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Protease inhibitors

Cross Reference to Related Applications

[0001] This application claims priority under 35 U.S.C. §119(e) to provisional US
application Ser. No. 61/138,428, filed December 17, 2008, the entire contents of which is

incorporated herein by reference.

Technical Field

[0002] The present disclosure relates to compounds useful for inhibiting protease
enzymes, as well as methods of use and methods of manufacture of such compounds. The

disclosure finds utility, for example, in the field of pharmacology.

Background

[0003] A wide range of diseases are caused by retroviruses. As presently understood,
acquired immunodeficiency syndrome (AIDS) is a disease of the immune system caused by
the retrovirus HIV (Human Immunodeficiency Virus). According to estimates from the
World Health Organization, AIDS affects millions of people and is continuing to spread. In
virtually all cases, AIDS causes a gradual breakdown of the body's immune system as well
as progressive deterioration of the central and peripheral nervous systems.

[0004] The retroviral genome is composed of RNA which is converted to DNA by
reverse transcription. This retroviral DNA is then stably integrated into a host cell's
chromosome and, employing the replicative processes of the host cells, produces new
retroviral particles and advances the infection to other cells. HIV appears to have a particular
affinity for the human T-4 lymphocyte cell which plays a vital role in the body's immune
system. HIV infection of these white blood cells depletes this white cell population.
Eventually, the immune system is rendered inoperative and ineffective against various
opportunistic diseases such és, among others, pneumocystic carini pneumonia, Kaposi's
sarcoma, and cancer of the lymph system.

[0005] Retroviral replication routinely features post-translational processing of
polyproteins. This yields mature polypeptides that will subsequently aid in the formation and

function of infectious virus. In the case of HIV, this post-translational processing is
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accomplished by virally encoded HIV protease enzyme. A retroviral protease is a proteolytic
enzyme that participates in the maturation of new infectious virions in infected cells during
the reproductive cycle. Interruption of the normal viral reproduction cycle can be affected by
disrupting the protease enzyme. Therefore, inhibitors of HIV protease may function as anti-
HIV viral agents. _

[0006] On-going treatment of HIV-infected individuals with compounds that inhibit
HIV protease has led to the development of mutant viruses that possess proteases that are
resistant to the inhibitory effect of these compounds. Thus, to be effective, it is desirable that
new HIV protease inhibitors are effective not only against wild-type strains of HIV, but also
against the newly emerging mutant strains that are resistant to the commercially available
protease inhibitors.

[0007] Some antiviral compounds that act as HIV protease inhibitors are described
in WO 99/67254. Known HIV protease inhibitors include: saquinavir; ritonavir; indinavir;
nelfinavir; amprenavir; lopinavir; atazanavir; fosamprenavir; tipranavir; and darunavir.
Common methods of treatment using HIV protease inhibitors include co-administration and
co-dosing with a plurality of these compounds. For example, ritonavir is frequently
administered along with other of these HIV protease inhibitors.

[0008] In addition to the problematic development of strains of the virus resistant to
known inhibitors, some HIV protease inhibitors are difficult to prepare, are expensive to
obtain, and/or have significant adverse side effects; all of these drawbacks may result in
lower patient compliance and less effective treatment. Accordingly, there continues to be a
need for the development of new inhibitors effective to inhibit the HIV protease in both wild
type and mutant strains of -HIV.

Summary of the Disclosure

[0009] The present disclosure provides compounds that address one or more of the
abovementioned drawbacks. In particular, the present disclosure provides compounds useful
as protease inhibitors.

[00010] In one embodiment, the disclosure provides compounds having the structure

of formula (A)
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(A)

OR® @?
wherein: Q% is selected from alkyl and aryl; R? is selected from H, hydrocarbyl, functional
groups, hydroxyl-protecting groups, and inorganic acid groups; U is selected from
hydrocarbyl and functional groups; L is a linking moiety selected from hydrocarbylene and

functional groups; U? is a group selected from Units A, and B:

Unit A Unit B

wherein:; n2 is an integer from 0 to 2; R’ is selected from H, hydrocarbyl, and functional

groups; W is a direct bond to L or is a linker selected from alkylene, arylene, and

wherein the wavy line represents the attachment point to Unit A, nl is an integer selected
from 1 and 2, and Q? is selected from aryl and alkyl; and the stars represent the point of
connection to L, as well as pharmaceutically acceptable salts, prodrugs, and metabolites
thereof. |

[00011] In further embodiments, the disclosure provides compounds having the

structure of formula (B)
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wherein: A' and A” are independently selected from nitrogen-containing linking moieties;
A? is a hydrocarbylene linker; Q**, Q*, and Q% are independently selected from alkyl and
aryl; R? is selected from H, hydrocarbyl, functional groups, hydroxyl-protecting groups, and
inorganic acid groups; L is a linking moiety selected from hydrocarbylene and functional
groups; U? is a group selected from Units A, and B, as shown above; as well as
pharmaceutically acceptable salts, prodrugs, and metabolites thereof.

[00012] In still further embodiments, the disclosure proQides a pharmaceutical
formulation comprising a compound selected from those having the structure of formula (A)
or formula (B) and a pharmaceutically acceptable carrier.

[00013] In still further embodiments, the disclosure provides a method for treating a
patient with a protease inhibitor comprising administering an effective amount of a
compound selected from those having the structure of formula (A) or formula (B).

[00014] In still further embodiments, the disclosure provides a method of synthesizing
any of the compounds disclosed herein. The method comprising coupling a core fragment

and an additional unit to a linker moiety.

Brief Description of the Drawings

[00015] FIG. 1 provides a chart showing the ICs values in cell free assays for several
compounds according to the disclosure. '
[00016] FIG. 2 provides a chart showing the ICsq values in cell infectivity assays for

several compounds according to the disclosure.
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Detailed Description of the Invention

[00017] Unless otherwise indicated, the disclosure is not limited to specific
procedures, starting materials, or the like, as such may vary. It is also to be understood that
the terminology used herein is for the purpose of describing particular embodiments only
and is not intended to be limiting.

[00018] As used in the specification and the appended claims, the singular forms "a,"
"an," and "the" include plural referents unless the context clearly dictates otherwise. Thus,
for example, reference to "a reactant” includes not only a single reactant but also a
combination or mixture of two or more different reactant, reference to "a substituent"
includes a single substituent as well as two or more substituents, and the like.

[00019] In describing and claiming the present invention, certain terminology will be
used in accordance with the definitions set out below. It will be appreciated that the
definitions provided herein are not intended to be mutually exclusive. Accordingly, some
chemical moieties may fall within the definition of more than one term.

29 <<

[00020] As used herein, the phrases “for example,” “for instance,” “such as,” or
“including” are meant to introduce examples that further clarify more general subject matter.
These examples are provided only as-an aid for understanding the disclosure, and are not
meant to be limiting in any fashion.

[00021] As used herein, the phrase "having the formula" or "having the structure" is
not intended to be limiting and is used in the same way that the term "comprising” is
commonly used. The term "independently selected from" is used herein to indicate that the
recited elements, e.g., R groups or the like, can be identical or different.

[00022] As used herein, the terms “may,” "optional," "optionally," or “may
optionally” mean that the subsequently described circumstance may or may not occur, so
that the description includes instances where the circumstance occurs and instances where it
does not. For example, the phrase "optionally substituted" means that a non-hydrogen
substituent may or rﬁay not be present on a given atom, and, thus, the description includes

structures wherein a non-hydrogen substituent is present and structures wherein a non-

hydrogen substituent is not present.
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[00023] The term "alkyl" as used herein refers to a branched or unbranched saturated
hydrocarbon group (i.e., a mono-radical) typically although not necessarily containing 1 to
about 24 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, ¢-butyl,
octyl, decyl, and the like, as well as cycloalkyl groups such as cyclopentyl, cyclohexyl and
the like. Generally, although not necessarily, alkyl groups herein may contain 1 to about 18
carbon atoms, and such groups méy contain 1 to about 12 carbon atoms. The term "lower
alkyl" intends an alkyl group of 1 to 6 carbon atoms. "Substituted alkyl" refers to alkyl
substituted with one or more substituent groups, and this incl,udes instances wherein two
hydrogen atoms from the same carbon atom in an alkyl substituent are replaced, such as in a
carbonyl group (i.e., a substituted alkyl group may include a -C(=0)- moieity). The terms
"heteroatom-containing alkyl" and "heteroalkyl" refer to an alkyl substituent in which at
least one carbon atom is replaced with a heteroatom, as described in further detail infra. If
not otherwise indicated, the terms "alkyl" and "lower alkyl" include linear, branched, cyclic,
unsubstituted, substituted, and/or heteroatom-containing alkyl or lower alkyl, respectively.
[00024] The term "alkenyl" as used herein refers to a linear, branched or cyclic
hydrocarbon group of 2 to about 24 carbon atoms containing at least one double bond, such
as ethenyl, n-propenyl, isopropenyl, n-butenyl, isobutenyl, octenyl, decenyl, tetradecenyl,
hexadecenyl, eicosenyl, tetracosenyl, and the like. Generally, although again not
necessarily, alkenyl groups herein may contain 2 to about 18 carbon atoms, and for example
may contain 2 to 12 carbon atoms. The term "lower alkenyl" intends an alkenyl group of 2
to 6 carbon atoms. The term "substituted alkenyl" refers to alkenyl substituted with one or
more substituent groups, and the terms "heteroatom-containing a;lkenyl" and "heteroalkenyl”
refer to alkenyl in which at least one carbon atom is replaced with a heteroatom. If not
otherwise indicated, the terms "alkenyl" and "lower alkenyl" include linear, branched,
cyclic, unsubstituted, substituted, and/or heteroatom-containing alkenyl and lower alkenyl,
respectively.

[00025] The term "alkynyl" as used herein refers to a linear or branched hydrocarbon
group of 2 to 24 carbon atoms containing at least one triple bond, such as ethynyl, n-
propynyl, and the like. Generally, although again not necessarily, alkynyl groups herein

may contain 2 to about 18 carbon atoms, and such groups may further contain 2 to 12 carbon
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atoms. The term "lower alkynyl" intends an alkynyl group of 2 to 6 carbon atoms. The term
"substituted alkynyl" refers to alkynyl substituted with one or more substituent groups, and
the terms "heteroatom-containing alkynyl" and "heteroalkynyl" refer to alkynyl in which at
least one carbon atom is replaced with a heteroatom. If not otherwise indicated, the terms
"alkynyl" and "lower alkynyl" include linear, branched, unsubstituted, substituted, and/or
heteroatom-containing alkynyl and lower alkynyl, respectively.

[00026] The term "alkoxy" as used herein intends an alkyl group bound through a
single, terminal ether linkage; that is, an "alkoxy" group may be represehted as -O-alkyl
where alkyl is as defined above. A "lower alkoxy" group intends an alkoxy group
containing 1 to 6 carbon atoms, and includes, for example, methoxy, ethoxy, n-propoxy,
isopropoxy, t-butyloxy, etc. Substituents identified as "C;-Cg alkbxy" or "lower alkoxy"
herein may, for example, may contain 1 to 3 carbon atoms, and as a further example, such
substituents may contain 1 or 2 carbon atoms (i.e., methoxy and ethoxy).

[00027] The term "aryl" as used herein, and unless otherwise specified, refers to an
aromatic substituent generally, although not necessarily, containing 5 to 30 carbon atoms
and containing a single aromatic ring or multiple aromatic rings that are fused together,
directly linked, or indirectly linked (such that the different aromatic rings are bound to a
common group such as a methylene or ethylene moiety). Aryl groups may, for example,
contain 5 to 20 carbon atoms, and as a further example, aryl groups may contain 5 to 12
carbon atoms. For example, aryl groups may contain one aromatic ring or two or more
fused or linked aromatic rings (i.e., biaryl, aryl-substituted aryl, etc.). Examples include
phenyl, naphthyl, biphenyl, diphenylether, diphenylamine, benzophenone, and the like.
"Substituted aryl" refers to an aryl moiety substituted with one or more substituent groups,
and the terms "heteroatom-containing aryl" and "heteroaryl" refer to aryl substituent, in
which at least one carbon atom is replaced with a heteroatom, as will be described in further
detail infra. If not otherwise indicated, the term "aryl" includes unsubstituted, substituted,
and/or heteroatom-containing aromatic substituents. '

[00028] The term "aralkyl" refers to an alkyl group with an aryl subsﬁtuent, and the
term "alkaryl" refers to an aryl group with an alkyl substituent, wherein "alkyl" and "aryl"

are as defined above. In general, aralkyl and alkaryl groups herein contain 6 to 30 carbon
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atoms. Aralkyl and alkaryl groups may, for example, contain 6 to 20 carbon atoms, and as a
further example, such groups may contain 6 to 12 carbon atoms.

[00029] The term "alkylene" as used herein refers to a di-radical alkyl group. Unless
otherwise indicated, such groups include saturated hydrocarbon chains containing from 1 to
24 carbon atoms, which may be substituted or unsubstituted, may contain one or more
alicyclic groups, and may be heteroatom-containing. "Lower alkylene" refers to alkylene
linkages containing from 1 to 6 carbon atoms. Examples include, methylene (--CH;——),
ethylene (--CH,CH;--), propylene (--CH,CH,CH,--), 2-methylpropylene
(--CH,--CH(CH3)--CH;--), hexylene (--(CH2)s--) and the like.
[00030] ‘Similarly, the terms "alkenylene," "alkynylene,

"non "nn

arylene," "aralkylene," and
"alkarylene" as used herein refer to di-radical alkenyl, alkynyl, aryl, aralkyl, and alkaryl
groups, respectively. '

[00031] The term "amino" is used herein to refer to the group -NZ'Z? wherein Z' and
Z? are hydrogen or nonhydrogen substituents, with nonhydrogen substituents including, for
example, alkyl, aryl, alkenyl, aralkyl, and substituted and/or heteroatom-containing variants
thereof.

[00032] The terms "halo" and "halogen" are used in the conventional sense to refer to
a chloro, bromo, fluoro or iodo substituent. '
[00033] The term "heteroatom-containing" as in a "heteroatom-containing alkyl
group" (also termed a "heteroalkyl" group) or a "heteroatom-containing aryl group" (also
termed a "heteroaryl" group) refers to a molecule, linkage or substituent in which one or
more carbon atoms are replaced with an atom other than carbon, e.g., nitrogen, oxygen,
sulfur, phosphorus or silicon, typically nitrogen, oxygen or sulfur. Similarly, the term
"heteroalkyl" refers to an alkyl substituent that is heteroatom-containing, the term
"heterocyclic" refers to a cyclic substituent that is heteroatom-containing, the terms
"heteroaryl" and "heteroaromatic" respectively refer to "aryl" and "aromatic" substituents
that are heteroatom-containing, and the like. Examples of heteroalkyl groupé include
alkoxyaryl, alkylsulfanyl-substituted alkyl, N-alkylated amino alkyl, and the like. Examples
of heteroaryl substituents include pyrrolyl, pyrrolidinyl, pyridinyl, quinolinyl, indolyl, furyl,

pyrimidinyl, imidazolyl, 1,2,4-triazolyl, tetrazolyl, etc., and examples of heteroatom-
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containing alicyclic groups are pyrrolidino, morpholino, piperazino, piperidino,
tetrahydrofuranyl, etc.

[00034] "Hydrocarbyl" refers to univalent hydrocarbyl radicals containing 1 to about
30 carbon atoms, including 1 to about 24 carbon atoms, further including 1 to about 18
carbon atoms, and further including about 1 to 12 carbon atoms, including linear, branched,
cyclic, saturated and unsaturated species, such as alkyl groups, alkenyl groups, aryl groups,
and the like. "Substituted hydrocarbyl" refers to hydrocarbyl substituted with one or more
substituent groups, and the term "heteroatom-containing hydrocarbyl" refers to hydrocarbyl
in which at least one carbon atom is replaced with a heteroatom. Unless otherwise
indicated, the term "hydrocarbyl" is to be interpreted as including substituted and/or
heteroatom-containing hydrocarbyl moieties. Similarly, "hydrocarbylene" refers to a
hydrocarbyl di-radical group, such as a hydrocarbylene linker group.

