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BCL-2/BCL-XL INHIBITORS AND THERAPEUTIC METHODS USING THE SAME

FIELD OF THE INVENTION

[0001] The present invention relates to Bcl-2/Bcl-xL inhibitors and to therapeutic methods

of treating conditions and diseases wherein inhibition of Bcl-2/Bcl-xL provides a benefit.

BACKGROUND OF THE INVENTION

[0002] Apoptosis resistance is a hallmark of human cancer (1-3). Cancer cells must
overcome a continual bombardment by cellular stresses, such as DNA damage, oncogene
activation, aberrant cell cycle progression, and harsh microenvironments, that would cause
normal cells to undergo apoptosis. One of the primary means by which cancer cells evade
apoptosis is by up-regulation of anti-apoptotic proteins of the Bcl-2 family. Targeting key
apoptosis regulators to overcome apoptosis-resistance and promote apoptosis of tumor cells is

a new cancer therapeutic strategy (4,5).

[0003] Bcl-2 proteins function as critical regulators of apoptosis in both cancer and normal
cells (6-10). Bcl-2 proteins serve as a check on apoptosis allowing healthy and useful cells to
survive. This protein family includes anti-apoptotic proteins, such as Bcl-2, Bcl-xL, and
Mcl-1, and pro-apoptotic molecules, including Bid, Bim, Bad, Bak and Bax (6-10). While
normal cells have low expression levels of the anti-apoptotic Bcl-2 and Bcl-xL proteins, these
proteins are found to be highly overexpressed in many different types of human tumors(6-
10). This overexpression has been linked to poor prognosis in several types of cancer, and to
clinical resistance to chemotherapeutic agents and radiation (6-10). Consistent with clinical
observations, laboratory studies have established that overexpression of Bcl-2 or Bel-xL
causes cancer cells to become more resistant to chemotherapeutic agents in vitro and in vivo
(6-10). Inhibition of apoptosis by Bcl-2 contributes to cancer by inhibiting cell death.
Therefore, targeting Bcl-2 and/or Bel-xL has been pursued as a cancer therapeutic strategy
(11-34). Inhibiting Bcl-2 activity in cancer cells can reduce chemotherapeutic resistance and

increase the killing of cancer cells.

[0004] Bcl-2 and Bcl-xL proteins inhibit apoptosis by heterodimerization with pro-
apoptotic Bcl-2 family proteins, such as Bak, Bax, Bim, Bid, Puma, and Bad (6-10).
Experimentally determined three-dimensional structures of Bcl-xL and Bcl-2 have shown that
these proteins possess a well-defined groove, which interacts with the BH3 (Bcl-2 Homology
3) domain of the pro-apoptotic Bcl-2 proteins (38-42). It has been proposed that non-peptide

small molecules designed to block the heterodimerization of Bcl-2/Bcl-xL proteins with their
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pro-death binding partners may be effective as antagonists of Bcl-2/Bcl-xL, and that such
small molecule inhibitors may have a great therapeutic potential for the treatment of human

cancers in which Bcl-2 and/or Bcel-xL are highly expressed (18-37).

[0005] Although non-peptide, small molecule inhibitors of Bcl-2/Bcl-xL. have been
reported, most of the inhibitors have weak to modest affinities for these proteins and lack a
well-defined mode of action for their cellular activity (18-37). The exceptions are ABT-737,
ABT-263, and their analogues (26-34). ABT-737 and ABT-263 bind to Bcl-2, Bel-xL, and
Bcl-w with very high affinities (K; <1 nM) and have high specificity over Mcl-1 and Al, two
other anti-apoptotic Bcl-2 proteins (26, 32, 34). ABT-263 has advanced into Phase I/I

clinical trials and shows promising antitumor activity in the clinic (45).

[0006] Despite the discovery of ABT-737 and ABT-263, the design of potent, non-peptide
inhibitors of Bcl-2/Bcl-xLL remains a significant challenge in modern drug discovery.
Accordingly, a need still exists in the art for Bcl-2/Bcl-xL inhibitors having physical and
pharmacological properties that permit use of the inhibitors in therapeutic applications. The
present invention provides compounds designed to bind to Bcl-2/Bcl-xL and inhibit Bcl-

2/Bcl-xL activity.

SUMMARY OF THE INVENTION

[0007] The present invention is directed to inhibitors of Bcl-2/Bcl-xL, to compositions
comprising the inhibitors, and to methods of using the inhibitors in a therapeutic treatment of
conditions and diseases wherein inhibition of Bcl-2/Bcl-xL activity provides a benefit. The
present compounds are potent inhibitors of Bcl-2/Bcl-xL activation, and induce apoptosis of

cancer cells that express Bcl-2 and/or Bel-xL.

[0008] More particularly, the present invention is directed to compounds having a

structural formula (I), (II), or (III):

U
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[0009] wherein the A ring is v or v :
[0010] X, substituted or unsubstituted, is selected from the group consisting of alkylene,

alkenylene, cycloalkylene, cycloalkenylene, and heterocycloalkylene;
[0011] Y is selected from the group consisting of (CH,),-N(R™), and
/(CHZ)r RP

(CH2),—N
[0012] (CHys Q.
[0013] Q is selected from the group consisting of O, O(CH,); 3, NR®, NR(C) salkylene),
OC(=0)(Cizalkylene), C(=0)0O, C(=0)O(C;.zalkylene), NHC(=0)(C;.zalkylene), C(=O)NH,
and C(=0O)NH(C,;alkylene);

[0014] Zis O or NR",

[0015] R; and R,, independently, are selected from the group consisting of H, CN, NO,,
halo, alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heteroaryl, heterocycloalkyl, OR',
SR', NR'R", COR', CO,R', OCOR', CONR'R", CONR'SO;R", NR'COR", NR'CONR"R",
NR'C=SNR"R", NR'SO;R", SO;R’, and SO,NR'R";
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[0016] R; is selected from a group consisting of H, alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, aryl, heteroaryl, heterocycloalkyl, OR', NR'R", OCOR', CO,R', COR',
CONR'R", CONR'SO;R", C;3alkyleneCH(OH)CH,OH, SO;R', and SO,NR'R";

[0017] R’, R", and R", independently, are H, alkyl, cycloalkyl, alkenyl, cycloalkenyl,
alkynyl, aryl, heteroaryl, C;_salkyleneheterocycloalkyl, or heterocycloalkyl;

[0018] R'and R", or R" and R", can be taken together with the atom to which they are

bound to form a 3 to 7 membered ring;
[0019] R4is hydrogen, halo, Cj.salkyl, CFs, or CN;

[0020] Rs is hydrogen, halo, Cjjalkyl, substituted C;salkyl, hydroxyalkyl, alkoxy, or
substituted alkoxys;

[0021] Re is selected from the group consisting of H, CN, NO,, halo, alkyl, cycloalkyl,
alkenyl, cycloalkenyl, alkynyl, aryl, heteroaryl, heterocycloalkyl, OR', SR, NR'R", CO:R/,
OCOR/', CONR'R", CONR'SO,R", NR'COR", NR'CONR"R"™, NR'C=SNR"R", NR'SO,R",
SO;R’, and SO,NR'R";

[0022] Ry, substituted or unsubstituted, is selected form the group consisting of hydrogen,
alkyl, alkenyl, (CH»)oscycloalkyl, (CHa2)oscycloalkenyl, (CHa2)o-sheterocycloalkyl, (CHa)o-
saryl, and (CH,)qsheteroaryl;

[0023] Rgis selected form the group consisting of hydrogen, halo, NO,, CN, CF;SO,, and
CFs;

[0024] R, is selected from the group consisting of hydrogen, alkyl, heteroalkyl, alkenyl,
hydroxyalkyl, alkoxy, substituted alkoxy, cycloalkyl, cycloalkenyl, and heterocycloalkyl;

[0025] Ryis hydrogen or alkyl;

[0026] R is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
hydroxyalkyl, alkoxy, and substituted alkoxy; and

[0027] n,r, and s, independently, are 1, 2, 3, 4, 5, or 6;
[0028] or a pharmaceutically acceptable salt of (I), (II), or (III).

[0029] In some embodiments, R; and R, or R, and Rs can be taken together to form a ring.
In other embodiments, R' and R", or R" and R™, can be taken together with the atoms to

which they are bound to form a 3 to 7 membered ring.

[0030] In one embodiment, the present invention provides a method of treating a condition
or disease by administering a therapeutically effective amount of a compound of structural
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formula (I), (II), or (IIT) to an individual in need thereof. The disease or condition of interest

is treatable by inhibition of Bcl-2 and/or Bcel-xL, for example, a cancer.

[0031] Another embodiment of the present invention is to provide a composition
comprising (a) a Bcl-2/Bcl-xL inhibitor of structural formula (I), (II), or (Ill) and (b) an
excipient and/or pharmaceutically acceptable carrier useful in treating diseases or conditions

wherein inhibition of Bcl-2/Bcl-xL provides a benefit.

[0032] Another embodiment of the present invention is to utilize a composition comprising
a compound of structural formula (I), (II), or (III) and a second therapeutically active agent in
a method of treating an individual for a disease or condition wherein inhibition of Bcl-2/Bcl-

xL provides a benefit.

[0033] In a further embodiment, the invention provides for use of a composition
comprising a Bcl-2/Bcl-xL inhibitor of structural formula (I), (II), or (III) and an optional
second therapeutic agent for the manufacture of a medicament for treating a disease or

condition of interest, e.g., a cancer.

[0034] Still another embodiment of the present invention is to provide a kit for human
pharmaceutical use comprising (a) a container, (bl) a packaged composition comprising a
Bcl-2/Bcl-xL inhibitor of structural formula (I), (II), or (III), and, optionally, (b2) a packaged
composition comprising a second therapeutic agent useful in the treatment of a disease or
condition of interest, and (c) a package insert containing directions for use of the composition
or compositions, administered simultaneously or sequentially, in the treatment of the disease

or condition.

[0035] The Bcl-2/Bcl-xL inhibitor of structural formula (I), (II), or (III) and the second
therapeutic agent can be administered together as a single-unit dose or separately as multi-
unit doses, wherein the Bcl-2/Bcl-xL inhibitor of structural formula (I), (II), or (III) is
administered before the second therapeutic agent or vice versa. It is envisioned that one or
more dose of a Bcl-2/Bcl-xL inhibitor of structural formula (I), (II), or (IIT) and/or one or

more dose of a second therapeutic agent can be administered.

[0036] In one embodiment, a Bcl-2/Bcl-xL inhibitor of structural formula (I), (II), or (III)
and a second therapeutic agent are administered simultaneously. In related embodiments, a
Bcl-2/Bcl-xL inhibitor of structural formula (I), (IT), or (III) and second therapeutic agent are
administered from a single composition or from separate compositions. In a further
embodiment, the Bcl-2/Bcl-xL inhibitor of structural formula (I), (II), or (III) and second

therapeutic agent are administered sequentially. A Bcl-2/Bcl-xL inhibitor of structural

-5-



WO 2014/113413 PCT/US2014/011571

formula (I), (II), or (III), as used in the present invention, can be administered in an amount
of about 0.005 to about 500 milligrams per dose, about 0.05 to about 250 milligrams per

dose, or about 0.5 to about 100 milligrams per dose.

[0037] These and other embodiments and features of the present invention will become

apparent from the following detailed description of the preferred embodiments.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0038] The present invention is described in connection with preferred embodiments.
However, it should be appreciated that the invention is not limited to the disclosed
embodiments. It is understood that, given the description of the embodiments of the
invention herein, various modifications can be made by a person skilled in the art. Such

modifications are encompassed by the claims below.

[0039] The term "Bcl-2/Bcl-xL" as used herein means Bel-2, Bel-xL, or Bel-2 and Bel-xL,
i.e., Bcl-2 and/or Bel-xL.

[0040] The term "a disease or condition wherein inhibition of Bcl-2 and/or Bcl-xL
provides a benefit" pertains to a condition in which Bcl-2 and/or Bcl-xL, and/or an action of
Bcl-2 and/or Bel-xL, is important or necessary, €.g., for the onset, progress, expression of that
disease or condition, or a disease or a condition which is known to be treated by a Bcl-2/Bcl-
xL inhibitor, such as ABT-737 or ABT-263. An example of such a condition includes, but is
not limited to, a cancer. One of ordinary skill in the art is readily able to determine whether a
compound treats a disease or condition mediated by Bcl-2/Bcl-xL for any particular cell type,
for example, by assays which conveniently can be used to assess the activity of particular

compounds.

[0041] The term "second therapeutic agent" refers to a therapeutic agent different from a
Bcl-2 and/or Bcel-xL inhibitor of structural formula (I), (II), and (IIT) and that is known to
treat the disease or condition of interest. For example when a cancer is the disease or
condition of interest, the second therapeutic agent can be a known chemotherapeutic drug,

like taxol, or radiation, for example.

[0042] The term "disease" or “condition” denotes disturbances and/or anomalies that as a
rule are regarded as being pathological conditions or functions, and that can manifest
themselves in the form of particular signs, symptoms, and/or malfunctions. As demonstrated

below, compounds of structural formula (I), (II), and (III) are potent inhibitors of Bcl-2/Bcl-
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xL and can be used in treating diseases and conditions wherein inhibition of Bcl-2/Bcl-xL

provides a benefit.

[0043] As used herein, the terms "treat,” "treating," "treatment,” and the like refer to
eliminating, reducing, or ameliorating a disease or condition, and/or symptoms associated
therewith. Although not precluded, treating a disease or condition does not require that the

disease, condition, or symptoms associated therewith be completely eliminated. As used

herein, the terms "treat," "treating," "treatment,” and the like may include "prophylactic
treatment," which refers to reducing the probability of redeveloping a disease or condition, or
of a recurrence of a previously-controlled disease or condition, in a subject who does not
have, but is at risk of or is susceptible to, redeveloping a disease or condition or a recurrence
of the disease or condition. The term "treat" and synonyms contemplate administering a
therapeutically effective amount of a compound of the invention to an individual in need of

such treatment.

[0044] Within the meaning of the invention, "treatment" also includes relapse prophylaxis
or phase prophylaxis, as well as the treatment of acute or chronic signs, symptoms and/or
malfunctions. The treatment can be orientated symptomatically, for example, to suppress
symptoms. It can be effected over a short period, be oriented over a medium term, or can be

a long-term treatment, for example within the context of a maintenance therapy.

[0045] The term "therapeutically effective amount” or "effective dose" as used herein
refers to an amount of the active ingredient(s) that is(are) sufficient, when administered by a
method of the invention, to efficaciously deliver the active ingredient(s) for the treatment of
condition or disease of interest to an individual in need thereof. In the case of a cancer or
other proliferation disorder, the therapeutically effective amount of the agent may reduce
(i.e., retard to some extent and preferably stop) unwanted cellular proliferation; reduce the
number of cancer cells; reduce the tumor size; inhibit (i.e., retard to some extent and
preferably stop) cancer cell infiltration into peripheral organs; inhibit (i.e., retard to some
extent and preferably stop) tumor metastasis; inhibit, to some extent, tumor growth; reduce
Bcl-2/Bcl-xL signaling in the target cells; and/or relieve, to some extent, one or more of the
symptoms associated with the cancer. To the extent the administered compound or
composition prevents growth and/or kills existing cancer cells, it may be cytostatic and/or

cytotoxic.

[0046] The term "container” means any receptacle and closure therefor suitable for storing,

shipping, dispensing, and/or handling a pharmaceutical product.

-7 -



WO 2014/113413 PCT/US2014/011571

[0047] The term "insert" means information accompanying a pharmaceutical product that
provides a description of how to administer the product, along with the safety and efficacy
data required to allow the physician, pharmacist, and patient to make an informed decision
regarding use of the product. The package insert generally is regarded as the "label" for a

pharmaceutical product.

[0048] "Concurrent administration,” "administered in combination,” "simultaneous
administration,” and similar phrases mean that two or more agents are administered
concurrently to the subject being treated. By "concurrently,” it is meant that each agent is
administered either simultaneously or sequentially in any order at different points in time.
However, if not administered simultaneously, it is meant that they are administered to an
individual in a sequence and sufficiently close in time so as to provide the desired therapeutic
effect and can act in concert. For example, a Bel-2/Bcl-xL inhibitor of structural formula (1),
(II), or (IIT) can be administered at the same time or sequentially in any order at different
points in time as a second therapeutic agent. A present Bcl-2/Bcl-xL inhibitor and the second
therapeutic agent can be administered separately, in any appropriate form and by any suitable
route. When a present Bcl-2/Bcl-xL inhibitor and the second therapeutic agent are not
administered concurrently, it is understood that they can be administered in any order to a
subject in need thereof. For example, a present Bcl-2/Bcl-xL inhibitor can be administered
prior to (e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6
hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks,
5 weeks, 6 weeks, 8 weeks, or 12 weeks before), concomitantly with, or subsequent to (e.g., 5
minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24
hours, 48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8
weeks, or 12 weeks after) the administration of a second therapeutic agent treatment modality
(e.g., radiotherapy), to an individual in need thereof. In various embodiments, a Bcl-2/Bcl-xL.
inhibitor of structural formula (I) and the second therapeutic agent are administered 1 minute
apart, 10 minutes apart, 30 minutes apart, less than 1 hour apart, 1 hour apart, 1 hour to 2
hours apart, 2 hours to 3 hours apart, 3 hours to 4 hours apart, 4 hours to 5 hours apart, 5
hours to 6 hours apart, 6 hours to 7 hours apart, 7 hours to 8 hours apart, 8 hours to 9 hours
apart, 9 hours to 10 hours apart, 10 hours to 11 hours apart, 11 hours to 12 hours apart, no
more than 24 hours apart or no more than 48 hours apart. In one embodiment, the

components of the combination therapies are administered at 1 minute to 24 hours apart.

[0049] The use of the terms "a", "an", "the", and similar referents in the context of

describing the invention (especially in the context of the claims) are to be construed to cover
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both the singular and the plural, unless otherwise indicated. Recitation of ranges of values
herein are intended to merely serve as a shorthand method of referring individually to each
separate value falling within the range, unless otherwise indicated herein, and each separate
value is incorporated into the specification as if it were individually recited herein. The use
of any and all examples, or exemplary language (e.g., "such as") provided herein, is intended
to better illustrate the invention and is not a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should be construed as indicating any

non-claimed element as essential to the practice of the invention.

[0050] Over the past decade, research into apoptosis has established that targeting Bcl-2
and/or Bcl-xL using small molecule inhibitors is a viable cancer therapeutic strategy (35-37).
The discovery of ABT-737 and ABT-263, and the early clinical data on ABT-263, have
demonstrated that non-peptide, small molecule inhibitors of Bcl-2 and/or Bcl-xL. have great
therapeutic potential for the treatment of many types of human cancer in which Bcl-2 and/or
Bcl-xL are overexpressed and for which current anticancer agents are largely ineffective (26-

36).

[0051] Despite the discovery of ABT-737 and ABT-263, few new classes of highly potent,
small molecule inhibitors of Bcl-2/Bcl-xL with affinities to Bcl-2/Bcl-xL. and cellular
potencies approaching that achieved by ABT-737/ABT-263 have been reported. This is
because the design of small molecule inhibitors of Bcl-2/Bcl-xL involves targeting and
blocking the interactions of the Bcl-2/Bcl-xL. proteins with their pro-apoptotic binding
partners, a task which has been proven to be very challenging for at least three main reasons.
First, compared to typical binding sites in enzymes and receptors, the interfaces between Bcl-
2 or Bel-xL and their binding partners are very large (38-42). The interaction of Bcl-2/Bcl-
xL with its binding partners, such as BAD and Bim proteins, is mediated by a 20-25 residue
BH3 domain in BAD and Bim and a large binding groove in Bcl-2/Bcl-xL. Second, the
binding grooves in Bcl-2/Bcl-xL are very hydrophobic in nature, making it difficult to design
druglike small molecules (26, 38-42).  Third, Bcl-2 and Bcl-xL are extremely
conformationally flexible and can adopt quite distinct conformations in the ligand-free
structure and when bound to different ligands (26, 38-42). Some of the binding pockets
observed for Bcl-xL in the crystal structures of its complexes with BAD (41), Bim (43), and
ABT-737(44) are induced by ligand binding and are not presented in a ligand-free crystal
structure (38). These three factors make the design of potent and druglike small molecule

inhibitors of Bcl-2/Bcl-xL a paramount challenge in modern drug discovery.
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[0052] The present invention is directed to new class of potent and specific inhibitors of
Bcl-2/Bcl-xL. The present compounds can bind to Bcl-2 and/or Bel-xL with K; values <10
nM and function as potent antagonists of Bcl-2 and Bcl-xL in cell-free functional assays. The
compounds potently induce apoptosis in cancer cells and have a mechanism of action that is
highly consistent with targeting Bcl-2 and Bcel-xL. A tested compound demonstrates robust
apoptosis induction in vivo in tumor tissues and shows strong antitumor activity against the

H146 xenograft tumors.

[0053] The Bcl-2/Bcl-xL inhibitors of the present invention therefore are useful in the
treatment of unwanted proliferating cells, including cancers and precancers, in subjects in
need of such treatment. Also provided are methods of treating a subject having unwanted
proliferating cells comprising administering a therapeutically effective amount of a present
compound to a subject in need of such treatment. Also provided are methods of preventing
the proliferation of unwanted proliferating cells, such as cancers and precancers, in a subject
comprising the step of administering a therapeutically effective amount of a compound of
structural formula (I) to a subject at risk of developing a condition characterized by unwanted
proliferating cells. In some embodiments, the compounds of structural formula (I), (II), and

(III) reduced the proliferation of unwanted cells by inducing apoptosis in those cells.

[0054] The present invention is directed to Bcl-2/Bcl-xL inhibitors having a structural
formula (1), (II), or (III):

H o
N{ SO,CF4
//
0
NH OH
|
S iy P\\’OH
[ °
,/
Re
N o
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[0055] wherein the A ring is e or ;
[0056] X, substituted or unsubstituted, is selected from the group consisting of alkylene,

alkenylene, cycloalkylene, cycloalkenylene, and heterocycloalkylene;
[0057] Y is selected from the group consisting of (CH;),-N(R™), and

,(CHz) R
(CH)p—N

[0058] (CHps Q.

[0059] Q is selected from the group consisting of O, O(CH,);3, NR®, NR(Cy_zalkylene),
OC(=0)(Cy;alkylene), C(=0)0O, C(=0)O(C_alkylene), NHC(=0)(C;_alkylene), C(=O)NH,
and C(=0)NH(C,;alkylene);

[0060] Zis O or NR,

[0061] R; and R,, independently, are selected from the group consisting of H, CN, NO,,
halo, alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heteroaryl, heterocycloalkyl, OR',
SR', NR'R", COR', CO;R', OCOR', CONR'R", CONR'SO;R", NR'COR", NR'CONR"R",
NR'C=SNR"R", NR'SO:R", SO;R’, and SO,NR'R";

[0062] Rs; is selected from a group consisting of H, alkyl, cycloalkyl, alkenyl,
cycloalkenyl, alkynyl, aryl, heteroaryl, heterocycloalkyl, OR', NR'R", OCOR', CO,R', COR',
CONR'R", CONR'SO;R", C;3alkyleneCH(OH)CH,OH, SO,R', and SO,NR'R";

[0063] R’', R", and R", independently, are H, alkyl, cycloalkyl, alkenyl, cycloalkenyl,
alkynyl, aryl, heteroaryl, C;_alkyleneheterocycloalkyl, or heterocycloalkyl;

[0064] R'and R", or R" and R", can be taken together with the atom to which they are

bound to form a 3 to 7 membered ring;
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[0065] R,is hydrogen, halo, C;alkyl, CF3, or CN;

[0066] Rs is hydrogen, halo, Cjjalkyl, substituted C;salkyl, hydroxyalkyl, alkoxy, or

substituted alkoxys;

[0067] Re is selected from the group consisting of H, CN, NO,, halo, alkyl, cycloalkyl,
alkenyl, cycloalkenyl, alkynyl, aryl, heteroaryl, heterocycloalkyl, OR', SR, NR'R", CO;R/,
OCOR/', CONR'R", CONR'SO,R", NR'COR", NR'CONR"R"™, NR'C=SNR"R", NR'SO,R",
SO;R’, and SO,NR'R";

[0068] Ry, substituted or unsubstituted, is selected form the group consisting of hydrogen,
alkyl, alkenyl, (CH;)oscycloalkyl, (CH;)qscycloalkenyl, (CH;)osheterocycloalkyl, (CH,)o.
saryl, and (CH,)qsheteroaryl;

[0069] Rgis selected form the group consisting of hydrogen, halo, NO,, CN, CF3S0,, and
CFs;

[0070] R, is selected from the group consisting of hydrogen, alkyl, heteroalkyl, alkenyl,
hydroxyalkyl, alkoxy, substituted alkoxy, cycloalkyl, cycloalkenyl, and heterocycloalkyl;

[0071] Ryis hydrogen or alkyl;

[0072] R is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
hydroxyalkyl, alkoxy, and substituted alkoxy; and

[0073] n,r, and s, independently, are 1, 2, 3, 4, 5, or 6;
[0074] or a pharmaceutically acceptable salt of (I), (II), or (III).

[0075] The compounds of structural formula (I), (IT), and (III) inhibit Bcl-2/Bcl-xL and are
useful in the treatment of a variety of diseases and conditions. In particular, the compounds
of structural formula (I), (IT), and (III) are used in methods of treating a disease or condition
wherein inhibition of Bcl-2/Bcl-xL provides a benefit, for example, cancers. The method
comprises administering a therapeutically effective amount of a compound of structural
formula (I), (II), or (II) to an individual in need thereof. The present methods also
encompass administering a second therapeutic agent to the individual in addition to the
compound of structural formula (I), (II), or (III). The second therapeutic agent is selected
from drugs known as useful in treating the disease or condition afflicting the individual in
need thereof, e.g., a chemotherapeutic agent and/or radiation known as useful in treating a

particular cancer.
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[0076] As used herein, the term "alkyl" refers to straight chained and branched saturated
Ci-10 hydrocarbon groups, nonlimiting examples of which include methyl, ethyl, and straight
chain and branched propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, and decyl groups. The
term C, means the alkyl group has "n" carbon atoms. The term C,, means that the alkyl

group contains "n" to "p" carbon atoms. The term "alkylene" refers to an alkyl group having
a substituent. An alkyl, e.g., methyl, or alkylene, e.g., —CH,—, group can be unsubstituted
or substituted with halo, trifluoromethyl, trifluoromethoxy, hydroxy, alkoxy, nitro, cyano,

alkylamino, or amino groups, for example.

[0077] The term "alkenyl" is defined identically as "alkyl," except for containing a carbon-
carbon double bond, e.g., ethenyl, propenyl, and butenyl. The term "alkenylene" is defined
identically to "alkylene" except for containing a carbon-carbon double bond. The term
"alkynyl" and "alkynylene" are defined identically as "alkyl" and "alkylene" except the group

contains a carbon-carbon triple bond.

[0078] As used herein, the term "halo" is defined as fluoro, chloro, bromo, and iodo.
[0079] The term "hydroxy" is defined as —OH.

[0080] The term "alkoxy" is defined as —OR, wherein R is alkyl.

[0081] The term "amino" is defined as —NH,, and the term "alkylamino" is defined as

—NR;, wherein at least one R is alkyl and the second R is alkyl or hydrogen.
[0082] The term "nitro" is defined as —NO..

[0083] The term "cyano" is defined as —CN.

[0084] The term "trifluoromethyl” is defined as —CF;.

[0085] The term "trifluoromethoxy" is defined as —OCF;.

X

"™ CH3

[0086] As used herein, groups such as is an abbreviation for

[0087] As used herein, the term "aryl" refers to a monocyclic or polycyclic aromatic group,
preferably a monocyclic or bicyclic aromatic group, e.g., phenyl or naphthyl. Unless
otherwise indicated, an aryl group can be unsubstituted or substituted with one or more, and
in particular one to four, groups independently selected from, for example, halo, alkyl,
alkenyl, —OCF;, —CF3;, —NO,, —CN, —NC, —OH, alkoxy, amino, alkylamino, —CO;H,
—CO»alkyl, —OCOalkyl, aryl, and heteroaryl.
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[0088] As used herein, the term "heteroaryl" refers to a monocyclic or bicyclic ring system
containing one or two aromatic rings and containing at least one nitrogen, oxygen, or sulfur
atom in an aromatic ring. Unless otherwise indicated, a heteroaryl group can be unsubstituted
or substituted with one or more, and in particular one to four, substituents selected from, for
example, halo, alkyl, alkenyl, —OCF;, —CF3;, —NO,, —CN, —NC, —OH, alkoxy, amino,
alkylamino, —CO,H, —CO,alkyl, —OCOQalkyl, aryl, and heteroaryl.

[0089] As used herein, the term "cycloalkyl" means a monocyclic aliphatic ring containing
three to eight carbon atoms. The term "heterocycloalkyl" means a monocyclic or bicyclic
ring system containing at least one nitrogen, oxygen, or sulfur atom in the ring system. The
terms "heteroaryl" and "heterocycloalkyl" encompass ring systems containing at least one
oxygen atom, nitrogen atom, or sulfur atom, and includes ring systems containing oxygen and
nitrogen atoms, oxygen and sulfur atoms, nitrogen and sulfur atoms, and nitrogen, oxygen,

and sulfur atoms.

In some preferred embodiments, X is alkylene, and in preferred embodiments, is

Cisalkylene.

[0090] In some embodiments, Y is

Rp
—<CH2)1.3—N<:><
Q

In preferred embodiments, n is 2. In other preferred embodiments, Ry is hydrogen or

C1_3alky1.

[0091]

[0092] 1In still other preferred embodiments, Q is O, O(CH;);3, C(=0)O(CH,);.,
OC(=0)(CH32)1.3, or C(=0)O(CsH7)13. In some embodiments, Q is O, OCH,, C(=0)OCHa,,
C(=0)O(CH,;),, C(=0)O(CH,)3, OC(=0)CH,, or C(=0)O(CH(CH3)CH,).

[0093] In some embodiments, Z is O, NH, or N(C;3alkyl). In preferred embodiments, Z is

O, NH, or NCHs.

[0094] In some embodiments, R; is SO;R', SO.NRR", NR'SOR", H, or alkyl. In some
preferred embodiments, R; is SO,(Cisalkyl), SO.N(Cizalkyl),, NHSO»(Cjzalkyl), H, or
Cisalkyl. One preferred embodiment of R; is SO,CHj.

[0095] In some embodiments, R, and Rj, independently, are H, C,;alkyl, or cycloalkyl.
R, also can be halo. In some preferred embodiments, R, and R3, independently, are methyl,

ethyl, n-propyl, isopropyl, cyclopentyl, or cyclohexyl. R, also can be Cl or F.
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[0096] In some embodiments, Ry is H, Cl, or F. In other embodiments, Rs is H, methyl,
ethyl, n-propyl, isopropyl, F, or Cl. In other embodiments, R¢ is H, halo, alkyl, or cycloalkyl.
In some preferred embodiments, R¢ is H, F, Cl, Cj_zalkyl, cyclopentyl, or cyclohexyl.

[0097] In some embodiments, R; is (CHz)o3cycloalkyl or (CH»)osheterocycloalkyl. In a
preferred embodiment, R; is (CH;)oscycloalkyl, optionally substituted with —OH. In one

embodiment, R is

[0098] .

