anti-proliferation Assay
The inhibition of eukaryotic cell culture growth was established using THP-1 cells
{ATCC Cat. # TIB-202), a human acute monoeytic leukemia cell line. These are suspension
cells. This cell-based assay for eukaryotic culture growth inhibition was performed in 384-

well plate format to determine the in vitro cytotoxicity of the test compounds.
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Compounds were solubilized in water. Compounds were dilined 1.2 in assay media
and 1:2 serial dilutions were performed in 50:50 media:water mix. The high dose was 40 uM,
10% water final. 3 pl of compound at 5x the final concentration was dispensed to the 384
assay plate. 20 ul of THP-1 cells were added.

Compounds were plated in dose response format (10% water final concentration),
followed by the addition of cells. Cells were grown and incubaied with compounds in RPMI-
1640 medium/pen/strep/L-glutamine/10% FBS/Z-mercapiosthanol for 72 hr at 37 °C with 5%
COs. At the end of the incubation time, cells were assayed for viability using Cell Titer GLO
(Promega). Compounds that were considered cyiotoxic resulted in a decreased luminescent

signal.

B. MV4-11 Asti-proliferation Assay

MV4-11 cell Hine (MV-4-11, CRL-8591™) was oblained from American Type
Culture Collection {ATCC). Cells were grown in a T-75 flask in RPMI Medium (GIBCO,
Catalog No. 11875-093) containing 10% fetal bovine serum (ATCC, Catalog No. 30-2020)
and penicillin-streptomycin (ATCC, Catalog No. 30-2300) a1 37 °C in a homidified, 5% CO»
incubator.

50 ul of cells (10,000 cells/well) were plated in a 96-well plate and
incubated overnight at 37 °C in a humidified, 5% CO; incubator. The next day, 50
sl of medivm containing 3-fold serially diluted compounds in duplicate was added
to the wells such that the starting conceniration of the compound in the first pair of
the wells was 10 pM. After 72 hour incubation with the compound, cell viability
was measured in a lominometer afler the addition of 100 pL/well CellTiterGlo
reagent (Promega) as recommended by the mapufacturer. The ICso values for the

compounds were calculated using SofiMax software.

C. Anti-prokiferative Activily

As the data in Table 1A shows, compounds 1, 2, 3a, 4z and 5 demonstrate
potent anti-proliferative activity with ICso values of 0.10 to 1.05 uM against two
AML cancer cell lines, THP-1 and MV4-11.
Table 1A
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Compound IC50 (UMD

D THP-1 MV4-11
1 .57 0,22

2 1.05 .41

3a .75 010

4a (.90 8,13

5 (.64 0.17
Tigecycline 2913 4.64

Further resulis of the {ssting of certain compounds described herein in the
THP-1 and MV4-11 cell lines are reported in FIGs. 15A-15M, 16A-16F and 17A-
170,

-1, Anti-proliferative Activity of Compounds in Additional Cell Lines

Compounds 1, 2, 3a, 48 and 5 as well as certain Compound included in
FiGs, 15A-15M, 16A-16F and 17A-17D were tested in the following cell lines:
MOLT4S and K562, Compounds 1, 2, 3a, 4a and 5 were also tested in the cell line
HLsG.
Cell Lines and Culture;

The MOLT4 cell line (CRL-1582™) aand K562 cell line (CCL-243™) were

obtamned from American Type Culture Collection (ATCC). They were grown in g
T-75 flask in RPMI Mediom (GIBCO, Catalog No. 11875-093) containing 10%
fetal bovine serum (ATCC, Catalog No. 33-2020) and penicillin-streptomycin
{(ATCC, Catalog No. 30-2300) at 37°C in a humidified, 5% CO:z incubator. The
HLSG cell ine (CCL-240™) was obtained from American Type Cubture Collection
{ATCC), They were grown in a T-75 flask in DMEM Medium (GIBCO, Catalog
No. 11965-092) containing 20% fetal bovine serum (ATCC, Catalog No. 30-2020)
and penicillin-streptomyvein (ATCC, Catalog No. 36-2300) a1 37°C in a humidified,
5% COn incubator.
Proliferation Assay:

50 ull of cells (8,500 cells/well) were plated in a 96-well plate and incubated
overnight at 37 °C in a humidified, 5% COz incubator. The next day, 50 uL of

medium containing 3-fold serially diluted compounds in duplicate was added to the
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wells such that the starting concentration of the comapound io the first pair of the
wells was 10 pM. Afier 72 how incubation with the compound, cell vigbility was
measured in a luminometer after the addition of 100 ul/well CellTiterGlo reagent

{Promega) as recommended by the manufacturer. The ICso values for the

PCT/US2017/049462

compounds were calculated using SofiMax software.

TABLE 1B

Compound IC50 (ud)

D MOLT4 K562 HL&0
i .19 .43 0.36

2 .31 (.48 Inactive
3a .12 8.11 0.37

4a 0,13 8.13 0.41

5 0.13 0.16 0.51
Tigecychine 5.1 7.2 154

Resulis of the testing of additional compounds described hergin in the MOLT4S and
K562 cell lines ave reported in Tables 15A-15M, 16A-16F and 17A-17D.
D-2. Anti-proliferative Activity of Compounds in KG-1, KU812 and MEG-

g1 Cell Lines

Compounds were iested in the following celf lines: KG-1 acute

myelogenonus leukemis ATCC CCL-246, KU812 Human chronic myelogenouns
feukemia (CML) ATCC CRL-2099, and MEG-0! Human chronic myelogenous
feukemis (CML) ATCC CRL-2021 according to the following conditions and

procedures:

Growth medinm: RPMI Medium 1640 Gibeo #11875-083
Supplements: Fetal Bovine Serum (FBY) Gibeo #10437-028

Complete cell culture medivm was prepared by adding 50 ml, FBS (final concentration

10%)} to each 500 mi botile of RPMI Medium 1640 (RPMI). Medium was allowed to

equilibrate to 37C in a water bath before use.

One millimeter volumes of 2X the initial concentration (20 uM or 100 uM) in complete

cell culture medium were prepared for each compound to be tested. 58 ul was added, in

triphcate, to lane 2 wells of a 96-well plate and {o lane 3 wells containing 50 ul complete cell
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culture medium as diluent, Two-fold serial dilutions of compounds were continued in lanes 4-
10 with 50 pl final volumes. 50 pl medium without compound was added fo lane 11, and 100
pl medinm was added to lanes 1, 12 and rows AH in order to prevent or minimize g thermal
gradient from forming in the experimental wells,

Cells grown to 1-4 x 10%/ml were centrifuged, re-suspended in fresh medium at 2 x
10°/mL and 50 ul (10,000 cells) was added to cach well containing compound (lanes 2-10) and
to 6 wells (Jane 11} containing medium only. Addition of cells resulted in dikition of compound
to the intended I X concentrations.

Plates were incubated at 37C in 5% COz for 72 hours.

After 72 hours incubation, plates were allowed to equilibrate (0 room temperature for
30 minutes and assayed for cell proliferation using the Promega CellTiter-Glo Kit (Promega
#(37572) which indirectly measures ATP. 100 pi of CeliTiter-Glo substrate reconstituted with
CellTiter~Glo buffer was added to each well confaining cells as well as 6 wells containing
medium only. Plates were incubated at room temperature, protected from light, for 10 minutes
to allow luminescence signal to stabilize. Luminescence was read and recorded in a LUMistar
OPTIMA heminescence microplate reader using MARS Data Analysis Software (BMG
LABTECH).

The laminescence values for compound-containing wells {in triplicate} were plotted as
the mean % no-compound control vs concenfration using Prism GraphPad. [Caos, the
concentration at which a compound reduced growth (as measured by ATP) by 50%, were
oitained from the graphs.

% no-compound control= Fluorescence value {cells plus compound) X 100

Fluorsscence valoss {(cells, no compound), averaged

Plate format

Picompaund {10 M}

Fenmpaund (10 g}

Tigeaveling (S0 UMy

Tigeevelina (504

Tigsoveline (50 ui)

TP-Compound in the table above, refers to compounds described herein that were being tested.

The results of testing in the KG-1, KUBI2 and MEG-01 cell lines are reported in Tables 154~
15M, 16A-16F and 17A-17D.
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E. Antiproliferative Activity Against 15 AML ex-vivo bone marrow sample

Antiproliferative activity of Compound 3a and cytarabine was measured
against 15 AML ex~-vive bone marrow samples (inclhuding two cvtarabine-resistant
samples}. The assay used was Vivia’s Native Environment cell depletion assay. An
outline of ths study is below:

-Five different concentrations of each drug was used as a monotherapy

-The incubation time point for measurement was 48 hours post drug

eXpOSHre

The resolts are shown graphically in FIG. 6. Compound 3s provided potent ex vive
activity against the tumor cells from frozen bong marrow of the AML patients. The
acitivly of Compound C3a was betier that eytarabine with stronger potency and
higher efficacy. According to the acitivty profile observed, Compound 3ahad a
mean ECS0 value of 173 nM.

F. MV4-11 Xenografis
The in vivo anti-tumor efficacy of Compounds 3s, 4a and 5 in the

subcutanecus MV4-11 leukemia model in CB17 SCID mice was tested.

Cell Culture:

The MV4-11cells (ATCC-CRL-9591) were maintained in vitro as a suspension culture at
a density of §.2-1.5 x 106 cells/m! in RPMII640 medium supplemented with 10% heat
inactivated fetal bovine serum, 100 U/ml penicillin and 100 pg/ml streptomycin at 37°C inan
atmosphere of 5% CO2 in air. The tumor cells were routinely subcultured twice weekly. The
cells growing in an exponential growth phase were harvested and counted for tumor

moculation.
Amnimals:
CB17 8CID, female, 6-8 weeks, weighing approximately 18-22g.

Tumor Inoculation:
Fach mouse was inogulated subcutancously at the right flank with MY 4-11 tumor cells
{10 x 10% in 0.2 mi of PBS (with Matrige!l 1:1) for tumor development. The animals were

randomized and treatment was started when the average tumor volume reached approximately
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150~200 mm? for the efficacy study. The test article administration and the animal numbers in

cach group are shown below.

TABLE 1 C: Groups and Treatmenis

Broup i Treatment (gngg) :Ogs N Schedule
oute

d 10 Vehicle Control - iLP. QD?, 4 days on, & days off, day 0-14
2 jig Cytarabing 100 LP. Q0, 5 days on, 2 days off, day §-14
3 10 Tigaoycline 803 LR BID®, day 014

4 16 C"mm““‘i Sa-dose | o L. QD, 4 days on, 6 days o), day 0-14
& 10 | Compound 3a -dose 2 125 LR QD 2 days on, § days off, day 0-14
8 1 | Compoundda-dase | o L. ab, 4 days on, & days off, day 0-14
7 16 Cmp"““‘;% ~dose | yag L. Ob, 2 days o, 6 days off, day 0-14
] 10 Compound 5 - dose 1 128 LR QD 4 days on, § days off, day 8-14
g 10 Compound 5 - doss 2 128 LR QD, 2 days on, § days off, day 0-14

MNote:
a. N: numiber of animals per group;
b, QD once per day,;

c. Bil: twice per day. BID dosing is 8 hours apart.

Endpeoinis:

The major endpoint monitored was tumor growth delay or cure. Tumor sizes were
measured twice weekly in two dimensions using a caliper, and the volume expressed in mm’®
using the formula: V = 0.5 g x 5% where g and b are the long and short diameters of the tumor,
respectively. The tomor sizes were then used for the calenlations of both T-C and T/C values.
T-C is calculated with T as the median time {(in days) required for the fregtment group fumors
to reach a predetermined size (e.g., 1,000 mm?}, and C is the median time {in days) for the
control group tumors o reach the same size. The T/C value (in percent) is an indication of
antitumor effectiveness, T and C are the mean volume of the treated and control groups,
respectively, on a given day.

TGI was calculated for each group using the formula: TGI (%) = [1-{Ti-T0Y {(Vi-V ()]
x104; Ti is the average tumor volume of a treatment group on a given day, T0 is the average

fumor volume of the treatment group on the first day of freatment, Vi is the average tumor
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volume of the vehicle control group on the same day with Ti, and V{ is the average tumor

volume of the vehicle group on the first day of treatment.

The resulis of Tumor Volume versus Time and Body Weight versus Days after Start of
Treatment are shown in FIGs. TA-7F. As can be see in FIG. 7, all animals treated with
Compound 3a achieved >70% tumor shrinkage. Cyiarabine (standard of care) and tigecyeling
dosed af maximum {olerated does (MTD) only demonstrated modest effect-no tumor response

in either group,

G. Effect of Compound 3a on Rat Heart Mitochondrisl Protein Synthesis

The effect of Compound 33 on mitochondrial protein synthesis was determined using an
intact isolated rat heart milochondrial protein synthesis assay previously described [See, 1, 2
below]. Intact, highly coupled mitochondria isolated from normal ral hearts were incubated in
an incubation medium containing [$°°]-methionine. The compounds were diluted to generate
a final dose-response curve from §.15 to 40 uM. The rate of incorporation of [$%]-
methionine inlo protein was measured at 20, 40, and 60 mimites of incubation for cach
sample using & filter paper disc assay and expressed as pmol methionine incorporated per mg
mitochondrial protein ag described [1, 2, 3 below]. The time course data for conirol and alf
drug concentrations were nearly linear. The slope of each time-course data plot is caleulated
as the least squares best it line through zero and the three time poinis for each sample. The
vate of protein synthesis varics modestly with cach mitochondrial preparation (mean and
SEM = 20.3 +~ 2.4 pm / mg protein). To normalize for this variability, the rates were
expressed as a percent of the rate of the control line for each preparation of mitochondria.
Each experiment was repeated three times.

Diose-response curves were obtained by expressing the percent of control obtained for
gach conceniration of Compound 3a against the concentration of Compound 3a. The dose-
response curves for all three experiments were plotted fogether and it using the equation vy =
ab/{b+x) (Sigma Plot 10.0) and the halfmaximal inhibitory concentration (ICse) is reported
for cach drug.

Summary of Results:
FIG. 8 shows the dose-response results for Compound 3a. The dose-response curve
ICso was 0.7 ub. As such the data represents both the ability of Compound 3a to ¢ross the

mitochondrial membranes and to inhibit mitochondrial translation.
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1. McKee, EE., Ferguson, M., Bentlye, AtT, and Marks, T A, (2006) Inhibition of
mammalian mitochondrial protein synthesis by oxazolidinones. Antimicrob Agents
Cehmaother 58, 2042-2049.

2. McKee, E.E., Grier, B.L., Thompson, (.5, and MeCourt, 1.1, (1990) Isolaton and

§ incubation conditions to study heart mitochrondrial protein synthesis. Am J
Phvsiol 258, E492-502.

3. Flanagan, 8., McKee, E.e., Das, 3., Tulkens, P.M., Hosako, H., Fiedler-Kelly, .,
Passarell, J., Rodovsky, A., and Prokocimer, P. Nonclinical and pharmacokinetic
assessments to evaluate the potential of tedizolid and linezolid to affect

140 mitochondrial function (2014) Antimicrobial Agents and Chemo 59: 178-183, doi
10.1128/AACO3684, PMID 25331703,

H. COX1 and COX4 Protein Levels in MV4-11 Cells

Materials:
1) MV4-11 cell bine: MV411 cell ne (MV-4-11, CRL-89591™) was obtained
15 from American Type Culture Collection (ATCC).

2} Antibodies: The following antibodies were purchased as shown below in
Table 2, and dilutions were used in the western blot analyses ags

recommended by the manufacturer,

Table 2
Suhod Fann 5% SN
o . -
Anti- human BosterBio PAE 317
COX1 in rabbit
Anti- human Santa Cruz SC376831
COX4 in mouse Laboratories
BRP-conjugated Bio-Rad 170-5047
anti-mouse
HRP-conjugated Bio-Rad 173-5046
anti-rabbii
HRP-anti human Cell Signal 122628
f-actin Technologies
20
Methods:

1} Cell Lines and culture conditions: MV4-11 cells were grown in a T-75 flask

in RPMI Medium (GIBCO, Catalog No. 11875-0%3) containing 106% fetal
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bovine serum {ATCC, Catalog No. 30-2020) and penicillin-streptomycin
{ATCC, Catalog No. 30-2300) at 37 °C in a humidified, 5% C(Oz incubator.

Compound treatment: Two mi of cells (500,800 cells) were plated in cach
well of a -well plate and incubated at 37 °C in a humidified, 5% CO2
incubator. The next day, 2.5 ull, 6.25 ul, 12.5 i, 25 ul. and 50 pL, of 400
1M compound was added to each well, These additions resulied in .5 pM,
1.25 M, 2.5 uM, 5 uM, and 10 pM final concentrations of the compounds.
One well did not receive any compound, which serves as unireated control,
After 18 hours of incubation with the compounds, cells were collected by
cenfrifugation at 2000 g for one minute and washed with one nd. of PBS.
The cell peliet was lysed in 50 ul of ysis buffer, and stored at ~20 °C until

further use.

Protein Estimation: Cell lysates were spun at 12,000 rpm for one minute,
and 3 gL of the supernatant was used to check the protein concentration
using the Coomassie blue reagent following the recommended protocol. For
electrophoresis, equal amount of protein extract was used for each
compound. The amount of protein extract loaded varied from 7.5 t0 13 pg

per sample for different compounds.

Western Blotting:

Sample Preparation

x uk of cell lysate (adjusted volumes for egual protein concentrations)
0.1 pL DTT (M)
15-x ul. of lysis buffer

5 ul. of 4X Laemmie’s sample buffer

The samples were heated at 85 °C for 5 minutes.

Gel Electrophoresis:

PCT/US2017/049462
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a) NuPAGE 4-12% Bis-Tris Gel (Novex, Catalog no. NP0322BOX) was
assembled in a XCell H Blot module (Invifrogen, Catalog no. EI9051)
and ronning buffer was added.

by 20 L of samples and 5 uk. of pre-stained molecular weight markers
were separately loaded in the wells.

¢} Gels were rum at 158V for about 1.5 hours untill the blue dve reached the
bottom.

Protein Transfer from the gel to the nitro celfulose membrane:

a) After the run, the gel was removed and protein transfer was performed
using iBlot (Invitrogen, Catalog No. IB301002) as per manufacturer’s
recommendations.

Primary Antibody incubation:

a) The nitrocelhulose membrane was removed, and placed in 20 mL of
bocking solution (5% TBST containing 5% milk) at room temperature
for 1 hr.

b} The blot was washed 3 times for 3 min with TBST.

¢} The blot was incubsted overnight in 15 mL of TBST containing 8.5%
BSA, 6.02% sodium azide and 15 yb of the anti-COX1 or 37.5 yl anti-
COX4 antibody at room femperature.

&) The blot was washed 3 times for § min each with TBST,

Secondary Antibody incubation:
g} The blot was incubated in 15 mL of TBST containing 0.5% BSA and 1.5
il of the HRP-conjugated secondary anti-rabbit antibody (for COX1
blots} or anti-mouse antibody (for COX4 blots) solution for 1 h at room
temperature.

b} The blot was washed for 3 times for S min each with TBST,

Imaging
a) The blots were placed on plastic wrap.
b} A working sohution of the subsirate was prepared by mixing Substirate A

and Substrate B in a 401 ratio { Thermo Scientifie, Catalog No. 32132)
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and one mi/blot was added such that the blot is evenly covered with the
substrate solution. It was incubated at room temperature for 4 minutes.
The blot was covered with another layer of plastic wrap, placed ina
cassette and exposed to an X-ray film m a safe lit dark-room.

After one minute, the film was removed from the cassette, and

developed.

Frobing for beta-actin:

a)

b)

To mounitor beta~-actin levels, the blots were washed three times for 8§
mimies each in TBST, and incubated in 15 mL of TBST containing
8.5% BSA and 3 ub of the HRP-conjugated beta-actin antibody for ong
hour at room femperature,

The blot was washed three times for 3 minutes each with 15 mlL of

THST, and imaged as described above.

Reagents and Buffers:

&

1X Cell lysin/Protein Extraction Reagent (Cell Signal Technology,
Cat.no: 9803}

20 mM Tris-HCI (pH 7.5}

150 mM NaCl

1 mM Na:EDTA

1 mM EGTA

1% Triton

2.5 mM sodinm pyrophosphate

1 mM b-glycerophosphate

1 mM NaaV4

1 ug/ml leupeptin

Protease inhibitors (Roche, Catalog no. 118735809001)

Protein Estimation: Coomassie protein assay reagent (ThermoScientific,
Cat. No. 185620%)

Sample Loading Buffer for Electrophoresis

4X Lasmmb Sample buffer (Novex, Catalog No. NPGOOT)

PCT/US2017/049462
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e Flectrophoresis Running Buffer

¢  NuPAGE MOPS/SDS running buffer (Novex, Catalog no, NPOGHT)

s Wash Buffer for Western blots

s Tris-buffered saline with Tween 20 (TBST buffer)

e 20 mM Tris-HCI (pH 7.5)

& 150 mM NaCl

s §.1% Tween 20

¢ Blocking buffer for Western blots

e 5% Non-fat dry milk in TBST

= Signal detection kit: Pisrce ECL Plus Substrate (Thermoscientifie,
Catalog no. 32132}

s Electrophoresis gel: NuPAGE 4-12% Bis-Tris Gel (Novex, Catalog no.
NPO322BOX)

5} Effects on COX1 and COX4 Protein Levels in MV4-11 Cells

As shown in the western blots in FIGS. 1-5, all five compounds reduced the

expression of mitochondrially translated COX1 protein with increasing compound

concentrations, while COX4 and actin levels remained relatively unchanged.

Gene Expression Changes in MV4-11 When Treated with Compound 3a,
Tigecycline and Cytarabine

MV411 cells were plated at about 1x10°/m] in 24 well plates, grown
overnight at 37 °C/5% COn in RPMI 1640/10% FBS, Wells were harvested for
RMNA preparation using Qiagen RNeasy kit. Samples prepped in triplicate, cDNA
made uging about 100ng total input RNA, gPCR assavs ron on Applicaed
Biosystems Step One Plus instrument using commercially available primer/probe
designs. The results for MV411 MT-COX1 (Cytochrome oxidase subunit §,
expressed in mitochrondria) expression are shown in FIG. 8. The resulis for
MV411 COX-1V expression {(Cytochrome oxidase subunit 4, expressed in nucleus)
are shown in FIG, 10, The results for MV411 PIG3 expression {TPsalz-a p53
responsive protein, expression induced in response to pS3 activation, role associated
with response to oxidative stress) are shown in FIG. 11, The results for MV411

BAX expression {pro-apopiotic protein expression induce by p33 activation, forms
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a heterodimer with BCL2 {o induce apoptosis) are shown in FIG. 12. The results of
CDKNZA expresson (alse known as pl42% or ARF —nuclear gene, translation
regulated by cMye, functions to stabilize/activate p$3 by binding and sequestering
Mdm?) are shown in FIG. 13,

Example 3: Svnthesis of Exanuple Compounnds

The following abbreviations are used in the paragraphs below;

Ac acetyl

a4 agueous

3-BBN S-borabicyclof3.3.1 jnonane
BHT t-butyl hydroxyl toluene

Bn benzyi

Boc tert-butoxycarbonyl

Bu butyl

dba dibenzylidencaceione

DCE 1,2-dichloroethane

DCM dichloromethane

DEM digthoxyvmsthane

DIBAL-H ditsobutylaluminum hydride
DIEA diisopropylethylamine

DMAP 4-{dimethylaminojpyridine
DME dimethoxyethane

DMF N N-dimethyHormamide
DMPU 1,3-dimethyl-3,4,5,6-tetrabydro-2{} H-pyrimidone
DMSO dimethyisulfoxide

PPB 1.4-bis{diphenylphosphinebutane)
EST B&I tonization

Bt gthyl

£q equivalent

b hour

HPLC high performance liguid chromatography
i iso

IBX 2-iodoxybenzois acid

LDA lithium diisopropylamide
LHMDS Lithiom bis(trimethy IsilyDamide
M-D Michael-Dieckmann annulation
MHz mega heriz

Ms methylsulfonyl

MS mass specirometry

MTBE methyl #butyl ether

Bz mass/charge ratio

MW moleculsr weight

NCS N-chlorosuceinimide

NDMBA 1,3~-dimethylbarbituric acid

NMGO N-methylmorpholine N-oxide
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muclear magnetic resonance spectrometey
phenyl

propyl

secondary

tertiary

tetrabutylaromonium fluoride
tricthylamine
triftuoromethanesuifonyl
riflucroacstic acid

triftuoroacetic anhydride
tetrahydrofuran

thin laver chromatography

NN NN -tetramethylethylenediamine
2,2,6,6-tetramethylpiperidine

sodium triacctoxyborohydride

PCT/US2017/049462

Compounds referred herein ag “K-number” (e.g., K1, K2, K43, K44, etc.},

have been prepared according to the procedures described in Tables 3A and 38,

below:
Table 3A
Compound
Number
R R? R® X Synthetic Procedure
/\\E o See Footnote 1
s $ N
CHa ,\E o See Footnote 1
as J e b s e
See Footnote 3
HsC.. ,.CHs C
Kas - b HaNE N
See Footnote 3
K6 r‘iab\{\j,LHg v&;; H:"C\/’\N% "
sy O H
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Compound
Numbsr
QR E N
OH O HO
RS X Bynthetic Procedure
CH, C O See Footnote 1
K47 H3C\§_\.j N\/)J\N% CH
s M
Ses Foolnoie 4
HaCo CHs
Ke8 N CH
d\i}:v
See Footnols 4
HsC., . .CH:
K49 S TR oH
Bicadd
See Foolnote 4
H"C\ ,CH’4
K50 SN = CH
ey
See Foolnote 4
HsC.. ...CH
K51 Ea Vi CH
Riraad
See Footnole 4
w;'JC\ zCH
K52 S Ve oH
w\.’r}a\:
Ses Foolnoie 4
HsC.. .-CH
K83 Ea Vi cH
w\.’r}m
See Footnole 4
H:C.,  .CH
K54 S Nl OH
B
See Footnote 4
{40, Oy AN
K85 I b“N% eH
b b
See Footnois 3
HsC. ., .CH-
K56 ooy XQ\/K o
Rivaad
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R? rR?
. OH
Compound :
Numbsr ' o . o NH,
OH O HOHO ©
e R7? 9 X Bynthetic Procedure
O See Footnote 3
MO, . OH AOHg
K57 ik HsC N oH
oy e HLC q
CHy
CHa Ses Footnote 3
HyCo, ,CHy LCH: HaGJ 7
K58 sy oo HCX,Nﬁ eH
e s 3
O
. Sea Footnote 3
HaC.., CH: LCH: . i
K59 3C N 3 O CH; HsC Pi\jx"\\/«i\ 4 oH
B S &, G
H See Footnote 3
K60 Haln B | oGP Ha@:{ Moo ® | ol
s g Hals H
CHa
Ses Footnote 3
; o NS .-'C' 3 O\
K81 e e HyCo 5. cH
NnERS s N
. ' H
Ses Footnote 3
. HaCo, CHj LCHs Q.
N O H3C Sa
o See Footnote 3
C g LCHs el
K63 {3 \N,CHV o CHs | Hi00L /S\N% oH
o g ‘O H
CHs e See Footnote 3
H3C.._ .CH O, \
K84 e " B el B L\N% CH
ndins o ? H
s See Footnote 3
HaC.., .CH LOF:
K65 T o NS CH
m§N m+n: H

ICGmpOund made in sccordance with proceduorses described in US Patent No., 9,573,895B2

the entire content of which is hereby incorporated by reference.



WO 2018/045084 PCT/US2017/049462

-178-
zCumpﬁuﬂnd made in accordance with procedures described in US Patent No. 9,315,451B2
the entire content of which is hereby incorporated by reference.

3 Compound made in sccordance with procedures described in US Patent No. 9,624,16682
the entire content of which is hereby incorporated by reference.

4Comp0und made in accordance with procedores described in US Patent No. §,906,887B2
the entire content of which is hereby incorporated by reference.

Table 3B
Synthetic Metheod
Compound

Mo,

See Footnote 5
Ki

See Footnote 5
K2

See Footnote &
K3

See Footnote 5
K4

See Footnote 5
K&

See Footnote 7
K&
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Synthetic Method
Compound
#o.
R4 R7 Rg
O See Footnote 6
. i'f:;C\w,CE'ia o CHs N"JT!{
L o k
CHsy
| See Footnote 7
K8 Hg(.J\N/(*-Jﬁ3 O’(‘JFS H{ﬁ
s o
See Footnote 6
Kg HBC\ § ,CH"* O/CFE
e e
See Footnote 6
HaC.., CH: LF
K10 A B
BN "“%‘N
See Footnote 6
HaCu, CHa Ci
N 3
K11 o s
See Footnote 6
HaCw, .CHy Ct
K12 'l o
See Footnote 6
H.C.o LCH
K13 A B
See Footnote 6
HaCw, ~CHy C
K14 T «L{Jv
See Footnote 6
HaCo, CHa Cl
<G N h
K15 L wprs
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Synthetic Mathod
Compound
#o.
See Footnote
Kig
See Footnote &
K17
@ See Footnote 6
HsCo. .CHs ~
TN
K1s e e N
H
See Footnote 6
HaC., CH Kot *
K19 A HC5
A& i
. Ha
(j}{ See Footnote 5
CH ~
HN” Cl N
¥20 e o !\ §
Ph
P S T
CHa < 1 See Footnote 5
K21 HaCo % \i)’?s‘i
N o {
o Ph
See Footnote 7
Halo, .CHa | oF
¢) N 3 H
K22 w 4 =~
See Footnote 6
HACo, .CH4 H.C.
K23 S e HCa
e H
See Footnote 6
HiC., CH: .
o 3oyt CF, v}‘zt\ﬁ/}i
2 CHs
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~182-~
Synthetic Mathod
Compound
#o.
R4 =y R
(\\ See Footnote 5
, NH, CF4
K23 o e 3")?{
CHs See Footnote 5
cFy SV
K28 N . N2
See Footnote 6
K27 AeCogtH | CFy </j§i
e : N
: H
See Footnote 6
, HiCo, .CHa | ¢F %
N 3
Kaa e was N
HaC
[/1{ See Footnote &
%328 }-EBC\NJCHB CF3 N * ¥
H.C7 “CHy
See Footnote §
HyCo, LCHy -
N f H
K30 e b &
~ . See Footnote
HaC. CHs ; N
K31 N !
A o
z oy
See Fooinote &
HaGu LCHg | N
K32 N J\éw
e Ph
,\//\N/}i See Footnote 6
13 HiC.. .CHa c
: e

-
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Synthetic Mathod
Compound
#o.
R4 R s
See Footnote
‘ MGy -CHa F HaCo ot
K34 2 o E\{ 3
. <F See Footnote &
X35 HgC\NA;i‘ﬁ = i |
e e 2 ﬁ/}i
HsC, See Footnote 6
oG, CH CHa
K38 S Vi S
e HaC .
H E_\j/\?’e\
See Footnote 5
K37 N, “;N N
N i
HaC
jH 3 <\1 See Footnote 5
:: -
R Y e N
g Hal
See Footnote 6
“UN ! p
K38 - e NT
) HaC
e See Footnote 6
H“C\ NCH HSC N
K40 0 "ekl I T C%ﬁ’?\
i 2 |77 CH
See Footnote 6
K41
See Footnole 6
K42
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SCumpﬁund made in accordance with procedures deseribed in US Patent No. 9,573,895B2
the entire content of which is hereby incorporated by reference.

6Cump0u0nd made in accordance with procedures described in US Patent No. 9,315,451 the
entive content of which is hereby incorporated by reference.

5 7Compeund made in accordance with procedores described in US Patent No. 9,624,166 the
entive content of which is hereby incorporated by reference.

SCGmpuund made in accordance with procedores described in US Patent No. 8,906,887 the
gntive content of which is hereby incorporated by reference,

10

Further example compounds disclosed herein have been prepared according

1o Schemes 1 through 21, described below.,

15 Schoeme }

<r y GCH; ;\\:;/?N/’\\;:'f’ <P\_E ’ 'f;FCH;\,
A 9.5z PdiFPhy)y & &7 :
N 5 T E O\p- NOMEA ;I\;"“\T;“*\ET/"\ -
i\ P > ‘\\ . LB
CHy : Hy g
OBn G OH o OBn CBn G HO
514 BS
4 4 Tyag HF
R.  .R 1
WOCH 2} TEA, DMS
X Y D OH or Pd, Hs
E E N /\J, :
S Ryt NHy
CH, Y o
OH O HOHOC ©
815

epimerization

The following compounds were prepared per Scheme |,
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dgn 0 HO 1 G
g4.2 OTB3

General Procedure A (de-allylation): To a mixture of compound 81-1 (498 mg, 9.56
mmol, 1 eq, prepared according to hierature procedures inchuding WO 2014036502, 1.3~
dimethylbarbituric acid (439 mg, 2.81 mmol, 5 &) and PA(FPhak (32 mg, 0.028 mmel, .05
eq} was added DCM {5 mL) under nitrogen. The resuliing reaction solution was stirred at 11 for
5 h. The reaction mixture was quenched with aqueous saturaied sodium bicarbonate (bubbling).
The resulting reaction mixture was stirred at rt for 10 min, and extracted with dichloromethane
(3210 mL). The combined organic extracts were dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure. The residue was purified by flash chromatography
on silica gel using 10%6—100% EtCGAc/hexanes to vigld the desived product 81-2 (82 mg, 17%%,
MS (ESI) m/z 846.47 (M+H)) and 81-3 (307 mpg, 68%).

S§1-3: 'H NMR (400 Mz, CDCh) 516.54 (s, 1 T, 7.42-7.41 (m, 2 T, 7.37-7.34 {m,
2 H), 7.27-7.15 (m, 7 H), 5.29, 5.25 (ABq, J= 12.2 Hz, 2 H), 5.16, 5.07 (ARq, J = 12.2 Hz, 2
H), 3.82 (brs, 1 H), 3.61 {t, J= 8.5 Fiz, 1 H), 3.48 (s, 3 F}, 3.32-3.28 {m, 1 H), 2.95 (dd, J =
43,153 He, 1 H), 2.68-2.59 (m, 1 H), 2.52-2.43 (m, 2 H), 2.18-1.98 (m, 5 H), 1.88-1.73 (m,
2 H), 1.56-1.38 (m, 2 H), 0.90 (1, J = 7.3 Hz, 3 1), 0.63 (s. 9 H), 0.11 (5, 3 H), 0,00 (5, 3 H);
MS (ESD) m/z 806.51 (M+).

S OBaO HOEo  OBn

89401 OTBS

General procedure B-1 (reductive alkylation): To a solution of amine 8$1-3 (40 mg,
(.05 mmol, 1.0 eg) in DCM (I ml) was added HOAc (5.7 pl., 0.1 mmeol, 2 eg) and STAB (16
mg, .08 mumol, 1.5 eq) at ¢ °C. Then propionaldehyde (3.6 uyl., 0.05 mmol, 1.0 eq} was added,
The resulting reaction mixture was stirred at ¢ °C for 2 h. Saturated NaHCOs was added. The
resulting mixture was extracted with DCM (10 mL). The organic phase was dried over NaaSOs,
filtered and concentrated under reduced pressure. The resulting crude product $1-4-1 was used
directly for the next reaction: MS (ESI) m/z 848.48 (M-+H).
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OH O HOPRO O

$1-6-4

General Procedare € (HF desilylation): Agueous HF (48-50%, 0.1 mL) was added to
a solution of compound 8§1-4-1 (6.05 mmol, 1 eg) in CHyCN (1 mL} in a polypropylene reaction
vesacl gt rt. The mixture was stirred vigorously at rf overnight and poured slowly into saturated
aqueous NaHCCOs (3 mL) {vigorously bubbling). The resulting mixture was extracted with
EtCAc {106 mbL). The organic phase was washed with brine, dried over anhydrous sodium
sulfate and concentrated under reduced pressure. The residue was used directly in the next step
without further purification (MS (ESD m/z 734.40 (M+H)).

General Procedure D-1 (global deprotection): To a solution of the above intermediate
in TFA (I mL) was added dimethylsulfide (0.1 mL). The resulting reaction solution was stirred
at rt overnight, The reaction was evaporsated and the residue was dissolved in 0.05 N HCl in
water. The resulting solution was purified by preparative reverse phase HPLC on a Waters
Agtopurification system using a Phenomenex Polymerx 10 p RP-y 100A column {10 pm,
156 x 21.20 mmy;, flow rate, 20 mi/min; Solvent A: 0.05 ¥ HClwater; Solvent B: CHCN;
injection volume: 2.0 mb {0.65 N HCVwater); gradient: 10—25% B in A over 20 min; mass-
directed fraction collection]. Fractions containing the desired product were collested and
freeze-dried to yield compound $1-5-1 (14.3 mg, 46% over 3 steps): 'H NMR (400 MHe,
CDa0D, dihwdrochloride salty §7.14 (s, 1 H), 4.87-4.84 (m, 1 H), 3.90 (5, 1 H}, 3.87-3.81 {m,
1D, 3.68 (s, 3 H), 3.37-3.29 (m, 2 HI}, 3.28-3.07 (m, 4 I}, 3.01-2.88 (m, 2 I}, 2.62-2.55 {m,
1H), 2.43-224 (m, SH}, 1.83-1.73 {m, 2 H), 1.64-1.54 (m, 1 H}, 1.26 1, J=7.3 Hz, 3 H), 1.03
{t,.F=7.3 Hz, 3 H); MS (ESD) m/z 556.30 (M+H.

The following compounds were prepared by using general procedures 8-1, €, and D~

CHy
HOCHs | T

A oH
’@ﬂ\/ﬂ/\ ~NH;
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Compound $1-8-2 was prepared from compound 81-3 and acetone: 'H NMR (400

MHz, CDsOD, dihydrochloride salt) §7.15 (s, 1 H), 4.90-4.85 (m, T H), 3.89 (5, | H), 3.88-

3.82(m, 2 H),3.68 (5,3 H), 3.383.33 (m, 1 H), 3.25 {dd, J=16.0, 4.6 He, 1 H), 3.20-3.08 (m,

2H), 3.02-294 (m, 1 H), 2.87(d, J= 124 Hz, | H), 2.62-2.55 (m, | H), 2.42-2.37 {m, 5 H},

5 1.65-156{(m, 1 H),144(d,7J=64Hz, 3H), 140, /=64Hg, 3H), 1264 7=73He 3
Hy; MS (EST) m/z 556.31 (M+H).

e NH
H:

.
2 S OH

Aoy A N

OH & HO 3 & 6
S1-5-3
Compound $1-3-3 was prepared from compound $1-3 and BocNHCH:CHO: 'H NMR
{460 MHz, CDHOD, tribydrochloride salt} § 711 (5, 1 H), 4.09 (5, 1 H), 3.78-3.87 (m, 3 H},
10 3.68(s, 3H), 3.60-3.65 (m, 1 H), 3.39-3.43 (m, 2 H), 2.93-3.24 (m, S H), 2.55-262 {m, 1 H),
2.23-2.40 (m, 6 F), 1.52-1.62 (m, 1 H}, 1.25 (&, J=7.2 He, 3 M) MS (S} m/z 5573 (M+H).
acosesh

&
CH O HOH O O
51-8-4

Compound 81-5-4 was prepared from compound $1-3 and TBSOCHCHO: 'H NMR

{400 MHz, CD:0D, dibydrochloride salt) & 7.12 (s, 1 H), 4.01 {5, 1 H}, 3.80-3.91 (m, 4 H),

15 3.67 (5,3 H), 3.39-3.50 (m, 2 H), 3.05-3.24 (m, 4 H), 2.88-3.00 (m, 2 H), 2.55-2.61 (m, 1 H),
2.20-2.40 (m, S H), 1.55-1.62 (m, 1 H), 1.25 (1, J= 8.0 Hz, 3 H); MS (BSI) m/z 558.3 (M+H).

o) i
oH O HOHO O
$1-5-5

Compound 83-5-8 was prepared from compound 81-3 and FCH2CHO {(prepared from

the corresponding alcoho!l according to the literature procedure in WO 2011146089 Al 'H

28 NMR (400 MHz, CD:OD, dihyvdrochloride salt) 8 713 (s, 1 H}, 4.803 {5, 1 H), 3.69-3.88 (m, 4

H), 3.66 (s, 3 H), 3.25-3.38 (m, 3 H), 3.05-3.23 (m, 2 H}, 2.89-3.00 (m, 2 H), 2.55-2.61 (m, 1

M), 2.21-2.42 (m, 6 H), 1.56-1.66 {m, 1 H}, 1.23 (¢, J= 7.2 Hz, 3 H); MS (ESD »/7z 560.3
{(M-+HD.
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OH QO HQ S o 0
51-8-8

Corapound 51-5-6 was prepared from compound 83-3 and CHsQCH2CHQO (prepared
from the corresponding alcohol according to the literature procedure in WO 2011146089 Al
¥ TH NMR (400 Milz, CD30OD, dihydrochloride salt) 8 7.03 (5, 1 1), 3.88 (5, 1 H), 3.69-3.75
{m, 1 H),3.61-3.64 (m, 2H), 3.67 (5,3 H), 3.38-3.42 (m, 2 H), 330 (s, 3 H), 3.18325 (m, 3
i, 2.95-3.15 (m, 2 ), 2.75-2.30 (m, 2 ), 2.45-2.51 (m, 1 H}, 2.09-2.31 (m, S H), 1.44-1.54
(m, 1 H), 1.12(t, J="7.2 He, 3 H); MS (ESD m/z 572.3 (M+H).