[00035] By "substituted" as in "substituted hydrocarbyl," "substituted alkyl,"
"substituted aryl," and the like, as alluded to in some of the aforementioned definitions, is
meant that in the hydrocarbyl, alkyl, aryl, or other moiety, at least one hydrogen atom bound
to a carbon (or other) atom is replaced with one or more non-hydrogen substituents.
Examples of such substituents include, without limitation: functional groups such as halo,
hydroxyl, sulfhydryl, C;-Cy4 alkoxy, C,-Cs4 alkenyloxy, C,-Ca4 alkynyloxy, Cs-Cyp aryloxy,
acyl (including C,-Cy4 alkylcarbonyl (-CO-alkyl) and C¢-Cy9 arylcarbonyl (-CO-aryl)),
acyloxy (-O-acyl), C,-Cy4 alkoxycarbonyl (-(CO)-O-alkyl), C¢-Cyg aryloxycarbonyl
(-(CO)-O-aryl), halocarbonyl (-CO)-X where X is halo), C,-C»4 alkylcarbonato (-O-(CO)-O-
alkyl), Cs-Cyo arylcarbonato (-O-(CO)-O-aryl), carboxy (-COOH), carboxylato (-COQO"),
carbamoyl (-(CO)-NH,), mono-substituted C,-C,4 alkylcarbamoyl (-(CO)-NH(C;-C4
alkyl)), di-substituted alkylcarbamoyl (-(CO)-N(C;-C,4 alkyl),), mono-substituted
arylcarbamoyl (-(CO)-NH-aryl), thiocarbamoyl (-(CS)-NH3), carbamido (-NH-(CO)-NH,),
cyano (-C=N), isocyano (-N'=C"), cyanato (-O-C=N), isocyanato (-O-N'=C"),
isothiocyanato (-S-C=N), azido (-N=N"=N"), formyl (-(CO)-H), thioformyl (-(CS)-H),
amino (-NH;), mono- and di-(C;-C,4 alkyl)-substituted amino, mono- and di-(Cs-Cyg aryl)-
substituted amino, C,-Cs4 alkylamido (-NH-(CO)-alkyl), Cs-Cyg arylamido (-NH-(CO)-aryl),
imino (-CR=NH where R = hydrogen, C;-Cj4 alkyl, Cs-Cygaryl, Cs-Cypalkaryl, Cs-Cao
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aralkyl, etc.), alkylimino (-CR=N(alkyl), where R = hydrogen, alkyl, aryl, alkaryl, etc.),
arylimino (-CR=N(aryl), where R = hydrogen, alkyl, aryl, alkaryl, etc.), nitro (-NO,), nitroso
(-NO), sulfo (-SO,-OH), sulfonato (-SO,-0"), C;-Cy4 alkylsulfanyl (-S-alkyl; also termed
"alkylthio"), arylsulfanyl (-S-aryl; also termed "arylthio"), C,-Cs4 alkylsulfinyl (-(SO)-
alkyl), Cs-Cyg arylsulfinyl (-(SO)-aryl), C-Cy4 alkylsulfonyl (-SO,-alkyl), Cs-Cyo
arylsulfonyl (-SO;-aryl), phosphono (-P(O)(OH),), phosphonato (-P(O)(O),), phosphinato
(-P(0)(O), phospho (-PO3), and phosphino (-PH;), mono- and di-(C;-Cy4 alkyl)-substituted
phosphino, mono- and di-(Cs-Cy aryl)-substituted phosphino; and the hydrocarbyl moieties
C-Cy4 alkyl (including C,-Cys alkyl, further including C,-C,, alkyl, and further including
C,-Cg alkyl), C,-Cy4 alkenyl (including C,-C,3 alkenyl, further including C,-C,; alkenyl, and
further including C,-Cg alkenyl), C,-Cy4 alkynyl (including C,-C,3 alkynyl, further including
C;,-Cy; alkynyl, and further including C,-Cg alkynyl), Cs-Csg aryl (including Cs-Cy aryl, and
further including Cs-Cj, aryl), and Cs-Csp aralkyl (including Cs-Cyp aralkyl, and further
including C¢-C); aralkyl). In addition, the aforementioned functional groups may, if a
particular group permits, be further substituted with one or more additional functional
groups or with one or more hydrocarbyl moieties such as those specifically enumerated
above. Analogously, the above-mentioned hydrocarbyl moieties may be further substituted
with one or more functional groups or additional hydrocarbyl moieties such as those
specifically enumerated.

[00036] It will be appreciated that many chemical moieties fall within more than one
of the above definitions. For example, a benzyl group can at least be classified as a
substituted alkyl group, a substituted or unsubstituted aralkyl group, and a substituted or
unsubstituted hydrocarbyl gfoup. Unless otherwise indicated, when defining variables for
the chemical formulae herein, recitation of one class of moieties is not intended to exclude
those moieties that also fall within a class not recited. For example, the phrase “R is alkyl”
includes (unless otherwise indicated) substituted alkyl, and does not exclude benzyl even
though “aralkyl” is not also included in the phrase. |

[00037] By the term "linker group," "linker moiety," or "linker" is meant a di-radical
group that connects two portions of a compound. For example, hydrocarbylene, alkylene,

aralkylene, etc. are "linker groups.”" As another example, a "functional linker group" is a

- 10 -
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functional group (as defined above) that is a di-radical, and connects two portions of a
compound. For example, oxo (-O-) and amido (-NH-) groups are functional linker groups.
[00038] When the term "substituted" appears prior to a list of possible substituted
groups, it is intended that the term apply to every member of that group. For example, the
phrase "substituted alkyl and aryl" is to be interpreted as "substituted alkyl and substituted
aryl."

[00039] Unless otherwise specified, reference to an atom is meant to include isotopes
of that atom. For example, reference to H is meant to include 'H, 2H (i.e., D) and H (ie., ),
and reference to C is meant to include '2C and all isotopes of carbon (such as B0).

[00040] Unless otherwise indicated, the terms "treating" and "treatment" as used
herein refer to reduction in severity and/or frequency of symptoms, elimination of symptoms
and/or underlying cause, prevention of the occurrence of symptoms and/or their underlying
cause, and improvement or remediation of damage. Thus, the terms include prophylactic use
of active agents. "Preventing" a disorder or unwanted physiological event in a patient refers
specifically to the prevention of the occurrence of symptoms and/or their underlying cause,
wherein the patient may or may not exhibit heightened susceptibility to the disorder or
event.

[00041] By the term "effective amount" of a therapeutic agent is meant a nontoxic but
sufficient amount of a beneficial agent to provide a desirable effect.

[00042] As used herein, and unless specifically stated otherwise, an “effective
amount” of a beneficial refers to an amount covering both therapeutically effective amounts
and prophylactically effective amounts.

[00043] As used herein, a "therapeutically effective amount" of an active agent refers
to an amount that is effective to achieve a desired therapeutic result, and a "prophylactically
effective amount" of an active agent refers to an amount that is effective to prevent or lessen
the severity of an unwanted physiological condition.

[00044] By a "pharmaceutically acceptable” component is meant a component that is
not biologically or otherwise undesirable, i.e., the component may be incorporated into a
pharmaceutical formulation of the disclosure and administered to a patient as described

herein without causing any significant undesirable biological effects or interacting in a

11 -
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deleterious manner with any of the other components of the formulation in which it is
contained. When the term "pharmaceutically acceptable" is used to refer to an excipient, it
is generally implied that the component has met the required standards of toxicological and
manufacturing testing or that it is included on the Inactive Ingredient Guide prepared by the
U.S. Food and Drug Administration.

[00045] The term "pharmacologically active" (or simply "active"), as in a
"pharmacologically active" derivative or analog, refers to a derivative or analog (e.g., a salt,
ester, amide, conjugate, metabolite, isomer, fragment, etc.) having the same type of
pharmacological activity as the parent compound and approximately equivalent in degree.
{00046] The term "controlled release” refers to a formulation, dosage form, or region
thereof from which release of a beneficial agent is not immediate, i.e., with a "controlled
release” dosage form, administration does not result in immediate release of the beneficial
agent in an absorption pool. The term is used interchangeably with "nonimmediate release”
as defined in Remington: The Science and Practice of Pharmacy, Nineteenth Ed. (Easton,
PA: Mack Publishing Company, 1995). In general, the term "controlled release" as used
herein includes sustained release and delayed release formulations.

[00047] The term "sustained release” (synonymous with "extended release") is used in
i.ts conventional sense to refer to a formulation, dosage form, or region thereof that provides
for gradual release of a beneficial agent over an extended period of time, and that preferably,
although not necessarily, results in substantially constant blood levels of the agent over an
extended time period.

[00048] The term "naturally occurring” refers to a compound or composition that
~oceurs in nature, regardless of whether the compound or composition has been isolated from
a natural source or chemically synthesized.

[00049] As used herein, the term "protease inhibitor" refers to compounds that inhibit
proteases of viral origin, and that are useful in the treatment of viral infections caused by
retroviruses, such as HIV, in mammals, both human and nonhuman.

[00050] In a first embodiment, the disclosure provides compounds having the

structure of formula (A)

-12 -
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[00051] wherein:
[00052] Q?is selected from alkyl and aryl;
[00053] R? is selected from H, hydrocarbyl, functional groups, hydroxyl-protecting
groups, and inorganic acid groups; |
[00054] U! is selected from hydrocarbyl and functional groups;
[00055] L is a linking moiety selected from hydrocarbylene and functional groups;
[00056) U’ is a group selected from Units A, and B:

n2
(o)
? NWH]\R-,
H/§ 3
o/\?
w
Unit A Unit B
[00057] wherein:
[00058] n2 is an integer from 0 to 2;
[00059] R’ is selected from H, hydrocarbyi, and functional groups;
' [00060] W is a linker that links Unit A with L, and is selected from a bond, an

alkylene group, an arylene group, and
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[00061] wherein the wavy line represents the attachment point to Unit A, nl is an
integer selected from 1 and 2, and Q3 is selected from aryl and alkyl; and
[00062] the stars represent the point of connection to L, as well as pharmaceutically

acceptable salts, prodrugs, and metabolites thereof.

[00063] In some embodiments, U' is selected from
R32 R31
\N/ 54 59
Q' N 0)
o= I (o RS® ©
// \N/* ’ R34 ’ and
o) | ,N\ *
R? HN * R51
j/ R52
QZa
[00064] wherein:
[00065] the stars represent connection points to the remainder of formula (I);
[00066] Q'is selected from an aromatic group, an alicyclic group, and an amine
group;
[00067] Q2a is selected from substituted or unsubstituted alkyl, substituted or

unsubstituted heteroatom-containing alkyl, substituted or unsubstituted aryl, and substituted

or unsubstituted heteroaryl;

[00V068] R? is selected from H, hydrocarbyl, and functional groups;

[00069] R*, R%2, R®, and R* are independently selected from H and hydrocarbyl,
and wherein any two of R*, R, R*, and R** may be taken together to form a ring;
(00070] R%! is selected from H and alkyl;

[00071] R¥ is selected from alkyl, aryl, aralkyl, and alkaryl;

[00072] R** is selected from -C(=0)-A-R** and Ar’;

[00073] A 1is selected from a bond, -O-, and NR>-;

[00074] R is alkyl;

[00075] Ar is aryl;

[00076] R* is H or lower alkyl;

[00077] R is alkyl, aryl, aralkyl, or alkaryl;
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[00078] R* is H or alkyl, and wherein any two of R’ R, R* R and R* may be
taken together to form a ring.

[00079] In some embodiments, R’ is branched alkyl.

[00080] In some embodiments, W is selected from a bond, unsubstituted alkylene,

substituted alkylene (including branched alkylene), heteratom-containing alkylene,
substituted heteroatom containing alkylene, unsubstituted arylene, substituted arylene,
heteroarylene, and substituted heteroarylene. For example, in some embodiments W is

-(CH;),-NH-, wherein n is an integer from 1 to 3. For example, in some embodiments, Wis

VWY

: ni
*/\X\)\Q\/(Rh)ns
V4

[00081] wherein n3 is an integer from 0 to 5 and each R* is independently selected

from alkyl, alkoxy, halo, and functional groups. For example, W is

NNV

OMe

: n1
OMe'

[00082] In some embodiments, compounds of formula (A) have the structure of

formula (Ia)

(Ia)

[00083] wherein, in formula (Ia):
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[00084] X' is selected from a bond, -O-, and -NR'’-, wherein R'Y is selected from H
and lower alkyl;

[00085] L' is selected from alkylene, arylene, alkarylene, and aralkylene;

[00086] X2 is selected from a bond and -NR'!-, wherein R'! is selected from H and
lower alkyl;

[00087] L is alkylene;

[00088] X3 is selected from -O-, and -NR'2-, wherein R is selected from H and
lower alkyl, and

[00089] L? is selected from an arylene group and an alkylene group.

[00090] For example, Ql is selected from substituted or unsubstituted Cs-Csg aryl,

substituted or unsubstituted Cs-Csg heteroaryl, and -N(R13 )(RM), wherein R" and R" are
independently selected from H, lower alkyl, Cs-C), aryl, and Cs-C heteroaryl, and further
wherein R'? and R" may be taken together to form a cycle. Examples of Q' include furan,
thiophene, and thiazole, piperazine, piperidine, pyrrolidine, morpholine,
benzo[c][1,2,5]oxadiazole, and other aryl or heteroaryl groups, any of which may be
unsubstituted or substituted. Examples of preferred such substituents include halo, hydroxy,
lower alkyl, lower alkoxy, amino, amido, acetamido, nitro, alkylcarbonyl, aryl, heteroaryl,

and combinations thereof. For example, Q' can have the structure of formula Q'

, _ . (Riv)n3
Q" T
Z
*
[00091] wherein:
[00092] the star represents the point of attachment to the remainder of the compound;
and
[00093] each R" is independently selected from H, alkyl, aryl, heteroaryl, halo,

alkoxy, amido, acetamido, and the like, provided that any two or more R" substituents may
be linked to form a cycle, wherein the cycle may contain one or more annulated aromatic or
aliphatic rings, one or more heteroatoms, or any combination thereof;

[00094] n3 is an integer selected from 1, 2, 3, 4, and 5; and
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[00095] | Some preferred examples of Q' therefore include the following:
Me F cl OH OMe NH, NHCOMe NO,
* * * * * * * * *
NHCOMe NH,

T R,

MeOC,

& . oOOot“‘fiaﬁ“"e& ©?
S e d o

W *

[00096] wherein: ,

{00097} the star represents the point of attachment to the remainder of the compound;

[00098] R, R', and R" are independently selected from H, alkyl, aryl, heteroaryl, halo,
- alkoxy, amido, acetamido, and the like;

[00099] n3 is an integer selected from 1 and 2; and

[000100] X and Y are independently selected from -CR- and -N-.

[000101] Also forexample, Q” and Q are independently selected from substituted or

unsubstituted Cs-Cj3g aryl, substituted or unsubstituted Cs-Cs heteroaryl, substituted or
unsubstituted Cs-C3g biaryl, substituted or unsubstituted Cs-Cs heterobiaryl, and substituted
or unsubstituted C;-Csq alkyl. In some preferred embodiments, Q? and Q° are independently
selected from biaryl and heterobiaryl moieties having a 6-member ring fused to a 5-
membered ring, or a 6-member ring fused to another 6-member ring. Examples of Q% and Q*
include phényl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 5-pyridyl, 6-byridyl, 2-thiazolyl, 3-thiazolyl,
4-thiazolyl, and 5-thiazolyl. For example, Q? and Q® may independently have the structure

-17 -



WO 2010/077317 PCT/US2009/006600

*

N

L~

(R*)na
wherein n4 is selected from an integer in the range of 0-5, and each R* is independently
selected from hydrocarbyl and functional groups. In preferred embodiments, n4 is 0, 1, or 2,
and each R” is halo. For example, each R* is independently fluoro or chloro. Some examples
of preferred Q? and Q groups include phenyl rings with fluoro groups at the 2-, 3-, and/or 4-
positions, chloro groups at the 2-, 3-, and/or 4-positions, or any combination thereof. One
preferred example of Q’is 3,4—dimethoxyphenyl, and one preferred example of Q’ is phenyl.
However, in some embodiments, Q’ is not 3,4-dimethoxyphenyl, and Q? is not phenyl. In
some preferred embodiments, Q’ is a pyridyl, thiophenyl, or thiazolyl substituent.
[000102] Also for example, R? is selected from H, C;-Cas alkyl, heteroatom-containing
C-Cy4 alkyl, C»-Cy4 alkenyl, heteroatom-containing C,-Cy4 alkenyl, C,-Cy4 alkynyl,
heteroatom-containing C,-Cs4 alkynyl, Cs-Cso aralkyl, and Cg-Csg heteroatom-containing
aralkyl, any of which may be substituted or unsubstituted. In some preferred embodiments,
R? is lower alky! or cycloalkyl. Some examples of R? include groups having the structure -
CH,-CH(R*)(R®), wherein R® and R® are independently selected from H, lower alkyl, aryl,
and heteroaryl, or wherein R’ and R® are taken together to form a 3- to 6-membered
cycloalkyl ring, and wherein R’ and R® may be further substituted. Other examples of R’
include groups having the structure -CH,-Ar, wherein Ar is an aryl or heteroaryl ring
[000103] Also for example, R? is selected frdm H, alkyl, and -PO3’2MX,_wherein Mis
an alkali or alkali-earth metal cation, and x has the value of 1 or 2 based on the charge of M.
For example, M may be Li, Na, K, Rb, or Cs, in which cases x has the value of 2, or M may
be Be, Mg, Ca, Sr, or Ba, in which cases x has the value of 1. In some embodiments, R®is
lower alkyl, such as lower linear, branched, or cyclic alkyl, an example of which is methyl.
Alternatively, R? and the oxygen to which it is attached (i.e., -OR?) may be any hydroxyl
prodrug moiety -- i.e., a moiety that is converted in vivo to a hydroxyl group. In one
embodiment, hydroxyl prodrug moieties are esters that are metabolized in vivo by esterases
or by other mechanisms to hydroxyl groups. Esters and other examples of prodrugs may be

found in the relevant literature (see, e.g., Berge et al. (1977) "Pharmaceutical Salts", J.
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Pharm. Sci. 66:1-19), and include substituted and unsubstituted, branch or unbranched lower
alkyl ester moieties, (e.g., propionoic acid esters), lower alkenyl esters, di-lower alkyl-amino
lower-alkyl esters (e.g., dimethylaminoethyl ester), acylamino lower alkyl esters (e.g.,
acetyloxymethyl ester), acyloxy lower alkyl esters (e.g., pivaloyloxymethyl ester), aryl
esters (phenyl ester), aryl-lower alkyl esters (e.g., benzyl ester), substituted (e.g., with
methyl, halo, or methoxy substituents) aryl and aryl-lower alkyl esters, amides, lower-alkyl
amides, di-lower alkyl amides, and hydroxy amides. Specific examples of prodrug moieties
are propionoic acid ester and benzoic acid ester.
[000104] Also for example, R’ is substituted or unsubstituted lower alkyl. In some
preferred embodiments, R’ is lower alkyl, branched lower alkyl, or cycloalkyl. For example,
R’ may be selected from

*TNI\IITe . *Me *\(Me ’ *V , and *\ICNI\IITe

Me Me Me

wherein the star represents the point of attachment to the remainder of the compound.
[000105) Also for example, L' is selected from substituted or unsubstituted C,-C)»
alkylene, substituted or unsubstituted heteroatom-containing C;-C;, alkylene, an amino acid
linking moiety, substituted or unsubstituted C3-C;, cycloalkylene, substituted or
unsubstituted heteroatom-containing C3-C;; cycloalkylene, substituted or unsubstituted Cs-
Cj0 arylene, substituted or unsubstituted Cs-Csg heteroarylene, substituted or unsubstituted
Cs-C3p aralkylene, substituted or unsubstituted heteroatom-containing Cs-Csg aralkylene,
substituted or unsubstituted C¢-C3q alkarylene, and substituted or unsubstituted heteroatom-

containing Cs-Csp alkarylene. In one example, L' is -C(=0)-.