[0099] In some embodiments, Rgis CFSO, or CFs. In various embodiments, R,, Ry, and

R., independently, are H or C_zalkyl.

[0100] Additionally, salts, hydrates, and solvates of the present compounds also are
included in the present invention and can be used in the methods disclosed herein. The
present invention further includes all possible stereoisomers and geometric isomers of the
compounds of structural formula (I), (II), and (III). The present invention includes both
racemic compounds and optically active isomers. When a compound of structural formula
(D, (II), or (III) is desired as a single enantiomer, it can be obtained either by resolution of the
final product or by stereospecific synthesis from either isomerically pure starting material or
use of a chiral auxiliary reagent, for example, see Z. Ma et al., Tetrahedron: Asymmetry,
8(6), pages 883-888 (1997). Resolution of the final product, an intermediate, or a starting
material can be achieved by any suitable method known in the art. Additionally, in situations
where tautomers of the compounds of structural formula (I), (II), or (III) are possible, the

present invention is intended to include all tautomeric forms of the compounds.

[0101] Compounds of the invention can exist as salts. Pharmaceutically acceptable salts of
the compounds of the invention often are preferred in the methods of the invention. As used
herein, the term "pharmaceutically acceptable salts" refers to salts or zwitterionic forms of the
compounds of structural formula (I), (II), and (IIT). Salts of compounds of formula (I), (I),
and (III) can be prepared during the final isolation and purification of the compounds or
separately by reacting the compound with an acid having a suitable cation. The
pharmaceutically acceptable salts of compounds of structural formula (I), (II), and (III) can
be acid addition salts formed with pharmaceutically acceptable acids. Examples of acids
which can be employed to form pharmaceutically acceptable salts include inorganic acids
such as nitric, boric, hydrochloric, hydrobromic, sulfuric, and phosphoric, and organic acids

such as oxalic, maleic, succinic, and citric. Nonlimiting examples of salts of compounds of
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the invention include, but are not limited to, the hydrochloride, hydrobromide, hydroiodide,
sulfate, bisulfate, 2-hydroxyethansulfonate, phosphate, hydrogen phosphate, acetate, adipate,
alginate, aspartate, benzoate, bisulfate, butyrate, camphorate, camphorsulfonate, digluconate,
glycerolphsphate, hemisulfate, heptanoate, hexanoate, formate, succinate, fumarate, maleate,
ascorbate, isethionate, salicylate, methanesulfonate, mesitylenesulfonate,
naphthylenesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate,
persulfate,  3-phenylproprionate,  picrate, pivalate, propionate, trichloroacetate,
trifluoroacetate, phosphate, glutamate, bicarbonate, paratoluenesulfonate, undecanoate,
lactate, citrate, tartrate, gluconate, methanesulfonate, ethanedisulfonate, benzene sulphonate,
and p-toluenesulfonate salts. In addition, available amino groups present in the compounds
of the invention can be quaternized with methyl, ethyl, propyl, and butyl chlorides, bromides,
and iodides; dimethyl, diethyl, dibutyl, and diamyl sulfates; decyl, lauryl, myristyl, and steryl
chlorides, bromides, and iodides; and benzyl and phenethyl bromides. In light of the
foregoing, any reference to compounds of the present invention appearing herein is intended
to include compounds of structural formula (I), (II), and (III), as well as pharmaceutically

acceptable salts, hydrates, or solvates thereof.

[0102] Specific compounds of the present invention include, but are not limited to,

compounds having the structure set forth below.
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[0103] The present invention provides Bcl-2/Bcl-xL inhibitors, as exemplified by
compounds of structural formula (I), (IT), and (III), for the treatment of a variety of diseases
and conditions wherein inhibition of Bcl-2 and/or Bcel-xLL has a beneficial effect. In one
embodiment, the present invention relates to a method of treating an individual suffering
from a disease or condition wherein inhibition of the Bcl-2/Bcl-xL. provides a benefit
comprising administering a therapeutically effective amount of a compound of structural

formula (I), (IT), or (III) to an individual in need thereof.

[0104] The method of the present invention can be accomplished by administering a
compound of structural formula (I), (I), or (III) as the neat compound or as a pharmaceutical
composition. Administration of a pharmaceutical composition, or neat compound of
structural formula (I), (IT), or (III), can be performed during or after the onset of the disease
or condition of interest. Typically, the pharmaceutical compositions are sterile, and contain
no toxic, carcinogenic, or mutagenic compounds that would cause an adverse reaction when
administered. Further provided are kits comprising a compound of structural formula (I), (1),
or (IIT) and, optionally, a second therapeutic agent useful in the treatment of diseases and
conditions wherein inhibition of Bcl-2/Bcl-xL provides a benefit, packaged separately or

together, and an insert having instructions for using these active agents.

[0105] In many embodiments, a compound of structural formula (I), (I[), or (III) is
administered in conjunction with a second therapeutic agent useful in the treatment of a
disease or condition wherein inhibition of Bcl-2/Bcl-xLL provides a benefit. The second
therapeutic agent is different from the compound of structural formula (I), (II), and (III). A
compound of structural formula (I), (II), or (III) and the second therapeutic agent can be
administered simultaneously or sequentially to achieve the desired effect. In addition, the
compound of structural formula (I), (II), or (II) and second therapeutic agent can be

administered from a single composition or two separate compositions.

[0106] The second therapeutic agent is administered in an amount to provide its desired
therapeutic effect. The effective dosage range for each second therapeutic agent is known in
the art, and the second therapeutic agent is administered to an individual in need thereof

within such established ranges.

[0107] A compound of structural formula (I), (IT), or (II) and the second therapeutic agent
can be administered together as a single-unit dose or separately as multi-unit doses, wherein
the compound of structural formula (I), (II), or (III) is administered before the second

therapeutic agent or vice versa. One or more dose of the compound of structural formula (I),
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(II), or (III) and/or one or more dose of the second therapeutic agent can be administered.
The compounds of structural formula (I), (II), and (III) therefore can be used in conjunction
with one or more second therapeutic agents, for example, but not limited to, anticancer

agents.

[0108] The diseases and conditions that can be treated in accordance to the invention
include, for example, cancers. A variety of cancers can be treated including, but not limited
to: carcinomas, including bladder (including accelerated and metastatic bladder cancer),
breast, colon (including colorectal cancer), kidney, liver, lung (including small and non-small
cell lung cancer and lung adenocarcinoma), ovary, prostate, testes, genitourinary tract,
lymphatic system, rectum, larynx, pancreas (including exocrine pancreatic carcinoma),
esophagus, stomach, gall bladder, cervix, thyroid, renal, and skin (including squamous cell
carcinoma); hematopoietic tumors of lymphoid lineage, including leukemia, acute
lymphocytic leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell lymphoma,
Hodgkins lymphoma, non-Hodgkins lymphoma, hairy cell lymphoma, histiocytic lymphoma,
and Burketts lymphoma, hematopoietic tumors of myeloid lineage, including acute and
chronic myelogenous leukemias, myelodysplastic syndrome, myeloid leukemia, and
promyelocytic leukemia; tumors of the central and peripheral nervous system, including
astrocytoma, neuroblastoma, glioma, and schwannomas; tumors of mesenchymal origin,
including fibrosarcoma, rhabdomyoscarcoma, and osteosarcoma; and other tumors, including
melanoma, xenoderma pigmentosum, keratoactanthoma, seminoma, thyroid follicular cancer,
teratocarcinoma, renal cell carcinoma (RCC), pancreatic cancer, myeloma, myeloid and

lymphoblastic leukemia, neuroblastoma, and glioblastoma.

[0109] Additional forms of cancer treatable by the Bcl-2/Bcl-xL inhibitors of the present
invention include, for example, adult and pediatric oncology, growth of solid
tumors/malignancies, myxoid and round cell carcinoma, locally advanced tumors, metastatic
cancer, human soft tissue sarcomas, including Ewing's sarcoma, cancer metastases, including
lymphatic metastases, squamous cell carcinoma, particularly of the head and neck,
esophageal squamous cell carcinoma, oral carcinoma, blood cell malignancies, including
multiple myeloma, leukemias, including acute lymphocytic leukemia, acute nonlymphocytic
leukemia, chronic lymphocytic leukemia, chronic myelocytic leukemia, and hairy cell
leukemia, effusion lymphomas (body cavity based lymphomas), thymic lymphoma lung
cancer (including small cell carcinoma, cutaneous T cell lymphoma, Hodgkin's lymphoma,
non-Hodgkin's lymphoma, cancer of the adrenal cortex, ACTH-producing tumors, nonsmall

cell cancers, breast cancer, including small cell carcinoma and ductal carcinoma),

-28 -



WO 2014/113413 PCT/US2014/011571

gastrointestinal cancers (including stomach cancer, colon cancer, colorectal cancer, and
polyps associated with colorectal neoplasia), pancreatic cancer, liver cancer, urological
cancers (including bladder cancer, such as primary superficial bladder tumors, invasive
transitional cell carcinoma of the bladder, and muscle-invasive bladder cancer), prostate
cancer, malignancies of the female genital tract (including ovarian carcinoma, primary
peritoneal epithelial neoplasms, cervical carcinoma, uterine endometrial cancers, vaginal
cancer, cancer of the wvulva, uterine cancer and solid tumors in the ovarian follicle),
malignancies of the male genital tract (including testicular cancer and penile cancer), kidney
cancer (including renal cell carcinoma, brain cancer (including intrinsic brain tumors,
neuroblastoma, astrocytic brain tumors, gliomas, and metastatic tumor cell invasion in the
central nervous system), bone cancers (including osteomas and osteosarcomas), skin cancers
(including malignant melanoma, tumor progression of human skin keratinocytes, and
squamous cell cancer), thyroid cancer, retinoblastoma, neuroblastoma, peritoneal effusion,
malignant pleural effusion, mesothelioma, Wilms's tumors, gall bladder cancer, trophoblastic

neoplasms, hemangiopericytoma, and Kaposi's sarcoma.

[0110] Additional diseases and conditions, including cancers, that can be treated by
administration of a present Bcl-2/Bcl-xL inhibitor are disclosed in U.S. Patent Publication
No. 2007/0027135; U.S. Patent No. 7,432,304; U.S. Patent Publication No. 2010/0278921;
and WO 2012/017251, designating the U.S., each incorporated herein in its entirety.

[0111] In the present method, a therapeutically effective amount of one or more compound
(I), (II), or (II), typically formulated in accordance with pharmaceutical practice, is
administered to a human being in need thereof. Whether such a treatment is indicated
depends on the individual case and is subject to medical assessment (diagnosis) that takes
into consideration signs, symptoms, and/or malfunctions that are present, the risks of

developing particular signs, symptoms and/or malfunctions, and other factors.

[0112] A compound of structural formula (I), (II), or (II) can be administered by any
suitable route, for example by oral, buccal, inhalation, sublingual, rectal, vaginal,
intracisternal or intrathecal through lumbar puncture, transurethral, nasal, percutaneous, i.e.,
transdermal, or parenteral (including intravenous, intramuscular, subcutaneous, intracoronary,
intradermal, intramammary, intraperitoneal, intraarticular, intrathecal, retrobulbar,
intrapulmonary injection and/or surgical implantation at a particular site) administration.
Parenteral administration can be accomplished using a needle and syringe or using a high

pressure technique.
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[0113] Pharmaceutical compositions include those wherein a compound of structural
formula (I), (II), or (III) is administered in an effective amount to achieve its intended
purpose. The exact formulation, route of administration, and dosage is determined by an
individual physician in view of the diagnosed condition or disease. Dosage amount and
interval can be adjusted individually to provide levels of a compound of structural formula

(D, (II), or (III) that is sufficient to maintain therapeutic effects.

[0114] Toxicity and therapeutic efficacy of the compounds of structural formula (I), (II),
and (III) can be determined by standard pharmaceutical procedures in cell cultures or
experimental animals, e.g., for determining the maximum tolerated dose (MTD) of a
compound, which defines as the highest dose that causes no toxicity in animals. The dose
ratio between the maximum tolerated dose and therapeutic effects (e.g. inhibiting of tumor
growth) is the therapeutic index. The dosage can vary within this range depending upon the
dosage form employed, and the route of administration utilized. Determination of a
therapeutically effective amount is well within the capability of those skilled in the art,

especially in light of the detailed disclosure provided herein.

[0115] A therapeutically effective amount of a compound of structural formula (I), (II), or
(III) required for use in therapy varies with the nature of the condition being treated, the
length of time that activity is desired, and the age and the condition of the patient, and
ultimately is determined by the attendant physician. Dosage amounts and intervals can be
adjusted individually to provide plasma levels of the Bcl-2/Bcl-xL inhibitor that are sufficient
to maintain the desired therapeutic effects. The desired dose conveniently can be
administered in a single dose, or as multiple doses administered at appropriate intervals, for
example as one, two, three, four or more subdoses per day. Multiple doses often are desired,
or required. For example, a present Bcl-2/Bcl-xL inhibitor can be administered at a
frequency of: one dose per day for 2 days with rest for 5 days for 2 weeks; one dose per day
for 3 days with rest for 4 days for 3 weeks; weekly dosing for 2 weeks; weekly dosing for 4

weeks; or, any dose regimen determined to be appropriate for the circumstance.

[0116] A compound of structural formula (I), (IT), or (III) used in a method of the present
invention can be administered in an amount of about 0.005 to about 500 milligrams per dose,
about 0.05 to about 250 milligrams per dose, or about 0.5 to about 100 milligrams per dose.
For example, a compound of structural formula (I), (II), or (III) can be administered, per
dose, in an amount of about 0.005, 0.05, 0.5, 5, 10, 20, 30, 40, 50, 100, 150, 200, 250, 300,
350, 400, 450, or 500 milligrams, including all doses between 0.005 and 500 milligrams.
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[0117] The dosage of a composition containing a Bcl-2/Bcl-xL. inhibitor of structural
formula (I), (II), or (III) or a composition containing the same, can be from about 1 ng/kg to
about 200 mg/kg, about 1 pg/kg to about 100 mg/kg, or about 1 mg/kg to about 50 mg/kg.
The dosage of a composition can be at any dosage including, but not limited to, about 1
ng/kg. The dosage of a composition may be at any dosage including, but not limited to,
about 1 pg/kg, 10 pgrkg, 25 ng/kg, 50 ng/kg, 75 ng/kg, 100 ng/kg, 125 ng/kg, 150 ng/kg, 175
ng’kg, 200 pg/kg, 225 pgkg, 250 ngkg, 275 ng/kg, 300 ngkg, 325 pg/kg, 350 pg/kg,
375 ng/kg, 400 pg/kg, 425 ng/kg, 450 pg/kg, 475 pg/kg, 500 ngrkg, 525 pg/kg, 550 ng/kg,
575 ng/kg, 600 pg/kg, 625 ng/kg, 650 png/kg, 675 png/kg, 700 ng/kg, 725 pg/kg, 750 ng/kg,
775 ng/kg, 800 ngrkg, 825 nglkg, 850 pg/kg, 875 pg/kg, 900 ng/kg, 925 pg/kg, 950 ng/keg,
975 ng/kg, 1 mg/kg, 5 mg/kg, 10mgkg, 15mgkg, 20 mg/kg, 25 mgkg, 30 mg/kg,
35 mg/kg, 40 mg/kg, 45 mg/kg, 50 mg/kg, 60 mg/kg, 70 mg/kg, 80 mg/kg, 90 mg/kg,
100 mg/kg, 125 mg/kg, 150 mg/kg, 175 mg/kg, or 200 mg/kg. The above dosages are
exemplary of the average case, but there can be individual instances in which higher or lower
dosages are merited, and such are within the scope of this invention. In practice, the
physician determines the actual dosing regimen that is most suitable for an individual patient,

which can vary with the age, weight, and response of the particular patient.

[0118] In the treatment of a cancer, a compound of structural formula (I), (I), or (III) can

be administered with a chemotherapeutic agent and/or radiation.

[0119] Embodiments of the present invention employ electromagnetic radiation of:
gamma-radiation (107 to 10" m), X-ray radiation (10" to 10™ m), ultraviolet light (10 nm
to 400 nm), visible light (400 nm to 700 nm), infrared radiation (700 nm to 1 mm), and

microwave radiation (1 mm to 30 cm).

[0120] Many cancer treatment protocols currently employ radiosensitizers activated by
electromagnetic radiation, e.g., X-rays. Examples of X-ray-activated radiosensitizers include,
but are not limited to, metronidazole, misonidazole, desmethylmisonidazole, pimonidazole,
etanidazole, nimorazole, mitomycin C, RSU 1069, SR 4233, EQ9, RB 6145, nicotinamide, 5-
bromodeoxyuridine ~ (BUdR),  5-iododeoxyuridine  (IUdR),  bromodeoxycytidine,
fluorodeoxyuridine (FUdR), hydroxyurea, cis-platin, and therapeutically effective analogs

and derivatives of the same.

[0121] Photodynamic therapy (PDT) of cancers employs visible light as the radiation
activator of the sensitizing agent. Examples of photodynamic radiosensitizers include the

following, but are not limited to: hematoporphyrin derivatives, PHOTOFRIN®,
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benzoporphyrin  derivatives, NPe6, tin etioporphyrin (SnET2), pheoborbide-a,
bacteriochlorophyll-a, naphthalocyanines, phthalocyanines, zinc phthalocyanine, and

therapeutically effective analogs and derivatives of the same.

[0122] Radiosensitizers can be administered in conjunction with a therapeutically effective
amount of one or more compounds in addition to a present Bcl-2/Bcl-xL inhibitor, such
compounds including, but not limited to, compounds that promote the incorporation of
radiosensitizers to the target cells, compounds that control the flow of therapeutics, nutrients,
and/or oxygen to the target cells, chemotherapeutic agents that act on the tumor with or
without additional radiation, or other therapeutically effective compounds for treating cancer
or other disease. Examples of additional therapeutic agents that can be used in conjunction
with radiosensitizers include, but are not limited to, S-fluorouracil (5-FU), leucovorin,
oxygen, carbogen, red cell transfusions, perfluorocarbons (e.g., FLUOSOLW®—DA), 2,3-
DPG, BWI2C, calcium channel blockers, pentoxifylline, antiangiogenesis compounds,

hydralazine, and L-BSO.

[0123] The chemotherapeutic agent can be any pharmacological agent or compound that
induces apoptosis. The pharmacological agent or compound can be, for example, a small
organic molecule, peptide, polypeptide, nucleic acid, or antibody. Chemotherapeutic agents
that can be used include, but are not limited to, alkylating agents, antimetabolites, hormones
and antagonists thereof, natural products and their derivatives, radioisotopes, antibodies, as
well as natural products, and combinations thereof. For example, a Bcl-2/Bcl-xL inhibitor of
the present invention can be administered with antibiotics, such as doxorubicin and other
anthracycline analogs, nitrogen mustards, such as cyclophosphamide, pyrimidine analogs
such as 5-fluorouracil, cis-platin, hydroxyurea, taxol and its natural and synthetic derivatives,
and the like. As another example, in the case of mixed tumors, such as adenocarcinoma of
the breast, where the tumors include gonadotropin-dependent and gonadotropin-independent
cells, the compound can be administered in conjunction with leuprolide or goserelin
(synthetic peptide analogs of LH-RH). Other antineoplastic protocols include the use of an
inhibitor compound with another treatment modality, e.g., surgery or radiation, also referred

to herein as "adjunct anti-neoplastic modalities." Additional chemotherapeutic agents useful
in the invention include hormones and antagonists thereof, radioisotopes, antibodies, natural

products, and combinations thereof.

[0124] Examples of chemotherapeutic agents useful in a method of the present invention

are listed in the following table.
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TABLE 1

Alkylating agents Natural products
Nitrogen mustards Antimitotic drugs
mechlorethamine

T
cyclophosphamide ~2Xanes
ifosfamide paclitaxel

Vinca alkaloids
melphalan
chlorambucil vinblastine (VLLB)

. vincristine
uracil mustard
. vinorelbine

temozolomide

vindesine
Nitrosoureas Taxotere® (docetaxel)
carmustine (BCNU) estramustine
lomustine (CCNU) estramustine phosphate
semustine (methyl-CCNU)
chlormethine Epipodophyvlotoxins

. etoposide

streptozocin

teniposide
Ethylenimine/Methyl-melamine

Antibiotics

tricthylenemelamine (TEM)

tricthylene thiophosphoramide actimomycin D

daunomycin (rubidomycin)

(thiotepa)

d bicin (adri .
hexamethylmelamine oxorubicin (adriamycin)
(HMM. altretamine) mitoxantroneidarubicin

bleomycin
Alkyl sulfonates splicamycin (mithramycin)
busulfan mitromycin-C
pipobroman dactinomycin

aphidicolin
Triazines S

epirubicin
dacarbazine (DTIC) idarubicin
Antimetabolites daunorubicin

mithramycin

Folic Acid analogs

deoxy co-formycin

methotrexate
trimetrexate

Enzymes
pemetrexed

L-asparaginase

Multi-t ted antifolat
(Multi-targeted antifolate) I-arginase
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Pyrimidine analogs

S-fluorouracil
fluorodeoxyuridine
gemcitabine
cytosine arabinoside

(AraC, cytarabine)
5-azacytidine
2,27- difluorodeoxy-cytidine
floxuridine

pentostatine

Purine analogs
6-mercaptopurine
6-thioguanine
azathioprine
2'-deoxycoformycin

(pentostatin)
erythrohydroxynonyl-adenine (EFHNA)
fludarabine phosphate
2-chlorodeoxyadenosine

(cladribine, 2-CdA)

Type I Topoisomerase Inhibitors

camptothecin
topotecan

irinotecan

Biological response modifiers
G-CSF
GM-CSF

Differentiation Agents

retinoic acid derivatives

Hormones and antagonists

Adrenocorticosteroids/ antagonists

prednisone and equivalents
dexamethasone

ainoglutethimide

PCT/US2014/011571

Radiosensitizers

metronidazole
misonidazole
desmethylmisonidazole
pimonidazole
etanidazole

nimorazole

RSU 1069

EO9

RB 6145

Nonsteroidal antiandrogens

SR4233

flutamide
nicotinamide
5-bromodeozyuridine
5-iododeoxyuridine

bromodeoxycytidine

Miscellaneous agents

Platinium coordination complexes

cisplatin
carboplatin
oxaliplatin
anthracenedione

mitoxantrone

Substituted urea

hydroxyurea

Methylhydrazine derivatives
N-methylhydrazine (MIH)

procarbazine

Adrenocortical suppressant

mitotane (o,p”- DDD)

ainoglutethimide

Cytokines

interferon (o, B, v)
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Progesting

hydroxyprogesterone caproate
medroxyprogesterone acetate

megestrol acetate

Estrogens
diethylstilbestrol

ethynyl estradiol/ equivalents

Antiestrogen

tamoxifen

Androgens

testosterone propionate

fluoxymesterone/equivalents

Antiandrogens

flutamide
gonadotropin-releasing
hormone analogs

leuprolide

[0125] Microtubule affecting agents interfere with cellular mitosis and are well known in

the art for their cytotoxic activity.

PCT/US2014/011571

interleukin-2

Photosensitizers

hematoporphyrin derivatives
PHOTOFRIN®
benzoporphyrin derivatives
Npe6

tin etioporphyrin (SnET2)
pheoboride-a
bacteriochlorophyll-a
naphthalocyanines
phthalocyanines

zinc phthalocyanines

Radiation

X-ray

ultraviolet light
gamma radiation
visible light
infrared radiation

microwave radiation

Microtubule affecting agents useful in the invention

include, but are not limited to, allocolchicine (NSC 406042), halichondrin B (NSC 609395),
colchicines (NSC 757), colchicines derivatives (e.g., NSC 33410), dolastatin 10
(NSC 376128), maytansine  (NSC 153858), rhizoxin = (NSC 332598), paclitaxel
(NSC 125973), TAXOL® derivatives (e.g., NSC 608832), thiocolchicine NSC 361792), trityl
cysteine (NSC 83265), vinblastine sulfate (NSC 49842), vincristine sulfate (NSC 67574),
natural and synthetic epothilones including but not limited to epothilone A, eopthilone B, and
discodermolide (see Service, (1996) Science, 274:2009) estramustine, nocodazole, MAP4,
and the like. Examples of such agents are also described in Bulinski (1997) J. Cell Sci.
110:3055 3064; Panda (1997) Proc. Natl. Acad. Sci. USA 94:10560-10564; Muhlradt (1997)
Cancer Res. 57:3344-3346; Nicolaou (1997) Nature 397:268-272; Vasquez (1997) Mol. Biol.
Cell. 8:973-985; and Panda (1996) J. Biol. Chem. 271:29807-29812.
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[0126] Cytostatic agents that may be used include, but are not limited to, hormones and
steroids (including synthetic analogs): 17-a-ethinylestadiol, diethylstilbestrol, testosterone,
prednisone, fluoxymesterone, dromostanolone propionate, testolactone, megestrolacetate,
methylprednisolone, methyl-testosterone, prednisolone, triamcinolone, hlorotrianisene,
hydroxyprogesterone,  aminogluthimide, estramustine, = medroxyprogesteroneacetate,

leuprolide, flutamide, toremifene, and zoladex.

[0127] Other cytostatic agents are antiangiogenics, such as matrix metalloproteinase
inhibitors, and other VEGF inhibitors, such as anti-VEGF antibodies and small molecules
such as ZD6474 and SU668. Anti-Her2 antibodies also may be utilized. An EGFR inhibitor
is EKB-569 (an irreversible inhibitor). Also included are antibody C225 immunospecific for
the EGFR and Src inhibitors.

[0128] Also suitable for use as a cytostatic agent is CASODEX® (bicalutamide, Astra
Zeneca) which renders androgen-dependent carcinomas non-proliferative. Yet another
example of a cytostatic agent is the antiestrogen TAMOXIFEN® which inhibits the
proliferation or growth of estrogen dependent breast cancer. Inhibitors of the transduction of
cellular proliferative signals are cytostatic agents. Representative examples include
epidermal growth factor inhibitors, Her-2 inhibitors, MEK-1 kinase inhibitors, MAPK kinase
inhibitors, PI3 inhibitors, Src kinase inhibitors, and PDGF inhibitors.

[0129] Additional second therapeutic agents that can be administered with a Bcl-2/Bcl-xLL
inhibitor of the present invention are disclosed in U.S. Patent Publication 2007/0027135; U.S.
Patent No. 7,432,304; U.S. Patent Publication No. 2010/0278921; WO 2012/017251,

designating the U.S., each incorporated herein by reference.

[0130] The compounds of the present invention typically are administered in admixture
with a pharmaceutical carrier selected with regard to the intended route of administration and
standard pharmaceutical practice. Pharmaceutical compositions for use in accordance with
the present invention are formulated in a conventional manner using one or more
physiologically acceptable carriers comprising excipients and auxiliaries that facilitate

processing of compounds of structural formula (I), (II), and (III).

[0131] These pharmaceutical compositions can be manufactured, for example, by
conventional mixing, dissolving, granulating, dragee-making, emulsifying, encapsulating,
entrapping, or lyophilizing processes. Proper formulation is dependent upon the route of
administration chosen. When a therapeutically effective amount of the compound of

structural formula (1), (I), or (III) is administered orally, the composition typically is in the
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form of a tablet, capsule, powder, solution, or elixir. When administered in tablet form, the
composition additionally can contain a solid carrier, such as a gelatin or an adjuvant. The
tablet, capsule, and powder contain about 0.01% to about 95%, and preferably from about 1%
to about 50%, of a compound of structural formula (I), (II), or (III). When administered in
liquid form, a liquid carrier, such as water, petroleum, or oils of animal or plant origin, can be
added. The liquid form of the composition can further contain physiological saline solution,
dextrose or other saccharide solutions, or glycols. When administered in liquid form, the
composition contains about 0.1% to about 90%, and preferably about 1% to about 50%, by

weight, of a compound of structural formula (1), (IT), or (III).

[0132] When a therapeutically effective amount of a compound of structural formula (I),
(II), or (III) is administered by intravenous, cutaneous, or subcutaneous injection, the
composition is in the form of a pyrogen-free, parenterally acceptable aqueous solution. The
preparation of such parenterally acceptable solutions, having due regard to pH, isotonicity,
stability, and the like, is within the skill in the art. A preferred composition for intravenous,

cutaneous, or subcutaneous injection typically contains, an isotonic vehicle.

[0133] Compounds of structural formula (I), (IT), and (III) can be readily combined with
pharmaceutically acceptable carriers well-known in the art. Such carriers enable the active
agents to be formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries,
suspensions and the like, for oral ingestion by a patient to be treated. Pharmaceutical
preparations for oral use can be obtained by adding the compound of structural formula (I),
(II), or (III) to a solid excipient, optionally grinding the resulting mixture, and processing the
mixture of granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee
cores. Suitable excipients include, for example, fillers and cellulose preparations. If desired,

disintegrating agents can be added.

[0134] A compound of structural formula (I), (I), and (III) can be formulated for
parenteral administration by injection, e.g., by bolus injection or continuous infusion.
Formulations for injection can be presented in unit dosage form, e.g., in ampules or in
multidose containers, with an added preservative. The compositions can take such forms as
suspensions, solutions, or emulsions in oily or aqueous vehicles, and can contain formulatory

agents such as suspending, stabilizing, and/or dispersing agents.

[0135] Pharmaceutical compositions for parenteral administration include aqueous
solutions of the active agent in water-soluble form. Additionally, suspensions of a compound

of structural formula (I), (II), or (III) can be prepared as appropriate oily injection
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suspensions. Suitable lipophilic solvents or vehicles include fatty oils or synthetic fatty acid
esters. Aqueous injection suspensions can contain substances which increase the viscosity of
the suspension. Optionally, the suspension also can contain suitable stabilizers or agents that
increase the solubility of the compounds and allow for the preparation of highly concentrated
solutions. Alternatively, a present composition can be in powder form for constitution with a

suitable vehicle, e.g., sterile pyrogen-free water, before use.

[0136] A compound of structural formula (I), (IT), or (III) also can be formulated in rectal
compositions, such as suppositories or retention enemas, e.g., containing conventional
suppository bases. In addition to the formulations described previously, the compound of
structural formula (I), (II), or (III) also can be formulated as a depot preparation. Such long-
acting formulations can be administered by implantation (for example, subcutaneously or
intramuscularly) or by intramuscular injection. Thus, for example, the compounds of
structural formula (I), (II), or (III) can be formulated with suitable polymeric or hydrophobic

materials (for example, as an emulsion in an acceptable oil) or ion exchange resins.

[0137] In particular, the compounds of structural formula (I), (II), and (II) can be
administered orally, buccally, or sublingually in the form of tablets containing excipients,
such as starch or lactose, or in capsules or ovules, either alone or in admixture with
excipients, or in the form of elixirs or suspensions containing flavoring or coloring agents.
Such liquid preparations can be prepared with pharmaceutically acceptable additives, such as
suspending agents. The compounds of structural formula (I), (II), and (III) also can be
injected parenterally, for example, intravenously, intramuscularly, subcutaneously, or
intracoronarily. For parenteral administration, the Bcl-2/Bcl-xL inhibitors are best used in
the form of a sterile aqueous solution which can contain other substances, for example, salts

or monosaccharides, such as mannitol or glucose, to make the solution isotonic with blood.