Compound 81-8-7 was prepared from compound 81-3 and BocN(CH3)CH2CHO: 'H
NMR (460 MHz, CD10D, tribydrochloride salt}) 8 7,11 (5, 1 H), 4.09{s, 1 H}, 3.79-3.89 (m, 2
H),3.67 (s, 3 H), 3.55-3.60 (m, 2 H}, 3.30 (5,3 H), 2.85-3.18(m, 4 H), 2.79 (s, 3 H), 2.55-2.61
(m, 1 H}, 2.21-2.31 (o, 6 H), 1.56-1.63 (m, 1 HY, 1.25 (1, /=72 Hz, 3 H; MBS (ESD m/z 571.3
{(M-+H).

a i
OH O HOH O O
89-5-8

Compound 51-5-8 was prepared from compound 81-3 and PhCHO: 'H NMR (400
MHz, CI3:0D, dihydrochloride salt) § 7.55-7.62 (m, 2 H), 7.45-7.51 {m, 3 H), 7.09 (s, 1 H),
4.47-4.52 (m, 2 H}, 3.80-3.75 {m, 2 H}, 3.67 {s, 3 H}, 3.09-3.23 {m, 4 H), 2.83-2.93 {m, 2 H},
2.55-2.61 (m, 1 H), 2.21-2.46 (m, 5 H), 2.00-2.08 (m, 1 H},1.50-1.63 (m, 1 1), 125 (4, /=72
He, 3 Hy, MS (BSD m/z 604.3 (M+H).
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Compound 81-5-9 was prepared from compound 51-2 (44 mg, 0.052 mmol, | eq) and
HCHO by using general procedure B-1 and €, followed by the following general procedure D-
2

General procedure B-2: P4-C (10wi%%, 5 mg) was added in one portion into a solution
of the above crude product in a mixture of CHaOH (1 ml) and HCl/water (1 ¥, 130 L, 0.13
mmol, 2.5 eq} at rt. The reaction vessel was sealed and purged with hydrogen by briefly
evacuating the flask followed by flushing with hydrogen gas (1 atm}). The reaction mixtors was
stirred under g hydrogen atmosphere (1 atm} at rt for 1 b 30 min, More P4-C (10wi%s, 5 mg)
was added and the resulting reaction mixture was stirred under a hydrogen atmosphere (1 atm)
at vt for 1 h. The reaction was filtered through a small Celite pad. The cake was washed with
CH3OH. The filtrate was concentrated. The residue was purified by preparative reverse phase
HPLC on a Waters Autopurification system ugsing a Phenomenex Polymerx 10 u RP-y 106A
cotumn {10 pm, 150 x 21.20 num; flow rate, 20 mi/min; Solvent A 0.05 ¥ HClwater; Solvent
B: CHaCN; injection volame: 3.0 mL (1.5 ¥ HCVwater); gradient: 5—-25% B in A over 13
min; mass-directed fraction collection]. Fractions containing the desired product were collected
and freeze-dried to yield compound 81-5-9 (123 mgk 'H NMR (400 MHz, CInROD,
dibydrochloride salt) 8 7.15 (s, 1 H}, 4.96-4.85 {m, | D), 3.84-3.81 (m, 2 H), 3.68 (5, 3 H),
3.36-333 (m, 1 H),3.27-299 (m, SH), 293 (3, 3 H), 2.88-2.83 (m, 1 H), 2.62-2.55 (m, 1 H),
242-2.24 {m, 4 H, 1.63-1.54 (m, 1 1), 1.26 (1, J=7.3 Hz, 3 H); MS (ESI) sz 528.23 (M+H).

CHy

QCH, HI
HOFTE g e

NPENGENCPENG
= P! ' _NHM,
e

OH O HOHO O
$4-5-16

General procedure B-2 (acylation/selfonylation): To a sohstion of compound $1-3 (43
mg, 0.053 mmol, 1 eq) and TEA (30 uL, 0.21 mmol, 4 eg) in DCM (3 ml) was added acetic
anhydride (16 ul., .16 nunol, 3 eq) at 0 °C. The resulting reaction mixtore was stirred at § °C
and allowed {o warm up to rt overnight. The reaction was difuted with DCM, washed with
saturated sodium bicarbonate and brine. The resuliing organic phase was dried over anhydrous
sodium sulfate, filtered, and concentrated. The crude product was subjected to the general
proceduore € for HF desilylation at 50 °C and general procedure B-1 to give 81-6-10 (11.2 mg,
36% over 3 steps):
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TH NMR (400 MHz, CIsOD, bydrochloride salt) 8 7.04 (s, 1 H), 3.79-3.85 (m, 2 H), 3.69 (s,
3 H), 3.05-3.21 (m, 4 H}, 2.90-3.00 (m, 1 H}, 2.53-2.70 (m, 2 H), 2.21-2.45 {m, 6 H), 2.05 (s,
IH)LS1-1.60 (m, 1 H), 125 (1, /= 7.2 He, 3 H); MS (BSD m/z 556.3 (M+H).

Q
A
{j:f'{ QTH, b 1]"";; ‘._,'.
N : : -OH
k NH
Chla

3
OH O HOR O O
51611

Compound 81-5-11 was prepared from compound 31-3 and Ms:0 following the same
procedure as for compound 8§1-5-10: 'H NMR (400 MHz, CIOD, hydrochioride salt) 8 7.01
(s, 1H), 4150, T HY, 3.75-383 (m, 2 H), 3.69 (5, 3 H), 3.16-3.40 (13, 4 H), 2.92-3.11 (m, 3
H), 241261 (m, 3 H), 222238 (m, S H), 1.75-1.83 (m, 1 H), 1.25 4, /=72 Hz, 3 H), MS
(ESD) m/z §92.3 (M+H).

OH O HOH O O
51542

To g mixture of amine 831-3 (48 mg, 0.06 mmol, 1.0 ¢q), HOBt (12 mg, 0.0% mmol, 1.5
eq) and EDC {17 mg, 0.69 mmol, 1.5 eq) in 10 ml. RBF was added DCM {1 mL} under
nitrogen. Then EONPr2 (21 ul, 0.12 mmol, 2 eq) and salicyclic acid (9 mg, (.07 mmol, 1.1 eq}
were added subsequently. The resulting reaction mixture was stivred at vt for 5 days. The
resulting dark reaction mixture was exiracted with DCM (10 mL}). The organic phase was
washed with brine, dried over NaxSQ4, filtered and concentrated under reduced pressure. The
vesidue was purified by flash column chromatography {10 g silica gel column, 10-803%
EtQGAc/Hexane) to give the desired product (13 mg, 23%): MBS (ESI) m/2 926,53 (M+H).

The above product was subjected to general procedure € and B-1 {o give compound
$1-8-12: 'H NMR (400 Mz, CDs0D, hydrochloride salt) 8 7.83 (4, /=73 Hz, 1 1), 740 (¢,
J=T3He, 1 H), 7.03 (5, 1 H), 6.94-6.90 (m, 2 H), 5.07-5.06 (m, 1 H}, 3.81-3.76 (m, 2 H}, 3.65
(s, 3H), 3.21-3.06 (m, 4 H), 2.98-2.94 (m, | 1}, 2.62-2.38 (m, 2 H}, 2.45-2.22 {m, 5 H}, 1.74-
1.67 (m, 1 Hj, 1.23 (¢, /=73 Hz, 3 H); MS (ESI) m/ 634.39 (M+H).
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81-5-13

To a solution of amine $1-3 (82 mg, .10 mmel, 1.0 eg) was subjected to general
procedure C to give desilylated product 74 mg. To a solution of this intermediate (42 mg, 0.6
ounol, 1.0 eq) in DOM ( ml) was added HgCh (33 mg, 8.12 mmol, 2.2 eq) and TEA (30 uk,
.21 mmel, 3.5 eq} at § °C. Then 1,3-bis(fers-butoxycarbony-2-methylisothiourea (39 mg,
.12 mmol, 2.2 eq) was added. The resulting reaction mixture was allowed to warm up to 1t
and stirred overnight. The resulting reaction mixture was filiered, washed with DCM (10 mL).
The filirate was concentrated under reduced pressure. The residue was purified by flash cohimn
chromatography {10 g silica gel column, 16% CHOH/DCM) to give the desired produet {20
mg, 35%); MS (ESD m/z 934.57 (MA+H).

The above product was subjected to general procedure B3-1 {o give compound 81-8-13:
'H NMR (400 MHz, CD30D, dihydrochloride salt) 8 7.06 (s, I H), 4.30 (s, 1 H), 3.78-3.84 (m,
1H), 3.68 (s, 3 H), 3.32-3.40 (m, 2 H), 3.68-3.17 (m, 3 H}, 2.90-3.00 (m, 1 H}, 2.53-2.60 {m,
3 Hy, 2.21-2.39 (m, S H), 1.58-1.64 (m, 1 H), 1.22 (¢, /= 6.8 Hz, 3 H)y, MS (ESD m/z 556.3
(M+H).

Compound 51-5-14 was prepared from compound $1-3 and BocNHCH2CHO by using
general procedure B-1. The resulting product was then treated with 4 N HCl in dioxane (I mL)
for 30 min and concentrated. The residue was subjected fo general procedure B-2, € and B-1{o
give desired product $1-8-14: 'H NMR (400 MHz, CD:0D, dibydrochloride salt) 3 7.10 (s, 1
H), 3.99 (s, 1 H), 3.79-3.83 (m, 1 H), 3.67 {5, 3 H}, 3.55-3.60 {m, 1 H}, 3.45-3.51 {m, 3 H},
3.31-3.35 (m, 1 H), 3.05-3.27 {m, 4 H), 2.92-3.00 {m, 1 H), 2.79-2.83 {m, T H}, 2.55-2.60 {m,
1H), 2.20-2.40 (m, SH), 1.98 (s, 3 H), 1.52-1.62 (m, 1 H}, 1.22 (t, /= 7.2 Hz, 3 H); MS (ESD)
iz 599.3 (M.

PCT/US2017/049462
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§1-5-15

Compound 51-8-15 was prepared similarly to compound $1-8-14: 'H NMR (400 Mz,
CiOD, dibydrochloride salt) 5 7.08 (s, 1 H), 4.05 (s, 1 H}, 3.78-3.85 (m, 2 H), 3.68 (n, 5 H),
3.45-3.52 (m, 6 H), 3.09-3.20 (m, 2 H), 2.89-3.00 (m, 2 H}, 2.55-2.62 (m, 1 H), 2.21-2.51 {(m,

5 6H), 1.53-1.63 (m, 1 H), 1.23 (¢, ./="7.2 He, 3 H); MS (ESD m/z 6353 (M+-H).

Oj/OH

O e

N \ T o \)!’i
. ! 7 4 ! NHy
CHs 3 i

OH O HOHQ
$1-5-16

General procedare B-3 (substitition): To a solution of amine 831~3 (42 mg, 0.05 mmol,

1.0 eq) in DMF (0.7 mL} was added BrCH2CO2Bu (8 pL, 0.05 mmol, | eq) and PraNEL {45

pl, 4.25 mmol, 5 eq). The resuliing reaction mixture was stirred at ri overnight and heated o

18 50°C for 6 h. The resulting reaction mixture was diluted with EiOAc, washed with brine, dried
over Na:304, filtered and concentrated under reduced pressore. The residue was used directly

for the next reaction.

The crude product was then subjected to general procedure € and D1 to give desired
15  product $1-5-16: 'H NMR (400 MHz, CD:0D, dihydrochloride salt) 8 7.08 (s, 1 H}, 4.19 (s, 2
H), 3.99 (s, 1 H), 3.78-3.83 (m, I H}, 3.68 (5, 3 H}, 3.05-3.22 (m, 3 H), 2.83-3.00 (m, 2 H),
2.52-2.61 (m, 1 H), 2.19-2.40 (o, 5 H), 1.56-1.67 (mm, T H}, 1.22 (, /=72 Hz, 3 H); MS (ESD)

m/z 572.2 (M+H).

20 The following compounds were prepared by using general procedures B-3, C, and D~
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Compound 81-8-17 was prepared from compound $1-3 and BrCH2CONHz: 'H NMR
{400 MHz, CDnOD, dihydrochloride salt) 8 7.11 (s, 1 H), 4.15 (5, 2 H), 3.98 (5, 1 H}, 3.79-3.84
{m, 1 H}, 3.68 (s, 3 H}, 3.09-3.24 {m, 3 H}, 2.83-3.00 {m, 2 H), 2.55-2.63 (m, 1 H), 2.20-2.4¢
{m, SH), 155-1.65 (m, 1 H), 122 (t, J=7.2 He, 3 H); MS (ESD m/z 571.3 (M+H).

oj,ow3

(¥

CH O HOFOQ O
$1-5.48

Compound 81-5-18 was prepared from compound 81-3 and BrCH200Me: 'H NMR

(400 Mz, CD3OD, dihvdrochloride salt) 8 7.11 (5, 1 H), 4.26 (5, 2H), 4.03 (s, 1 }}, 3.84 (5,

3H),3.79-3.82 (m, 1 H), 3.68 (s, 3 H), 3.08-3.24 {m, 3 H), 2.87-3.00 (m, 2 H), 2.35-2.62 (m,

10 1 H), 2.20-2.50 (m, S H), 1.55-1.63 (m, 1 H), 1.21 (¢, J=7.2 He, 3 H); MS (ESI) m/z 586.3
(M-+H).

To a solution of the corresponding C-4 epimer (71 mg, 8.12 mmol, 1 eq, prepared per

15 [literature procedures inchuding WO 2014036502) in CH30H (1 ml) was added pyridine (38
gL, 0.47 mmol, 4 g} at rt. The resulting resction solution was stivved at vt for 3 days. The
reaction was concentrated to give a yellow solid, which was dissolved in 6.05 N HCI in water.

The resulting reaction solution was purified by preparative reverse phase HPLC on a Waters
Autopurification system using a Phenomenex Polymerx 10 g RP-y 100A column {10 pm,

26 156 x 2120 mny flow rate, 20 mi/min; Solvent A: 0.05 N HCVwater; Solvent B: CHiCN;
injection volume: 2.0 mb {0.65 N HCVwater); gradient: 10—25% B in A over 20 min; mass-

directed fraction collection]. Fractions comtaining the desired product were collested and
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freeze-dried to yield compound Si-6-1 (27.2 mg, 38%): 'H NMR (400 MHz, CD:0OD,
dihydrochloride salt) 6§ 7.18 (s, 1 H), 4.88-4.84 (m, 1 H}, 4.72 (4, /=40 Hz, 1 H), 3.88-3.82
{m, 1 H), 3.67 (s, 3 H), 3.41-3.30 (m, 3 H), 3.27-3.22 (m, 1 H), 3.20-3.06 (m, 2 H), 3.03-2.98
(m, 1 H), 2.96-2.88 {m, 2 H}, 2.61-2.54 (m, 1 H}, 241 (¢, J= 14.8 He, | H), 2.36-2.23 {m, 3
H3, 2.18-2.14 (m, 1 H), 1.56-1.46 (m, 1 H), 144 (1, J=7.2 Hz, 3 H), 1.26 {t, /= 7.6 Hg, 3 H};
MS (ESTy m/z 541.4 (M+H),

<\ y OCH; MM
N - !/L\\\Y/ ! OH
PN MH,
et YOV EY ’
OH O HOP O O
B4-5-2

To a suspension of 7~-methoxy~-8-[{(25)-1-cthy2-pyrrolidinyl}-6-demethy1-6-
deoxytetracycline {550 mg, 0.89 mmol, 1 eq, prepared per literature procedures including
Org. Process Res. Dev., 2016, 20 (23, 284-296.) in DMF (4.4 mL) was added 3 solution of
NHeOH (109 ul, 1.78 mmol, 2 eq) in water {109 pl)) at rt. The resulting reaction mixiure
was stirred at 80 °C overnight with 2 necdle in the septum to open (o air. The resulting dark
brown reaction solution was cocled to rf, and dropped into stirring MTBE 2280 mi) to give a

suspension,

The solid was collected by filiration and washed with MTBE. The solid was then dried
under vacuum. The solid was then dissolved in TFA {4 mL}. P4/C (10 wi%s, 80 mg) was added.
The reaction vessel was sealed and purged with hydrogen by briefly evacuating the Hask
followed by flushing with hydrogen gas (1 atm). The reaction mixture was stirred under a
hydrogen atmosphere (1 atm} at 1t overnight, More Pd-C (10w, 80 mg) was added and the
resuliing reaction mixture was stirred ynder a hydrogen atmosphere (1 atim) at rt overnight, The
reaction was concentrated and diluted with CHaOH. The mixture was filiered through a small
Celite pad. The cake was washed with. The filtrate was concentrated. The residue was purified
by preparative reverse phase HPLC CHaOH on a Waters Autopurification sysiem using a
Phenomenex Polymerx 10y RP-y 100A coluwmn [18 m, 156 = 21.20 mm; flow rate, 20
mb/min; Solvent A: .05 N HClwater; Solvent B: CH3CN; injection volume: 3.0 ml (0.05
HCVHwater); gradient: 18—20% B in A over 15 min; mass-directed fraction collection.
Fractions containing the desired product were collecied and freeze-dried to yield compound
81-6-2 (81 mg): H NMR {400 MHz, CD:0D, dihydrochloride sal) 8 7.12 (s, | H), 4.93-4.85
(m, 1 H), 476 (d, /=48 Hz 1 H),3.86-3.81 {m, 1 H),3.67 (s, 3 H), 3.37-331 (m, 1 H),3.25
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(dd,J=152, 4.0 Hz, 1 H), 3.20-3.07 (m, 2 1), 2.90-2.82 (m, 2 H), 2.62-2.56 (m, 1 H), 2.43 (1,
J= 148 He, 1 H), 2.36-2.23 (m, 3 H), 2.16-2.12 (my, 1 H), 1.53-1.43 (m, 1 H), 1.25 (4, 7= 72
Hz, 3 H); MS (ESI) m/z 514.36 (M+HD.

H A on
mmz
(613

2
OoH O OH O O
B9-71

NH
|
s

Compound 83-7-1 was prepared from the enantiomer of the left-hand side (1LHS) and
diallylenone 82-3 according to literature procedures including WO 2014036502: THNMR (400
MHz, CD:0D, dihydrochloride salt} 8 7.11 (5, 1 H), 4.77 (dd, J=10.8, 8.0 Hx, 1 H},3.92-31.86
(m, 2H), 3.75 (3,3 H),3.37-3.29 (m, 1 H), 3.25-3.10 (m, 3 H), 3.01-293 (m, 1 H), 268 (dt, J
=124, 12 Hz, 1 H), 2.63-2.54 (m, 1 F, 238 (¢, J=14.8 He, | H), 2.32-2.24 {m, 3 H}, 2.17-
2.07 (m, 1 H), 1.64-1.55 (m, 1 H), 1.28 (1, /= 7.6 Hz, 3 H); MS (ESD) m/z 514.36 (M+H).

Compound 81-7-2 was prepared from the normal LHS and the enantiomer of the
diallvlenone according to literature procedures including WO 2014036502: 'H NMR (400
MHz, CDs0OD, dihvdrochloride salt} 3 7.06 (s, | H), 476 (44, /= 10.4, 7.6 He, 1 H}, 3.91-3.85
{m, 2H), 375 (s, 3 H), 3.37-3.30 (m, 1 H), 3.25-3.09 (m, 3 H}, 3.00-2.92 (m, 1 H), 2.67-2.57
{(m, 2H}, 239 J=148Hz, 1 F), 2.34-2.24 {m, 3 H}, 2.17-2.09 (m, 1 H), 1.63-1.36 (m, 1
H), 127 (¢, J=72 Hz, 3 Hy, M8 (ESI} m/z 514.36 (M+H).

fo O . NH,

H

Compound 51~-7-3 was prepared from the enantiomer of LHS and the enantiomer of
the diallylenone according to lterature procedures including WO 2014036502 'H NMR (400
MHz, CIhOD, dihydrochioride salt) 8 7.15 (s, 1 H), 4.94-4.85 (m, 1 H), 3.91 (s, 1 H}, 3.80-
3.72(m, 1 ), 3.68 (s, 3 H}, 3.37-3.07 (m, 4 1, 3.00-2.91 (m, 1 H}, 2.70-2.67 (in, 1 H), 2.62-
256 (m, 1 H), 2.45-2.23 (m, 5 H), 1.65-1.536 (m, 1 H}, 1.26 (1, /=72 Hz, 3 H); ME (B8]} m/z
514.36 (M+H).
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The following compounds were prepared per Scheme 2,

Compound §2-3 {125 mg, 0.299 mmol, 1 eq, prepared per literature procedures: Org.

Process Res. Dev,, 2016, 20 (2}, 284-296) snd NaBHzCN (76 mg, 1.209 mmol, 4 eq) wers
added to a mixture of CHxCh and CHaCN (0.8 + 6.8 mL). The flask cooled down to § °C,
followed by the addition of trifluorcacetic acid (0.092 ml, 1.202 mmel 4 eq) and

10 ifluorcacetaldehyde monohvdrate (75% in HoO, 0.240 mL, 1.50 mmol, 3 eq). The cold bath
was removed and the resulting mixture was stivred at room temperature for 2 b, EtOAc was
added and the mixture washed with saturated NaHCOs solution. The organic phase was
concentrated by rotovap. The residue was purified through flash column chromatography fo
afford the desired product $2-2-1 as a colorless oil (538 mg, 40%, the unreacied SM can also be

15 recovered): 'H NMR (400 MHz, CDCL) § 7.08-7.50 (m, 11 H), 5.09-5.17 (m, 2 H), 3.92-4.00
{m, 1 H), 3.70 {5, 3 H}, 3.51-3.60 {m, 1 H)}, 3.08-3.20 {m, 1 H), 2.75-2.83 {m, 1 H}, 2.49-2.57
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(m, 1 H), 2.40 (5, 3 H), 2.20-2.28 (m, 1 H), 1.88-2.00 (m, 1 H), 1.55-1.65 (m, 1 HD, 1.21-1.30
(m, 1 H); MS (ESD m/z 500.3 (M+H).

To a flame-dried round-bottom flask, compound 82-1 (125 mg, ¢.299 nunol, 1 eq),
NaBH:CN (57 mg, 0.907 mmol, 3 eg) and 4A molecular sicves (100 mg) were added, the flask
was vacuumed and refilled with Nz Then anhydrous CHsOH (2 mL), (1-ethoxyeyclopropyl)
trimethylzilane (0.240 mlL, 1.193 mmol, 4 eg) and HOAc¢ (0.086 mL, 1.500 mmol, 5 eg} were
added and the resulted mixture was stirred at 55 °C for 16 h. EtOAc was added and the mixtare
was filtered through Celite. The filtrate was washed with saturated NalHCOs solotion. The
organic phase was concentrated by rotovap. The residue was purified through flash column
chromatography to afford the desired product $2-2-2 as a coloriess oil (89 mg, 65%): 'H NMR
(400 Mz, CDCl) 8 7.10-7.58 (m, 10 H), 7.02 (s, 1 H), S.11 {5, 2H), 3.85-4.01 {m, 1 H), 3.71
(s, 3H}, 3.21-3.30 (m, 1 H), 2.55-2.63 (m, 1 H), 2.40 (5, 3 H}, 2.20-230 (m, 1 H), L.78-1.90
{m, 2 H), 1.55-1.70 {m, 2 H), 8.27-0.35 {m, 2 H}, 0.00-0.16 {m, 2 H); MS (ES[} m/7z 4383

{M-+H}.
1 OCHs
N/‘ N LOHg
; B
K‘? 700,
F

QBn
52-2-%

Compound 82-1 (125 mg, 8.299 mmol, 1 eq), N N-diisopropylethylamine {DIPEA,
(3.105 mL, 6.602 oumol, 2 eq) and Nal (5 mg, 0.033 mmol, 0.1 eq) were added indo DMF (0
ml}, then 2-fluorosthy! bromide (0,045 mL, 0.604 mmol, 2eq) was added and the resulted
mixture was stirred at room temperature for 21 b, EtOAc was added and washed with brine
solution. The organic phase was concenirated by rotovap. The residue was purified through
flash column chromatography to afford the desired product 82-2-3 as a colorless oil (79 mg,
57%): 'H NMR (400 MHz, CDCls) 8 7.09-7.50 {m, 11 H), 5.10-5.15 (m, 2 H), 4.30-4.51 (m, 2
My, 3.70 (3, 3 H), 3.48-3.50 (m, 1 H), 2.79-2.90 (m, 1 H}, 2.37 {5, 3 H}, 2.30-2.35 (m, 1 HI},
218226 (m, 1 H), 1.82-2.00 {m, 2 H), 1.53-1.61 {m, 1 H}, 1.21-1.30 {(m, 1 H}, 0.82-0.91 {m,
1 Hy;, MS (BSD m/z 464.3 (M+H).
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To the pyrrolidine 82-1 (8.74 numel 1 eg, crude material), Nal (10 mg),
dimethylformamide (DMF, 10 ml) and triethylamine (TEA, 2.82 ml, 20.231 nunol) were
added and cooled to 8 *C. A solution of benzyl bromide (1.650 mL., 13.867 mumol} in DMF (5
mlb} was added. The reaction mixture was stirred at room temperature for 3 h. CHeCh (100
mbL} was added, and the resulting mixture was washed with brine solution. The organic phase
was concenfrated under reduced pressure. The residue was purified through flash column
chromatography to afford the desired product 82-3-4 as a white solid (3.83 g, 86% over 3
steps}: 'H NMR (400 MHz, CDCh) 8 7.09-7.59 (m, 16 H), 5.12-5.20 (m, 2 H), 3.80-3.90 (m,
2H, 374, 3 H}, 3.03-3.12 (m, 1 H), 241 (5, 3 H), 2.20-230 (m, 2 H), 1.80-1.94 (m, 2 H},
1.60~1.70 (m, 2 H); MS (ESD m/z 508.3 (M+H).

( \j_\\:»-l
N
i |
Tr

ﬁf:[c{:)z?h

TrCl (87 mg, 0.31 mmol, 1.0 ¢¢) and TEA (48 pl,, 0.34 mmol, 1.1 eg) were added to
S2-1 (130 mg, 0.31 mmol, 1 eq) in CH2Clz (3 mL} at rt. The reaction mixture was stirred at t

OCH;
O

for 3 davs and diluted with DCM. The resuliing solution washed with saturated NaBCGOs and
brine, dried over MgSQOy4, and concentraled under reduced pressurs to give the desired product
82-2-5 as a yellow solid. This crude product was used in subsequent reaction without further
purification.

o
OCH; }M!;l/\y

N =Y
(\ S : r/ 7
T dBaG onio  OBn
5TBS

S2-84

General Procedure ¥ (Michael-Dieckmann annulation): »n-Buli (70 ul, 25 M in
hexanes, 0.17 mmol, 1.4 eg) was added dropwise to a solution of diisopropylamine (23 gL,
0.17 mmol, 1.4 eq) and TEA -HCI (1 myg, 0.005 eq) in THF {0 mL) at —50 °C. The reaction
mixture was warmed up to 20 °C and re-cooled to below ~70 °C. A solution of 8§2-2-1 (59
mg, §.12 mmol, 1 eq) in THF (I mL) was added dropwise via a cannula ai below ~73 °C over

10 min. The resulting red orange sohution was stirred at 78 °C for 1 k, and cooled to 100 °C
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using a EtOHAiguid N2 bath. A sobhution of enone 52-3 (64 mg, 0.12 mmol, | eq, prepared
according fo hierature procedures including WO 2014036502) in THF (1 mL) was added {0 the
reaction mixture, followed by LHMDS (120 uL, 1.0 M in THF, 0.12 mmol, 1 eq). The reaction
mixture was gradually warmed up to —15 °C and stirred at that temperature for 45 min. A
saturated aquecus NH4CH{20 mL) solution was added to the reaction. The reaction mixture was
extracted with EtOAc (40 mL). The organic phase was washed with brine (20 ml), dried over
NapSQO4, and concentrated under reduced pressure. Flash chromatography on silica gel vsing
{Me—50% EtOAc/hexanes vielded the desired product 82-4-1 as a yellow solid {59 mg, 53%}):
TH NMR (400 MHz, CDCla} 3 16.2 (s, 1 H}, 7.28-7.51 (0, 8 H), 6.83-6.95 (m, 3 H}, 5.79-3.90
{m, 2 H), 5.10-5.27 (m, 7 H), 3.99-4.13 (m, 2 H), 3.68 (s, 3 H), 3.03-3.67 (m, 7 H), 2.57-2.80
(m, 6 H), 1.19-1.26 {m, 6 H), 0.85 (s, 9 H), 0.27 (5, 3 H}, 0.15 (5, 3 H); MS (ESI) m/z 940.3
(M-+H).

Compound $2-4-2 was prepared from 82-2-2 and 52-3 by using the General Procedure
A
TH NMR (400 MHz, CDCl} 8 16.1 (5, 1 H), 7.09-7.50 {m, 9 H), 6.70-7.00 (in, 2 H), 5.60-5.75
(m, 2 H}, 4.95-5.13 (m, 7 H), 3.98-4.08 (m, S H), 3.59 (s, 3 H), 3.07-3.21 {m, 4 H), 2.15-2.50
(mm, 4 H), 1.55-1.75(m, 6 H), 1.13-1.21 {m, S H), 8.77 (5, O H}, 017 (5, 3 H), 0.04 {5, I H}; MS
(ESI) m/z 898.3 (M+H).

QTBS

82-4-3
Compound 52-4-3 was prepared from 82-2-4 and $2-3 by using the General Procedure

A

5 NMR (400 MHz, CDCR) 8 16.1 (s, 1 H), 7.10-7.41 (m, 14 H), 6.71-6.89 (m, 2 H), 5.65-

S.71 (m, 2 H), 4.98-5.18 {m, 9 H), 3.98-4.07 {m, 2 H}, 3.65-3.79 (m, 1 H}, 3.60 (5, 3 H), 3.00-

328 (m, 4 H), 2.30-2.57 (m, 4 H), 2.10-2.21 (m, 2 H), 1.69-1.82 {(m, 3 H), 1.10-1.20 (m, 3 H),

073 (s, 9H), 0.17 (5, 3 H), 0.04 (5, 3 H); MS (ESD m/z 948.3 (M+H).
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Compound 82-9-1 was prepared from 82-4-1 by using the General Procedure A, C and

B-1: 'H NMR (400 MHz, CD:0D, dihydrochloride salt) 8 7.08 (s, 1 H), 3.88 (5, 1 H}, 3.70-

374 (m, 1 H), 3.68 (s, 3 ), 3.55-3.62 (m, 2 H), 3.10-3.25 (m, 2 H}, 2.90-3.00 (m, 1 H), 2.60-

5  2.65(m, 1 H), 235250 (m, 3H), 2.15-2.25 (m, 3 H), 2.60-2.10 {m, 1 H}, 1.58-1.64 (m, 1 H);
MS (ESI) m/z 568.3 (M+H).

The following compounds were pmpamd similerly {o compound 82-9-1.

| Nt
3\/ i /\,QH
YRS SSeen

cH © O
52-9-3

§2-9-2: 'H NMR (400 Milz, CD:OD, dihydrochioride salt) 8 7.11¢s, 1 H), 3.91 (5, 1
10 H,3.77-3.83 (m, 1 H}L 3.70 (s, 3 1), 3.50-3.57 (m, 1 H}, 3.21-3.27 (m, 1 H}, 2.87-3.00 (m, 2
H), 2.55-2.70 (m, 2 H), 2.21-2.44 {m, 6 H), 1.58-1.65 (m, 1 H), 0.85-0.91 (m, 2 H), 0.63-0.70

(m, 1 H), 0.30-0.40 (m, 1 H); MS (B8I) mrz 526.3 (M+H).
/Ty 0GH L

£ OH Q 0H6 B8
52-9-3
§2-9-3: 'H NMR (400 MHz, CD3OD, dihydrochloride salt) 8 7.12 (s, 1 H), 3.92-3.96

15 (m, 1 1), 3.89 (s, 1 H), 3.60 (s, 3 H), 3.40-3.51 (m, 4 H), 3.21-3.26 (m, 1 FD), 2.50-2.98 (m, 1
H), 2.55-2.78 {m, 2 H), 2.21-2.45 (m, 6 1D, 1.55-1.52 (m, 2 H); MS (ESD m/z 532.3 (M+HD.

§2-9-4: 1T NMR (400 MHz, CD:0D, dihydrochloride salf) 8 7.31-7.42 (m, § F), 7.02

(s, 1 H}, 4.21-4.36 (m, 2 H), 3.88 (s, 1 H), 3.65 (5, 3 H), 3.56-3.62 (m, 1 H), 3.42-3.50 (m, 1

20 H), 3.18-3.22 (m, 1 ), 2.89-2.97 (m, 1 ), 2.55-2.65 (m, 2 H}, 2.21-2.49 (m, 6 H), 1.55-1.65
(m, 1 H); MS (ESD) m/z 576.3 (M+H).
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OCH; NiH
Qi\éi\ T G, OH
Hsd m/LNP

O |

oH O OW O O
$2-9-8

Compound $2-%-5 was prepared from §2-2-8 and 52-3 by using the General Procedure
E. The resuliing product was treated with 0.5 N HCUin THF (83 ul. of 6 N ag HCl was added
t0 817 ul. of THF) at 1t for 45 min. Then saturated NaHCOz was added slowly and extracted
with EtOAc. The organic solution was then washed with brine, dried over NaxSO4, filtered and
concentrated. The residue was methylated with HCHO by using General procedure B-1,
followed by General Procedure &, C, I} to provide compound §2-9-5; 'H NMR (400 MHz,
CDa0D, dihydrochloride salt) § 710 (s, 1 H), 380 (s, 1 H), 3.78-3.85 (m, 1 H}, 3.68 (5, 3 H),
332-338(m, 1 H},3.21-328 (m, 1 H}, 2.90-3.00 (m, 1 H), 2.79 (5, 3 H), 2.55-2.68 (m, 2 H,
2.21-2.41 {m, & H), 1.55-1.65 {m, 1 H}; MS (ES m/2 500.2 (M+H),

DCH3 , NHBoc

< i P

N
mj !m 8
S 3+

oBn G O o OB
$27

Compound 82-7 was made from 82-4-3 (347 g, 1.92 munol) by using General
Pracedure A and C, followed by Boc protection of C-4 amino group. Thus 82-6 {(R=Bn} reacied
with Boez( (658 mg, 3.0 mumol} and TEA (0.6 mL) in DCM (30 mL) at vt for 4 h. The reaction
mixture was concentrated and purified by flash column chromatography (50 g silica gel, (-60%

EtOAc/Hexane) to give the desived product 82-7 as a yellow ol {(1.14 g, 33% over 4 steps).

Compound 2-7 (1.14 g, 1.34 mumol) was dissolved in 8 mixture of 1 ¥ ag HCI{1.34 mL,
1 eq), THF (6 mL) and CHOH (6 mL). Pd-C (10wi%, 110 mg)} was added in one portion. The
reaction vessel was sealed and purged with hydrogen by briefly evacuating the flask followed
by flushing with hydrogen gas (1 atm). The reaction mixture was stirred under a hydrogen
atmosphere (I atm) at rt for two overnighis. The reaction was filtered through 2 small Celite
pad. The cake was washed with CH3OH. The filtrate was concentrated. The residue was re-
shurried from MTBE to give product §2-8 as a yellow solid, which was used for the following

reductive alkylation reactions without further purification: MS (ESY) m/z 586.2 (M+H).
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General Procedure F (reductive alkylation): To the solution of pyrrolidine 82-8 (1 eg)
in CHOH (1 mL) at § °C, aldehyde/ketone (4 eq), HOAC (4 og) and NaBH{OAc)H (4 eq) were
added. The resulting reaction mixture was stirred at § °C for | b or longer which monitored by
LC-MS.

5 General Procedure G {deprotection of Boc): After the completeness of reductive
amination, concenirated HCI (0.5 mi) was added. The resulted mixiure was stirred at room
temperature for 0.5 h. The organic solvenis were removed under reduced pressure and
preparative HPLC afforded the desired products as yellow solids.

NOTE: The ketones and 4-pyridinecarboxaldehyde required much longer time for

10 reductive amination.

e OCH, . - NHy
HoOHEE
\N/ > i T < E (ol
H
S S NH»
3H
o o o O O
$2-9-6

Compound 52-9-6 was prepared from compound 82-8 by using General Procedure &

TH NMR (400 MHz, CD:OD, dihydrochloride salt) 8 6.96 (s, 1 1), 3.91 (s, 1 H), 3.71 (5,3 H},
3.40-3.47 (m, 1 H), 3.30-3.35 (m, 1 F), 3.20-3.25 (m, 1 H), 2.88-2.95 (m, 1 H), 2.63-2.67 (m,

15 1H), 239250 (m, 2H), 2.15-2.36 (m, § H), 1.58-1.65 {m, 1 H); MS (ESD} m/z 486.2 (M+H).
The following compounds were prepared from compound S2-8 by using General

Procedure ¥ and .

§2-9-7: 'H NMR (400 MHz, CD:OD, dihvdrochioride salt) 8 7.09 (s, 1 H), 3.89 (s, 1
20 ), 3.78-3.88 (m, 1 H}, 3.67 (s, 3 H), 3.34-338 (m, 1 H}, 322328 (m, 1 H), 2.94-3.05 {m, 4
H3, 2.55-2.65 (m, 2 H), 2.21-2.49 (1, S H), 1.55-1.82 (m, 3 H), 0.88-0.94 {, /=8.0 Hz, 3 H};

MS (EST) m/z 528.2 (M+H),

TR, SR .

§2-9-8: 'H NMR (400 MHz, CD:0D, dihydrochioride 5alt) 8 7.19 (s, 1 H), 3.90 (5, 1
25 T, 3.68(s,3H) 3.38-3.48 (m, 2 1), 3.27-3.11 (m, 4 H}, 2.89-2.96 (m, 1 H}, 2.55-2.71 (m, 2
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H), 2.37-2.45 {m, 1 H), 2.21-2.31 {m, 3 H), 1.55-1.65 (m, 1 F), 1.28 (&, /= 6.0 He, 6 H); MS
(EST) m/z 528.3 (M+H).