[000106] In some preferred embodiments, L' has the structure of formula (L'?)
N Q

) *=(CHy)ns—C—(X*)n7—(CHa)ns—{-C 7~ *
R9 ng

[060107] wherein:
[000108] the stars represent connection points to the remainder of the compound,;

[000109] X* is selected from -O- and -NR"-;
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[000110) R8, and R’ are independently selected from H, substituted or unsubstituted
lower alkyl, substituted or unsubstituted heteroatom-containing lower alkyl,

[000111] R' is H or lower alkyl;

[000112] n7 and n8 are independently O or 1; and

[000113] n5 and n6 are independently selected from an integer in the range of 0-12,
more preferably in the range of 1-6, most preferably 1, 2, or 3.

[000114] In some preferred embodiments, L' has the structure of -Ar'-X’-, wherein Ar'
is a substituted or unsubstituted 5- or 6-membered aromatic ring optionally containing one
or more heteroatoms, and X is selected from a bond, -C(=0)-, -CH,-, and -S(=0),-. For

example, L' can have the structure of any one of formulae (L'%)-(L'™)

X5
L Yy S
)\ " B..D

R1 6)n9 R1 6)n9 c
L1b L1c L1d L1e
* X3
B-C ~
)‘C I\ * B—( *
4 \
B. M s-" *’(E x5~ «—L_.¢
E” X E
L1f L1g L1h

[000115] wherein:
[000116] the stars represent connection points to the remainder of the compound,;

[000117] n9 is an integer in the range of 0-4;

[000118] each R'¢ is independently selected from H, lower alkyl, and functional
groups;

[000119] A, B, C, and D are each independently selected from -CR'- and -N-; and
[000120] E is selected from -CR';-, -NR'-, and -O-. Examples of preferred’Ar' groups

include phenylene and pyridinylene.

[000121] In some preferred embodiments, L' has the structure of formula (L1i)
( n10 QO
. R17 R18
L1 * N
(L1i) BN
R 9 R20
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[000122]
[000123]
[000124]
[000125]
[000126]

wherein:

the stars represent connection points to the remainder of the compound,
nl0 is an integer selected from 1 and 2;

R RS, ng, and R* are independently selected from H and lower alkyl.

Also for example, L? is selected from substituted or unsubstituted lower

alkylene. In preferred embodiments, L2 is selected from -(CH2)n11- and -(C=0)-(CH2)n11-,

wherein nl1 is an integer in the range of 1-12, more preferably in the range of 1-6, most

preferably 1 or 2.

[000127]

For compounds having the structure of formula (Ia), examples of the moiety -

X'-L'-X?-L%-X3- are provided in Table 1.
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Table 1. Examples of -X'-L'-X*-L*-X>- for compounds having the structure of formula (Ia)

PCT/US2009/006600

X! L! X? L’ X’
- -(CH;),- - Cc=0 -NH-
- «(CH3);- - C=0 -NH-
- Cc=0 -NH- -(CH,),- -O-
- -(CH,)(C=0)- -NH- -(CH,),- -O-
- ~(CH),(C=0)- -NH- -(CH;),- -O-
- ~-(CH,);3(C=0)- -NH- «(CH;),- -O-
- -(CH,)NH(C=0)- -NH- -(CH,),- -O-
- H -NH- -(CHy),- -O-

M:j[MéJ
- H -NH- -(CH,),- -O-
anJg (CH3),
O
(0]
NH,

-0- -(CH,)1(C=0)- -NH- «(CH,),- -O-

-O- -(CH,),(C=0)- -NH- -(CH,),- -O-

-O- -(CH,);3(C=0)- -NH- <(CH;),- -O-

-O- 0o -NH- -(CH,),- -O-

F{(O\H/uv

*R, S, or racemic
-O- OH O -NH- -(CH,),- -O-

*R, S, or racemic
-O- -NH- -(CH,),- -O-

XCO (CH3),

:\O/\ég.
. -NH- -(CHy)s- -NH- -(CHy),- -0-
NMe- -(CH,),(C=0)- ~-NH- (CH,),- -O-
- -(CH,),(C=0)- -NH- «(CH,),- -O-
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x! L' x? L X
_ 0 NH- (CHy),- -0-
- 0,0 -NH- <(CH2),- -O-
?l©/sa‘
. X : “NH- -(CH,),- -O-
o)
_ “NH- -(CHy),- -O-
C Ss
oo
; o) “NH- «(CH,),- -O-
N
l -~
~~
- 0O -NH- -(CHjy)2- -O-
~
]
N
3 N “NH- -(CHy),- -O-
I ~
N
O .
_ = “NH- ((CH,),- _0-
N. ~
o)
NH- o) NH- {(CHy),- -O-
NH- 0.0 NH- -(CHyp),- -O-
./
*@/Ss’i
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X! L' x? L’ x?
-NH- ¥ : -NH- -(CH,),- -O-
A (o)
-NH- -NH- -(CH,),- -O-
: Ssk
o'o
NH- o) -NH- -(CH,),- -O-
N
I ~
~
-NH- o) -NH- -(CH,),- -O-
' N
-N
-NH- X “NH- «(CH,),- -O-
l ”
N
o)
NH- X _NH- -(CH,),- -O-
N. .~
o)
- -(CH,)- -NH- -(C=0)(CH,)- -O-
- T NH- -(C=0)(CH,)- -O-
Me Me
- -NH- -(C=0)(CH,)- -O-
(o)
NH,
- -(CH,),- -NH- ~(C=0)(CH,)- -O-
- -(CHp);- -NH- -(C=0)(CH,)- -O-
- -(CHy),4- -NH- ~(C=0)(CH,)- -O-
-O- -(CH,),- NH- -(C=0)(CH,)- -O-
-O- -(CH,)5- NH- -(C=0)(CH,)- -O-
-O- «(CH,),- NH- -(C=0)(CH,)- -O-
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X! L' X? L2 X3
-O- S\*(? -NH- -(C=0)(CH,)- -0-

OH '
*R, S, or racemic
-O- M -NH- -(C=0)(CH,)- -0-
OH
*R, S, or racemic
-O- apo -NH- -(C=0)(CH,)- -O-
':\O/\%.
-NH- -(CH,),- -NH- -(C=0O)(CH,)- -O-
-NH- -(CH,)3- -NH- -(C=0)(CH,)- -O-
-NMe- -(CH,)3- -NH- -(C=0)(CH,)- -O-
- gﬁ:::f{ -NH- -(C=0)(CH,)- -O-
- gﬁ::j/ﬁg -NH- -(C=0)(CH,)- -O-
- 0,0 -NH- -(C=0)(CH,)- -O-
E \SIg
- $ :: -NH- -(C=0)(CH,)- -O-
- ?2 : -NH- -(C=0)(CH,)- -O-
- gﬁ::]\ -NH- -(C=0){(CH,)- -O-
sk
00
- N\ -NH- -(C=0)(CH,)- -O-
l ~
- X -NH- -(C=0)(CH,)- -O-
I N
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X[ Ll XZ L2 X3
] m ‘NH- | {C=O)(CHp)- | -O-

N/
' X NH- | {C=0)(CHp)- | -O-
N. .~
-NH- *@/}( -NH- -(C=0)(CH,)- -0-
-NH- o\w,o -NH- '(C=O)(CH2)- -O-
SN
“NH- ?k©\2i NH- | -(C=0)(CHy)- | -O-
-NH- ;,{@\ -NH- -(C=0)(CH,)- _0-
St
oo
-NH- Ny NH- | -(C=O)(CH,)- -
I ~
“NH- X NH- [ {C=0)(CH,)- | -O-
| ZN
-NH- X NH- | «(C=0)(CH,)- 0-
I
N° -
“NA- X NH- | «C=O)(CHp)- | -O-
N
i <(CHy),- - Cc=0 NR"Z-
- -(CH2)O(CHy)- - Cc=0 NR'Z
- -(CH,)NR'(CH,)- - C=0 -NR™-
i -(CR°R%)(C=0)- . -NR'- -(CHy),- 0-
- ~(CH2)n(C=0)- -NR'- -(CHy),- -0-
- -(CH;)O(CH,)(C=0)- | -NR'- c=0 0
- (CH,)NR'(CH),(C=0)- | -NR'- c=0 O-
- -(CH,)NR'(C=0)- -NR'"- -(CH,),- O-

-6 -




WO 2010/077317 PCT/US2009/006600

’ R NR™- T H(CHy)- -
NNy
R O
-O- -(CH3)4(C=0)- -NR'. -(CH,),- O-
NR™- -(CH2)>(C=0)- -NR''- (CHy),- -O-
] 1 -NR- -(CH,),- -O-
R3
; 00 | -NR -(CH,),- -0-
D
R3
] -NR'- -(CH;),- -0-
R3
(o)
. ?LQ\ -NR'- -(CH;),- -O-
R3 d's‘gi
) o -NR''- -(CHj),- -O-
A
~ v
l D
\Cé ‘ |
' A NRT- [ -(CHp)- O-
B
\C/knhg
()
' 7 NRT- | -(CHy)- -
A
i c -NR'- -(CHjz)2- -O-
LARY
B. )\‘(&
A
()
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X] : LT XZ . L2 X3

- o) -NR'- -(CH,),- -O-
e
\
: ‘IA/C
-NR'- o) -NR'- «(CH,),- -O-
R® '
-NR'- -NR'™- -(CH,),- -O-

\\ ,

¥e
?L@/s?
R3

NR™- NR™- -(CH,),- 0-
R3
o)

-NR"- -NR''- -(CH,),- -O-
@s’«: |

3
R (?%)
-NR'"- o) -NR™- -(CH,),- -O-
A
A
D
C
NR- A NR' CH 0)
Ap -NR™- -(CHa)y- -O-
B. ~
\C)\nhg
(o]
-NR™- B-C NR'- [ HCH),),- -O-
X, |
-NR'’- c -NR'- -(CH,),- -O-
B,
\A)\‘ga
-NR'- o -NR''- -(CH,),- -O-

: CHy)y- NR- | {C=0)(CHy)- | -O-
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X' L' X? L’ xX®
- (CR3R?)(C=0)- -NR'- | +(C=0)(CH,)- -0-
-0- ~(CHy),- -NR'"- | -(C=0)(CH,)- -0-
n>=2
-O- * -NR'- | -(C=0)(CH,)- -O-
OR3?
* R, S, or racemic
-O- M -NR'- -(C=0)(CH,)- -O-
OR3
*R, S, or racemic
-O- (- 5 -NR"- | «(C=0)(CH,)- -O-
/e R
L~
R° R®
-NR'"- -(CH,);- -NR''- | -(C=0)(CH,)- -0-
- ?L©/\‘é -NR'- | -(C=0)(CH,)- -O-
R3
- o\g, NR'- | -(C=0)(CH,)- -O-
R3 :
- N : -NR'- | C=0)(CH,)- -O-
R3
- PL©\ -NR''- | -(C=0)(CH,)- -O-
- ?H,A\ NR'- | C=0)(CH,)- -O-
] .
BYfI)
- A:D -NR'- | «(C=0)(CH,)- -O-
I
B.AA %
- B-C -NR'- | (C=0)(CH,p)- -O-
,g»kA)\)i -
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X‘l Ll XZ Lz X3
- c -NR'- | {(C=0)(CH,)- -O-

l
Bl
A)\)a
- -NR'- -(C=0)(CH,)- -0-
B \
1
% ‘A’C
NR™- ;-{@/\g -NR'™ ~-(C=0)(CHy,)- -O-
R3
-NR"’- qu NR'"- | -(C=0)(CH,)- -O-
R3:
-NR'%- y\g\x -NR''- | -(C=0)(CH,)- -O-
R3
-NR'™- ?L©\ -NR'- -(C=0)(CH;)- -O-
R3 (5%3
-NR'’- A -NR'l- -(C=0)(CH,)- -0-
&
D
-NR™- A:p -NR'- | -(C=O)(CH,)- -0-
B[C/)\;{
-NR'™- B-C -NR'- | -(C=0)(CH,)- -0-
S Ox |
A
-NR™- c -NR''- | -(C=0)(CH,)- -0-
B, W %
A
-NR"- NR''- -(C=0)(CH,)- -O-
i
A’C
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[000128]) Also for example, L3 is selected from lower alkylene, arylene, biaryl,
heteroarylene, and heterobiarylene, any of which may be substituted or unsubstituted. In

some embodiments, L has the structure

(R 42

wherein n12 is an integer in the range of 0-4, and wherein each R?' is independently selected
from H, halo, and hydrocarbyl.

[000129] In some preferred embodiments, XLL-X2L2-X3-L*- is other than -(CH2)2-
C(=0)-NH-Cg¢Hs-. In some embodiments, -X'-L'-X?-L2-X°- is other than -(CHa)p:-
(OCH2CH3)p2-(CH3)p3-, wherein bl and b3 are each integers between 0 and 4 and b2 is an
integer between 0 and 2. For example, -X'-L'-X?-1L2-X3- is other than -(CH;),-, or other than
-(CHy)s-, or other than -(CH3),-(OCH,CH,)-, or other than -(CH,),-(OCH,CH,),-.

[000130] In some embodiments, the compounds of formula (A) have the structure of

formula (I1a)

(1Ia)
i OMe
Q1 NHJLX11'L11-X12'L12'X13 é '
°=é s m1 OH

RZ OR?® @?

[000131] wherein:

[000132] Q', Q% R? and R? are as defined previously;

[000133]) m1 is an integer selected from 1 and 2;

[000134] X" LY and X'? are as defined for X', L', and X2, respectively;
[000135] L'% is selected from alkylene and alkenylene; and

[000136] X" is selected from a bond and -O-.
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[000137] For example, L' is selected frbm substituted or unsubstituted lower alkylene
and substituted or substituted lower alkenylene. In preferred embodiments, L' is selected
from -(CH3)as-, -CH,-CH=CH-, and -(C=0)-(CH,)as-, wherein n8 is an integer in the range
of 1-12, more preferably in the range of 1-6, most preferably 1 or 2.

[000138] For compounds having the structure of formula (I1a), examples of the moiety
XULMXL2 X' (CHy)mi - are provided in Table 2.

Table 2. Examples of -X''-L'-X"2-L12.X"3_(CH,)m:- for compounds having the structure of
formula (Ila)

Xll LH XlZ LTT X13 ml
- C=0 -NH- -(CH,),- -O- 1,2
- -(CH,)(C=0)- -NH- -(CH;),- -O- 1,2
- -(CH,),(C=0)- -NH- -(CH,),- -O- 1,2
- -(CHy);(C=0)- -NH- -(CH2),- -O- 1,2
- -(CH3)NH(C=0)- -NH- -(CH,),- -O- 1,2
- H -NH- -(CH,),- -O- 1,2

PI”m’ﬁ
Me lWé)
- H -NH- -(CH>),- -O- 1,2
N\[ff. (CH2)2
(o)
(0]
NH,

-O- -(CH,)4(C=0)- -NH- -(CH,),- -O- 1,2

-O- -(CH,),(C=0)- -NH- -(CH,),- -O- 1,2

-O- -(CH,);(C=0)- -NH- -(CH,),- -O- 1,2

-0- M -NH- -(CH,),- -O- 1,2

OH
*R, S, or racemic
-0O- OH O -NH- -(CH,),- -O- 1,2
*R, S, or racemic
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-O- XCO -NH- -(CH,),- -O- 1,2
_\O/\‘gi
_O- -(CHy)3- NH- (CH,),- -0- 12
“NH- -(CH,),(C=0)- “NH- -(CHy),- -0- 12
“NMe- -(CH,),(C=0)- NH- -(CHy),- -0- 1,2
- o _-NH- -(CHy),- -O- 1,2
- 0,0 -NH- -(CHy),- -0- 1,2
s \S/ai
- ' -NH- -(CH,),- -O- 1,2
O
- &@\ NH- -(CHy),- -0- 12
S
OO0
- 0 -NH- -(CHy),- -0- 12
N
| N
~
- o) NH- (CH,),- -O- 12
' N
~N
- N “NH- -(CH2),- -0- 1,2
l -
N
O
- N NH- -(CHy),- -O- 1,2
N. .~
O
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XII Lll XIZ le X13 ml
-NH- 0 -NH- -(CH3)»- -O- 1,2
-NH- 0.0 -NH- -(CH,),- -0- 12
E \SIS
-NH- ?L©\n& -NH- -(CH,),- -O- 1,2
O
-NH- ?§©\ -NH- -(CHy)»- -O- 1,2
s
00
-NH- 0 -NH- -(CH,),- -O- 1,2
N
I -~
.
-NH- o) -NH- -(CHy),- -O- 12
l ~N
~N
-NH- X -NH- -(CH,)»- -O- 1,2
' ”,
N
(o] .
-NH- X “NH- -(CH,),- -O- 12
]
N.~
O
- -(CH,)- -NH- {C=0)(CHy)- | -O- 1,2
- T -NH- -(C=0)(CH,)- -O- 1,2
Me~ Me
- -NH- -(C=0)(CH,)- -O- 12
O
NH,
- -(CH,),- -NH- -(C=0)(CH,)- -O- 1,2
- -(CH,)3- -NH- -(C=0)(CH,)- -O- 1,2
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Xll Lll XfZ LIZ X13 ml
- -(CH,),- -NH- -(C=0)(CHy)- -O- 1,2
-0- -(CH,),- -NH- -(C=0)(CH,)- -O- 1,2
-0- -(CH,)5- -NH- -(C=0)(CH,)- -O- 1,2
-0- -(CH,)4- -NH- -(C=0)(CH,)- -O- 1,2
-0O- *O[ -NH- -(C=0)(CH,)- -O- 1,2
OH
*R, S, or racemic
-O- M -NH- -(C=O)(CH2)- -O- 1,2
OH
*R, S, or racemic
-0- XCO -NH- -(C=0)(CH,)- -O- 1,2
:\O/\x