[0138] As an additional embodiment, the present invention includes kits which comprise
one or more compounds or compositions packaged in a manner that facilitates their use to
practice methods of the invention. In one simple embodiment, the kit includes a compound
or composition described herein as useful for practice of a method (e.g., a composition
comprising a compound of structural formula (I), (II), or (III) and an optional second
therapeutic agent), packaged in a container, such as a sealed bottle or vessel, with a label
affixed to the container or included in the kit that describes use of the compound or
composition to practice the method of the invention. Preferably, the compound or
composition is packaged in a unit dosage form. The kit further can include a device suitable

for administering the composition according to the intended route of administration.
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[0139] In addition to its use in therapeutic medicine, compounds of structural formula (I),
(II), and (I1II), and pharmaceutically acceptable salts thereof, also are useful as
pharmacological tools in the development and standardization of in vitro and in vivo test
systems for the evaluation of the effects of inhibitors of Bcl-2 and/or Bcl-Xjy, in laboratory
animals, such as cats, dogs, rabbits, monkeys, rats, and mice, as part of the search for new

therapeutic agents.

[0140] Prior Bcl-2/Bcl-xL inhibitors possessed properties that hindered their development
as therapeutic agents. In accordance with an important feature of the present invention,
compounds of structural formula (I), (II), and (III) were synthesized and evaluated as
inhibitors for Bcl-2/Bcl-xL. For example, compounds of the present invention typically have

a binding affinity (ICsg) to Bcl-2/Bcl-xL of less than 100 nM.

SYNTHESIS OF COMPOUNDS

[0141] Compounds of the present invention were prepared as follows. The following
synthetic schemes are representative of the reactions used to synthesize compounds of
structural formula (I), (IT), and (III). Modifications and alternate schemes to prepare Bcl-
2/Bcl-xL inhibitors of the invention are readily within the capabilities of persons skilled in

the art.

Solvents and reagents were obtained commercially and used without further purification.
Chemical shifts (6) of NMR spectra are reported as o values (ppm) downfield relative to an

internal standard, with multiplicities reported in the usual manner.
[0142] Unless otherwise stated all temperatures are in degrees Celsius.

[0143] Certain key intermediates for the synthesis of the compounds of the present
invention can be synthesized by the methods as set forth in WO 2012/103059, designating the
U.S., and incorporated herein by reference in its entirety followed by conversion to its

phosphate derivative as follows:
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[0144] Scheme 1. Synthesis of compound 1

o)
Y o
EtoNH,CH,CN N
o QSo FACO,S

BM-1197 1

[0145] Experimental section: (R)-1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)-1-isopropyl-5-
methyl-4-(methylsulfonyl)-1H-pyrrol-3-yl)-5-fluorophenyl)piperazin-1-
yl)phenyl)sulfamoyl)-2-(trifluoro methylsulfonyl)phenylamino)-4-
(phenylthio)butyl)piperidin-4-yl 2-aminoacetate (1). A solution of BM-1197 (113 mg, 0.10
mmol) and Fmoc-Gly-OSu (43 mg, 0.11 mmol) in CH,Cl, (2 mL) was stirred at room
temperature for 1 hour until no BM-1197 was observed by TLC. The solution was
concentrated in vacuo to provide crude precursor of 1 which was used for next step without
purification. The resulting residue was dissolved in Aceonitrile (5 mL) and followed by
addition of diethyl amine (0.2 mL, 2 mmol). The mixture was stirred at room temperature for
overnight until no starting material was observed by TLC and concentrated in vacuo. The
residue was purified by HPLC to give the product 1 (salt with TFA, 83 mg, yield 70% over
two steps). The gradient ran from 60% of solvent A and 40% of solvent B to 20% of solvent
A and 80% of solvent B in 40 min. MS (ESI) m/z 1189.08 (M + H)".

[0146] Scheme 2. Synthesis of 2

d v TFA, CH,.Cl,
\ Qé,NH Et;N, DMAP,CH,Cl, ‘\ \é\‘,NH
J““ N o NJ N Y
N H /C
HO’C/ F2C0,S 0P F2C0,8
pe

BM-1197 HO 2
[0147] Experimental Section: (R)-2-(1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)-1-isopropyl-
5-methyl-4-(methyl sulfonyl)-1H-pyrrol-3-yl)-5-fluorophenyl)piperazin-1-
yl)phenyl)sulfamoyl)-2-(trifluoromethylsulfonyl)phenylamino)-4-
(phenylthio)butyl)piperidin-4-yloxy)-2-oxoacetic acid (2). To a solution of BM-1197 (113
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mg, 0.10 mmol), DMAP (2 mg, 0.02 mmol), Et;N (42 uL, 0.3 mmol) in CH,Cl, (2 mL) was
added tert-butyl 2-chloro-2-oxoacetate (33 mg, 0.2 mmol). The solution was stirred at room
temperature for 1 hour until no BM-1197 was observed by TLC and concentrated in vacuo.
The crude residue was flash chromatographed on silica gel with 5% MeOH/CH,Cl, to
provide precursor of 2. The precursor was dissolved in CH,Cl, (3 mL) and followed by
addition of TFA (3 mL). The mixture was stirred at room temperature for 1 hour until no
starting material was observed by TLC and concentrated in vacuo. The residue was purified
by HPLC to give the product 2 (salt with TFA, 66 mg, yield 55% over two steps). The
gradient ran from 60% of solvent A and 40% of solvent B to 20% of solvent A and 80% of
solvent B in 40 min. MS (ESI) m/z 1189.08 (M + H)".

[0148] Scheme 3. Preparation of key intermediate B and D

i
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(LA e
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o

[0149] Experimental Section: N-(4-(4-(3-(2-(4-chlorophenyl)-1-isopropyl-5-methyl-4-
(methylsulfonyl)- 1H-pyrrol-3-yl)-5-fluorophenyl)piperazin- 1-yl)phenyl)-4-fluoro-3-

(trifluoromethylsulfonyl) benzenesulfonamide (B). To a solution of A (3.0 g, 4.9 mmol) in
150 mL of methanol was added 10% wt. Pd/C (300 mg, 0.1 eq. m/m). The solution was
stirred under hydrogen atmosphere at room temperature for about 20 min until no A was
observed by TLC. The reaction mixture was filtered and the filtrate was concentrated in
vacuum. The residue was used for next step directly without purification. To the solution of
this aniline in pyridine, 4-fluoro-3-(trifluoromethylsulfonyl)benzene-1-sulfonyl chloride (1.8
g, 5.4 mmol) was added at 0 °C. The mixture was stirred at 0 °C to room temprature for 1
hour until no aniline was observed by TLC. Water (10 mL) was added and extracted with
ethyl acetate (200 mL * 2). The combined ethyl acetate solution was washed with brine (150

mL), dried over sodium sulfate and concentrated in vacuo. The concentrate was flash
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chromatographed on silica gel with 40% EtOA/hexane to provide intermediate B (3.2 g, yield
75% over two steps). MS (ESI) m/z 931.75 (M + K)".

[0150] General procedure 1. (R)-(9H-fluoren-9-yl)methyl 4-oxo-1-(phenylthio)butan-
2-ylcarbamate (D). To a solution of C (5.0 g, 11.5 mmol) in THF (100 mL) was added
triethylamine (4.8 mL, 34.5 mmol) and ethyl chloroformate (3.3 mL, 34.5 mmol) at -10 °C
under argon atmosphere. The mixture was stirred at -10 °C for 1 h and NaBH, (1.7 g, 46.1
mmol) in water (60 mL) was added dropwise at -10 °C. The mixture was stirred at -10 °C for
I h then at room temperature for 2 h. The reaction was quenched with 1 M aqueous KHSOy4
(200 mL) and the mixture was extracted EtOAc (3x200 mL). The extracts were washed with
brine (200 mL), dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The
concentrate was flash chromatographed on silica gel with 50% EtOA/hexane to provide
corresponding alcohol (4.3 g, yield 90%). To a solution of oxalyl chloride (2.6 mL, 31.1
mmol) in DCM (100 mL) at -78 °C, was added dimethyl sulfoxide (3.7 mL, 51.8 mmol). The
solution was warmed to -40 °C for 5 min and recooled to -78 °C, and then a solution of the
resulting alcohol of previous step (4.3 g, 10.4 mmol) in DCM (50 mL) was added dropwise.
The solution was stirred for additional 40 min and followed by excess triethylamine (25 mL)
and stirred for another 30 min. The reaction mixture was warmed to room temperature
followed by adding saturated aqueous ammonium chloride solution (100 mL), and extracted
with DCM (2x200 mL). The combined DCM solution was washed with brine (150 mL),
dried over sodium sulfate and concentrated in vacuo. The residue was flash chromatographed
on silica gel with 20% EtOA/hexane to provide intermediate D (3.7 g, yield 85%). MS (ESI)
mlz 418.25 M + H)".
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[0151] Scheme 4. Synthesis of 3
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[0152] Experimental Section: Di-tert-butyl piperidin-4-yl phosphate (F). The solution of
Di-t-butyl di-isopropyl phosphoramidite (832 mg, 3.0 mmol) and tetrazole (6.6 mL, 0.45 M
in acetanitril) in THF (15 mL) was stirred under N, at room temperature for approximately 10
min. Compound E (626 mg, 2.0 mmol) in dry THF (2 mL) was then added to the reaction
over 15 minutes and stirred at room temperature under N, for 2 hours until no E was
observed by TLC. The reaction mixture was then cooled to 0 °C and a 14% aqueous solution
of t-butyl peroxide (3.0 mL, 4.6 mmol) was added. The temperature was then allowed to rise
to room temperature and the mixture was stirred overnight. The reaction was quenched with
saturated aqueous NaHCO; solution (2 mL). Water (50 mL) was added into the reaction
mixture, which was then extracted with ethyl acetate (2x50 mL). The combined ethyl acetate
solution was washed with brine (50 mL), dried over sodium sulfate and concentrated in vacuo
to give crude product which was used for the next step without purification. The resulting
residue was dissolved in aceonitrile (20 mL) and followed by addition of diethyl amine (4.1
mL, 40 mmol). The mixture was stirred at room temperature for overnight until no starting
material was observed by TLC and concentrated in vacuo. The residue was flash
chromatographed on silica gel with 5% MeOH/DCM to provide intermediate F (452 mg,
yield 77% over two steps). MS (ESI) m/z 295.17 (M + H)".

[0153] General procedure II. (R)-1-(3-amino-4-(phenylthio)butyl)piperidin-4-yl di-
tert-butyl phosphate (G). To a solution of F (293 mg, 1.0 mmol) and intermediate D (500
mg, 1.2 mmol) in DCE (10 mL) was added NaBH(OAc); (636 mg, 3.0 mmol), and the

mixture was stirred at room temperature overnight until no F was observed by TLC. The
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mixture was diluted with DCM (50 mL), washed with brine (50 mL) and dried over sodium
sulfate. The solvent was removed in vacuo to give crude product which was used for the next
step without purification. The resulting residue was dissolved in acetonitrile (10 mL) and
followed by addition of diethyl amine (2.1 mL, 20 mmol). The mixture was stirred at room
temperature for overnight until no starting material was observed by TLC and concentrated in
vacuo. The residue was flash chromatographed on silica gel with 10% MeOH/DCM to
provide intermediate G (307 mg, yield 65% over two steps). MS (ESI) m/z 474.00 (M + H)".

[0154] General procedure III. (R)-1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)-1-isopropyl-5-
methyl-4-(methylsulfonyl) -1H-pyrrol-3-yl)-5-fluorophenyl)piperazin-1-yl)phenyl)
sulfamoyl)-2-(trifluoro methylsulfonyl)phenylamino)-4-(phenylthio)butyl)piperidin-4-yl
dihydrogen phosphate (3). To a solution of B (100 mg, 0.11 mmol) and G (65 mg, 0.14
mmol) in DMF (2 mL) was added DIPEA (1 mL). The solution was stirred for 4 hours at
room temperature until no B was observed by TLC. The reaction mixture was concentrated in
vacuo to give crude product which was used for next step without purification. The resulting
residue was dissolved in DCM (5 mL) and followed by adding TFA (2.5 mL). The solution
was stirred at room temperature for 1 h until no material was observed by TLC. The reaction
mixture was concentrated in vacuo and the residue was purified by HPLC to give the pure
product 3 (salt with TFA, 88 mg, yield 66% over two steps). The gradient ran from 60% of
solvent A and 40% of solvent B to 20% of solvent A and 80% of solvent B in 40 min. 'H
NMR (300 M Hz, CDs;OD): 6 7.96 (s, 1H), 7.73 (d, J = 8.9 Hz, 1H), 7.32-7.07 (m, 13H),
6.93-6.41 (m, 4H), 4.61-4.41(m, 2H), 3.99 (s, 1H), 3.55-3.11 (m, 16H), 2.84 (s, 3H), 2.74 (s,
3H), 2.26-1.80 (m, 6H), 1.43 (d, J= 7.0 Hz, 6H). MS (ESI): m/z 1212.67 (M + H)".

[0155] Scheme 5. Synthesis of 4
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[0156] Experimental Section:4-(Methylthiomethoxy)piperidine (H). To a solution of
alcohol E (1.0 g, 3.1 mmol) and methyl sulfide (1.8 mL, 24.8 mmol) in acetonitrile (31 mL)
at 0 °C was added benzoyl peroxide (3.0 g, 12.4 mmol) in four equal portions over 10 min,

and the mixture was stirred at 0 °C for 1 h and then at room temperature for 1 h until no E
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was observed by TLC. The mixture was diluted with ethyl acetate (100 mL), washed with
10% Na,CO; (100 mL) and then brine (100 mL) and dried over sodium sulfate. The solvent
was removed in vacuo to give crude product which was used for the next step without
purification. The resulting residue was dissolved in acetonitrile (10 mL) and followed by
addition of diethyl amine (6.2 mL, 60 mmol). The mixture was stirred at room temperature
for overnight until no starting material was observed by TLC and concentrated in vacuo. The
residue was flash chromatographed on silica gel with 5% MeOH/DCM to provide
intermediate H (270 mg, yield 54% over two steps). MS (ESI) m/z 162.83 (M + H)".

[0157] (R)-4-(4-(methylthiomethoxy)piperidin-1-yl)-1-(phenylthio)butan-2-amine (I).
I was prepared from H and D according general procedure II. MS (ESI) m/z 341.58 (M + H)".

(R)-(1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)-1-isopropyl-5-methyl-4-(methylsulfonyl) -1H-
pyrrol-3-yl)-5-fluorophenyl)piperazin- 1-yl)phenyl)sulfamoyl)-2-(trifluoro
methylsulfonyl)phenylamino)-4-(phenylthio)butyl)piperidin-4-yloxy)methyl dihydrogen
phosphate (4). To a solution of B (200 mg, 0.23 mmol) and I (86 mg, 0.25 mmol) in DMF (4
mL) was added DIPEA (2 mL). The solution was stirred for 4 hours at room temperature
until no B was observed by TLC. The reaction mixture was concentrated in vacuo. The
residue was flash chromatographed on silica gel with 5% MeOH/DCM to give corresponding
thioether (241 mg, yield 88%). To a solution of the thioether from the first step (200 mg,
0.17 mmol), phosphoric acid (117 mg, 1.2 mmol), and molecular sieves (4 A, 500 mg) in
THF (6 mL) at 0 °C was added N-iodosuccinimide (57 mg, 0.26 mmol), and the mixture was
stirred at room temperature for 1 h until no starting material was observed by TLC. The
reaction mixture was filtered through Celite, and the solids were washed with methanol. The
filtrate was concentrated in vacuo and the residue was purified by HPLC to give the pure
product 4 (salt with TFA, 93 mg, yield 44%). The gradient ran from 60% of solvent A and
40% of solvent B to 20% of solvent A and 80% of solvent B in 40 min. MS (ESI): m/z
1242.08 (M + H)".

[0158] Scheme 6. Synthesis of compounds 5, 6, 7

A

EBUO™ Xy TRA, CHLOL

DIC, DMAP, CH,Cl,

Qsl %’? Qs
O E o

BM-957



WO 2014/113413 PCT/US2014/011571

[0159] Experimental Section: General procedure IV. (R)-3-((5-(4-chlorophenyl)-1-ethyl-4-
(3-(4-(4-(4-((4-(4-hydroxypiperidin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl) sulfonyl)phenylsulfonamido)phenyl)piperazin-1-yl)phenyl)-2-methyl-1H-
pyrrole-3-carbonyl)oxy)propanoic acid (5). To a solution of 957 (100 mg, 0.09 mmol), DIC
(18 mg, 0.14 mmol) and DMAP (20 mg, 0.14 mmol) in DCM (2 mL) was added tert-butyl 3-
hydroxypropanoate (41 mg, 0.28 mmol). The solution was stirred for 6 hours at room
temperature until no BM-957 was observed by TLC. The reaction mixture was diluted with
ethyl acetate (50 mL), washed with saturated NaHCO; solution (50 mL), brine (50 mL) and
dried over sodium sulfate. The solvent was removed in vacuo to give crude product which
was used for next step without purification. The resulting residue was dissolved in DCM (5
mL) and followed by adding TFA (2.5 mL). The solution was stirred at room temperature for
3 h until no starting material was observed by TLC. The reaction mixture was concentrated in
vacuo and the residue was purified by HPLC to give the pure product 5 (salt with TFA, 75
mg, yield 70% over two steps). The gradient ran from 60% of solvent A and 40% of solvent
B to 20% of solvent A and 80% of solvent B in 40 min. MS (ESI): m/z 1238.17 (M + H)".

[0160] (R)-4-((5-(4-chlorophenyl)-1-ethyl-4-(3-(4-(4-(4-((4-(4-hydroxypiperidin-1-yl)-1-
(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)sulfonyl)phenylsulfonamido)
phenyl)piperazin-1-yl)phenyl)-2-methyl-1H-pyrrole-3-carbonyl)oxy)benzoic acid (6). 6 was
prepared from BM-957 and tert-butyl 4-hydroxybenzoate according general procedure IV.
MS (ESI): m/z 1186.00 (M + H)".

[0161] (R)-4-((5-(4-chlorophenyl)-1-ethyl-4-(3-(4-(4-(4-((4-(4-hydroxypiperidin-1-yl)-1-
(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)sulfonyl)phenylsulfonamido)
phenyl)piperazin-1-yl)phenyl)-2-methyl-1H-pyrrole-3-carbonyl)oxy)cyclohexane carboxylic
acid (7). 7 was prepared from BM-957 and tert-butyl 4-hydroxycyclohexanecarboxylate
according general procedure IV. MS (ESI): m/z 1192.25 (M + H)".
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[0162] Scheme 7. Synthesis of 8, 9
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[0163] Experimental Section:

[0164] General procedure V. (R)-(((5-(4-chlorophenyl)-1-ethyl-4-(3-(4-(4-(4-((4-(4-
hydroxypiperidin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)
sulfonyl)phenylsulfonamido)phenyl)piperazin- 1-yl)phenyl)-2-methyl-1H-pyrrole-3-
carbonyl)oxy)methyl)phosphonic acid (8). To a solution of BM-957 (100 mg, 0.09 mmol),
DIC (18 mg, 0.14 mmol) and DMAP (20 mg, 0.14 mmol) in DCM (2 mL) was added
dimethyl (hydroxymethyl)phosphonate (40 mg, 0.28 mmol). The solution was stirred for 6
hours at room temperature until no BM-957 was observed by TLC. The reaction mixture was
diluted with ethyl acetate (50 mL), washed with saturated NaHCO; solution (50 mL), brine
(50 mL) and dried over sodium sulfate. The solvent was removed in vacuo to give crude
product which was used for next step without purification. The resulting residue was
dissolved in DCM (5 mL) and followed by adding TMSBr (248 uL, 1.9 mmol). The solution
was stirred at room temperature for 20 h until no starting material was observed by MS. The
reaction mixture was concentrated in vacuo and the residue was purified by HPLC to give the
pure product 8 (salt with TFA, 74 mg, yield 68% over two steps). The gradient ran from 60%
of solvent A and 40% of solvent B to 20% of solvent A and 80% of solvent B in 40 min. 'H
NMR (300 M Hz, CD;0OD): 6 7.92 (s, 1H), 7.73-7.70 (m, 2H), 7.34-6.82 (m, 17H), 4.28 (d, J
= 8.6 Hz, 2H), 4.06-3.35 (m, 14H), 3.20-2.92 (m, 5H), 2.65 (s, 3H), 2.24-1.67 (m, 6H), 1.10
(t, J=7.0 Hz, 3H). MS (ESD): m/z 1259.50 (M + H)".

[0165] (R)-(2-((5-(4-chlorophenyl)-1-ethyl-4-(3-(4-(4-(4-((4-(4-hydroxypiperidin-1-yl)-1-
(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)sulfonyl)phenylsulfonamido)
phenyl)piperazin- 1-yl)phenyl)-2-methyl-1H-pyrrole-3-carbonyl)oxy)ethyl) phosphonic acid
(9). 9 was prepared from BM-957 and dimethyl (2-hydroxyethyl)phosphonate according
general procedure V. MS (ESI): m/z 1173.42 (M + H)".
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[0166] Scheme 8. Synthesis of 10

o]

”

b -
N

MeO O N~
d Q)

—_—
C

NaOH, H,0, MeOH N
0
N

EDCI, HOBT, CH,Cl,

& -NH

[\

o P . .9
\ & -NH O \ R
e W
C“/ HQO e N/Qo
HO FaCOsS HO/C/N I:HQCO2S .

[0167]  ((R)-4-(5-(4-chlorophenyl)-1-ethyl-4-(3-(4-(4-(4-(4-(4-hydroxypiperidin-1-yl)-1-
(phenylthio)butan-2-ylamino)-3-
(trifluoromethylsulfonyl)phenylsulfonamido)phenyl)piperazin-1-yl)phenyl)-2-methyl- 1H-
pyrrole-3-carboxamido)cyclohexanecarboxylic acid (10). To a solution of BM-957 (100 mg,
0.09 mmol), EDCI (27 mg, 0.14 mmol) and HOBT (19 mg, 0.14 mmol) in DCM (2 mL) was
added methyl 4-aminocyclohexanecarboxylate (44 mg, 0.28 mmol). The solution was stirred
for 2 hours at room temperature until no BM-957 was observed by TLC. The reaction
mixture was diluted with ethyl acetate (50 mL), washed with saturated NaHCOj5 solution (50
mL), brine (50 mL) and dried over sodium sulfate. The solvent was removed in vacuo to give
crude product which was used for next step without purification. The resulting residue was
dissolved in H,O and MeOH (5 mL and 5 mL respectively) and followed by adding NaOH
(76 mg, 1.9 mmol). The solution was stirred at room temperature for 20 h until no starting
material was observed by TLC. The reaction mixture was concentrated in vacuo and the
residue was purified by HPLC to give the pure product 10 (salt with TFA, 61 mg, yield 55%
over two steps). The gradient ran from 60% of solvent A and 40% of solvent B to 20% of
solvent A and 80% of solvent B in 40 min. MS (ESI): m/z 1191.17 (M + H)".

[0168] Scheme 9. Synthesis of 11
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[0169] Experimental Section:
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[0170] (R)-(((5-(4-chlorophenyl)-4-(3-(4-(4-(4-((4-(4-hydroxypiperidin-1-yl)-1-
(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)sulfonyl)phenylsulfonamido)
phenyl)piperazin-1-yl)phenyl)-1-isopropyl-2-methyl-1H-pyrrole-3-carbonyl)oxy)
methyl)phosphonic acid (11). 11 was prepared from BM-962 and dimethyl
(hydroxymethyl)phosphonate according general procedure V. 'H NMR (300 M Hz, CD;0D):
0 8.00 (s, 1H), 7.80-7.71 (m, 2H), 7.38-6.83 (m, 17H), 4.50-4.41 (m, 1H), 4.29 (d, /= 8.7 Hz,
2H), 4.11-3.59 (m, 12H), 3.25-3.01 (m, 6H), 2.77 (s, 3H), 2.28-1.70 (m, 6H), 1.47 (d, J=7.1
Hz, 6H). MS (ESD): m/z 1174.25 (M + H)".

[0171] Scheme 9. Synthesis of 12
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[0172] Experimental Section:

[0173] (R)-(2-((1-(3-((4-(N-(4-(4-(3-(2-(4-chlorophenyl)- 1 -isopropyl-5-methyl-4-
(methylsulfonyl)- 1H-pyrrol-3-yl)-5-fluorophenyl)piperazin- 1-yl)phenyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylthio)butyl)piperidin-4-yl)oxy)-2-
oxoethyl)phosphonic acid (12). 12 was prepared from BM-1197 and 2-
(diethoxyphosphoryl)acetic acid according to general procedure V. 'H NMR (300 M Hz,
CD3;0D): 6 7.99 (s, 1H), 7.75 (d, J = 8.6 Hz, 1H), 7.36-7.13 (m, 12H), 6.92-6.43 (m, 5H),
5.10 (s, 1H), 4.51-4.44 (m, 1H), 4.10 (s, 1H), 3.56-2.93 (m, 18H), 2.87 (s, 3H), 2.76 (s, 3H),
2.29-1.90 (m, 6H), 1.46 (d, J = 7.3 Hz, 6H). MS (ESI): m/z 1253.36 (M + H)".
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[0174] Scheme 10. Synthesis of 13
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[0175] Experimental Section:

[0176] (R)-tert-butyl 1-(3-amino-4-(phenylthio)butyl)piperidine-4-carboxylate (K). K
was prepared from tert-butyl piperidine-4-carboxylate and D according to general procedure
IL. MS (ESI): m/z 365.50 (M + H)".

[0177] (R)-1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)-1-isopropyl-5-methyl-4-
(methylsulfonyl)- 1H-pyrrol-3-yl)-5-fluorophenyl)piperazin- 1-yl)phenyl)sulfamoyl)-2-
(trifluoromethylsulfonyl)phenylamino)-4-(phenylthio)butyl)piperidine-4-carboxylic acid
(13). 13 was prepared from K and B according general procedure III. MS (ESI): m/z 365.50
(M +H)".

[0178] Scheme 11. Synthesis of 14, 15, 16, 17
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[0179] Experimental Section:

[0180] (R)-(1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)- 1-isopropyl-5-methyl-4-
(methylsulfonyl)- 1H-pyrrol-3-yl)-5-fluorophenyl)piperazin- 1-yl)phenyl)sulfamoyl)-2-
(trifluoromethylsulfonyl)phenylamino)-4-(phenylthio)butyl)piperidine-4-
carbonyloxy)methylphosphonic acid (14). 14 was prepared from 13 and dimethyl (2-
hydroxymethyl)phosphonate according to general procedure V. 'H NMR (300 M Hz,
CD;OD): 6 7.94 (s, 1H), 7.72 (d, J = 9.1 Hz, 1H), 7.30-7.09 (m, 13H), 6.91-6.42 (m, 4H),
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4.49-4.40 (m, 1H), 3.99 (s, 1H), 3.55-2.90 (m, 16H), 2.84 (s, 3H), 2.72 (s, 3H), 2.63-2.55 (m,
1H), 2.23-1.81 (m, 6H), 1.41 (d, J = 4.3 Hz, 6H). MS (ESI): m/z 1160.34 (M + H)".

[0181] (R)-2-(1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)-1-isopropyl-5-methyl-4-
(methylsulfonyl)- 1H-pyrrol-3-yl)-5-fluorophenyl)piperazin- 1-yl)phenyl)sulfamoyl)-2-
(trifluoromethylsulfonyl)phenylamino)-4-(phenylthio)butyl)piperidine-4-
carbonyloxy)ethylphosphonic acid (15). 15 was prepared from 13 and dimethyl (2-
hydroxyethyl)phosphonate according to general procedure V. 'H NMR (300 M Hz, CD;OD):
0793 (d,J=19 Hz, 1H), 7.72 (dd, J=9.2, 1.8 Hz, 1H), 7.30-7.12 (m, 12H), 6.83-6.42 (m,
SH), 4.46-4.33 (m, 3H), 3.96 (s, 1H), 3.54-2.93 (m, 16H), 2.82 (s, 3H), 2.72 (s, 3H), 2.71-
2.55 (m, 1H), 2.24-1.65 (m, 8H), 1.41 (d, J = 7.1 Hz, 6H). MS (ESI): m/z 1268.58 (M + H)".

[0182] (R)-3-(1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)-1-isopropyl-5-methyl-4-
(methylsulfonyl)- 1H-pyrrol-3-yl)-5-fluorophenyl)piperazin- 1-yl)phenyl)sulfamoyl)-2-
(trifluoromethylsulfonyl)phenylamino)-4-(phenylthio)butyl)piperidine-4-
carbonyloxy)propylphosphonic acid (16). 16 was prepared from 13 and dimethyl 3-
hydroxypropylphosphonate according to general procedure V. 'H NMR (300 M Hz,
CD;0OD): 67.95 (d, J=2.0 Hz, 1H), 7.73 (dd, /=9.2, 2.1 Hz, 1H), 7.33-7.12 (m, 12H), 6.92-
6.43 (m, 5SH), 4.51-4.41 (m, 1H), 4.18-3.98 (m, 3H), 3.56-2.92 (m, 16H), 2.85 (s, 3H), 2.73
(s, 3H), 2.67-2.50 (m, 1H), 2.25-1.70 (m, 10H), 1.43 (d, J = 7.1 Hz, 6H). MS (ESI): m/z
1282.34 (M + H)".

[0183] 2-(1-((R)-3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)-1-isopropyl-5-methyl-4-
(methylsulfonyl)- 1H-pyrrol-3-yl)-5-fluorophenyl)piperazin- 1-yl)phenyl)sulfamoyl)-2-
(trifluoromethylsulfonyl)phenylamino)-4-(phenylthio)butyl)piperidine-4-
carbonyloxy)propylphosphonic acid (17). 17 was prepared from 13 and dimethyl 2-
hydroxypropylphosphonate according to general procedure V. 'H NMR (300 M Hz,
CD;0D): 6 7.97 (d, J=2.1 Hz, 1H), 7.73 (d, / = 9.2 Hz, 1H), 7.36-7.08 (m, 13H), 6.85-6.43
(m, 4H), 5.26 (s, 1H), 4.54-4.44 (m, 1H), 4.01 (s, 1H), 3.58-2.92 (m, 16H), 2.87 (s, 3H), 2.76
(s, 3H), 2.70-2.55 (m, 1H), 2.26-1.85 (m, 8H), 1.46 (d, J =7.1 Hz, 6H), 1.38 (d, /= 5.9 Hz,
3H). MS (ESI): m/z 1281.34 (M + H)".
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[0184] Scheme 12. Synthesis of 18
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[0185] Experimental Section:

[0186] (R)-methyl 1-(3-amino-4-(phenylthio)butyl)-4-methylpiperidine-4-carboxylate
M). M was prepared from methyl 4-methylpiperidine-4-carboxylate and D according
general procedure I1. MS (ESI): m/z 337.55 (M + H)".