/ i 5t i
HO o O onh o
52-9-9

§2-9-9: 'H NMR (400 MHz, CD:0D, dihydrochloride salt) 8 7.13 (s, 1 H), 3.92-3.97
{m, 1 H}, 3.90¢s, 1 H),3.72-3.80 (m, 3 H), 3.70 (s, 3 H), 3.37-3.41 (m, 1 H}, 3.15-3.28 (m, 3
H), 2.90-3.00 (m, 1 H), 2.55-2.70 (m, 2 H), 2.20-2.41 {m, 5 H), 1.57-1.67 {m, 1 H); MS (ESD
mfz 530.2 (M-+H).

Wi,
HooHT
?‘j /\Y/\E OH
N S NiHp
l\7 YA
FaC OH O OH O O
82-8-10

§2-9-10: 'H NMR (400 MHz, CD:0OD, dihydrochloride salt) 8 7.11 (s, 1 H), 3.85-3.91
(m, 2 H), 3.68 (s, 3 H), 3.38-3.48 (m, 4 H), 2.90-3.00 (m, 1 F)), 2.73-2.81 (m, 1 H), 2.68-2.78
(m, 3 H), 2.23-2.41 (m, 5 H), 1.58-1.65 {m, 1 H), 1.26-1.31 (m, 1 H); MS (ESD m/z 5823

{M+HD.
o~ OCH, NHo
{ Mot ©
NP G, AOH
’Li@;@%w
\‘y 7/ OH i
44 N

oH QO OoH O
$2-9-

§2-9.11: 'H NMR (400 MHz, CI30D, dihydrochloride sal) 5 7.15 (s, 1 H), 3.91-4.00
(m, 1 H}, 3.90 (s, 1 H), 3.69 (s, 3 H), 3.40-3.50 (m, 1 H), 3.20-3.41 (m, 4 H), 2.93-3.04 (m, 1
H), 2.56-2.71 (m, 2 H), 2.19-2.51 (m, 5 H), 1.54-1.65 (m, 1 H), 0.98-1.07 ¢m, 1 ), 0.58-0.77
(m, 2 H), 6.32-0.40 (m, 1 1), 0.20-0.27 (m, 1 FD); MS (EST) m/z 540.3 (M+ID.

§2-9.12: 'H NMR (460 MHz, CD:0D, dihydrochloride salt) 8 7.17 (s, 1 H), 3.83-3.91
{m, 2 H), 3.76-3.75 {m, 2 H), 3.68 (s, 3 HJ, 3.20-3.24 (m, 1 H), 2.88-2.95 (m, 1 H), 2.53-2.78
(m, 2 H), 2.21-2.42 (m, 8 H), 1.84-2.93 {m, 1 1), 1.58-1.80 (m, 4 F); MS (BSD) m/z 540.3
(M+H),
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s
HaC- SH OO

52943
§2-9-13: [ NMR {400 MHz, CD:0D, dihydrochloride salt) 8 7.13 (s, 1 H), 3.92 (5, 1
), 3.82-3.80 (m, 1 D, 3.70 (s, 3 H), 3.56-3.57 (o, 1 H}, 3.03-3.12 (m, 2 H), 2.81-3.00 (m, |
), 2.55-2.71 {m, 3 H), 2.21-2.45 (m, 5 F), 1.55-1.71 (m, 3 H, 1.25-1.37 (m, 3 H), 0.88-3.93

(m, 3 H); MS (ESD) m/z 542.3 (M.

3+ i
oHTO O

$2-9-14: 'H NMR (400 MHz, CDsOD, dihydrochloride salt) 8 7.17 {5, 1 H), 3.88-3.95
(m, 2 H), 3.68 (s, 3 H), 3.45-3.51 (m, 1 H}, 3.23-3.30 (m, 4 H), 2.82-3.05 (m, 3 H), 2.55-2.70
(m, 2H), 2.23-2.45 (m, 3 H), 1.93-2.00 (m, 1 H), 1.57-1.63 (m, 1 H), 0.89-0.95 (m, 6 H); MS
(ESD) m/z 542.3 (M+H).

§2-9-18: 'H NMR (400 MHz, CD;0D, dihydrochloride salt, two isomers) 8 7.11+47.13
(s, 1 }1}, 3.89 (5, 1 H}, 3.68 (s, 3 H), 3.40-3.48 (m, { H}, 3.10-3.18 (m, 1 H), 2.96-3.00 {m, |
H), 2.52-2.63 (m, 2 H, 2.38-2.48 (m, 1 H), 2.20-2.31 (m, 5 H), 1.80-1.90 (m, 1 H), 1.56-1.62
{m, 2 H), 1.25-1.30 {m, 5 H), 0.88-0.93 (m, 3 H); MS (ESD) m/z 583.3 (M+H).

§2-9-16: 'H NMR (400 MHz, CD:0D, trihydrochloride salt) § 7.30 (s, 1 H), 3.95-4.03
{(m, 1 H), 390 s, 1 H),3.70¢s,3 H), 3.38-3.51 {(m, 5 H), 3.21-3.25 (m, 1 H), 2.94-3.02 (m, 1
H), 2.58-2.69 (m, 5 H), 2.31-2.43 {m, 5 H), 2.26-2.27 {m, 1 H), 1.55-1.65 (m, 1 H}; ME (81}
m/z 543.3 (M+H).
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OCH, NH;,
2 H iz

\54/\-’/ E 2 DA l,OH
i’> LN g N,
oH O P ;

oH o O
52-3-17

82-9-17: TH NMR (400 MHz, CI»sOD, dihydrochloride salt) 8§ 7.17 (s, 1 H), 3.92 (5, 1
Hj, 3.75-3.81 (m, 1 H}, 3.68 (s, 3 H), 3.41-3.50 (m, 1 H), 2.90-3.00 (m, 1 H), 2.58-2.70 (m, 2
H}, 2.20-2.42 {m, 6§ H}, 2.07-2.14 (m, 1 H), 1.56-1.80 {m, 8 &}, 1.27-1.40 {m, 2 H}; MS (ESD
m/z 554.3 (M+H).

52-8-18: 'H NMR (400 MHz, CDsOD, dibydrochloride salt) 8 7.12 (s, 1 H), 3.85-3.91
(m, 2 H), 3.72-3.75 (m, 2 H), 3.69 (5, 3 H), 3.39-3.43 (m, § H), 2.75-3.00 {m, 3 H), 2.58-2.69
(m, 4 H), 2.21-2.45 (m, 6 H), 1.58-1.67 (m, 2 H), 1.27-1.31 (m, 1 H}; MS (ESI) m/z 5563
(MHHD.

B

HaCT o, o1 O OO O
il $2-9-19

§2-9.19; TH NMR (400 MHz, CD:OD, dihydrochloride sal) 5 7.14 (s, 1 H), 3.91 (s, 1
), 3.81-3.88 (1, 1 H), 3.69 (s, 3 H), 3.25-3.50 (m, 3 H), 3.05-3.15 (m, 2 H), 2.90-3.00 (m, 1
H), 2.55-2.70 (m, 2 1), 2.22-2.58 (m, 5 H), 1.47-1.70 (m, 4 H), 0.87 (t, /= 6.0 Hz, 6 H); MS
(EST) m/z 556.3 (M+H).

§2-9.26: 'H NMR (400 MHz, CD:OD, dihydrochloride salt) 3 7.13 (s, 1 H), 3.78 s, 1
H), 3.69 (s, 3 F), 3.41-3.50 (m, 2 FD), 2.80-2.92 (m, 3 H), 2.50-2.61 (m, 3 H), 2.18-2.33 {m, 5
TD, 1.61-1.88 (m, 4 1), 1.27-1.31 (1, 1 FT), 0.85-0.97 (1, 6 FI3; MS (BSE) sz 556.3 (ML),

Fa
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§2-9-21: TH NMR (400 MHz, CIOD, dihydrochloride salt) 5 7.11 (s, 1 H), 3.81 (5, 1
H), 3.82-3.90 (i, 1 H),3.68 (5, 3 H), 3.02-3.10 (1m, 2 H}, 2.96-3.00 (e, 1 H), 2.55-2.70 (m, 2
H), 2.21-2.45 (m, 6 H), 1.55-1.70 (m, 4 H), 1.18-1.31 (m, 7 H), 0.83-0.91 (m, 3 H); MS (ESD)
miz 570.4 (M.

NI YR S S O
82.9.22

5
§2-8.22: TH NMR (400 MHz, CI:0D, dihydrochloride salt) 8 7.11 (s, 1 H), 3.89 (5, 1
H), 3.68 (s, 3 H), 3.45-3.51 (o, 1 H), 3.07-3.12 (o, 1 H), 2.90-3.00 {m, 1 H), 2.55-2.67 {m, 2
H), 2.38-2.43 (m, 1 H), 2.20-2.31 (m, S H), 2.05-2.11 (m, 1 H), 1.88-2.00 (m, 3 H), 1.59-1.67
(m, 3 FD), 1.11-1.42 (m, 6 F); MS (EST) m/z 568.3 (M+HD.
S GG
%i/ﬁ /I’f/: NiH,
o N o::}l-gnzge»?%% o
§2-9-23: '"H NMR (400 MHz, CD:0D, dihydrochloride salt} 8 7.18 (s, 1 H), 3.88-4.01
(m, 2 H), 3.70-3.75 (m, 2 H), 3.68 {5, 3 H), 3.40-3.51 {m, 2 H), 3.30-3.38 {m, 2 H), 2.90-3.00
{m, 1 H), 2.59-2.70 {m, 2 H}), 2.20-2.42 (m, 6 H), 1.96-2.02 (m, 1 H}, 1.85-1.92 (m, 1 H), 1.58-
1.78 (m, 4 H); MS (ESD) m/z 570.3 (M+HD.
//'\ %, B
5 \ﬁJ O s%.g,gf'":mb o
82-9.24: 'H NMR (400 MHz, CD:0D, trihydrochioride salt) 8 7.25 (s, 1 H), 3.91 (5,
H), 3.73-3.81 (m, 1 H), 3.68 (s, 3 H), 3.45-3.61 (m, S H}), 2.98-3.11 (m, 3 H), 2.69-2.70 (m, 2
M), 2.21-2.42 (m, 8 T3, 1.83-2.05 (m, 2 H), 1.57-1.65 (m, 1 H); MS (ESD m/z 569.3 (M+H).
20 §2-9-25: 'H NMR (400 MHz, CD:0D, triltydrochioride sali) 8§ 7.20 (s, 1 H), 3.89 (5, 1

), 3.72-3.80 (m, 1 H), 3.70 (s, 3 H), 3.53-3.61 (m, 5 H), 3.05-3.18 (m, 3 H), 2.83 (3, 3 H},
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2.60-2.70 (m, 2 H), 2.23-2.41 (m, 8 ), 1.93-2.15 (m, 2 H), 1.58-1.63 {m, 1 H); MS (ESD m/z
583.3 (M.

§2-9-26: 'H NMR (400 MHz, CD:0OD, dihydrochloride salt) § 7.16 (s, 1 H), 3.81 (5, 1
H),3.69 (s, 3 H), 3.21-3.51 (m, SH), 2.88-3.06 (mm, 3 H),2.52-2.72 (1, 2H), 2.21-245 (m, §
H), 1.77-1.85 (m, 1 H), 1.50-1.72 (m, 5 H), 1.05-1.30 (m, 3 H), 0.78-0.96 (m, 2 H); MS (ESD
m/z 582.4 {(M-+H).

( QCHy 0 H,
(- T OH

P or
o o G o O O
82827

§2-9-27: 'H NMR (400 MHz, CD30D, trihydrochloride salt) 8 8.80-8.8% (m, 2 H),
B.12-8.20 (m, 2 H}, 722 (s, 1 H), 4.58-4.63 {m, 2 H), 3.88-3.95 (m, 2 H), 3.65 (5, 3 H), 3.47-
355 (m, 1 H), 3.21-3.30 (0, 1 H), 3.03-3.11 (m, 1 H), 2.85-2.95 (m, 1 H), 2.58-2.77 (m, 2 H),
2.25-2.41 {m, 5 H), 1.50-1.61 (m, 1 H); MS (ESD w2 577.3 (M+H).

f OCH; y M,

H"

S2—9—28

$2-9-28: 'H NMR (400 MHz, CI:OD, dihydrochloride salt) 5 7.11 (s, 1 H), 3.80 (5, 1
H), 3.69(s, 3 H), 3.39-3.45 (mp, 2 H), 3.15-3.20 (mm, 1 H), 2.93-3.00 (e, 1 HJ), 2.38-261 (m, 4
), 2.20-2.31 (m, 5 H), 1.95-2.01 (m, 3 H), 1.60-1.80 (m, S H), 1.37-1.51 (m, 7 H); MS (ESD)
miz 582.3 (M.

H
OH 0 o4 0 O
N’ $7.9-29 N

§2-9.29: 'H NMR (400 MHz, CDsOD, dihydrochloride salt) § 7.12 (s, 1 FD), 3.73-3.78
(m, 1 H), 3.68 (s, 3 H), 2.78-2.83 (m, 2 ), 2.41-2.55 (m, 3 1), 2.25-2.31(m, 6 1), 2.11-2.18
{m, 1 FI), 1.95-2.01 (m, 1 FI), 1.70-1.80 {m, 4 H), 1.45-1.52 (m, 8 H), 1.25-1.30 (m, 3 H); MS
(EST) m/z 596.3 (M+H),
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The following compounds were prepared per Scheme 3.
CHaO  OCH,
HyCO i & -
#~coorh
OBn
5 $3.2
Compound 83-1 (1.88 g, 5.0 mmol, 1 eg, prepared per literature procedures; Org.
Process Res. Dev., 2016, 20 (), 284-296) was dissolved in CHaOH (16 mL), trimethyl
orthoformate (1.10 mi., 10.05 mmol, 2 eq) and p-toluenesulfonic acid monohydrate (29 mg,
(.152 mmol, .03 oq) were added. The reaction mixture was stirred at 70 °C for 24 h. Saturated
160 NaHCO: and BtOAc were added. The organic phase was separated, concentrated by roiovap
and purified by flash column chromatography to afford the desired product 83-2 as a vellow
oif (2.03 g, 96%):
H NMR (400 MHz, CDClz) 8 7.23-7.45 (m, 8 H), 7.05-7.11 (m, 3 H), 5.61 (s, 1 H), 5.15 (5,2
H3, 3.76 (5, 3 H), 3.36 (5, 5 H), 2.39 (s, 3H); MS (ESD m/z 423.2 (M+H).

SO0 Of

OHC S ™ ™ N O,
L“;’:ﬁ\\r/)\\f/' \,{'
4 ! : OBn

Oin ©

15
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Compound $3-4 was prepared from 83-2 with enong 82-3 by using General Procedure
E, followed by acid ireatment. The M-I produet 8§3-3 (1.30 g, 1.51 munol, 1 eg) was dissolved
in THF (20 ml). Then 3 N HCVTHF {4 ml) was added to make the final aqueous HC
concentration to 0.5 M. The reaction mixture was stirred at room temperature for 2 h. Saturated
MNaHCOs and BtOAc were added. The organic phase was concentrated by rotovap, and the
vesidue was purified by flash column chromatography to afford the desired product 83-4 as a
yellow oif {1.15 g, 47% over 2 steps): '"H NMR (400 MHz, CDCl) 8 15.89 (5, 1 H), 10.35 (s,
1HD, 7.31-7.52 (m, 11 Hy, 5.78-5.85 (m, 2 H}, 5.35 (s, 2 H}, 5.08-5.25 (m, 5§ H), 4.06-4.11 {m,
1H} 3.86 (s, 3H), 3.18-3.38(m, 5 H), 241-263 {0y, 4 H), 0.81 (5, 9 H)L, 0.25 (5. 3 H), 0.12 (s,
3 Hy; MS (BSD m/z 817.3 (M+H).

Compounsd 83-7-1 was prepared from aldehyde 83-4 and dicthylamine by using
(General Procedure B-1, followed by General Procedures A, C and D-1: 'H NMR (400 MHz,
CDOD, dihydrochloride salt) 8 7.61 (s, 1 H), 4.34(d, 7= 80,1 H},430¢d, J=8.0,1 H), 3.88
(s, 1H}, 3.73 (s, 3 B}, 3.13-3.27 (m, 5 H), 2.90-2.98 (m, 1 H), 2.62-2.67 (m, 1 H), 2.37-2.45
{m, 1 3, 2.20-2.28 (m, 1| H}, 1.59-1.65 (m, 1 H}, 1.30-1.42 (m, 6 H); MS (ESD m/7z 5024
{(M-+H).

OCH; ) N
ey ™y o E TG /TOH
A PN N Nk,

\vi al X

Corapound 83-7-2 was prepared from aldshyde 83-4 and benzyviamine by using General
Procedure B-1, followed by reacting with cyclopropanecarboxaldehyde using General
Procedure B-1 again and then A, € and D-1: 'H NMR (400 MHz, CInaOD, 2 hydrochloride
salt, two rotamers) & 7.40-7.60 {m, 5 H), 6.83+6.93 (5, 1 H}, 4.48-4.68 (m, 2 I}, 4.21-4.4% (m,
2 H3, 3.88+43.53 (s, 3 H}, 3.02-3.18 (m, 3 H}, 2.88-2.97 {m, 1 F), 2.60-2.68 (m, | H}, 2.19-2.38
(mm, 2ZH), 1.51-1.61 (m, 1 H), 1.18-1.27 (m, 1 H), 0.70-0.85 (m, 2 H), 0.38-0.45 (m, 2 H); MS
(ESD) sz 580.3 (M-+H).

Scheme 4
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The following compounds were prepared per Scheme 4.

<\ OH
Y /%CH:;
4‘c:--;s 00,

O
84-2

Compound 84-1 (504 mg, 1.13 mmol, leq, prepared per literature procedures: Org.
Process Res. Dev., 2016, 20 (2), 284-296) was dissolved in CHaCl (3 mi) and cooled down
to 78 “C under N2, then BBrs solution (1.0 M in CHoCh, 3.4 mi, 3.4 mmol, 3 eq) was added
dropwise during 5 min. The resulted yellow mixture was stirred at —~78 °C for 4.5 h and
carefully quenched by CHaOH 2 ml). CH2Chz (40 ml) was added to the dark sohstion and
washed with saturated NaHCO:, The organic phase was concenirated by rotovap. The residue
was purified by flash column chromatography (0—535% EtOAc/hexane) to afford the desired
product 84-2 as a yellow oil (312 mg, 81%): '"H NMR (400 MHz, CDCI) 8 11.65 (brs, 1 H),
10.25 (brs, 1 H), 7.38-7.47 (m, 2 H), 7.15-7.30 (m, 3 H), 6.66 (s, 1 H), 3.39-3.55 (m, 2 H),
3.79-3.88 (m, 1 H), 2.58 (s, 3 H), 2.20-2.43 (i, 3 H, 1.90-2.11 {m, 3 M, 1.10-1.23 {m, 3 H};
MS (EST) m/z 342.2 (M+H).

<
1

CQOPhN
OBoec
84-3
Compound 8$4-2 (141 mg, 0.413 mmol, 1 eq) and 4-dimethylaminopyridine (DMAP, 8
mg, 3.066 ounol, .16 eq) were dissolved in CHsCN (1 ml) and the resulting solution was

sooled down to 0 °C. A solution of di-rers-buly] dicarbonate (Bocx(0, 90 mg, 8.413 mmol, |



10

15

20

WO 2018/045084 PCT/US2017/049462

-211-

eq} in CHsCN (1.0 ml} was added slowly, The reaction mixture was warmed up to room
femperature and the white preciptiates appeared. After sturing overnight, CHaCh: (108 mi)
was added and washed by saturated NaHCOs. The organic phase was concentrated by rotovap
and purified by flash column chromatography (0—50% EtOAc/hexane) to afford the desired
product $4-3 as a white solid (136 mg, 75%): "H NMR (400 MHz, CDCR)Y 8§ 11.62 (brs, 1 H),
7.38-7.45 (m, 2H), 7.21-7.30 (m, 3 H), 6.75 (s, 1 H), 3.50-3.55 (m, 1 H), 3.37-342 (m, 1 H),
288295 (m, 1 H), 235 (5,3 H), 217231 (m, 3 H), 1.86-2.00 (m, 3 H), 142 (s, 9 H), 1.08-
1.14 (m, 3 H); MS (ESI) m/z 442.2 (M+H).

[NOTE: this product has low solubility in DCM, EtOAc and CHsOH and should be able to be

purified from simple recrystallization.]

General Procedure H (C7-OH alkylation): Phenol 84-3 and KoCOs were added into
DMF, then R-Br/KJ or R-1 was added and the resulted mixture was stirred at room temperature
or 30 *C for indicated hours. EtQAc was added and washed with brine solution. The organic
phase was concentrated by rotovap. The residue was purified through flash column

chromatography to afford the desired products S4-4-1 o 84-4-5 as colorless oils.

e OBn
N - Aty

CHa 7 COzPh
Ofoc
84-4-1
Pheno! $4-3 (125 mg, $.283 munol, 1 eg) was treated with K2COs (60 mg, .434

mmol, 1.5 eq), KI {§ mg, 0.030 mmol, 0.1 eq), and BnBr (0.031 ml, 0.285 mmol, 1 eq) in
DMF (2 mL) at room temperature for 18 h to give product 84-4-1 (111 mg, 74%): 'H NMR
{400 MHz, CDCB)Y 8 7.21-7.51 (m, 11 H), 4.81 {5, 2 H}, 3.65-3.71 (m, 1 H), 3.306-3.39 (m, 1
H}, 2.59-2.65 (m, 1 HY, 2.46 (5, 3 H}, 2.05-2.21 {m, 2 H), 1.57-1.95{m, 3 H}, 142 (3, 9 H},

1.20-1.25 (m, 1 H), 1.00-1.09 (m, 3 H); MS (ESD m/z 532.3 (M+H).
CHy

OBoo
$4-4-2

Phenol 84-3 (88 myg, $.199 mmol, 1 eq) was treated with K2COs (41 mg, 8.297 mmeol,
1.5 eg), KI (3 mg, 0.618 mmeol, 8.1 eq), and C2HsBr {(0.030 mi, 8.402 nunol, 2 eq} in DMF
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{2 mL) 56 °C for 23 hto give product 84-4-2 (81 mg, 86%): 'H NMR (400 MHe, CDCl3) 8
7.35-7.43 {m, 2 H}, 7.20-7.30 {m, 4 H), 4.06-4.12 (m, 1 H}, 3.75-3.82 (m, 2 H), 3.57-3.85 {m,
PH), 331338 (m, 1 H), 2.55-2.62 (m, 1 H), 240 (s, 3 H), 2.15-2.25 (m, 2 H), 1.78-1.85 (m,
2 H}, 1.53-1.62 (m, 2 H), 1.41 (s, 9 H}, 1.20-1.25 (m, 2 H}, 0.97-1.05 (m, 3 H); MS (ESD m/z
476.3 (M+H).

A

L
ChH
/
\’c;»»|3 & CO,Ph

CRoc
$4-4-3

Phenol §4-3 (89 mg, 0.202 mmol, | og) was treated with KoCOs (41 mg, 0.297 mmol,
1.5 eq), and »-CaHrl (0.039 mi, 0.48] mumol) in DMF 2 ml) at 50 °C for 24 h {o give
product S4-4-3 (98 mg, 90%): 'H NMR (404 MHz, CDCls) 8 7.38-7.45 {(m, 2 H), 7.21-7.28
{m, 4 H}, 4.05-4.11 {m, 1 H), 3.70-3.81 (m, 2 H}, 3.30-3.37 (m, 1 H}, 2.56-2.83 {m, 1 H},
240, 3 H), 2.15-2.22 (m, 2 H), 1.78-1.85 (m, 2 H), 1.55-1.66 (m, 2 H), 1.41 (s, 9 H}, 1.20-
1.27 (m, 2 H), 1.00-1.15 {m, 6 H); MS (B8] mz 484.3 (M+H).

CHg

Vi O/L\Ci":g
QNJﬁCHs
i
N

CHy \ff COsPh
OBoc
$4-6-4
Phenol 84-3 (220mg, 0.499 mamol, 1 eq) was treated with KaCCGs (104 mg, 0.753

mmol, 1.5 eq), KI (¥ mg, 0.054 mmol, 0.1 eq), and (CH3:CHBr {0.470 mL, 5.00 mmol, 10
eq) in DMF at 50 °C for 40 b to give product $4-4-4 {133 mg, 55%): 'H NMR (400 MHz,
CDCL)Y 6 7.38-745 {m, 2 Hy, 7.21-7.28 (m, 4 H}, 4.07-4.16 (m, 2 H}, 3.65-3.71 {m, 1 H},
3.30-3.40 {m, 1 H), 2.52-2.61 {m, 1 H), 240 (3, 3 H), 2.15-2.26 (m, 2 H}, 1.78-1.95 (m, 2 H},
1.50-1.60 {m, 2 H), 142 (s, 9 H), 1.20-1.35 (m, 5§ H), 0.98-1.05 {m, 3 H};, MS (ESI) m/z 484.3
{(M+HD).

Phenol 84-3 (89 mg, 0.202 mmel, 1 eg) was treated with KoC0s (41 mg, 6.297 mme],
1.5 eq), KI {3 mg, 0.018 mmol, 0.1 eq), and »-CaHeBr (0.193 ml, 1.79 mmol, 9 g} in DMF
(2 mL} at 50 °C for 53 h to give product $4-4-3 (75 mg, 75%): 'H NMR (400 MHz, CDCh) 8
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7.21-7.43 (m, 6 H), 4.08-4.13 (mm, 2 H), 3.69-3.75 {m, 2 H}, 3.30-3.36 (m, 1 H), 2.56-2.63 {m,
TH), 240 (s, 3 H), 2.15-222 (m, 2 H), 1.75-1.82 (m, 2 H), 1.50-1.55 (m, 2 H), 1.43 (5, 9 H),
1.28-1.27 {m, 3 H}, 0.97-1.05 (m, 6 F); MS (ESD) m/z 498.3 (M+H).

The following compounds were prepared from the corresponding left-hand sides 84-4

5  and enone 52-3 by using the General Procedures E, A, € and D-1.

= H i
oH 0 OO O
5474

Compound S$4-7-1 was isolated as a side product along with 84-7-2 in the final step
when using S4-4-1 as the lefi-hand side: 'H NMR (400 MHz, CD»:0D, dihydrochloride salt) &
747751 {m, 1 H}, 6.81 {s, 1 H), 4.69-4.76 (m, 1 H), 3.82-3.90 {m, 2 H}, 3.11-3.20 (m, 3 H),

16 2.90-2.98 (m, | H), 2.62-2.67 (m, 1 H), 2.45-2.52 (m, 1 H), 2.20-2.30 (m, 5 H), 1.55-1.62 {m,
1 H), 1.25 (1, 7= 5.6 Hz, 3 H); MS (ESD m/7z 500.3 (M+H).

s ., WH
‘\N, g A oH
i
AN . S NH,

i QHL i
QH Q3 OH O O
S4-7-2

84-7-2: "H NMR (400 MHz, CDsOD, dihydrochloride salt) § 7.32-7.40 (m, 5 H), 6.98

(s, 1 H}, 4.68-4.72 (m, 2 ), 4.47-4.51 {m, 1 H), 3.88 (s, 1 }}, 3.67-3.72 (m, 1 H}, 2.82-3.11

15 {m, 4H), 2.61-2.67 {m, 1 H}, 2.45-2.52 (m, 1 H}, 2.00-2.25 {(m, 5 H), 1.75-1.81 {m, 1 H}, 1.55-
1.62 (m, 1 H), 1.28 (¢, /= 5.6 Hz, 3 H); MS (ESI) m/z 590.3 (M+H).

CHy

(\ ? o Ee

oH O 0O HO HO O
§4.7-3

§4-7-3: 'H NMR (400 MHz, CD:0D, dihydrochioride salf) 8 7.09 (s, 1 H), 3.89 (5, 1

H), 3.78-3.88 {(m, 2 H), 3.68-3.75 (m, 1 H), 3.32-3.40 {m, 2 H}, 3.065-3.22 (m, 3 H), 2.90-2.98

20 (o, VH}, 2.53-2.62 (m, 2H), 2.21-240 (m, 5 H), 1.55-1.64 (m, 1 H), 1.39 (¢, /= 5.6 Hz, 3 H};
128 (8, J= 5.6 Hz, 3 H); MS (ESD) m/z 528.2 (M+H).



WO 2018/045084 PCT/US2017/049462

-214-

$4-7-4: 'H NMR (400 MHz, CD:0D, dihydrochioride salt) 8 7.09 (s, 1 H), 3.89 (5, 1
H), 3.79-3.85 (m, 1 H), 3.69-3.75 {m, 1 H}, 3.57-3.63 {m, I H), 3.32-3.40 (m, 2 H), 3.06-3.22
(m, 3 H), 2.89-2.96 (m, 1 H), 2.55-2.62 (m, 2 H}, 2.21-2.40 (m, 6 H), 1.79~1.86 (m, 1 H), 1.55-
164 (m, 1 HD, 1.23 (4, 7= 5.6 He, 3 H); 105 (¢, J= 5.6 Hz, 3 H); MS (ESI) m/z 542.3 (M+H).

CHy

e O NCH, o it

(\N e E H oA OH
i
N Ry 7 ANH
“oHy i ’
o4 5

o4 © OH O
$4.7.5

§4-7-8: 'H NMR (400 MHz, CD:0D, dibydrochloride salt) 8 7.11 (s, 1 H), 3.99-4.06
{m, 1 H), 3.89 (s, 1 H), 3.75-3.82 (m, 1 H), 3.32-3.40 (m, 2 H), 3.02-3.21 {m, 3 H), 2.88-2.94
(mm, 1 H)Y, 2.53-2.67 (m, 2H), 2.20-2.38 (i, 6 H), 1.55-1.65 (m, 1 H), 136 (d, J=76Hz, 3 H),
L2 (4, J=6.0Hz 3 H); 112 (4, J= 7.6 Hz, 3 H); MS (ESD m/z 542.3 (M+H]}.

( O/\\"’:“CHS K,
= H A I
p P ‘ T A ‘ O
'\Ci_‘ Ry S NH;
3 G

H
o C oH 0 O
10 §4.7-8

84-7-6: 'H NMR (400 MHz, CD:0D, dihydrochloride salt) § 7.09 (s, 1 H), 3.89 (s, 1
), 3.73-3.86 (m, 2 H), 3.59-3.65 {(m, 1 H), 3.32-3.40 (m, 2 H), 3.06-3.25 (m, 3 H), 2.89-2.96
(m, 1 H), 2.55-2.67 (m, 2H), 2.21-2.38 (m, S H), 1.75-1.83 (m, 2 H), 1.48-1.60 (m, 3 H), 1.24
(t, J=5.6He, 3 Hy; 0.98 (¢, J= 5.6 He, 3 H); MS (EST) /2 556.3 (M+H),

U

13

Scheme 8
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The following compounds were prepared per Scheme 5.

CHO F
HaC0” ] R
# 7 NC0,Ph
QBn
$5.2

To a solution of compound 88-1 (1.71 g, 3.50 mmol, 1 eq, prepaved per liferature
procedures: S Med Chem., 2013, 56, 8112-8138) and PA(PPha)s (404 mg, 8.35 mmol, (.1 eq)

L

in toluene (15 mL) was added allyliributyltin (1.29 mL, 4.2 mumol, 1.2 eq) under nitrogen. The
resuliing reaction mixiure was refluxed in a preheated oil bath with a cold water condenser on
the top. The reaction turned into a clear solution upon heating. The reaction was heated for 20
b and cooled down to rt. The reaction was conecentrated by rotovap. The residue was purified
14 by flash column chromatography {50 g silica gel, 1—10% EtOAc/hexane) to afford the desired
product 85-2 (1.55 g, 97%); 'H NMR (400 MHz, CDCh) 8 7.42-7.33 (m, 7 H), 7.26-7.24 {m,
1 H)y, 7.05-7.03 (m, 2 H), 6.06-6.00 (m, 1 H), 5.53 (d, /=3.0 Hz, 1 H), 5.06-4.98 (m, 4 H).
3.71-3.67 (m, 2H), 344 (4, J=3.0He, 6 H}, 2.35 (5, 3 H}; MS (ESI) m/z 48829 (M-I,
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Compound S$5-2 (1.55 g, 3.4 mumol, 1 eq) was dissolved in a premixed solution of THF
{817 ml} and 6 N ag HCI (0.83 mL). The resulting reaction solution was stirred af room
temperatare for 1 h. Satwated NaHCGOs and EtGAc were added. The organic phase was
scparated and concentrated by rotovap. The residue was purified by flash column
chromatography (50 g silica gel, 1—10% EiOAc/hexane) to afford the desired product $58-3 as
a white solid (1.24 g, 90%); 'H NMR (400 MHz, CDCl:) 5 10.46 (s, 1 H), 7.41-7.34 (m, 7 H),
7.27-7.24 (m, 1 H), 7.05-7.03 (m, 2 H), 6.05-596 (m, 1 H), 5.06-5.03 (m, 1 H), 498 (5,2 H),
4.98-4.91 (m, 1 H), 3.87-3.86 {m, 2 H}, 2.40 (4, /= 2.4 Hz, 3 H); MS (ESD m/z 403.27 (M~
H).

.,
i~
S

e

rN&. )\ CHs
: ®
7 Co,Ph
OBn
85-4-1
To a mixture of compound 8$8-3 (702 mg, 1.74 vunol, 1 eq) and N-allylglycine HCI
{439 mg, 2.89 mmol, 1.7 eq) was added DMF (& ml) under nitrogen, followed by TEA (408
ul., 2.8% mmol, 1.7 eq). The resulting reaction mixture was stirred at 80 °C for 1 h 43 min, and
cooled to rt. The resulting reaction mixture wag then partitioned between EtQAc and water,
The organic phase was separated, washed with brine, and concentrated under reduced pressure,
Flash chromatography on silica gel osing 10%—40% EtOAc/hexanes yielded the desired
product $5-4-1 as a white solid (650 mg, 82%); TH NMR (400 MHz, CDCl) §7.41-7.34 (m,
7 H), 7.26-7.22 (m, 1 B), 7.07-7.04 (m, 2 H), 6.01-5.97 (m, 1 H), 5.26-5.14 (m, 2 H}, 5.01 (5,
ZH), 430 (brs, 1 H)L 379 (brs, 1 HL 321309 (m, 4 H), 287 (brd, /=159 Hz, 1 H), 2.52
(brs, 1 H), 235 (3, 3 H), 2.13 (brs, 1 H), 1.66 (brs, 1 H); MS (EST) /2 45830 (M+H).

Chg
SR oE
T
7 Nc0.Ph

0Bn

854-2

CH,

To a mixture of compound 8$5-3 (250 mg, 8.72 mmol, 1 eq) and sarcosine (76 mg, 0.86
mnol, 1.2 eq) was added DMF (3 mL) uvnder nitrogen. The resulting reaction mixfure was
stirred at 80 °C for 2 h 30 min, and cooled to rt. The resulting reaction mixture was then
partitioned between EtOAc and water. The organic phase was separated, washed with brine,

and concentrated under reduced pressure. Flash chromatography on silica gel using
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10%—100% BiOAc/hexanes vielded the desired product 88-4-2 as a white solid (250 mg,
§1%): 'H NMR (400 MHz, CDCh) §7.41-7.34 (m, 7 H), 7.26-7.22 (m, 1 H}, 7.06-7.04 (m, 2
H), 5.04, 5.00{(ABq, /= 11.0Hz, 2 H), 4.09 (brs, 1 H), 3.24-3.12 (0, 3 H), 2.88 (br 4, J= 12.8
He, 1H), 264 (5, 3H), 256 (brs, 1 H), 235(d, J= 1.8 Hz, 3 M}, 2.21-2.12 {m, 1 H), 1.76-
1.69 (m, 1 H); MBS (ESD m/z 432.24 (M+H}.

Bn .
N

20,0k

Q8n

55-4-3

To a mixture of compound 85-3 {575 mg, 1.42 mmol, 1 eg) and M-benzylglveine HC
{344 mg, 1.71 mmol, 1.2 eq) was added DMF {6 mi} under nitrogen, followed by TEA (302
pl, 2.13 mmol, 1.5 eq). The resulting reaction mixture was stirred at 80 °C for 2 h 30 min, and
cooled to rt. The resulting reaction mixture was then partitioned between EtOAc and water.
The organic phase was separated, washed with brine, and concenirated under reduced pressure.
Flash chromstography on silica gel using 1%-—20% EiOAc/hexanes yiclded the desired
product 8§5-4-3 as a white solid (600 mg, 83%): TH NMR (400 MHz, CDCh) § 7.42-7.30 {m,
12H), 7.26-7.22 (m, 1 H, 7.08-7.05 (m, 2 H}, 5.03 (s, 2 H}, 4.3% (br s, 2 1), 3.63-3.61 (m, 1
H),3.16-312{(m, 2 H}, 2.89-2.86 (my, 2 H}, 2.44-2.42 (m, 1 H},2.38(d,/=1.8Hz, 3 H), 2.08
{brs, 1 H), 1.60-1.56 (m, 1 H); MS (BESD m/z 508.27 (M+H).

{
- HaC. CH:

N

(f oMt
\)k‘ = Y 4 i Y O\

OBn O HO : O CBn

OTES
sagq OTES

Compound S8-6-1 was prepared from 85-4-1 (650 mg, 1.42 pupol, 1 eg) and C-4
dimethylamino epone 85-8 (690 mg, 1.42 mmol, 1 eq) by using General Procedure E. Product
§5-6-1 (957 mg, a mixiure of diastereomers, 80%): 'H NMR (400 MHz, CDCh) & 16.08 (s,
0.5 H}, 16.05 (s, 0.5 H), 7.50-7.48 (m, 2 ), 7.41-7.30 (m, 8 H), 6.02-594 {m, 1 H}, 5.36 (5,2
H),522(brd, J=165He, 1 H), 5.14 (br d, /=92 Hz, | H), 4.93-4.85 (m, 2 H), 4.33-4.26
(m, 1 H), 3.98-3.94 {m, 1 H), 3.84-3.76 (m, 1 H}, 3.26-3.22 {m, 2 H), 3.06-2.92 (m 4 H), 2.80-
2.65(m, 1 H),2.56-241 {(m, 9 H, 2.14-2. 10 (1, 2 H), 1.70-1.49 (m, 1 H), 0.82 (5, 4.5 H), 0.81
(s, 4.5 H), 0.27 (s, 3 H}, 0.12 (5, 3 H); MS (ESL) m/z 846.62 (M-+H).
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Compound 55-6-2 was prepared from 8585-4-2 (250 mpg, 0.58 mmol, I eq) and C-4
diallylamino enone $2-3 (310 mg, 0.58 mmol, 1 eq} by using General Procedure E. Product
88-6-2 (421 mg, a mixture of diasterecmers, 83%): 'H NMR (400 MHz, CDCh) 515.84 (brs,
1H), 7.41-7.39 (m, 2 H), 7.29-7.23 (m, 8 H), 5.75-5.65 {m, 1 H}, 5.26 (s, 2 H}, 5.13-5.09 {m,
2 H), 5.02-5.00 {m, 2 H), 4.82-4.68 (m, 2 H}, 3.97-3.95 (m, 1 ), 3.24-2.88 {m, 10 H{), 2.55-
234 (m, TH), 209201 (m, 2H), 0.71 5, 4.5 H), 0.69 (5, 4.5 H), 0.16 (5, 1.5 H), 0.15 (5, 1.5
), 0.00 (s, 3 H); MS (ESD m/z 872.56 (M+H).