-NH- -(CH,);- -NH- -(C=0)(CHy)- -O- 1,2
“NH- -(CHy);- -NH- -(C=0)(CH,)- -O- 1,2
NMe- -(CH,);- NH- -(C=0)(CH,)- -O- 1,2
- $©Z -NH- -(C=0)(CH,)- -O- 1,2
- x©/>( -NH- -(C=0)(CHy)- -O- 1,2
- 0,0 NH- -(C=0)(CH,)- -O- 12

E \slg
- *©¥ -NH- -(C=0)(CH,)- -O- 1,2
- ?g©\)£ NH- | -(C=0)(CH,)- o | 12
. ?{©\ _NH- -(C=0)(CH,)- -0- 1,2

S

00
3 N~ “NH- {(C=0)(CH,)- -0- 1,2

I ~
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Xll Ll] XlZ L12 X]3 ml
- X “NH- -(C=0)(CH,)- -0- 12
I _N
. ~ NH- -(C=0)(CH,)- -0- 1,2
|
. N/
- N “NH- -(C=0)(CH,)- -0- 12
|
N~
‘NH- pL@/}l “NH- -(C=0)(CHy)- -0- 12
NH- 0,0 “NH- -(C=0)(CH,)- -0- 1.2
E \sl3
_NH- m _NH- -(C=0)(CH,)- -0- 12
NH- ?g©\ _NH- -(C=0)(CH,)- -0- 12
' I,S\\%-
o’'o
_NH- N, _NH- -(C=0)(CH,)- -0- 12
| .
~
“NH- N “NH- -(C=0)(CH,)- -0- 12
| N
_NH- \ _NH- -(C=0)(CH,)- -O- 12
|
| N’ |
_NH- N _NH- -(C=0)(CH,)- -0- 12
' .
N. .~
- -(CR3R%)(C=0)- -NR''- -(CHy),- -0- 1,2
- -(CH,),(C=0)- NR'- -(CH,),- -0- 1,2
- -(CH,)O(CH,)(C=0)- -NR'- c=0 -0- 1,2
- -(CHZ)NR'(CH),(C=0)- | -NR'"- C=0 -0- 1,2
- -(CH,)NR'(C=0)- -NR''- -(CHy),- -0- 1,2
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Xll Lll XI’Z LIZ Xl3 m1
- R’ -NR"- ~(CH,),- -O- 1,2
F e
R® O
-O- -(CH,)4(C=0)- -NR''- -(CH,),- -O- 1,2
-NR™- -(CH,),(C=0)- -NR"'- -(CH,),- -O- 1,2
- 0 -NR'- -(CH,),- -O- 1,2
R3
- q\s,,o -NR'- -(CHj),- -O- 1,2
R3Z |
- -NR'- -(CH,),- -O- 1,2
R3
o]
3 i@\ -NR'"- -(CHy)2- -O- 1,2
R3 (é%?
- (o] -NR''- -(CH,),- -O- 1,2
A\\(ug
BI D
\Cv
- A:p -NR'- -(CH,),- -O- 1,2
I
7,
Bscx’\n)(
o
- B-C -NR'"- -(CH,),- -O- 1,2
* A
o]
- c NR'- -(CH,),- -O- 1,2
LN
A
(o]
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- o -NR''- -(CH,),- -O- 1,2
e
\
‘%QA’C
-NR'’- 0 -NR'- «(CH,),- -0- 1,2
R3
-NR"- 0,0 -NR"- «(CH,),- -O- 1,2
\§I 2/2
R3 :
NR"- -NR''- -(CHy),- -O- 1,2
R3
o
-NR'™- &@ -NR'- -(CH,),- -O- 1,2
3 §§1
R" &%
-NR'"- o) -NR"- -(CH,),- -O- 1,2
AR
I \D
\Cf
-NR"- Ao -NR''- -(CH,),- -O- 1,2
!
7,
B\C/knhz
o
-NR'"- g—g -NR'- -(CH,),- -O- 1,2
% A
-NR'- c -NR''- -(CH,),- -O- 1,2
!l \
B.
B
(0]
-NR'- o) -NR'- -(CH,),- -O- 1,2
e
\
'%«A’C
- -(CHy)p- -NR'- -(C=0)(CH,)- -O- 1,2
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Xll Ll] XIZ LIZ xl3 ml
- -(CR3R?*)(C=0)- -NR'- | «(C=0)(CH,)- -O- 1,2
-O- «(CH,),- -NR'"- -(C=0)(CH,)- -O- 1,2
n>=2
-O- * NR'"- | "-(C=0)(CH,)- -O- 1,2
OR?
* R, S, or racemic
-O- M -NR'- -(C=0)(CH,)- -O- 1,2
OR?
*R, S, or racemic
-O- (P -NR'- -(C=0)(CH,)- -O- 1,2
O R4 )
3.
:\ 7%
O R5RE
-NR"- «(CH,)3- -NR''- -(C=0)(CH,)- -O- 1,2
- W -NR'- -(C=0)(CH,)- -O- 1,2
R? ‘
- Qgp -NR'- -(C=0)(CH,)- -O- 1,2
R3 : .
- X : NR'- -(C=0)(CH,)- -O- 1,2
R3 |
- yl@\ NR"- | -(C=0)(CH,)- -O- 1,2
RS C§§E |
- ;ﬁ,A\ -NR''- -(C=0)(CH,)- -O- 1,2
i
B.s-D |
- A:p -NR'- -(C=0)(CH,)- -O- 1,2
|
B. A%
- E’;-g\)& -NR"- -(C=0)(CH,)- -O- 1,2
: { . .
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xll Lll XIZ le X13 ml
- c -NR"'- -(C=0)(CH,)- -O- 12
BiA»\)i
- -NR"- -(C=0)(CH)- -0- 12
B8 \
1
L, C
-NR'™- ?L©/\‘; -NR'- -(C=0)(CH,)- -O- 1,2
R3
-NR'’- Q.0 -NR'- -(C=0)(CH,)- -O- 1,2
*@S?
R3 ‘
-NR'’- m -NR'- -(C=0)(CH,)- -O- 1,2
R3
-NR"- ;{©\ -NR'- -(C=0)(CH,)- -O- 1,2
| il
-NR™- A -NR''- -(C=0)(CH,)- -O- 1,2
\Co
-NR'- A.p -NR''- -(C=0)(CH,)- -O- 1,2
1
B. A%
-NR"- B-C -NR''- -(C=0)(CHj,)- -O- 1,2
1
,g»kA)\)i
-NR'- c -NR''- -(C=0)(CH,)- -O- 1,2
B~
-NR'- -NR'- -(C=0)(CHy)- -O- 1,2
B \
[
L c
- Cc=0 -NH- CH,(CH=CH) - 1
- -(CH,)(C=0)- -NH- CH,(CH=CH) - 1
- -(CH,),(C=0)- -NH- CH,(CH=CH) - 1
- -(CH,)3(C=0)- -NH- CH,(CH=CH) - 1

_40 -




WO 2010/077317 PCT/US2009/006600
Xll LI] XIZ LlZ XI3 ml
- -(CH2)NH(C=0)- -NH- CH,(CH=CH) - 1
- “ -NH- CH,(CH=CH) - 1
M:I Meo
- n -NH- CH,(CH=CH) - 1
o
0]
NH,
-O- -(CH,)4(C=0)- -NH- CH,(CH=CH) - 1
-O- -(CH,),(C=0)- -NH- CH,(CH=CH) - 1
-O- -(CH,);(C=0)- -NH- CH,(CH=CH) - 1
-O- O -NH- CH,(CH=CH) - 1
T
*R, S, or racemic
-O- OH O -NH- CH5(CH=CH) - 1
* R, S, or racemic ,
-O- ;{CO -NH- CH,(CH=CH) - 1
g /\‘g{_ |
-0- -(CH3)3- -NH- CH,(CH=CH) - 1
-NH- -(CH,),(C=0)- -NH- CH,(CH=CH) - 1
-NMe- -(CH,),(C=0)- -NH- CH,(CH=CH) - 1
- O -NH- CH,(CH=CH) - 1
- 0,0 -NH- CH,(CH=CH) - 1
E \Slg
- -NH- CH,(CH=CH) - 1
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Xll Lll XIZ Ij'z X13 ml
i NH- CH,(CH=CH) - 1
C sk
o'o |
- o) NI- CH,(CH=CH) . 1
N
| ~
7~
- o NH- CH,(CH=CH) . 1
' ~
~N
3 N NH- CH,(CH=CH) . 1
l ”
N
o)
3 \ NH- CH,(CH=CH) . 1
]
N. .~
o
NH- o) NH- CH,(CH=CH) - 1
NH- 0.0 NO- CH,(CH=CH) . 1
E \SIs
NH- NI CH,(CH=CH) 3 1
o)
NH- NH- CH,(CH=CH) - 1
C “s2k
o0
NH- o) NO- CH,(CH=CH) 3 1
N ,
| ~
s
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Xl[ Lll XlZ L12 Xl3 ml
-NH- o -NH- CH,(CH=CH) - 1
I <N
~N
-NH- X -NH- CH,(CH=CH) - 1
I ”,
N
, o
-NH- X -NH- CH,(CH=CH) - 1
‘ |
N =
o,
_ «(CH,)- -NH- | -(C=0)(CH=CH)- - 1
- T -NH- | -(C=0)(CH=CH)- - 1
Me”™ Me
- -NH- | -(C=0)(CH=CH)- - 1
o
NH,
_ -(CH,),- -NH- -(C=0)(CH=CH)- - 1
- -(CH,)5- -NH- -(C=0)(CH=CH)- - 1
- «(CH,),4- -NH- | -(C=0)(CH=CH)- - 1
O- -(CH3)»- -NH- | -(C=0)(CH=CH)- - 1
O- -(CH,)5- -NH- | -(C=0)(CH=CH)- - 1
-O- ~(CH,),- -NH- -(C=0)(CH=CH)- - 1
-O- }{*(? -NH- | -(C=0)(CH=CH)- - 1
OH
*R, S, or racemic _
-O- & -NH- -(C=0)(CH=CH)- - 1
OH ,
*R, S, or racemic
O- ;{CO -NH- | -(C=0)(CH=CH)- - 1
. '—\0/\x
-NH- -(CH,)s- -NH- | -(C=0)(CH=CH)- - 1
“NH- -(CH,),- -NH- | -(C=0)(CH=CH)- - 1
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Xll L" XIZ L|2 xl3 ml
“NMe- Z(CHy)s- NH- | -(C=0)(CH=CH)- | - 1
?g©,s£ NH- | -(C=0)(CH=CH)- 1
;{©/>( NH- | -(C=0)(CH=CH)- 1
0\,9 -NH- -(C=0)(CH=CH)- 1
*@/\S?i
?L©¥ NH- | -(C=O)(CH=CH)- | - 1
- < : NH- | -(C=0)(CH=CH)- | - 1
*@\ NH- | (C=0)(CH=CH)- | - 1
5%
. ol\
N, NH- | -(C=0)(CH=CH)- 1
l_
~ NH- | -(C=0)(CH=CH)- 1
~N
m NH- | -(C=O)(CH=CH)- 1
N/
3 = NH- | (C=0)(CH=CH)- | - 1
N.—~
NH- y\©/}( ‘NH- | -(C=0)(CH=CH)- 1
-NH- 0,0 -NH- -(C=0)(CH=CH)- 1
E \SIg
NH- NH- | -(C=0)(CH=CH)- 1
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Xll Lll XI2 LIZ Xl} ml
-NH- y@ -NH- | -(C=0)(CH=CH)- - 1
St
00
-NH- Ny -NH- | -(C=0)(CH=CH)- - 1
I s
-NH- S -NH- | -(C=0)(CH=CH)- - 1
~N
-NH- X -NH- | -(C=0)(CH=CH)- - 1
|
N/
-NH- X -NH- | -(C=0)(CH=CH)- - 1
N. .~
- (CR3R%)(C=0)- -NR"- | CH,(CH=CH) - 1
- -(CH,),,(C=0)- -NR'- CH,(CH=CH) - 1
- -(CH,)O(CH,)(C=0)- -NR'- CH,(CH=CH) - 1
- (CH,)NR'(CH),(C=0)- | -NR"- | CHy(CH=CH) - 1
- (CH,)NR'(C=0)- -NR'- CH,(CH=CH) - 1
- ) R1 -NR'- CH,(CH=CH) - 1
1
Fryr
R® O
-0- -(CH,)4(C=0)- -NR'- CH,(CH=CH) - 1
-NR'™- -(CH,),(C=0)- -NR'- CH,(CH=CH) - 1
- 0 -NR''- CH,(CH=CH) - 1
R3
- 0,0 -NR'- CH,(CH=CH) - 1
*@/33
R3
- -NR'- CH,(CH=CH) - ]
R3
(o]
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Xll Lll XIZ le X13 ml
- -NR'- CH,(CH=CH) - 1
R® (éi?
- o) -NR'"- CH,(CH=CH) - 1
NG
?{rl <
BYfD
- A.p -NR'- CH,(CH=CH) - 1
-
2,
B~CJ\nh(
o |
- B-C -NR'™- CH,(CH=CH) - 1
% A
O .
- c -NR'- CH,(CH=CH) - ]
1 . A
B
WO
(o]
- o} -NR™- CH,(CH=CH) - 1
e
:(IA)C
-NR™- 0 -NR™- CH,(CH=CH) - 1
R3
-NR'"’- 0,0 -NR'- CHy(CH=CH) - 1
¥
o
-NR'"- -NR'- CH,(CH=CH) - 1
R3
0
-NR'- @\ -NR'- CH,(CH=CH) - 1
R3 (é%?
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xll Lll Xlz le X13 ml
“-NR'- o) -NR''- CH,(CH=CH) - 1
A\\HJS
|
B.s-D
NR'™°- | A~“D -NR'- CH,(CH=CH) - 1
B\C’)\nhi
o | .
-NR™- B-C -NR'- CH,(CH=CH) - 1
4K,
(o) .
-NR™- c -NR''- CH,(CH=CH) - 1
B! »\‘(L
A
(o]
-NR"- o -NR"- CH,(CH=CH) - 1
B
\
+L c
- -(CH,),- NR''- | -(C=0)(CH=CH)- - 1
- -(CR3R%)(C=0)- - -NR"- | -(C=0)(CH=CH)- - 1
-O- «(CH,), - -NR'"- | -(C=0)(CH=CH)- - 1
-O- ;,f]\/\‘,, -NR'- | -(C=0)(CH=CH)- - 1
OR3
*R, S, or racemic
-0- M -NR'- -(C=0)(CH=CH)- - 1
OR3
*R, S, or racemic
-O- (rm -NR'- | -(C=0)(CH=CH)- - 1
O R4
- DP3 -
_\07%
R° R®
-NR' -(CH,)5- NR''- | -(C=0)(CH=CH)- - 1
- PL©/\§ " NR'- | .(C=O)}(CH=CH)- | - 1
R3
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Xll Lll sz I?T X13 ml
- 0,0 -NR"- | -(C=0)(CH=CH)- - 1
\SI

R3:

- ?g©\>i -NR'. | -(C=0)(CH=CH)- - 1
‘R3

. N : NR'- | -(C=0)(CH=CH)- - 1
R3 O/,S‘g‘

- A -NR'"- | -(C=0)(CH=CH)- - 1
B
\C‘

- ?S’A’D -NR''- | -(C=0)(CH=CH)- N 1
|
B.Ax |

- g—g: -NR"- | -(C=0)(CH=CH)- - 1
:gkA)\X

- c -NR'- | -(C=0)(CH=CH)- - 1
LR
B.
W

- -NR'"- | -(C=0)(CH=CH)- - 1
e

-NR'- W NR'- | -(C=0)(CH=CH)- - 1

R3

NR™- Q.0 -NR''- | -(C=0)(CH=CH)- | - I
;g Z: ,Sg: : ‘
R3

-NR'’- ?@\){ -NR'- [ -(C=0)(CH=CH)- [ - 1
R3

_NR'- ?;©\ -NR'"- | -(C=0)(CH=CH)- - 1
R3 (éi?
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XII Lll Xlz L12 X13 ml
-NR"- ?H,A\ -NR'- | -(C=0)(CH=CH)- - 1
I
B\C';D
-NR'’- A:p -NR'- | -(C=0)(CH=CH)- - 1
[
B. A x
NR™- '?'? NR''- | -(C=0)(CH=CH)- - 1
AL O~x%
-NR'- c -NR''- | -(C=0)(CH=CH)- - 1
B, O~A
-NR'’- ' -NR'!- | -(C=0)(CH=CH)- - 1
B \
{
2L c
- Cc=0 _ -NH- CH,(CH=CH) - 1
- -(CH,)(C=0)- -NH- CH,(CH=CH) - 1
- -(CH,),(C=0)- -NH- CH,(CH=CH) - 1
- -(CH,);(C=0)- -NH- CH,(CH=CH) - 1
- -(CH,)NH(C=0)- -NH- CH,(CH=CH) - 1
- H -NH- CH,(CH=CH) - 1
?j("m’ﬁ
Me Meo :
- H -NH- CH,(CH=CH) - 1
"y
o}
o}
NH,
-O- -(CH,)4(C=0)- -NH- CH,(CH=CH) - 1
-O- -{(CH,),(C=0)- -NH- CH,(CH=CH) - 1
-O- -(CH,);(C=0)- -NH- CH,(CH=CH) - 1
-O- M -NH- CH,(CH=CH) - 1