[0187] (R)-1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)- 1-isopropyl-5-methyl-4-
(methylsulfonyl)- 1H-pyrrol-3-yl)-5-fluorophenyl)piperazin- 1-yl)phenyl)sulfamoyl)-2-
(trifluoromethylsulfonyl)phenylamino)-4-(phenylthio)butyl)-4-methylpiperidine-4-carboxylic
acid (18). To a solution of B (100 mg, 0.11 mmol) and M (47 mg, 0.14 mmol) in DMF (2
mL) was added DIPEA (1 mL). The solution was stirred for 4 hours at room temperature
until no B was observed by TLC. The reaction mixture was concentrated in vacuo to give
crude product which was used for next step without purification. The resulting residue was
dissolved in H,O and MeOH (5 mL and 5 mL respectively) and followed by adding NaOH
(88 mg, 2.2 mmol). The solution was stirred at room temperature for 20 h until no starting
material was observed by TLC. The reaction mixture was concentrated in vacuo and the
residue was purified by HPLC to give the pure product 18 (salt with TFA, 75 mg, yield 58%
over two steps). The gradient ran from 60% of solvent A and 40% of solvent B to 20% of
solvent A and 80% of solvent B in 40 min. 'H NMR (300 M Hz, CD3;0D): 67.99 (d,J=1.6
Hz, 1H), 7.76 (dd, /=9.1, 1.9 Hz, 1H), 7.37-6.84 (m, 14H), 6.68-6.45 (m, 3H), 4.55-4.45 (m,
1H), 4.02 (s, 1H), 3.58-2.92 (m, 17H), 2.88 (s, 3H), 2.77 (s, 3H), 2.41-1.86 (m, 5SH), 1.47 (d,
J=7.1Hz, 6H), 1.31 (s, 3H). MS (ESD): m/z 1173.73 (M + H)".

[0188] Scheme 13. Synthesis of 19
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[0189] Experimental Section:

[0190] (R)-2-(1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)-1-isopropyl-5-methyl-4-
(methylsulfonyl)- 1H-pyrrol-3-yl)-5-fluorophenyl)piperazin- 1-yl)phenyl)sulfamoyl)-2-
(trifluoromethylsulfonyl)phenylamino)-4-(phenylthio)butyl)-4-methylpiperidine-4-
carbonyloxy)ethylphosphonic acid (19). 19 was prepared from 18 and dimethyl (2-
hydroxyethyl)phosphonate according to general procedure V. 'H NMR (300 M Hz, CD;OD):
0798 (d, J=1.6Hz, 1H), 7.73 (dd, J = 9.2, 2.0 Hz, 1H), 7.35-6.83 (m, 14H), 6.65-6.44 (m,
3H), 4.52-4.38 (m, 3H), 4.01 (s, 1H), 3.44-2.92 (m, 17H), 2.87 (s, 3H), 2.77 (s, 3H), 2.45-
2.11 (m, 5SH), 1.71 (t, J = 14.4 Hz, 2H), 1.46 (d, /= 7.1 Hz, 6H), 1.30 (s, 3H). MS (ESI): m/z
1281.92 (M + H)".

[0191] Scheme 14. Synthesis of compound 20
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[0192] Experimental Section:

[0193] (R)-3-(((9H-fluoren-9-yl)methoxy)carbonylamino)-4-(2-
fluorophenylthio)butanoic acid (O). A solution of BuzP (0.8 mL, 3.3 mmol) and ADDP
(833 mg, 3.3 mmol) in THF (30 mL) was treated with N (1.2 g, 3.0 mmol) and thiophenol
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(320 uL, 3.0 mmol), stirred for 4 h until no N was observed by TLC. The mixture was diluted
with ethyl acetate (100 mL), washed with 1M HCI aqueous (100 mL), brine (100 mL) and
dried over sodium sulfate. The solvent was removed in vacuo to give crude product which
was used for next step without purification. The resulting residue was dissolved in DCM (10
mL) and followed by adding TFA (5 mL). The solution was stirred at room temperature for 1
h until no starting material was observed by TLC. The reaction mixture was concentrated in
vacuo and the residue was flash chromatographed on silica gel with 5% MeOH/DCM to
provide intermediate O (840 mg, yield 62% over two steps). MS (ESI) m/z 452.86 (M + H)".

[0194] (R)-(9H-fluoren-9-yl)methyl 1-(2-fluorophenylthio)-4-oxobutan-2-ylcarbamate (P).
P was prepared from O according to general procedure 1. MS (ESI) m/z 437.00 (M + H)".

[0195] (R)-tert-butyl 1-(3-amino-4-(2-fluorophenylthio)butyl)piperidine-4-carboxylate (Q).
Q was prepared from P and J according to general procedure II. MS (ESI) m/z 383.38 (M +
H)".

[0196] (R)-1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)- 1-isopropyl-5-methyl-4-
(methylsulfonyl)- 1H-pyrrol-3-yl)-5-fluorophenyl)piperazin- 1-yl)phenyl)sulfamoyl)-2-
(trifluoromethylsulfonyl)phenylamino)-4-(2-fluorophenylthio)butyl)piperidine-4-carboxylic
acid (20). 20 was prepared from Q and B according to general procedure III. 'H NMR (300
M Hz, CD;OD): 6 7.97 (d, J = 1.9 Hz, 1H), 7.76 (dd, J = 9.2, 2.0 Hz, 1H), 7.39-6.87 (m,
13H), 6.65-6.43 (m, 3H), 4.54-4.45 (m, 1H), 4.01 (s, 1H), 3.67-2.93 (m, 17H), 2.87 (s, 3H),
2.77 (s, 3H), 2.29-1.86 (m, 6H), 1.46 (d, J = 7.1 Hz, 6H). MS (ESI): m/z 1177.92 (M + H)".

[0197] Scheme 15. Synthesis of 21

[0198] Experimental Section:

[0199] (R)-2-(1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)-1-isopropyl-5-methyl-4-
(methylsulfonyl)- 1H-pyrrol-3-yl)-5-fluorophenyl)piperazin- 1-yl)phenyl)sulfamoyl)-2-
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(trifluoromethylsulfonyl)phenylamino)-4-(2-fluorophenylthio)butyl)piperidine-4-
carbonyloxy)ethylphosphonic acid (21). 21 was prepared from 20 and dimethyl (2-
hydroxyethyl)phosphonate according to general procedure V. 'H NMR (300 M Hz, CD;OD):
0795, J=1.7Hz 1H), 7.77 (dd, J = 9.0, 2.0 Hz, 1H), 7.36-6.86 (m, 13H), 6.66-6.44 (m,
3H), 4.51-4.33 (m, 3H), 4.01 (s, 1H), 3.58-2.93 (m, 16H), 2.85 (s, 3H), 2.74 (s, 3H), 2.70-
2.58 (m, 1H), 2.27-1.84 (m, 8H), 1.43 (d, J = 7.1 Hz, 6H). MS (ESI): m/z 1286.58 (M + H)".

[0200] Scheme 16. Synthesis of 22

(J

N
NH, GFs NHz GFs GFs
S/\E/NHZ o= S Soz 7 \©:SO2 N/©)‘\ 802
A J oS EI
@ N T Cl TFA CHCly s NH
9 DIPEA, DMF ©/ EDCI, DMAP, CH,Cl; O
N
O "Ot-Bu ﬁ/(\) Cl OYQ
Ot-Bu 22

H]

[0201] Experimental Section:

[0202] (R)-tert-butyl 1-(4-(phenylthio)-3-(4-sulfamoyl-2-(trifluoromethylsulfonyl)phenyl
amino)butyl)piperidine-4-carboxylate (S). To a solution of K (1.1 g, 3.0 mmol) and R (922
mg, 3.0 mmol) in DMF (15 mL) was added DIPEA (3 mL). The solution was stirred for 4
hours at room temperature until no K was observed by TLC. The reaction mixture was
concentrated in vacuo and the residue was flash chromatographed on silica gel with 5%
MeOH/DCM to provide intermediate S (1.7 g, yield 88% over two steps). MS (ESI) m/z
653.21 M + H)".

[0203] (R)-1-(3-(4-(N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-enyl)methyl)
piperazin-1-yl)benzoyl)sulfamoyl)-2-(trifluoromethylsulfonyl)phenylamino)-4-
(phenylthio)butyl)piperidine-4-carboxylic acid (22). To a solution of T (438 mg, 1.0 mmol),
EDCI (386 mg, 2.0 mmol) and DMAP (121 mg, 1.0 mmol) in DCM (10 mL) was added S
(718 mg, 1.1 mmol). The solution was stirred for 2 hours at room temperature until no T was
observed by TLC. The reaction mixture was diluted with ethyl acetate (50 mL), washed with
saturated NaHCO; solution (50 mL), brine (50 mL) and dried over sodium sulfate. The
solvent was removed in vacuo to give crude product which was used for next step without
purification. The resulting residue was dissolved in DCM (10 mL) and followed by adding
TFA (5 mL). The solution was stirred at room temperature for 1 h until no starting material

was observed by TLC. The reaction mixture was concentrated in vacuo and the residue was
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purified by HPLC to give the pure product 22 (salt with TFA, 742 mg, yield 73% over two
steps). The gradient ran from 60% of solvent A and 40% of solvent B to 20% of solvent A
and 80% of solvent B in 40 min. 'H NMR (300 M Hz, CD;0D): ¢ 8.30 (d, /= 2.1 Hz, 1H),
8.02 (dd, J =9.2, 2.5 Hz, 1H), 7.70 (d, J = 8.9 Hz, 2H), 7.40-6.88 (m, 12H), 4.04 (s, 1H),
3.67-2.82 (m, 19H), 2.58 (t, /= 14.4 Hz, 1H), 2.37-1.81 (m, 10H), 1.53 (t, J = 6.2 Hz, 2H),
1.03 (s, 6H). MS (ESI): m/z 1017.50 (M + H)".

[0204] Scheme 17. Synthesis of 23, 24, 25

s, TMSBr, CH,Cl, NJ
O O/ NJ DIC, DMAP, CH,Cl, o
0
Cl 0 23 n=1 ~
22 24 n=2 (?Hé)”
OH 25 n=3 p?
HO™' ~OH

[0205] Experimental Section:

[0206] (R)-(1-(3-(4-(N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex- 1-enyl)methyl)
piperazin-1-yl)benzoyl)sulfamoyl)-2-(trifluoromethylsulfonyl)phenylamino)-4-
(phenylthio)butyl)piperidine-4-carbonyloxy)methylphosphonic acid (23). 23 was prepared
from 22 and dimethyl (2-hydroxymethyl)phosphonate according general procedure V. 'H
NMR (300 M Hz, CD;0D): ¢ 8.35 (s, 1H), 8.09 (d, /= 6.7 Hz, 1H), 7.79 (d, J =7.7 Hz, 2H),
7.44-6.82 (m, 12H), 4.30-4.10 (m, 3H), 3.74-2.73 (m, 19H), 2.43-1.44 (m, 12H), 1.10 (s, 6H).
MS (ESI): m/z 1110.58 (M + H)".

[0207] (R)-2-(1-(3-(4-(N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-enyl)methyl)
piperazin-1-yl)benzoyl)sulfamoyl)-2-(trifluoromethylsulfonyl)phenylamino)-4-
(phenylthio)butyl)piperidine-4-carbonyloxy)ethylphosphonic acid (24). 24 was prepared
from 22 and dimethyl (2-hydroxyethyl)phosphonate according general procedure V. 'H NMR
(300 M Hz, CD;0OD): ¢ 8.29 (d, / =2.0 Hz, 1H), 8.02 (dd, /=92, 2.0 Hz, 1H), 7.71 (d, J =
8.8 Hz, 2H), 7.37-6.84 (m, 12H), 4.34-4.30 (m, 2H), 4.03 (s, 1H), 3.66-2.88 (m, 18H), 2.62 (t,
J =144 Hz, 1H), 2.36-1.82 (m, 12H), 1.53 (t, / = 6.1 Hz, 2H), 1.03 (s, 6H). MS (ESI): m/z
1025.64 (M + H)".

[0208] (R)-3-(1-(3-(4-(N-(4-(4-((2-(4-chlorophenyl)-5,5-dimethylcyclohex-1-enyl)methyl)
piperazin-1-yl)benzoyl)sulfamoyl)-2-(trifluoromethylsulfonyl)phenylamino)-4-
(phenylthio)butyl)piperidine-4-carbonyloxy)propylphosphonic acid (25). 25 was prepared
from 22 and dimethyl 3-hydroxypropylphosphonate according general procedure V. 'H NMR
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(300 M Hz, CD;0OD): 6 7.95 (d, J=2.0 Hz, 1H), 7.73 (dd, /=9.2, 2.1 Hz, 1H), 7.33-7.12 (m,
12H), 6.92-6.43 (m, 5H), 4.51-4.41 (m, 1H), 4.18-3.98 (m, 3H), 3.56-2.92 (m, 16H), 2.85 (s,
3H), 2.73 (s, 3H), 2.67-2.50 (m, 1H), 2.25-1.70 (m, 10H), 1.43 (d, /= 7.1 Hz, 6H). MS (ESI):
mlz 1282.34 (M + H)".

(IZI
0=8=0

H,, Pd/C, MeOH F

K, DIPEA, DMF TFA, CHxCl,

26

[0209]  5-(4-chlorophenyl)-4-(3-(4-(4-(4-fluoro-3-
(trifluoromethylsulfonyl)phenylsulfonamido)phenyl)piperazin-1-yl)phenyl)-1-isopropyl-2-
methyl-N-(methylsulfonyl)-1H-pyrrole-3-carboxamide (V). V was prepared from U

according to the procedure described for the preparation of compound B.

[0210] (R)-1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)-1-isopropyl-5-methyl-4-
(methylsulfonylcarbamoyl)- 1 H-pyrrol-3-yl)phenyl)piperazin-1-yl)phenyl)sulfamoyl)-2-
(trifluoromethylsulfonyl)phenylamino)-4-(phenylthio)butyl)piperidine-4-carboxylic acid

(26) (BM-1077): 26 was prepared from K and V according to general procedure III 'H
NMR (300 M Hz, CDs;0OD): 6 7.94 (d,J = 1.7 Hz, 1H), 7.71 (dd, J = 2.0, 9.2 Hz, 1H), 7.39-
7.28 (m, 4H), 7.26-7.14 (m, 6H), 7.09-6.96 (m, SH), 6.93-6.85 (m, 2H), 6.81 (d, ] = 9.3 Hz,
1H), 6.75 (d, J =7.6 Hz, 1H), 4.41 (quintet, J = 7.0 Hz, 1H), 4.06-3.88 (m, 1H), 3.66-3.33 (m,
8H), 3.25-2.79 (m, 10H), 2.63 (s, 3H), 2.36-1.71 (m, 8H), 1.43 (d, ] =7.1 Hz, 6H). MS (ESD):
miz 1184.42 (M + H)".
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[0211] (R)-2-(1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)- 1-isopropyl-5-methyl-4-
(methylsulfonylcarbamoyl)- 1 H-pyrrol-3-yl)phenyl)piperazin-1-yl)phenyl)sulfamoyl)-2-
(trifluoromethylsulfonyl)phenylamino)-4-(phenylthio)butyl)piperidine-4-
carbonyloxy)ethylphosphonic acid (27) (BM-1080): 27 was prepared from 26 and dimethyl
(2-hydroxyethyl)phosphonate according general procedure V. 'H NMR (300 M Hz, CD;0D):
0795 (d,J=19Hz, 1H), 7.69 (dd, J = 1.8, 9.3 Hz, 1H), 7.39-7.28 (m, 4H), 7.27-7.12 (m,
6H), 7.08-6.76 (m, 8H), 6.70 (d, J =7.5 Hz, 1H), 4.49-4.27 (m, 3H), 4.04-3.89 (m, 1H), 3.65-
3.48 (m, 2H), 3.29-2.84 (m, 15H), 2.63 (s, 3H), 2.37-1.74 (m, 11H), 1.43 (d, J = 7.1 Hz, 6H).
MS (ESI): m/z 1292.00 (M + H)".

g NH;

H N
N =
D, NaBH(OAc);  Et2NH, CH:CN @ » B, DIPEA, DMF NaOH, H,0, MeOH
OMe  GicH,CHCI N
0 %
OMe
" O
° X
OH w
N
NJ H

X

0 FsC0OsS

28

[0212] (R)-methyl 1-(3-amino-4-(phenylthio)butyl)-3-methylazetidine-3-carboxylate
(X). X was prepared from methyl 3-methylazetidine-3-carboxylate (W), and D according to

general procedure II.

[0213] (R)-1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)-1-isopropyl-5-methyl-4-
(methylsulfonyl)- 1 H-pyrrol-3-yl)-5-fluorophenyl)piperazin- 1-yl)phenyl)sulfamoyl)-2-
(trifluoromethylsulfonyl)phenylamino)-4-(phenylthio)butyl)-3-methylazetidine-3-carboxylic
acid (28) (BM-1082): 28 was prepared from X and B according to the procedure described
for the preparation of compound 18. "H NMR (300 M Hz, CD;0D): § 7.94 (d, ] = 1.9 Hz,
1H), 7.70 (dd, J = 2.1, 9.1 Hz, 1H), 7.35-7.24 (m, 4H), 7.23-7.12 (m, 5H), 7.07-6.91 (m, 4H),
6.87 (d,J =9.0 Hz, 1H), 6.81 (d, J = 9.3 Hz, 1H), 6.63-6.47 (m, 2H), 6.41 (d, J = 9.0 Hz, 1H),
4.55-4.38 (m, 2H), 3.97 (br. s., 3H), 3.29-3.08 (m, 13H), 2.84 (s, 3H), 2.74 (s, 3H), 2.12-1.81
(m, 2H), 1.56 (br. s., 3H), 1.43 (d, J = 7.1 Hz, 6H). MS (ESI): m/z 1144.75 (M + H)".

[0214] (R)-2-(1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)- 1-isopropyl-5-methyl-4-
(methylsulfonyl)- 1 H-pyrrol-3-yl)-5-fluorophenyl)piperazin- 1-yl)phenyl)sulfamoyl)-2-
(trifluoromethylsulfonyl)phenylamino)-4-(phenylthio)butyl)-3-methylazetidine-3-
carbonyloxy)ethylphosphonic acid (29) (BM-1083): 29 was prepared from 28 and dimethyl
(2-hydroxyethyl)phosphonate according general procedure V. 'H NMR (300 M Hz, CD;OD):
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07.94 (d,J=1.8 Hz, 1H), 7.72 (dd, J = 2.0, 9.1 Hz, 1H), 7.36-7.26 (m, 4H), 7.25-7.15 (m,
5H), 7.10-7.00 (m, 4H), 6.92-6.83 (m, 1H), 6.63 (s, 1H), 6.57 (d,J =12.0 Hz, 1H), 6.42 (d, ]
=9.2 Hz, 1H) 4.58-4.35 (m, 5H), 4.12-3.82 (m, 3H), 3.29-3.05 (m, 11H), 2.84 (s, 3H), 2.74
(s, 3H), 2.25-1.83 (m, 5H), 1.50 (br. s., 3H), 1.43 (d, J = 7.1 Hz, 6H). MS (ESI): m/z 1252.83
(M +H)".

[0215] (R)-3-(1-(3-(4-(N-(4-(4-(3-(2-(4-chlorophenyl)- 1-isopropyl-5-methyl-4-
(methylsulfonyl)- 1 H-pyrrol-3-yl)-5-fluorophenyl)piperazin- 1-yl)phenyl)sulfamoyl)-2-
(trifluoromethylsulfonyl)phenylamino)-4-(phenylthio)butyl)-3-methylazetidine-3-
carbonyloxy)propylphosphonic acid (30) (BM-1084): 30 was prepared from 28 and dimethyl
(3-hydroxypropyl)phosphonate according general procedure V. 'H NMR (300 M Hz,
CD;0OD): 6 7.94 (s, 1H), 7.71 (dd, 1.5, 9.0 Hz, 1H), 7.36-7.26 (m, 4H), 7.24-7.15 (m, SH),
7.08-6.97 (m, 4H), 6.90-6.79 (m, 2H), 6.62 (s, 1H), 6.56 (d,J = 11.8 Hz, 1H), 6.41 (d,J =8.8
Hz, 1H), 4.54-4.37 (m, 3H), 4.33-4.21 (m, 2H), 3.99 (br. s., 3H), 3.28-3.05 (m, 11H), 2.84 (s,
3H), 2.74 (s, 3H), 2.15-1.71 (m, 7H), 1.57 (s, 3H), 1.43 (d, J = 7.0 Hz, 6H). MS (ESI): m/z
1266.92 (M + H)".

Fluorescence polarization based binding assays for Bcl-2/Bcl-xL./Mcl-1 proteins

[0216] Sensitive and quantitative fluorescence polarization (FP)-based assays were
developed and optimized to determine the binding affinities of Bcl-2 family protein inhibitors

to the recombinant Bcl-2, Bel-xL, and Mcl-1 proteins.
Determine K, values of fluorescent probes to proteins

[0217] Homemade fluorescein labeled BIM (81-106), Bak (72-87) and BID (79-99)
peptides, named as Flu-BIM, Flu-BAK, and Flu-BID were used as the fluorescent probes in
FP assays for Bcl-2, Bcl-xL, and Mcl-1 respectively. By monitoring the total fluorescence
polarization of mixtures composed with fluorescent probes at fixed concentrations and
proteins with increasing concentrations up to the full saturation, the K, values of Flu-BIM to
Bcl-2, Flu-BAK to Bcl-xL, and Flu-BID to Mcl-1 were determined to be 0.55+0.15 nM,
4.420.8, and 6.8+1.5 nM, respectively. Fluorescence polarization values were measured using
the Infinite M-1000 multi-mode plate reader (Tecan U.S., Research Triangle Park, NC) in
Microfluor 2 96-well, black, round-bottom plates (Thermo Scientific). To each well, 1nM of
Flu-BIM or 2nM of Flu-BAK or 2nM of Flu-BID and increasing concentrations of Bcl-2 or
Bcl-xL or Mcl-1 were added to a final volume of 125 ul in the assay buffer (100mM
potassium phosphate, pH 7.5, 100 pg/ml bovine y-globulin, 0.02% sodium azide, Invitrogen,
with 0.01% Triton X-100 and 4% DMSO). Plates were incubated at room temperature for 2
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hours with gentle shaking to assure equilibrium. The polarization values in millipolarization
units (mP) were measured at an excitation wavelength of 485 nm and an emission wavelength
of 530 nm. Equilibrium dissociation constants (K;) were then calculated by fitting the
sigmoidal dose-dependent FP increases as a function of protein concentrations using

Graphpad Prism 5.0 software (Graphpad Software, San Diego, CA).
Determine K; values of Bcl-2 family protein inhibitors

[0218] K, values of Bcl-2 family protein inhibitors to Bcl-2/Bcl-xL/Mcl-1 proteins were
determined through an inhibitor dose-dependent competitive binding experiment in which
serial dilutions of inhibitors competed against the fluorescent probe with fixed concentration
for binding to a fixed concentration of the protein. Mixtures of 5 ul of the tested inhibitor in
DMSO and 120 pl of pre-incubated protein/probe complex in the assay buffer were added
into assay plates and incubated at room temperature for 2 hours with gentle shaking. Final
concentrations of the protein and probe are 1.5nM and 1nM for the Bcl-2 assay, 10nM and
2nM for the Bcl-xL assay, and 20nM and 2nM for the Mcl-1 assay, respectively. Negative
controls containing protein/probe complex only (equivalent to 0% inhibition), and positive
controls containing free probe only (equivalent to 100% inhibition), were included in each
assay plate. FP values were measured as described above. IC50 values were determined by
nonlinear regression fitting of the competition curves. K; values of inhibitors were calculated
using the home derived equation described before (Z. Nikolovska-Coleska et al., Analytical
Biochemistry, 2004, 332, 261-273.), based upon the IC50 values obtained, the K; values of
the probes to the proteins, and the concentrations of the proteins and probes in the
competitive assays. K; values were also calculated by using another very commonly used
equation present in the literatures (X. Y. Huang, Journal of Biomolecular Screening, 2003, 8,

34-38.), results from which consisted with our results extremely well.

Cell Growth Assay

[0219] RS4;11 and H146 cells were seeded in 96-well cell culture plates at a density of
10,000 cells/well with serially diluted compounds and incubated at 37°C in an atmosphere of
95% air and 5% CO, for 4 days. Cell viability was determined using the WST-8 (2-(2-
methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium,

monosodium salt) based Cell Counting-8 Kit (Dojindo Molecular Technologies, Inc.,
Rockville, MD) according to the manufacture's instruction. Briefly, WST-8 was added to
each well at a final concentration of 10% (v/v), and then the plates were incubated at 37°C for

1-2 hourrs for color development. The absorbance was measured at 450 nm using a
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SPECTRAmax PLUS plate reader (Molecular Devices, Sunnyvale, CA). The half maximal
inhibitory concentration (ICsp) was calculated using the GraphPad Prism 5 software

(GraphPad Software, La Jolla, CA).

Cell Death Assay

[0220] Cell death assay was performed using a Trypan blue exclusion test of cell viability.
One million cells were seeded in 6-well plates and incubated at 37°C in an atmosphere of
95% air and 5% CO, with or without compounds for the indicated time points. At the end of
treatment, cells were collected and centrifuged at 1000 rpm for 5 minutes. The cell pellets
were re-suspended in PBS and mixed with 0.4% Trypan blue (Invitrogen) at 1:1 dilution to
determine cell viability using Olympus CKX41 microscope (Olympus, Center Valley, PA).

Apoptosis Assay

[0221] Apoptosis assay was performed using the Annexin-V-FLUOS Staining kit (Roche
Diagnostics, Indianapolis, IN) according to the manufacturer's instruction. Briefly, cells were
treated with compounds for the indicated time points, harvested and washed with PBS. Cells
were stained with Annexin V-FITC and Propidium iodide for 15 minutes at room temperature

in the dark before analyzed with a BD Biosciences FACSCaliburs (Becton Dickinson).

Western Blot Analysis

[0222] Cells were lysed with lysis buffer (PBS containing 1% NP40, 0.5% Na-
deoxycholate, and 0.1% SDS) supplemented with protease inhibitors (a-complete, Roche).
The protein extracts were quantified using a calorimetric assay (Bradford Reagent) (BioRad,
Hercules, CA). Proteins were electrophoresed onto 4-20% SDS-PAGE gels (Invitrogen) and
transferred onto polyvinylidene difluoride membranes (Bio-Rad). Following blocking in 5%
milk, membranes were incubated with a specific primary antibody, washed, and incubated
with horseradish peroxidase-linked secondary antibody (Pierce). The signals were visualized
with the chemiluminescent horseradish peroxidase antibody detection reagent (Denville

Scientific).

Cytochrome ¢ and Smac Release Assay

[0223] Four million of H146 or RS4;11 cells were treated with compounds at 37°C in an
atmosphere of 95% air and 5% CO, for the indicated time points, washed with PBS and re-

suspended in 100 pl of digitonin buffer (75 mM NaCl, 8 mM Na2HPO4, 1 mM NaH2PO4, 1
mM EDTA, 350 pg/ml digitonin, and 250 mM sucrose). Cytosolic fractions were separated
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from organelle membrane fraction by centrifugation at 13,000 rpm for 1 min. The cytosolic
fractions were resolved on a 12% SDS-PAGE and probed using anti-cytochrome c antibody

(BD Biosciences) and anti-Smac (Cell Signaling Technology, Danvers, MA) antibody.

[0224] In particular, a compound of the invention was assayed for affinity to Bcl-2, Bcl-
xL, and Mcl-1. The assay results compared to assay results for ABT-737, a known, patent

Bcl-2/Bcl-xL inhibitor, and to these peptides. The results are summarized in Table 1.

Table 1. Binding affinities to Bcl-2, Bel-xL, and Mcl-1 proteins, as determined using established
FP-based assays. 3-5 independent experiments were performed for each compound for each

protein. ABT-737, BIM, BAD, and NOXA peptides were tested as controls.

Binding Affinities
Compound Bcl-2 Bcl-xLL Mcl-1
IC50+ SD K;+=SD 1C50 = SD K;=SD IC50 £ SD

ABT-737 | 2+02@mM) | <l (aM) 6 +2 (nM) 1.6+£05mM) | >1 (M)

BIM < 1(nM) < 1(nM) < 1(nM) < 1(nM) 5 + 1 (nM)
BAD 40 + 8(nM) 10+2mM) | 5+£030M) | 1.5£0.1(nM) | 32+2 (uM)
NOXA 1721 (M) [ 3.6 @M) | 1122 @M) | 3.4 @M) 37 +3 (uM)
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WHAT IS CLAIMED:

1. A compound having a structural formula:

N{ SO,CF5
/ \©i
o
NH OH
|

(M

6 , Or

(1)

0N
OV S b
N
NH  HO o

/

S\).-HIIIIY—P\

S o
N

Cl

wherein the A ring is b or 1 ;
X, substituted or unsubstituted, is selected from the group consisting of alkylene,
alkenylene, cycloalkylene, cycloalkenylene, and heterocycloalkylene;

Y is selected from the group consisting of (CH),-N(R") and
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,(CH2)r RP
(CH2),—N
(CHZ)S Q .

2

Q is selected from the group consisting of O, O(CH,);3, NR® NR(C,salkylene),
OC(=0)(Cy;alkylene), C(=0)0O, C(=0)O(C_alkylene), NHC(=0)(C;_alkylene), C(=O)NH,
and C(=0O)NH(C,;alkylene);

Zis O or NR",

R; and R,, independently, are selected from the group consisting of H, CN, NO,, halo,
alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, aryl, heteroaryl, heterocycloalkyl, OR', SR’,
NR'R", COR’, CO;R', OCOR’, CONRR", CONR'SO;R", NR'COR", NR'CONR"R",
NR'C=SNR"R", NR'SO:R", SO;R’, and SO,NR'R";

Rj is selected from a group consisting of H, alkyl, cycloalkyl, alkenyl, cycloalkenyl,
alkynyl, aryl, heteroaryl, heterocycloalkyl, OR', NR'R", OCOR', CO;R', COR', CONR'R",
CONR'SO:R", CjzalkyleneCH(OH)CH,0OH, SO,R’, and SO,NR'R";

R', R", and R", independently, are H, alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl,
aryl, heteroaryl, C,_salkyleneheterocycloalkyl, or heterocycloalkyl;

R'and R", or R" and R", can be taken together with the atom to which they are bound
to form a 3 to 7 membered ring;

R4 is hydrogen, halo, C;_salkyl, CFs, or CN;

Rs is hydrogen, halo, Cjsalkyl, substituted C,jsalkyl, hydroxyalkyl, alkoxy, or
substituted alkoxys;

R is selected from the group consisting of H, CN, NO,, halo, alkyl, cycloalkyl,
alkenyl, cycloalkenyl, alkynyl, aryl, heteroaryl, heterocycloalkyl, OR', SR', NR'R", CO2R/,
OCOR', CONR'R", CONR'SO;R", NR'COR", NR'CONR"R"™, NR'C=SNR"R", NR'SO,R",
SO;R’, and SO,NR'R";

R7, substituted or unsubstituted, is selected form the group consisting of hydrogen,
alkyl, alkenyl, (CHaj)o.scycloalkyl, (CHs)oscycloalkenyl, (CHs)osheterocycloalkyl, (CHa)o-
saryl, and (CHa)o-sheteroaryl;

Rs is selected form the group consisting of hydrogen, halo, NO,, CN, CF;S0O,, and
CFs;

R, is selected from the group consisting of hydrogen, alkyl, heteroalkyl, alkenyl,
hydroxyalkyl, alkoxy, substituted alkoxy, cycloalkyl, cycloalkenyl, and heterocycloalkyl;

Ry is hydrogen or alkyl;

R. is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
hydroxyalkyl, alkoxy, and substituted alkoxy; and
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n, r, and s, independently, are 1, 2, 3,4, 5, or 6;
or a pharmaceutically acceptable salt of (1), (II), or (1II).