' N:Br\ e L\\\/:-\N NG

“’(
SBr O HO E O OFn
s563 PTHS

Compound 55-6-3 was prepared from 55-4-3 (600 mg, 1.18 mmol, 1 eq) and C-4
disliylamino enone 82-3 (631 mg, 1.18 mmeol, 1 og) by using General Procedure E.
Diastercomer B (85-6-3B, 405 mg, 36%) of product $5-6-3 was isolated by flash column
chromatography. But diastereomer A (85-8-3A, 570 mg, 51%) was mixed with a small amount
of diastereomer. §5-6-3A: 'H NMR {400 MHz, CDCh) §16.03 (5, 1 H), 7.53-7.51 {m, 2 H)),
751731 (m, 12H), 7.28-724 (m, 1 D), 5.88-5.78 (m, 2 H), 5.39 (s, 2 H), 5.24 (4, J=17.1
Hz, 2H), 5.14 (4, /=98 Hz, 2 H), 4.89-482 {m, 2 H), 4.46-4.40 (m, 2 H}, 411 {d, /=104
He, TH), 367 (d, J=12.8 He, 1 H), 3.36-3.33 (m, 2 H), 3.27-3.21 (m, 3 H), 3.10-3.02 {m, 3
D, 2.85-2.83 (m, 1 H), 2.72-2.43 (m, 4 H}, 2.16 (4, /= 14.0 Hz, 1 H), 2.05-2.02 (m, 1 H},
1.58-1.45 {m, 2 H), 0.85 (5, 9 H}, 0.28 (5, 3 H), 0.14 (5, 3 H). §5-6-3B: 'H NMR (400 Mz,
CDCL) §16.03 (s, T H), 7.53-7.51 (m, 2 H), 7.43-7.30 (m, 12 H), 7.26-7.24 (m, 1 H), 5.88-
5.78(m, 2H), 539, 2H), 5244, J=171Hz 2H), 517 (4, /=98 Hz, 2 H), 4.91, 4.87
{(ABq, /= 1108z, 2H), 413, J=98Hz 1 H}, 368 (br d, /=122 Hz, 1 H), 3.39-3.19 (1,
5H), 3.02-2.78 {m, 4 H}, 2.67-2.63 (m, 1 H), 2.58-2.54 (m, 1 F), 2.51-2.43 (m, 2 ¥}, 2.17 (br
d,f=14.6 Hz, 1 H), 2.10-2.05 (m, 1 H), 1.58-1.55 (m, 2 H), (.83 (5, 9 H), 0.28 (5, 3 H), 0.13
(s, 3 H); MS (ESI) m/z 948.56 (M+H).
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Compound 88-7 was prepared from 85-6-% (205 mg, 0.24 mmol, 1 eq) by using General
Procedure A (168 mg, a mixture of disstercomers, 86%): TH NMR (400 M¥z, CDCh) §7.66-
7.61 (m, 1 H), 7.53-7.44 (m, 3 H), 7.38-7.32 (m, 6 H), 5.36 (5, 2 H), 4.98-4.82 (m, 3 H), 3.95
5§ (d,J=104Hz 1 H), 3.25-3.22 (m, 1 H), 3.14-3.00 (m, 4 H), 2.77-2.65 (m, 2 H), 2.56-2.37
{(m, 9H), 2.13 (brd, /= 14.6 Hz, 1 H}, 1.98-1.95 (m, 1 H}, 1.56-1.44 (m, | H}, (.82 (5, 4.5 H),
0.81 (5, 4.5 H), 0.27 {5, 3 H), 0.12 (5, 3 H); MS (ESE m/z 806.55 (M-+H}.

Chs CHg P
I = 3 - AN
L A e
l M\i/ N NN O,
I S _ PSPV
OBn O HO £ 0 f OBn O HO £O  OBFn
&1BS
85-8-2

Compounds 85-8-1 and $5-8-2 were prepared from §5-6-2 (377 mg, 0.43 mmel, 1 eg)
18 by using General Procedure A, 85-8-1 (198 mg, a mixture of diastercomers, 58%): MS (ESD
n/z 792.46 (M. 85-8-2 (58 mg, a mixture of diastercomers, 16%); MS (ESD) m/r 832.48

(VD).
G Hg
orEE Ao
7 \/QE "
7 \\f BH J\W K

i
CH O OO O
55-9-9

Compound §5-9-1 was prepared from 88-7 (42 me, 0.052 munol, 1 eq} by using General

15 Procedures € and -1, The two diastercomers of 88-9-1 were separated by preparative reverse

phase HPLC. 88-9-1A: 'H NMR (400 MHz, CD:0D, dihydrochloride salt) §5.36 (4, J= 8.8

He, 1 HL 4.11 (3, 1 H), 3.50-3.45 (m, 1 H), 3.36-3.33 (m, 2 H), 3.27-3.18 (m, 2 H), 3.12-2.8%

{m, 9H), 2.56-2.42 (m, 1 }}, 2.34-2.22 (m, 2 H), 1.86-1.77 (m, | H), 1.68-1.58 (m, 1 H}. 85~

918 'H NMR (400 MHz, CD:0D, dihydrochloride salt) §5.36 (4, /= 8.8 Hz, 1 H), 4.11 (s,

200 1H),3.51-343 (o, 1 H), 337333 (o, 21D, 3.27-3.07 (i, 2HD, 3.12-2.87 {m, 9 H), 2.50-2.42

(m, 1 H), 2.34-2.22 (m, 2 H), 1.86-1.77 {(m, 1 H), 1.68-1.58 (m, 1 H); MS (ESI iz 514.32
(W+H.
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Compound 58-9-2 was prepared from 857 (21 mg, 0.026 mmol, 1 eq) and HCHO by
using General Procedures B-1, € and B-1. The two disstereomers of 88-8-2 were separsted by
preparative reverse phase HPLC. $5-9-24: 'H NMR (400 MHz, CD:OD, dihydrochloride salt)
§522¢d, J=88Hz, 1 H), 411 (s, 1 FD, 3.72-3.68 (m, 1 H), 3.61-3.57 (m, 1 H), 3.36-3.30 (m,
1 H3,3.24-3.18 (m, 5 H), 3.13-3.05 (m, 4 H}, 3.00-2.92 (m, 5 H), 2.60-2.56 (m, 1 H), 2.37-2.24
{m, 2 H), 1.85-1.75 (m, 1 H), 1.69-1.60 (m, 1 H). 85-9-28: 'H NMR (400 MHz, CDs0D,
dihyvdrochloride salt) §5.21 (4, /=84 Hz, 1 H), 4.11 {5, | H}, 3.72-3.68 (m, | H), 3.61-3.57
(m, 1 H}, 3.35-3.30 (m, 1 H), 3.26-3.20 (m, S H), 3.13-3.05 {m, 4 ), 3.01-2.89 (m, 5 H), 2.62~
2.55(m, 1 H},2.36-2.23 (mm, 2 H), 1.85-1.79 {m, 1 H}, 1.69-1.59 {m, 1 H); MS (ESD) m/z 528.27
{M-+H).

Compound 55-9-3 was prepared from 88-7 {42 mg, 0.052 mmol, 1 g} and CHsCHO
by using General Procedures B-1, € and B-1. The two diastereomers of 85-8-3 were separated
by preparative reverse phase HPLC, 8§5-8-3A: 'H NMR (400 MHz, CD:0D, dihydrochloride
salt} 5529 (d, J=88He, 1 H), 413 (s, 1 H), 3.86-3.77 (3u, 1 H), 3.74-3.69 (m, 1 H), 3.58-
353 {m, 1 H), 3.42-337 (m, 1 H), 3.28-2.92 (m, 12 H), 2.60-2.52 (m, 1 H), 2.36-2.25 (m, 2
H), 1.85-1.75 (m, 1 H), 1.69-1.59 (m, 1 H), 1.42 (t, /= 7.2 Hz, 3 H). 85-2-3B: 'H NMR (400
MHz, CB:0D, dihydrochioride sali} 6527 (4, /=88 Hzg, 1 H), 4.12 (s, 1 H}, 3.85-3.78 (m, |
D, 3.75-3.70 (m, 1 H), 3.57-3.54 (m, 1 H), 3.42-3.37 (m, 1 H}, 3.28-3.19 (m, 2 H), 3.14-2.90
(m, 10 H), 2.60-2.52 (m, 1 H), 2.34-2.25 (m, 2 H}, 1.86-1.76 (m, 1 H), 1.68-1.59 (m, | H}, 1.44
{t,J= 7.6 He, 3 H); MS (ESI) m/z 542.37 (M+H).

Ci i3




16

13

20

WO 2018/045084 PCT/US2017/049462

-221-

Compound $5-9-4 was prepared from 85-6-1 (46 mg, §.054 mmol, 1 eq} by using
General Procedures € and B3-2. The two diastercomers of §5-8-4 were separated by preparative
reverse phase HPLC, 88-9-4A: "H NMR (400 MHz, CD:OD, dihydrochloride salt) §5.30 {(d,
J=84Hz 1 H), 413 (s, 1 H), 3.74-3.62 (m, 2 ¥, 3.57-3.53 (m, 1 H}, 3.39-328 (m, 1 H},
3.24-3.17 (m, 2 H), 3.12-2.92 (m, 10 H), 2.60-2.53 {m, 1 H), 2.36-2.25 {m, 2 H), 1.88-1.76 (m,
3H), 1.69-1.59 (m, 1 H), 1.06 (, J= 7.2 He, 3 H). §5-9-48: 'H NMR (400 MHez, CIHOD,
dihydrochloride salt) 65.28 (d, J=84 Hz, 1 H}, 4.11 {5, I H), 3.74-3.61 (m, 2 H), 3.56-3.53
(m, 1 H), 3.34-329 (m, 1 H), 3.27-3.18 (m, 2 H), 3.12-2.92 (m, 10 H), 2.59-2.53 (m, 1 H},
2.32-2.25 (m, 2 H), 1.88-1.76 (i, 3 H), 1.67-1.57 {m, | H}, 106 (t, J= 7.6 Hz, 3 H); MS (ESI)

m/z 556.33 (M+H),
) . HiCoy -CHy

I H HE -
L‘{}\ N ™ O
i P : D : NH»
! OHE

Compound $5-9-8 was prepared from 88-7 (42 mg, 0.052 mmol, | ¢q) and PhCHOC by

using General Procedures B-1, € and B-1. The two diastercomers of $8-9-5 were separated by
preparative reverse phase HPLC. 85-9-84: 'H NMR (400 MHe, CD:0D, dihydrochloride salt)
F7.56-7.53 (o, 2H}, 7.50-749 (m, 3 H), 544 (4, /=8.8Hz, | H), 494 (d, /= 13.2Hz, 1 H},
448(d, J=132Hz 1 H), 4.10 (s, | H), 3.61-3.57 (m, 1 H}, 3.44-3.42 {m, 1 H), 3.34-3.30 (m,
2 H), 3.28-2.91 (m, 10 H), 2.58-2.52 (m, 1 H}, 2.40-2.23 {m, 2 H), 1.76-1.64 (m, 2 H}. 55-9-
5B: 'H NMR (4006 MHz, CD:0D, dihydrochloride salt) §7.58-7.56 {m, 2 H), 7.51-7.49 (m, 3
), 543(d,/=88Hz, 1 H,L494(d,J=132He, 1 H), 451(d,/=132Hz, 1 H),4.13(s, 1
3, 3.62-3.58 (m, 1 H), 3.47-3.41 (m, 1 H), 3.34-3.20 (m, 3 H}, 3.15-2.91 (m, 9 H), 2.58-2.52
(mm, 1 H), 2.37-2.26 {m, 2 H}, 1.78-1.64 (m, 2 H); MBS (ESD m/z 604.41 (M+H).

OH O
8887

Compounds $5-9-6 and 85-8-7 were prepared from $5-6-2 (44 mg, 0.050 mmol, 1 2q)
by using General Procedures € and B2, The two dissicreomers of $5-8-6 were separaied by
preparative reverse phase HPLC, while 85-9-7 was isolaled as a mixtare of disstereomers. 85~

8-6A: 'H NMR (400 MHz, CD:OD, dibydrochloride sal) §5.21 (4, 7=92Hz, 1 H), 3.88 (s,
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1 H3, 3.70-3.66 (m, 1 H}, 3.60-3.57 (m, 1 H}, 3.34-3.29 (m, 2 H}, 3.26-3.16 (m, 6 H}, 3.04-2.98
{m, 1 H), 2.94-2.85 (m, 2 H), 2.61-2.54 (m, | H}, 2.35-2.22 (m, 2 H), 1.83-1.72 (m, 3 H}, 1.61-
51 (m, T HD, 1.O2 (6, 7= 7.1 Hz, 3 H). §5-9-6B: ' NMR (400 MHz, CD:0D, dihydrochloride
salty §5.21 {d, /=87 Hz, 1 H}, 3.89 (s, 1 H), 3.72-3.68 (m, 1 H}, 3.61-3.57 {m, 1 H}, 3.55-
3.29 (m, 2 H), 3.26-3.19 (m, 6 H), 3.06-2.98 {m, I H}, 2.93-2.87 (m, 2 H), 2.61-2.55 (m, 1 H),
234222 (m, 2 H), 1.85-1.73 (o0, 3 H), 161152 (m, T H}, 103 (1, /=73 He, 3 H); MS (BESD
mrfz 542.30 (M+H).

§8-9.7: 'H NMR {400 MHz, CD30D, dihydrochloride salt, a mixture of diastereomers)
§5.23-5.20 (m, 1 H), 4.23 (s, 1 H), 3.73-3.68 (m, 1 H), 3.61-3.57 (m, 1 H), 3.51-3.47 {m, 1 H),
3.38-3.33 (m, 2 H), 3.26-3.20 (m, 7 H), 3.10-3.04 (m, 1 H), 2.99-2.89 (m, 3 H), 2.36-2.22 (m,
2H), 1.86-1.76 (m, § H), 1.69-1.5% (m, 1 H), 1.05-0.98 (m, 6 H); MS (ESI) m/z 584.3 (M+H).

Compounds $5-9-88 was propared from 85-6-3B (20 mg, 0.021 munol, 1 g) by using
General Procedures C and D-2: 'H NMR (400 MHz, CD:OD, dihydrochloride salt) §5.34 (4,
J=§8 Hz, 1 H), 3.88 (s, | H), 3.48-3.43 (m, | H}, 3.35-3.32 (m, 3 H}, 3.26-3.16 {m, 3 H),
3.05-2.96 (m, 1 H), 2.93-2.85 {m, 2 H), 2.49-2.41 {m, | H}, 2.32-2.21 {m, 2 H}, 1.85-1.72 {in,
3H), L60-1.51 (m, 1 H), 1.02 {t, /= 7.2 Hz, 3 H}; MS (ESI) m/z 528.29 (M+H).

. " ACH3
b

CHy
N £ #f\i ;

L g NH,
YT

ar O OH O
55-9-9

Compound S$5-8-9 was prepared from 85-8-2 (58 mg, 0.07 amol, 1 2g) and HCHO by
using General Procedures B-1 and A. Half of the material was processed per General
Procedures € and -1 to give product 85-8.8, The two diastereomers of 85-9-8 were separated
by preparative reverse phase HPLC. §5-8-8A: 'H NMR (400 MHz, CD:0OD, dihydrochloride
salty 5521 (4, J=88Hz, 1 H), 3.82 (5, 1 H), 3.71-3.67 (m, I H), 3.63-3.56 (m, 1 H}, 3.35-
331 (m, T H}, 3.23-3.16 (i, 5 H), 3.06-2.91 (m, S H), 2.83-2.80 (m, 1 H), 2.61-2.55 (o, 1 H),
2.35-2.28 (m, 1 H), 2.25-2.21 {m, 1 H), 1.84-1.74 (m, 1 ), 1.62-1.52 (m, 1 F). 85-8.9B: 'H
NMR (400 MHz, CD3OD, dihydrochloride salt) §5.20(d, /J=8.8 Hz, 1 H}, 3.81 (5, 1 H}, 3.72-
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3.68 (m, 1 H), 3.61-3.56 (m, 1 H), 3.35-3.30 {m, 1 H), 3.26-3.18 (m, 5 H), 3.06-2.97 (m, 1 H),
2.95-2.89 (m, 4 H), 2.83-2.76 (m, 1 H), 2.62-2.55 (m, 1 H), 2.36-2.28 (m, 1 H), 2.25-2.20 {m,
1IN, 1.85-1.75 (m, { H), 1.63-1.53 (m, 1 HI); MS (ST m/z 514.27 (MHED.

AN NH
H Hs:®

oH O OHOHQ Q
85-9-10

Compound 85-9-10 was prepared from 85-8-1 (30 mg, 0.38 mmol, 1 eg) by using
General Procedures € and B-1 {0 give product 85-8-10. The two diastercomers of 85-2-10
were separated by preparative reverse phase HPLC. 85-8-104: 'H NMR (400 MHz, CD:0OD,
dibydrochloride salt) 6522 (4, J= 8.8 Hz, 1 H}, 3.89 (g, | 1}, 3.72-3.67 (m, 1 ), 3.62-3.57
(m, 1 H), 3.35-3.28 (m, 1 H), 3.23-3.17 (m, S H), 3.04-2.91 (m, 2 H), 2.72-2.65 (m, 1 H), 2.62~
255 (m, 1 1), 2.37-2.30 (mm, 1 ), 2.28-2.23 {m, T H), 1.84-1.77 (m, 1 H), 1.64-1.54 (mm, 1 H).
§5-9-108: 'H NMR (400 MHz, CD:0D, dihydrochloride salt) §5.21(d, /=92 Hz, 1 H), 3.90
(s, 1 H}, 3.72-3.68 (m, 1 H), 3.62-3.57 {m, 1 H}, 3.35-3.29 (m, 1 H}, 3.25-3.19 (m, S H), 3.04-
2.96 (m, 1 H), 2.93-2.87 (m, 1 H), 2.69-2.65 (m, 1 H), 2.62-2.55 (m, 1 H)}, 2.36-2.23 (m, 2 H),
1.86-1.76 (m, 1 H), 1.64-1.54 (m, 1 H}; MS ESI) m/z 500.26 (M+H).

o 6 oPB 8
88-8-11

Compound 55-9-11 wag prepared from 855-8-F and CH:CHO by using General
Procedures B-1, € and D-1 to give product 85-9-11. The two diastereomers of 558-9-11 were
separated by preparative reverse phase HPLC. 8$5-8-314: 'H NMR (400 MHz, CD:0D,
diltydrochloride salf) §5.22(d, /=84 Hz, 1 H}, 3.88 (5, 1 H}, 3.71-3.68 {m, T H), 3.62-3.57
{m, 1 H), 3.46-3.39 {m, 1 H), 3.38-3.28 (m, 2 H}, 3.23-3.17 (m, S H), 3.05-2.99 (m, 1 H), 2.96-
291 (m, 1 H), 2.87-2.83 (m, 1 H), 2.62-2.55 (m, | H), 2.36-2.23 {m, 2 H), 1.84-1.74 (m, 1 H},
1.62-1.52 (m, 1 H), 1.36 (1, J = 7.2 Hz, 3 H). 85-9-118: 'H NMR (400 MHz, CD:0D,
dihydrochioride salt) §5.21 (d, /= &4 Hz, | H), 3.88 (s, 1 H), 3.72-3.68 {m, 1 H), 3.64-3.55
{m, 1 H), 3.48-3.41 {m, 1 H), 3.38-3.28 (m, 2 H}, 3.26-3.18 (m, S H}, 3.07-2.99 (m, | H), 2.96-
2.84 (m, 2 H), 2.62-2.55 (m, | H), 2.36-2.22 (m, 2 H), 1.84-1.74 (m, } H), 1.66-1.52 (m, 1 H),
136 (8, J="7.2 Hz, 3 H); MS (ESI) m/z 528.23 (M+H).
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CHa
CH;

N
1 n“;;z
OO OB O
85-9-12

Compound 55-9-12 was prepared from 55-8-1 and CH:CHO by using General
Procedures B-1, and B-1 again with HCHO followed by General Procedures € and 13- fo give
product 85-8-12. The two diastereomers of 85-8-12 were separated by preparative reverse
phase HPLC. §5-8-12A: 'H NMR (400 MHz, CI»OD, dihvdrochloride salt) §5.22(d, /= 8.8
Hz, 1 HL423(6,05H),4.14 (s, 0.5 H3, 3.71-3.67 (v, 1 H), 3.61-3.56 (m, 1 H), 3.50-3.46 (m,
1H), 335330 (m, 2 H), 3.243.17 (m, 5 H), 3.10-3.02 (my, 2.5 H), 2.95-2.91 (m, 3.5 H), 2.62~
2.55(m, 1 H),2.36-2.22 (m, 2 H), 1.84-1.74 (m, | H1}, 1.67-1.58 (m, | H), 1.43-1.39 (m, 3 H).
§5-9-128: 'H NMR (400 MHz, CD:OD, dihydrochloride salt) §5.21{(d, J= 8.8 Hz, 1 H), 4.23
(s, 0.5 H}, 4.14 (s, 0.5 H), 3.73-3.68 (m, | H), 3.62-3.57 {m, 1 H), 3.52-3.47 (m, 1 H}, 3.38-
3.30 (m, 2 H), 3.26-3.20 (m, S H), 3.09-2.88 (m, 6 H), 2.61-2.57 (m, 1 H), 2.36-2.22 (m, 2 H},
1.85-1.75 (m, 1 H), 1.67-1.538 (m, 1 H), 1.44-1.39 {m, 3 H); MS (BS) m/z 54230 (M+H).

(“lq C.i

3

[‘fi}“%ﬁ

OH
85-2-13

Compound 88-8-13 was prepared from 85-8-1 and CH:CHO by using General
Procedures B-3, C and B-1 to give product 85-8-13. The two diastercomers of 85-8-13 were
separated by preparative reverse phase HPLC. 8$5-9-13A: 'H NMR (400 MHz, CD:OD,
dihydrochloride salt) §5.22 (d, /=92 Hz, 1 H), 425 (s, 1 H}, 3.72-3.67 (m, 1 H), 3.62-3.54
{m, 2 H}, 3.48-3.43 (m, 2 H), 3.35-3.28 (m, 2 H}, 3.25-3.17 (m, 5 H), 3.09-3.02 (m, 1 H), 2.94-
290 (m, 1 H), 2.62-2.54 (m, 1 H), 2.36-2.26 (m, 2 H), 1.84-1.75 (m, 1 H), 1.69-1.39 (m, 1 H},
1.41 1, J= 7.2 He, 6 H). $5-9-138: 'H NMR (400 MHz, CD:0D, dihydrochloride salt) §5.21
{d,J=92Hz 1 H), 425, 1 H), 3.73-3.68 (1, | H}, 3.63-3.55 {im, 2 H}, 3.50-3.42 (m, 2 H},
3.36-3.28 {m, 2 H), 3.25-3.19 (m, 5 H), 3.12-3.02 (m, 1 H), 2.95-2.89 (m, 1 H}, 2.62-2.54 (m,
PH}, 234223 (0, 2H), 1.85-1.75 (m, 1 H), 168159 (m, 1 H), 141 (1, /=72 He, 6 H); MS
(EST) m/z 556.29 (M+H).

Scheme &
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The following compounds were prepared per Scheme 6.
CF
//
OB & HO & G
GER
836-2
5 Compound 86-2 wag prepared from compound $6-1 (prepared per Hiterature procedures

including WO2011/025982 A2} and diallylenone 82-3 by using General Procedure E:

'H NMR (400 MHz, CDCB) 8 1581 (s, 1 H), 7.65(d, 7= 9.2 Hz, 1 1), 7.51-7.44 (m, 4 H),

7.40-7.27 (m, 6 H), 693 (d, /= 9.2 Hz, | H), 5.85-5.75 (m, 2 H}, 5.36 (5, 2 H), 5.30-5.19 (i,

4,311 (4, /=100 Hs 2H},L 409 (4, J= 104 He, 1 H), 335332 {m, 2 H), 3.22-3.12 {m,
10 3H), 2.96-2.92 (m, 2 H}, 2.52-2.45 (o0, 2 H), 2.14-2.10 (m, 1 H), .82 (5, 9 H), 028 (5, 3 H,

0.14 (5, 3 H); MBS (ESD m/z 827.60 (M+H).

= VN

CF oF R 1

CF, B NH, 4 H NH

LN NG, Q, < ER g ,.(5\
f PN PN

A, 7 e P e ; g

55 OB dgnd moio  OBn
aTBs Otas
883 864

Compounds 863 and S84 were prepared from compound 86-2 by using Genersl

Procedure A. 86-3: 'H NMR (400 MHz, CDCB) 8 1641 (5, 1 H), 7.64 (4, 7= 92 Hz, | H),

18 7.52-746 (o, 4 H), 742-730 (m, 6 H), 6,95 (4, J =92 He, 1 H, 5.45, 535 (ABg, /= 12.0

He, 2D, 5.31, 5.24 {(ABq, J= 12.8 Hz, 2 H}, 4.00 (brs, 1 ), 3.07-3.03 {m, | H), 2.88-2.78

{m, 1 H), 269266 (m, 1 H, 242, J=15.2He, 1 H), 2.17-212 (m, 1 H), 1.47-1.38 (m, 1

D, 0.74 (s, 9 H), 0.23 (=, 3 H), 0.10 (5, 3 H); MS (ESD m/z 747.50 (M+H). 86-4: MS (ESD m/z
787.55 (M+H).
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P f\'[ T e _-OH
e
CH O OH C QO
$6-8-1

Compound 86-6-1 was prepared from compound 56-3 by using General Procedures €
and D-2: "H NMR (400 MHz, CD:0D, hydrochloride salt) §7.75 (d, J= 9.2 He, 1 H), 6.95 (4,
J=92Hz, 1 H), 390 (brs, 1 H), 3.22-3.17 (m, 1 H), 3.04-2.96 (m, 1 H), 2.63 (&1, 7= 124,
202 1H)L 254, J=148H:, 1 HL222ddd, J=132,48,20Hz, 1 H), 1.63-1.54 (m, |
Hy: MBS {(ESL m/z 455.30 (M+H).

H., .CH
CFs [
A NN N
4 /l I\ 4
P O
OO jol; [elr e o Q O

85-5-2 §6-8-3

Compounds §6-6-2 and 856-6-3 were prepared from compound 86-4 with HCHO by
using General Procedures B-1, € and B-2. 86-6-2: 'H NMR (400 MHz, CD:0D, hydrochloride
salf} 8 7.75(d, /=82 Hz, 1 H), 694 (4, /=92 Hz, 1 H}, 3.83 (brs, I H}, 3.19-3.15 (m, 1 H),
3.06-2.98 (m, 1 H), 2.91 (5,3 H), 2.82-2.79 (m, 1 H), 2.51 (1, /=148 He,  H), 2.20 (ddd, J=
13.2, 5.2, 2.4 Hz, 1 H), 1.60-1.51 {m, 1 H); MS (ESI) m/z 46930 (M+). 86-6-3: 'H NMR
(460 MHz, CD:0D, hydrochloride salt) 8 7.77 (4, /=92 He, 1 H), 6,95 (d, /=92 Hz, 1 H),
422 (brs, 0.5H), 414 (brs, 6.5 H),3.40-3.29 (m, 1 H}, 3.22-294 (m, 7TH), 2.53 (, J=14.8
Hez, 1 H), 2.26-2.19 (m, 1 H), 1L.88-1.75 {m, 2 H), 1.70-1.59 (m, 1 H), 1.06-0.98 (m, 3 H); MS
{ESI) m/z 511.36 (M+D.
o ACHs o RC \/\ /\,ma

@%ﬂw Py

OH O
36 6~4 86-5-5

Compounds 86-6-4 and $6-6-5 were prepared from compound 86-2 by using General
Procedures € and D-2. $6-6-4: 'H NMR (400 MHz, CD:0D, hydrochloride salt) § 7.75 (d, J
=92Hz 1 H), 693(d,/=92Hz, 1 H}), 390, 1 H), 3.34-3.15 {m, 3 H}, 3.06-2.97 (i, 1 H),
287(d,/=124He, 1 H), 250 (4, J=148Hz, 1 H), 221 (ddd, /= 14.0, 5.2, 28 Hz, 1 H),
1.82-1.73 {m, 2 H), 1.60-1.50 (m, 1 H), 1.02 (¢, 7= 7.2 Hz, 3 H); MS (ESD) m/z 497.29 (M+H).
86-6-5: 'H NMR {400 MHz, CD:0D, hydrochloride salt) 8 7.77 (4, /= 9.2 Hz, 1 H), 6.96 (d,
J=92Hz 1 H), 424 (s, 1 H), 3.51-3.46 (m, I H}, 3.41-3.26 (m, 2 H}, 3.23-3.03 (m, 3 B),
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2.95-2.92 (m, 1 H), 2.54 (1, J= 14.8 Hz, 1 H), 2.20 (ddd, /= 13.2, 4.4, 2.4 Hz, 1 H), 1.89-1.79
(m, 4 ), 1.68-1.59 (m, 1 H), 1.03 (4, J = 7.2 Hz, 3 H), 0.99 (4, J = 7.2 Hz, 3 H); MS (ESD m/iz
539.38 (M+D).

Compound 56-6-& was prepared from compound 86-3 with CHaCHO by using General
Procedures B-1 {(at 0 °C), € and D-2: 'H NMR (400 Mz, CD:0D, hydrochloride salt) 8 7.75
{d,/=92Hs, 1 H),694(d, /=92 Hs, 1 H),3.88(, 1 H),3.47-3.38 (m, § H}, 3.37-3.29 {m,
PHD, 3.19-3.15(m, 1 H3, 3.05-2.97 (m, 1 H3, 2,84 {d, /=124 Hz 1 F[}, 2.51 {§, /= 14.8 Hz,
1H), 221 (ddd, 7= 13.6,4.8, 2.4 Hz, 1 H), 1.60-1.51 (m, 1 H), 1.36 (1, J= 7.6 Hz, 3 H); MS
(BES1) me/z 483.29 (M+H).

Compound S6-6-7 was prepared from compound 86-3 with CHsCHO by using General
Procedures B~1 (at 0 °C), then B-1 again with HCHO, € and B-2: 'TH NMR (400 MHz, CI»:0D,
hydrochloride salt} 8 7.76 (d, J= 9.2 Hz, 1 H}, 695 (4, /=82 Hz, 1 H}, 425 (brs, 05 H),
416 (brs, 0.5 H), 3.52-3.43 (m, 1 H),3.39-331 (m, 1 H}, 3.22-3.18(m, S H), 2.53 (1, /= 14.8
Hz, 1 H), 2.27-2.206 (m, | H), 1.70-1.58 {m, 1 H}, 1.43-1.36 {m, 3 H); MS (ESI} m/z 497.32
{(M-+H).

Compound S6-6-8 was prepared from compound 86-3 with CHaCHO by using General
Procedures B-1, € and B-2: 'H NMR (400 MHz, CDsOD, hydrochloride salt) 8§ 7.76 (d, 7 =
Q2Hz 1H,695(d, /=92 Hz 1 H)L 427 (s, 1 H)},3.64-3.55¢(m, | H},346{q, J=7.6Hz 2
H), 3.36-3.29 (o, 1 H), 3.22-3.37 (o, T H}, 3.11-3.03 (e, 1 H), 293290 (o, 1 HDL, 253 (1, 7
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=14.8 Hz, 1 H), 2.22 (ddd, = 13.6, 5.2, 2.8 Hz, 1 H), 1.68-1.59 (m, 1 H), 1.41 (¢, /=72 H,
3D, 1.40 (t, J= 7.2 He, 3 H); MS (ESD m/z §11.34 (MR,

G
CFs HNT YO
Sood HE
E N : OH
e ; NH,

[ A
oH O oG O
$6-5-3

Compound 56-6-9 was prepared from compound 86-3 with A by using General
Procedures B-2, C and I-2: 1H NMR (400 MBz, CD:ODY 8 7.74 (4, /= 9.2 Hz, 1 H), 6.92 (4,

J=92 Hz, 1 H), 4.69(d, /= 6.4 Hz, 1 H), 3.14-3.10 (m, 1 H), 3.04-2.96 (m, 1 H), 2.72 (4, J =

14.8 He, 1 H), 247-2.42 (m, 1 H), 2.39-2.33 (m, 1 H), 2.03 (s, 3 H), 1.62-1.55 (m, 1 H); MS
(ESD) m/z 497.29 (M+HD).

CHy
SF HN"“S!*'“
1° 8w dié-
ARy ?/’\\.E/’\‘/OH
LA LA N,

LAH
oH O OH PO G
38-6-4¢

Compound S6-6-18 was prepared from compound 86-3 with Ms20 by using General
Procedures B-2, C and D-2: 1H NMR (400 Mz, CD:OD) 8 7.73 (4, J= 9.2 Hz, 1 1), 6.91 (4,
J=02 He, 1 H), 4100, /=44 He 1 H}, 318314 (m, 1 H), 3.14 (5, 3 H), 3.04-296 (m, 1
H),270{, /=148 Hz 1 H}, 251 (8, /= 14.0,4.0 Hz, 1 H), 2.27 (ddd, /= 14.0, 6.4, 3.6 Hz,
1 H), 1.69-1.61 (m, 1 H); MS (ESD m/z 533.32 (M+H).

Scheme 7



WO 2018/045084 PCT/US2017/049462

«228~
o~ \\, f\\//;‘
Gl raductive ¢l
PN CHy  amination 2 E/’\N ;/\\ CH;  s2.3 f;\@\! Ti
H i B ——
: L A-D X
£0,5h S F e MD
O8n Gan Obn O O’LO OB"‘
$7-4 §7-2 g7 O1BS

PA(PPR),
DMEA

NH

foq ;:12

OBn \)’ }‘" ( O Bn
5TEg
37-8

2. HF

1. derivatization
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¥ HooH
o ! PN ?. /\@ STNG OH
D Y Y n’

OH O OH O
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The following compounds were prepared per Scheme 7.

-~ CHy
#00,n
0Bn
572
8 Compound 87-2 was prepared from compound §7-1 (prepared according to literature

procedures including J Med. Chem., 2013, 56, 8112-8138) and isoquinoline by using General
Procedure B-1: TH NMR (400 MHz, CDCl) § 7.38-7.22 (m, 9 H}, 7.14-7.08 {m, 5 H}, 7.00-
699 (m, 1 H), 513 ¢(brs, 2H), 378 (brs, 2H), 3.70 (brs, 2H), 2.87 (brs, 2 H), 2.74 (brs, 2

), 2.48 (5, 3 H); MS (BST) mz 498.5 (M+H).
I \VA'\!W

N/‘\v/\v/\v/ j\/
OBn(“) o o o8
10 87-3

Compound 87-3 was prepared from compound 87-2 and diallyenone 82-3 by using

General Procedure E: 'H NMR (400 MHz, CDCE) 8 1596 (brs, 1 H), 7.51-7.49 (m, 2 H),
7.40-7.31 (m, 5 H), 7.27-7.20 (m, 4 H)), 7.16-7.12 (m, 3 H), 6.98-6.96 (m, | H}, 5.86-5.76 (m,

2H), 536(s, 2 H), 523-5.16 (m, 4 H}, 5.12-5.10 {m, 2 H), 4.09 (d, /= 9.6 Hz, I H), 3.74-3.65

15 (m, 4 H), 3.37-3.31 {m, 4 H), 3.23-3.17 (m, 2 H}, 3.02-2.94 (m, 1 H), 2.84-2.70 (m, 4 H}, 2.52-
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242 {m, 2 HY, 215212 (m, 1 H), 0.83 (s, 9 H), 0.26 (5, 3 H), 0.14 {5, 3 HY, MS (ESD) m/z
938.70 (M+H).
ct T

W

i W »

; Y ¥ .
A/‘\’]/ 7

y
oBr O OH G OBn
O78S

L'L'J

$7-4 o 875
Compounds §7-4 and §7-8§ were prepared from compound 87-3 by using Genersl
Procedure A. 87-4: MS (ESI) m/z 858.59 (M+H). §7-5; MS (BSI) m/z 898.71 (M+H).

o NH»
L H t‘ N

BH
OH 0 OH' O O
$7.6-1

Compound $7-6-1 was prepared from compound 87-4 by using General Procedures €
and B-1: 'H NMR (400 Mz, CD:0D, dihvdrochloride salf) §7.33-7.25 (m, 4 H), 7.19 (4, J =
72 Hz, 1H),473,468(ABq, J=136Hz, 2 H),455(s, 2 H),392(s, 1 H), 3.84 {(brs, I H},
3.62 (brs, 1 H}, 3.42 (dd, J=16.0, 4.4 Hz, | H}, 3.30-3.18 (m, 2 H), 3.09-3.02 (m, § H3, 2.72-
269 {(m, 1 H}, 242 (t, /= 14.8Hz, 1 H), 2.29(ddd, J= 14.0, 5.2, 2.4 Hz, 1 H}, 1.65-1.55 (m,
1 H); MS (ESD m/z 566.35 (M+H).

A F\/\.\/CH
¥

Ny A\/«\/Qh & E et :
ANy Ry %th
§7-6-

"H O OH O
$7-8-3

Compounds 8§7-6-2 and 87-6-3 were prepared from compound 87-8 with HCHO by
using General Procedures B-1, € and D-2. 8§7-6-2: 'H NMR 400 MHz, CD;OD,
dibydrochloride salt) 8 7.33-726 (m, 4 H), 7.19(d, /=72 He, 1 H), 4.72, 4.67 (ABqg, J= 132
Hz, 2H),4.55(s, 2H3, 3.85(brs, 2H), 3.63 {brs, 1 H), 3.42 (dd, /= 16.0, 4.0 Hz, 1 H}, 3.30-
322 (m, 2 H), 3.00-3.04 (o, 1 H), 292 (5,3 H), 285(d, /=126 He, 1 H}, 243 (1, J= 148
Hez, 1 1), 2.29-2.23 (on, 1 H), 1.64-1.54 (m, 1 H); MS (ESI) m/z 580.4 (M4, $7-6-3: THNMR
{460 MHz, CI»0D, dihydrochloride salt) § 7.33-7.26 (m, 4 H), 7.21-7.19 {m, 1 H}, 4.72, 4.68
(ABqg, /=156 Hz, 2H},4.55(s, 2 H}, 4.24 (5, 0.5 H), 417 (5, 0.5 H), 3.84 (brs, 1 Hy, 3.62 (br
5, } H), 3.46-334 (m, 2 H), 332-2.96 (m, § H), 244 (br1, J=152Hz, 1 H), 299 (brt, J =
132 Hz, 1 H), 1.86-1.77 (m, 2 H), 1.68-1.65 {m, 1 H), 1.05-0.99 (m, 3 F); MS(ESD) m/z 622.4
{(M-+HD.
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Compounds §7-6-4 and 57-6-8 were prepared from compound 87-3 by using General

Procedures € and B-2. §7-6-4: TH NMR (400 MHz, CD:0D, dihydrochloride salt) 8 7.31-7.18

(m, SH), 471 {q,J=13.6 Hg, 2H),4.55(5, 2 H), 3.93 (5, 1 ), 3.84 (brs, 1 H),3.63 (brs, |

5 H),342-338(m, 1 H), 338317 (m, 4 H),3.07 (brs, | H),2.85(d,/=12.8He, 1 H), 235 (4,

J=144Hz 1 H),229(d,J=120H, 1}, 1.83-1.74 (m, 2H), 1.61-1.52 (o, 1}, LO3 (1, J

= 7.6 Hz, 3 H) MS (ESD m/z 60843 (M+H). §7-6-5: 'H NMR {400 MHz, CD:0D,

dibydrochloride salt) § 7.34-719 {m, S, 4.70 (s, 2 H), 4.55 (s, 2 H)}, 4.26 (s, 1 H}, 3.87-3.85

(m, 1 H),3.63(brs, 1 H), 3.54-337 {m, 3H), 328313 (m, S H), 2994, J=132Hz 1 H,

10 2443, 7=144Hz, 1 H}, 227, J=120Hz 1 H), 1.90-1.80 {m, 4 H}, 1.71-1.61 (m, 1 H),
1.05-0.98 (m, & H); MS (ESD »/z 650.45 (M+H).