OH
*R, S, or racemic
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Xll fﬂ X12 LIZ XB m1
-O- OH O -NH- CH,(CH=CH) - 1
*R, S, or racemic
-O- ;{Co -NH- CH,(CH=CH) - 1
-O- -(CH,)3- -NH- CH,(CH=CH) - 1
-NH- -(CH;),(C=0)- -NH- CH,(CH=CH) - 1
-NMe- -(CH,),(C=0)- -NH- CH,(CH=CH) - 1
- 0 -NH- CH,(CH=CH) - 1
- 0,0 -NH- CH,(CH=CH) - 1
E \SIS
- ?E : -NH- CH,(CH=CH) - 1
O
- ;{@\ -NH- CH,(CH=CH) - 1
s
00 : .
- 0 -NH- CH,(CH=CH) - 1
N\
I/'
- o) -NH- CH,(CH=CH) - 1
I\~
~N
- N -NH- CH,(CH=CH) - 1
I ”,
N
O
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T,

_(C=0)(CH=CH)-

Xl] Lll XlZ LIZ X13 ml
- X -NH- CH,(CH=CH) - 1
|
N. .~
: O
-NH- (o) -NH- CH,(CH=CH) - 1
-NH- 0,0 -NH- CH,(CH=CH) - 1
E \SIg
-NH- ?L©\nz -NH- CH,(CH=CH) - 1
O
-NH- *@\ -NH- CH,(CH=CH) - 1
e
00
-NH- (o) -NH- CH,(CH=CH) - 1
N\
! ~
-NH- 0O -NH- CH,(CH=CH) - 1
, l Q
~N
-NH- X -NH- CH,(CH=CH) - 1
I ”,
N
(8]
-NH- N -NH- CH,(CH=CH) - 1
N' Z
o
- -(CH,)- -NH- -(C=0)(CH=CH)- - 1
_ -NH- - 1
Me”~ Me
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Xll Lll x12 le XI3 ml
- -NH- -(C=0)(CH=CH)- - 1
(0]
NH,
- -(CH,),- -NH- | -(C=0)(CH=CH)- - ]
- -(CH,)5- -NH- -(C=0)(CH=CH)- - 1
_ «(CH,)4- -NH- -(C=0)}(CH=CH)- - 1
-0O- ~(CH,),- -NH- -(C=0)(CH=CH)- - 1
-O- -(CHy);- -NH- -(C=0)(CH=CH)- - 1
-O- -(CH,);4- -NH- -(C=0)(CH=CH)- - 1
-O- ?g(); -NH- -(C=0)(CH=CH)- - 1
: OH
*R, S, or racemic
_O- M -NH- -(C=0)(CH=CH)- - 1
OH
*R, S, or racemic
-O- KCO -NH- -(C=0)(CH=CH)- - 1
G
NH- ~(CH,)5- -NH- -(C=0)(CH=CH)- - 1
-NH- ~(CH,);- -NH- -(C=0)(CH=CH)- - 1
-NMe- -(CH,);- -NH- -(C=0)(CH=CH)- - 1
- *@){ -NH- -(C=0)(CH=CH)- - 1
R ?L©/},\ -NH- -(C=0)(CH=CH)- - 1
- 0,0 -NH- -(C=0)(CH=CH)- - 1
E \S,*
- ?L©\‘£ -NH- -(C=0)(CH=CH)- - 1
. m -NH- -(C=0)(CH=CH)- - 1
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Xll Lll XIZ LIZ XW ml
; *@\ ‘NH- | -(C=O)(CH=CH)- . i
S
Ol\
- N, NH- | -(C=O)(CH=CH)- . 1
I s
] NH- | -(C=O)(CH=CH)- . 1
| _N
] N ‘NH- | -(C=0)(CH=CH)- - 1
I ”,
N
_ N NH- | (C=0O)(CH=CH)- - 1
_NH- y\©/>( NH- | -(C=O)(CH=CH)- - 1
‘NH- 0.0 NH- | -(C=O)(CH=CH)- - 1
\SI
*@/ &
-NH- P{©\/{ -NH- | -(C=0)(CH=CH)- - 1
_NH- *©\ NH- | -(C=0)(CH=CH)- - 1
Sk
0’0
_NH- N, NH- | -(C=0)(CH=CH)- . 1
I ~
_NH- N NH- | -(C=0)(CH=CH)- - I
| _N .
NH- m 'NH- | -(C=0)(CH=CH)- - 1
l ~,
N .
_NH- N NH- | -(C=0)(CH=CH)- - 1
N
- (CR3R*)(C=0)- -NR''- -(CH2)3- - 1
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Xll Lll XIZ LIZ X13 ml
- -(CH2)a(C=0)- -NR'- -(CH2)3- - 1
- -(CH,)O(CH,)(C=0)- | -NR''- -(CH,)5- - 1
- (CH,)NR'(CH),(C=0)- | -NR'*- -(CH,);- - I
- (CH,)NR'(C=0)- -NR''- -(CHy);- - 1
- R’ -NR'"- -(CHy)3- - 1
?’*{Nm’t
RP O
-O- -(CH,)4(C=0)- -NR'- -(CH,)5- - 1
-NR'?- -(CH,),(C=0)- -NR''- -(CH,);- - 1
Any Any Any -(CHy)3- - 1
- » 0. -NR'- -(CH3)3- - 1
R3
- 0,0 -NR'- -(CHJ);- - 1
\SIg
R3 :
- -NR''- -(CH,)5- - 1
R3
o]
- 3\©\ -NR"- -(CHy)5- - 1
R3 CS'S‘E:::
. o) -NR'- -(CH,);- - 1
A
I ‘D
\Cf
- A. -NR''- -(CH,)5- - 1
1 D
Bsc’)\nji
o]
- B-C -NR''- «(CH,),- - 1
7
AN
(o]
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Xll Lll XIZ LIZ XT3 ml
- c -NR'- -(CHy)s- - I
LAY
B. )\‘es.
A
(o]
- o) -NR''- -(CH,)5- - 1
W
7 \
+L,c
A/
NR” 0 NR'C CH 1
- - I - - «(CH3)s- -
R3
-NR"- q‘s,p -NR'- -(CHy);- - 1
R3 :
-NR'0- -NR'- CH,);- - 1
-(CHy);3
R3
]
-NR'’- -NR'"'- «(CH,);- - 1
@ %
R3 I,S‘\
0’0
-NR™- 0 -NR'- -(CH,);- - 1
A
A
‘C"D
-NR'0- _A -NR'- -(CH,);- - 1
D 2]3° .
Blsc’)\nh{
]
- NR'0- B-C -NR'- CH,),- - 1
3-C -(CH2);
a
(o]
-NR'? NR" (CH 1
- c -NR"'- «(CHy);- -
1\
B2
A
(o]
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XI] Lll XIZ LIZ XB ml
NR'- o -NR'- -(CH,)5- - 1
W
\
AL c
- ~(CH2)n- -NR''- -(CHy)- - 1
- (CR3R%)(C=0)- -NR'- -(CH2)s- - I
-O- n>=2 -NR''- -(CHy)s- - 1
-0- g\(}; -NR''- -(CH2)3- - 1
OR3
*R, S, or racemic
-0- SN -NR'- -(CHy)s- - 1
OR3
*R, S, or racemic
-O- or -NR''- -(CH2)3- - 1
) R4
1R _%
\0 RS ’hs
-NR' -(CH,)5- -NR"'- -(CH,);- - 1
- W -NR”- -(CH2)3- - 1
R3
- 0,0 -NR'- -(CHy)s- - 1
?{©/SZ§
R3
- ¥ : -NR'- -(CH,);- - 1
R? '
- -NR'- -(CH,)5- - 1
R3 6’8‘2?
- A -NR'"- -(CH);- - 1
?iﬁ \\D(\é
\C¢
- ?{rA:D -NR''- «(CH,)5- - 1
!
B. A%
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Xll Lll XIZ LIZ XTT m1l
} g;l;-§\>£ -NR''- -(CHj)s- - 1
X, |
- }s_ -NR''- -(CH,);- - 1
B! 5
A
- _(—; -NR'- -(CHy)s- ~ 1
B
7\
c
A/
-NR'’- -NR'- CH,)5- - 1
W (CH2)3 ,
R3
-NR'- 0,0 -NR''- -(CHy)5- - 1
158
R3
-NR™- Pg©\>£ -NR'- -(CHa)3- - 1
R3
_NR'™- ?QQ -NR''- -(CHy)3- - 1
R3 (§§§
-NR'- A -NR''- «(CHy)5- - 1
oy
\C‘f
NR'. A:p -NR'- -(CH,)5- - 1
B. A x
-NR™- B-g\x -NR'- -(CH,)5- - 1
{
% A
-NR'- c ‘ -NR''- «(CH,)5- - 1
B, W %
A
-NR"- _(.% -NR'- -(CH,);- - 1
e
\
-%LQ(C
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[000139] In some preferred embodiments, -X''-L'-X'2-L'2-X">-(CH,)m- is other than
-O-CH,-. In some embodiments, -X''-L"-X'%-L'2-X">-(CH,)m;- is other than -(CH,):-
(OCH,CH>)p2-(CH>)p3-, wherein bl and b3 are each integers between 0 and 4 and b2 is an
integer between 0 and 2. For example, -X''-L''-X'2.L'2-X"3-(CH,)m:- is other than -(CHa),-,
or other than -(CH,)s-, or other than -(CH3),-(OCH,CH,)-, or other than -(CH;),-
(OCH,CHa);-.

[000140] In some embodiments, the compounds of formula (A) have the structure of

formula (I11a) |
. n2
32 R31 C\‘ Q
R

RE K o Hng O
(Illa) Ha) © n Y
- 2O N X3 31-x32- 32- %33 33 RnATT N3
HN,,
| OR? Q2
Q2a

[000141] wherein, in formula (Il1a),

[000142] Q*, Q% Q°,nl,n2, R}, R’, R*', R*¥ R*, and R* are as defined previously;
[000143] X3! is a linker selected from a bond and a hydrocarbylene group;

[000144] X3 and X*? are independently selected from a linker selected from a bond, a
hydrocarbylene group, and a functional linker group; and

[000145) L*', L*? and L* are independently selected from a bond, a hydrocarbylene
group, and a functional linker group.

[000146] For example, R?! is'selected from H, C;-C,4 alkyl, heteroatom-containing C;-
Caa alkyl, C,-Cy4 alkenyl, heteroatom-containing C;-Ca4 alkenyl, C,-Cy4 alkynyl,
heteroatom-containing C,-Cy4 alkynyl, any of which may be substituted or unsubstituted. In
some preferred embodiments, R3' is lower alkyl or substituted lower alkyl.

[000147] Also for example, R32 and R* are independently selected from H, C;-Cy4
alkyl, heteroatom-containing C;-C,4 alkyl, C5-C»4 alkenyl, heteroatom-containing C,-Cyq

alkenyl, C,-Cy4 alkynyl, heteroatom-containing C,-C,4 alkynyl, any of which may be
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substituted or unsubstituted. In some preferred embodiments, R*? and R*? are each lower
alkyl or substituted lower alkyl. Also in some preferred embodiments, R*? and R* are taken
together to form a ring. For example, R* aﬁd R* may together form an ethylene, propylene,
or butylene linker such that, together with the nitrogen atoms to which they attach, a 5-, 6-,

or 7-member ring is formed. Such rings can have the structure

31
" N’R
E/\k n=0-2
ril o]

*

wherein the star represents the attachment point to the remainder of the compound.

[000148] Also for example, R3* is selected from H, C,-Cy4 alkyl, heteroatom-
containing C;-Cy4 alkyl, C5-Csy4 alkenyl, heteroatom-containing C»-Cs4 alkenyl, C5-Caq
alkynyl, heteroatom-containing C,-Cs4 alkynyl, Cs-Cjp aryl, and Cs-Cjg heteroaryl, any of
which may be substituted or unsubstituted. In some preferred embodiments, R** is lower
alkyl or cycloalkyl, either of which may be substituted with, for example, a lower alkyl
substituent. In other preferred embodiments, R* is substituted or unsubstituted aralkyl, such
as an aryl-substituted benzyl group.

[000149] Also for example, L3 is selected from a bond, alkylene such as methylene,
and arylene. Examples of arylene groupé are provided in Table 3.

[000150] For compounds having the structure of formula (IIla), examples of the moiety
X332 132. X313 are provided in Table 3a.
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Table 3a. Examples of -X*'-L*'-X*2-L*2-X33-L*- for compounds having the structure of.

formula (I1la)
X3] L31 X3T L32 X33 L33
- - - (CHz), | NH(C=0) }5 AN
N
NP
R37
- - NRX (CHy), | NH(C=0) ?5 N
(n>1) Qr‘*l
N
R37
- - - (CHy), | (C=O)NH N
B Ar| %
N
R37
- - - -(CH,),- -NH- Z -
¥ Aﬁla
L\
R37
- - NRX (CHy), | (C=O)NH ;’ N
A
A\
R37
- - NRX (CH2), -NH- INANK
(m>1) Qﬁl
N
R37
- - - (CH2), -O- 2 1
B Ar| %
AN
R37
- - NRX (CH2), -0- N
(n>1) ¥ Qﬂl
N
R37
- - - (CH,),, | NH(C=0) -
- - NRX (CHy), | NH(C=0) -
(n>1)
- - - (CHy), | (C=O)NH -
- - - (CHy), -NH- -
- - NRX (CH,), | (C=O)NH -
- - NRX (CH,), -NH- -
(n>1)
- - - (CHz)n -O- -
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X3l L3 I X32 L32 X33 L33

- - NRX (CHy), -O- -
(n>1)

- -CRYR?- NH(C=0) (CHz)y | NH(C=0) | S .~

Ar|

A\
. R37

- -CRYR?- | NH(C=O)NRX | (CHj), | NH(C=0) | < =~
(n>1) Qﬁl
\R37
- -CRYRZ- NH(C=0) (CHz)y | (C=OINH | N %
: AR}

N\
R37

- -CRYRZ- NH(C=0) (CHy), -NH- SNF
Ar|

N\
R37

- -CRYRZ- | NH(C=O)NR* | (CHj), | (C=O)NH F
&
R37

- -CRYRZ- | NH(C=0O)NR* | (CHy), -NH- YA
(n>1) Qr“l
\R37

_ -CRYRZ. NH(C=0) (CH), -O- ?5 e :
| Ar|
NP

- .CRYRZ- | NH(C=0O)NRX | (CHy), -O- NF
| (n>1) &

. CRRZ- | NH(C=0) | (CHp), | NH(C=0) .

- -CRYRZ- | NH(C=0O)NRX | (CH3), | NH(C=0) -

(n>1)
- -CRYR?- NH(C=0) (CHy), | (C=O)NH -
- -CRYR?- NH(C=0) (CH2), -NH- -
- -CRYRZ- | NH(C=0O)NRX | (CH2), | (C=O)NH -
- -CRYRZ- | NH(C=0O)NRX | (CHy), -NH- -
(n>1)
- -CRYRZ- NH(C=0) (CH), -O- -
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X! L X% L2 X33 13
- -CRYRZ- | NH(C=0)NRX | (CH,), -O- A
n>1
R38 - - (CHy), | NH(C=0O) Z 1
NN A
arsl N\
3f\o R37
R38 (C=0) NRX (CHy), | NH(C=0) Z 4
&'rsl ‘z‘: m>1) }’ Qr‘"‘\l ‘LQ
A
}':\O R37
R38 - - (CH,) (C=O)NH Z
AN ’ N %
Arsl N%
37:\0 R37
R38 - - "~ (CH,) “NH- -
NG n * Z3 %
Arsl N
3f\0 R37
R38 (C=0) NRX (CH,), | (C=O)NH .
AN ’ N &
arl N N\
3f\0 X R37
R38 (C=0) " NRX (CH,), NH- %
Ao ) R
Ar
3f\o ' R37
RY - - (CHy) -0- c
AN ’ N %
Ar5| "N N\
:'1.1\0 R37
R3® (C=0) NRX (CHZ)n -O- N5
O @>1 7 W
A
32:\0 R37
R38 - - (CH2), | NH(C=0) -
Y I“ﬁ:
Ar®
Ao
R38 | (€=0) NRX (CH,), | NH(C=0) )
A . (n>1)
A
3{\0 N
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X3 T L3 [] X32 L32 X33 L33
R:< % - - (CHy), | (C=O)NH -
o &
R3\8 % - - (CHy), -NH- -
“arl
o
R:< % (C=0) NRX (CHy), | (C=O)NH -
“actl
Do
R*’< % (C=0) NRX (CH2), -NH- -
NNE (n>1)
~ Al
o
R3\8 % - - (CH2), -O- -
'Aﬁl
P ’\O
R3® % (C=0) NRX (CH2)n -0- -
N\ n>1
Arsl (>1
N0
[000151] In Table 3a, R*, R, and R” are independently selected from H and

hydrocarbyl. In some embodiments, R, RY, and R” are selected from H, C,-Cy4 alkyl,
heteroatom-containing C;-Cy4 alkyl, C,-Cy4 alkenyl, heteroatom-containing C,-C,4 alkenyl,
C3-Cy4 alkynyl, heteroatom-containing C,-Ca4 alkynyl, Cs-Csg aryl, and Cs-Csg heteroaryl,
any of which may be substituted or unsubstituted. In some preferred embodiments, R*, R?,

and R”* are each lower alkyl.