2. The compound of claim 1 wherein x is alkylene.
R
_(CHZ)n_N: ><
3. The compound of claim 1 or 2 wherein Y is Q,
4. The compound of claim 3 wherein n is 1-3.
5. The compound of claim 3 wherein Ry, is hydrogen or C3alkyl.

6. The compound of any of claims 1-5 wherein Q is O, O(CH));3,
C(=0)O(CHz)13, OC(=0)(CHa)13, or C(=0)O(C5H7)1 5.

7. The compound of any of claims 1-6 wherein Z is O, NH, or N(Cj_alkyl).

8. The compound of any of claims 1-7 wherein R; is SOZR', SO,NR'R",
NR'SOR", H, or alkyl.

9. The compound of any of claims 1-8 wherein R, is H, C;3alkyl, cycloalkyl, or

halo.
10. The compound of any of claims 1-9 wherein Rs is H, C;_alkyl, or cycloalkylo.
11. The compound of any of claims 1-10 wherein Ry is H or halo.
12. The compound of any of claims 1-11 wherein Rs is H, halo, or C;salkyl.
13. The compound of any of claims 1-12 wherein R¢ is H, halo, Cj;alkyl, or
cycloalkyl.

14. The compound of any of claims 1-13 wherein Ry is (CHj)oscycloalkyl
optionally substituted with —OH.

15. The compound of any of claims 1-14 wherein Rg is CF;SO, or CFs;.

16. The compound of any of claims 1-15 wherein Ry, and R, independently, are H
or Cy_zalkyl.
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17. A compound having a structure
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0, 0 F3CO,S

P,
HO \OH

- 68 -



WO 2014/113413

O
A
Q N
.
) F3COZS
0=R-OH
OH
E
O
\\\
Q N
N’/ H
O F3COZS
0=R-OH
OH

cl
Q ;
$-NH
W
0
\\S’/o

PCT/US2014/011571

- 69 -



WO 2014/113413 PCT/US2014/011571

g P
N o . @
Cl o Hd \L O \ O‘é—NH
W

O W
ke Lo L
“OH, F3C0,8 and

N

18. A composition comprising (a) compound of claim 1, (b) a second therapeutic
agent useful in the treatment of a disease or condition wherein inhibition of Bcl-2 or Bel-xL

provides a benefit, and (c) an optional excipient and/or pharmaceutically acceptable carrier.

19. The composition of claim 18 wherein the second therapeutic agent comprises

a chemotherapeutic agent useful in the treatment of cancer.

20. A pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable carrier or vehicle.

21. A method of treating a disease or condition wherein inhibition of Bcl-2 or Bcl-
xL. provides a benefit comprising administering a therapeutically effective amount of a

compound of claim 1 to an individual in need thereof.

22. The method of claim 21 further comprising administering a therapeutically
effective amount of a second therapeutic agent useful in the treatment of the disease or

condition.

23. The method of claim 22 wherein the compound of claim 1 and the second

therapeutic agent are administered simultaneously.
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24. The method of claim 22 wherein the compound of claim 1 and the second

therapeutic agent are administered separately.
25. The method of claim 21 wherein the disease or condition is a cancer.

26. The method of claim 22 wherein the disease is a cancer and the second

therapeutic agent is one or more of a chemotherapeutic agent and radiation.

27. The method of claim 22 wherein the disease is a cancer and the second

therapeutic agent is selected from the agents disclosed in paragraphs [0125] through [0131].

28. The method of claim 22 wherein the second therapeutic agent comprises
radiation, and the radiation optionally is administered in conjunction with radiosensitizers

and/or therapeutic agents disclosed in paragraphs [0122] through [0124] herein.

29. The method of claim 25 wherein the cancer is selected from a cancer disclosed

in paragraphs [0110] through [0112] herein.

30. The method of claim 22 wherein the compound of claim 1 and the second

therapeutic agent are administered from a single composition.

31. The method of claim 22 wherein the compound of claim 1 and the second

therapeutic agent are administered from separate compositions.

32. The method of claim 24 wherein the compound of claim 1 is administered

prior to the second therapeutic agent.

33. The method of claim 24 wherein the compound of claim 1 is administered

after the second therapeutic agent.
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Bel-2 FBRMIER o A ) OB A 40 B0 T 18 755 40 L v It B R 1 — HRBu A 8 e 40 A 1
AR T T AR VR T SR (4, 5) .
[0003]  Bel-2 & [ 7 Ji 40 i A I o 20 e o = w2 4 B 0 T i e R S M A E L (6-10)
Bel-2 B F/E NAN IR T A% A, RVEEER A F A A2 0G . 2B A XGRS - 40
W3 A, B Bel-2.Bel—xL Al Mc1-1, AIE — 40 T/ 2> 1, 4045 Bid.Bim.Bad.Bak
Al Bax (6-10) » /R IEH MM BAKRIE K HIP0 - 4008 121 Bel-2 A1 Bel-xL B H,
HR XL ARV 2 A FRA MR M s i R I (6-10) o XLt Rk 50K
TR RE (M TG 22 2%, A5 X2 a TT AR AE ST IR PRI A 5% (6-10) « SR MEE—
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) Eds e (26, 32, 34). ABT-263 B4k 1/11 MG AR I Bk b w5
PR iETE (45) .
[0006] 4RI T ABT-737 Fl ABT-263, {H Bel-2/Bel-xL A R IR 77 4 1 1147
S AR R A (P B P . PRk, ARSI B SR VYR T L AR A5 A ) R ) 4
PRFNZ B 5T 1) Bel-2/Bel—xL fHFIA AR 2. AR IR AL 1T L4 & Bel-2/Bel—xL
4] Bel-2/Bel—xL i TEIAL &Y.
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[0007] K HAfEIR

AP Je Bel-2/Bel-xL B3], #5 A A& B $0 55 1 254, Fyb R AEia 7 vk
1097 Hob Bel1-2/Bel—xL v 14 140 52 £t 25 A 1095 150 AN 9 R A A BT i $ e F ) 7 v. R
KB AP Bel-2/Bel-xL & A B35, 375 3R 1A8 Bel-2 A1 / 8¢ Bel-xL [1)JE
g4 a1 i a3
[oo08]  HE HAKIN T, A KW K EA LM (D (TD 8 (1D ffe&met (1)« (1) 8
(I11) W22 b al sz i) 2h -

Hr A%%@EF E‘Zé}y ;
S

WU 1

BREUR U X 3k B b VI PR NE Le ik PRI He A0 25 A T e i
YIEH (CH,),~N(RY AN

(CHz) R
{CHzin_N\ ;
(CHz)s Q
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Q% H 0.0(CH,) 5 NR\NR° (C,, WAL ) L0C (=0) (C 5 WAz ) .C(=0)0.C(=0)0(C ., ¥
JEdE ) W NHC (=0) (C, ,ME4%2E )  C(=0)NH A1 C(=0)NH (C | EhEdE ) ;

Z 72 0 B NR;

R AR ST H Hy ONL NO - 3R Fe it B e 8 L 0 ik L B I 2L Bk L O 3t J 5 2
Z% ¥R kg HELOR’ VSR VNR'R” . COR’ . CO,R’ « OCOR’ - CONR’R’’ . CONR’ SO,R*’ . NR’ COR’’
NRCONR’’R**” .NR’ C=SNR’’ R’’’ .NR’ SO,R** . SO,R* 1 SONR’R’’ ;

Ryl H Hy e 2 A Joe L M Bk L PRI 2 L R it L 05 28 R 0 2 A i 25 OR W NR'R
OCOR’ . CO,R* . COR” - CONR’ R** . CONR’ SO,R”’ . C,_, V. %52 & CH (OH) CH ,0H. SO,R* F1 SO,NR’ R’ ;

R VR AR AL Hofedd PR R I8 PRI Vot 5 38 e 5 26, C L ke
SRR AL BRI e i,

R MR BR MR A 5EMIEENE &K 3-7 T ;

RAEE K Z. C ki CF 31 CN ;

RAEE K ZR C g le s IR C ek R At e 2 | e S 2 AR ) e 2eU 2

Reide H Hy N\ NO o\ b1 35 fi i O be 2 I ik L R0 L Bk L 05 i 3 O Bk L e B b 2
OR’. SR’ . NR’R’’. CO,R’ . OCOR’ . CONR’R’’ . CONR’ SO,R’” . NR’ COR’” . NR’CONR’’ R’’’ .
NR’ C=SNR’’ R’’’ .NR’ SO,R’” . SO,R" #1 SONR’R’” ;

AR B AR BACH) Rk B &bt Mgt (CH L) o FAkedE. (CH,) A3, (CH,) o, 24 FE
fidk . (CHy) o752, N (CH ) gy 05 4

Rei% H &~ 54 2« NO 5« CN. CF,S0,, Al CF,;

NSV & 20N B NS B N B B 3 B N e (B N A I T 1B ST B e B B P S
e

RS BbE AL

R H & be it BRI b 2 L e ke Ik | e SeU B A A R o e 2 5

n.r fl s P70 1.2.3.4.5 B 6,
[0009]  fF—Lbsji 7 &, R R LB R AR A] —E RIS . EHE S &h, R M
R” B R” MR A5 EA RN S — &P 3-7 7uh.
[0010]  7E—AMSLii T &, AR SR ARSI 45 70 T E MR T A SE RN g (D .
(IT) 8% (TI11) - EWRIGIT W DLEE R I 73 H AmE i 80w L il 3@ i # Be1-2 F1 / 8%
Bel-xL 697, Bl e i
(00111 AR B 5 —ASEhiti 77 22 3R A H 7697 Horh Bel-2/Bel-xL 42 i 25 4b 1)
PR BRI LR AEY) : (a) Zikgz (D)L (T1) 8¢ (I11) #) Bel-2/Bel-xL #iil5
A (b) WA/ 825 RT3z )3k .
[0012] AR BRI 55— ALt 7 22 R IT MR b Bel-2/Bel-xL 4l 2 i 25 4b 1)
PR B I ) 7 i TR A AL S g/ (1) (T1) 28 (T11) Bk YA s — RGeS
HEW)
[0013]  FER—NSLiti s &, AR IR & 50 (D L (T1) 8 (I11) #Bcl-2/Bel—xL
P TR AR 1) 568 = MR o7 R B -G I AE I A& 18T B BRI B0 U9 e e 1) 245
W
[0014] AKX —/SLii s a2t T ARG A E, HEE () &4, b)) 4
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RS, Hagait (). (I 8¢ (I11) /) Bel-2/Bel—xL #HI 7], ffEik (b2) £
B A, S HFTIRYT BARBOR IR GRS —MiGsrmL (o) B2 T (package
insert) , FALEFEIR YT N EUR O [F R T 45 T TR —Me 2 M A S a8 B
B
foo15]  ZEfX (1) (I1) 8¢ (111) K Bel—2/Bel—xL #FIAI 2 — FpiGy7 R nl{E Ay s —
Rl E—S T, B R 2B R ES 4G T, Hdp gty (DL (XD 8 (111) [ Bel-2/
Be 1-xL #IHIFAIZE S R T I %A T, BURZ IR . TEATT 45 T — DN EE AN IR I 451
A (D (I1) 8 (I11) # Bel-2/Bel—xL #IFIFN / Be—AN B2 AN E I PG T7 71
[oo16]  FE— ALty =, A4 T4ty (1)« (I1) 8¢ (I11) #) Bel-2/Bel-xL #iil5
FEE = FIRIT . FEAH SISt 7 e, g5 0 (1)« (I1) B (I11) /9 Bel-2/Bel-xL i)
FIFNEE — MBI T IR — H A 46 TR A G4 T et — 0 B STt 7 &
i, B RGP (D, (ID) 8 (I11) 9 Bel-2/Bel-xL #HIFIFNEE —FhiGyv . A<k B
FRAE R RS/ (1) . (T1) 86 (I11) A9 Bel-2/Bel—xL # 71A] BLZ) 0. 005- £ 500 255 /
FIEL 2] 0. 05— 2 250 27 / FIE L 0. 5- 21 100 Z 5 / FIEMNES T -
(00171 2 B A 4 A H B S it T 8 ARARR AAE K AN A e 3 St 77 58 ) TR At 4 ik v AR 15
AR BN
[0018]  Afidk STt /7 R VR4t id

ARG G AR W S T AT R . SR, RLER R, AR BN BR T BT o JF ) S
%o BHE, BT AL AR B ST E R, ARSUR A HE AR N AT S MBS N
FRIASUR) 22 SR AL HE XA B 2K
[0019] A< 3 flf FH A R 3E “Bel-2/Bel-xL” & 48 Bel-2. Bel—xL. B Bc1-2 #1 Bel-xL, Hf
Bel-2 Al / 8¢ Bel—xLo
[0020]1  RifE ” HH Bel-2 F / B¢ Bel—xL Bl HR AL 25 A () s 8 i 7 J& T3 A Bel-2
A/ 8 Bel-xL, Al / 8¢ Be1-2 A / 8% Be1-xL B4 F 461 v ads 5 9 B30 I i) R A 3t e
FEI A E BRI, B CANIE R Bel-2/Bel—xL $ifiI5741 40 ABT-737 B, ABT-263 V& 77
(R B IO o XX (1) 100 ) S A LR (AN IR T o ARSI R i AR N B3 B8 25 5
TE P B WE T IR T X AT R 2 40 BB 25 8 B Bel1-2/Bel—xL A5 M5 5 I, 49
T AT 7 (S 4 FH T PO 8 A T 1 R R v
[0021]  RiE 7 2 —Fipsr Al 7 R AR F L4 (D Q1D F (111 # Bel-2 F1 / B
Be L—xL Iy T7 71, 35 HH CAGTT B PR BRSO B 40, 45 2 H bR 500 i
I, 55 BT R AT AR RN SR T 2, 0l A AR R EAR Y .
[0022]  ARAE 7 B 7 BRI RN A A B AR B D R, I AT DL BARAEIK |
FEIRAN / BUHLREREAS M UR B E S B ARN / BUF 8. a0 SO, g50=0 (1) (T1) A
(I1D) & 72 Bel-2/Bel—xL A &, 3F B AT 697 Horb Bel-2/Be 1-xL B4
PR 5 Ak Y I F I L o
[0023] ARXFTHBIARIE " 16897 (treat)”.” 1897 (treating) ”.” ¥6J7 (treatment)” Z5/&
Fa VR el B B B LR/ B A DG RER o A AR HERR , (EYE T I B LA
BRI IR 3 DL HAH OC R IR A 78 T B o AR SCHTHIARE 7 1697 (treat) " 16
J7 (treating)” ” ¥AJT (treatment)” SFR[ELHE ~ MR EIGTT 7, HOZ TR0 AR BA M, (H
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A RS B 5 T F R R AR 0 B (0 BRI A B B A R A 5 T B R ) 2 E
/b B R AR B 0 B T B A, B ek 2 S ] R B O ) R AT REE . RAE
TARIT 7 R SCIR U ZE T /R S RTIR G T MRS T A SE A K LAY -

[0024]  FEAKEARIE XN, 7 697 7 AFEE KT B Be 1l , LA IG T St B Ak
JEVREARFN / BRHLEERRNG o Va7 AT DA BT XK ), 45040, R IR o JH AT 78 A6 IS A P A A
F, Eour rh SN, B0RT DU KRG ST, 9l in e 4ERR iR G DL T

[0025]  ASCHTRHBIARIE " WBITERNE " 807 ARGNE 7 29X RS R B&E, 218
A R B 5 845 T, 2 DA R0 28 v 1 B o B8 75 B MR H T8 9T B AR ol BO%R
3o FEJERE B B G FERE O DL T, 257 BVR T A SR T ek (R, 1B 2% 2 — e FEFE AR
A b)) AN FEEE R AN B , ek e A0 B, DR IR RS s (BRI, 2B 2% 2 — e FEEE AR
i) AR = A B E A (R, R 2 — e AL 1) MRS i
FrfRg A K — SRR D EEH R Y Bel—2/Bel—xL (5545 f / SRR AR5 R AH I 1K)
— AR E — R TS TS B S PR AR AT/ BN FEAELE [ 41
JH R 77 T R, B AT DA 4 AR KA AN/ BRam s PR Y

[0026] Rifi " Zds " BRI G (closure) , 1& T4 1o % 3 B AT / Bkt
BHZGW = i

[0027]  ARIE 7 #00 7 IR TERE 25907 S S, PR AL AT 45 7= i O, DL R VFE
Jifi < 243 50 R0 A6 A HH G T FH = o 1 38 T T A JE ) R I 7 ) 2 A P AR T R A
A0 VU BN A i) bR .

[0028] " FER4GT 7 HEHT TV FN G T 7 S H IR E S P A e 22 R 25 5
R T HREGITI 2R . il 7 ekt 7 BARIFIR &5 T BFh 257, B0E 1EAS [R) 1 B 8] 5
DAEART Y 7 53 25 T R Ph 251 o SR, Qn A2 R 25 7, HOS 484 e AT DASE A e A1 2 4%
FEIE IR 25 T4, AR P 75 II6 7 ROR I v — BUEIERA . #ilhn, g5 50 (1) (I1) 58
(IT1) By Bel-2/Bel—xL #fil55n] 5 58 — FhyG 97 7[RI IS 25 5 BRAEAS [RIIS 18] 5 AR AR] 50
YT o AR Bel-2/Bel—xL $Mil AT EE —Fh G 97 750 n] DT AR & 38 B SR8 AT Ay
EERIRE D TITE T o {4 K WI Bel—2/Bel—xL 7 7 AN —FaI7 FIA & I K45 T I,
NEERAE, AT AR F 45 T A 75 20320 . 1, A% B Bel-2/Bel-xL 455 ]
TELE T 58 MRy e T R a0 (B AR ST ) /i (B /i 5 434 15 434130 434
45 3B 1 /NEE L2 ANEF 4 /N L6 ANERF 12 ANEF L 24 /NERF (48 /N V72 ZNEEL96 NEF LT L2
Ji 3 4 L5 L6 F N8 B 12 J ) 45 TR R ERME, 54575 ey e T R AR
(BIanFE ST ) — I RS T8 T Z M, BUESS T 28 —Fay7 e T e a0 (9] ange
B ) 25 (BN G 5 7080 15 2081 .30 235145 3% 1 /NIF L2 /NI L4 ZNEF L6 /NI
12 /NEF 24 /NES (48 /NEF L 72 /NS .96 /NS L1 L2 L3 JE L4 JE L5 L6 L8 JE L 12 )
BT H TR ERAMME . S MSLtiTT S, 45830 (1) 89 Bel-2/Bel-xL il A EE = Mg yr
F3HE 1 38 43 10 7380 205 30 4340 0 /T 1 /B 38 1 /NBE o3 1 /e & 2
INIE AR 2 ANIE AR 3 UINIE LA T 3 /INEE AR 4 /NI 3 4 /NI AR B /NI A3 B /NI AR 6 /)
20 FF 6 NI T /NI A3 TF 7 /NI EE 8 /NI LA T 8 /NI EE 9 /NI F 9 /NEF A 10 )
23 IF 10 /N2 11 /NIEL 3 F 11 /NI 12 /NS 20 FFASER I 24 /NSy AN R I 48
INEFEE T AE—ANEE T B, HETIA S A 070 1 340 2 24 /IBTZE T
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[0029] FEFHIRAKAME SN (NHEENRZERPME ST ), RKIE” —N"7 —H#
7L 7 AN s A A R R R RO B, BRAE S B U . AR SCEL
fELYE L ) 0 28 s e R A 20 i) 4 S v N B 3 6] P9 ) 1 B P P PR T 92, BRAE AR S
T Ut B, FEEAS B E 25 A A U T A, a0 (R 2 IAE AR SO 28 Y — o AR SCERAE ()
ARAT AT A S BRI E S (B, ” Bl ) FER , SR G i B AR B, FEEXT A
KRG B AT BRI, BRAE A ZE SRR . AUl AR A E S PR e B AT R
SROR B EE 2R A R B R SE T I 5 1)

[0030]  fEisk 25147 HATE], X 40 BRI T I 75 S S, A8 /N2 -3 R 1A Bel-2 A/ 8.
Bel-xL & —Fl A 47 RS RE VA IT S & (35-37) o ABT—737 H1 ABT—-263 )& I LA K 5% T ABT-263
) - BAIG PR# s ©ZE 5, Bel—2 AT / 8% Bel—xL HUARKK/N 355 B B s ik
FALI NI RE AR K YR TT 3 0, TEFTIRJERE  Bel-2 F1 / B Bel—xL i RIE, I B X+
B i , 410 o 25 (EAR KA RE H ek (26-36) .

[0031]  JS/& K I ABT-737 M1 ABT-263, {H JLF & A it 1& B 28 B4 ) /5 BE A 2L Bel-2/
Be1-xL f/NF 355, ot Be1-2/Bel—xL FSE AT A4 M 34 RE 21 ABT-737/ABT-263 fit
SELT o X2 A Bel-2/Bel-xL /NG - #ail 57) i e v 35 S8 () A1 FH BT Be1-2/Bel-xL £
H5EATRIE - 4R T & SR EAEH, X2 — DO R o 2> 3 N F 2
JiR BRI AR EL PR AR AR 55 56—, S BRI S AR L B 255 A A G, Bel-2 B Bel—xL Al
AT SE A AR A AR RS K (38-42) o Bel—2/Bel—=xL 5 H4E AR (5140 BAD
A Bim &) HIAH T AEFH 4 BAD 1 Bim [ 20-25 Mk 3L BH3 45 #4935 DL & Bel-2/Bel-xL [
KL BVEN T B, Bel-2/Bel—xL MI&5 AR _EAER 5K, IXfE15 4 LT 254
FE/NYT- (26, 38-42) o 45 =,Bcl-2 F Bel-xL fEMI S FAEH 240, I HLAE TCECARSE #) Al
M8G5 DA RECARR, PR B2 AR R (26, 38-42) . fEBcl-xL 5 BAD (41) .Bim
(43) F1 ABT-737 (44) MIEAYIHISIREE K TP XT Bel-xL Frl g2 21| 1) —Le g8 A R8P o ik 4 &
BS, I HAHUELEAR kg b (38) o =R EAH15 Bel-2/Bel—xL A A 254
FE/N G301 570 B T T B B 25 B AR 2 00 EE R ) Pk K

[0032] AR HI K Bel-2/Bel-xL BT A SOREE S 57 AR BRItk & 4m]
454 Bel-2 Al / 8% Bel-xL, KAH <10 nM, FIZE JTE 40 B Th GE I 5& 3 F /E A Be1-2 Al Bel-xL
A B PURRIER . Frid b &6 205 T 4 i 4i i i T- A2 A 5 W] Bel-2 Al
Bel-xL & B — 2 IAE ML o BTl A& Uk S e 2 2 g i AR Al B T2 =
FNERBAET T H146 P F% HEL e 1) 5 (1) e e g 3 12k

[0033]  [AUk, & & BT Bel-2/Bel—xL $fi #1 nf T 76 75 ZL AR V8 97 1 2 Wl & G T A
5 LA R0 B, BRI N . IESRUEIE YT B AN T R Y P A B ) 2 R T
% BAER T R E IR BT 2R IR IT A AE A K G . B SR AEAE 32l TP i
BANTR B SEE EAR AL (B WapiE AT ) RIS TE I 7%, BARSS T KA RIE A 77 22
(1) 358 P 200 PR 09 O P RIS () 52 A B V897 A S S5 X (D) B &R PR . 78— Lesi
Jita 5 G, g5k (1)« (TD) A1 (111 A it 75 5 A 75 22 10 20 i ) 4 B 9 T2 el /b i
S 1) B PR 18 5

[0034] AR KEA L (D (I1) 5 (I11) [ Bel-2/Bel-xL 5] :
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|\
Rg
Ra
o MH HO OH °
|~
g N
Rs
Cl
[0035] E¢A%%(:l 19 ;
SN
AN VoV,

1
HUARBAR BRI X 3 B M Je 25 | P 56 AR 0 Joe kR I s 6 R 23 3 I o
Yk H (CHy) ~N(RY) A
E{CHE‘)r Rh

{CHzin_NK ;
(CHz:. Q

Qi%H 0.0(CH,) ;3 NR°\NR®(C,_, FHEdE ) .0C (=0) (C |, ki ) .C(=0)0.C(=0) 0 (C .,
ek ) W NHC (=0) (Cp, W AEdE )  C(=0)NH 1 C(=0)NH(C | ;W ke )

7 & 0 B NR;

RFA R 037 3% F Hy ONS NO o« 2R B8 38 R Joe JE L M 86 BRI 28 3t 05 2 2 05
B ke, OR SRV NR'R™’ L COR’ « CO,R*  OCOR’ « CONR’ R’ . CONR’ SO,R’” - NR’ COR’”
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NR*CONR’’R’”” NR’C=SNR’" R’’’ \NR’ SO,R’’ . SO,R* Al SONR’R’’ ;

Ryde I Ho B PR e 2 0 2 L PRI 2 L e 3 L D5 2 L J 5 6 0 IR B R OR W NR'R
0COR’ . CO,R” . COR’ - CONR’ R’ . CONR’ SO,R’ ” . C,_, M. %% CH (OH) CH ,0H. SO,R* #1 SONR’ R’ ;

RVR IR M7 BB dd IR Bt O IR gt 5 8 4255 6. C,, ke
BRI B B I A

R AR BLR MR Al 5EfIPrEREm R &2 m 3-7 703

REE K2 C 3k, CF B CN ;

Ror 2l X35« C o be s U C | o be ik b e it e SR BRI o AU

ReZE F Hy CN\ NO o« X188 e 5 PR JGE I o M i L R 22 L o 0 L O ik L 4 05 ik R R e Ok
OR . SR” . NR'R’’ ., CO,R’ . OCOR’ - CONR’R’” . CONR’ SO,R*” . NR’ COR’” . NR’CONR’ "R’’’ .
NR’ C=SNR’’ R’’’ .NR’SO,R’* . SO,R* #1 SONR' R’ ;

BB AR BRI R, 8 H A B dt A e, (CH ) 3R kedE . (CH ) 3R E . (CH ) o, 493E
Fedk . (CH,) oo 77 35 A (CH ) o 544 75 2

Ry [ & X125 NO 5« CN. CF,S0, 1 CF ,;

NSV & 20N B NS B SN B B 3 B N e (B N A D T 1B ST B N B B P S
sk

R EHESE I ;

RIZE H & e 3 IR B b 2 L 3 e 2L | e SR S U I o S 2 5 AT

n.r fl s P72 1.2.3.4.5 8L 6 5

gt (1), (I1) 8 (I11) BI25% F Tz ik,
[0036] 5t (1) (I1) F1 (I11) HIHKA Y3 Bel-2/Bel-xL AW FH TR 7 & 5 i A
i, RIS, g8 (D D) M (11D &R 697 Hd Bel-2/Bel-xL ]
PEAL R AL ISR BRI (B WERE ) BT Frid ik BT T8 75 BN MR T 6 W E
iR (D (ID 8¢ (I1D) B&9. Br 74550 (D (1) 3¢ (11D MEmz oh, A
KRBT IE AR TR ZFayT i B8 MsyT Rk B A TIRIT R A F R
AR IE IR BRI 2590, 49 a0 C R0 T8 97 R R AL EE IR YT IR/ B S
[0037]  ARSCRTHMIARIE 7 sk ” /&8 BRI SCRE IR C, e gk, JLIERR i 14 S 0 5
F3E, 238 B BEA S BEA TR T o R IE . O B3t L 32 3L . RAE C i fa ke
BEBA 0" MR . RiEC BIREEAS n” & p” MR . RIE 7 ke 7 2R
BABRIER B RE . fe 5] fn F i, BT Je 8491 2t — CH,— W] DL AR AR A B 437) 2 i 2%
SO SR I R e U A A AU e R R R A IR
[0038] ARG 7MKL " 5 7 brdk 7 HEE S B TS ik — BOSUEE, 19 2K R | TR A R AN
TIEEE, RE 7 WEEL 7 5 7 kst 7 AHEE S BT S AR - oW . ARIE 7 bR 7 AN
TORIE T 5 s T R ke T AR S, B TR IR S A R - i
[0039]  ACHTHMIAIE ” K& 7 XA & IR,
[0040]  RiE ” I 7 & L N—O0H,
[0041]  RiF 7 fefddk 7w SUON—OR, Hd R 2 Sk,
[0042]  RiE 7 &HE 7 SUN—NH MRS 7 edk a5t 7 @ C—NR ,, Hp /b —ANR 2
FEIER T — A R A& pe B E
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[0043]  RiE 7 At ” & X A—NO,.

[0044] ARiE 7 &I~ © X N—CN,

[0045]  RiE 7 =@ HHE 7w X N—CF,,

[0046]  RifE ” =g H AL 7 & L HN—O0CF,.

/, =
[0047] AT A3 451 4n _Q\ Bt | 465

S 5 CHa
[0048]  ASCHTHMIARTE 7 J53k 7 248 I Bl 2 300 05 R 3k ], P de B3R Bl — 3R 1) 5 e ik
A, Bl an kBl Z5 2k . BrAE 5 A0, 75 0055 60T DU AR B I Bl — A2 Ay (FF HLAR
B 1-4 A4 ) FEEEUR, Frid ST i% B a0 =< &R etk JdidE . —O0CF;. —CFyv —NOy,y —
CN. —NC. —OH. el ok &Ik e, —C0H, —CO, ek, —O0CO ket F5 I 2L 5%
i,
[0049]  ASCHTHMIARTE 7 4055 7 R RS IR R R, KA — N85S
ALETT A 2D — AR AR IR o BRAE 3 A0 B, 75 D) 4 55 28 ] DA AR B 1) Bt
—AEZEZA (FFHFEZ 1-4 ) BUREEEUR, Frid BUREEE BB a0 i 2 b ds ik, —
OCF;v —CFy. —NO,» —CN, —NC. —OH. Je i 2k & 0k e dk 2 ik . — CO,H. —CObidt . —
0CO Jredis 5 FE A28 55 s o
[0050]  ASCRTHMIARTE ” Mkidt ” BIEE&H 3-8 M TG A . RIE ” J434
Pidk " BIREA N HMHRR, AR RGT TH 2D —DEVHEWE T RIE 7 4055
TR FeM A T AR 2D — AN E R T BUR B R P R G, AR S A
R AR s BRI 1 s AL R 5 I R .
[0051]  7E—LefiLidk i sty 2 H, X R W be 2, MFEARIE ISt 77 S, 72 Cp o etk
[0052]  fE—UEsjy &, Y 2

R,
_.:CHZ;.1_3_N/\:>< 0
L

[0053]  FEARIEMISLHE TR H, n A 2. FEHEIER ST e, R2EE C | hidk.
[0054]  FEAHEMRIERI ST, Q & 0. 0(CHy) yv C(=0) 0(CH,) 5+ OC (=0) (CH,) 48K,
C(=0)0(C,H,) o FE—HESZJifi 77 1, Q & 0. OCH,. C (=0) OCH,+ C (=0) 0 (CH,) 5+ C (=0) 0 (CH,) 5+
0C (=0) CH, &% C (=0) 0 (CH(CH ,) CH,) «

[0055] 7 —RuSifiJy SEr, 7 A2 04 NHHUN(C, ek ) o ZEORIEINSEIET %, Z A2 O NH
g}, NCH,

[0056]  7E—LL5i /7 %, RZ SO ,R' WSONR' R”\NR SOR” \H etk . 76— L4 ik i) ST
T, RAE SO, (C ke dE ) SO N (C ke dk ) o NHSO, (C ke dE ) JHER C L hedk. R AI—A
eIk (1) STt 77 %8 A2 SO,CH, o

[0057]  7E—LL5jit /5 2, RFD R OI MR HOC BB it . R K Z. 75
— BB I ) St 77 2, R R O Hb R FEE 238V IETN 3 RN R IR EA O . R,
WA PUE Cl B F.