Compound 87-6-& was prepared from compound 87-4 with CH3CHO by using Genersl

Procedures B-1 (at 0 °C), € and D-1: 'H NMR (400 MHz, CDs0D, dihydrochloride salt) 8

15 7.33-7.18(m,5H)}, 4.73, 467 {ABq, J=13.6 Hz, 21}, 4.55 (5, 21,390 (s, | H}, 3.84 {brs,
1 H), 3.62 (brs, 1 H), 3.48-3.32 (m, 3 H), 3.29-3.21 (i, 2 H), 3.10-3.03 {m, 1 H}, 290 (4, /=

128 Hz, 1 H), 241 (t, J=144 Hz, 1 H), 2.30-2.26 {m, 1 H), 163183 (m, 1 H), 137 (1, J =

7.6 Hz, 3 H); MS (EST) m/z 594.40 (M-+H).

CH3
HiCay,

cordeific.

37 G 7
20 Compound 57-6-7 was prepared from compound 87-4 with CH3CHO by using General
Procedure B-1 {at 0 °C), then B-1 again with HCHO, € and D1 TH NMR (400 MHz, CD:0D,
diliydrochloride salf) § 7.33-726 {m, 4 H), 7.21-7.19 (m, 1 H}, 4.73, 4.68 (ABg, J= 13.2 Hz,
2H), 455 (5, 2 H), 426 (5, 0.5H), 418 (5, 0.5 H), 3.85 (brs, 1 H), 3.62 (brs, 1 H), 3.56-3.34
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(m, 3 1), 3.30-3.14 (m, 3 H), 3.04-2.95 (m, 4 H), 242 (brt, J= 15.2 Hz, 1 H), 230 (br t, J =
15.2 Hz, 1 H), 1.73-1.61 (m, 1 H), 1.44-1.37 (m, 3 H); MS (EST) m/z 608.43 (M+H),

CHy CHy

OH
CH 0 OH O O
§7-6-8

Corapound 8$7-6-8 was prepared from compound 87-4 with CHsCHO by using General
Procedures B-1, C and D-1: 'H NMR (400 MHz, CDhROD, dihydrochloride salt) § 7.34-7.25
{m, 4 H), 7.20-718 {m, 1 H), 4.74, 468 (ABq, J=132Hz, 2H), 455 (5, 2 H), 428 (5, 1 H,
3.84 (brs, 1 H), 3.65-356 (m, 2 H),3.53-3.34 (m, 4 H), 3.29-3.10 (m, 3 H), 298 (d, /=132
Hz, TH), 241 (6, /=148 Hz, 1 H), 230 (brd, J= 124 He, 1 H), 1.71-1.64 (m, 1 H}, 143 (¢,
J=72Hz, 3H), 1.42 &, =72 Hz, 3 H); MS (ESE) m/z 62242 (M+H).

Compound 87-6-9 was prepared from compound 87-4 with Acz0 by using General
Procedures B-2, € and D-1: 'H NMR (400 MHz, CD:0D, hydrochloride salt) § 7.33-7.24 {m,
40, 7.21-7.19 (m, 1 H), 4.72-4.65 (i, 3 H), 4.55¢(s, 2 H), 3.84 (brs, 1 H}, 3.61 (brs, 1 H),
3.37-3.33 (m, 1 H), 3.30-3.20 (m, 2 H), 3.05-2.99 (m, 1 H), 2.63 (, J= 152 Hz, 1 H), 2.46-
2.36(m, 2 H), 2.058 (s, 3 H), 1.66-1.59 {m, 1 H}; MS (ESI) m/z 608.42 (M+H).

ChHy
N
¢y dwlo

P N/\r)\ z : OH
LI T %m»mz
) &H

Compound 8§7-6-18 was prepared from compound 87-4 with Ms(O by using General
Procedures B-2, C and D-1; 'H NMR (400 MHz, CI3:0D, hydrochloride salt) 8 7.32-7.23 (m,
4HY, 7.20-718 (m, 1 H), 4.69(s, 2H)}, 454 (s, 2 H), 4104, /=44 Hz, 1 H), 3.84 (brs, L H),
363 (brs, 1 HD, 338(dd, /=168, 52 Hz, 1 H), 3.28-3.20 (m, 2 H}, 3.16 (s, 3 H), 2.99-2.91
(m, 1 H), 2600 J=160Hz 1 H), 248244 (m, I H}, 2.32-2.26 (m, 1 H}, 1.72-1.64 (m, 1
H); MS (ST m/z 644.36 (M+H).
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{ derivatization
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The following compounds were prepared per Scheme 8.

~t

Lot

A CHa
L COPh
OB;S-Z
Compound $8-1 (1.62 g, 3.76 nunol, 1 eg, prepared per Hierature procedurss including
J Med Chem., 2013, 56, B112-8138) was dissolved in THF (16 ml). The resulting reaction
sohstion was cooled to ~78 °C. A solation of PeMgCLLICE (1.3 M, 4.8¢ mL, 4.8% mmol, 1.3
eq} was added. The resulting reaction sokution was then stirred in an ice/water bath for 2 h and
saturated NH4Cl solution was added. The resuliing reaction mixture was exiracted with FtOAc.
The organic phase was separated, washed with brine and concentrated. The residue was
purified by flash column chromatography (100 g silica gel, 2—8% EtQAc/hexanes) to give
compound 88-2 as a white solid (1.1 g, 83%): 'H NMR (460 MHz, CDCl3) 8 7.43-7.34 (m, §
H), 7.26-7.23 {(m, T H}, 7.10-7.08 (my, 2 H), 6.83-6.80 (m, 1 H}, 5.13 (5, 2 H}, 2.45 (s, 3 H}.

. \/\Nx\\;{'
1 H H o

N

o098 r
OBr O OHE QOB
oTBs
383

Compound §8-3 was prepared from compound $8-2 and diallvenone $2-3 by using

General Procedure B MS (BESD m/z 793.60 (M+H).
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~234-~
W
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OTES OTES
$8.4 $8.5

Compounds $8-4 and $8-8 were prepared from compound 88-3 by using General
Procedure A. 88-4: MS (EST) m/z 713.45 (M+H). 88-8: MS (ESI) m/z 753.51 (M+H)

ol “

H\\r |
! f’ HM—%
H

CH Q ’\H Q
88~7-1

i&

Compound 88-7-1 was prepared from compound $8-4 by using General Procedures €
and B-1: 'HNMR (400 MHz, CDsOD, hydrochloride salt) §7.49 (4, /= 8.8 Hz, 1 H), 6.83 (4,
J=88Ha, 1 H), 3.90 (s, 1 H), 332327 (s, 1 H), 3.16-2.94 {m, 1 H}, 2.66-2.62 (m, 1 H), 2.34
{t,J=15.6 Hz, 1 H), 2.23 (ddd, /= 13.6, 5.2, 2.8 Hz, 1 1), 1.63-1.54 (m, 1 H); MS (ESD mvz

421.24 {(M+H).
sosellve
NH;
o Ol w |

OH on b HPE 4
‘3"572 88.7-3

Compounds 8&7-2 and 88-7-3 were prepared from compound 88-3 with HCHO by
using General Procedures B-1, C and B-2. $8-7-2: TH NMR (4006 MHz, CI:0D, hydrochloride
sal} 8 7.40(dd, J=84,72Hz, 1 H), 673(d, J=84He, 1 H), 673 {d,/=72Heg, 1 H),3.75
(s, 1 H}, 3.04-295 (m, 1 H, 290 (s, 3D, 2.87-2.82 (m, 1 H), 2.77-2.74 (m, 1 H}, 254 (¢, J =
148Hz 1M}, 2.05(ddd, 7= 13.2,4.8, 2.8 He, 1 Y, 1.56-1.47 (e, 1 H); MS (ESD m/z 401.29
(M-+H). 88-7-3: 'H NMR (400 MHz, CD:0D, hydrochloride salf) § 7.50 (d, /=92 Hz, 1 H),
6.84(4,/=92Hzg, 1 H), 422 (, 0.5 1), 413 (s, 0.5 H), 3.41-332(m, 2H),3.22-3.15 (m, 1
L 3.09-291 (o, 5HD, 234 (1, J= 152 He, 1 H}, 2.26-2.19 (m, 1 H), 1.88-1.74 {m, 2 H}, 1.68-
162 (m, 1 H), 1.06-0.99 (1, 3 H); MS (ESI) m/2 477.33 (M+H).

HHN/\\/CH-- al y N o CHz
A z z 'E LOH
"\x’ ) ’ m Mg
oy i iOH
S 0 oB A RTINS et T

58.74 58.7-5
Compounds 8$8-7-4, 88.7-8 and 88-7-& were prepared from compound 88-3 by using
General Procedures € and D-2. $8-7-4; 'H NMR (400 MHz, CD:0D, hydrochloride salt) &
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740{dd, J=88,72Hz, 1 H),6.79(d, J=88Hz, 1 H,,673(d, J=72Hz, 1 H),3.86 (s, 1
H), 333307 (m, 2H), 3.03-294 (m, | H), 2.87-2.80 (m, 1 H), 2.53 (1, /=144 He, 1 H), 217
{ddd, /= 132,48, 24 Hz, 1 H), 1.82-1.72 (m, 2 H}, 1.56-147 (m, 1 F), L.O3 (8, J=T7.6 Hz, 3
Hy;, MS (ESD m/z 429.34 (M+H). §87-5; 'H NMR (400 MHe, CDs0D, hydrochloride salt) 8
748(d, f=8.8Hz 1 H), 6.82{(d, J=88Hz, 1 H),3.88 (s, 1 H}, 3.34-3.18 (m, 2 H}, 3.03-2.94
(o, T HL 2853, 7=128He, 1 H), 230 (L, J=152Hz, 1 H), 224220 (m, 1 H), 1.82-1.72
{m, 2 H), 1.60-1.50 ¢m, 1 H), 1.02 {t, 7=7.6 Hz, 3 H); MS (ESD m/z 463.31 (M+H). §8.7-6:
TH NMR (400 MHz, CD3OD, hydrochloride salt) 8 7.50 (4, /=92 Hz, 1 H), 6.84 (4, /=92
Hz, 1 H), 4.24 (3, 1 H), 3.53-3.45 (m, 1 H), 3.41-3.25 (m, 3 H), 3.22-3.16 (m, 1 H), 3.09-2.99
(m, 1 H), 295292 (m, 1 H}, 233 (4, J=148Hz, 1 H), 221 (ddd, /=132, 44,28 Hz, 1 H),
1.89-1.74 (m, 4 H), 1.68-1.59 (0, 1 D, 103 (6, =76 Hz, 3 H), 0.98 (4, /= 7.6 Hz, 3 H); MS
{ESD) m/z 505.35 (M+H).

Compound S8-7-7 wags prepared from compound $8-4 with CHz:CHO by using General
Procedures B-1 {(at ¢ °C), C and D-1: 'H NMR (400 MHz, CD:OD, hydrochloride salt) 8 7.48
d,/=84Hz 1 H),682(d, =84z | H),3.88 (s, | H}, 3.46-3.41 (m, | H), 3.37-3.32 (m,
1 H), 3.30-3.25 (m, 1 H}, 3.03-2.95 (m, 1 H), 2.85-2.82 (m, 1 H), 230 (t, J= 152 He, 1 H),
2.24-2.20 (m, 1 H), 1.60-1.51 (m, 1 H), 136 (1, J=7.6 Hz, 3 H); MS (ES) m/z 449.26 (M+H).

Compound S$8-7-8 was prepared from compound $8-4 with CHsCHO by using General
Procedure B-1 (st 0 °C), then B-1 again with HCHO, € and D-1: THNMR (400 MHz, CD:0D,
hydrochioride salt} § 7.50(d, /=8.8 Hz, 1 H), 6.834(d, /=88 Hz, 1 H),4.23 (5, 0.5 H), 4.14
(s, 0.5 H), 3.51-3.43 (m, 1 H}, 3.37-3.30 (in, 2 H), 3.08-2.8% (m, SH), 234 (¢, /=152 Hz |
H, 2.28-219(m, 1 HD), L71-158 (m, T H), 142 (1, J=T72Hz, 1.5 H, 138, J=T72Hze 1.5
Hy; MS (ESI) m/z 463.28 (M+H).
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Compound 88-7-8 was prepared from compound 884 with CHiCHO by using General
Procedures B-1, C and D-1: 'H NMR (400 Mz, CDsOD, hydrochloride salt} 8 7.50 (d, /=
88Hz 1 H), 684 (d, /=88 Hz 1 H), 423 (s, 1 H), 3.65-3.56 (m, 1 }),3.50-3.44 (m, 2 H},
3.36-3.29 {m, 2 H), 3.08-3.01 {m, 1 H), 2.93-2.90 {m, 1 H}, 2.36-2.23 {m, 2 H}, 1.69-1.59 (m,
PH), 142, J=76Hz 6 H), 099 (t, J= 7.6 Hz, 3 H); MS (ESI) m/7z 47730 (M-+H).

CHs
N7

¢ H :rw SH
M ¥ o~

| [ &
R O OH(' Hb O
88-719

Compound S8-7-18 was prepared from compound 58-4 with AczO by using General
Procedures B-2, C and D-1: TH NMR (400 Mz, CD:OD) 8747 (4, /=92 Hz, 1 H), 6.80 (4,
J=92Hz, 1H)L, 468, J=64Hs, 1 H),3.22(dd,J=160,44He, 1 H), 3.01-293 (m, 1 H),
252, J=156Hz, 1 H}, 2.46-2.42 (m, 1 F), 2.39-2.32 (m, | H}, 2.04 (s, 3 H), 1.64-1.56 {m,
1 H); MBS (BESD m/z 463,27 (M+H),

CH,
R
i N B0
{ow dYeY
P z 5 OH
J\V/// Ry E LMt

i i OH
OH O oH D
$8-7-11

Compound S8&7-11 was prepared from compound 88-4 with Ms2( by using General
Procedures B2, C and D1 TH NMR (400 MHz, CD:OD) 8746 (4,.7=9.2 Hz, 1 H), 6.79 (4,
J=92Hz 1 H),4.10(d,J=44Hz, 1 H),3.25(dd, /=16.0, 4.4 He, 1 H), 3.14 (5, 3 H}, 3.01-
2.92 (m, 1 H), 2.53-2.48 (1, 2 H), 2.30-2.24 (m, 1 H), 1.69-1.61 {m, 1 H); MS (BESD) m/z 499.22
(M),

Scheme ©
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The following compounds were prepared per Scheme 9.

OCF;
H;}C\r!\i/ ; Ry ;CH:;
CH: 5 -
3 CaPh
O8n
£8-2

L

Compound 88-1 (0.15 g 0.35 nmol, 1.0 eq, prepared per literature procedures
including WO 2014036502 A2) was dissolved in BDCM (2 mL)}. Dimethylamine {0.12 mL, 5.6
M in B1OH, 0.70 nunol, 2.0 eq) and acetic acid (60 pi, 1.14 nunol, 3.0 eq) were added under
a nitrogen atmosphere. Then sodium triacetoxyborohydride (148 mg, 8.70 mmol, 2.0 eq) was
added. After 10 min, LCAMS indicated that the siarling malerial was consumed. Saturated
14 NaHCOs solution was added and extracted with DUM. The organic phase was concentrated

under reduced pressure. The residue was purified by flash column chromatography (Riotage

10 g silica gel column, 10%—30% FiQOAc in hexanes gradient), yielding 100 myg (62%) of the

compound 8- as a colorless oil: 'H NMR {400 MHz, CDCIs) 8 7.45-7.43 {m, 2 H), 7.38-7.34

{m, SH), 7.26-7.22 {m, 1 H}, 7.20 (s, 1 H}, 7.09-7.06 {m, 2 H)}, 5.17 (s, 2H}, 3.49 {5, 2 H), 2.40
15 (8,3 H), 2.23 (5, 6 H); MS (ESD m/z 460.23 (M+H).

0CF, -LT%/;E\NW
: e

AN 3
A
N
Ryt
GHE o OBn
CTES

Compound 89-3 was prepared from compound 8%-2 and diallyenone 82-3 by using

General Procedure E: MS (BESI) m/2 900.41 (M+H.
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Compounds 89-4 was prepared from compound 8§8-3 by using General Procedure A
TH NMR (400 MHz, CDCBR)Y 8 16.52 (s, 1 H), 7.49-7.44 {m, 6 H}, 7.41-7.29 (m, 6 H), 7.25 (5,
1 H), 5.40,5.36 (ABq, J=12.0Hz, 2 H), 531,522 (ABq, /= 12.0Hz, 2H), 392 (d, /=20
Hez, 1H),3498,343(ABq, J= 144 Hz, 2H), 3.02(dd, /= 160,44 Ha, 1 H), 2.79-2.71 (i, §
), 2.64-2.61 (m, 1 H3, 2.28-2.20 (m, 1 H}, 2.20 (s, 6 H}, 2.13-2.08 {in, 1 F), 1.58-1.49 {m, |
Hy, .74 (5, 9 H), 6.22 (s, 3 HY, 0,10 (5, 3 H); MS (BESD m/z 820.33 (M+H).

o QCF, " " i‘?q'Hz .
Hamwx\gir? & OH
SV |
CHa F /\L:[:/\lf(NHZ
Ol Y
[SIT IS OoH O O
$9.-5-4

Compound 8§8-5-1 was prepared from compound §8-4 by using General Procedures €
and B-2: 'H NMR (400 MHz, CDsOD, dihydrochloride salt) §7.24 (s, 1 H, 4.45 (5, 2 H), 3.90
(s, 1 H},3.19(dd, J=15.6,3.6 Hz, 1 H}, 3.04-296 {m, | H}, 2.94 (s, 3 H), 2.86 (5, 3 H), 2.68
(brd, J=12.8Hz, 1 H), 241 (4, /=144 Hz, 1 H), 2.27-2.24 (m, 1 H}, 1.64-1.54 (m, 1 H); MS
(EST) m/z 52818 (M+H).

Compound 59-5-2 was prepared from compound 89-4 with CHaCHO by using Genersl
Procedures B~1 (at 0 °C), € and D-2: 'H NMR (400 MHz, CDsOD, dihydrochloride sali) 8 7.20
(3, T H),445(s, 2H), 3.88 (5, 1 H), 3.46-3.39 (m, 1 H}, 337330 (m, 1 H), 3,18 (dd, 7= 15.6,
44Hz, 1 HL3.05-297 (m, 1 H), 294 (5, 3 1}, 2.86 (s, 3 1), 2.86-2.83 (m, 1 F}, 241 {§, J=
148Hz 1 H), 2.24(ddd, /=14.0,56,2.8Hz, 1 H), 1.64-1.54 (o, 1 H), 136 (1, J=T72Hz 3
), M8 (EST) mz 556.2 (M+H].
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Compound $9-5-3 was prepared from compound §89-4 with CHaCHO by using General
Procedures B-1 {at § °C), B-1 again with HCHO, C and B-2: 1H NMR (400 MHz, CD:0D,
dihydrochloride salt) 8 7.22 (s, 1 H}, 4.46 (s, 2 H}, 4.24 (s, 0.5 H), 4.15 {5, 1.5 H}), 3.53-3.44
(m, 1H}, 338330 (m, 1 H),3.22-3.18 (m, 1 H}, 3.11-2.94 (m, 8 M}, 2.86 (5, 3 H), 242 (1, J =
5 144 Hz 1H), 2.29-2.23 (m, § H}, 1.68-1.60 (m, 1 H), 1.44-1.34 (m, 3 H); MS (ESD m/z 570.2

{(M-+H).
Cl"lg C,Hg
OCF;
CHy L
oH O OiP!

3354
Compound 59-8-4 was prepared from compound 89-4 with CH3CHO by using General
Procedures B-1, C and B-2: 'H NMR (400 MHz, CD30D, dihydrochloride salt) 8 7.28 (s, 1
10 H), 447 (5, 2H), 428 (5, 1 H), 3.65-3.56 (m, 1 H), 3.54-343 (m, 2 H), 341334 (m, 1 H),
321 (brd, S=15.6 He, 1 H}, 3.13-3.05 (m, 1 H), 2.99-296 (m, 1 H}, 2.96 (5, 3 H), 2.86 (3, 3
H),241{,J=148Hz 1 H),2.28(brd, J=128Hz, 1 H), 1.69-1.60(m, 1 H), 142, J=72

Hz, 6 H) MS (EST) m/z 584.20 (M+HD),

15  Scheme 18

~n NG
//\‘ IRl i.éiA \ H §CFs $2.3 /\E h T \/ ~
N . . Sl /*\
\?\ifm AOHs | ICHD GH; N-D N /1
- E\E\\/l Hs C > HgL,
#Ne0o.Ph COyPh -
don Ba OBn O OH'TB O8n
$10-1 8702 s108”
PA(PPhy),
DMBA
!\1%\* QCF, TR EJR1R2 2 Sie;:rivat:zat!-:-n
NN Ny NN O 3 PdiC, Hy N
! H H A e
he P v “ N 1 e, HiC
i OH
OH O OH O O
$10-5

The following compounds were prepared per Scheme 10

o OCF;
A CH
CHy

N | Ny Tl

HiC :

: 7 00,Ph
Bn

§10-2
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Compound S10-2 was prepared from S18-1 (prepared according to literature
procedures including WO 2014036502 A2) with HCHO by using General Procedure B-1: '
NMR (400 MHz, CDC) 8 7.46-7.44 (10, 2 H}, 7.38-7.33 (o, 5 H), 7.26 (5, 1 H}, 7.26-7.22 (m,
I8y, 7.09-7.06 (m, 2H), 5.19, 5,15 {ABq, J= 116 Hz, 2}, 349 {({, /= 84 Hz, | I}, 3.26-
321 (m, 1 H),233(q, J=92He, 1 H),2.29-2.20(m, 1 H}, 2.15(s, 3 H), 1.97-1.88 (m, {1 H},

1.86-1.78 (m, 1 H), 1.60-1.50 (m, 1 H); MS (ESI) m/z 486.15 (M+H).
g

L

ac I/'\\:;/
MGy Y

[‘\{‘ X % % "O\

H.C ‘ 2 NG LN

Oin © ox»g]%(; D8
8103 b

Compound 8310-3 was prepared from compound 818-2 and diallyenone 82-3 by using
General Procedure E: 'H NMR (400 MHz, CDCl) 8 15.99 (s, 1 H), 7.51-7.47 (m, 4 H), 7.40-
731 {m, 5 H), 728726 (m, 2 H), 5.83-5.73 (m, 2 H), 536 (s, 2 H)}, 5.23 (5, 2 H), 5.23-5.18
(0, 2H), 509(d.J=104Hz, 2 H), 400, J=104 Hz, 1 H), 3.43 (¢, /= 8.0 He, 1 H), 3.35-
336 (m, 2 H}, 3.22-3.16 (m, 3 H), 3.12(dd, J= 152, 4.0 He, 1 H), 2.95-2.88 (m, | H}, 2.66 (¢,
J=156Hz, 1 H), 2.52-248 {m, 1 H}, 2.45-2.40 (m, | H}, 230 (g, /=84 Hz, 1 H), 2.23-2.1¢
{m, 1 H),2.06(s,3 H), 1.96-1.89 (m, 1 H), 1.85-1.77 (m, 1 H), 1.59-1.51 (m, 1 H), 0.82 (5,9
), 0.25 (3, 3 H), 0.13 (s, 3 H); MS (BSD m/z 926.37 (M+H).

. OCF i
BN &
N/"\,T/\ S z ,.,-1_5a

bl i N

g S S /(

bB!’l

OB O OM O
A7Bs

5104
Compound S10-4 was prepared from compound 818-3 by using General Procedure A:
TH NMR (400 MHz, CDCh) 3 16.51 (s, 1 H), 7.55-7.53 {m, 2 H}, 7.49-7.47 (m, 2 1), 7.41~
7.28 (m, TH), 540,536 (ABq, /=124 He, 2 H), 5.28,5.22 (ABq, /= 12.0Hz, 2 H), 3.92 (4,
J=2A4He, TH), 343 (4, /=8.0Hz, 1 H), 3.23-3.19(m, 1 H), 3.02(dd, /= 152,36 He, 1 H),
2.80-2.71 (m, 1 H}, 2.64-2.61 (mn, 1 H}, 2.34-2.10 {m, 3 H), 2.09 (5, 3 H), 1.96-1.79 {m, 3 H),
1.58-1.49 (m, 2 H), 0.74 (5, 9 H), 0.22 {5, 3 H}, 0.10 (5, 3 H); MS (ESI) m/z 846.37 (M-+H).

N Ry NN OH

TR
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Compound S18-5-1 was prepared from compound $18-4 by using General Procedurss
C and B-2: 'H NMR (400 MHz, CDsOD, dihydrochloride salty 5§7.27 (s, 1 H), 4.85-4.74 (m,
P HL 388, 1 H), 388383 (m, 1 H),3.42-333 (s, 1 H), 321 {dd, /=160, 3.6 Hz, 1 H),
3.03-2.94 (m, 1 H), 2.77 (s, 3 HI), 2.66-2.54 (m, 2 H}, 2.54-2.23 (m, 5 H}, 1.65-1.55 {(m, § H};
5 MBS {ESID m/7z 554.14 (M+H).

‘-—C‘:

(;} 1 OCF
'

P&

OH O OHOH
8-5-2

Compound 810-5-2 was prepared from compound $18-4 with CH:CHO by using
General Procedures B-1 (at 0 °C), C and D-2: "H NMR (400 MHz, CD30D, dihydrochloride
salt) 8 7.33 (s, 1 H), 4.82-4.75 {m, 1 H}, 3.89 (s, 1 H), 3.89-3.83 (m, 1 H),3.47-3.33 (m, 3 B},
10 321(dd, J=16.0,40Hz, 1 H},3.06-298 (0, 1 H}, 2.87 (4, J= 1288 1 H), 2.77 (s, 3 H},
2.61-2.52 (m, 1 H), 2.43-2.44 {m, S H), 1.64-1.54 (m, T H}, 1.37 (t, /=7.2 Hz, 3 H); MS (ESD)
miz 582.16 (M+H).

f]‘.m
e
— - Halon,
4 H QCFy H u s
N J\ J 2 on
) i
o 6 oB 8
$10-5-3

Compound 8§8-8-3 wags prepared from compound 8%-4 with CHaCHO by using General
15 Procedures B-1 (at {# °C), B-1 again with HCHO, C and B-2: 'H NMR (400 Mz, CDs0OD,
dihydrochloride salt} 8 738 (s, 1 H), 4.80-4.75 (m, 1 H), 4.26 {5, 0.5 H), 418 (5, 0.5 H), 3.89-
3.85 (m, 1 H),3.56-3.46 (m, 1 H),3.43-332 (m, 2H), 3.23(d, /=156 Hz, 1 H}, 3.13-2.95 (m,
SH), 2.77 (3, 3 H), 2.62-2.55 (m, 1 H), 2.44-2.26 (m, 5 H), 1.70-1.60 (m, 1 H), 1.44-1.37 {m,
3 H); MS (EST) m/z 596.18 (M+H).

(\ MOy
N7 = 7

H;,C’- E s \/:

oH O OB
810-54

Compound 59-5-4 was prepared from compound 89-4 with CHaCHO by uging General
Procedures B-1, C and B-2: H NMR (460 MHz, CD:0OD, dihydrochloride salf) & 7.40 (s, 1
Hy, 4.79-4.77 (m, 1 H), 4.27 (s, 1 H), 3.89-3.86 (m, 1 H), 3.63-3.56 (m, 1 H), 3.48-3.35 (m, 4
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Hy,323(brd, J=156Hz, 1 HL3.09(brs, 1 H}, 297 (brd, J=13.6 Hz, 1 H), 276 (5,3 H),
2.60-2.54 (m, 1 H), 2.42-2.27 (m, S H), 1.68-1.60 (m, T H}, 1.41 (4, /= 6.4 Hz, 6 H); MS (ESD
n/z 610,19 (M+HL

Scheme 11
o CF3 . 1
ey O M-D . AN,
AR — e ¥
HG P N p BR4P: P L ! 4 4
S oo 005 b €
QBn /jﬁ/i N ; AE
N | ) OTBS
8141 EO oen s14:37 189
aTRs
841-2 1. HF
2. PAi, H,
MeOH
CFs , NRyRy
HgC\N/‘\.V/‘ : : 3 ;\H/OH o
H P j B MM,
on 6 ofth &

5114

The following compounds were prepared per Scheme 11,

CHy

Compound $11-3-f was prepared from S1i-1 {(prepared according fo lferature
procedures including WO 2012021712 A1) and C-4 methylethylaminosnons 813-2-1
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{prepared according to literature procedures including WO 2014036562 A2) by using General
Procedure B: H NMR (400 MHz, CDCh) 8 15.84 (s, 1 H), 7.59 (s, 1 H), 7.51-7.49 (m, 4 H),
7.39-7.32 (m, SH), 7.28-7.24 (m, I H}, 539,534 (ABq, /= 12.8Hz, 2 H), 5.36 (s, 2H), 4.24
(brs, | H),402(d, J=96Hz, 1 H),3.43-3.3% (m, | H}, 3.26{d, /= 15.6 Hz, 1 F), 2.94-2.80
(m, 3 H), 2.74-2.60 (m, 2 H)), 2.56-2.44 (m, 3 H}, 3.36 {5, 3 H}, 2.26-2.14 {m, 1 H), 2.21 (5, 3
Hy, 1.97-190(m, 1 H), 1LOS (L, J=T2Hz, 3 H), 084 (5, 9 H), 0.28 (3, 3 H), 0.16 (s, 3 H); MS
{(EST) m/z 858.3 (M+H).

c}:ij:i
W 1w uf
’N ’ ‘%Y/\v z O
HyGC b

Compound 811-3-2 was prepared from 811-1 and C-4 dicthylaminoenone $11-2-2
{prepared according to literature procedures inchuding WO 2014036502 A2) by using General
Procedure E: 'H NMR (400 Mz, CDCI) 8 15.83 (5, 1 H), 7.60 (s, 1 FD), 7.51-7.47 (m, 4 H),
7.39-7.31 (m, 5 H), 7.28-7.24 {m, 1 H), 5.42-530(m, 4 H), 424418 (m, | H), 403 (d, /=
104 Hz, 1 M3, 3.42-3.38 {m, 1 H3, 3.23-3.19 (m, 1 H), 2.95-2.86 {m, 2 H), 2.75-2.68 {in, 5 H),
2.51-244 {(m, 3 H}, 2.23-2.20(m, 1 H}, 220 (s, 3 H), 1.97-1.90 (0, 1 H), 1.08{t, /=72Hz3
H), 0.84 (5, 9 H), 6.28 (5, 3 HD, 0,16 (5, 3 H); MS (ESD m/z 8723 (M+H).

CH3 CHS
HiCay,
CF; N )
“”\’NCA% \C/\/CL” y
Aj]‘ :
OH O on & &f Ho O
314-d-1 S44-81

Compounds $1i-4-1 and 811-8-1 were prepared from compound 511-3-1 by using
General Procedures € and D-2. 811-4-1: 'TH NMR (400 MHz, CDs0D, dihydrochloride salt) &
689 (s, 1 H), 416 (s, 1 H), 3.3%(brs, 2H), 329322 (m, 1 H), 3.08-2.86 (m, 9 H), 2.70 (5, 3
H), 2534, J=1581Hz 1 H),221-2.18(m, 1 [}, 2.02-1.92 {m, 2 H}, 1.67-1.61 (m, 1 H), 1.37
{t, /= 7.3 Hz, 3 H); M8 (ESI) m/% 568.18 (M+H). S1i-53-1: 'H NMR (406 MHz, CDsOD,
ditydrochloride sal} 7,05 (5, 1 HL 504 (1, =82 He 1 H), 417410 (m, 3 H), 340 (brg, 2
H), 3.22-3.18 (m, 1 H), 3.12-2.90 (m, § H}, 2.72-2.58 (m, 3 H), 2.24-2.21 (m, 1 H), 1.69-1.60
{m, 1HD, 139 (¢, /= 7.3 He, 3 H}); MS (ESI) m/z 566.16 (M+H).
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Compounds 831~4-2 and 811-8-2 were prepared from compound 8311-3-1 by using
General Procedures € and D-2, 811-4-2: 'H NMR (400 MHz, CD:0OD, dihydrochioride salt) &
6.89 (5,1 H),4.24 (5, 1 H}, 3.53-3.47 (m, 2 H}, 3.42-3.34 (m, 2 H}, 3.27-3.22 {m, 1 H), 3.08-
3.04 (m, 2 H}, 2.99-2.86 (1, 4 H), 2.70 (5, 3 H}, 2.53 (1, /=152 Hz, 1 H}, 2.20 (ddd, /= 14.0,
52,28 Hz, 1 H), 2.00-1.93 (m, 2 H), 1.67-1.57 (m, 1 H), 1.40 (1, /= 7.2 Hz, 6 H); MS (ESD
m/z 582.2 (M+H). $11-8-2; 'H NMR {400 MHz, CD30D, dihydrochloride salty §7.05 (s, 1 H),
594 (4, J=82Hz | H), 424-4.10 (m, 3 H}, 3.51 {brs, 2 H}, 3.40 (brs, 2 H), 3.23-3.19 (m, 1
H), 3.12-2.89 (m, 6 H}, 2.72-2.54 {m, 2 Hj, 2.22 (ddd, /= 13.7, 4.6, 2.7 Hz, 1 H), 1.68-1.59
10 (m, 1 H), 140 ¢, /= 7.3 Hz, 6 H); MS (ESD m/z 580.2 (M+H).

L9041

Scheme 12

@Rﬁz . { %
o reductive N
alkviation N ™7

NH R X

QH Q C)H
8421

The following compounds were prepared per Scheme 12,

CHs
¢

Padt d
oH 0 oG ©
$12-21

To a solution of compound §13-1-1 Ry, Re = CHa,CHaCHz, 26 mg, 0.041 mmol, 1 eq,
prepared per lierature procedures including WO 2014036502 A2) in CHaOH (1 ml) was
20 added HCHO sclution (9 gL, 0.12 mumol, 3.0 eg). P4-C (10wt%s, 10 mg) was added under

nifrogen. The reaction vessel was sealed and purged with hydrogen by briefly evacuating the
flask followed by flushing with hydrogen gas (1 atim}. The reaction mixture was stivred under

a hydrogen atmosphere {§ alm) at ot overnight. The reaction was filtered through a siaall Celite
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pad. The cake was washed with CHzOH. The filtrate was concenirated. The residue was
purified by preparative reverse phase HPLC on a Waters Aulopurification system using a
Phenomenex Polymery 10 RPwy 108A column [10 pm, 150 x21.20 mm; flow rate, 20
mL/min; Solvent A: 0.05 N HCVwater; Solvent B: CHsCN; injection volume: 3.0 mL (0.05 N
HClwater); gradient: 5—35% B in A over 20 min; mass-directed fraction collection]. Fractions
sontaining the desired product were collected and freeze-dried fo yicld compound 8312-2-1
(15.6 mg): 'H NMR (400 Mz, CD:0D, dihydrochloride salt) 8 7.49 (s, 1 I, 4.75 (, J= &.0
He, 1 H),L 426, 05H), 418, 0.5 H), 3.94-3.80 (my, 1 H), 3.55-3.48 (m, 1 H), 3.43-3.26 (m,
3 H), 3.04-2.95 {m, S F}, 2.75-2.61 (m, 5§ H}, 2.36-2.24 (m, 4 H), 1.70-1.61 (m, 1 H}, 1.42-
1.388 {m, 3 H); MS (E8D m/z 580.23 (M+H).

O s
N7 i i gl
Hal \L/ g ,\/

U Anl

OH O OH & O
$12-2-2

Compound $12-2-2 was prepared from compound 812-1-2 (RiR: = Eb, prepared
according to literature procedures including WO 2014036502 A2) by using a similar procedure
for compound $12-2-1: 'H NMR (400 MHz, CD:0D, dihydrochloride salt) § 7.50 (s, 1 H),
4741, J=8.0Hz, 1 H), 4.26 (s, 1 H), 3.94-3.89 (m, 1 H), 3.64-3.56 {m, | H}, 3.53-345(m, 2
H),3.42-334 (1m0, 2 H3,3.29-3.26 (10, 1 H), 3.06-2.96 (m, 2 H), 2.74 (5, 3 H), 2.71-2.61 (m, §
), 2.36-2.22 (m, 4 H), 1.69-1.59 (m, 1 H), 141 {t, J= 7.2 Hz, 6 H); M8 (ESI) m/7z 594.06
(VA

Chy v i
n & &P 4
§12-2-3

Compound 812-2-3 was prepared from compound 512-1-2 (RuR2 = Eiz} and CH3CHO
by using a similar procedure for compound $12-2-1: 'H NMR (400 MHz, CInk0OD,
dihwdrochloride salt) 8§ 7.56 (5, 1 H}, 4.75 (1, /=80 Hz, 1 H}, 426 (5, 1 H}, 3.99-393 (m, 1
H), 3.63-3.56 (m, 1 H), 3.53-3.43 (m, 2 H}, 3.39-3.32 (m, 2 H), 3.29-3.25 (m, 1 H}, 3.10-2.95
{m, 4 H), 2.70-2.62 {(m, 2 H), 2.34-2.20 {m, 4 H), 1.69-1.59(m, 1 H), 141 (t, J=72Hz, 6 H},
1.24 (t, J= 7.2 Hz, 3 H); MS (ESI) m/z 608.07 QM+H),
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To a sohstion of compound 812-1-2 (RiRz = Efz, 266 mg, §.41 mmo}, | eg) in CHOH
{3 mL} was added PhCHO (100 uL, 0.99 mmol, 2.4 eq} and NaBH{OAc) (118 mg, .52 mmol,
1.3 eq) at 0 °C. The resulting reaction mixture was stirred at § °C for 15 min. Then the cold
was removed and the reaction was stirred at 1t for 15 min. Concentrated HCY {4 drops) was
added and the resuliing reaction was concentrated to ~2 ml. The residue was dropped into
stirring MTBE (70 ml) to give a suspension. The solid was collected by filiration, dried under
vacuum, Then the solid was dissolved in 0.05 ¥ HCVwater. The resulting sohition wag purified
by preparative reverse phase HPLC on a Waters Autopurification system using 2 Phesomenex
Polymerx 10 p RP-y 100A columm [10 pm, 130 % 21.20 wm; flow rate, 20 mL/moin; Solvent A;
(.05 N HClwater; Solvent B: CHaCN; injection volume: 3.0 mbL {0.05 N HCl/water); gradient:
10->60% B in A over 20 min; mass~directed fraction collection}: "H NMR (400 MBz, CI:0D,
dihyvdrochloride salt) § 7.32-7.31 (m, 6 H), 4.89 (1, /= 8.0 Hz, 1 H), 447 (4, /= 12.8 Hz, 1 H},
4273, 1H),422(d, J=12.8 Hz, 1 I}, 3.88-3.83 (m, 1 H}, 3.64-3.37 {mm, 5 H), 3.19-3.15 (m,
1 H), 3.03-295 (m, 2 H}, 2.77-2.68 (m, 1 H), 257 (¢, /=148 He, 1 H), 2.24-2.12 (m, 4 H),
1.67-1.58 (m, 1 H), 1.43 (1, /=72 He, 6 H); MS (ES]H m/z 670.32 (M+H).