[000152] In Table 3a, n is an integer greater than or equal to 1, unless otherwise
specified. _
[000153] In Table 3a, Ar’ is substituted or unsubstituted Cs-Csg arylene, substituted or

unsubstituted Cs-C3p heteroarylene, substituted or unsubstituted Cs-Csp biarylene, substituted
or unsubstituted Cs-Csg heterobiarylene, and substituted or unsubstituted C,-Cs alkylene. In

some preferred embodiments, Ar” is selected from biarylene and heterobiarylene moieties
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héving a 6-member ring fused to a 5-membered ring, or a 6-member ring fused to another 6-
member ring. Examples of Ar® include phenyl, 2-pyridyl, j-pyridyl, 4-pyridyl, 5-pyridyl, 6-
pyridyl, 2-thiazolyl, 3-thiazolyl, 4-thiazolyl, and 5-thiazolyl. When Ar” is substituted, it may
contain 1, 2, 3, or 4 substituents (i.e., R*’ groups). Each R*' is selected from alkyl and halo.
For example, R*” may be halo, such that Ar® may contain 1, 2, or 3 halo substituents which
may be the same or different. Preferred examples of Ar’ include aryl substituted as follows:
2-F, 4-F, 5-F, 6-F, 2-Cl, 4-Cl, 5-Cl, or 6-Cl, or a combination thereof.

[000154]) In Table 3a, Ar’ is substituted or unsubstituted Cs-Csp arylene, or substituted
or unsubstituted Cs-Cjg heteroarylene. When AT is substituted, it may contain 1, 2, 3, or 4
substituents (i.e., R*’ groups). Each R* is selected from alkyl and halo. For example, R*®
may be halo, such that Ar’ may contain 1, 2, or 3 halo substituents which may be the same
or different. Preferred examples of Ar’ include aryl substituted as follows: 2, 6-dimethyl,
2,6-difluoro, or 2,6-dichloro (wherein the numbers dre with respect to the aryl position
connected to oxygen).

[000155] In some embodiments, the compounds of formula (A) have the structure of

formula (IVa)

[000156] wherein, in formula (IVa):

[000157] m1 is an integer selected from 1 and 2

[000158]) R?, Q* and Q? are as defined in formula (IlTa);

[000159] R*, R*®, R¥ and R* are as defined for R*, R, R* and R*, respectively;
[000160] X*'is a linker selected from a bond and a hydrocarbylene group;
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[000161] X* and X** are independently selected from a linker selected from a bond, a
hydrocarbylene group, and a functional linker group; and

[000162] L*, and L*? are independently selected from a bond, a hydrocarbylene group,
and a functional linker group.

[000163] For compounds having the structure of formula (IVa), examples of the

moiety XU LM 2 -(CH32)m1- are provided in Table 4a.

Table 4a. Examples of -X*'-L*-X*2.1*2.X* -(CH3)mi- for compounds having the structure
of formula (IVa)

X4l L4l X42 L42 X43 ml

- - - (CH,),o(CH=CH),, - 11,2
(m =0, n?=0-2)
(m=1,n% =1-2)

: - - (CHZ)n 0-[1,2

- - NRX | (CH2)y2(CH=CH), - | L2
(m=0, n?>=0-2)
(m=1,n% =1-2)

- - NRX (CH3),2 -0- 11,2

(n? not 1)
- (C=0)(CH,) NRX | (CH2)n2(CH=CH), - (L2

(m=0,n2=0-2)
(m=1,n?% =1-2)

- (C=0)(CH,) NRX - (CH2)n2 -0- 1,2
(n? not 1)
- -NRYCRYR?(C=0)- | NRX | (CH2),2(CH=CH), - | L2

(m=0, n2=0-2)
(m=1,n% =1-2)

- -NRYCRYR?(C=0)- | NRX | (CH2)ps. -0- | 1,2
’ (n? not 1)

- -(C=0)CRYR?- NRX | (C=ONCHj)2(CH=CH)y| - | 1,2

(m=0,1,n?=0-2)
i -(C=0)CRYR?- NRX (C=0)(CH_),, -0- | 1,2
R“\5 % - - (CH,)2(CH=CH),, - 11,2

e (m=0,1, n% = 0-2)

X o
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X4 1 L4l X42 L42 X43 ml
R45 (C=0) - (CH,) -0- 1,2
'\‘ ‘7i 2/n2
Ard|
20X
R“\5 2 (C=0) NRX | (CH2)n2(CH=CH), - | 1,2
A (m =0, n?=0-2)
o0 (m=1,n% =1-2)
R4\5 % (C=0) NRX (CH;)p2 -0- 11,2
At (m=0, n?=0-2)
Ar| )
o0 (m=1,n° =1-2)
R“\5 2 (C=0)(CH2) NR* | (CHgz)n2(CH=CH)p, - | L2
e (m=0,n?=0-2)
20X (m=1,n? =1-2)
RS (C=0)(CH2) NRX (CH2)n2 -0- 11,2
}\' > X 4 (n? not 1)
o0
R45 _ | (C=O)NRYCRYR?C=0)- | NRX | (CH3),2(CH=CH),, - | 1,2
}\'r5| * (m =0,1)
o0 _
R45 _ | -(C=0)NRYCRYR#*(C=0)- | NRX (CH3)o -O- 11,2
XN (n? not 1)
Ar|
o0
45 (C= YRz, X | (C=O)(CHy)o(CH=CH),,| - | 1,2
R%ﬁl -z'; (C=0)CR'R NR (m2= %,1)
o
R4\5 % -(C=0)CRYRZ- NRX (C=0)(CH3),, -0- 11,2
Ars
o I
[000164] In Table 4a, R*, R, R?, and AP are as defined previously, and R* is as

defined for R*® (see Table 3a). Also in Table 4a, and unless otherwise specified, m, and n2
are integers greater than or equal to 1.

[000165] In some preferred embodiments, -X*'-L*'-X*2-L*2-X*3-(CH,)n:- is other than
-O-(CH,)-. In some embodiments, -X*'-L*'-X*-L*2-X*-(CH,)y, - is other than -(CH,)p)-
(OCH:CH3)b2-(CHa)p3-, wherein bl and b3 are each integers between 0 and 4 and b2 is an
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integer between 0 and 2. For example, -X‘“-L4'-X42-L42-X43-(CH2),,1- is other than -(CHj),-,
or other than -(CH)s-, or other than -(CH,),-(OCH,CH,)-, or other than -(CHy),-

(OCH,CHy),-.
[000166] In some embodiments, the compounds of formula (A) have the structure of
formula (Va)
n2
0O
s N\n)LR7
R5% RS H i
SN o o /\Q o
- ni
(Va) Rsa“'l\fo HNJLX51_|_51_X52_L52_x53_|_3’R\/(")\Qs
N.
R51/ 'il
R52 OR3 Qz

[000167] wherein, in formula (Va),

[000168] Q% Q% nl, n2, R*, R7, R¥', R®, R* R*® R*, and L’ are as defined
previously;

[000169] X! is selected from a bond, -O-, and -NR® 6—;

[000170] L*! is alkylene;

[000171] X% is selected from a bond, -O-, and -NR56-;

[000172] L is alkylene;

[000173] X is selected from -O- and -NR>-; and

[000174] each R is independently selected from H and alkyl.

[000175] For example, R> may be lower alkyl, including linear, branched, and cyclic
alkyl, any of which may be substituted. For example, R’ 0 may be Me, Et, Pr, and the like.
[000176] Also for example, R may be lower alkyl, such as Me, Et, Pr, and the like.
[000177] Also for example, Ar’ is aryl, including substituted aryl, heteroaryl, and
substituted heteroaryl. As a further example, Ar’ may be pryridyl or pyrimidyl, and Ar’ may
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[000178] wherein

[000179] the star represents the attachment point to the remainder of the compound,

and

[000180] X and Y are independently selected from -N- and -CH-.

[000181] Also for example, R* may be lower alkyl, including linear, branched, and

cyclic alkyl, any of which may be substituted. For example, R* may be Me, Et, Pr, and the
“like.

[000182] Also for example, R® ¥ may have a structure such that R*® and the adjacent

carbonyl group form an L-amino acid residue. In some preferred embodiments, R*® is

selected from isopropyl, tert-butyl, 2-butyl, and -CH,-S-Me. In other preferred

embodiments, R is selected from lower alkyl, including linear and branched, such as Me,

Et, and the like. In still other embodiments, R*® comprises a tertiary carbon with the formula

-C(R™)(R™)(Ar®), wherein R™ and R™ are independently selected from H and alkyl, and

wherein Ar® is substituted or unsubstituted aryl, including heteroaryl. For example, R*® may

have the structure:

sedtl %

Rm1 s
(R™)ns0
[000183] wherein n50 is an integer from 0 to 5 and each R™ is independently selected

from H, alkyl, and functional groups as listed herein previously. In some preferred
embodiments, R™ is selected from H, lower alkyl, halo, alkoxy, amido, and acetamido.
[000184] Also for example, R*! is selected from H and lower alkyl, including linear,
branched, and cyclic alkyl, any of which may be substituted or unsubstituted.

[000185] Also for example, R is selected from H, alkyl, lower alkyl, aryl, heteroaryl,
heteroatom-containing alkaryl, and heteroatom-containing aralkyl, any of which may be
substituted or unsubstituted. For example, R>? may be linear, branched, or cy(_:lic alkyl,
including examples such as isopropyl and isobutyl. In some preferred embodiments, R* is
substituted aryl, including substituted heteroaryl; wherein the substituent(s) is/are selected

from aryl, including heteroaryl. For example, R** may have the structure -CHy-Ar’-ARS,
y p
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wherein Ar’ and Ar® are independently selected from aryl and heteroaryl having one or more
substituents. For example, R*> may have the structure

*

Z
S
z X
\\l (Rm4)n51
(R™)ns2
[000186] wherein
[000187] the star represents the attachment point to the remainder of the compound;

[000188] n51 is an integer in the range of 0-4;

[000189] n52 is an integer in the range of 0-5; and

[000190] each R™ and R™ is independently selected from alkyl, alkoxy, and
functional groups. Some examples of R™ include, for example, 4-Me, 4-CF3, 4-OH, 4-

OMe, and 4-CN. In some preferred embodiments, R>? has a structure selected from

N N N N N N
W W W
d
N\K@/ /\'/©)ij©/ ,N\(©/ an
| ~N (j/@y;\—\ N\\ N. < N° 1
<N = S \—-S N-N. N-N
N H mé

[000191] For compounds having the structure of formula (Va), examples of the moiety
XSL3X32152.X53- are provided in Table 3.
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Table 5. Examples of -X>'-L*>'-X*%-L**-X*- for compounds having the structure of formula
(Va)

XSl LSI XSZ L52 Xy
i -(CHy),- i c=0 NH-
: " {(CH,)s- : c=0 NH-
- c=0 -NH- -(CH3),- 0
- -(CH2)(C=0)- -NH- -(CH,)- -O-
- -(CH2),(C=0)- -NH- -(CH3),- -O-
- -(CH3)3(C=0)- -NH- -(CHy),- -O-
- -(CH,)NH(C=0)- NH- (CHp)y 0-
- nm’: “NH- “(CHy),- 0-
MSI Me0
- H NH- (CHJ),- -O-
"
M:I Meo
Me
. H “NH- 2(CHa),- 0-
: N
T
Me _
. H NH- {(CHZ),- -O-
"
I
Me
i H NH- (CHp)>e -
N
T
0]
-O- -(CH3)4(C=0)- -NH- -(CH3),- -O-
0- Z(CH,),(C=0)- “NH- {CH,),- -0-
-O- ~(CH3)3(C=0)- -NH- ~ -(CHy),- -O-
-O- -(CHy);- | -NH- ~(CH2)»- -O-
NH- | <(CH,),(C=0)- “NH- (CH,),- O-
NMe- Z(CH,),(C=0)- ‘NH- (CH,),- O-
- ~(CH;)3(C=0)- -NH- ~-(CH2),- -0-
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XT] le X52 LSZ XD3
- -(CH;)NH(C=0)- 0- {(CHa) “0-
- H\nk. -O- -(CH2)2- -O-
M:I Meo
- “\n){ -O- ~(CH3),- -O-
Tr
Me Meme
- n\n)C -O- -(CH2),- -O-
y 0
Me
- “\n)( -O- -(CH3),- -O-
? o
Me
- “\n;g -O- -(CH;),- -O-
O
0]
NH,
-O- -(CH2)41(C=0)- -O- -(CH,),- -O-
-O- -(CH),(C=0)- -O- -(CH,),- -O-
-O- -(CH_)3(C=0)- -O- -(CH2),- -O-
-O- -(CH,)3- -O- ~(CH;),- -O-
-NH- -(CH),(C=0)- -O- -(CH,),- -O-
NMe- Z(CH,),(C=0)- -0- (CHy),- 0-
- -(CHz)NH(C=O)- - -0- -(CH2)3- -O-
- H\n;‘ -O- -(CH2);- -O-
Meﬁ MeO
i H “O- (CH)+- o
N .
T
Me MeMe
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X—5l LSI XSZ L52 x53
. H‘n" -O- -(CHa)s- -O-

ﬁ O

Me
: n‘n" -O- -(CHz)s- O-

? ()

Me
- “mk -0- -(CHa)s- -0-

(0)
(@)
NH,

O- -(CH2)1(C=0)- O- -(CHa)s- -O-
-0- -(CH,),(C=0)- -O- -(CHa)s- -O-
-O- -(CH3)3(C=0)- -O- -(CH2);- -O-
-O- -(CHy);- -O- -(CH3);- -O-

-NH- -(CH,),(C=0)- -O- -(CHy)3- -O-

-NMe- -(CH,),(C=0)- -O- -(CH,),- -O-
- -(CH,)- -NH- -(C=0)(CH,)- -O-
- T , -NH- -(C=0)(CHy)- -O-

Me™ Me
- T -NH- -(C=0)(CH,)- -O-
Me Meme |
- -NH- -(C=0)(CH,)- -O-
Me
Me _
- )j),: -NH- -(C=0)(CHy)- -0O-
3
Me
- -NH- -(C=0)}(CH,)- -0O-
(o)
NH,
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XSI ESI X52 L52 X3T
- -(CH,),- -NH- -(C=0)(CH,)- -0-

-(CHy)3- -NH- -(C=0)(CH,)- -O-

- «(CH,)s- -NH- -(C=0)(CH,)- -0-
-0- ~(CH,),- -NH- -(C=0)(CH,)- -O-
-0- -(CH,)s- -NH- -(C=0)(CH,)- -0-
-O- ~(CH2)4- -NH- -(C=0)(CH,)- -O-
-NH- -(CH,)s- -NH- -(C=0)(CH,)- -O-
-NH- -(CH,)5- -NH- -(C=0)(CH,)- -O-

-NMe- -(CH,);- -NH- -(C=0)(CH,)- -O-

- -(CH,),- - c=0 NR®-
-(CH,)O(CH,)- . c=0 NR°-
-(CHZ)NR(CH)- - c=0 NR™-

- (CR3R?)(C=0)- NR™- -(CH2),- -O-

- ~(CH2),(C=0)- NR™- -(CH2),- -O-

-(CH,)O(CH,)(C=0)- -NR- c=0 -O-

(CH,)NR'(CH),(C=0)- | -NR>- c=0 -0-

- -(CH,)NR'(C=0)- NR- ~(CHp),- -O-

- R’ NR® -(CH,),- -O-
N

-O- -(CH2)4(C=0)- -NR*- -(CH2),- -O-

NR®- -(CH,),(C=0)- NR>® -(CH,),- -O-
- «(CR3R%)(C=0)- -O- -(CH2)(CH2) - -O-
- -(CH2),(C=0)- -O- ~(CH2)(CH2) - -O-
- -(CH2)O(CH3)(C=0)- -O- “(CH2)(CH2) - -O-

-(CH,)NR'(C=0)- . -O- “(CH2)(CH2) - -O-

- R -O- “(CH2)(CH2) - -O-

N
-O- -(CH)4(C=0)- -O- “(CH2)(CH2) - -O-
-NR**- -(CH2)2(C=0)- -O- -(CH,)(CHy) - -O-
-(CR3R%)(C=0)- -O- “(CH2)(CH2)m- -O-
-(CH),(C=0)- -O- “(CH2)(CHR) - -O-
-(CH2)O(CH,)(C=0)- -O- “(CH2)(CH2)m- -O-
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XSI LSI YSZ LSZ X53
- -(CH,)NR'(C=0)- -O- ~(CH ) (CH2) - -O-
: R 0~ | HCH(CHy)m- | O
NNy
R® O
-O- -(CH,)n(C=0)- -O- -(CH)(CH2) - -O-
-NR*- -(CH,)(CH,),(C=0)- -O- -(CH)(CH2)p,- -O-
- «(CHy),- -NR*- -(C=0)(CHy,)- -O-
- -(CR°R%)(C=0)- -NR*- | -(C=0)(CH,)- -O-
-O- ~(CHg)n- -NR*- | -(C=O)(CHy)- -0-
n>=2 '
-O- g’(), -NR’- -(C=0)(CH,)- -O-
OR?
*R, S, or racemic
-O- * -NR®- -(C=0)(CH,)- -O-
OR?
*R, S, or racemic
-NR**- -(CH,);- -NR>’- -(C=0)(CH,)- -O-
[000192] In some embodiments, the disclosure provides compounds having the
structure of formula (VIa) -
MeO Me
MeO,,
Me,
(Vla)
54 R59
RN~ o) OMe
" «'\fo HNJ\XS1_L61_X62_L62_X63 = “'OH
N., S q1
R51/ 'il S
R52 0R3 Q2

[000193] wherein, in formula (Vla):
[000194) Q%L R, R, R, R* R, and R¥, are as defined previously;
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[000195] qlis1or2;

[000196] X% is selected from a bond, -O-, and -NR®-;

[000197) L® is alkylene;

[000198] X% s selected from a bond, -O-, and -NR®-;

[000199] L% is alkylene;

[000200] X% is selected from -O- and -NR®-. -

[000201] For compounds having the structure of formula (VIa), examples of the
moiety  -X®-L¥-X®2L2X®(CH,)q - are provided in Table 4.