[0058]  7E—LLsifi e, R& H.C1 B) Fo 7EHCESEMETT S0, R 2 1L FRIE, 208 IE 7
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BV FECL. fEH BT EH, R Hy K2 et e dt . 78— Se Rk 1) 5 it
%, Resg HVFL CL. C b dk A AR B O 2 .

[0059]  7E—UUsijii )7 27, Rose (CH ) o IR EL (CH,) o o2 it o 7EARIE B ST 22,
RJ& (CH,) o FAkidt, (R s - OH BUAR. 78— ANSEitiy &, R 2

—I(C HZJE—N<:>7 oH

[0060]  7E L5 7 % 7, Ryf: CFSO 8% CF 5o RS FPSHE J7 2, R R R SRS HE 2 H
8y Cy gtk

(00611 4k, AR B4 G L K G A A& Pt B s R AR R B A, Fe] TR
LAFFWITT . AR AFESE A (D (1D (1D #4E YR FT A 7] 68 1SR
PR JLA] S ik . AR BB 38 SN e Ak & A0 6 22 E Ve S i AR . g =t (D) S
(IT) 8% (I11) WA RE ZEAE B — R BRI, AT 3@ o 26 =W i) e b Bl i i B e iy 4l
() D) B ASE FH 1 A B o) ) ST AR R S 1t B SR AT, N2 WL 2. Ma &5, Tetrahedron:
Asymmetry, 8(6), % 883-888 Ti (1997) o &7 v [AMA B SR} ) i b mT e e A 453k 2
AT EE R T VESE . BeAh, FEH R &5 M2 (D) L (TD) 8 (T11) MG BAS A 2
ATRERITE LT, AR B AR EdE Pk A & i v B A2 e f A1 2

[0062] AR AEDATENEAAAE . FEARKHBITTET, A K& 252 Ea]
PR EhE R AIE R . ASCATHPIARE 7 25% Eal8ez sl 7 i (D . (11) M
(11D piteEmESsmt s 7. X (D qD A (11D M-SR T E &1
I 283 B A ATAL S TR] 1) £, 507 nl) 38 0K ik A & Y 5 5 6 18 I PH B 1 1R IR S i %
i (DL (1D (11D Bk AYn 22 Earsez ko] LU 52522 E T 822 MR i
PIBRIN A ER « BT T T i 24 5% b ] 452 52 1) 6 B TR 1) S B 45 o ML 491 an A R D 61
SRR B B AR, FA LR ) a0 B S oR IR BRI A AT R IR . A R B AL & i 6
(1) A B i P S A7) B AR AN PR T SRR £ SRR S SR 38 VB RR Sh VIR R A 3h . 2- R AL 41
FR AL BERR 3h  BEIR A ZE . TR EL . O BRER VIR B  RAE R 2 R IR B IR AL TR
AL ARG TR AL R R R A IR B L H U BEIR 2h IR 2 PEIR AL L R B L IR £h L IR
HIRR 2h IE SR IR EL DR IR Eh  PUIA MR £\ F2 £ L AR 3h /K B R 2« R IR 21 L 35 = F R
TR &h - ZE TR 35 MR 5 2— ZERA IR £h B IR £h SUR 2R IR £h RIS IR IR #h i i FR 38 . 3— 7K
BB EE TR IR L R IR AL IR ER 2 = A AR EL . =M LR 3L B 3h I R 2h VIR IR
FER ORI IR AR T — IR R LR Eh TR IR B I A IR AL VAT MR IR £ L R R B L £ T
PR 5 IRTE R 2R A ORI IR £R o AL, AR B I A P A AE o] F & s v g H AR L &
FECAFEA T A R AL Y s R SR T 2 T R TR SRR R B 5 285
H S A S S AN i S & A IR AL AL A s RS RN 2R SRR R G A . AR
B , 0 2R ST H I A% 5 B AL & AT AT 38 R SR ds g5 p 2 (D L (11 F1 (T1D) Mtk
W LA e H 255 E T He52 3h KB VEIEF &9 -

[0063] AR EANAEYEIEHEAR T EA T Rt &9
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[0064]

1097 Horp Bel-2 A1/ 8% Bel-xL W3 B A 28 /F FH 025 e s U
o, AR BB KR TT A Hp Bel-2/Bel—xL A AL 25 Ab FR 57 a0 150 i A 1 v
AFEETH T ERAMKIGIT A &= S (D . (1) 588 (I11) tb &9
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(00651 A K BRI JTVE AN @ T 4 TAE N AR S Vs E A A & gt (D (T
8¢ (11D B EWIREEI . AT LE B FRBeis B0 B A AR BAH) 8% 2 5 3EAT 25 246 W el 4l 1) 45
st (DL (ID) 8 (11D &R 7. 8%, AR THT, §ALHENE. CEUE
PEETCIE AL G, 2425 TR TR A YIRS SR R O . b3tz &, HAa &0 JF
B —RAERERN g (DD 8 1D FeEPF T I697 o Bel-2/Bel—xL 012
3t 70 Ak R 98 RER {00 BRI A28 28 PG T 701 R A i 2 7)) 488 FH 35 B A 4 O

[0066] 7EiF STy, &= (). (11) 8 (111) M5 H Ti897 Hd Bel-2/
Be 1—xL [PIFH $& £ 2 Ak 1998 B L B 28 —FVR T RISS & 45 T 28 —FaTT AN [F) T 4544
® (DA A AL Btk &Y. Rzt (1) QD 8 (111 MALEPARI S —Fia 7 77wl [H
i BT B 4h T DASCELT 75 ROR . ek, g5 (D) (T1) 8¢ (T11) Btk &90F1EE = MG y7 57
A B — WA I A SV T -

[0067] 5 —FhyGI7 FI LA HEH BT T VAT R IR 4 T BRI Aa T A A ROGR =3
Pl A A0 N 1, FE ELZEIXRE I OO (VS N 25 T 75 EE 1AM SE a7 57l

foo68] it (1) (I1) & (I11) HL-EYIAEE Mgy r AT N s — - A7 i E—
BTEIENZ - BARIES S T, Ho g (D, (1D 8¢ (111 MAETESE —FiadT
FIZ BT TEURZ MR . Al T—NEEAAIERNEE R (D (1D 8 (111D MG
/ B —ANBEZAFIRERZE Mas TR Kk, g (DD M A1 feaT s —F
B PP EE —ARYT R (BHAMEARTHUER ) R4

[0069]  F2& HE A B AT YR TT (192 I3 FHU5 100 B0 45 9 Ao il o R VR 97 25 P i , B4R (HAN PR
T, AR (ARMENREENREE ) LS. e (AREEmERE) |
B e s (A4S /NRIE /N2 B s DA A& it it ) « BN S8« 1 270 i« 2 AL WA JR A
FATE S R G0 B W s (ARSI R ) B B R
B0 BRI S B e AN R B (B REBIIR 40 B s ) 5 VbR EX AR 10 oo R, B0 4 e L Sk
PR EL 1 1 ML S bk L P 1 TS B 4 BRI B T— IRk LR L EE AT &bk
TR AR AT S Uk ER L B A bk LR L ZEL 2 A PR IR EX SR R Burketts WRESSRE 5 B AR A3 A S
Jo ELHE SRS VR B R S B BE R B A R SRAIE B R 1 I A R R A B 1
A5 5 HRR A A A 28 22 48 A IR » 047 22 T 4 PRLJRE s oo 20 4 LR 49 468 I g R 41 22
T ) Jo R ) I Jge , L5 4 4 TR L R SO RRE A PR s AL e Mo, B R R R 5
PR B2 995 ~ AR AR B2 988 NG T 4 BT  FROIR TR e« Wi i e ' At B des (RCC) - iR e « i i
Jed i B R b L2 A 1 LS A 2 20 9 AR S 5 4 R

[0070] WIS A KB Bel-2/Bel-xL il RvE I 7 i) H & % QA e il 0 45 4] dn e AL
LR SRR / S IR B AR A R VRORE AN 5 4 B R  J=0 S i A e L B R e . N AL
SRR (BHETUNAR ) B (AREMEER ) (SRR iE CRER SRS, &8
R M )« e - I 40 PRSI IR (04 2 R e R )« s (G Sk vk 2 4 P
P P P I T e L 1 A A B 1 I 8 A R 4 A 12 1 s 0 2
P 75 ) 38 HH bR B SR (T s 0 ok EEL 80 ) < b ok E2L 08 L e (B G /N e ) < 2
JR T 41 B Ibk E 980 L 2E A5 vk ERE L AR A3 bR 208 O I IR R o P i 7 2B ACTH ) g < 3
NR AR FLRE (BN AR ) LB s (% B SE S EEYS
S B B SR ) R AR e WA PRI g (L BB s » 491 a1 SR TR s
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FIIRE | 5 I 1A 45 28 1 R A T 4 e RO UL PR AR 2B MR IS e ) < 10 9 B o AR B T 1R S e
(CLFE OP S i A VRTINS b R 98 50 5 P e B T e A B i 5 e A Ry
(RS AAdR ) 59 PR AR BEIE (PR I (BFE 2 A 25 ) VB e (BIEE s ) e
(ELFE PIAE 19 IR S 22 4 e 2 T A4 i e o 8 Jd B R A PR R 8 R e
PERR AR 28 ) i (TSRS R ) e (BB BRI N R i
ST B 1 bR 2 R RN TR A0 B ) « FEODR B R A PO AT R R 22 2 R R RS R
A T 52 ) ) R R A SR AR e IE B 0k JE R I A A7 R 4 R AR R U P A
T o

[0071] W[ i@ 45 T 4% K W 19 Bel-2/Bel—xL 40046 57036 7 1Y 38 92 0 A o (A 35 9
i ) A JF T3 E L R A IS 2007/0027135. 2 H & A 5 7,432, 304, £ [H L R A5
2010/0278921 F#E & H AZE E K WO 2012/017251, 43 7l DA B AR 45 & B A

[0072]  FEA R BAR iR, B 00 o 42 R 2 25 s BRI 1 V8 97 A B I — R e 2 ML &
(D (D) 8% (IT1) A FPXHATEMN &7 7 BEIXFE AT BT A3 s 61, kAT
B2Vl (12Wn ), Ho FEAAE AE IR IR RN / BRALRERSAS , R R Rr e AE IR AR / B
RE G I AU, FIH B R 2R

(00731 5K (1) (I1) 8¢ (111) MIALEPnl s AR AT & 1& AR 25 1, i anid i
FRGBN S R B P IE i A st i BEAE R 2 B N V& JRTE A B B (RIE R
) VBB A CEFEERIK A LA BT ARSI P B2 I 05 PO IR P L 54 1 L
N IRER G Il PSS A/ SRR E AL S I TFAREN ) 44T B MoMA Tl 8 £ S AE S
A AT R R SE

[0074]  ZiWH-SWEIEH PSR (D). (ID) 8 (11D Fiba¥ LA Sl w5 1
2T IR YR AOTC ) | 25 245 I8 AR RN FR S AR A 2 T AR08 O B0 e e o AR R DT o - T
53 VR 25 2 s AN ()RR DA A 2 DLORERIR YT R g =X (D . (TD) 8 (111 MAEH
Ko

[oo751  #5tX (1) (1) A1 (I11) MLEPr s ARG T DIRonT i bn e i 2582 7 AE 40
M3 F= VDB S IR AN A R, a0 TR E A YD B ORI 52772 (MTD) , HeE SUNTESh )
R BRI B R . BB 2R AA YT 2GR (Hlansmdl A K ) Z a7 &
PR YRIT PR 2. & TR B ARk, IX BT BT F R R BT (48 2512 YRIT A
AR I A S8 A CE AR AUEEE AN 51 ) B8 ST Ta L A, Rl 2 AR A SRR R A T N4
[o076]  yAYT HISFT R FGIT A ERE M (D (1D 8t (111 A YIBE B3R TT R
T AP B8 < T 75 % A D T B R 2 PR A8 DRI YO T AR Ak, AT 5 28 3 = 9 12 T SR
TE o T 430 YR RE 25 2] 5 R ) 5 LA AL 2 DAORFR BT 75 1697 AR 1) Be1-2/Be L—xL i) 551 1) 1fiL.
KK o BT DL — 5 S Bl DA (AN BR 25 T 1) 22 UGRI & D7 (R 45 7 B @ )&, g 1 IR
2 R34 REE Z IRFIE / R &% T BB E R Z UGHE. #l, &K% F Bel-2/
Bel-xL #0551 0] LLLL R ARER LS T -1 GRIR / R, F4k 2 RORE 5 R, #r4k 2 A 1 IGRl&
/R FEBE 3 R, RE 4 R, FFSE 3 1 B 1 IR% 2, FF8 2 1) 8 1 IR% 2, FF8 4 1 58k
e 0B OIS 20 AT T

(00771 W TFAKRHKITERSE-HR (1) (1) 588 (111) BLEYA LLZ) 0. 005- £ 500 &
T/ R 20 0. 05- £ 250 =7/ FIE T 0. 5- 45100 =55 / TR RS T . Fw, 551
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(D), (I1) B¢ (IT11) itb&4mr LLEEFIEZ) 0. 005.0. 05.0. 5.5.10.20.30.40.50,100, 150+
200.250.300.350.400.450 B 500 = e K& 25 T, AL FELE 0. 005 1 500 2= ve. 2 [8] ) BT A 71|

=

Ho

00781 EELEMA (1), (11) 8 (I11) ) Bel-2/Bel—xL #0155 () 4 & P sl A & BTk 411
HIF A H AP E T LLEZ) Ing/kg— £) 200 mg/kg 21 1 uwg/kg— £ 100 mg/kg 547 1
mg/kg— 2] 50 mg/kg. HEMHIFIER LUZUAEMAH &, BFEEARTL 1 ne/kg. HEY
fR) 75 B AT LSS R 7 &, B EAR T4 1 ng/ke 10 ng/kg.25 wg/kg.50 1 g/kg.
75 wg/kg.100 ung/kg.125 wg/kg.150 ng/kg 175 ng/kg.200 bg/kg.225 ug/kg.
250 uvg/kg 275 wg/kg.300 pg/kg.325 wg/kg.350 wg/kg.375 ung/kg.400 u©g/kg.
425 wg/kg.450 ug/kg.475 pg/kg.500 ung/kg.525 wug/kg.550 pg/kg.575 ug/kg.
600 bpg/kg.625 ug/kg.650 1bg/kg.675 uwg/kg.700 vg/kg.725 wg/kg.750 v g/kg.
775 wvg/kg.800 pg/kg.825 ung/kg.850 ug/kg.875 ng/kg.900 ug/kg.925 ug/kg.
950 ug/kg.975 wng/kg.1 mg/kg.5 mg/kg.10 mg/kg.15 mg/kg.20 mg/kg.25 mg/kg.30
mg/kg.35 mg/kg.40 mg/kg.45 mg/kg.50 mg/kg.60 mg/kg.70 mg/kg.80 mg/kg.90 mg/kg.
100 mg/kg.125 mg/kg.150 mg/kg.175 mg/kg BX 200 mg/kg. iR 7& A2 V154 i i 525,
{HATAELEA G O, Forb 12 FH B iy B R B 71 B, ELIX AR R 7R S AE AR R B 9 B o S
Berh, BRIMAH € ol & TR I SE bR 145 2477 58, HonT BERE E f8 38 B4R RS R =1 R I B
Mz .

[0079]  FESEIERIEITH, gk (D (1D 8 (111 Mtk &Y 546567 50A0 / 8idm 5
—EAL T,

[0080] A (St /7 SR F LA T I B RESE ST < v — F8 5 (10°% 10 ° m) . X- B kit
(10 "&£ 10 ° m) V4% (10 nm £ 400 nm) « A] K% (400 nm £ 700 nm) ZLAMEST (700 nm
21 mm) FRPEEES (1 mm &2 30 cm) »

(00811 *4Hif, VF 258 RE VAT 77 8K FH A F A S0 497y X— 5 R 50T () S OB o X 928
T ) S SRR 1R S 48] 5 (AN IR T P A ik e | A 2 T e | 2 Y O T T T A TR 5 i A
IR AR L | JE T | #2485 2% C.RSU 1069.SR 4233.E09.RB 6145. J& stz . 5— MR I 8 R
(BUAR) 56— #t — Jli SR B (TUAR) IR U E U R H (FUAR) R IR AR AN 67 A
R ZEA AT D) o

[0082]  JEAEMIOEE) 397 E (PDT) SR AR WOGAE N EUEGH AR SHEGE ] 63 4 5 2
FE)SEF 45 LR, AEAS IR T < AR RAT2E 4 . PHOTOFRIN', 2 3 ANRAT 240 . NPe6 . A b Ik
Y (SnET2) (BT 2818 —a QBRI 2% 35 —a 2575 IR IR BE AL I6 97 A S 2R Fi
e

[0083] B VA K BHI Bel-2/Bel—xL #il 77l 2 41, %5 4 BRI I8 7] LA S ¥ 97 A ALE 1
— M ELZ ML E TR 45T, FTIRGE P A E A B T2 20 58 5 BUBGT 35 N BE 40 i 1 4L
W NI RVEFRREA / AR AR A 5 RAMES RSN S R
A B A St — A T i R AR A Ak B VR 9T R s B TR T R R B e R K eI A
RAEY) . AT L5 58 S UGRS3 A V6 7 770 I S A R A AN BR T 5 IR s g
(5-FU) P2 48 SN 5% S8 ALk VR & (carbogen) « ZL 40 i A s AL i ({514
FLUOSOLW'~DA) +2, 3-DPG BW12C- 5 i 1& BEL 5 771 « LB m] m 6 I8 A 3kl A6 540 ik Jee 1k
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[0084] A6 YT 55T DA 5 5 40 B R T AR 4] 245 B AR R B G . BT i 2 B 24
FA AL A0 m] DL B WS A HL o Bk 2 IR AZER R A . T 4 AL 24367 R G
{EAN PR T Fe A0 7 AR A R A S PO R AR = WA AT AW U P R AL 3= B dk
DL RARF= RN Ao 0, 28 5 BB Bel-2/Be 1 —xL 30| F T SHi 4 Eplin £ 20 R
A B AT AE 2 A BT 0 an P I e s g AL 9] 2t 5 FRUIR & E BT | 72 2k
IR~ 28 R AL R IR A IR AT A SR8 T o BN 53— A5, TEIR A P 491 7L i 1 e
( A B i fird e G455 12 A i 2 0 A 4 B R 2 i R AR It At B ) AL, R id e &
Yl 5 Bk E A B AR (LH-RH -6 BOKSRIY) ) BRE245 T HEduRh a4 H
I F &S 7 — a7 T Bl FRBEE S, RSO 7 FiBhuE e 7. aTHT
A BRI B A VR T R EOR A S U U PR FAL R PR R A A G
[0085]  HJFH TR WA 7 1L AL 2R TT RIS 91 F R

31



CN 105246882 A iZ M B 26/49 T
1
e 2 A7) AR
&S WA LR
AR TR ¥A A
IBEBL YA EE
- IRER B KT,
A2 A 5% VLB)
AT AN K AT A
Feoiog F KA 24K
A v Kk AEWF
B 2 Taxotere® ( % &%)
I B Uk R A-(BCNU) HE3E 8] iT
T I A HR(CCNU) G R
AR EMK(TF Aphafik
#-CCNU) Rt ihH
R %Rk
Ao P AA-F HEEFED
= T % (TEM) HEEE(RaEH
Z T LA AR AR A L 2RI (MEE)
(FAFIR) KICEERAFIEIL B
P EM® HrEE
(HMM, -5 F &) EAVEEEFFD
AR kR “RBEEC
SPLES FARE
TR £ LEIS RS 3
= T3 AELE
Atk BE(DTIC) ik 2

32



CN 105246882 A W R B 97/49 T
FAR M EuafE
v B8 2 i dh £ =R+
S s BLEELE - B R EE
ST &%
FEHE L-1] A Bhkis
(% Yo dirt 82 7) L-#f RBL G
ey K Adh 2 5 B
5- FSRTETE W e
FUBL B R A K& Ak
& TR FRL T AR & e
P48 Ao ok 3L BRed
(AraC, FI4BH3F) 1R A BR ekt
S-Rz A S g
2,2 - RAL B R RSU 1069
W EO9
o 3] T RB 6145
oo 44 IF £ EBF Lk
6-3h Ik ok SR42§3
6-57A%f ools A |
St ool Jo B
2B & i%%ﬂﬁ%
(k&1 T) %%m%m%
P I L T
#(EHNA) -E'E:ff‘ A #
BEBR PR GEIK S e
1 Wi44
2- S B A g
(FAZEE, 2-CdA) -

12 36 1 J¢-# Bl 4 )

33



CN 105246882 A 1}:3 HH :ﬁ' 28/49 T

F sk, B8
itk RICEER
REZAR FRAK 44 Mk
LX) RS R #2 2
G-CSF FEMAT A 4
GM-CSF N- 25 Bt (MIH)
el A b
¢t WAL AT A 4 A BT A ) A
W FodE i #3£32(0,p’- DDD)
Wk B AL 5 ] BE 55 /4% 40 sy

il MR T
Kt Fo R 4 FHhE@ B 7
W K A A ai-%-2
REAN PE C
2B o v ok AT A 4y
O 8L ¥ B 5F) PHOTOFRIN®
A AL F f2 58 FHFehak AT A 4D
B B F 3, 557 Npeb

i ArheiR4h(SnET2)

7B fil4ket 4k Bi-a
HRIERE /4 B 4 et E-a
g & B
L H 5 Bk
Mgk £ B4
7 85 £ 59 4t
P E8/% R 4 X-HE4
A R4
Bt e yia 4t

34



N 105246882 A i MR P 99/49 T

(M g AR AU T R EBN ¢
e 7 Fa Ak L1 90555
fik ik 2554

[oos6] A VE AT ILA LA 22 50 2, I H 40 f 55 22 7% PR 2 AR S8 A B A sy . wp
FH T 2% % BH (R 308 A FH 35060 365 (AN BR 7 0 BK K AL B (NSC 406042) « 3k 4h 2 B (NSC
609395) Ak ZKAAE (NSC 757) \BK /KA Z AT A (1 NSC 33410)  Z R a4 yT 10 (NSC
376128) .34 (NSC 153858) JHiFEZ (NSC 332598) JEAZEE (NSC 125973) JFE % ® A4
Yy (i, NSC 608832) JHRACEKALG, (NSC 361792) . =K HIFL & B2 (NSC 83265) it
PR (NSC 49842) \BRER K Hiil (NSC 67574)  KARAIA K fF) epothilone fLFHHA
[T epothilone A.eopthilone B fll discodermolide (=W Service, (1996) Science,
274:2009) ;B ME 20 FF 0 5 0k e MAP4 25, IX BE G 1E B 5 G S2 ) 08 5 R T Bulinski
(1997) J. Cell Sci. 110:3055 3064; Panda (1997) Proc. Natl. Acad Sci. USA
94:10560-10564; Muhlradt (1997) Cancer Res. 57:3344-3346; Nicolaou (1997)
Nature 397:268-272; Vasquez (1997) Mol. Biol. Cell. 8:973-985 ;f1 Panda (1996)
J. Biol. Chem. 271:29807-29812.
(00871 W] {5 i 1 440 A A A 00 1) 55 L B AE AN R T8 2 R 2R [T . (B3 & R 2R ) -
17— a — JGRMERE O MER) « 2 B IR B R 950 HR S B TR R JEE At I 52 P T T TR PR e 2
HR B 0 3 — SRR Wk SR KA e 22 7 e L U0 ME TR L 0 2 I L B KR ME B = VT L B R
FH P2 2P ] 2 TR i A R G S FE B oK 25 R0 7 1
[0088] & 200 Jf A A H 1) 71 A 0 0 7 A s 245, 49 T ik T 46 i R 3 A A1 71, FH L VEGF
7, 1 —VEGF Hii /N x5l tn Z2D6474 A1 SU668. 48 FJ i FH#1 —Her2 #ifd. EGFR
FHIF S EKB-569 (—FpAS ol @i 6157 ) o B HEXT EGFR A1 Src #5771 B A 0 28 4% S PE )
Pk €225,
[0089] 1 4 A= 4 0 i 751 3 A 4 FH & CASODEX” (bR, Astra Zeneca) , FLIit
TR R ORI e AR T o 20 B A AR 3R] 1) S AN SE 2 BB R TAMOXTFEN',
OV ER M 2 A 7L R P B B sl A K . AT BRI BEAS 5 5% T A0 0 1) ) 2 A0 A K i 5D
AR S 35 2% B AR A R T P01 57 Her—2 41 77) JMEK—1 A7 1) 751 MAPK 8B S0 61 751
PI3 #0550 Src Bl F5IA PDGF #i5).
[0090] A5 AR Bel-2/Bel-xL il — AR 45 T 1 53 AR B 55 —Ms 7 Rl A TT T35 1
LR ATFE 2007/0027135. 3 FHEFS 7, 432, 304, K EHEF A5 2010/0278921 45 & H
FEEFIWO 2012/017251, % Hild 51 &S & B4 CH
[0091] AR WAL & Wil 5 24 P B TR B 25 1, T I A4 AR 18 T3 110 45 24 i A2 R b 1
2y E S B o AR A R WA FH 1 259 4H 5 A — vl 22 i A B 2 AT 82 52 (R B0 DL
7 I, iR s ARt (D (TD AT (1D Atk &P AR FE R 7 A Bh 7 .
[0092] XL 2G4 2H A P nT 38 Ik 5 TR A S VAR DR B L FLAK B i IR B R
FiIFE ) %o A IE MR FEGR T kS 2iEm. ST aaEngm (D, D 5
(111) & ARG T-0F, BT It 206 P00 i 52 1 70 B B 791 R 711) s v 77 s it 7] 1) 2 =
MU RS T I, BTk 20 -& 9 mT 55 A0 B AR gk, 0 dn B e s 7). 7S IR B R AN
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By 700 27 0. 01%— 25 95% . FILIEL) 1% £ 50% s k= (1) (I1) 8% (111) Kifb-&4. 4
DLV AR FE 202 T, AT NI FAR A5 7K Vi B 30 0 B P R 5 Rl o VAR T 2RI 2L
W] gk — 205 A A B R K IV A R B L SRR ECH I o Y DA T s T I, BTiR 4
EWIEAL 0. 1% 29 90% ALk L) 1%- £ 50% EEMLZEH I (1) . (TD) 8 (111) FIL&9.
[0093]  MyEIT A ERILEH (D) (D) 8¢ (TT1) A4 i ik i ik 8 « Rz IR ESORz T v
5T I, BTN A 2 TC IR B A nT 32 K e e & 4% 58 pH S e
PS5 ) 25 IX A1 1B W A v 2 52 VS TRAE A S M BRVE I N . FH TRk s R IR Bl T
SRR IE LB 0IE S A B T

[0094]1 25X (1) (I1) A1 (111) BItL-EHRT 25 T 5 A Si0ek o e 8 (1) 24 2% b nT 422
IEARLE A o IXHF AR S 1505 PR TR RO A 9 1 371 AL B 771 B 7R VAR 7] B A 711 B
B IRBANERCH], T AT I DREERE . - 0 AR (0 24 il 77 T
g ngi =t (D (1) 88 (11D AP 2 E R, AT B 3 R &, FIFE I
AIERIAZ G CInRFE) , i TRENR AP DA 3 7 7 8 Ee 1A% O i 3k A5 6@ T
FCLFE G AN SE 78 AN A A 205 an SEFR 2L, 0N A A5

foo9s5] 5yl (1) (ID) F1 (I11) Mfb&n] & rthila i yd 5 H T 8 a4 1, ) lid
Tt M B SR o SR R AT DAL R B AR AL, AN AE e B 2 IR A A T, BA W
NIRRT BT 2064 mT S A AT 2, 4910 G 7 Jeb 12k B/ P T 2 P VR A7) R B L
], AT A EL R an Bhaa g AR e AR/ BB

[oog6]  FT B WIMA T K25 AL S 45 /KT s MU K PEVA . BB, 4544
X (D (A1) 8t (I11) MA YRR B AT )2 6 & R R SR & A& BRI
R BSCI TEA F5 i D77  B FS F E JDT R Ti o ZACMH A Si Vi 2 R AT 5 G VR AR B RS 1 A
Jit o ATk b, JE BSRIE PTL F A 1 H AR E R B Nk G 4 ) Vs A B T S0V ) 45 v PE TR A
WIAVE TR B8e3, AR B AL AT DL 2K RIE R, I TAEA0H BT 5 A 18 B 9 an o
T IR K -

(00971  ZE#asK (1) (T1) 8% (111) Bk &90id v Be il 75 B G 4 & W0 , 5 ands 77 s O B
W3R, A AR TSR . B T RTER R 2 A, gk (DL (TD 8 (11D Bt &9
T ECH A EE ] o SXRE KRR AT @E R AN (a0 i RN ) B LA N
BT . BRI, i, s (D) . (TD) 8% (111) (L& 54 1E B A A R KAk
(W E N AE w4232 B LR ) BROES - S8 4 is — S e )

foog98]  EAKIMIE, M= (1)« (I1) F1 (111) Ffb&9a] CAE 1A IR A5 dnde #y s 2L bE
IR X B DL R E S R TR & R FE R B IR 7 (ovule) MITE IR, BLLAS A ik
A TR B EOR S PR R, DR & IRECE T4 T . XK SR 5255 BT
Bz raimn) (Elanghas ) —&EHl. g (D, 1D A (11D Bk &ie T4 S
AMAESS, BIANER KA LA A B R EGERBI KA - X T B 4 4A T, Bel-2/Bel-xL #il 5)
I DA G TR K I VA T A, LA 2 e o, 91 a2 o 48] S e 3 26
W LU FT IR 5 -5 IR 55

[0099] {9 55 ARSI 7 58, A% R B AL 46 24 6, LA 46 DU 8 HL A T St A e BH 7 V6 1
B —ME Z A A AT fE— AR ST Z, IR A & aEH T
RS AR SCHTIR L sl &9 (B, B & g5k (D (D) 80 (1D itk &R E
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I ZMIRIT A EY) ) , HASR AR, ) an % B FR B, 754 EIR AR el &
NALFEFR RS, HA IR A8 B4k & e 20 A 4 DL S AR i BRI 7 7 o ARidith, BT i AL 6 4k
AW CARAL B2 o BTl iR & nT gk — DB E TR TURSS 2@ R 45 T ik 4 &
VI E
[0100]  BR T HAEWBITAYIF I IZ 2 A8, 5058 (D) L (TD) F1 (T11) itk &9 252 -
A2 ) ER A T AELE VR4 Bel-2 A1/ 8% Be 1 =X, AR5 7R SL38 39 (4 an it < 4
G K RAVNER ) R R AR AR N DA 2R G R T R RbR v AL () 24 B2 T, 1
N IR T 2RI SR — 5 40
[01011  7EZE[1) Bel-2/Bel—xL 55 B A WifG HIF KA IR IT 25 . iR A R B
HERHIE, 2530 (D (ID) # (I11) BHb&W1EN Bel-2/Bel-xL B 72T & A7
Mo I, 45 B AL S8 B /N T 100 nM (195 Bel-2/Bel-xL IS5 &35 )1 (1C,,) »
[0102] tLEWIHIE R

AKRFPEW T, LR &R RAER THTEREGM (D (1D # (I11)
(AL SR o 145 A5 % B 1) Be1-2/Bel—xL 3k 70 A8 58 FAR 5 7 28 58 A 7E AR ATk 1
Y INIAR WA A T
[0103] A FFIANR o] B3RS, LRt — DAt . NR ik (8)
AR T AR AERT 6 fH (ppm) (KHLY:, LA B 7 NI i 2 061
[0104]  BRAESA LR, 75 W B A3 B CASR IR BE Tt o
[0105]  FH T & BUA K B B4 & 4 1 6 26 OC B8 1 Hh (] 4k m) ad ot 48 s B D 25 1 1) WO
2012/103059 1 FriR 177726 i, Bk LRl 51 FH DA B R & & B A, 5 10 R %4k
R ER LT AR -

TR AMED 1 G

2 o
—d's —)

L’@gf ’@gf
L S v

s LY R, § Y

FaCgs

CH.C
AM-1187 L 1
HM

SEEGER A - (R)—1-(3— (4- (N-(4- (4- (3— (2- (4— GEUREE ) -1- RN HE -5 HI L —4- (H %
TR 2E ) —1H- MEPg —3- 2% ) -5 G R 3L ) ORME —1- 2 ) 2K3E ) GMRMESE ) -2 ( =5 F 2 1
ME gt ) IRIEE AL ) —4- (CRIERAR) T ) WRAE —4- 3 2- L ORI (1) - K BM-1197 (113
mg, 0.10 mmol) Al Fmoc—Gly-0Su (43 mg, 0.11 mmol) 7E CH,C1, (2 mL) FHIEREZEIR
THERE 1 /NI, BT TLC AMELER] BM-1197. J4 95 W B2 40, $2 48 1 iR Bl 4k, H
HT TSR AFAL. BERNRRYETOE G ol), EEMAZ % (0.2 oL, 2
mmol) o FVRAWIFE I N AR, HEE TLC RS2 FERE, fI 2k i . FRRYiE
it HPLC 4k, 53074 1 (5 TFA 3, 83 mg, 4 2 UK 70%) . BEEENAE 40 min
60% VAT A F1 40% FIVETR B 25 20% FRITETF) A AT 80% HIVAEF B. MS (ESI) a1/~ 1189.08 (M
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+ H)',
[0106] 5% 2 :2 KIE Rk

—BE0

\1|/
Oy .