Scheme 13
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The following compounds were prepared per Scheme 13,

CFy
Bra Ay CHs
E/L\‘f;i\COQF‘h
oM
5 543-2
To compound $13-1 (1.04 g, 2.77 mmol, 1 eq) in toluene {8 mL) was added NaH (444
mg, 60% in mineral oil, 11.09 mmol, 4 eq). The while suspension was stirred at vt for 8 min.
lodine (2.81 g, 11.09 mmol, 4 ¢q} was added. The reaction mixture was stirred at vt for
overnight. Water and 1 N HCI (11 mi) were added, followed by the addition of 10% agueous
10 NaxS8O0s. The mixture was extracted with HtOAc. The organic phase was washed with brine and
conceniraied under redoced pressure to give the desived prodact 813-2: MS (EST) m/z 498.8
{M-H).
oFs
Br\f{/\\/ .CHa

s ”\9/’&\“02;31
S
$13-3
The above product 813-2 (.77 mmol, crude, 1 eq) was dissolved in DMF (S mL). BuBr

15 (840 od,, 3.32 mamok, 1.2 eq) and KoCOs (0.57 g, 4.16 mmol, 1.5 eq) were added. The
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suspension was stirred at 1t for overnight. The reaction mixture was diluted with EtQAc,
washed with water {50 mL x 2) and brine (30 mL x 1). The organic phase was concentrated
under reduced pressure and the residue was purified on silica gel with § to 3% EtOAc/hexane

to vield the desired product §13-3: M3 (ESI} m/z 589.0 (M-H).

~e
Gy

N O
Boc COPh

CBn
$13-4

To compound S13-3 (632 me, 1.07 mmol, 1 &q) in THF (3 mL) cooled at -78 °C was
added PrvigCi-LiCH {1.67 mL, 1.3 M/THF, 1.39 mmol, 1.3 eq) dropwise while mainiaining
reaction internal femperature between ~72 to -75 °C. The reaction was stirred at -78 °C for 30
min, 1-N-Boc-2,3-dthydropyrrole (.92 mi, 5.33 mmol, 5 eg) was added dropwise. The
reaction was gradually warmed up from -78 °C to it over 2 b with sticring. The reaction was
further stirred at ot for 48 hes. EtOAc (100 mL) was added. The reaction mixture was washed
with saturated agueous ammonium chloride (50 mL x 2) and brine {30 ml x 1}, dried over
magnesium sulfate, and concentrated under reduced pressure. Column clromatography on
silica gel with 0 to 8% EtOAc/hexane yielded the desired product $13-4 as a pale oil (224 mg,
38%): MS (ESh) m/z 576.4 (M+Na).

CF1

NN NooPn

QOBn
$13-8

Compound 8134 (224 mg, 0.40 mmol) was treated with 4 N HCl in dioxane at vt for 1
h. Satorated aqueouns sodium bicarbonate (50 mL) was added and the reaction mixtore was
extracted with EtOA (50 mL x 3). The combined EtOAc exiracts were dried over magnesium
sulfate and concentrated under reduced pressure to give compound 813-8 as a pale solid (165
mg, 90%): 'H NMR (400 Milz, CDCL) §7.20-7.60 {(m, 8 ), 7.10 (4, /= 7.3 Hz, 2 1}, 5.56
{(ABq, J=12.2,28 1 He, 2H},4.76 (4, /=36 He, | H}, 4.03 (br &, J= 8.0 Hz, 1 H), 3.10-3.20
(m, 1 H), 2.65-2.80 (m, 1 H), 2.49 (s, 3 H), 1.90-2.00 (m, 1 H), 1.55-1.70 (m, 1 H); MS (ESD)
miz 4544 (M+H).
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To compound $13-5 {165 mg, 8.36 mmol, 1 eg} in 1,2-dichlorosthane {4 mL.} was added
HOAe (0.033ml, .55 mmol, 1.5 ¢g), benzaldehyvde (0.055 mlL, 0.54 mmol, 1.5 eq), and
Na{OAcHBH (116 mg, .55 mmol, 1.5 eq) at ri. The reaction mixture was stirved at vt for
overnight, added with agueous sodium bicarbonate (50 mL), and extracted with EtOAc (5¢ mL
% 3}. The combined EtOAc exiracts were dried over sodium sulfaie and concentrated under
reduced pressure. Column chromatography on silica gel with (-8% EtOAc/hexane yvielded the
desired product $13-6 as a pale oil {178 mg, 91%): 'H NMR (400 MHz, CDCh) §7.20-7.70
(o, I3, 707(d, /=742, 548 (brd, /= 122He, 1 H}, 5. 18 (wd, /=122 He, 1 1}, 4.62
(brs, T HLA23 (brs, T HYL, 3.85(brs, 1 HL 364 (d, J=128Hz, 1 H),3.01 {brs, 1 H), 2.82
(brs, 1 H), 2.49 (s, 3 H), 2.04 (brs, | H), 1.87 {brs, 1 H); MS (BESI) m/z 544.4 (M+H).

HiCu,,-CHa

CF, N
i3 HoOH

N’I R e A 7
Bn

OBnC HO :o  OBn
oTBs

813-7

To dilsopropylamine (0.058 mi, 0.41 munol, 1.25 eq) in THF (2 ml} at -78 °C was
added »Buli(8.164 mL, 2.5 M/hexane, .41 mmol, 1.25 ¢g) dropwise. The reaction was stirred
at 1 °C for 10 min and cooled t0 -78 °C. Compound $13-6 (178 mg, 8.33 mmol, in 4 ml, THE)
was added dropwise while maintaining the reaction infernal temperature between =70 to -78
“C. The resulting deep red solution was stivred at -78 °C for 30 min, LHMDS (0.41 mi,, |
M/THF, .41 mmol, 1.25 eg) and enone 85-8 (198 mg, 0.41 mmol, in 2 mL THF)} were added
dropwise while maintaining the reaction internal temperature between -70 to -78 °C. The
reaction was gradually warmed up from -78 1o 0 °C over 2 h with stirring. Saturated aqueous
sodivm bicarbonate (50 ml} was added. The reaction mixiure was extracted with EtQAc (50
mb x 3). The combined EtOAc extracts were dried over magnesium sulfate. Column
chromatography on silica gel with 0 o 25% FtOAc/hexane yielded the two diastereomers of
desived product as yellow foams. 813-7A, diastereomer A (125 mg, 41%): 'H NMR (400 MHe,
CDCEY 51601 (5, 1 H), 7.18-7.50 (m, 11 H}, 6.80-690 (m, 4 H}, 549 (brs, 2 H), 5.36 (5, 2
H),497(s, 2 H}, 450 (brs, | Hj, 4.13¢(brs, 1 H), 394 (4, /=130 He, 1 H}, 3.76 (brs, 1 H),
362(d, J=134Hz, 1 H), 3.19(brd, /=165 Hz, 1 H), 2.90-3.05 (m, 2 H), 2.40-3.80 (m, 4
HL248(s, 6 ), 211 {brd, /=147 He, 1 H), 0.85 (s, 9 H), 0.28 (s, 3 H), 0.16 (s, 3 H); MS
(EST) m/z 932.6 (M+H). §13-7B, diastereomer B (136 mg, 44%): TH NMR (400 MHz, CDCh)
S15.87 (s, 1 H), 6.85-7.45 (m, 15 H), 6.05(d, /=104 Bz, 1 H), 538 (brs, 1 H), 5.25-5.35 (m,
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1H), 530 (d, 7= 10.2 He, 2 H), 4.51 (brs, 1 H), 4.07 (brs, 1 ), 3.90 (&, /= 13.1 Hz, 1 H),
3.70-3.80 (m, 1 H), 3.75 (4, 7= 13.0 Hz, 1 H), 3.55-3.65 (m, 1 H), 3.08-3.18 (m, 1 H), 2.00-
2.95 (m, 6 H), 2.40 (s, 6 1), 0.80 (s, 9 H), 0.00-0.25 (m, 6 H); MS (BST) m/z 932.6 (M-+HD.

Compound S13-74A (125 mg, 0.134 mmol) in dioxane (4 mL) was treated with 48%
aqueous HF (4 mL} at 1t for overnight. The reaction mixture was slowly added into g vigorously
stirred saturated agneous KoHPOs solition (160 mb). The mixturs was extracted with FtOAc
(56 mL x 3). The EtOAc exivacts were combined, dried over magnesium sulfate, and
conceniraied under reduced pressure 1o yield the crude prodoct $13-84A as a yellow foam: MS
{ESD) m/z 818.5 (M+H). Similarly, compound 813-78 {136 mg, 0.146 mmol) was desilylated
to give compound 513-8B as a vellow foam: MBS (ESID) m/z 818.5 (M-+H).

Halou, ity 3G WOH;
oS ET H‘H ¥
- E ; I OH AN OH
S 4 R P N NH,
H o] A U S e
OH O HOROQ O HaC OH C HOEO O
813-941 51392

Compound 813-84 (0.134 mmol, crude) was dissolved in dioxane:methanol (3:1, v/v,
4 mi}. HCI (8.5 M/aqueous methanol, 1 mL) and 10% P4A-C (29 mg, 0.014 mmol, 6.1 eq) were
added. The reaction mixiure was then stirred under Ha (1 atm} for 4 hrs. Half of the reaction
mixture (2.5 mL) was removed from the reaction vessel and filtered through a small Celite pad.
The Celite pad was washed with methanol (2 mi x 3). The combined filirates werg
concentrated under reduced pressuwe. The crude product was purified by preparative HPLC
with a gradient of 5% acetonitrile/0.05 N HCl to 40% acetonitrile/0.05 N HCI over 20 min to
vield the desired product 813-8-14 as 3 vellow solid afier lvophilization (22 mg, bis-HCI salt,
33%). 'H NMR {400 MHz, CD:0D) §531(d, J=3.7He, 1 H), 440 (br &, 7= 5.5 Hz, 1 H),
43130, 1 HL, 364 (dd,J=6.7,11.6 He, 1 H), 2.90-320 (m, 4 H), 3.05 (3, 3 H), 293 (s, 3 H),
2.50-2.62 (m, 1 H), 2.10-2.30 (m 3 H), 1.55-1.70 (m, 1 H}; MS (ESD) m/z 350.4 (M+H).

One half of the above reaction mixture (2.5 ml.) was added with formaldehyde (0.10
ml., 37% in water, 1.33 mmol, 20 eq). The reaction mixture was stirred under Ha (1 atmy) at vt
for 72 h and filtered through a small Celite pad. The Celite pad was washed with methanol (2

mh x 3) and the combined filirates were concentrated under reduced pressure. The crude
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product was purified by preparative HPLC with a gradient of 5% acetonitrile/0.05 N HCl to
40% acetonitrile/0.05 N HCI over 20 min o vield the desired product $13-9-2A a3 an orange
solid after Iyophilization (16 mg, bis-HCI sali, 38%): 'H NMR (400 MHz, CD:0OD) §5.42 (d,
J=3.0Hz 1 H), 440 (brs, 1 H}, 4.13 (3, 1 F), 3.70-3.80 (m, 1 H}, 2.94-3.15 (m, 4 H}, 3.08
(s, 3H}, 3.05 (s, 3 H}, 2.95 (5, 3 H), 2.55-2.65 (m, 1 H), 2.20-2.35 (m, 3 H), 1.58-1.70 {m, 1
Hjy; MS (ES) m/z 564.3 (M+H).

Compound 813-8B (0.146 mmol, crude} was similarly ireated as S13-84 to yield the

following desired compounds:

£13-8-1B {19 mg, bis-HCI salt, yellow solid, 42%): 'H NMR (400 MHz, CD:0OD) &
530(d,J=30Hz, 1 H), 440 (brd, J=55Hz 1 H),4.13 (s, 1 H},3.63(dd, J=6.3, 11.6 Hz,
1H), 2.90-3.22 (m, 4 HD, 3.04 {5, 3 H}, 2.94 (s, 3 H), 2.52-2.61 (m, 1 H), 2.08-2.30 (m, 3 H),
1.56-1.68 (m, 1 H); MS (ESD m/z 550.4 (M+H).

813-9-28 (18 mg, bis-HCI salt, yellow solid, 39%): B NMR (400 MHz, CD:0D) &
541(d, J=28Hz, 1 H), 439 (brs, 1 H), 414 (s, 1 H), 3.70-3.78 (m, 1 H), 2.50-3.25 (;, 4
)L, 311 (s, 3H),3.04(s,3H),2.95 (5,3 H}, 2.54-2.63 (m, 1 H), 2.20-2.35 (m, 3 H)}, 1.58-1.69
{m, 1 H); MS {(ESI} m/z 564.3 (M+H).

Scheme 14

F
WOt s23
| P e
CooPh MO
OBn
S14-4

2. PgiC. Hy

The following compounds were prepared per Scheme 14,
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&18-2

Compound $14-2 was prepared from compound $14-1 (obtained via standard
benzylation of the corresponding phenol, which was prepared according to literature
procedures inchuding WO2012/021712 Al and diallylenone 82-3 by using General Procedure
E: TH NMR (400 MHz, CDCh) §16.05 (5, 1H), 7.52-7.42 (m, 4H), 7.41-7.25 (m, 6H), 7.13-
7.07 (m, 1H), 6.83 (dd, /= 9.4, 4.1 Hz, 1H), 5.85-5.73 (m, 2H), 5.36 (s, 2H), 5.24-5.07 {m,
6H), 4.08 (d, /= 10.1 He, 1H), 3.36-3.27 (m, 2H), 3.25-3.10 (m, 3H), 3.04-2.8 (m, 1H), 2.68-
2.57 {m, 1H}, 2.54-2.39 (m, 2H)}, 2.15-2.08 {m, 1H), 0.816 (5, 9H}, 0.25 (s, 3H), 0.12 (5, 3H};
MS (BRI} m/z 777.58 (M+H).

Compound 814-3 and 814-4 were prepared from compound 814-2 by using General
Procedure A. $14-3: 'H NMR (400 MHz, CDCh) § 16.61 (5, 1H), 7.54-7.42 (m, 4H), 7.42-
726 (m, 6H), 708, /=84 Hz, 1H), 683 (dd, /= 9.0, 4.0 He, 1H), 5.39, 535 (ABg, J=12.2
Hz, 2H), 523,514 (ABq, /=122 Hz, 2H), 392 (d, /=24 Hz, 1H),3.02(dd, J= 160,36
He, 1H), 2.87-2.75 (m, 1H), 2.64-2.57 (m, 1H}, 219 (1, J= 16.0 He, 1H}, 2.15-2.05 (m, 2H),
.73 (s, 911}, 0.20 (s, 3H), 0.09 (5, 3H); MS (ESI) 697.53 m/z (M+H). $14-4: 'H NMR (400
MHz, CDCls) §16.66 (s, 1H), 7.54-7.42 (m, 4H), 7.42-7.25 (m, 6H), 7.16-7.04 {m, 1H), 6.83
{dd, 7=9.2, 4.5 Hz, 1H}, 5.93-5.78 (m, 1H), 5.41-5.34 (m, 2H), 5.30-5.08 (m, 4H), 4.6% (4, J
= 8.1 He, 1H), 3.76-3.78 (m, 1H), 3.58-3.50 {m, 1H), 3.46-3.37 (m, 1H), 3.02-2.84 (m, 1H),
2.83-2.67 (m, 2H), 2.15 (£, J=15.0 Hz, 1H), 2.06-1.98 (m, 1H), 0.72 (s, 9}, 0.20 {5, 3H}, 0.07
(s, 3H); MS (B8 /2 737.51 (M+H).

Compound $14-6-1 was prepared from compound 814-3 by using General Procedurss

C and DB-2: $14-6-1: 'H NMR {400 MHz, CD:0OD, hydrochloride salt) §7.26 {t, J= 8.9 Hz,
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1H), 6.80 (dd, J= 9.2 4.0 Hz, 1H), 3.87 (s, 1H), 3.15 (dd, J = 15.3, 4.9 Hz, 1H), 2.97 (gd, /=
9.8, 4.9 Hz, 11, 2.61 (dt, J = 12.6, 2.1 Hz, 1H), 229 (1, J = 10.4 He, 1H), (gd, J= 13.7, 2.4
Hz, 1D, 1.59 (td, J = 13.3, 10.6 Hz, m), MS (EST) m/z 405.25 (M+D.

F \/\\JH

Compound 814-6-2 was prepared from compound $14-2 by using General Procedures
{ and D-2: 814-6-2 'H NMR (400 MHz, CD:OD, hydrochloride salt) §7.26 {, J = 9.2 Hz,
1H), 6.81 {dd, =92, 4.0 He, 1H), 3.86 (s, 1H), 3.27-3.17 (m, 2H)}, 3.16-3.09 (m, 1H), 3.04-
292 (m, 1H), 282 (d, 7= 128 He, 1TH}, 2.27 (1, J= 146 Hz, 1H), 2.19 (dg, /= 13.6, 2.6 Hz,
18}, 1.76 (id, J= 15.6, 7.7 He, 2H), 1.57 (14, /= 134, 11.0 Hz, 1H), 1.03 (4, .J="7.3 Hz, 3H};
MS (ESI) m/z 447.33 (M+H).

HQL\,/*\ +CHa

e, "
NH, A NH,,
@\r ="‘v % AL@ *ﬁj

on & o & OHT O
S14-6-3 S13-5-4

Compounds 814-6-3 and 8314-6-4 were prepared from compound $14-4 with HCHO
by using General Procedures B-1, €, and D2 814-6-3: H NMRE (400 Mz CD:0D,
hydrochloride salt) §7.27 (, /= 8.9 Hz, 1H), 6.81 (dd, ] =9.2, 4.0 Hz, 1H), 3.78 (s, 1H), 3.14
{dd, .= 15.0, 4.6 Hz, 1}, 3.04-2.93 (m, 2H), 2.90 (5, 3H), 2.80-2.73 (m, 1H}, 2.28 {8, /= 14.6
Hz, 1H), 2.18 (dg, /= 13.6, 2.6 Hz, 1H}, 1.62-1.50 (mm, 1H}, MS (ESI) m/z 419.32 (M+H). §14-
§-4: '"H NMR (400 MHz, CD;0D, hydrochloride salt) §7.27 (t, J= 9.2 Hz, 1H), 6.81 (dd, T =
9.2,4.0 He, 1H), 4.19 (5, 0.5H), 4.09 (5, 0.5H), 3.39-3.31 (m, 1H) 3.22-3.09 (m, 2H}, 3.08-2.86
{m, SH), 2.34-2.13 (m, 2H}, 1.90-1.56 (m, 3H), 1.08-0.95 (m, 3H); MS (ESD) m/7z 461.32
(M-+HD.

11

54
oD O
81465

Compound S14-6-5 was prepared from compound $34-3 with CHaCHO by using
General Procedures Be1 (at § °C), €, and D2: T NMR (400 MIiz, CD:0D, hydrochloride salt)
8726 (t, =89 Hz, 1H), 6,81 (dd, J=9.2,4.0Hz, 1H), 3.84 (s, 1H), 3.48-3.30 (m, ZH), 3.14



10

15

20

WO 2018/045084 PCT/US2017/049462

-254-

(dd, J= 14.6, 4.3 Hz, 1H), 3.03-2.92 (m, 1H), 2.79 (d, J = 12.2 Hz, 1H), 2.27 (4, J= 14.4 Hz,
1H), 2.19 (gd, J = 11.2, 3.2 Hz, 1H), 1.62-1.50 (m, 1H), 1.35 (¢, J = 7.3 Hz, 3H); MS (BSD) mz
43331 (MHD.

CH3
- :»-sgc\p.)
' HoHY
SPaNG = Ok
PPN ) ! NH,
on & ot 4
S1a6-5

Compound 514-6-6 was prepared from compound 8314-3 with CH:CHO by using
General Procedures B-1 (at 0 °C), then B-1 again with BCHO, C and D-2: TH NMR (400 MHz,
CDsOD, hydrochloride salf) §7.27 (1, J= 8.9 Hz, 1H}, 6.81 (dd, ] =92, 4.0 Hz, 1H), 4.21 (5,
{(L.5H). 4.10 (s, 0.5HD, 3.52-3.41 (m, 1H}, 3.38-3.29 (m, 1h), 3.19-3.11 (m, 1H), 3.09-2.85 (m,
SH), 2.34-2.15 (am, 2H), 1.71-1.56 (m, 1H), 1.44-1.33 {m, 3H); MS (ESE m/z 447.29 (M+1H).

(E*.\rb CHgy
£ TR R
= Py
>
a0 oE &
314.8-7

Conmpound 814-6-7 was prepared from compound 814-3 with CHsCHO by using
General Procedures B-1, €, and D2: 'H NMR (400 MHz, CDsOD, hydrochioride salt) §7.27
(,/=92He 1H), 6.81 (dd, 7= 92,40 Hz, 1H), 4.23 (5, 1H), 3.63-3.52 (m, 1H), 3.80-3.40
{m, 28, 3.35-3.24 (m, 1€}, 3.19-3.11 (m, 1¥), 3.07-2.96 (m, 1H), 2.88 (4, /= 12.8 Hz, 11},
2.32-2.16 {m, 2}, 1.69-1.56 (m, 1}, 1.40 (t, /= 7.0 Hz, 6H); MS (ESD) m/z 461.32 (M+H),

Compound 514-6-8 was prepared from compound 814-3 with Acx0O using General
Procedures B-2, C, and B-2: 'H NMR (400 MHz, CD:0D, hydrochloride salty §7.23 (, /=
9.2 Hz, 1H), 6,76 {dd, T = 9.2, 3.7 Hz, 1H), 4.70-4.59 (m, 1H), 3.10-3.03 (m, 1H), 3.02-2.91
{m, 1H), 2.53-2.30 {m, 2H}, 2.03 (s, 3H), 1.65-1.56 (m, 1H); MS (BSI) m/z 447.24 (M+H),
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Compound 514-6-9 was propared from compound $14-3 with Ms:0 using General

Procedures B-2, C, and DB-2: 'H NMR (400 MHz, CD:0D, hydrochloride salty §7.24 (¢, J =

8.9 Hr, 1H), 6.77 (dd, T = 8.9, 4.0 He, 1H), 4.09 (d, /=43 Hz, 1H), 3.16-3.08 (i, 4H), 3.04-

§ 0 292 (m, 1H), 2.53-2.40 (m, 2H), 2.31-2.23 (m, 1H), 1.72-1.61 (m, 1H)}; MS (BSI} m/z 4831
{(M-+H).

Scheme 18

\ AN
OOH, OCH, R

d\[ /\/\H/\ 0 Pﬁ(wphsm /J\‘[r';g/ mm
eo,en MDD Ky /\"’\ﬂ/\( % { o

QBH OBR O MO : O OBn O HO : CBR O HO : O
aTas GTBS a1es
8151 8182 8152 8154
1. HF derivatization
2. PG, Hy
1. HF
2. PGIC, Hy

OBnQ HO g  OBn
67B%
5155

10

b N

~F : {

SBn & oW O OBn
aThS

8162
Compound 53158-2 was prepared from compound 815-1 (prepared according to literature
procedures including WO2011/025982 AZ2) and diallylenone 82-3 by using General Procedure
15 E: 'H NMR (400 MUz, CDCls) & 16.07 (s, 11D, 7.51-7.43 (m, 45, 7.40-7.25 {m, 61, 6.92,
6.82 (ABq, /= 8.8 Hz, 2H), 5.88-5.73 (m, 2H)}, 5.35 (s, 2H), 5.23-5.06 (m, 6H}, 411 (&, J=
9.8 Hez, 1H), 3.80 (s, 31, 3.36-3.15 (m, SH}, 3.00-2.77 (m, 1H)}, 2.56-2.34 {m, 3H), 2.15-2.08
{m, 1H), 0.81 (s, 9H), 0.25 (s, 3H), 0.12 (5, 3H); MB (ESI) m/z 789.55 (M+H).
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Compound 815-3 and S15-4 were prepared from compound 815-2 by using General
Procedure A. 818-3: 1H NMR (400 Mz, CDCh) 5 16.63 (5, 1H), 7.53-7.46 (m, 4H), 7.41-
7.27 (m, 6H), 6.93 {(d, J=9.2 Hz, 1H), 6.85(d, /=92 Hz, 1H), 5.41, 5.36 {(ABq, /= 12.1 Hz,
2H), 522,512 (ABq, J=12.1 He, 2H}, 3.96-3.92 (m, 1H), 3.66 (3, 3H), 3.16 (dd, /= 15.9, 4.3
He, 1H), 2.84-2.72 (m, 1H), 2.64-2.57 (m, 1H}, 2.13-2.06 {m, 3H), .75 (5, 8H), 0.22 (s, 3HD,
0.12 (s, 3H); MS (ESD) m/z 709.49 (M+H). $15-3: "HNMR (400 MHz, CDCR) 516.70 (5, 1H),
7.54-7.46 (m, 4H), 7.41-7.28 (m, 6H), 6.93 (d, /= 9.2, 1H), 6.85 (d, ] = 9.2 Hz, 1H), 5.95-5.84
{m, 1H}, 5.42,5.37 (ABq, J=12.2 Hz, 2H), 5.32-5.08 (m, 4H), 3.77 (s, 3H), 3.56 (dd, § = 13.2,
6.7 Hz, 1H), 3.47-3.39 (m, 1H}, 3.11 {(dd, I = 15.9, 4.9 Hz, {H), 2.80-2.68 (m, 2H), 2.61-2.45
{m, 1H), 2.08-1.98 (m, 2H), 1.51-1.39 (m, 1H), 0.73 (s, OH}, 0.22 (5, 3H), 0.10 (s, 3H); M8
(BESI) m/z 749.48 (M+H).

545.6-3

Compound 815-6-1 was prepared from compound 515-3 by using General Procedures
C and D-2: 8§15-6-1: 'H NMR (400 MHz, CD:0D, hydrochloride salt) 6 7.21 (d, /= 9.2 He,
1H), 6.78(d, /=92 Hz, 1H), 3.83 (5, 1H), 3.77 (5, 3H), 2.93-2.82 (m, 1H), 2.60-2.52 (m, 1H),
2.22-2.07 {m, ZH), 1.63-1.50 (m, 1H}; MS (ESD m/z 417.25 (M+H).

Compounds S15-6-2 and 515-6-3 were prepared from compound 51%-2 by using
General Procedures € and B2, 815-6-2: 'H NMR (400 Milz, CD:0D, hydrochloride salt) &
721 ¢d, J=82Hz, 1H), 6,78 (d, /=92 Hz, 1H), 3.85 (5, 1H}, 3.77 (s, 3H), 3.28-3.14 (m, 3H),
2.96-2.84 {m, 1H), 2.80 (4, /=122 Hz, 1H]), 2.20-2.05 (m, 2H), 1.81-1.68 {m, 2H), 1.60-1.48
{(m, 1H), 1.02 (t. /= 7.3 Hz, 3H); MS (ES)) m/z 459.4 (M+H). 5158-6-3: 'H NMR (400 MHz,
CDeOD, hydrochloride salt) 67.22 (4, J= 8.2 He, 1H), 6.78 (4, J= 9.2 He, 1H), 4.18 (5, 1H),
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3.77 (s, 3H), 3.39-3.14 (m, SH), 3.04-2.64 {m, 2¥1), 2.20-2.08 (m, 2H), 1.90-1.74 {m, 2H), 1.70-
1.52 (m, 1H), 1.08-0.98 (m, 6H); MS (BSD m/z 501.3 (M+H).

OCH, -CHe omaH‘C\/\N CHs

S15 §-4 S15-3-5

Compounds 814-6-4 and 8314-6-5 were prepared from compound 8154 with HCHO
by using General Procedures B-1, C, and D2, 515-6-4:'H NMR (400 MHz, CD:0OD,
hydrochloride salty §7.21 {d, J= 9.2 He, 1H), 6.78 (4, J = 9.2 Hz, 1H), 3.80-3.76 (m, 4H),
3.26-3.20 (m, 1H), 2.95-2.84 (m, 4H), 2.78-2.71 (m, 1H), 2.19-2.04 (m, 2H}, 1.60-1.47 (m,
1H});, MS (ESI) m/z 431.2 (M+H). 815-6-5.'H NMR (400 MHz, CD:0D, , hydrochloride salt,
rotamers) §7.21 (d, /=92 He, 1H}), 6.78 {(d, /=92 Hz, 1H)}, 418 (s, 0.5H), 4.08 (5, 0.5H),
3.78 (s, 3H), 3.40-3.23 (m, 3H}, 3.22-3.16 (i, 1H), 3.04-2.85 {m, 4H}, 2.23-2.06 {m, 2H), 1.9¢-
1.69 (m, 2H), 1.69-1.54 (m, TH), 1.07-0.96 (m, 3H); MS (B8 m/z 473.2 (M+H),

Li--h

QCH;

Sk,

§1564

Compound §15-6-6 was prepared from compound 8358.3 with CHaCHO by using
General Procedures B-1 {at 0 °C), C, and B2: 'H NMR (400 MHz, CDs0D, hydrochloride salt)
721 (4, J=92He, 1H), 6.77(d, J=92 Ha, 1H), 3.84 (s, 1H), 3.77 (5, 3H), 3.45-3.20 (m,
2H), 2.96-2.83 (mn. 1H), 2.78(d, /= 12.8 He, 1H), 2.21-2.00 (m, 2H), 1.59-1 .46 (m, 1H), 1.35
{t, J=7.3 He, 3H); MS (ESI) m/2 445.2 (M+H}.

&
oH O OH O O
B15-8-7

Compound 815-6-7 was prepared from compound 815-3 with CHsCHO by using
General Procedures B~1 {at 0 °C), then B~1 again with HCHO, € and B-2; TH NMR (400 MHz,
CDa0D, bydrochloride salt, rotamers} 67.22(d, J=92 Hz, 1H}, 6.77 (4, /= 9.2 Hz, 1H)}, 4.20
{s, 0.5H]), 4.09 (s, 0.5H), 3.77 (s, 3H}, 3.52-3.44 {1, 1H), 3.38-3.22 (m, 2H), 3.04-2.83 (m, 5H),
2.23-2.06 {m, 2H}, 1.70-1.53 (m, 1H}, 1.44-1.33 (m, 3H); MS (ESI) m/z 459.2 (M+H).
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Compound $15-6-8 was prepared from compound 815-3 with CHsCHO by using
General Procedures B-1, €, and D2: 'H NMR (400 MHz, CDs0D, hydrochloride salty §7.21
(d, /=92 Hz 1H), 6,77 {4, J =92 Hz, 1H), 422 (s, 1H), 3.77 (5, 3H), 3.64-3.52 (m, 1H),
3.48-3.37 (m, ZH), 3.30-3.23 (m, 2H), 3.01-2.81 (m, 2H)}, 2.23-2.05 {m, 2H), 1.66-1.53 {m,
1H), 1.38 {t, /= 7.3 Hz, 6H); MS (ESI) m/z 473.2 (M+H).

Citg

OCHy N0
T OH
PN | rNHg
] OH
CH O OoH QO ©
$15-6-3

Compound $15-6-% was prepared from compound $15-3 with Acx( using General
Procedures B-2, €, and D-2: 'H NMR (400 MHz, CD:0D, hydrochloride salt, rotamers) §7.18
(d, /=92 Hz, 1H), 6.75(d, J= 8.5 Hz, 1H), 4.71-4.64 (m, 1H}, 3.77 (s, 3H}, 3.20 (dd, J =
16.5, 4.9 Hz, 1H), 2.94-2.84 (m, 1H), 2.46-2.22 {m, 3H), 2.03 (s, 3H), 1.63-1.52 (m, 1H}; MS
(ESD) m/z 459.2 (M+H).

Compound S15-6-18 was prepared from compound 818-3 with Ms20 using General
Procedures B-2, C, and D-2: 'H NMR {400 MHz, CD:0D, hydrochloride salt, rotamers) £7.18
{d,J=92Hz 1H),674(d, /=92 Hz, 1H), 471464 (m, 1H), 4.08(d, /=43 He, 1H), 3.77
{s,3H), 3.23 (dd, /=159, 4.9 Hz, 1H), 3.13 (5, 3H), 2.95-2.84 (m, 1H), 248 (1d, J=7.2,35
Hz, 1H), 2.33-2.18 (m, 2H), 1.65-1.58 (m, 1H); MS (ESD m/Zz 495.18 (M+H).

Scheme §6
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The following compounds were prepared per Scheme 16,

5 Compound S516-2-1 was prepared from 816-1 (6.574 g, 12.36 mmol, 2.1 eg) and C-4
sthylmethylamino enone 82-3 (3.14% g, 5.8% mmol, 1 eq) by using General Procedure E.
Product 816-2-1 (1.321 g, 23%): 'H NMR (400 MHe, CDCL) §16.17 (5, 1H), 7.55-7.50 (m,
4H), 7.41-7.30 (m, 8 H), 7.29-7.22 (m, 4H), 7.18-7.11 (1, 4H}, 6.68 {d, /= 11.0 Hz, 1H), 5.88-
576 {m, 2H), 5.37 (5, 2H), 5.27-5.10 (m, SH), 5.00 (4, 7= 9.5 He, 1H), 433 (d, /= 14.6 He,

18 2H), 419 (4, J=14.0 Hz, 2H), 3.38-3.19 (m, 4H), 3.13-2.95 {m, 2H), 2.17-2.10 (m, 1H), 0.83
{s, 9H}, 0.26 (5, 3H), 8.15 (5, 3H}; MS (ESLy m/z 972.55 (M+H).
&
0T T

4
an:\!/Qf DN I/\\/

R \
OBnO O o OBn
OTB3

S
518-2-2

Compound 816-2-2 was prepared from compound 516-2-1 (1.321 g, 1.36 mmol, 1 &g}

by using General Procedure A. 8$16-2-2 (884 mg, 72%): 'H NMR (400 MHz, CDCh) §16.52

15 (8, 1H), 7.40-7.33 (m, 4H), 7.30-7.20 (m, 6H), 7.20-7.13 (m, 2H), 7.0%9-7.02 (m, 4H), 6.56 {d,

J=10.4 Hz, 1H), 5.31, 526 (ABq, J= 16.8 Hz, 2H), 5.17, 5.04 {(ABq, J = 1.4 Hz, 2H}, 4.26,

4.11 (ABg, J= 14.0 Hz, 2H), 3.82 (5, 1H}, 2.82 {dd, /= 15.3, 4.3 He, 1H), 2.64-2.52 (m, 1H),

2.52-2.44 (m, 1H), 2.08-1.92 (m, 4H), 0.67 {5, 9H), 0.12 {5, 3H}, 0.00 (s, 3H); MS (ESD) m/z
§92.56 (M+H).
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Compound S$16-3 was prepared from compound S16-2-2 (884 mg, .99 ramol, 1 eq)
using General Procedurs €, followed by treatment with Boc2O (227 mg, 1.04 mmol, 1.05 eg)
in DCM {10 mL) at ¢ °C, followed by warming {o ambient temperature until complete by
LCMS analysis. The reaction solution was diluted with saturated agqueous ammonium chloride
(36 mL) and extracted with EtQAc (2 x 35 ml). The combined organic layers were washed
with brine, dried over NaxS(y, filiered and concentrated vnder reduced pressure. The resulting
crude product was purified via flash column chromatography on silica gel using 8%6-50%
BiOAc/hexanes to yield the desired product $16-3 (750 mg, 86%): TH NMR (400 MHz, CDCh)
§16.03 (5, 1H), 7.50-7.21 {m, I15H), 7.18-7.11 (m, 5 H}, 6.68 {d, /= 10.4 Hz, 1H), 5.83-5.77
{m, 1), 5.35 {5, 2H), 5.23 {d, 7 = 9.7 Hz, 1H}, 5.13-5.03 (m, 2H}, 4.57 (s, 1H}, 433 (&, J=
14.6 Hz, 2H), 4.22 (4, 7= 14.0 Hz, 2H), 2.92-2.85 (m, 1H), 2.70-2.57 (m, 2H}, 2.16-2.05 {m,
2H), 1.57 (s, 9H); MS (ESI) m/z 878.61 (M-+H).

F NHBoo
H H o3
z z LOH

LRH,

N

A
OH O O D
5164

Compound 8186-4 was prepared by dissolving 816-3 (750 mg, 0.854 mmol, | &g} in
roethanol:dioxane (111, 8 mL} with 1 N agueous HCI (854 pl, 1 eq). Pd-C (10wi%, 106 mg)
was added in one portion and the reaction vesse] was sealed and purged with hydrogen by
briefly evacuating the flask followed by flushing with hydrogen gas {1 atm). The reaction
mixture was stirred under a hydrogen aimosphere (1 atm} at 1t for 6.5 hr. The reaction was
filtered through a small Celite pad. The cake was washed with CH3OH. The filirate was
congentrated and the resulting orange foam was used without further purification. 816-4: MS

(EST) m/z 518.26 (M-H).

F N
A 2 A _OH
| NH,
NN N N :
2 Ot
OH O OH O O
165

To a solution of 816-4 (20mg, 0.038 mmol, 1 eg) in CHaOH (750 yL) was added
concentrated HCLE (12N, 200 yl). The reaction was stirred at room temperature for 4 hr, The
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sofution was concentrated under reduced pressure and the residue was dissolved in (.05 ¥ HC
in water and the resuliing sohition was purified by preparative reverse phase HPLC on a Waters
Axttopurification system using a Phenomenex Polymerx 10 p RP-y 100A column {10 pm,
150 = 21.20 mum; flow rate, 20 mi/min; Solvent A: .05 N HClwater; Solvent B: CHaCN;
injection volume: 2.0 mi {0.05 N HCliwater); gradient: 5—30% B in A over 20 min; masgs-
directed fraction collection]. Fractions confaining the desived product were collecied and
freeze-dried to vield compound 816-8; 'H NMR (400 MHz, CD:sOD, dihydrochloride sal) §
738(d,/=8.6 He, 1H),3.88 (3, 1H), 3.23-310 (m, 1H), 3.08-295 (m, 1H), 2.64 (d, /=122
Hz, 1}, 2.42-2.30 (m, 1H), 2.29-2.19 (m, 1H), 2.68-2.45 {m, 1H); MS (EST) m/z 420.2 (M+H).

~
[~

Y
3 4 o
H3C‘n \v/"\.N, P
oH 0
815614

General Procedure H (acylation/amine addition): To a solution of 816-4 (32 mg, 0.62
mmol, | eg} in DMPUCH3CN (400 pl.;1.6 mL} was added Na:xCOs (32 mg, 6.302 mmol, §
eq) and bromoacetylbromide (6.5 ul, 0.72 mmol, 1.2 eg). This mixture was stirred under an
atmosphere of nitrogen for 1.5 . A sohstion of methylamine (2.0 M in THF, 335 ul, 0.62
mmol, 10 eq) was added and the reaction was stivred at room temperature for 17 hr. The reaction
solution was concenirated under reduced pressure, then dissolved in CHaOH (400 pl) and
added dropwise to rapidly stirring MTBE (15 mL)}. The resulting green precipitate was filtered
off on a Celite pad and washed with MTBE. The solid was washed off the Celite pad with
CH3OH containing several drops of concenirated HCL The resulting orange solution was
concentrated in vacuo. The crude residue was dissolved in CH3OH (1 mL), to which was added
(.05 N HCI in water (300 uL) and concentrated HCI 200 uL}. The reaction solution was stirred
at room temperature for 1.5 hr. The solution was concentrated under reduced pressure and the
resulting residue was dissolved in CHaOH (8090 ul) and added to rapidly stirring MTBE (15
mk}. The resulting orange precipitate was filtered through a Celite pad and washed as before,
then washed off the Celite pad with CH30H. The solution was concentrated under redoced
pressure. The residue was dissolved in 0.05 N HC! in water and the resulting solution was
purified by preparative reverse phase HPLC on g Walers Autopurification system using a
Phenomenex Polymerx 10y RP-y 100A column [10 pm, 150 = 2120 mum; flow rate, 20
ml/min; Solvent A: .05 N HClwater; Solvent B: CHaCN; injection volume: 2.0 mL (0.0S &

HCVwater); gradient: 5—30% B in A over 20 min; mass-directed fraction collection]. Fractions
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containing the desired product were collected and freeze-dried to yield compound 816-6-1 (4.9
mg, 4%): 'H NMR (400 MHz, CD;0D, dihydrochloride salf) §8.22 (4, /= 11.0 He, 1H), 4.06
(s, 2H), 3.88 (5, 1H), 3.18-3.10 (m, 1H), 3.07-2.93 (m, 1H), 2.77 (5. 3H), 2.62 (4, J= 12.8 Hz,
1H), 2.33-2.18 (m, 2H), 1.64-1.56 (m, 1H); MS (ESD m/z 49121 (M+H).

g S

2 A _CH

i & ]
Hobdw & &P &
815-6-2

NHa

<

Compound 816-6-2 was prepared from compound 516-4 with cthylamine using
General Procedure H: 'H NMR (400 MHz, CD:0D, dihydrochloride salt) §8.22 (4, 7= 11.0
Hez, 1H), 4.07 (s, 2H), 3.88 (s, 1H), 3.18-3.10 (m, 3H), 3.07-2.93 (m, 1H}, 2.67-2.60 (m. 1H),
2.33-2.20 (m, 2H), 1.64-1.56 {m, 1H} 135 (1, J="7.3 Hz, 3H); MS (ESI) m/7z 565.19 (M+H).