Table 6. Examples of X818 X621 8263 -(CH2)qi- for compounds having the structure of
formula (Vla)

X L X% 5 X al
- C=0 -NH- -(CHz)z- -O- 1, 2
- -(CH,)(C=0)- -NH- -(CH,),- -O- 1,2
- -(CH,),(C=0)- -NH- -(CH3),- -0- 11,2
: 2(CH,)5(C=0)- NHI- J(CHy)r- o [1.2

- -(CH,)NH(C=0)- -NH- -(CH,),- -O- 1,2
- 'r:ll -NH- -(CH,),- -O- 1,2

M:fI;Wé)
- o _NH- «(CHyp), 0- 1,2
TE
MeleWe
- n -NH- -(CH3),- -O- 1,2
y o
Me
- H “NH- (CH,),- O- 1,2
Me
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X()l L61 X62 L62 X63 ql
_ H -NH- -(CH,),- -O- 1,2
Njﬁt (CH3),
(o,
O
NH,
-0- -(CH,)4(C=0)- -NH- -(CH,),- -O- 1,2
-O- '(CHz)z(C=O)' -NH- -(CH2)2- 'O- 1, 2
-O- '(CH2)3(0=0)" -NH- -(CHz)z- -O- 1, 2
-0- M -NH- -(CH3),- -O- 1,2
OH
*R, S, or racemic
-O- ;,!\/OKH)?), -NH- «(CHy),- -0- 1,2
*R, S, or racemic
-O- (CHy);- -NH- -(CH,),- -0- [1,2
-NH- -(CH,)2(C=0)- -NH- -(CH3),- -O- 1,2
-NMe- -(CH5)2(C=0)- -NH- -(CH3),- -O- 1,2
-(CH,)(C=0)- -O- -(CH3),- -O- 1,2
-(CH,)2(C=0)- -O- -(CH;),- -O- 1,2
- -(CH,);(C=0)- -NH- -(CHy),- O- | 1,2
- -(CH2)NH(C=0)- -O- -(CH;),- -O- 1,2
- H -O- -(CH>),- -O- 1,2
%j:N (CH;), ,
Me IWéD
- H -O- -(CH,),- -O- 1,2
N\njﬁ ( 2)2 >
IW;fI;WéD
Me
R H -O- -(CH,),- -O- 1,2
wa% (CH,), ,
j O
Me
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X6| L6l X62 L62 XGT ql
- ﬁ -O- -(CH,),- -O- 1,2
Me
- H -O- -(CH5),- -0- 1,2
H (CH,),
O
0
NH,
-O- -(CH,)4(C=0)- -O- -(CH,),- -0- 1,2
-O- -(CH,),(C=0)- -O- -(CH,),- -O- 1,2
-O- -(CH,);(C=0)- -O- -(CH3),- -0- | 1,2
-O- ' 0o -O- -(CH;),- -0O- 1,2
O
* R, S, or racemic
-O- ?‘\)O\H/ﬁ)‘ -O- -(CH,),- -0O- 1,2
*R, S, or racemic
O- -(CHa)s- O- «(CH,),- O [1,2
-NH- -(CHz)z(C=O)- -O- -(CHz)z- -O- 1,2
-NMe- -(CH,),(C=0)- -O- -(CH,),- -O- 1,2
- -(CH,)(C=0)- -O- -(CH,)3- -0- | 1,2
- -(CH2)2(C=0)- -O- -(CH;);- -0- | 1,2
- - -(CHy)3(C=0)- -O- «(CH;);- -0- | 1,2
- -(CHy)NH(C=0)- -O- -(CH;);- -O- 1,2
- H\nk -O- -(CH,5),- -0- 1,2
ij[Mé)
- kll -O- -(CHy)3- -0O- 1,2
ij[Mé)
Me
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x61 L6] X62 L62 XE ql
- H -O- -(CH3);- -O- 1,2
"
ﬁ 0
Me
- H . -O- -(CH3);- -O- 1,2
§ O
Me
- “\n)t, -O- -(CH,),- -O- 1,2
O
O
NH,
-0- -(CH,)4(C=0)- -0- -(CH,)5- 0- [1,2
O- -(CH,),(C=0)- -O- -(CH,)s- O- [1,2
O- -(CH_)5(C=0)- O- -(CHa)s- O |1,2
-O- 0O -O- -(CHj)3- -O- 1,2
T
*R, S, or racemic
-0- g\/?\H/?J)‘ -O- -(CH3);- -O- 1,2
*R, S, or racemic
O- -(CHy)s- -O- -(CHy)3- O |12
-NH- -(CH,),(C=0)- -O- -(CH;)3- -O- 1,2
-NMe- -(CH,),(C=0)- -O- -(CH;)3- -O- 1,2
- -(CH,)- -NH- -(C=0)(CH,)- -O- 1,2
- T -NH- -(C=0)(CH,)- -O- 1,2
Me~ Me
- T -NH- -(C=0)(CH,)- -O- 1,2
MeIWJWe
- ?X -NH- -(C=0)(CH,)- -0O- 1,2
Me
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X6l L6l X62 L62 X63 ql
- ;j;{ -NH- -(C=0)(CH,)- -0- | 1,2
3
Me
- -NH- -(C=0)(CH,)- -0- |1,2
o}
NH,
- -(CH,),- -NH- -(C=0)(CH,)- -0- | 1,2
- -(CHy);- -NH- -(C=0)(CH,)- -0- 1,2
- «(CH,),4- -NH- -(C=0)(CH,)- -0- |1,2
-O- -(CH,),- -NH- -(C=0)(CH,)- -0- | 1,2
-O- -(CHy);- -NH- -(C=0)(CH,)- -0- |1,2
-O- «(CH,),- -NH- -(C=0)(CH,)- -0- |1,2
-O- ?&(); -NH- -(C=0)(CH,)- -0- [1,2
OH
*R, S, or racemic
-O- M -NH- -(C=0)(CH,)- -0- [ 1,2
OH
*R, S, or racemic
-NH- -(CH,);- -NH- -(C=0)(CH,)- -O- | 1,2
-NH- -(CH,);- -NH- -(C=0)(CH,)- -0- |1,2
-NMe- «(CH,);- -NH- -(C=0)(CH,)- -0- |1,2
- ((CR3R%)(C=0)- -NR®- -(CHy),- -0- | 1,2
- -(CH,),(C=0)- -NR®- -(CH,),- 0- |[1,2
- -(CH5)O(CH,)(C=0)- -NR®C- C=0 -0- [1,2
- -(CH,)NR'(CH),(C=0)- | -NR™- c=0 0- 1,2
- -(CH,)NR'(C=0)- -NR"- -(CHy),- -0- |12
- R’ -NR®- ~-(CH,),- -0- [ 1,2
NNyrs
R® O
-O- -(CH,)4(C=0)- -NR®- -(CH,),- -0- |1,2
-NR®- -(CH,),(C=0)- -NR%- -(CH,),- -0- |1,2
-(CH,)NR'(C=0)- -O- -(CH,),- -0- | 1,2
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X6l L6l X62 L62 XU ql
- R -O- -(CH,),- -0- 1,2
1
My
R O
-O- -(CH,)4(C=0)- -O- -(CHy),- 0- [1,2
-NR™- -(CH,),(C=0)- -0- ~(CHy)s- 0. |12
- -(CH,)NR'(C=0)- -O- ~-(CH,);- -0- 1,2
- R! -O- -(CHy,)3- 0- 1,2
1
My
R O
-O- -(CH;)(C=0)- -O- -(CH3);- -0- | 1,2
-NR™- -(CHy),(C=0)- -O- -(CHg);- -0- [1,2
- -(CHy)p- NR®- -(C=0)(CH,)- 0- |1,2
- -(CR3R%)(C=0)- -NR*- -(C=0)(CH,)- -0- | 1,2
-0- -(CHy)y- -NR®- | (C=0)(CHy)- 0- 1,2
n>=2
-O- }{(); -NR%- -(C=0)(CH,)- -0- 1,2
OR3
*R, S, or racemic
-O- x -NR®- -(C=0)(CH,)- -0- 1,2
OR3 :
*R, S, or racemic
-NR®*- -(CHy)s- NR®- | ~(C=0)(CHy)- 0O- (1,2
- c=0 -NH-. | CH,(CH=CH) - 1
- -(CH,)(C=0)- -NH- | CH,(CH=CH) - 1
- -(CH,),(C=0)- -NH- | CH,(CH=CH) - ]
- -(CH,)5(C=0)- -NH- | CH,(CH=CH) - 1
- -(CH,)NH(C=0)- -NH- | CH,(CH=CH) - 1
- n -NH- | CH,(CH=CH) - 1
M:iI;WéD
- ﬁ*n’ﬁ -NH- | CH,(CH=CH) - 1
M:fI;Wé)

Me
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Me

X()I LGI : X62 L62 X63 q 1
- I':ll -NH- CH,(CH=CH) - 1
L
Me
- H -NH- CH,(CH=CH) - 1
? 0
Me
- n -NH- CH,(CH=CH) - 1
o)
0
NH,
-O- -(CH,)4(C=0)- -NH- CH,(CH=CH) - 1
-O- -(CH,),(C=0)- -NH- CH,(CH=CH) - 1
-O- -(CH,)3(C=0)- -NH- CH,(CH=CH) - 1
-O- 0O -NH- CH,(CH=CH) - 1
LS
*R, S, or racemic
-O- OH O -NH- CH,(CH=CH) - 1
*R, S, or racemic
-O- -(CH,);- -NH- CH,(CH=CH) - 1
-NH- -(CH;),(C=0)- -NH- CH,(CH=CH) - 1
~ -NMe- -(CH,),(C=0)- -NH- CH,(CH=CH) - 1
- -(CH,)NH(C=0)- -O- CH,(CH=CH) - 1
- ﬂ -O- CH,(CH=CH) - 1
M:IMe0
- “\nig -O- CH,(CH=CH) - 1
M:I Meo
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XGI LT X2 L& X ql '
- n -O- CH,(CH=CH) - 1
LY
Me
- '&' -0- CH,(CH=CH) - 1
s (o}
Me
- n -O- CH,(CH=CH) - 1
- o
0
NH,
- -(CH,),- -NH- [ -(C=0)(CH=CH)- - 1
- -(CH,);- -NH- | -(C=0)(CH=CH)- - 1
- -(CH,),- -NH- | -(C=0)(CH=CH)- - 1
-O- -(CH,),- -NH- [ -(C=0)(CH=CH)- - 1
-O- -(CH,)5- -NH- | -(C=0)(CH=CH)- - 1
-0- -(CHy)4- -NH- | -(C=0O)(CH=CH)- - 1
-O- ?{(ﬁ‘ -NH- | -(C=0)(CH=CH)- - 1
: OR3
* R, S, or racemic
-O- * -NH- | -(C=0)(CH=CH)- - 1
OR3
"* R, S, or racemic
-NH- -(CH,),- NH- | -(C=0)(CH=CH)- - 1
-NH- -(CH,);- -NH- | -(C=0)(CH=CH)- - 1
-NMe- -(CH,),- -NH- | -(C=0)(CH=CH)- - 1
- -(CR3R%)(C=0)- -NR®- | CH,(CH=CH) - 1
- -(CH,),(C=0)- -NR®- | CH,(CH=CH) - 1
- -(CH,)O(CH,)(C=0)- -NR®- | CH,(CH=CH) - 1
- (CH.)NR'(CH),(C=0)- | -NR®- | CH,(CH=CH) - |
- -(CH,)NR'(C=0)- -NR%- | CH,(CH=CH) - 1
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X6I L6r X62 L62 X63 ql
- R -NR®- | CH,(CH=CH) - 1
N
-O- -(CH,)4(C=0)- -NR®- | CH,(CH=CH) - 1
-NR®- -(CH,),(C=0)- -NR®- | CH,(CH=CH) - 1
- -(CH,)NR'(C=0)- -O- CH2(CH=CH) - 1
- R' -O- CH,(CH=CH) - 1
N
- ~(CH5),- -NR®*- -(C=0)(CH,)- |- 1
- (CR3R%)(C=0)- -NR®- | -(C=0)(CHp)- |- 1
-O- -(CH5),- -NR®- -(C=0)(CH,)- |- 1
n>=2 _
- -(CR3R?%)(C=0)- -O- -(C=0)(CHy)- |- 1
-O- }’:‘L/)x -NR®- -(C=0)(CH,)- |- i1
OR3
*R, S, or racemic ’
-0- x -NR*- | -(C=0)(CHp)- |- 1
OR3
*R, S, or racemic
-NR®- -(CH,)s- -NR®- -(C=0)(CH,)- |- 1
-O- «(CH,);- -NR%- -(C=0)(CH,)- |- 1
-O- -(CH,);- -NH- CH,(CH=CH) - 11
-O- -(CH,)5- -O- CH,(CH=CH) - 1
-NH- -(CH,),(C=0)- -NH- CH,(CH=CH) - 1
-NMe- -(CH,),(C=0)- -NH- CH,(CH=CH) - 1
- -(CH,)- -NH- | -(C=0)(CH=CH)- | - 1
- Y -NH- | «(C=0)(CH=CH)- | - 1
Me~ Me
- T -NH- | -(C=0)(CH=CH)- | - 1
MelwéWe
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Xﬂ L6f XGT L62 X63 ql
- -NH- .| -(C=0)(CH=CH)- | - 1
Me
Me
- ;j;{ -NH- | «(C=0)(CH=CH)- | - 1
$
Me
- -NH- | -(C=0O)(CH=CH)- | - 1
o)
NH,
- -(CH,),- -NH- | -(C=0)(CH=CH)- | - 1
- -(CH,)s- -NH- | -(C=0)(CH=CH)- | - 1
- «(CH,),4- -NH- | -(C=O)(CH=CH)- | - 1
-O- -(CH,),- -NH- | (C=0)(CH=CH)- | - 1
-O- -(CH,)s- -NH- | -(C=0)(CH=CH)- | - ]
-O- -(CH,),- -NH- | -(C=0)(CH=CH)- |- 1
-O- ?\*l:* -NH- | -(C=0)(CH=CH)- | - 1
OH
*R, S, or racemic .
-O- M -NH- | -(C=0O)(CH=CH)- | - ]
OH
*R, S, or racemic
-NH- -(CH,),- -NH- | «(C=O)(CH=CH)- | - 1
-NH- -(CH,)5- -NH- | (C=0)(CH=CH)- | - 1
-NMe- -(CH,)5- -NH- | -(C=0)(CH=CH)- | - 1
- -(CR3R%)(C=0)- -NR*- -(CHp)3- - 1
- ~(CH3),(C=0)- -NR®- -(CH2)3- - 1
- -(CH,)O(CH,)(C=0)- -NR®- -(CH,)3- - 1
- -(CH,)NR'(CH),(C=0)- | -NR*- -(CHy)3- - I
- -(CH,)NR'(C=0)- NR®- -(CHy);- - 1
- R’ -NR®- -(CH,)3- - 1
NNy
R O
-O- -(CH,)4(C=0)- -NR®- -(CH,)3- - 1
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X6T L6] X62 L62 X63 q1

-NR®. -(CH,),(C=0)- NR®- - -(CH,);- - 1
- ~(CHy),- -NR®- -(CHy)5- - 1
- -(CR3R%)(C=0)- -NR®- -(CH,);- - 1
-0- «(CH,),- -NR®- -(CH,);- - 1

n>=2
-O- g\*(\r‘; -NR®- ~-(CH,)3- - 1

OR3
* R, S, or racemic

-0- « -NR®- -(CH)5- - 1

OR?

* R, S, or racemic
-NR®®- -(CH,)5- -NR®- -(CH,)3- - 1
- -(CH,)NR'(C=0)- -O- -(CHy)s- - 1
- R? -O- -(CH3)3- - 1
1
My

R® O

[000202] In another embodiment, the disclosure provides compounds having the

structure of formula (B)

Q2a
(@)
H
B 3
(B) ngo\/_u\N N\n/A\Az
H
OR3 o)
QZb

[000203]
[000204]
moieties;
[000205]
[000206])

wherein

0)

i

U2

A' and A? are independently selected from nitrogen-containing linking

A3 is a hydrocarbylene linker;

Q*, Q®, and Q™ are independently selected from alkyl and aryl;
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[000207] R? is selected from H, hydrocarbyl, functional groups, hydroxyl-protecting
groups, and inorganic acid groups;

[000208] L is a linking moiety selected from hydrocarbylene and functional groups;
[000209] Ulisa group selected from Units A, and B, as defined previously, as well as
pharmaceutically acceptable salts, prodrugs, and metabolites thereof.

[000210] In some embodiments, the compounds of formula (B) have the structure of

formula (I1Ib):

Q% 34b H;
(IIIb) o y I§ o o /\Q 0]
ZC’O\/U\ N ' /U\ _y 31b_y32b_y 32b_y33b_; 33—~ AIH3
Q“S ﬁ Y fil fil L>"°-X L X L R Q
OR® szo R33b R320

[000211] wherein, in formula (IIIb):

[000212] Q* Q% nl,n2, R®, and R’ are as defined previously (e.g., in formula (I1la));
[000213] Q? and Q* are as defined for Q? previously;

[000214] R3%® R3*® and R**® are independently selected from H and hydrocarbyl,
provided that any two of R*? R33® and R*® may be taken together to form a ring; and
[000215] X320 x3%® 1310 132 and L3%® are linkers independently selected from a bond,
a hydrocarbylene group, and a functional linker group.