=B
D} :':‘.I TFA, (H-‘.l.l‘. ?
EtsM. OMAR CH5 0l \;1 H
f {P »O" ok
rr::vO FaC0; P08
BM-118T

SERHRSY « () -2- (1- (3 (4~ (N- (4~ (4~ (3- (2- (4~ %Lz::%%k SR -5 F 3k -4- (H
SRR ) —1H- mbrg —3- 28 ) —5- R AE ) DR —1- 2% ) KL ) FMAMEAE ) -2 ( =% FFH AL
et ) SRR ) —4- (ORIERRAR ) T2 ) WRIE —4- FL4 0L ) -2- | AR (2) o [n) BM-1197
(113 mg, 0.10 mmol). DMAP (2 mg, 0.02 mmol). Et,N (42 ulL, 0.3 mmol) 7E CH,C1, (2
mL) FIER AN 2- & -2- EARZIRBUT BE (33 mg, 0.2 mmol) . WAV ZI FHiH: 1
/NI, HEDE T TLC ARMELF] BU-1197, FIE 2K 45 . KAl R R e i S 5% MeOH/
CH,C1 BRIkt 1% 73 B8, $2 44 2 U RTAR . B RTARHE T CH,Cl, (3 mL), BEE A TFA (3 mL) . ¥
RAIEER TH4E 1/, BRE TLC R WS R 5k, FI B2 R S6. FRR¥iEid HPLC
aifh, BB 2 (5 TFAMEL, 66 mg, £ 2 UK 55%) . BEEENTE 40 min P 60% I
) A F140% FIEEF B & 20% FIFETT A FIT 80% 1971 Bo MS (EST) m/z 1189.08 (M + H) ",
[0107]  J7% 3 kM A4 B A D &

P
o 520
5;':' (/ t_l':| F. s .I'l_ }.\I
F = Q=5=0 i !
- e f\ N“‘j/ th\ I _._,:_,'I f -hI{f
- I T 0)
I'--‘- Ty =1 N.\_ 5 !
N k] TR BOOR, / “«.I 4
tr j r-" Ha, PAiC. MeCH F N o
N cl Py =
= w
- l a e
- i E-MH
Oh A o o
FiCO:5 g
o —, 5
,\ %8 o0, - {__‘—"‘-"x
=5 hoBsMTHF  EBbomsocHg, T |
e e S hHFmoc
HO- {\Q e iy MaBHy, H O o=

SRR Sy N (4= (4= (3= (2- (4= FUORSL ) —1- R A EE —5- FI Rk —4— ( IR ) —1H- it

W —3— Fk ) -5 FAIEL ) DRIE —1- 3L ) FRHL ) —4- Gl -3 ( =5 LR AL ) RREEEE (B) .

A (3.0 g 4.9 mmol) 7E 150 mL HEEH FIHEHIMA 10% wt. Pd/C (300 mg, 0.1 eq.

m/m) o BERBAE RSN FAE SR FHEEZ) 20 min, EEE TLC AR A, K RN IRS

Vit U, FRE IR LR AR . R RY BT T — PR L TR 44k . 78 0°C [ R i AE T
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WE VAT RN 4— 3 —3— ( =5 PR AR 2 ) 2R —1- RS (1.8 g, 5.4 mmol) . IR
EWIE OCE=IEBFE 1 /NI, ERGE TLC AWM R M. A (10 nL) fIH 282
B (200 mL * 2) ZH. AR CRR BB K (150 mL) BE%, MR TR a2
Wi . IRGEIAERER: L 40% Et0A/ bt il 7 25, JR it i alfk B (3.2 g, & 2 2PIK
F75%) o MS (ESI) m/z 931.75 (M + K) ',

[0108]  E AL I: ( £) - (9H-Z5 —9-J& ) HIAE 454K —1- ORIEMAR ) T —2-JE & A H
fREE (D)« £ -10°CHERSMA FHC (5.0 g, 11.5 mmol) 7E THF (100 mL) " AVETR A I
=W (4.8 mL, 34.5 mmol) MG HRAME (3.3 mL, 34.5 mmol) . BHEEWITE ~-10°CHE
$E 1 h, FIZE —10°CHE N4 NaBH, (1.7 g, 46.1 mmol) fJ7K (60 mL) . FHIEESYILE —10°CHE
PE1 h RJEESE I 2 he A1 MA7K KHSO, (200 mL) s MK, I8 &40 EtOAc
(3X200 mL) ZH. ZHAHEEK (200 ml) Pk, & TCKIREREN T8, I IEF B 2R Y5 . W
AEPDAERERS 1 50% EtOA/ bt Pk (il 7 59, S HEAH R I BE (4.3 g, WL 90%) . 7E -78°C
FMEERES (2.6 mL, 31.1 mmol) 7 DCM (100 mL) TR i N —HIZETEAR (3.7 L,
51.8 mmol) . FHVEW AR E —40°C 5 min AFHRKAEN S -78°C, SR S5 N AT — D IR ) i 15 5%
(4.3 g, 10.4 mmol) 7E DCM (50 mL) H VAT KA FE 5 4F 40 min, FEHEMAL E =
Z W (25 mL) FIHERE 540 30 mine K MRS ITHE 2 E IR, B I N MR S A A K I
(100 mL), F1H DCM (2X200 mL) #HL. &/ DCM & A ER7K (150 mL) Hedk, LR
TR E A WG . R ARYAERERS - 20% Et0A/ Cobebig o i/ 59, $ At a4k D (3.7 g,
WK 85%) » MS (ESI) m/z 418.25 (M + H) s

[0109] 7% 4 :3 &K

T
'S P 2
llfd o —,
Fmos . HH
AT ugel, THF  EuNe CHycn 04;;.53' /D NaBH(OAc), ERNH, CHyCN
- N Y CICHCHAC!
] i) 14% ag. HBUOCH r
OH E
E 0
d=0
5 R, EJI\."'H-
Il
- ]
{:';_ =3, L.N\ . |
' FTFA, CHaCl 3 I
% . NH ROCRATIE (I =5 N <
Q 0"':\_,.- " ."; i
o= R N -
e I I -
L= 1Y 4 o o]
yr - R :. ,':l' %I"b MNH
G : NN\ ©
[ N H ]
& oS Fyl0,S
N -
Ho-F

SERRH Ay BT BEURNE —4-SEBEEREE (F) o 4 — - BT = - RN B L (832
mg, 3.0 mmol) FIPUME (6.6 mL, 0.45 M,7EZMEH) FETHF (15 mL) " AERIEN, FAEE
BRHHERZ 10 mine RG24 156 8B AETC/K THE (2 ml) HHIMLEME (626 mg, 2.0
mmol) AIAZ R M), 7E =W FAE N, FHiH: 2 /e, 2@ TLC RWEE| Eo SR JE 4 RV
IRFEAHIE OCHIINAUT et 44 (3.0 ml, 4.6 mmol) [ 14% /KIETR SR 5115 R T

39



N 105246882 A i MR P 34/49

2R, RS A . H AT NaHCO, /KW (2 mL) VRN . #zK (50 mL) %%
NIREYIF, R IE B 28 AR (2X50 mL) ZEEL. & 28R ZBs i H 2K (50 mL)
ek, IR TR Bk A, A9 2B, T~ — 2w gt . 152105
SWVET M (20 mL) , RGN 20 (4.1 mL, 40 mmol) ¥R &M =R T HEd 7,
BRI TLC R MEL R L, FIE WY . FRARIIERER L 5% MeOH/DCM Pk t ik 73 55,
FRALRAA F (452 mg, £ 2 HBE 77%) . MS (ESI) m/z 295.17 (M + H) ',

01101  EMHFET 11: (A -1-(3-Z It —4- CRIERAR ) T2 ) IRNE —4-3 = U T FLE IR

fig (G)o M F (293 mg, 1.0 mmol) AIFF[AI{A D (500 mg, 1.2 mmol) 7E DCE (10 mL) A
I NaBH (OAc) 5 (636 mg, 3.0 mmol) , Kiikd & )4E Sl TPt i, ELEIlId TLC
KIELE|Fo JREYIH DM (50 mL) Peidk, /K (50 mL) Peik AR T8 . HTkr%E
R, A2 S =), T N — 2B F i B SRR RS T 40 (10 nL) , 855
TINZ % (2.1 mL, 20 mmol) o YVRGWIIEE IR FIFI A, B EE TLC AR W %23 5k}
FEZWYG . B YAERERE - 10% MeOH/DCM R (018 43 B, 24t b )44 G (307 mg, &
2 SR 65%) o MS (ESI) m/z 474.00 (M + H) s

(01111 WBHAERF 1T :(D-1--U-(N-4-4-B-C-4- " K& )-1- # A & 5 H
B —4- (I BLMAESES ) —1H- bng —3— 3% ) -5 FORIE ) WRWE —1-Jk ) RO ) ZUBEEIE ) -2- (=
G LA ) ORIE L ) —4- CREEGRAR) T ) WReE —4- B TARERRNE (3). M B (100
mg, 0.11 mmol) G (65 mg, 0.14 mmol) 7£DMF (2 mL) (K& NN DIPEA (1 mL) .
PR =0 N HEE 4 /N, B 28 TLC RMEL R Bo W I MR EW H25W4n , 49 2FH )
e, AT N — 2R L@ aift. Ba2AE Ry T D (5 wl) , &M TFA (2.5
ml) o EIATRAE SR THEE 1 h, ERET TLC R LR FokE . H5 & N S B2 W 45 A
BRAXPIE LT HPLC 4lifk, S5 RI45 /=41 3 (5 TFA iUEE,88 mg, £ 2 DK 66%) » BEEA
7E 40 min N 60% FVE T A A1 40% VAT B 2 20% HITETR A A1 80% FVE 7 B. 'H NMR (300
M Hz, CD,OD): & 7.96 (s, 1H), 7.73 (d, J = 8.9 Hz, 1H), 7.32-7.07 (m, 13H),
6.93-6.41 (m, 4H), 4.61-4.41(m, 2H), 3.99 (s, 1H), 3.55-3.11 (m, 16H), 2.84
(s, 3H), 2.74 (s, 3H), 2.26-1.80 (m, 6H), 1.43 (d, /= 7.0 Hz, 6H). MS (ESI):
m/z 1212.67 M + 1),

(01121 %5 :4 &K

A

H

o M y % 5% i3 A I
- ELMH CHAH D MedbiOag),  EURH CHGH 5 o SowEa pue PO s M W o
7 [PROCHD, CHEN I ===t ] THF. K3

£ a

E
o i
H

FLOuE

4
B ¥
o i

[}

SEOHIA - (FETEAR I AUE ) IRIE (). 7 OCRIBEE (1.0 g, 3.1 mmol) FIBEAL
FHEEL (1.8 mL, 24.8 mmol) 7fEZME (31 mL) HFAIEHRH A 10 min 43 4 Z00 DK Lo 48
¥ (3.0 g, 12.4 mmol) , 7E OCHLREWFE 1 h, RSFE= THiFE 1 h, EEEE TLC
ARUEE|E, IREVIH LR LB (100 mL) FoBE, H 10% Na,CO, (100 mL) ¥k, 285 FH 3K
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(100 mL) ¥, LB T8 . FH bR 25050, 15 2 =4, HH T~ — P IRm L 4.
BEBIRAMET O (10 nb) , 5N 2% (6.2 nL, 60 mmol) . KB &WIE =R
NPT, BEE TLC R MR B R R B RS0 R RIERER L 5% MeOH/DCM
WA B, IR AR H (270 mg, £ 2 B 54%) . MS (EST) m/z 162.83 (M + H) ',
[0113] (A -4- 4~ (FEERACH &I ) IRIE —1-38 ) - 1- CGRIEEMAR ) T 2% (1) . R
WA ITEHHMDHI% I. MS (BSI) m/z 341.58 (M + H) ',

01141 (A-(1- (3~ (4-(N-(4- (4= (3-(2- (4~ EKIEL ) ~1- FAHE -5 FHE 4 ( HFILAEE
B ) —1H- mEmg -3 k) -5- AL ) WRME -1- ) PRI ) SRR ) —2- ( = U SRR )
RIEREHE ) —4- (RFERAR ) T8 ) WRME —4- JE40E ) HIE AN (4) . M B (200 mg,
0.23 mmol) F1 1 (86 mg, 0.25 mmol) 7F DMF (4 wL) H VA 0\ DIPEA (2 mL). ¥
WA ZE IR TR 4 /N, BRNE T TLC R MELE] B. K S MR G WIE B W As . TR RITE
feEfie FFH 5% MeOH/DOM PR a1 43 25, 45 U AH M. i E (241 mg, Y% 88%) . 7E 0°CHk
H— DR EE (200 mg, 0.17 mmol) JB¥ER (117 mg, 1.2 mmol) FI4rF-ifi (4 A, 500
mg) 7E THF (6 mL) "FIERIIAN V- BARIEHIME I AZ (57 mg, 0.26 mmol) , HIRAMTEE
B HEEE 1 h, ERNE TLC R MR R L W4 I BV A i i ik v sk €, A H R R Bt
Bro JENEA HASWRYE, iR Y@ HPLC 4k, SR04 =) 4 (5 TFABIEE, 93 mg, Y&
44%) . BREEJYLE 40 min PN 60% HITAF A A1 40% FRIVAF B 2 20% FIVAT A F1 80% I 7 B.
MS (ESI): m/z 1242.08 (M + H) .

[0115]  T& 6 ALBY 5.6.7 A K

SR TR SRR Ve (R)-3-((5- (4= &H3 ) ~1- 42 ~4- (3~ (4-(4-(4- (4~ (4~ 32
FEORME —1- 28 ) -1- CRERAR ) T -2- ) &) -3-(( =R ) Bl ) AT
He) FEEE) WRME -1- 3k ) ZEIL) -2 FIIE —IH- Mg —3- ERIE ) 3L ) ARG (5) . 11957 (100
mg, 0.09 mmol).DIC (18 mg, 0.14 mmol) FIDMAP (20 mg, O0.14 mmol) ZEDCM (2 mL)
VAR RN 3- R A B AL T Hg (41 mg, 0.28 mmol) o BFVAVRAE iR FHiHE 6 /N, B35
L TLC AWM EER] BM-957. RINIRAYIH LR B8 (50 mL) #%E, FH AT NaHCO, 75 ¥ (50
mL) \Eh/K (50 mL) PRRMEREREN T . BB EAEEHEH >, HH T T — 2%
THaA . AR AYET DM (5 mL), S5 IN TFA (2.5 ml) o H¥ERE =3 N
P 3 h, HENE TLC AR R, K SN IRAYIME J2 IR, B R Pni@it HPLC 4lifk, 15
PR 5 (5 TFA I, 75 mg, 4 2 U 70%) . BHEENAE 40 min P9 60% FRITA T
A Rl 40% I B 22 20% [ A K 80% HIFEFI Bo MS (ESD): m/z 1238.17 (M + H) ",
[0116] (D-4-((5-(4- & 2K F)-1- & #H 4-C-4-(4-U- (4G 8 H* IR
WE —1- 2 ) -1- CREERA) T -2- ) &) -3-(( =& ) MBI ) REBEGAE )
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HRIE) WRME —1- 3 ) ZRIE ) -2 HEOE —1H- Mm% -3 FRIE ) I ) EHIR (6). 6 HRHEE A
F2/F IV H BM-957 Fill 4- SRR R BUT Bai 5. MS (ESI): m/z 1186.00 (M + H) s
(01171 (AH-4-((6-(4- W K *)-1- & H 4-G3-¢U-¢U-¢-(4-¢- ¥ }* Ik
ME —1- 3% ) —1- CRIEMAR ) T —2- %) &) -3-(( =G F AL ) ML ) FRIEmEMEIL I )
I ) WRME —1- 3 ) ZRIE ) -2 FSE —IH- mEng -3- AL ) SR ) HROEHR (7). 7TRIE
WA IV H BM-957 Fl 4- 323 O IR BT BRfi 4% . MS (EST): m/z 1192.25 (M +
H) "

[0118]  HHE 7:8.9 &K

[
[}
ME0-g  cr Moot

9 OH TMEBr, CHalk

DIC. DMAR, CH.GL (J
3
5’“"1 @F” a
Ve Wat
W il
‘C Fs \_‘:l;-u A i
BM-057 HEY FaC0:5

8 n=1
9 n=2

SEIRE Y

BHAERFV@A-((G6-(4-5& % &E)-1- 2 H -4-3-4-4-4-((4-(4- ¥ F IR
e —1- 38 ) —1- (CRIEERR ) T —2-48) &I ) -3- (( =G P& ) REEEIE ) RILMEmEALIL ) 2K
) WRME —1- ) AEE ) -2 FIEE -1H- mEg -3- PRk ) I ) HEE) BEER (8) . [ BM-957
(100 mg, 0.09 mmol).DIC (18 mg, 0.14 mmol) F1 DMAP (20 mg, 0.14 mmol) 7E DCM (2
mL) FFER IO S (FREEHIE ) BERREE (40 mg, 0.28 mmol) o VA VRAE =R N
FF 6 /NI, BRI TLC RMEL R BM-957 . K R MIR-EYIH L8 OB (50 mL) #ke, FH AT
NaHCO, 75 (50 mL) + 57K (50 mL) Pk AL BRI T-15 . B 25 BR 2 1A 1S B H =4, o
T NPT . HEDFERRYE T DM (5 mL) , FE N TMSBr (248 ul,, 1.9
mmol) o BFAVRAE iR FHiHE 20 h, HREIT MS KRB 5ok} . K S SR S48 B4 W,
B AWnE T HPLC 4ifk, BR4Ef =Y 8 (5 TFA L, 74 mg, £ 2 BUE 68%) . BEEEN
7E 40 min PN 60% FRTETR] A A1 40% HITAF) B 22 20% FIVA 7 A A1 80% 357 B 'H NMR (300 M
Hz, CD,OD): & 7.92 (s, 1H), 7.73-7.70 (m, 2H), 7.34-6.82 (m, 17H), 4.28 (d, J
= 8.6 Hz, 2H), 4.06-3.35 (m, 14H), 3.20-2.92 (m, 5H), 2.65 (s, 3H), 2.24-1.67
(m, 6H), 1.10 (t, /=17.0 Hz, 3H). MS (ESI): m/z 1259.50 (M + H)".
[o119] (W-C-(G-U-& & #H)-1- &4 H 4-G-U- UG- (40U % * K
WE —1- 28 ) —1- (ORI ) T —2- %) &5 ) -3-(( =ZF P ) MM ) R eI 5 )
AR ) WRIE -1- ) AL ) -2 HIE -1H- Eeg -3 FR3E ) SR ) 43 ) BEER (9) . 9 MR4E
WAV E BI-957 Al - HEE (2- Bl oAt ) BREsfHI&. MS (ESD): m/z 1173.42 (M
+ H) '
[0120] 7% 8 :10 K&K
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O

Me)

.;?'—( —tiH;
o HallH, H;0, MetH
EDCi, HOBT, CHoCk C_} L

((R)-4-(5-(4- &R ) -1- &3 —4-(3-(4-(4-(4-(4- (4- AR IE —1- 2% ) -1-( R

FAR) T -2- HEHE) -3 ( SRR ) ARAEMEGAE ) K ) IR -1- ) K
55 ) —2- WAL -1H- mbrg -3- LI ) SR e R (10) o [ BM-957 (100 mg, 0.09 mmol) .
EDCI (27 mg, 0.14 mmol) A1 HOBT (19 mg, 0.14 mmol) YE DCM (2 mL) AHHIVEW + IMA
4- BEACEHFIRFES (44 mg, 0.28 mmol) o HFIFRAEEE NHLEE 2 /NS, EEIET TLC
KWL BM-957, RMNIREGYIH LR CBg (50 mL) FikE, FE AN NaHCO %5 (50 mL) . £k
7K (50 mL) PRk FAEERAN T BB R A), R 2EG=9), T T — B3 Jo &4l
th. BAERIEREYET 1,0 A1 MeOH (43%] 5 mL A1 5 mL), #E#E A NaOH (76 mg, 1.9
mmol) o VA VRAE S35 FHiHE 20 h, @ TLC A M EL R 5Bl . 1 [ B VR & WIHE H 25 W 4,
WAl HPLC 4ifk, 5245/ ™=4 10 (5 TFA fI2E, 61 mg, £ 2 BUCK 55%) » BHE
JNALE 40 min N 60% HITEFT A AT 40% FRIVEF B 25 20% VAT A A1 80% IV 7 B. MS (ESI) :
m/z 1191.17 M + )",
(01211 7% 9:11 &K

: Ha 9

M P P
HO O
H T/
Med, W
S,
(-N e TMSEF, CHLCly
N
H) ol DIC. OMAP, CH;Cl; (-_,}

N cl

\ i O
HU’CNJ Ff;:z?‘ﬂ g k'QLNH

SEHSE T

(B) - (((5-(4- F|AHE ) —-4-(3-(4-(4- (4= ((4- (4- FRHEIRIE —1- FE ) -1- ( R EEmHAL)
T2k ) JAE)-3-(( =G AR ) B ML AL ) R JE MM g 2 ) R R ) IR -1- 2 ) R
B -1- AR -2- WA -1H- meng -3- Bk ) L) HER) BEERR (1D . 11 AR¥EE R
FFV [ BM-962 Fil —HIJE ($RFEHIE) BEBREEHI45. ' NMR (300 M Hz, CD,0D): & 8.00
(s, 1H), 7.80-7.71 (m, 2H), 7.38-6.83 (m, 17H), 4.50-4.41 (m, 1H), 4.29 (d, J
= 8.7 Hz, 2H), 4.11-3.59 (m, 12H), 3.25-3.01 (m, 6H), 2.77 (s, 3H), 2.28-1.70
(m, 6H), 1.47 (d, /= 7.1 Hz, 6H). MS (ESI): m/z 1174.25 (M + H) ",
[0122]  7&9:12 &K
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0
—d's0 2

F ‘{ Bo 0 F@Tjg‘{
é j P
[;j e }D TS B, CHal C )

i ¢ DIC, DMAF, CHeCl
Q'S\N %.—NH @F i o :
_ B rlts
We ot n ok f)@f"\@ﬁ

Fall:5

BM 14T HO,
Hl'J':'-"q:| 1z

SEHE 7

(B)—-(2-((1- (3= ((4-(N-(4- (4= (38— (2- (4- R ) —1- Fp A 2L -5 HH 2k —4— ( FH LT ok
B ) —1H- ML —3— 3 ) -5 FORSE ) WRME —1- 3% ) JRIE ) FREIESRL ) 2- (( =4HH L) Mt
) L) FJAL ) -4- COREERAR) T2 ) URIE —4- %) AR ) 2- f MR EE) B (12). 12
IRYEE RV E BM-1197 fl 2- ( = 2R MEIE L ) Z B4 . 'H N\MR (300 M Hz, CD,0D) :
§ 7.99 (s, 1H), 7.75 (d, J = 8.6 Hz, 1H), 7.36-7.13 (m, 12H), 6.92-6.43 (m,
5H), 5.10 (s, 1H), 4.51-4.44 (m, 1H), 4.10 (s, 1H), 3.56-2.93 (m, 18H), 2.87
(s, 3H), 2.76 (s, 3H), 2.29-1.90 (m, 6H), 1.46 (d, /= 7.3 Hz, 6H). MS (ESI):
m/z 1253.36 (M + H) .
[0123]  FE 10 :13 &K

FCrg“{
. T th

O MaBH|Dial;  EtshiH, GHyCH @ \h! B, DIPEA, OME _TFA, CH:Cl
CICH;CH;CI y
OF DBy @" ]
¥ b
J o I-Bu [ EI
N

K HO! ;
X“O Fl0:5

13

SEEGER Ay

(B) —1- (352, —4- CREEmAR ) T35 ) IRiE —4-FHRRCT B (K) » KIR$RE AT 11
EIRIE —4- FERHUT BEAN Dl 45 MS (BSI): m/z 365.50 (M + H) '
[0124] (A -1-(3— (4= (N- (4= (4- (38— (2- (4- FREE ) —1- Fpr N Kk -5 FH AR —4- ( FP R
B ) —1H- NEng —3- 3L ) —5- HOREL ) WRME -1- L) FRIE ) FREEEFL ) —2- ( =% IR AL )
RILEIHE ) —4- (CREMIA ) T2 ) WRAE —4- IR (13) . 13 M@ MHAEF 111 & K A1 B il
%o MS (BSI): m/z 365.50 (M + H)',
[0125] 5% 11 :14.15.16.17 &
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I"' w
% } £ IE } ] \(h"f\
l.l \L‘ (5] \{w

OFE,Q‘ ! .
UTOJ F ::c,_.'; wﬁj FE? ” & \/\r\

SEHSE T

(£)-(1-(3-(4-(N-(4-(4- (3—-(2-(4- SR 5 ) —1- ¢ TN ik -5 W 0 —4— ( FH 6 e
B ) —1H- g —3- 3% ) —5- FORIEE ) WRME -1 3 ) FIE ) GUREREFL ) —2- ( =40 LA IL )
RILGIE ) —4- CORIEMAR) T2 ) WRIE —4- Bedbsa it ) HAEREIR (14) . 14 RIm@EHET v
13 R0 3L (2-F2JEF 3L ) BEBGTE 45 . 'H NMR (300 M Hz, CD,0D): & 7.94 (s, 1H),
7.72 (d, J=9.1Hz, 1H), 7.30-7.09 (m, 13H), 6.91-6.42 (m, 4H), 4.49-4.40 (m,
1H), 3.99 (s, 1H), 3.55-2.90 (m, 16H), 2.84 (s, 3H), 2.72 (s, 3H), 2.63-2.55
(m, 1H), 2.23-1.81 (m, 6H), 1.41 (d, /= 4.3 Hz, 6H). MS (ESI): m/z 1160.34 (M
+ H)'
[0126]  (A)—2-(1-(3-(4-(N-(4-(4- (83— (2- (4- G RFL ) -1- NI -5 HEE —4- ( LM
PpEd ) —1H- ML -3 FE ) -5 ORI ) IRME —1- 3% ) K3 ) FRAREIL ) -2 ( =50 H 2k
B RIEIE ) -4- CREETRAC) T RN —4- FRIEEIE ) LHBERR (15) o 15 AR Y58 H 2
FEVE I3 AL (2- BRI 238 ) BEERESHI 4. 'H NMR (300 M Hz, CD,0D): & 7.93 (d,
J=1.9Hz, 1H), 7.72 (dd, /=9.2, 1.8 Hz, 1H), 7.30-7.12 (m, 12H), 6.83-6.42
(m, 5H), 4.46-4.33 (m, 3H), 3.96 (s, 1H), 3.54-2.93 (m, 16H), 2.82 (s, 3H),
2.72 (s, 3H), 2.71-2.55 (m, 1H), 2.24-1.65 (m, 8H), 1.41 (d, /= 7.1 Hz, 6H).
MS (ESI): m/z 1268.58 (M + H) .
(01277 (A -3-(1-(3-(4-(N-(4-(4- (83— (2- (4- S RFL ) —1- NI -5 HEE —4- ( LM
PR d ) —1H- ML -3 F ) -5 ORI ) IRME —1- 3% ) I ) FRAREIL ) -2 ( =50 H JE et
) RFEEAE ) —4- (ORI ) T2 ) WREE —4- AR ) INEER (16) . 16 AR¥EEH
PRV H 13 RIS 3- BB AR A 4. 'H NMR (300 M Hz, CD,0D): & 7.95 (d,
J=2.0Hz, 1H), 7.73 (dd, /=9.2, 2.1 Hz, 1H), 7.33-7.12 (m, 12H), 6.92-6.43
(m, 5H), 4.51-4.41 (m, 1H), 4.18-3.98 (m, 3H), 3.56-2.92 (m, 16H), 2.85 (s,
3H), 2.73 (s, 3H), 2.67-2.50 (m, 1H), 2.25-1.70 (m, 10H), 1.43 (d, /= 7.1 Hz,
6H). MS (ESI): m/z 1282.34 (M + H) ",
[0128]  2-(1-((A)-3-(4-(N-(4-(4- (8- (2- (4- S RFL ) -1 NI -5 HEE —4- ( LM
PR dR ) —1H- ML -3 J ) -5 ORI ) IRME —1- 38 ) I ) FRAREIL ) -2 ( =50 H 2 ik
B ) RIERE ) -4- CRERAR ) T3 URiE —4- FILER ) AR (17) . 17 IR¥EEH
2RV E 13 f1 B 3L 2- FRL Y AL B ERTE #1) 4% . 'H NMR (300 M Hz, CD,0D): & 7.97 (d,
J=2.1Hz, 1H), 7.73 (d, /= 9.2 Hz, 1H), 7.36-7.08 (m, 13H), 6.85-6.43 (m,
4H), 5.26 (s, 1H), 4.54-4.44 (m, 1H), 4.01 (s, 1H), 3.58-2.92 (m, 16H), 2.87
(s, 3H), 2.76 (s, 3H), 2.70-2.55 (m, 1H), 2.26-1.85 (m, 8H), 1.46 (d, J= 7.1
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Hz, 6H), 1.38 (d, /= 5.9 Hz, 3H). MS (ESI): m/z 1281.34 (M + H)",
(01291 &K 12:18 &K