E\H;
', LOH
1A Y.
P N N\, e ,NHZ
He N o) QT il

o O o 0o O
318-8-3

Compoundd S$16-6-3 was prepared from compound 518-4 with propylamine using
General Procedure H: TH NMR (400 Mz, CDs0D, dihydrochloride salt) §8.22 (4, J=11.0
Hz, 1H), 4.08 (s, 2H), 3.89 {5, TH), 3.17-2.92 (m, 4H), 2.66 {4, J= 12.2 Hz, 1H), 2.33-2.20 {m,
2H), 1.85-1.72 (m, 2H), 1.64-1.56 (m, 18}, 1.04 (t, J= 7.6 Hz, 3H), MS (ESD w2z 5190.26
{(M-+HD.

F St
o /\\/W‘\/

o
Hs‘?\./\/N\/“\ f’\/’\ﬁ/’\f’\ﬁ/ NH;

i dn & oFB 8
516-6-4

Compound S16-6-4 was prepared from compound $16-4 with butylamine using
General Procedure H: 'H NMR (400 MHz, CD:0D, dihydrochloride salt) §8.22 (4, /= 11.0
Hez, 1H), 4.08 (3, 2H), 3.88 (5, 1H), 3.18-2.94 (m, 4H)}, 2.66 (4, J= 12.2 He, 1H}, 2.33-2.20 (1,
2 D, 1.78-1.68 {m, 2H), 1.64-1.52 (m, 1H), 1.48-1.38 (m, 2H), 1.060 (¢, J = 7.6 Hz, 3H}; MS
(ESI) m/z 533.32 (M+H).

F y e
.'E‘A\"A\"A\"A\/ LOH
AYAV/\T/\Y ANH;
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Compound 816-6-8 was prepared from compound 816-4 with isopropylamine using
General Procedure H: 'H NMR (400 MHz, CD:0D, dihydrochloride salt) §8.23 (4, /= 11.0
Hz, 1H), 4.08 (s, 2H), 3.88 (5, 1H), 3.52-3.43 (m, 1H), 3.18-3.10 (m, 1H)}, 3.05-2.95 (m, 1H),
2.63(d, J=12.8 He, 1H), 2.35-2.20 (m, 2H), 1.64-1.56 (m, 1H}, 1.37 {d, /= 6.8 Hz, 6H)}; MS
(ESD m/z 519.19 (M-+H).

CH
816-6-8

Compounds 816-6-6 and $16-6-7 were prepared from compound 8164 with
dimethylamine using General Procedure H. S16-6-6: 'H NMR (400 MHz, CDnOD,
dihydrochioride sait) 58.22 (d, J=11.0 Hz, 1H), 422 (s, 2H), 3.87 {5, 1H), 3.18-3.10 (m, 1H},
3.07-2.93 {m, 7H}, 2.77 (s. 3H}, 2.64-2.60 {m, 1H), 2.33-2.18 (m, 2H), 1.64-1.56 (m, 1H}; MS
(EST) 505.27 my/z (M+H). 816-6-7: 'H NMR (400 Mz, CD:0D, dihydrochloride salt) §8.22
{d, J=11.0 Hz, 1H), 4.78-4.74 (m, 1H), 4.22 (s, ZH), 3.18-3.08 (m, 1H)}, 2.99 (s, 6H), 2.92-
2.74 (m, 2H), 2.36-2.27 (s. 1H), 2.14-2.85 {m, 1H), 1.52-1.42 {m, 1H); MS (ESI} m/z 50527
(M-+HD.

o 6 ofs 6 om0 &R 4
516-6-8 S188G

Compounds 816-6-8 and S16-6-9 were prepared from compound 8164 with
dimethylamine using General Procedwre H. S$16-6-8: 'H NMR (400 MHz, CDnkOD,
dihydrochioride salt) §8.22(d, /= 11.0Hz, 1H), 428 (4, /=177 Hz, 1H}, 416 {d, /=177
Hz, 1H), 3.88 (s, 1H), 3.50-3.23 (m, 2H), 3.17-3.10 (m, 1H}, 3.03-2.94 (m. 4H), 2.64-2.60 {m,
1H) 2.36-2.19 (m, 2H), 1.66-1.55 (m, 1H), 1.38 (t, 7 = 7.3 Hz, 3H); MS (ESD m7z 519.26
(M-+T). S16-6-9: 'H NMR (400 MHz, CD:0D, dihydrochloride salt) 58.22 (4, J = 11.0 He,
1H), 4.78-4.74 (m, 1H), 428 (d, /= 17.7 He, 1H), 4.16 (4, /= 17.7 He, 1H), 3.50-3.23 (m,
2H), 3.17-3.10 (m, 1H), 3.03-3.73 (m, 6H), 2.37-2.26 {m, 1H), 2.15-2.08 {m, 1H)}, 1.51-1.35
{m, 4H); MS (ESI) m/z 519.26 (M+H).

£ NH,
i H =
Y AL_OH
0008 ¢
et A A A N
_, ;
H OoH O OHLHO Q
$16-8-10
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Compound 816-6-10 was prepared from compound 8516-4 with N-methylpropylamine
using General Procedure H: 'H NMR (400 MHz, CD:OD, dihydrochioride salt) §8.22 (4,7 =
11.0 He, 1H), 428 (d, J= 165 Hz, 1H), 4.18 {d, /= 189 Hz, 1H)}, 3.30-3.12 (m, 2H), 3.15~
2.92 {m, 4H), (d, J = 12.2 Hz, 1H), 2.36-2.20 (m, ZH), 1.86-1.76 {m, 28}, 1.64-1.56 (m, 1H),
5 103 (4, =73 Hz, 3H); MS (ESD) m/iz 533.23 (M+H),

Compound S516-6-1F was prepared from compound 81864 with M-

methylisopropylamine using General Procedure H: 'H NMR (400 MHz, CInOD,

14 dihydrochioride salt) §8.23 (4, J=11.0 Hg, 1H}, 430 (d, /=159 Hz, 1H), 4.09(d, /=159

Hz, 1H), 3.88 (5, 1H), 3.72-3.65 (m, 1H), 3.18-3.10 (m, 1H}, 3.05-2.93 (m, 1H), 2.90 (s, 3H),

2.66-2.61 (m, 1H}, 2.35-2.18 (m, 2H), 1.59-1.52 (m, 1H), 1.43-1.32 (m, 6H}); MS (ESI) sz
533.25 (M+H).

CHy OH ©
$18-8-12

15 Compound $16-6-12 was prepared from compound $16-4 with N-ethylisopropylamine
using General Procedure H: *H NMR (400 MHz, CIh:OD, dihydrochloride salt) §8.22 (4,7 =
11.0Hz, 1H), 431 {(d, J=17.1 Hz, 1H),4.08(d, /= 16.5 Hz, 1H)}, 3.88 (s, 1H), 3.82-3.72 (i,
1H), 3.41-3.32 {m, 1H), 3.21-3.10 (m, 1H), 3.17-2.93 (m, 1H), 2.66-2.61 (m, 1H), 2.35-2.18
(m, 2H), 1.64-1.52 (m, 1H), 1.44-1.30 (m, 9H); MS (ESI) m/z 547.26 (M+H).

E ! NHy

z 3 H 1
CH, oH 6o oo 0O
20 816643

Compound $16-6-13 was prepared from compound 816-4 with R-(-}-sec-butylamine
using General Procedure H: 'H NMR (400 MHz, CDsOD, dihydrochloride salt) §8.24 (4, 7=
11.0 He, 1H), 4.10 (s, 2H), 3.88 (s, 1H), 3.72-3.65 (m, 1H), 3.31-3.25 (m, 2H), 3.18-3.10 {m,
1H), 3.05-2.93 {m, 1H), 2.90 (5, 3H}, 2.66-2.61 (1, 1H), 2.35-2.18 {m, 2H), 1.88-1.82 (m, 1H),
25 1.65-1.52 (m, 1H), 1.38-1.25 (m, 3H), L.04 {t, J= 7.9 Hz, 3H); MS (B8] m/z 533,23 (M+H).
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Compound 816-6-14 was prepared from compound $16-4 with S-(+)-sec-butylamine
using General Procedure H: ‘H NMR (400 MHz, CDsOD, dihydrochloride salt) §8.23 (d, /7=
11.0 Hz, 1H), 4.0% (s, 2H), 3.87 (s, 1H}, 3.18-3.10 {m, iFD, 3.05-2.92 (m, 1H), 2.65-2.60 (m,

5§ 1H), 2.36-2.18 (m, 2H), 1.94-1.80 (m, 1H), 1.66-1.53 (m, 2H}, 133 (d, /= 6.7 Hz, 3H), 1.03
{t.J=17.3 He, 3H); MS (B8 m/z 533,23 (M+H).

F
CH O X
Hy H :L_ !
HL G e N oy N : .
Hoon o ad'E o
816515

Compound 816-6-15 was prepared from compound 816-4 with isobutylamine using
General Procedure H: 'H NMR (400 MHz, CD:;0D, dihydrochloride salf) §8.24 (4, /=110
10 Hz, 1H}, 4.09 (s, 2H), 3.89 (5, 1H), 3.18-3.10 (m, 1), 3.15-2.92 {(m, 3H}, 2.67-2.60 (m, 1H)},
2.34-2.19 (m, 2H), 2.13-2.00 (m, 1H), 1.66-1.52 (m, 1H}, 1.06 {d, J = 6.7 Hz, 6H); MS (ESD
miz 33332 (M-+H).

b C’
H 3@ \d \V/ x"‘\v/
“H i & ’3‘4

CH,
bi)hiﬁ

15 Compound 516-6-16 was prepared from compound $16-4 with isoamylamine using
General Procedure H: 1 NMR (400 Mz, CDs0D, dihydrochloride salt) §8.23 (d, /= 11.0
Hz, 1H), 4.08 (s, 2H), 3.88 (s, 1H), 3.20-3.08 (m, 3H), 3.15-2.92 (m, 1H), 2.68-2.62 (m, 1H),

2.36-2.20 (m, 2H), 1.78-1.52. (m, 3H), 0.99 {d, J= 6.1 Fiz, 6H); MS (EST) m/z 547.25 (M-+HD.
F NHs
i H o odz
‘ﬂCWN\ﬁ\N' : : b A NH
"‘!'\"f H

CHa on & of'B 8
$48-8-17

20 Compound  816-6-17 was  prepared from compound Sié-4  with 3,3~
dimethylbutylamine using General Procedure H: 'H NMR (400 MHz, CD:0OD,
dihydrochioride salt) 58.23 (d, J=11.0 Hz, 1H), 410 (5, 2H), 3.89 {5, 1H), 3.19-3.09 (m, 3H),
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3.15-2.92 (m, 1H), 2.68-2.62 (m, 1H), 2.35-2.20 (m, 2H), 1.68-1.56 {m, 3H), 0.99 (s, 9H); MS
(EST) m/z 561.27 (V+ED.

RIS

Compound 516-6-18 was prepared from compound $16-4 with azetidine using General
Procedure H: H NMR (400 MHz, CD:OD, dibydrochloride salt} §8.18 (4, J= 11.0 Hz, 1H),
4.42-4.30 (m, 4H), 4.27-4.10 (m, 2H), 3.87 (5, 1H), 3.19-3.10 (m, 1H), 3.02-2.92 (m, 1H), 2.71-
2.39 (m, 2H), 2.53-2.40 (m, 1H), 2.34-2.17 (m, 2H), 1.64-1.52 (m, 1H}; MS (ESD m/z 517.27
{(M+H).

Hodp & oPB 8
$16-6-18

Compound 816-6-19 was prepared from compound $36-4 with piperidine using
General Procedure H: 1H NMR (400 MHz, CDsOD, dihydrochioride salt) 58.22 (4, J=11.0
Hz, 1H}), 4.19 (s, 2H), 3.88 (s, 1H), 3.77-3.58 (m, 2H), 3.26-3.08 (m, 3H}, 3.07-2.94 {m, 1H),
2.68-2.62 (m, 1H}, 2.35-2.20 (m, 2H), 2.00-1.82 (m, 5H), 1.65-1.52 (m, 2H); MS (ESH m/z
54525 (M+H).

OM O oMo O
816-6-20

Compound 816-6-20 was prepared from compound $16-4 with hexamethyleneimine
using General Procedure ¥ 'H NMR (400 MHz, CD30D, dihydrochloride salt) 5824 (4,7 =
1.0 He, 1H), 4.27 {5, 2H), 3.85 (s, 1H), 3.61-3.51 {m, 2H), 3.41-3.32 (m, 2H), 3.19-3.09 (m,
1H), 3.07-2.%94 {m, 1H), 2.66-2.61 (m, 1H}, 2.35-2.20 (m, 2H), 2.06-1.90 (m, 4H), 1.86-1.69
{(m, 4H}, 1.67-1.53 (m, iﬂ): MS (ESI) mrz 559.56 (MHHD.

rw, |:‘ o NH

i\\)i \ﬂ,NH \/\N»\/\A/\/\,th
o & &P Foon & orco e
$16-8-21 $18-8-22

Compound Si6-6-21 and $16-6-23 were prepared from compound $16-4 with
heptamethyleneimine using General Procedure FL 8$16-6-21: H NMR (400 MHz, CD:0D,
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dihydrochloride salt) §8.23 (d, J=11.0 He, 1H), 4.27 (s, 2H), 3.88 (5, 1H), 3.58-3.45 (im, 2H),
3.43-3.32 (m, 2H}, 3.18-3.0%9 (m, 1H), 3.05-2.92 (m, 1H), 2.68-2.59 {m, 1H), 2.36-2.18 {m,
2D, 2.10-1.90 (m, 4H}, 1.88-1.52 (m, 7TH); MS (ESD m/z 573.59 (M+H). 816-6-22: "H NMR
{400 MHz, CD30D, dihydrochloride salt) 6823 (d, J=11.0Hz, 18), 474 (d, /=49 Hz, 1H),
4.25 {s, 28}, 3.56-3.45 (m, 2H}, 3.41-3.31 (m, 2H), 3.16-3.07 {m, 1H), 2.92-2.74 (m, 21, 2.37-
2.26 (m, 1H}, 2.12-1.89 {m, 5H), 1.86-1.61 (m, 5H), 1.51-1.40 (m, 1H); MS (ESI} m/z 573.59
{(M+HD).

Compound 516-6-23 was prepared from compound 8184 with cyclopropylamine
using General Procedure H. "H NMR (400 MHz, CD:0D, dihydrochloride salt) §8.21 (d, J =
11.0 Hz, 1H), 4.18 (5, 2H), 3.88 (s, 1H), 3.18-3.08 (m, 1H), 3.05-2.93 (m, 1H}, 2.90-2.81 {m,
1H), 2.67-2.62 (m, 1H), 2.33-2.192 (m, 2H), 1.64-1.53 (m, 1H), 0.98-0.89 (m, 4H); MS (ESD
m/z SVL2T (M+H).

F g W
Lo JJ\ T A o
w\,JL 2 Nyt NH;

[T 3 ol

~d Hodw &6 of'B &

$16-6-24
Compound S16-6-24 was propared from compound 8516-4 with cyvclobutylamine using
General Procedure H. 'H NMR (400 MHz, CD:0D, dihydrochloride salt) §8.23 (4, 7= 11.0
Hz, 1H), 3.96 (5, 2H), 3.91-3.79 (m, 2H), 3.19-3.09 (m, 1H), 3.05-2.92 (m, 1H), 2.68-2.60 (m,
13, 2.40-2.19 (1, SH), 2.00-1.88 (m, 2H}, 1.65-1.53 {m, 1H); MS (ESI} m/z 53137 (M+H).

5
oH O OH D O
816625

Compound 816-6-25 was prepared from compound $16-4 with cyclopentylamine using
General Procedure H. 'TH NMR (400 MHz, CDs0D, dihydrochloride salf) §8.25 (4, /=110
Hz, 1H), 4.09 {s, 2H}), 3.88 {m, 2H), 3.68-3.58 (m, 1H), 3.19-3.09 (m, 1H}, 3.05-2.92 (m, 1H},
2.68-2.60 (m, 1H), 2.38-2.12 {m, 4H), 1.91-1.54 {m, TH); MBS (ESD) m/z 545.23 (M+H}.
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Qi T

OH 6 oH o O
515-8-26

Compound  816-6-26 was prepared from  compound Sié-4  with
cvelohexanemethylamine using General Procedure . 'H NMR (400 MHz, CDs:OD,
dihydrochloride salt) 6 8.23 {d, /= 11.0 Hz, 1H), 4.07 {5, 2H), 3.87 {(m, ZH}, 3.19-3.09 (m,

5§ 1H), 3.03-2.90 {m, 3H), 2.68-2.60 (m, 1H), 2.38-2.20 (m, 2H), 1.91-1.71 (m, 6H), 1.65-1.55
(m, 1H), 1.42-1.20 (m, 3H), 1.13-1.00 (m, H} MS (B Sl) m/z 873.26 (M+H).

OH O
816-6-27

Compound  816-6-27 was prepared from  compound 8164  with
cyclopropanemethylamine using General Procedure H. 'H NMR (460 MHz, CD:OD,
18 dihydrochloride salt) § 8.23 {d, /= 11.0 Hz, 1H), 4.10 (s, 2H), 3.87 {m, 2H), 3.19-3.10 {m,
1H), 3.04-2.92 {(m, 3H), 2.65-2.60 (m, 1H), 2.34-1.97 (m, 2H), 1.65-1.55 (m, 1H}, 1.16-1.08

{m, 1H}, 6.78-0.70 {m, 2H), 0.46-0.40 (m, 2H); MS (ESD m/z 531.21 (M+H).

o8 E*\/\
/VWf )

oo olh 4
318-5-28

H

Compound S16-6-28 was prepared from compound 816-4 with morpholine using
15 General Procedure H. 'H NMR (400 MHz, CD:0D, dihydrochloride salf) §8.21 (d, /= 11.0
Hz, 1H), 4.26 (s, 2H), 4.13-3.97 (m, 2H), 3.95-3.81 (m, 3H}, 3.67-3.51 (m, 2H), 3.38-3.33 {m,
2H}, 3.19-3.10 (m, 1H), 3.04-2.92 {m, 3H), 2.65-2.58 {m, 1H), 2.34-1.97 {m, 2H}, 1.65-1.55
{m, 1H); MS (ESE) m/z 5473 (M+H).

/= O
NV';“\/U\N

H

OH O OHﬁ B8
S16-8-29

20 Compound S16-6-2% was prepared from compound 816-4 with imidazole using
(eneral Procedure H. 'H NMR (400 Mz, CDsOD, dilydrochloride salt) §8.99 (s, 1H), 8.16
{d, J= 14.8 Hz, 1H}, 7.67 (s, 1H), 7.60 (s, 1H}, 5.32 (s, 2H), 3.87 (s, 18}, 3.17-3.10 {m, 1),
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3.05-2.92 (m, 1H), 2.65-2.58 (m, 1H), 2.34-2.15 (m, 2H), 1.65-1.52 (m, 1H); MS (BSD m/
528,15 (M+H).

816-6-30

Compound S$16-6-38 was prepared from compound S16-4 with aniline using General
Procedure H. 'H NMR (400 MHz, CD:OD, dihydrochloride salt) §8.29 (d, /= 11.0 Hz, 1H),
7.40-7.32 (m, 2H), 7.11-7.00 {m, 3H)}, 4.14 (s, 2H), 3.86 (s, 1H), 3.19-3.09 (m, 1H), 3.02-2.90
(o, 1H), 2.65-2.55 {m, 1H), 2.34-2.16 (m, 2H), 1.62-1.52 (m, 1H); MS (ESI m/z 551.21 (M-

3 NHa

O NN O 0 RN
HoOY fo H /E T
F N \/Jl\l\i = Xy ;\'v/l\m‘" N F/-\V’ N \f"u\ N & 2
§ Sl ¥
Hoow 0 ond & Foon 6 o
816-8-31 S16-8-32

Compound $316-6-31 and $16-6-32 were prepared from compound 816-4 with 2-
fluoroethy lamine hydrochloride (4 ¢g) using General Procedurs H. 8$16-6-31: 'H NMR (400
MHz, CEH0D, dibydrochloride salt) #8.23 {d, /= 11.0 Hz, 1H), 4.88-4.83 {m, 1}, 4.76-4.70
{m, 18}, 4.16 (5, 2H}, 3.87 (s, 1H), 3.56-3.44 (m, 2H), 3.19-3.09 (m, 1H}, 3.06-2.94 {m, 1H),
2.67-2.57 (m, 1H}, 2.34-2.16 {m, 2H), 1.62-1.52 (m, 1H); MS (ESD 523.27 m/z (M+H). 816~
6-32: 'H NMR (400 MHz, CD:0D, dikydrochloride salt) §8.25 (d, J= 11.0 Hz, 1), 4.89-
4.81 {m, 1H), 4.78-4.72 (m, 2H), 4.17 (s, ZH), 3.56-3.44 (m, 2H), 3.19-3.09 (m, 1H), 2.98-2.78
{m, 1H}, 2.39-2.24-2.67 {m, 1}, 2.14-2.08 (m, 1H}, 1.55-1.42 {m, 1H}); MS (ESD) m/z 523.27
(M-+HD.

Y g p
a N : : OH
P i /\E[ ;
.00 /\/N\ N = \\. TN n/i\Hp
3 [ o !
OH O OH Q
516.8.33

Compound 816-6-33 was prepared from compound $16-4 with Z-methoxyethylamine
using General Procedure H. 'H NMR (400 MHz, (0D, dihydrochloride salt) §8.23 (4, /=
11.0 He, 1H), 4,10 (5, 2H), 3.87 (s, 1H), 3.72-3.67 (m, 2H), 3.42 {5, 3H}, 3.35-3.31 (m, 2H),
3.19-3.09 (m, 1H), 3.04-2.92 (m, 1H), 2.65-2.60 (m, 1H), 2.34-2.18 (m, 2H), 1.64-1.52 (m,
1H);, MS (ESI) m/z $35.24 (M+H).



WO 2018/045084 PCT/US2017/049462

270~
| N,
i/ m
HC. /\/N\ \N/\/\
c"h (/\?3/}4 B
b"]bb(d

Compound 816-6-34 was prepared from  compound 85164 with NN-
dimethylethylenediamine using General Procedure H. 'H NMR (400 MHz, CD:0D,
trihydrochloride salt) §8.23 (d, /= 11.0 Hz, 1H}, 4.21 (s, 2H), 3.87 (s, 1H}, 3.67-3.55 (m, 4H},

5 3.19-3.09 (m, 1H), 3.05-2.92 (m, 7H}, 2.65-2.60 (m, 1H), 2.35-2.18 {m, 2H), 1.64-1.52 {m,
1H); MS (ES) m/z 548.24 (M-+H).

»{f‘ (fh

H, r\('\f \)l\

}J.

OoH O OHL HO Q

$16-8-38
Side-product 816-6-35 was also obtained from the reaction {o produce $16-6-34. 'H
NMR {400 Mz, CD:0D, diiydrochloride salt) §8.18(d, /= 10.4 Hz, 1H), 4.54 {5, 2H}, 4.10-
16 4.02 (m, 2H), 3.87 (s, 1H), 3.60-6.52 (m, 2H), 3.46 (s, 6H), 3.18-3.10 (m, 1H), 3.04-2.93 {m,
1H), 2.66-2.59 {m, 1H), 2.35-2.17 (m 2}{) 1.65-1.43 (m, 1H}; MS (ESI} m/z 548.5 (M+H).

E N
X o
(‘H o oHy 9 YT T )
HsC_m Mol / e e LN NP N 2 N N N
b s aP's o
51&3—35 $18-8-37

Compounds $16-6-36 and S16-6-37 were prepared from compound 8164 with N-

methylbutylamine using General Procedure FL 8§16-6-36: 'H NMR (400 MHz, CD:0D,

15 dihydrochloride salf) §8.23 (d, = 11.0 Hz, 1H), 4.31, 4.19 (ABq, J = 16.5 Hz, 2H), 3.88 (s,

1H), 3.34-3.25 (m, 1H)}, 3.23-3.11 {m, 2F), 3.05-2.94 {m, 4H)}, 2.67-2.60 (m, 1H}, 2.36-2.18

{m, 2H}, 1.82-1.71 {m, 2H), 1.66~1.54 (m, 1H), 1.50-1.39 (m, 2H), 1.02 (1, J= 7.3 Hz, 3H);

MS (EST) m/z 547.26 (M+H). $16-6-37: 'H NMR (400 MHz, CD:0D, dihydrochloride salt) &

824 (4, J=11.0Hy, 1H), 4.76{d, 7= 48 Hz, 1H), 4.29, 419 (ABq, J= 16.8 Hz, 2H), 3.41-

20 3.24{m, 2H}, 3.21-3.10 (m, 1H), 2.99 (3, 3H}, 2.94-2.70 (m, 2H), 2.38-2.28 {m, 1H}, 2.13-2.05

{m, 1H), 1.82-1.71 (m, 2H), 1.52-1.30 (m, 3H}, 1.02 (t, /=73 Hz, 3H); MS (ESD m/z 547.26
{(M+H).
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Hodw & P8 4§
$16-6-38

"i3a

Compound S16-6-38 was prepared from compound S16-4 with diethylamine using

General Procedure H. 'H NMR (400 MHz, CD:OD, dihydrochloride salt) 5821 (&, J= 11.0

Hz, 1H), 4.24 (s, 2H), 3.88 (g, 1H), 3.39-3.30 (m, 4H), 3.14 (dd, /=153, 4.3 Hz, 1H), 3.05-

5 293(m,1H),2.64(d,J=12.8Hz, 1H), 2.35-2.18 (m, 2H), 1.64-1.51 (m, 1H), 136 (1, /=73
Hz, 6H); MS (ESI) m/z 533.36 (M+H).

0 Tad 1
o & of’'B &
816-6-38

Compound S16-6-39 was prepared from 7-fluore-9-pyrrolidinoacetamido-6-demethyl-
6-deoxytetracycline (J Med Chem., 2012, 597-605) in a manner similar to $1-6-2. 'H NMR
10 (400 MHz, CIsOD, dibydrochloride salt) §8.22 (d, /=11.0Hzg, 1H), 474 (d, /= 4.9 Hz, 1H),
431 (s, 2H), 3.82-3.72 (m, 2H3, 3.23-3.06 (m, 3H}, 2.94-2.74 (m, 2H), 2.37-2.26 {m, 1H}, 2.23~

1.99 (m, 5H), 1.52-1.39 {(m, 1H); MS (ESL me/z 531.35 (M+H).

Scheme 17

4 H HoT
Y s
H“N/E‘E\;f I\[/; KNH? Reo'~ /‘\ g;j\[ri(

o 0 OH' O O g,.-HO OH O

stes 17-1. Ry=Boc, Rg=H, Rg=CH
84971, Ry=Boc, Rg=H, Rg=CH-
& j’\ e s17-2 R,j:é;c: RZ Rg'rtg:.ra;“: el
SN i $47-3 Ry=H, Ry, Ry =CH3
3174

) Al i
CHy OH O OH O O
15 817-5

The following compounds were prepared per Scheme 17.
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CH; OH C OH © O
8$17-3

To a solotion of §16-4 (26.7 mg, 0.051 nmunol, 1 eq) in CHaOH (1 ml) was added 1N
aqueous HCL{S1 gL, 8.051 mmel, 1 eq), HCHO (squeous, 37wit%, 5.7 uL, 0.77 mmol, 1.5 2q)
and Pd-C (10wt%, 15 mg). The reaction vessel was sealed and purged with bydrogen by briefly
evacuating the flask followed by flushing with hydrogen gas (1 atm). The reaction mixture was
stirred under a hydrogen atmosphere (1 atm) at rf for 2 h 30 min. The reaction was filtered
through a small Celite pad. The cake was washed with CHsOH. The filtrate was concentrated
and the crude residue was dissolved in CHaOH (1 mL), to which was added 0.05 ¥ HCl in
water (300 ul) and concentrated HCI (200 ul). The reaction solution was stirred at room
temperature for 1.5 br. The solution was concentrated under reduced pressure and the resulting
residue was purified by preparative reverse phase HPLC on a Waters Autopurification system
using a Phenomenex Polymerx 10 i RPwy 180A cohumn [10 pm, 1506 % 21.20 muy; flow rate,
20 mi/min; Solvent A: 0.05 N HClwater; Solvent B: CHaCN; injection volume: 3.0 mL {6.05
N HCVwater); gradient: 5—-30% B in A over 15 min; mass-directed fraction collection].
Fractions containing the desired product were collected and freeze-dried to yield compound
817-3 (10.8 mg, 40%): 'H NMR (400 MHz, CD0D, dihydrochioride salt) §7.91 (d, /= 9.8
He, 1H), 3.91 (g, 1H), 3.31-3.30 (m, 6H). 3.26-3.18 (m, 1H), 3.12-3.01 {(m, 1H), 2.68 (4, J=
12.2 Hz, 18), 2.45-2.34 {m, 11}, 2.32-2.23 (m, 1H}, 1.69-1.55 (m, 1H); MS (ESI) m/z 448.25
(M+H).

h Z
CHy; OH Q OHOHO Q

8475

To a solution of 8164 (17.6 mg, §.034 mmol, 1 g} in CHOH {1 mL) was added IN
aqueous HCI (34 uL, 0.034 mmol, 1 eq), HCHO (agueous, 37wi%, 25 uL of a 10% volume
sohution in CH3OH, 0.034 mmol, 1 ¢q), and P4-C (10wtS4, 10 mg). The reaction vessel was

sealed and purged with hydrogen by briefly evacuating the flask followed by flushing with
hydrogen gas (1 atm). The reaction mixture was stirred under a hydrogen atmosphere {1 atm)
at 1t for 1 h 30 min. The reaction was filtered through a small Celite pad. The cake was washed

with CH3OH. The filirate was concentrated. The crude residue was dissolved in NMP under
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nitrogen atmosphere and charged with 817-4 (prepared per literature procedure Ory. Process
Res. Dev., 2013, 17, 838-845; 10 eq). The reaction solution was added dropwise fo rapidly
stirring MTBE (15 mL). The resulting tan precipitate was filtered off on 2 Celite pad and
washed with MTBE. The solid was washed off the Celite pad with CH30OH. The resulting
orange solution was concenirated in vacuo. The crude residue was dissolved in CH3OH (1 mlL},
to which was added 0.03 N HCI in water (300 ul.) and concentrated HCH{260 pL). The reaction
solution was stirred at room temperature for 15 hr. The solution was concentrated under
reduced pressure and the resulting residue was dissolved in CHsOH (800 uL) and added to
rapidly stiuring MTBE (15 md.). The resulting orange precipitate was filtered through a Celite
pad and washed as before, then washed off the Celite pad with CHaOH. The solution was
concentrated under reduced pressure. The residue was dissolved in .05 ¥ HC in water and
the resulting solution was purified by preparative reverse phase HPLC on a Waters
Autopurification system using a Phenomenex Polymerx 10 g RPwy 100A column {10 pm,
156 x 21.20 mm; How rate, 20 mi/min; Solvent A: 0.05 ¥ HCVwater;, Solvent B: CH:CN;
injection volume: 2.0 mi {0.05 N HCVwater); gradient: 5—30% B in A over 20 min; mass-
directed fraction collection]. Fractions containing the desired product and those containing a
corresponding discylated compound were collected and freeze-dried to vield compounds §17-
8 (5 mg, 24%) and 817-6 (3 mg, 12%). $17-8: 'H NMR (400 MHz, CD:0D, dihvdrochloride
salty §7.53-7.48 (m, 1H), 4.10, 4.05 (ABq, 10.5 Hz, 1H), 3.93-3.83 (m, 2H), 3.79-3.62 {m,
2H), 3.27-3.13 (m, 4H), 3.10-2.93 (m, 3H), 2.70-2.61 {m, 1H}, 2.43-1.91 {m, 6H}, 1.68-1.52
{(m, 1H); MS (ESD m/7 545.33 (M+H). 817-6: 'H NMR (400 MHz, CD:0D, dihydrochloride
saly §8.72 (at, J= 73 Hz, 1H), 749 (d4, 7= 8.5, 24 Hz, 1H), 4.78-4.68 (m, 1H), 4.21-4.01
{my, 2H), 3.89, 3.84 (ABq, 8.0 Hz, 1H}, 3.81-3.61 {m, 41}, 3.23 (4, /= 7.6 Hz, 3H}, 3.21.3.10
{m, 3H}, 3.16-2.92 {m, 3H), 2.61-2.31 {m, 2H), 2.22-1.92 {m, 9H), 1.73-1.52 {m, 1H); MS
(B8 m/z 656.30 (M+H).

Scheme 18
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The following compounds were prepared per Scheme 18,
CHyO T

H3(ZO‘/\/[E§I

B-:v-,HN\EDC P CO,Ph

QBn
8181

A Hame-dried flask was charged with 881 (748 mg, 1.53 muwol, 1 eq) under Na,

CH;

dissolved in THF (24 mL) and cooled 1o -78 °C. Isopropyl magnesium chloride Bithium chloride
complex (1.3 in THF, 5.88 mL, 7.64 mumol, 5 eq) was added dropwise to the reaction solution
over 15 min, maintaining the internal temperature below -70 °C. The anion mixture was
allowed to warm slowly to 0 °C over one hour, and was then re-cocled to -78 °C. A flame-~dried
flask was charged with di-tert-butyl azodicarboxylate (1.76 g, 7.63 mmol, 5 eq), evacuated and
back-filled with N2, then dissolved in THF (5 ml.}. This solution was added dropwise over 30
min to the cold anion solution with a THF rinse forward (1 ml), maintaining the internal
tempersture below ~70 °C. The resulting reaction mixture was allowed to warm slowly to room
temperature overnight. Saturated aqueous ammonium chloride {12 ml}, then water {10 mL)
were added and the mixture extracted three times with EtQAc (50 ml, 2x20 ml). The
combined organic layers were dried over NaSQy4, were filtered, and were concentrated under
reduced pressure. The resulting residue was purified via flash column chromatography on silica
gel with 2%-25% EtOAc in hexanes as ehuent to provide the desired compound S18-1 (746 mg,
76%): 'H NMR (400 Mz, CDCl, rotamers) § 7.44-7.23 {(m, 8 H), 7.09-6.76 {m, 2D, 5.99
{m, 0.5H), 5.88 (m, 0.5H), 5.10-5.94 (m, 2H), 3.60-3.43 (m, 6H), 2.40-2.33 {m, 3H), 1.57-1.38
{m, 18H); }; MS (ESI) m/z 641.26 (M+H).
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Compounds 8182-1 and S818-2.2 were prepared from compound S381 and
dimethylenone §5-8 and ethylmethylenone $11-2-1, respectively, by using General Procedure
E. S18-2-1: MS (ESD m/z 1029.22 (M+H). S18-2-2: MS (EST) m/z 1043.41 (M+H),

A solution of 818-2-1 (33 mg, 0.032 mmeol, 1 eq) in THF (506 gl and 4N agueous
HCH (500 pL) was stirred at room temperature overnight, then heated at 50 °C for 3.5 hr. The
solution was neuiralized via the addition of pH 7 phosphaie buffer and the solution was

extracted with FtOAc, The combined organic Jayers were dried over Na:SQu, filtered and

concentrated under reduced pressure. The crude residue was deprotected using General
Procedure -2 to provide desired compound 518-3-1: 'H NMRE (400 MHz, CD:0OD,
dibydrochloride sait) 58.05 (s, 1H), 4.08 (5, 1H}, 3.39-3.22 (m, 1H), 3.09-2.91 (m, 8H}, 2.34-
2.37 (m, 28}, 1.76-1.57 (m, 1H); MS (ESD) m/z 472.98 (M+H).

HaC
H

NNeH,
5 QH

818-3-2

A solution of 818-2-2 (207 mg, 0.198 mmol, 1 eq) in THF (3 mL) and 4V aqueous HC
{3 L.} was stirred and heated at 54 °C for 3 hr, The solution was neuotralized via careful addition
of 6N agueous Na(UH and the solution was extracted with BtQAc. The combined organic layers
were dried over NaxSQOy4, filiered and concentraied under reduced pressure. The crude residue
was deprotecied using General Procedure B-2 fo provide desired compound 818-3-2: 'HNMR
{400 MHz, CI}OD, rotamers, dihydrochloride salt) § 8.06 (s, 1H), 4.22 (s, 0.5H), 4.12 (s,
0.5H), 3.54-3.42 {m, 1]}, 3.40-3.19 (m, 2H}, 3.08-2.87 (m, SH), 2.34-2.17 {m, 2H), 1.72-1.57
{m, 1H), 1.54~1.34 (m, 3H). MS (BSD m/z 487.0%9 (M+H).
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Scheme 19
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The following compounds were prepared per Scheme 19,

Chlg
. HiCu, A
ol W N

Compound 8198-1 {(prepared per literature procedures including WO2010/129055 Al;
518 mg, 1.20 mmol, 1 eq} and ethylmethylenone $13-2-1 (600 mg, 1.21 punocl, 1 eq} were
placed under No, dissolved in THF (12 mL)}, and cooled 1o -73 °C. LHMDS (1.0 M in THF, 3.6
mk, 3.6 mmol, 3 eq) was added dropwise over 26 min, mainfaining internal femperahure below
~76 °C. The reaction solution was allowed to warm to 8 °C over 1 hr. The solation was
neutralized via the addition of pH 7 phosphate buffer (20 mL) and the solution was allowed to
warm to room femperature. The solution was extracted with DCM (3x40 ml.) and the combined
organic layers were washed with 1N NaOH (2x25 mL) and brine, then dried over NaxSQy,
filtered, and concenirated under reduced pressure. The resulting residue was purified via flash
column chromatography on silica gel with 2%-23% BiOAc in hexanes as eluent to provide the
desired compound $19-2 (812 mg, 81%) : 'H NMR (400 MHz, CDCls, rotamers) & 15.45 (brs,
1H), 7.54-7.45 (m, 4H), 7.43 7.30 (m, 6H), 5.40-5.30 (m, 2H), 5.03 (ag, /= 9.4 Hz, 2H}, 3.97-
3.86 (m, 1H), 3.24 (dd, J=16.2, 5.2 Hz, 1H), 3.12-3.02 {m, 1H), 2.90-2.75 {m, 1H}, 2.72-2.56
{m, 2H), 2.55-2.32 {m, 5H}, 2.23-2.11 {m, 1H}, 1.19-1.06 (m, 3H), 0.81 (s, 9H), 0.288-0.20
{brmy, 3H), 0.13 (s, 3H); MS (ESI) m/7z 836.16 (M+H).