H g

D, Habed e, ERPRL CMON K} B DPEA DMF NaIH, H T, MeCH
M CHCHEHC
2
L i @"’ o
. \‘ HH
kL
- ,..-f" H;—%}%ﬁ
FL00,
18

HO

SEEGER Ay

(B) —1- (3~ FE ~4- CRIEEMAR ) T3 ) —4-FFL0RnE —4-FH L R (M) o M@ 2
1T H 4- FEEIRIE —4- FHESHIEE A D45 MS (ESI): m/z 337.55 (M + H) '
[0130]  (A)-1-(3— (4= (N-(4-(4-(3-(2- (4- FOREE ) —1- Fr N &k -5 FH AR —4- ( FP R S
F)-1H- MEng —3- 5k ) —5- G ) WRME —1- k) R0 ) GUREIER: ) -2- ( =40 R 3E )
RILF L) —4- (CRFER) T2 ) —4- HIELIRIE —4- HIZ (18) . M B (100 mg, 0.11 mmol)
AIM (47 mg, 0.14 mmol) fEDMF (2 mL) HHAIAMH I DIPEA (1 ml) . FEWAESI T
e 4 /e, B EE TLC R M SR B, K S MRS YIE B2 W48, 5 208w =4, KA TR
— BRI FTR A 152 B 5 R T H,0 M1 MeOH (4377 5 mL F1 5 mL) , B35 A NaOH
(88 mg, 2.2 mmol) . KFiATRAE IR FHEFE 20 h, HEEN TLC AMEE R F R ¥ MR A
WIE B35k 40, SR R id@id HPLC 4ifb /8 21 4i /=4 18 (S5 TFARIEL, 75 mg, 42 B
58%) o B NFE 40 min N 60% IV A T 40% VA B 2 20% R4 A F1 80% (1377 B, 'H
NMR (300 M Hz, CD,OD): & 7.99 (d, /= 1.6 Hz, 1H), 7.76 (dd, /= 19.1, 1.9 Hz,
1H), 7.37-6.84 (m, 14H), 6.68-6.45 (m, 3H), 4.55-4.45 (m, 1H), 4.02 (s, 1H),
3.58-2.92 (m, 17H), 2.88 (s, 3H), 2.77 (s, 3H), 2.41-1.86 (m, 5H), 1.47 (d, J
= 7.1 Hz, 6H), 1.31 (s, 3H). MS (ESI): m/~ 1173.73 (M + H) ",
[0131] 7K 13:19 &K

o]
—5E0

: X,
N‘l/ - o
L !
= Mel }E-"
wjr;'p .7 QN—) e

@-3 @ TMSEr, CHyCly
L C'ék.-NH DI, MR, CHOl @Q :
i d@ B k A
. . r'
Sl o
L. 0 FaGOE
2

SCARHR ) -
(B -2-(1- (3= (4= (N-(4- (4-(3-(2- (4- A Ik ) -1- B A 2k -5 5k —4- ( P BL s/t
B ) —1H- WHEng —3— 3k ) —5— JURSE ) WRIGE —1- J& ) ZRIE ) SURAIESE ) -2 ( =5 S fa e 2 )
RIEEIE ) —4- CREEGAC) T 5 ) —4- WFILIRIE —4- FRILSA S ) LB (19) . 19 MR
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WA VE I8 M HHE - B2 ) BEIRESHI%. 'H NMR (300 M Hz, CD,0D): &
7.98 (d, /=1.6 Hz, 1H), 7.73 (dd, /= 9.2, 2.0 Hz, 1H), 7.35-6.83 (m, 14H),
6.65-6.44 (m, 3H), 4.52-4.38 (m, 3H), 4.01 (s, 1H), 3.44-2.92 (m, 17H), 2.87
(s, 3H), 2.77 (s, 3H), 2.45-2.11 (m, BH), 1.71 (t, J = 14.4 Hz, 2H), 1.46 (d,
J=17.1Hz, 6H), 1.30 (s, 3H). MS (ESI): m/z 1281.92 (M + 1),

[0132] 5 14 ALE&W 20 HIE K

F

HO { o .
", . i —
4 Mhgw . 3 c. 0 - S\I
e e = _ TEACHLG, e I} 5 EtgH, THF BLAE DMEOD CHCly Y L
B0~ P, ADDF, THF . e T e T = = NHFmeoc
o Rl AUCE, THF HER ¥ HABH,, Hy0 e
N o =
|':.
570
£ J==o
A N
:."' Ty e
) =
et i = :
K] L. i
= LY N~ .l
J NeEH(ohc),  ERbH, CHEH L ji B-OIPEA DMF  TFA, CH:CL F
- 2 el - - L
CICHACH,CA i I\ R 5 3
, : o ]
Tarm & =MH
1 - R
o7 "Qr-Bu - ,f e ’ o
a HO M S
s Lptesr
g o)
AY 2
SEIER Y

(R)-3-(((9H-Zj —9-3& ) FH &0k ) e I 0k ) —4- Q- R B A ) TR (0). Bu P
(0.8 mL, 3.3 mmol) FTADDP (833 mg, 3.3 mmol) 7E THF (30 mL) HIAERAN (1.2 g,
3.0 mmol) FIHRACIKMY (320 ul, 3.0 mmol) AL, #idk 4 h HEE TLC RMELH| N, &
EYIH IR CBR (100 mL) Ak, A IM HCL /K3 (100 mL) \#h7K (100 mL) Pk M miig
B EABREE SRR =Y, KT T — PR ai. HE30RRmisT
DCM (10 mL), ¥ TFA (5 mL) o FFVEMAEZIR FHFE 1 h, HRET TLC AL
Ko W I RUVR S YITE 23 IRAR, TR RIIFERERR 4 5% MeOH/DCM R a1 43 55, $2 (ko i) 4
0 (840 mg, % 2 HUKZE 62%) . MS (ESI) m/z 452.86 (M + H) .

[0133]  (A)-(9H-7j —9- %&) FHE 1- (- SRIEMIAR ) —4- AT -2 FAEFRER (P) .
PHEEHAER 1 B 0#4%. MS (BSI) m/z 437.00 (M + H)",

[0134] (A -1-(3— & HE —4- - FAREEMA ) TH) IRiE 4- FRRHUTEE (Q . Q R¥EaE
PR IT H P A1 #ll#%. MS (ESI) m/z 383.38 (M + )",

[0135] (A -1-(3—(4- (N- (4= (4~ (3 (2- (4— G ORI ) -1- P FE —5- H 3 —4- ( FF L ff ik
B ) —1H- mEmg —3- 2 ) -5 JRR L ) URWE —1- 2% ) RO ) ZUBRBE AL ) —2- ( =5 Y ARt
) RILFIE ) —4- - FORIERAR ) T2 ) IRME —4- R (20) . 20 4REHET 111 H
QF1B#I4%. 'H NMR (300 M Hz, CD,OD): & 7.97 (d, /= 1.9 Hz, 1H), 7.76 (dd, J
= 9.2, 2.0 Hz, 1H), 7.39-6.87 (m, 13H), 6.65-6.43 (m, 3H), 4.54-4.45 (m, 1H),
4.01 (s, 1H), 3.67-2.93 (m, 17H), 2.87 (s, 3H), 2.77 (s, 3H), 2.29-1.86 (m,
6H), 1.46 (d, /= 7.1 Hz, 6H). MS (ESD): m/z 1177.92 (M + H)".

[0136] 5 15 :21 FA K
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TMEBr, CH Ol F

QI DMAR, CHaCE

SEHE 7

(£)-2-(1-(3- (4= (N= (4= (4= (3- (2— (4 SA KL ) —1- ¢ N Kk -5 W Ak —4— ( FP 25 ot
B ) -1H- mpmg —3— Jk ) —5- ORI ) WRIE —1- Jk ) JRJE ) UL L ) -2 ( =5 L A L
) RFEEAE ) —4- - WOREERIR ) TR ) URIE —4- ARG ) AR (21) . 21 ARYE
WAV E 20 M1 HEE - B2 ) BEIRESHI%. ' NMR (300 M Hz, CD,0D): &
7.95 (d, /= 1.7 Hz, 1H), 7.77 (dd, /= 9.0, 2.0 Hz, 1H), 7.36-6.86 (m, 13H),
6.66-6.44 (m, 3H), 4.51-4.33 (m, 3H), 4.01 (s, 1H), 3.58-2.93 (m, 16H), 2.85
(s, 3H), 2.74 (s, 3H), 2.70-2.58 (m, 1M), 2.27-1.84 (m, 8H), 1.43 (d, /= 7.1
Hz, 6H). MS (ESI): m/z 1286.58 (M + 1),
(01371 52 16 :22 FH K

]

b..-n-..,_,..-hH o=t { "%I::I U%ﬁq@
\; u
H cl TRA, GHxk
E DIFEA, DWF @) :] ED:1, DMAR. CHCl
1¢-Bu DTQ
=B

K

SEERE Y

(R) —1- (4- ( EREFAR ) -3- (4- EREBERE —2- ( =4 P ARmEmEIE ) FREE) T3) IR
e —4- HESAUCTE (S)o MK (1.1 g, 3.0 mmol) FIR (922 mg, 3.0 mmol) £ DMF (15
mL) FAER M DIPEA (3 mL) o KRS RAE =R T HiH: 4 /N, BLR@ET TLC RS H|
Ko K S NVR A YITE FL S W4, SR AR WIAERER: B 5% MeOH/DCM RIS (23 43 25, &t o (] 44
S (1.7 g, & 2UxZE88%) . MS (ESI) m/z 653.21 (M + H) ',
[0138] (A -1-(3- (4~ (N- (4~ (4~ ((2- (4~ §ORIE ) -5, 5~ “HIHEI O -1- M%) &) Ik
e —1- 2% ) SR EEAE ) MRS ) —2- ( =0 L e 0t ) RO R ) 4- (CREmA) T
) URIE —4- R (22). [0 T (438 mg, 1.0 mmol). EDCI (386 mg, 2.0 mmol) A DMAP
(121 mg, 1.0 mmol) 7E DCM (10 mL) HHIAMFIMA S (718 mg, 1.1 mmol) . FFIAERAE
FIRNPERE 2 /N, BRI TLC RMELR T, B RMNIESYH 2B 28 (50 nl) Fi%e, H
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TN NaHCO 7R (50 mL) #h7K (50 mL) PRI T . LB 23, 15 2 5]
Yy, AT T — IR I TR 4l 15 2R R T DCM (10 mL) , #EEMATFA (5 ml) »
hm@ﬁ$@Fﬁﬁ1hEﬂLﬁﬂpﬁu$ﬁEﬂo%&ﬁ@é%fﬁlﬁ%ﬁ%ﬁﬁ
I HPLC 2ifh, S5 3487~ 22 (5 TRA L, 742 mg, £ 2 SR 73%) . B ENTE 40
min PY 60% FIVATT A FT 40% FIF 7 B 25 20% FIEEF A F1 80% HI¥% 7 Bo 'H NMR (300 M Hz,
CD,OD): & 8.30 (d, /=2.1Hz, 1H), 802 (dd, /=9.2, 2.5 Hz, 1H), 7.70 (d, J
= 8.9 Hz, 2H), 7.40-6.88 (m, 12H), 4.04 (s, 1H), 3.67-2.82 (m, 19H), 2.58 (%,
J=14.4 Hz, 1H), 2.37-1.81 (m, 10H), 1.53 (t, /= 6.2 Hz, 2H), 1.03 (s, 6H).
MS (ESI): m/z 1017.50 (M + H) .
[0139] 52 17 :23.24.25 &K

TiH CFy
g 'S Cf‘
m ‘ Mel, D __/J
; y ;-—[cm.
L M :|
S\VJ'-,, bH THSEr, CHLOl NJ
@ J DIC, OMAF. CH,CI b o

] . O HEH
‘il o L “yohi.
i1 4 n=2
B n=} A#ﬂ

HO* ™OH

B HRAY
(B-(1-B-(4-(N-(4-(4-((2-(4- | KK )-5,5- ZHEN O -1- M) FE) IR
e —1- 2% ) R ) Uit ) —2- ( = AR oL ) ROt ) —4- (R FEmAR) T3%)
WRNE —4- FeAlse( s ) HAEREIR (23) . 23 MRImEAHIE S V B 22 M WAL (2- BEFE )
FRREHI 4. '"H NMR (300 M Hz, CD,OD): & 8.35 (s, 1H), 8.09 (d, /= 6.7 Hz, 1H),
7.79 (d, J=17.7 Hz, 2H), 7.44-6.82 (m, 12H), 4.30-4.10 (m, 3H), 3.74-2.73 (m,
19H), 2.43-1.44 (m, 12H), 1.10 (s, 6H). MS (ESI): m/z 1110.58 (M + H)',
[0140]  (A)-2-(1-(3-(4-(N-(4- (4 ((2— (4- FIKHL ) -5, 5- “HIIF O —1- Mk ) H3E)
WM —1- 2% ) RHIMEdE ) ZaUhefpe At ) —2— ( =i AR b ) AR ) —4- ORI ) T
) WRNE —4- BRIEEIE ) CAEBEIR (24) . 24 RYSEHE PV H 22 I - ik o )
IR RS .'H NMR (300 M Hz, CD,OD): & 8.29 (d, /= 2.0 Hz, 1H), 8.02 (dd, J =
9.2, 2.0 Hz, 1H), 7.71 (d, /= 8.8 Hz, 2H), 7.37-6.84 (m, 12H), 4.34-4.30 (m,
2H), 4.03 (s, 1H), 3.66-2.88 (m, 18H), 2.62 (t, J = 14.4 Hz, 1H), 2.36-1.82
(m, 12H), 1.53 (t, J= 6.1 Hz, 2H), 1.03 (s, 6H). MS (ESI): m/z 1025.64 (M +
'
[01411 (A -3-(1-(3- (4= (N-(4- (4 ((2— (4 FIKHL ) -5, 5- “HIIF O —1- Mk ) H3E)
WM —1- 2% ) RHIMEdE ) ZaUhefpe At ) —2— ( =i AR b 2 ) AR ) —4- ORI ) T
B ) URNE —4- FRIEEIL ) TNEEBEER (25) . 25 ARFEIEAIRE P V B 22 F1 - HI & 3- 2L 4
BEIREEHI £ . 'H NMR (300 M Hz, CD,0D): & 7.95 (d, /= 2.0 Hz, 1H), 7.73 (dd, J
= 9.2, 2.1 Hz, 1H), 7.33-7.12 (m, 12H), 6.92-6.43 (m, 5H), 4.51-4.41 (m, 1H),
4.18-3.98 (m, 3H), 3.56-2.92 (m, 16H), 2.85 (s, 3H), 2.73 (s, 3H), 2.67-2.50
(m, 1H), 2.25-1.70 (m, 10H), 1.43 (d, /= 7.1 Hz, 6H). MS (ESI): m/z 1282.34 (M
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+ H)',

[
o=8=0

04CF;
Hz, P, MelH

Fy

K, DIFES, DMF TFA, CH:Cl; ‘j

{:?”ilﬂ %?§;>
I T‘OJ F.ﬁﬂ}.; g
26

[0142]  5-(4- G ORI ) —4- (3~ (4- (4~ (4 F -3~ ( = FE SEMh L 3L ) AFLMAME L ) Z53E)
Wb —1- Jk ) RHE ) —1- oAk -2 FJE -N- (PR Rk 2 ) —1H- mb g —3- HIEZ (V). V
MR8 ik T-H &4 &4 B A E U il

[0143]  (A)-1-(3— (4= (W (4= (4-(3—(2- (4- R EE ) —1- Fr N & -5 FEE —4- ( P R it
R LML ) -1/ g —3- gk ) SRR ) WRIR —1- 3t ) OREE ) GUBERLIL ) —2- ( =g R
M ) ORFREHL ) —4- CREEBIAC ) T8 ) WRIE —4- HIR (26) (BM-1077) :26 R 4518 F %
FF 111 @ KAV #0146, '"H NMR (300 M Hz, CD,OD): & 7.94 (d, J = 1.7 Hz, 1H), 7.71
(dd, J =2.0, 9.2 Hz, 1), 7.39-7.28 (m, 4H), 7.26-7.14 (m, 6H), 7.09-6.96 (m,
5H), 6.93-6.85 (m, 2H), 6.81 (d, J = 9.3 Hz, 1H), 6.75 (d, J = 7.6 Hz, 1H),
4.41 (fEW&, J=17.0Hz, 1H), 4.06-3.88 (m, 1H), 3.66-3.33 (m, 8H), 3.25-2.79
(m, 10H), 2.63 (s, 3H), 2.36-1.71 (m, 8H), 1.43 (d, J = 7.1 Hz, 6H). MS (ESI):
/7 1184.42 M + 1),

[0144] (A -2-(1-(3-(4- (W (4-(4- (38— (2- (4- FRHE ) —1- N HE -5 HIJE —4- ( H JLfim
P g PR AL ) — 1A Mg —3— k) AR ) WRME —1- 2 ) RO ) sl ht ) —2- ( =s P 2
AL ) ORI AL ) -4 CORFERAR) T2E) WRIE —4- PRFL At ) CHEERR (27) (BM-1080) :
27 RYLE AL V [ 26 A1 %L (2- R 23 ) BERREEHI 4. 'H NMR (300 M Hz, CD,0D) :
§ 7.95 (d, J =1.9 Hz, 1H), 7.69 (dd, J = 1.8, 9.3 Hz, 1H), 7.39-7.28 (m, 4H),
7.27-7.12 (m, 6H), 7.08-6.76 (m, 8H), 6.70 (d, J = 7.5 Hz, 1H), 4.49-4.27 (m,
3H), 4.04-3.89 (m, 1H), 3.65-3.48 (m, 2H), 3.29-2.84 (m, 15H), 2.63 (s, 3H),
2.37-1.74 (m, 11H), 1.43 (d, J = 7.1 Hz, 6H). MS (ESI): m/z 1292.00 (M + H)".
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o H;
O MaBHIOA),  ENH, CHON @ _E B, DIFEA, OMF healIH, Ho0, MeOH
oM -
%’ ¥ CCHLCH.C
L

Obe (; E

w %‘ 0’_ 2 s]

H \‘ ¥ H

aH b,

% L ,_‘Qrp

o Fims

28

[0145] () -1-(3-Z L —4- CRIEMAC) T3 ) 3-HREEFLH T bt -3-HIRH B (X) . X
RIEEHRET 1T 3 3- HEEERI T f -3- HERHER (W) F Dl .

[0146]  (A)-1-(3— (4= (W (4= (4= (3-(2- (4- FOREE ) —1- N K -5 AR —4- ( FP R T
B ) -1/ MEng —3- 5L ) -5 ORI ) WRME —1- % ) RO ) GRS ) —2- ( =0 R L )
RILEIE ) —4- (CRFEBA ) T2 ) -3- AT It —3- HIR (28) (BM-1082) :28 R4
Frid Tl 4b &4 18 IFERF E X A1 B #]4. 'H NMR (300 M Hz, CD,0D): & 7.94 (d,
J=1.9 Hz, 1H), 7.70 (dd, J = 2.1, 9.1 Hz, 1H), 7.35-7.24 (m, 4H), 7.23-7.12
(m, 5H), 7.07-6.91 (m, 4H), 6.87 (d, J = 9.0 Hz, 1H), 6.81 (d, J = 9.3 Hz, 1H),
6.63-6.47 (m, 2H), 6.41 (d, J = 9.0 Hz, 1H), 4.55-4.38 (m, 2H), 3.97 (br. s.,
3H), 3.29-3.08 (m, 13H), 2.84 (s, 3H), 2.74 (s, 3H), 2.12-1.81 (m, 2H), 1.56
(br. s., 3H), 1.43 (d, J =7.1Hz, 6H). MS (ESI): m/z 1144.75 (M + H) ",

01471  (A-2-(1- - (4-(WF(4-(4-3-(2-(4- &R )-1- F 2 -5 H 2 4-(H 2
TR ) — LA LR —3— 2 ) -5 HUOREE ) URE —1- 2% ) X3 ) ZRAEEIE ) -2 ( =40 H 20
PEdt ) RIS ) -4- (KRB ) T2 )-3- HERLIA T I -3- IREARE ) LHEBR
(29) (BM-1083) :29 AR¥EIEAHFEF V H 28 FI - HIIL (- BAL 2L ) BEERERHI%. 'H NVR
(300 M Hz, CD,OD): & 7.94 (d, J =1.8 Hz, 1H), 7.72 (dd, J = 2.0, 9.1 Hz, 1H),
7.36-7.26 (m, 4H), 7.25-7.15 (m, 5H), 7.10-7.00 (m, 4H), 6.92-6.83 (m, 1H),
6.63 (s, 1H), 6.57 (d, J = 12.0 Hz, 1H), 6.42 (d, J = 9.2 Hz, 1H) 4.58-4.35
(m, 5H), 4.12-3.82 (m, 3H), 3.29-3.05 (m, 11H), 2.84 (s, 3H), 2.74 (s, 3H),
2.25-1.83 (m, 5H), 1.50 (br. s., 3H), 1.43 (d, J = 7.1 Hz, 6H). MS (ESI): m/z
1252.83 (M + H) "

[0148]  (A-3-(1-(3-(4-(WF(4-(4-(3-(2-(4- &K FL )-1- N & —5- H I 4-( H 3t
TR ) — 14 MEng —3— 2 ) —5- SR &E ) URE —1- 3% ) ZR3L ) St ) -2-( =& 2
MEMEAL ) RIEE I ) —4- (REEMAR ) T 28 )-3- AR T It -3- IRAEEIRL ) N
i (30) (BM-1084) :30 fR¥E @ FHFEF V 3 28 A1~ F L (3- 2L 5L ) BEme sl %% . 'H
NMR (300 M Hz, CD,OD): & 7.94 (s, 1H), 7.71 (dd, 1.5, 9.0 Hz, 1H), 7.36-7.26
(m, 4H), 7.24-7.15 (m, 5H), 7.08-6.97 (m, 4H), 6.90-6.79 (m, 2H), 6.62 (s,
1), 6.56 (d, J = 11.8 Hz, 1H), 6.41 (d, J = 8.8 Hz, 1H), 4.54-4.37 (m, 3H),
4.33-4.21 (m, 2H), 3.99 (br. s., 3H), 3.28-3.05 (m, 11H), 2.84 (s, 3H), 2.74
(s, 3H), 2.15-1.71 (m, 7H), 1.57 (s, 3H), 1.43 (d, J = 7.0 Hz, 6H). MS (ESI):
m/z 1266.92 (M + H) ",
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[0149]  FIF Bel-2/Bel-xL/Mc1-1%K 3L T 52 e il 45 4l e v

REAEERE TR (FP) B e iEE I R ALAL LU € Bel-2 S5 & (1 #i )
#5E A Bel-2. Bel—xL Al Mc1-1 AL &3 1.
[0150]  HEZOCIREI SEER AH

H il 258 6 R AR BIM (81-106) « Bak (72-87) FIBID (79-99) Ak, #xA Flu-BIM,
Flu-BAK A1 F1u-BID, FH YE7E FP I i€ ¥ v 43 il £ %F Bel-2. Bel—xL Al Mc1-1 (2R GHREF
T I RN T A R PR R G AR AT AN LA 1 A P B R S AV RN 1 AR 1 A IR S
R R R, Flu-BIM 5 Bel-2, Flu-BAK 5 Bel—xL #l Flu-BID 5 Mcl-1 B AA& 53 3l #i
N 0.554+0.15 nM.4.4+0.8 f16.8+1.5 nM. 1 ] Infinite M-1000 2 4% = 3L H 2%
(Tecan U.S., Research Triangle Park, NC) fEMicrofluor 2 96— FL2E {5 J#H (Thermo
Scientific) FMlEZIGIMIRIE. M &FLA A0 InM #) Flu-BIM 8% 2nM ) F1u-BAK Y 2nM
() FLu—BID F38 494 B ) Bel1-2 B Bel-xL 8F Mc1-1 Z 76 M58 28 ik (100mM BERE4T , pH
7.5, 100 wg/ml 4 y-FREH, 0.02% M, Invitrogen, 750.01% Triton X-100
A1 4% DMSO) HHf) 125 w1 ZA4RF. MIRAEZIE NIFE 2 /N, [F R AT 3R 3 DA IR P-4l
FEBR KN 485 nm AR EHEK N 530 nm BFIE DLZMmIE AL P) HHHmIRE. K5
i 1{# A Graphpad Prism 5. 0 #f4 (Graphpad Software, San Diego, CA) #& S =
W vE FP AR A IR B 1 BR B, TH BT B A () o
[0151]  HfisE Bel 25 & HINHIFIR K44

Bel-2 FRE FAMHI7) 5 Bel—2/Bel—xL/Mcl—1 & F T A AR #9051 70) 750 5 4 itk 55
G2 A SRR , e A R SRR A TR X [ R B B R T 4 45 S 2 ] e VR
(IR o P 7EDMSO HH i 5w 1 2RI AIZE N 2 by P 1 120wl Tl & & 1/ 3R-%T
SEMRNREYIMANZ N ERFF/EZR FREE 2 /M, FRRFRS « X T Bel-2 W, &
R ARET IO 29 B 43 531 & 1. 5nM AT InM, T Bel—xL 52 9 10nM A1 2nM, FTxE-F Mc1-1 &
9 20nM A 2nMe AN EEE / BREFE ARSI (T 0% H) ) RS i 2 HRET B RBH
PEXTIE (56T 100% $6] ) WHEEERENIERS T . a0 bkl & FPAE. i 584 203k
LR [ HL A I E TC50 1l . FE T8 30 IC50 1l (BREF 5| AN LA ) Fsa4-ilE &
S EREFROVR L, £ AT IA 0 B #E S 107 R T SE I A48 (Z. Nikolovska—Coleska
&5 Analytical Biochemistry, 2004, 332, 261-273.). AAEM3E A% FH SOk 324 (1)
H—2wHR TSGR X Y. Huang, Journal of Biomolecular Screening, 2003,
8, 34-38.), H&i R AT RAEH —F.
[0152] Al AR K e v

RS4;11 A1 H146 4 g LL 10, 000 S 4H A / LI % BE 5 & S M B AL & 9 — i B M 7
96— FLAH ML IR H AIFE 37°CHE 95% 255 5% COMI ST T 4 Ko ARIEHIIE
B, R 2 T WST-8  (2- (2- AR, —4- AR 0L ) -3- (4— AL R L ) -5 (2, 4— ffi
KHL ) -2H- DUmEEa 4N EL ) ) Cell Counting—8 Kit (Dojindo Molecular Technologies,
Inc., Rockville, MD) #fis€ 4HMIAIE ). 61 5 2, ¥ WST-8 AR AL 10% (v/v) MAEAL,
SRIGHHAE 3T CHEE 1-2 /N LLE A . F] SPECTRAmax PLUS 24 #8 (Molecular Devices,
Sunnyvale, CA) 7450 nm &G {6 H GraphPad Prism 5 %44 (GraphPad Software,
La Jolla, CA) THEFHAMHIKRE (1ICs) .
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[0153]  ZHAEAET I & V%

155 F 400 B vty 0 0 o HEBR AR S AT A B AR T e vk . B TN B R AE
6— FLAR A, £ 37°CHE 95% S 5% CO,M R HEA S WAV — I & 18 2 i 8 £
FEACFREE AR, WAELH B ATLE 1000 rpm 2.0 5 3 8h . B AM0YTIE EEF T PBS A1, 5 0. 4%
HE WS (Invitrogen) DA 1:1 #BIR S, LM#HH Olympus CKX41 E4#%% (Olympus, Center
Valley, PA) HfiE4oE /7.
[0154] g Tl e vk

Fo FR ) 3 T i U BH B, f# F Annexin—-V-FLUOS Staining {71 (Roche Diagnostics,
Indianapolis, IN) #HATAMMRTITIE L. W5 2, 40H AL S YA 38 2 i E) £, ok
JEFH PBS Weisk. £ =M FER S P, 40 Annexin V-FITC ML S dt 15 2081, ARG
H BD Biosciences FACSCaliburs (Becton Dickinson) 734
[0155] & I EZE o #fr

Y0 AN 78 2B B (a - 522, Roche) MUZRZE MR (4 1% NP40.0. 5% fijt %0 JH
BRENAN 0. 1% SDS H PBS) 24t . fif A & #l Ev: (Bradford Reagent) (BioRad, Hercules,
CA) SEEIEE ALY . EEA 4-20% SDS-PACGE ¥tk (Invitrogen) FiFATHLIK, ARG
HBAME B OmIE BioRad) b. 78 5% 205 rhdst (1 )G , B B S50 S 28 — ik — e
B, Wk, ARG SHIRE A WIBRERE TS ik (Pierce) —RIFE . HE T HMLTE R
B A B DA IR T (Denville Scientific) AI4AL.
[0156]  ZHUtAZ oA/ SmacKERUN &k

¥ VU 54> H146 5 RS4; 11 A0 fE 37°C HAL-&AE 95% 2= F 5% CO, s H ab B
i 7€ A A] 250, ] PBS BEIRAIE BVF T 100 vl A B 2SR (75 oM NaCl, 8 mM
Na2HPO4, 1 mM NaH2PO4, 1 mM EDTA, 350 ug/ml EHu#ER=FAI 250 mM AERE ) . @it
fE 13,000 rpm Z5.0> 1 min ¥ AP0 R 5 M MBRIELD 50 53 85 o KA MOV 2 50 1E 12%
SDS-PAGE I fi##fr, 48 FH 4% — MM t4. 2% ¢ 44 (BD Biosciences) Fl#i—Smac (Cell Signaling
Technology, Danvers, MA) HUAARFRI.
(01571  EAKIG =, WEA K FHEMLEY S Bel-2.Bel-xL A1 Mc1-1 [ISEM ). e 45538 5
B ABT-737 (—F 40185 F) Bel-2/Bel—xL #0171 ) B 5 45 FAH LA, I 51X 6 ik A
EEH. SiRAESR 1 ik
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#£ 1. 5 Bel-2. Bel-xL #= Mcl-1 #4694 FFoh ., ot M 2690 T FP &3 2 R AT R,
o FHEAL ST EH RS, T35 MBAEE. ABT-737. BIM. BAD & NOXA Ik
3 2 50 AT R 9K

RO 3 L

Bel-2

Bel-xL.

Mel-1

I[‘_‘.u = SD

K+ S5D

](1Fr| + SD

K+ SD

](_‘_‘u - SD

ABT-737

2402 (nM)

<1 (nM)

6+ 2 (nM)

1.6+ 0.5 (nM)

=1 (uM)

BIM

= 1{nM)

< 1{nM)

< 1{nM)

< I{nM)

5 1 {nM)

BAD

40 = B(nM)

10+ 2{nM)

5+ 0.3(nM)

1.5+ 0.1{nM)

3242 (uM)

NOXA

174 1 (uM)

36 (M)

11 £2 (uM)

3.4 (uM)

3T+ 3 (uM)

[0158]

S.W.
C.B.
J.C.
D.W.
D. T.
J.C.

J.C.
A J.

A T A o e

e e e e e
NSO W= O

DD DD DO DN DN = =
N = S 0w
PO N VEOUVES S WS

DO
o1
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