16

15

20

WO 2018/045084 PCT/US2017/049462

-277-

A sealable vessel was charged with 819-2 (290 mg, ¢.317 mumol, 1 g}, Pdodbaz (13.5
mg, 0.015 mmol, §.05 eq), Xantphos (30.3 mg, 0.052 mmol, 0.15 eg), KsPO4 (202 mg, 0.952
mmol, 3 eq). The vessel was capped and sealed, then evacuated and back-filled with N2 {g}
three times. The vessel was charged with 1,4-dioxane (3.2 mi} and methylamine solution (2.0
M in THF, 475 pl, 0.951 nunol, 3 eq) and then placed in a 140 °C bath for Z br. The resulting
mixtare was filtered through a Celite pad with an FtOAc wash. The filtrate was concentrated
under reduced pressure. Purification of the resulting residue by preparative reverse phase
HPLC on a Waters Autopurification system using a Sunfire Prep €18 OBD column {5 um,
19 X 50 mm; flow rate, 20 mi/min; Solvent A: HaO with 0.1%% HCO2H; Solvent B: CHaCN
with §.1% HCO:H; gradient: 35— 100% B in A over 20 min; mass-divected fraction collection].
Fractions with the desired MW also contained starting material, Lyophilization of these

fractions provided a mixture of 818-2 and 8183 in a ratic of 1:0.43 (ratic determined via 'H

NMR in CDCls; 99 mg total, 28.5 mg desired product, 11%). This mixture was used without
further purification. 819-3; MS (BSD m/z 785.18 (M-+H).

CH,

Compound $1%9-4 was prepared from 819-3 using General Procedures €, and D-2 (in
CH:OH:dioxane 111 with no HClwater). 'H NMR (400 MHz, CIxOD, rotamers,
dihwydrochloride salt) 6 4.22 (s, 0.5H), 4.12 (s, 0.5H), 3.53-3.41 (m, 1H), 3.37-3.29 (m, 1H),
3.16-2.87 (m, 9H), 2.31-2.15 (m, 2H), 1.69-1.53 {m, 1H}, 1.45-1.33 (m, 3H). MS (ESI) 2z
493,05 (M+H).

Scheme 28
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5 Compound S28-2 was prepared from known D-ring precursor 820-1 (prepared per
literature procedure: J. Org. Chem., 2017, 82, 936-943) and 82-3 {observed as a mixture of
rotarners via 'HNMR spectral analysis in CDCh) using General Procedure E. §26-2: MS (BSD
n/z 1023.74 (M+HD.

T w phe R

/ \.} N z z »CJ\N l.~-...E | Q
o V»\J;j;;kr;\m{ Son A

N
PMB

N ¥ r H z

H ) i i Pz

OBn O OH: Q  ©OBn PMBdan & &£ O OBn
szo-3 OTBS S04 OTES

18 Compounds 828-3 and 820-4 were prepared from compound S26-2 by using Genersl
Procedure A, 820-3: MBS (BESD m/z 943.67 (MHH). 820-4: MS (ESD m/z 983.67 (M+H).

F {{A—'N

NH,
oﬁ«

OH O OH
820-5-1

Compound 828-6-1 was prepared from compound 8$23-3 by using General Procedures

B-1 with HCHO, C, and D-1. 'H NMR (400 MHz, CD:0D, dihydrochloride sali) 8 8.21 (d, J
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=10.6 Hz, 1 H), 4.31 {s, 2 H), 3.75-3.83 (m, 3 H), 3.10-3.25 {m, 4 H), 2.95-3.04 (m, 2 ), 2.90
{s,3 H), 2.05-2.30 (m, 5 H), 1.63-1.71 (m, 1 H); MiS (BSI) me/z 545.3 (M+HD.

\.»

L Ao
e Y : OH
(,_r'\:\/ W _ANH, \,w\,
# o 5 OH

OH O OH;)%

820-8-2
Compounds 820-6-2 and 528-8-3 were prepared from compound 828-3 by using
5 General Procedures B-1 with acetone, C, and D-1. $20-6-2: 'T1 NMR (400 Miz, CD:0D,
dilyydrochloride salt} 8 8.21 (4, /= 10.6 Hz, 1 H), 4.30 (s, 2H), 3.75-3.85 (1p, 3 H), 3.10-3.25
{m, 3 H}, 2.95-3.04 {m, 1 H), 2.80-2.85 (m, I H}, 2.05-2.27 (m, S H), 1.80-1.90 (m, 2 H), 1.53~
£.62 (m, 1 H), 1.35-1.45 (m, 6 H); MS (ESD sz 573.3 (M+H). $20-6-3: 'H NMR (400 MHz,
CDa0D, dikydrochioride salt) § 8.21 (4, /=106 He, | 1), 430 (s, 2 H}, 3.75-3.82 (m, 3 H,
10 3.63-3.70 (m, 1 H), 3.08-3.22 (m, 3 H), 2.81-2.98 {m, 2 H}, 2.05-2.21 {m, 7 H), 1.40-1.46 {m,
6 H); MS (ESD m/z 573.3 (M+H).
P iy

i
}'/"\\/OH

NH,
i H /\Tf
OoH C oHT O
$20-6-4

Compound $20-6-4 was prepared from compound $28-3 by using General Procedurss
B-~1 with propionaldebyde, C, and B-1. 'H NMR (460 MHz, CD:0D, dibydrochloride salt) §
15 820(d,J=10.6Hz, 1 H}, 430 (G, 2H), 3.72-3.81 {m, 3 H), 3.10-3.25 (m, 3 H), 2.95-3.04 {m,
2H), 2.80-2.87 (m, 2 H), 2.05-2.25 (m, 6 H), 1.80-1.90 (m, 2 H), 1.55-1.60 (m, 1 H), 0.98-1.05
(t, J= 7.8 He, 3 H); MS (ESD m/z 573.2 (M+H).

F ” ” NHREn

{h \/\ EWZNA;”:\T\JHZ
os—s 202 \ ot ¢
Compound 520-6-5 was prepared from compound 826-3 by using General Procedures
20  B-1 with benzaldehyde, C, and D-1. 'H NMR (400 MHz, CD:OD, dihydrochloride salt) 8 8.21
(d,/=10.6 Hz, 1 H}, 7.56-7.60 (m, 2 H), 7.45-7.51 (m, 3 H}, 4.46-4.51 (;m, 1 H}, 431 (3, 2 H),
3.72-3.83 (m, 5 H), 2.90-3.20 (m, 3 H), 1.97-2.25 (o, 7T H), 1.25-1.30 {m, T H}; MS ESD m/z
621.2 (M+H).
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Compound 8206-6-6 was prepared from compound $28-3 by using General Procedures

B-1 with 2-{{tert-butyldimethyisilyDoxy)acetaldehyde, €, and D-1. 'H NMR (400 MHz,

CD:0D, dihydrochloride salt) 8 820 (d, /= 10.6 He, 1 H), 432 (8, 2 H), 3.75-3.85 (m, S H),

5 3.40-3.45 (m, 1 H), 2.95-3.25 (m, 5§ H), 2.80-2.90 (m, 1 H), 2.03-2.30 (m, 6 H), 1.53-1.62 (m,
1 H); MS (ESI) m/z 575.2 (M+H).

CHy

#

F N O
: R A

™% /\\ e "
Q/N\,)’\N,i’\.//ki S ’ E,NHQ
HoL ) OH
O O OH O O
$20-6-7
Compound $28-6-7 was prepared from compound $28-3 by using General Procedures
B-2 with Ac20, C, and D-1. 'H NMR (4006 MHz, CI:0D, hydrochloride salt) 8§ 8.20 (4, /=
10 10.6Hz 1 H), 469472 (m, 1 H), 4.41 (s, 2 H), 3.75-3.81 (m, 2 H), 3.15-3.21 {m, 3 H), 2.90-
3160 (m, 2 H), 2.306-2.45 (mm, 3 H), 2.05-2.20 {m, 3 H), 2.01 (s, 3 H), L.55-1.63 {m, | Hy MS
(ESD m/z §73.2 (M+H).

Compound S28-6-8 was prepared from compound 528-3 by using General Procedures

15 B=2 with Ms;O, C, and D=1, 'H NMR (400 MHz, CDaOD, hydrochloride sali) & 8.20 (4, J =
10.6 Hz, 1 H), 4.41 (s, 2 H), 4.08-4.11 {m, 1 H), 3.75-3.82 (m, 3 H)}, 3.09-3.21 (m, 4 H), 2.95-

3.03 {m, 1 H3, 2.55-2.61 (m, 3 H), 2.02-2.30 (m, 5 H}, 1.66-1.72 {m, 1 H); MS (ESI) m/z 609.2

{M+H).
H
--'N/\\JNV"’%

"o ::;I'-.: on
~ O W TN TN
{,&x\,ﬁi\N | ; 1/ | RH,

Hoon & of'h 8
§20-6-8
20 Compound $20-6-% was prepared from compound $28-3 by using General Procedures

B-1 with N-Bog-2-aminoacetaldehyde, treatment with HC (4N aqueous) in dioxane, B-2 with
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A0, €, and D=1, TH NMR (400 MHz, CInOD, dihydrochloride salt) §8.23 (4, J= 11.0 H,
1H), 4.31 (s, 2H), 3.96 (s, 1H), 3.83-3.73 (m, 2H), 3.65-3.52 (m, 1H), 3.52-3.42 (m, 2H), 3.24-
3.08 (m, 3H), 3.06-2.96 (m, 1H), 2.82-2.75 (m, 1H), 2.32-1.96 (m, 165D, 1.63-1.50 (m, 1H);
MS (BSD) m/z 616.5 (M+H).

Compound 528-6-10 was prepared from compound 528-3 by using General Procedures
B-1 with ¥-Boe-2-aminoacetaldehyde, treatment with HCL (4N aqueous) in dioxang, B-2 with
Ms20, €, and B-1. 'H NMR (400 MHz, CD:0D, dihydrochioride salt) §8.23 (d, J= 11.0 Hz,
1H), 4.47 (s, 2FD), 4.30 (3, 2H), 4.02 (s, 1H}, 3.83-3.71 {m, 2H), 3.54-3.43 (m, 3H), 3.28-3.11
{m, 4H), 3.12 (5, 3H), 3.00 (s, 3H), 2.87-2.79 (m, 1H), 2.32-2.00 (m, SH)}, 1.63-1.50 (m, 1H);
MS (ESD m/z 652.3 (M+H).

F HN/\,N!-EZ
i H o=z -
S0 ST
\,N\)\NW@Y}\{,NHQ
H oo i ol i
oH O OH O O
$20-6-11

Compound 828-6-11 was prepared from compound $26-3 by using General Procedurss
B-1 with N-Boc-2-aminoacetaldehyde, €, and B-L'H NMR (400 MHz, CIxOD,
tritydrochioride sali} §8.24 (4, J=11.0 Hz, 1H}, 431 (5, 2H), 4.01 (s, 1H), 3.83-3.71 {m, 3H),
3.66-3.54 (m, 1H), 3.45-3.35 (m, 2H}, 3.34-3.28 (m, 1H), 3.34-2.91 (m, 7TH), 2.34-2.03 (m,
7H), 1.65-1.50 (m, 1H); MS (EBL sz 574.2 (M+H).

"
F ’ i;d“'\fN‘m-
< o S NG ! OH \_“
AL A A A AL A n._ Ak
A4y 5 PB4
[20-6-12

Compounds $20-6-12 and S20-6-13 were prepared from known compound S20-7
{prepared using literatore procedure including WO 2014/036502 A2) by using Genersl
Procedure B-1 with N-Boe-2-methylaminoacetaldehyde, treatment with HCI (4% agueous) in
dioxane and purification via reverse phase preparative HPLC as described in General
Procedure D-1. $26-6-12: 'H NMR (400 MHz, CD:0D, trihydrochloride salt) §8.23 (d, J =
11.0 He, 1H), 431 (s, 2H), 4.03 (s, 1H), 3.86-3.72 (m, 3H), 3.72-3.61 (m, 1H), 346 (1, J= 7.0
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Hz, 1H}, 3.24-3.09 (m, 5H), 2.79 {m, 3H), 2.32-2.01 (m, 6H), 1.63-1.50 (m, 1H}; MS (ESD m/4z
588.4 (M+H). 820-6-13; 'H NMR (400 MHz, CD:0D, trihydrochloride sall) §8.22 (d, J=11.0
He, 1H), 4.83 {d, J= 4.9 He, 1H}, 431 (s, 2H), 3.87-3.72 (m, 3H}, 3.70-3.59 {m, 1H), 3.57-
3.42 (m, 2H), 3.24-3.09 (m, 3H}, 309-3.01 (m, 1H), 3.01-2.89 (m, 11}, 2.82 (5, 3H]}, 2.36-1.99
{m, 6H}, 1.56-1.43 (m, 1H); MS (ESI) m/z 588.4 (M+H).
F Y S
o /\/\/\/\./0*“
\/N\/\N/E\/\/\/\ NH,
Hobn & &PB 4
820-6-14
Compound 838-6-14 was prepared from compound 836-3 by using General Procedures
B-1 with FCHCHO (prepared from the corresponding alcohol according to the literature
procedure in WO 2011146089 AD, C, and B-1.'H NMR (400 MHz, CD:OD, dihydrochloride
salty §8.23 (4, J= 11.0 Hy, 1H), 4.88-4.72 {m, 2H), 4.32 (5, 2H), 4.00 (5, 1H), 3.85-3.58 {m,
44}, 3.27-3.08 (m, 3H), 3.07-2.94 (m, 4H), 2.89 (d, /= 13.4 Hz, 1H), 2.34-1.99 {m, 6H), 1.65-

1.51 (m, 111} M5 (ESD) m/z 577.3 (M+ID.

.»\V,O(“'ij
TUH
Ak T% s
H OH Q
82038~ 15

Compound 528-6-18 was prepared from compound 828-3 by using General Procedures
B-1 with CHaOCHCHO (prepared from the corvesponding alcohol per the Hiterature procedure
in WO 20111460892 AD, C, and D-1. 'H NMR (400 MHz, CDs0D, dihydrochioride salt) 58.23
{d, J=11.0 Hz, 1H), 4.31 (s, 2H), 3.96 (s, 1F]), 3.83-3.62 (m, 4H}, 3.54-3.44 (m, 2H), 3.40 (s,
3H), 3.24-3.09 (m, 3H), 3.05-2.93 (m, 1H), 2.85 (ad, /= 12.8 Hz, 1H), 2.33-2.00 (m, 6H), 1.65~
1.52 {m, 1H}.

§20-8-18

A flask was charged with 826-7 {51 mg, 0.096 mmol, 1 eq, (prepared using literature
procedure including WO 2014/036502 A2), ¥-(3-dimethylaminopropyi}-N-ethylcarbodiimide
hydrochloride (29.8 mg, 0.16 mmeol, 1.1 eq) and 1-hydroxybenzotriazole (19.7 mg, 0.13 mmol,
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1.5 eq) and placed under Nz, To the vessel was added DMF (2 mL) and DIEA {26.6 uL, .15
mmol, 1.6 eq). The mixture was stirred at room temperature for 1 h, then purified by preparative
reverse phase HPLC on a Waters Autopurification system using a Phenomenex Polymerx 18 4
RP-y 100A column [10 pm, 150 x 21.20 ooy, flow rate, 20 mi/min; Solvent A 005 N
5 HCliwater; Solvent B: CHsCN; injection veolume: 2.0 ml (0.05 N HClwater); gradient:
(0—85% B in A over 30 miny mass-directed fraction collection]. Fractions containing the
desired product were collected and freeze-dried to vield compound $28-6-16. 'H NMR (400
Mz, CD:OD, hydrochloride salt) 5818 (0, J=11.0He, 1H}, 792 (dd, /=79, 1.8 Hz, 1H),
7.43-7.35 (m, 1H), 6.96-6.88 (m, 2H}, 5.69-5.60 (m, 111}, 4.29 (5, 2F), 3.91-3.58 {m, 2H}, 3.12-
10 3.04 (m, 1H), 2.96-2.87 (m, 1H), 2.85-2.73 {m, 1H), 2.30-2.00 {m, TH), 1.49-1.35 (m, 1H); MS
(ESD m/z 651.3 (M+H).

Bcheme 21
F £ £
ore. oy 7 A i\,CHa
H B el
e COPh Na(OAc)BH /“\\\ J BN CO,Ph
O8n S Ogn

a

S24-1 S21-2 $2-
M-O

F_

H
,«\ 1y s HF ~C : .
\ /I 2) Ha/Pd i i i :
AR N NHy e : P
OH Y i) ,
E\/’ Of’ﬂ Q OHL O Q /j/ OBn O OH':‘T(:}\ Ofn
8216 o PS‘P;S
821-3 "R="R=Alyl Nig)a
aikvla ion, i___ 8214 4:3 4R b 4:} NDRMEA

acylation, or
sulforylation b 3215, 4RaH or atkyl, YR=aliyl, acyl, or sulfony

The following compounds were prepared per Scheme 21,

F
/\N/\ /\VNH

s / 3:”\/\“0 Ph
£ OBn
§21-2

To a solotion of 821-1 (1,65 g, 3.72 mmol, 1 eq, prepared per literature procedure: J.

Med. Chem., 2013, 56, 8112-8138) in DCM (37 ml) was added 4-phenylpiperidine (2.99 g,

20 18.6 mmol, 5 eq), followed by HOAc {1 mL, 18.6 mmol, 5 eq). After one howr, STAB (237 g,
1118 mmol, 3 eq was added. After 1 h, the reaction mixture was diluted with EtOGAc (150 mL)

and washed with saturated, aqueous NaHCOs (2x80 mb), 1N MNaOH (30 mb) and brine (30
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mb). The organic layer was dried over NaxSO4, filtered, and concenirated under reduced
pressure. The resulting residue was purified via flash column chromatography on silica gel with
CHOH in DCM, 0.5%-3% to provide 821-2 (1.42 g, 65%). H NMR (400 Mz, CDCh) §
13.35 (brs, 1H), 7.53-7.45 (m, 2H), 7.43-7.18 (m, 11H}, 7.09-7.02 (m, 2H)}, 5.14 (s, 2H), 4.60
(s, 2H}, 3.85-3.75 (m, 2H), 2.92-2.55 (m, 4H}, 2.42 (s, 31, 2.04-1.94 (m, 2H}. MS (ESD m/7z
588.37 (M+H),

I$)
AT
o

Compound 8213 was prepared from 821-2 (and 82-3 using General Procedure E. 'H
NMR (400 MHz, CDCI3) §15.92 (5, 1H), 7.62-7.48 (m, 4H), 7.43-7.14 (m, 11H), 5.89-5.76
(m, 2H}, 538 (s, 2H), 5.23 {(d, /= 17.1 Hz, 2H}, 5.15 (d, /= 9.58 Hz, 2H)}, 5.04-4.94 (m, 2H),
4.087(d, J=10.4 Hz, 1H), 3.79 (brs, 1H), 3.39-3.30 (m, 2H), 3.28-3.14 (m, 3H), 3.13-2.98 {m,
2H), 5.67-2.42 (m, 4H), 2.39-2.25 (m, 1H), 2.15 (d, J=17.7 He, 1H), 1.8 (brs, 1H), 0.83 (5,
9H), 8.27 (s, 3H), 0.13 {s, 3H). MS (ESI) m/z 1028.69 (M-i-}-l).

Nepreees

OBr O OH O
s21-4 OTRS

321-3

Compound 8214 was prepared from compound 821-3 by using General Procedure A,
'H NMR (400 MHz, CDCl, rotamers, all peaks are broadened) § 16,19 (m, 1H), 13.19 (brs,
1H), 7.54-7.17 {m, 15H), 5.42-4.91 (m, SH}, 4.61-4.35 {m, 2H), 4.09-3.99 (m, 1H), 3.90-3.60
{m, 2H), 3.29-2.44 {m, 7H)}, 2.36-1.82 (m, 4H}, 0.87-0.59 (m, 9H), 0.22- -0.04 {m, 6H). MS
(ESD m/z 948.60 (M+H).

e

Compound 821-6-1 was prepared from compound 821-4 by using General Procedures
€ and D-2.'H NMR (4006 MHz, CD:0D, dihydrochloride salt) £7.35-7.18 {m, S5H), 7.09 (d, J
= 6.4 Hz, 1H), 4.40 (s, 2H), 3.87 (s, 1H), 3.69-3.56 (m, 2H), 3.28-3.17 (m, 3H), 3.07-2.95 {m,
1H), 2.94-2.83 {m, 1H), 2.63 (4, /= 12.8 Hr, 1H), 2.43-2.31 (m, 1H), 2.28-2.20 (m, 1H}, 2.15-
1.91 (m, 48}, 1.67-1.54 (m, 13); MS (ESI) m/z 578.46 (M+H).

! O
oH & oH' O O
$21-614
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Compound 821-6-2 was prepared from compound 8$21-3 by using General Procedures
C and D-2.'H NMR (400 MHz, CD:OD, dibydrochloride salt) §7.36-7.19 (m, §H), 7.13-7.07
(m, 1H), 4.42 (s, 21}, 3.86 (5, 1H), 3.69-3.59 (m, 2H), 3.28-3.14 {m, 5H}, 3.09-2.96 (m, 1H)},
2.93-2.81 {m, 2H}, 2.41-2..31 {m, 18, 2.26-2.18 {m, 1H), 2.15-1.91 {m, 4H), 1.83-1.70 (m,
2H), 1.65-1.53 (mm, 1H), 1.03 (1, /=8 Hz, 3H). MS (ESL) m/z 620.50 (M-+H).

¢ ] -H:J,CH?,
(/\NA Ny 5 P QOH
PN mrwz
du b AP 4
$521-8-3

To a solution of 821-4 in THF was added allvibromide {4 eq), potassium carbonate (8
eq) and a catalytic amount of Nal. This mixture was headed at 40 °C for 5 h. The solution was
dihited with brine and exivacted with BtOAc. The organic layers were concenirated under
reduced pressure and the resulting residue was purified by flash colummn chromatography on
silica gel with 10%-80% EtOAc in hexanes. The resulting product was subjected to General
Procedures B-1, C and B-2 to provide 821-6-3: 'H NMR (400 MHz, CD:0D, dihydrochloride
salty §7.38-7.20 (m, 5H), 7.15-7.87 (m, 1H), 4.42 {s, 2H), 3.80 (5, 1), 3.70-3.59 (m, 2H),
3.28-3.15 {(m, 3, 3009-2.98 (m, 1FD), 2.95-2.73 (m, 5H), 2.42-2.30 {m, 1), 2.26-2.17 (m,
1HD, 2.16-1.91 (m, 4H), 1.67-1.54 (m, 1H); MS (ESI) m/z 592.4 (M+H).

J*
F p
| HooHE
g A BN NS
\,J/\) i : m,:\mz
s 3
[; oH O ofh 6

821-8-4
Compound S33-6-4 was prepared from compound 821-4 with CHsCHO by using
General Procedures B-1 {at 0 °C), C, and D2: 'H NMR (400 MHz, CD:0D dibydrochloride
salt) §7.39-7.19 (m, SH), 7.13-7.06 {m, 1H), 4.41 (5, 2H), 3.85 (s, 1H)}, 3.70-3.60 (m, 2H},
3.44-3.14 (m, 3H}, 3.07-2.98 (m, 1H), 2.95-2.71 (m, 4H), 2.41-2.30 {m, 1H), 2.26-2.18 {m,
1H), 2.16-1.89 (m, 4H), 1.64-1.51 (m, 1H), 1.35 (¢, /= 7.3 Hz, 3H); MS (BSD m/z 606.47
(M+H].
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AN W '
XN J & /":‘\Y/
E 2 o4 O ¢
B21-8-8

Compound $31-6-85 was prepared from compound 321-4 with CHsCHO by using
General Procedures B-1 {(at 0 °C), B-1 with BCHO, €, and D-2; 'TH NMR (400 MHz, CD:0D,
dilyydrochloride salty 57.38-7.17 {m, SH}, 7.14-7.09 (m, 1H), 4.42 (s, 2H), 4.22 {5, 0.5H), 4.13
{s, 0.58, 3.71-3.60 (m, 2H), 3.54-3.40 (m, 1H), 3.29-3.17 (m, 2H), 3.16-2.83 (m, 6H), 2.41-
2.30 {m, 1H), 2.30-2.20 (m, 1H}, 2.15-1.94 (m, 4H), 1.73-1.58 {m, 1H), 1.46-1.33 (m, 3H); M8
(ES1) me/z 620.50 (M+H).

@L I

Compound 821-6-86 was prepared from compound $21-4 with CHsCHO by using
General Procedures B-1 (at 0 °C), B~1 again with CH3CHO, C, and D-2: "H NMR (400 MHz,
CDs0D, dihvdrochloride salt) §7.38-7.18 (m, 5H), 7.13-7.08 {m, 1H), 4.42 {5, 2H), 4.24 (5,
1H), 3.70-3.53 {m, 3H), 3.50-3.40 (m, 2H), 3.29-3.17 (m, 4H), 3.14-3.02 (m, 1H), 2.95-2.84

{m, 2H), 2.41-2.30 (m, 1H), 2.28-2.20 (m, 1H), 2.15-1.92 (m, 45, 1.72-1.58 (m, 1), 1.40 (1,
J=7.2 He, 61D); MS (EST) mv/z 634.49 (M+H).

R
/,\ (N Ry B : OH
/\/ %I MH;
[\/J/ OH O OFO Q Q

521-8-7
Compound S21-6-7 was prepared from compound S21-4 by using General Procedures
B-2 with Ac20, C, and D-2: TH NMR (400 MHz, CD:0D, dihydrochloride salt) §8.39-8.31
{m, 1H), 7.37-7.19 (m, 5H)}, 7.09-7.03 (1, 1H), 4.76-4.69 (m, 1H), 442 (5, 2H), 3.71-3.61 {m,
2H), 3.28-3.21 (m, 1H), 3.19-3.11 (my, TH), 3.08-2.98 (m, 1H), 2.95-2.84 (m, 1H), 2.65-2.53
(m, 1H), 2.47-2.34 (m, 2H), 2.28-2.20 (m, 1H), 2.18-1.81 Gm, TH), 1.68-1.58 (m, 1H); MS
(EST) m/z 620.3 (M+H).
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Compound 821-6-8 was prepared from compound 821-4 by using General Procedures
B-2 with Ms20, C, and D-2: 'H NMR (400 MHz, CD:0D, dihydrochloride salt) §7.35-7.17
{m, 5H), 7.03 (d, J = 5.6 He, 1H), 4.37 (5, 2H), 4.14-4.09 {m, 1H), 3.66-3.55 (m, 2H), 3.27-
3.09 (m, 61, 3.08-2.98 (m, 1H), 2.92-2.82 (m, 1H), 2.67-2.54 {m, 1H}, 2.53-2.44 (m, 11},
2.37-2.26 {m, 1H}, 2.13-2.88 (m, 4H), 1.79-1.69 (m, 1H); MS (ESI) m/z 656.3 (M+H).

Example 4: Antibacterial Activity

The antibacterial activities for the compounds of the invention were studied according
{0 the following protocols.

Minimum Inhibitory Concentration (MIC) Assay

MICs were determined according to the Clinical and Laboratory Standards Institute
{CLSD) guidances (e.g., CLSL Performance standards for antimicrobial susceptibility testing;
nineteenth information supplement. CLST document M106-819, CLSI, 946 West Valley
Road, Suite 1400, Wayne, Pennsylvania 19087-1898, USA, 2009}, Briefly, frozen bacterial
straing were thawed and subcultured onto Museller Hinton Broth (MHRB) or other appropriate
media (Strepiococcus requires blood and Haemophifus requires hemin and NAD). Following
incubation overnight, the strains were subeultured onto Mueller Hinton Agar and again
incubated overnight. Colonies were observed for appropriate colony morphology and lack of
contamination. Isolated colonies were selected to prepare 3 starting inoculum equivalentio a
1.5 McFarland standard. The starting inoculum was diluted 1:125 (this is the working
inoculum) using MHB for further use. Test compounds were prepared by dilution in sterile
water 1o a final conceniration of 5.128 mg/mi. Antibiotics {stored frozen, thawed and used
within 3 hours of thawing) and compounds were further difuied to the desired working
concentrations.

The assays were run as follows. Fifty pl. of MHE was added to wells 2 - 12 of a
96-well plate. One lumdred pl. of appropriately diluted antibiotics was added to well 1. Fifly
sl of antibiotics was removed from well 1 and added to well 2 and the contents of well 2

mixed by pipetting up and down five times. Fifty pl of the mixture in well 2 was removed
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and added to well 3 and mixed as above. Serial dilutions were continued in the same manner
through well 12, Fifty ul. was removed from well 12 so that all contained 50 pl.. Fifty pl. of
the working inoculum was then added to all test wells. A growth control well was prepared
by adding 50 ul of working inoculum and 50 pl of MHB to an empty well. The plates were
then mmcubated at 37 °C overnight, removed from the incubator and cach well was read on a
plate reading mirror. The lowest concentration (MIC) of test compound that inhibited the

growth of the bacteris was recorded.

Example:
1 2 3 4 8 & 7 8 g 18 i1 12
[Abt] 32 | 16 5 4 2 1 0.5 1025 1 (.12510.06 | 0.03 | 0.015
Growth | - - - - ~ i+ A+ + + + + +
{abt} = antibiotic concentration in the well in pg/mi Growth = bacterial growth {cloudiness)

Interpretation: MIC =2 pg/mL

Protocol for Determining Inoculom Concentration (Viable Count

Fifty 50p! of the inoculuom was pipetted info well 1. Ninety pl of sterile $.9%6 NaCl
was pipetted into wells 2-6 of 3 96-well microtiter plate. Ten pl from was removed from
well 1 and added it to well 2 followed by mixing. Ten pl. was removed from well two and
mixed with the contents of well 3 and so on cresting serial dilutions through well 6. Ten L
was removed from each well and spotied onto an appropriate agar plate. The plate was placed
into an incubator overnight, The colonies in spots that contain distinet colonies were

counted. Viable count was calealated by multiplying the number of colonies by the dilution

factor.
Spot from Well i 2 3 4 5 5
Dilution 102 1¢° 104 197 1¢8 167
Factor

Bacterial Strains

The following bacterial strains, listed below, were examined in minimum inhibifory

concentration {MIC) assays.

ORGANISM STRAIN KEY PROPERTIES
DESIGHNATION

Staphyiococous aureus SA100 ATCO 13702, MSSA, Smith strain
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ORGANISM STRAIN KEY PROPERTIES
DESIGNATION
ATCC 29213, CLSI gquality conirod
Staphyiccoceus aureus SAT01 sirain, MSSA
HA-MRSA, tetracycline-resistant,
Staphylococous aureus 54191 lung infection model isolate
Staphviococous aureus SA181 ?A'MRSA‘ tetracycline-resistant,
si{M)
Staphylococcus aureus SA158 Tetracycline-resistant fef{(i}
BEAUIGUSAUIBUS
, . ATCC 12228, CLSI gualily conlrol
Staphylococcus epidenmidis SE184 strain, telracycline-resistant
Enferococcus favcalis EF103 ATCC 20212, tet-R, control strain
Enferococcus fascalis EF{58 Tetracyoline-resistant, fei(M)
Entsrococcus faccalis EFa327 Wound isclate (US) fef(M)
Enterococous faecium EF404 Blood isolate (US) leéM)
Streplococcus pReumoniag SP108 g:gf 49619, CLSI quality control
Strepiococcus preumoniag SP180 Tetracycline-resistant, fsfM)
Sirepiococous pyogenses 8P312 2008 clinical isolate, fef{M)
&, pyogenes for efficacy models;
Streplococcus pyogenss sP1as 1e1S; sensitive o sulfonamides
Hasmonhilus influenzas 262 Tetracydline-resistant, ampicillin-
s resistant
Moraxella calarrhalis MC205 ATC.:C 8178, CLSI quality control
strain
Escherichia ool EC107 ATC;C 25822, CLS! quality contral
strain
Escherichia coff EC185 Tetracycline-resistant, fei(d)
Enterobhacter cloacae £C108 ATCC 13047, wi
Enferobacier dloacas EC803 Urine isolate {(Spain}
Escherichia colf E£C878 MG1855 folC i kan
Klebsislia pneumoniae KP100 ATCC 13883, wi
. , Tetracycline-resistant, isf{A),
Klebsislla pnsurnoniae KP153 MDR, ESBL
Klehsiella pneumoniae KP457 2008 ESBLY, CTX-M, OXA
Profous mirabilis PMi2 ATCC 35658
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ORGANISM STRAIN KEY PROPERTIES
DESIGNATION

Froteus mirabilis PM3Bs Urine ESBL+ isolats
Pseudomonas agruginosa PAT ATCC 27883, wi, confrol strain
Pseudomonas aeruginosa PA18Y W, parent of PA170-173

. PA170 AmexX, MexXY-{missing a
Peaudomonas asruginosa PA173 functional effiux purmp)
Pseudomonas asruginosa PASSS ’égg? BAA-47, witd type strain
Fsaudomonas asruginoss PAS58 éMi;ﬁfie-Mex effhux pump knockout
Pseudomonas asruginesa PABT3 20308 urine isolate from catheter in

male from East North Ceniral US
PABES 2009 clinical isolate from rachaal

aspirate

Psecdomonas asruginosa

2009 isolate from comeal seraping

Pseudomonas aeruginosa PABE3 of fe_maie fr(?m Pag:iﬁc Us |

Pssudomonas aeruginosa PA1145 Strain used In murine pneumonia
moded

Acinetobacter baumanei AB110 ATCC 196086, wt

Acinsifobacter baumanni AB250 Cystic fibrosis isolate, MDR

Stencfrophomonas mallophifia SM256 Cystic fibrosis isolate, MDR

Burkholderia cenocepacia BC240 Cyslic fibrosis isclate, MDR

*MOR, multidrug-resistant; MRSA, methicillin-resistant 5. aursus; MESA, meathicillin-sensitive 8. aureus; HA-
MRSA, hospital-associated MREA, fel(K), major grarm-positive {etracycline offfux mechanism; {ef(M), major gram-
pusilive tetracycline ribosome-protection mechanisny, ESBLY, extendad spectrum S-iaciamase

Results
Values of minimum inhibition concentration (MIC) for tested compounds of
the invention are provided in the table represented in FIG. 14A through FIG. 148,

collectively. MIC values are reported in pg/mi..

The relevant teachings of all patents, published applications and references
cited herein gre incorporated by reference in their entirety.

While this invention has been particularly shown and described with references to
example embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.



26 Apr 2022

2017319513

291

CLAIMS:

1. A method of treating an Acute Myeloid Leukemia (AML), said method comprising
administering to a subject in need of treatment an effective amount of a compound

having Structural Formula (XX):

(XX)
or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable
composition thereof, wherein:

R3% is H, a Ci alkyl, a C1.¢ haloalkyl, Ci.6 hydroxyalkyl, a Cs.1> carbocyclyl-
(Co-3)alkylenyl, an amino-(Ci-Cs) alkyl, a mono- or di- (C-Cs alkyl)amino-(Ci-
a)alkyl, or a (4-13 member)heterocyclyl-(Co-Cs)alkylenyl, wherein the heterocyclyl
portion is optionally substituted with a C;3 alkyl;

R is H, a Cy.4 alkyloxy, -OH, C.4 alkyl, a Ci.4 haloalkyl, or Cj-
hydroxyalkyl, Ci-4 haloalkoxy; and

R*3 and R*3’ each independently, is H; a Ci.4 alkyl; a Cs.12 carbocyclyl-(Co-
Cs)alkylenyl-, wherein the carbocyclyl portion is optionally substituted with a
hydroxyl group; or a HONC(O)-(C;-Cs)alkylenyl-.

2. Use of a compound having Structural Formula (XX):

(XX)
or a pharmaceutically acceptable salt thereof, or a pharmaceutically acceptable
composition thereof, wherein:

R3% is H, a Ci alkyl, a C1.¢ haloalkyl, Ci.6 hydroxyalkyl, a Cs.1> carbocyclyl-
(Co-3)alkylenyl, an amino-(Ci-Cs) alkyl, a mono- or di- (C-Cs alkyl)amino-(Ci-

(39456210 1):AXG



26 Apr 2022

2017319513

292

a)alkyl, or a (4-13 member)heterocyclyl-(Co-Cs)alkylenyl, wherein the heterocyclyl
portion is optionally substituted with a C;3 alkyl;
R is H, a Cy.4 alkyloxy, -OH, C.4 alkyl, a Ci.4 haloalkyl, or Cj-
hydroxyalkyl, Ci-4 haloalkoxy; and
R*3 and R*%’, each independently, is H; a C.4 alkyl; a Cs.12 carbocyclyl-(Co-Cs)alkylenyl-,
wherein the carbocyclyl portion is optionally substituted with a hydroxyl group; or a
HoNC(0)-(Ci-Cs)alkylenyl-,

in the manufacture of a medicament for treating an Acute Myeloid Leukemia (AML).

3. The method of claim 1 or the use of claim 2, wherein the compound is selected from:

OHO HOQO O

compound 3A/K4 and

or a pharmaceutically acceptable salt thereof.
4, The method of claim 1 or the use of claim 2, wherein R7! is —-OCHj3, and R3® is ethyl.

5. The method of claim 1 or the use of claim 2, wherein R’ is -OCHj3, and R*” and

R* each is hydrogen.

6. The method of claim 1 or the use of claim 2, wherein R is ethyl and R** and R***
each is hydrogen.

7. The method of claim 1 or the use of claim 2, wherein R’ is a —OCF3, and R®® is
methyl.

8. The method of claim 1 or the use of claim 2, wherein R’ is —-CF3, and R¥ is a C14

alkyl or a (C3-Ce)carbocyclyl-(Co-Cs)alkylenyl.

9. The method of claim 1 or the use of claim 2, wherein the compound is represented by
any one of the following structural formulas, or a pharmaceutically acceptable salt

thereof:

(39456210 1):AXG
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OH O HOHO O
$1-5-1 $1-5-2

OH O HOHO O
$1-5-5

OH O HOHO O
$1-5-8

OH O HOHO O
$1-5-17

OH O HOHO O OH O HOHO O
$1-6-1 $1-6-2

OH O OHOHO 0]

(39456210 1):AXG
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10. The method of claim 1 or the use of claim 2, wherein the compound is represented by
any one of the following structural formulas, or a pharmaceutically acceptable salt

thereof:

OH
FaC oH o ofb o
$2-9-10

; OH O OHOHO o}

OH
oH 0o oPh o
$2-9-14

(39456210 1):AXG
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HoC OH O OH O O
$2-9-15
b
3 PP
A OH
OH O OHOl-b fo) OH O OH O 0
§2-9-17 H3C $2-9-18
b b
H =
Hacg on o ofb o
3 $2-9-19 -

i §2-9-25 OH O OH O O

The method of claim 1 or the use of claim 2, wherein the compound is represented by
any one of the following structural formulas, or a pharmaceutically acceptable salt

thereof:

(39456210 1):AXG
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OH O OHOO o) OH O OHOHO o}
$4-741 $4-7-3

12. The method of claim 1 or the use of claim 2, wherein the compound is represented by
any one of the following structural formulas, or a pharmaceutically acceptable salt

thereof:

13. The method of claim 1 or the use of claim 2, wherein the compound is represented by
any one of the following structural formulas, or a pharmaceutically acceptable salt

thereof:

(39456210 1):AXG
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14.  The method of claim 1 or the use of claim 2, wherein the compound is represented by
any one of the following structural formulas, or a pharmaceutically acceptable salt

thereof:
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16.

17.

18.

19.

298

The method of claim 1 or the use of claim 2, further comprising administration of one

or more additional therapeutic agents.

The method or use of claim 15, wherein the additional therapeutic agents are

cytarabine and an anthracycline drug.

The method or use of claim 16, wherein the anthracycline drug is selected from

daunorubicin or idarubicin.

The method or use of claim 15 or claim 16, further including administration of

cladribine.

The method or use of any one of claims 1 to 14, wherein the subject is a human.

(39456210 1):AXG
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20. The method of claim 1 or the use of claim 2, wherein the compound is represented by

the following structural formula

compound 3A/K4

or a pharmaceutically acceptable salt thereof.

21. The method of claim 1 or the use of claim 2, wherein the compound is represented by

any one of the following structural formulas:

OH O HOHO O OH O HOHO O
$1-5-2 §1-5-5 §1-5-8

$1-5-9 §1-517 §1-6-1
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