[000216] For example, R3% and R*" are independently selected from H, C;-C»s alkyl,
heteroatom-containing C;-Cq4 alkyl, C>-Ca4 alkenyl, heteroatom-containing C;-Ca4 alkenyl,
C,-Cy4 alkynyl, heteroatom-containing C2-C24 alkynyl, any of which may be substituted or
unsubstituted. In some preferred embodiments, R3? and R*" are each lower alkyl or
substituted lower alkyl. Also in some preferred embodiments, R and R*®® are taken
together to form a ring. For example, R*® and R** may togefher form an ethylene,
propylene, or butylene linker such that, togefher with the nitrogen atoms to which they

attach, a 5-, 6-, or 7-member ring is formed. Such rings can have the structure
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O
Al

o,

wherein the stars represent the attachment point to the remainder of the compound.
[000217] Also for example, R**® is selected from H, C;-Caq alkyl, heteroatom-
containing C;-C»4 alkyl, C,-Cy4 alkenyl, heteroatom-containing C»-Cy4 alkenyl, C-Ca4
alkynyl, heteroatom-containing C,-Cz4 alkynyl, Cs-Csg aryl, and Cs-Csg heteroaryl, any of
which may be substituted or unsubstituted. In some preferred embodiments, R**® is lower
alkyl or cycloalkyl, either of which may be substituted with, for example, a lower alkyl
substituent. In other preferred embodiments, R>** is substituted or unsubstituted aralkyl,
such as an aryl-substituted benzyl group.

[000218] Also for example, L**" is selected from a bond, alkylene such as methylene,
and arylene. Examples of arylene groups are provided in Table 3b.

[000219] For compounds having the structure of formula (IIIb), examples of the

moiety S L33 3 k330 30 are provided in Table 3b.

Table 3b. Examples of - L*'*-X° 2b_1 3263361 335 for compounds having the structure of
formula (11Ib)"

L3lb » X32b L32b X33b L33b

- - (CH,) - .
NP\

R37

- - (CHy), NH(C=0) N
(n not 1) ¥ Qrsl
N\

R37

- - (CH»), -NH- NG
(n not 1) * AR

\R37

- - (CH,),, (C=0)NH }s 2N
Ar’]
NN

R37
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fSlb XT{ZE L32b X33b » L33b
- - (CH2), -O- AN
(n not 1) ) Ar|
NP\
R37
- - (CHy), - -
- - (CH,), NH(C=0) -
(n not 1) _
- - (CH2), -NH- -
(n not 1)
- - (CHy), (C=O)NH -
- - (CH2),, -O- -
(n not 1)
-CRYRZ- (C=O)NR* (CH,), N ;r’ /r3| .
L
R37
-CRYRZ- (C=0O)NRX (CHy), NH(C=0) SN
(n not 1) 1?3|
\R37
-CRYRZ?- (C=0)NRX (CH), . -NH- AN
(n not 1) Qﬁ‘l
\R37
-CRYRZ- (C=O)NRX (CHa)n (C=O)NH N 21
&
A R37
-CRYRZ- (C=O)NRX (CHy), -O- AN
(n not 1) ff3l
\R37
-CRYRZ- (C=0)NRX (CHy), - : -
-CRYR?- (C=0)NRX (CHy), NH(C=0) -
(n not 1)
-CRYRZ- (C=0O)NRX (CHy), -NH- -
(n not 1) }
-CRYR?- (C=O)NR* (CHy), (C=O)NH -
-CRYRZ- (C=O)NR* (CH2), -O- -
(n not 1)
[000220] In Table 3b, R, RY, R%, n, Ar’, and R*’ are as defined previously (see Table

3a).

-88 -




WO 2010/077317 PCT/US2009/006600

[000221] In some embodiments, the compounds of formula (B) have the structure of

formula (IVb)

Q% RA4b
s T
(o) N A :

2c— 1 41b_y42b_y 42b_y43b

Q N7 *n/\r'l N—LHB-XI-L X

OR 2b0 RA43b RA42D
Q

[000222]  wherein, in formula (IVb):

[000223] m1 is an integer selected from 1 and 2;

[000224] R3, Q% Q%, and Q”° are as defined previously (e.g., in formula (I1Ib) or in
formula (IVa)); '
[000225] R*?® R*® and R*® are as defined for R3% R3%® and R, respectively, in
formula (1IIb);

[000226] X*?* and X** are independently selected from a linker selected from a bond,
a hydrocarbylene group, and a functional linker group; and

[000227] L*'"®, and L*?® are independcnﬂy selected from a bond, a hydrocarbylene
group, and a functional linker group. |

[000228] For compounds having the structure of formula (IVb), examples of the
moiety  -L*'°-X*?*-L*?°-X***_(CH,)m - are provided in Table 4b.
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Table 4b. Examples of LA 420y 420 %3P (CH,)m - for compounds having the structure of
formula (IVb)

L4l b X42b L42b X43b ml

- - (CH,)o(CH=CH),, - 1,2
(m=0,n%2=0-2)
(m=1,n? =1-2)

- - (CH3)n2 -O- 1,2

- - (CH,),»(CH=CH),, - 1,2
(m =0, n”=0-2)
(m=1,n? =1-2)

- - (CH2)n2 -O- 1,2
(n? not 1)
-NRYCRYRZ(C=0)- NRX (CH32)n2(CH=CH),, - 1,2

(m =0, n?=0-2)
(m=1,n% =1-2)

-NRYCRYR?%(C=0)- NRX (CH,)» -0- 1,2
(n? not 1)
-(C=0)CRYR?- NRX (C=0)(CH3),2(CH=CH)p, - 1,2

(m = 0,1, n> = 0-2)

-(C=0)CRYR?- NRX (C=0)(CH2)n2 -O- 1,2

[000229] In Table 4b, R*, RY, R? m, and n2 are as defined previously (see Table 4a).
[000230] The compounds described herein may further be modiﬁed‘as deséribed in
PCT application PCT/US06/43400, which is entitled "Improving the Pharmacokinetics of
Protease Inhibitors and Other Drugs," and which published as WO 2007/053792, the
contents of which are incorporated herein by reference.

[000231] A compound of the disclosure may be administered in the form of a salt,

ester, amide, prodrug, active metabolite, analog, or the like, provided that the salt, ester,
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amide, prodrug, active metabolite or analog is pharmaceutically acceptable and
pharmacologically active in the present context. Salts, esters, amides, prodrugs, active
metabolites, analogs, and other derivatives of the active agents may be prepared using
standard procedures known to those skilled in the art of synthetic organic chemistry and
described, for example, by J. March, Advanced Organic Chemistry: Reactions, Mechanisms
and Structure, 5th Ed. New York: Wiley-Interscience, 2001). Furthermore, where
appropriate, functional groups on the compounds of the disclosure may be protected from
undesired reactions during preparation or administration using protecting group chemistry.
Suitable protecting groups are described, for example, in Green, Protective Groups in
Organic Synthesis, 3rd Ed. (New York: Wiley-Interscience, 1999).

[000232] For example, where appropriate, any of the compounds described herein may
be in the form of a pharmaceutically accéptable salt. A pharmaceutically acceptable salt may
be prepared from any pharmaceutically acceptable organic acid or base, any
pharmaceutically acceptable inorganic acid or base, or combinations thereof. The acid or
base used to prepare the salt may be naturally occurring.

[000233] Suitable organic acids for preparing acid addition salts include, e.g., C-Cg
alkyl and C¢-C); aryl carboxylic acids, di-carboxylic acids, and tri-carboxylic acids such as
acetic acid, propionic acid, succinic acid, maleic acid, fumaric acid, tartaric acid, glycolic
acid, citric acid, pyruvic acid, oxalic acid, malic acid, malonic acid, benzoic acid, cinnamic
acid, mandelic acid, salicylic acid, phthalic acid, and terephthalic acid, and aryl and alkyl
sulfonic acids such as methanesulfonic acid, ethanesulfonic acid, and p-toluenesulfonic acid,
and the like. Suitable inorganic acids for preparing acid addition salts include, e.g.,
hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid, nitric acid, and
phosphoric acid, and the like. An acid addition salt may be reconverted to the free base by
treatment with a suitable base. '

[000234] Suitable organic bases for preparing basic addition salts include, e.g.,
primary, secondary and tertiary amines, such as trimethylamine, triethylamine,
tripropylamine, N,N-dibenzylethylenediamine, 2-dimethylaminoethanol, ethanolamine,
ethylenediamine, glucamine, glucosamine, histidine, and polyamine resins, cyclic amines

such as caffeine, N-ethylmorpholine, N-ethylpiperidine, and purine, and salts of amines such
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as betaine, choline, and procaine, and the like. Suitable inorganic bases for preparing basic
addition salts include, e.g., salts derived from sodium, potassium, ammonium, calcium,
ferric, ferrous, aluminum, lithium, magnesium, or zinc such as sodium hydroxide, potassium
hydroxide, calcium carbonate, sodium carbonate, and potassium carbonate, and the like. A
basic addition salt may be reconverted to the free acid by treatment with a suitable acid.
[000235] Preparation of esters involves transformation of a carboxylic acid group via a
conventional esterification reaction involving nucleophilic attack of an RO™ moiety at the
carbonyl carbon. Esterification may also be carried out by reaction of a hydroxyl group with
an esterification reagent such as an acid chloride. Esters can be reconverted to the free
acids, if desired, by using conventional hydrogenolysis or hydrolysis procedures. Amides
may be prepared from esters, using suitable amine reactants, or they may be prepared from
an anhydride or an acid chloride by reaction with ammonia or a lower alkyl amine.

Prodrugs and active metabolites may also be prepared using techniques known to those
skilled in the art or described in the pertinent literature. Prodrugs are typically prepared by
covalent attachment of a moiety that results in a compound that is therapeutically inactive
until modified by an individual's metabolic system.

[000236] Other derivatives and analogs of the active agents may be prepared using
standard techniques known to those skilled in the art of synthetic organic chemistry, or may
be deduced by reference to the pertinent literature. In addition, chiral active agents may be
in isomerically pure form, or they may be administered as a racemic mixture of isomers.
[000237] Any of the compounds of the disclosure may be the active agent in a
formulation as described herein. Formulétions containing the compounds of the disclosure
may include 1, 2, 3 or more of the compounds described herein, and may also include one or
more additional active agents such as analgesics, antibiotics, and other anti-retroviral agents
(such as reverse transcriptase inhibitors including 3'-azido-2', 3'-dideoxythymidine (AZT),
2'3'-dideoxycytidine (ddC), émd 2'3'-dideoxyinosine (ddl)).

[000238] The amount of active agent in the formulation typically ranges from about
0.05 wt% to about 95 wt% based on the total weight of the formulation. For example, the

amount of active agent may range from about 0.05 wt% to about 50 wt%, or from about 0.1
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wt% to about 25 wt%. Alternatively, the amount of active agent in the formulation may be
measured so as to achieve a desired dose.

[000239] Formulations containing the compounds of the disclosure may be presented
in unit dose form or in multi-dose containers with an optional 4preservative to increase shelf
life. ,
[000240] The compositions of the disclosure may be administered to the patient by any
appropriate method. In general, both systemic and localized methods of administration are
acceptable. It will be obvious to those skilled in the art that the selection of a method of
administration will be influenced by a number of factors, such as the condition being treated, -
frequency of administration, dosage level, and the wants and needs of the patient. For
example, certain methods may be better suited for rapid delivery of high doses of active
agent, while other methods may be better suited for slow, steady delivery of active agent.
Examples of methods of administration that are suitable for delivery of the compounds of
the disclosure include parental and transmembrane absorption (including delivery via the
digestive and respiratory tracts). Formulations suitable for delivery via these methods are
well known in the art.

[000241] For example, formulations containing the compounds of the disclosure may
be administered parenterally, such as via intravenous, subcutaneous, intraperitoneal, or
intramusculaf injection, using bolus injection and/or continuous infusion. Generally,
parenteral administration employs liquid formulations.

[000242] The compositions may also be administered via the digestive tract, including
orally and rectally. Examples of formulations that are appropriate for administration via the
digestive tract include tablets, capsules, pastilles, chewing gum, aqueous solutions, and
suppositories.

[000243] The formulations may also be administered via transmucosal administration.
Transmucosal delivery includes delivery via the oral (including buccal and sublingual),
nasal, Vaginal, and rectal mucosal membranes. Formulations suitable for transmucosal
deliver are well known in the art and include tablets, chewing gums, mouthwashes,

lozenges, suppositories, gels, creams, liquids, and pastes.
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[000244] The formulations may also be administered transdermally. Transdermal
delivery may be accomplished using, for example, topically applied creams, liquids, pastes,
gels and the like as well as what is often referred to as transdermal “patches.”

[000245] The formulations may also be administered via the respiratory tract.
Pulmonary delivery may be accomplished via oral or nasal inhalation, using aerosols, dry
powders, liquid formulations, or the like. Aerosol inhalers and imitation cigarettes are
examples of pulmonary dosage forms.

[000246] Liquid formulations include solutions, suspensions, and emulsions. For
example, solutions may be aqueous solutions of the active agent and may include one or
more of propylene glycol, polyethylene glycol, and the like. Aqueous suspensions can be
made by dispersing the finely divided active agent in water with viscous material, such as
natural or synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, or other
well known suspending agents. Also included are formulations of solid form which are
intended to be converted, shortly before use, to liquid form.

[000247] Tablets and lozenges may comprise, for example, a flavored .base such as
compressed lactose, sucrose and acacia or tragacanth and an effective amount of an active
agent. Pastilles generally comprise the active agent in an inert base such as gelatin and
glycerine or sucrose and acacia. Mouthwashes generally comprise the active agent in a
suitable liquid carrier.

[000248) For topical administration to the epidermis the chemical compound according
to the disclosure may be formulated as ointments, creams or lotions, or as a transdermal
patch. Ointments and creams may, for example, be formulated with an aqueous or oily base
with the addition of suitable thickéning and/or gelling agents. Lotions may be formulated
with an aqueous or oily base and will in general also contain one or more emulsifying
agents, stabilizing agents, dispersing agents, suspending agents, thickening agents, or
coloring agents.

[000249] " Transdermal patches typically comprise: (1) a impermeable backing layer
which may be made up of any of a wide variety of plastics or resins, e.g. aluminized
polyester or polyester alone or other impermeable films; and (2) a reservoir layer

comprising, for example, a compound of the disclosure in combination with mineral oil,
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polyisobutylene, and alcohols gelled with USP hydroxymethylcellulose. As another
example, the reservoir layer may comprise acrylic-based polymer adhesives with resinous
crosslinking agents which provide for diffusion of the active agent from the reservoir layer
to the surface of the skin. The transdermal patch may also have a delivery rate-controlling
membrane such as a microporous polypropylene disposed between the reservoir and the
skin. Ethylene-vinyl acetate copolymers and other microporous membranes inay also be
used. Typically, an adhesive layer is provided which may comprise an adhesive formulation
such as mineral oil and polyisobutylene combined with the active agent.

[000250] Other typical transdermal patches may comprise three layers: (1) an outer
layer comprising a laminated polyester film; (2) a middle layer containing a rate-controlling
adhesive, a structural non-woven material and the active agent; and (3) a disposable-liner
that must be removed prior to use. Transdermal delivery systems may also involve
incorporation of highly lipid soluble carrier compoundé such as dimethyl sulfoxide
(DMSO), to facilitate penetration of the skin. Other carrier compounds include lanolin and
glycerin.

[000251] Rectal or vaginal suppositories comprise, for example, an active agent in
combination with glycerin, glycerol monopalmitate, glycerol, monostearate, hydrbgenated
palm kernel oil and fatty acids. Another example of a suppository formulation includes
ascorbyl palmitate, silicon dioxide, white wax, and cocoa butter in combination with an
effective amount of an active agent.

[000252]' Nasal spray formulations may comprise a solution of active agent in
physiologic saline or other pharmaceutically suitable carder liquids. Nasal spray
compression pumpé are also well known in the art and can be calibrated to deliver a
predetermined dose of the solution. _
[000253] Aerosol formulations suitable for pulmonary administration include, for
example, formulations wherein the active agent is provided in a pressurized pack with a
suitable propellant. Suitable propellants include chlorofluorocarbons (CFCs) such as
dichlorodifluoromethane, trichlorofluoromethane, or dichlorotetrafluoroethane, carbon
dioxide, or other suitable gases. The aerosol may also contain a surfactant such as lecithin.

The dose of drug may be controlled by provision of a metered valve.
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[000254] Dry powder suitable for pulmonary administration include, for example, a
powder mix of the compound in a suitable powder base such as lactose, starch, starch
derivatives such as hydroxypropylmethyl cellulose and polyvinylpyrrolidone (PVP).
Conveniently the powder carrier will form a gel in the ‘nasal cavity. Unit doses for dry
powder formulations may be, for example, in the form of capsules or cartridges of, e.g.,
gelatin, or blister packs from which the powder may be administered by means of an inhaler.
[000255] In addition to the foregoing components, it may be necessary or desirable in
some cases (depending, for instance, on the particular composition or method of
administration) to incorporate any of a variety of addiﬁves, e.g., components that improve
drug delivery, shelf-life, patient acceptance, etc. Suitable additives include acids,
antioxidants, antimicrobials, buffers, colorants, crystal growth inhibitors, defoaming agents,
diluents, emollients, fillers, flavorings, gelling agents, fragrances, lubricants, propellants,
thickeners, salts, solvents, surfactants, other chemical stabilizers, or mixtures thereof.
Examples of these additives can be found, for example, in M. Ash and 1. Ash, Handbook of
Pharmaceutical Additives (Hampshire, England: Gower Publishing, 1995), the contents of
which are herein incorporated by reference.

[000256] Appropriate dose and regimen schedules will be apparent based on the
present disclosure and on information generally available to the skilled artisan. When the
compounds of the disclosure are used in the treatment of HIV, achievement of the desired
effects may require weeks, months, or years of controlled, low-level administration of the
formulations described herein. Other dosage regimens, including less frequent
administration of high-intensity dosages, are also within the scope of the disclosure.
[000257) The amount of active agent in formulations that contain the compounds of the
disclosure may be calculated to achieve a specific dose (i.e., unit weight of active agent per
unit weight of patient) of active agent. Furthermore, the treatment regimen may be designed
to sustain a predetermined systemic level of active agent. For example, formulations and
treatment regimen may be designed to provide an amount of active agent that ranges from
about 0.001 mg/kg/day to about 100 mg/kg/day for an adult. As a further example, the
amount of active agent may range from about 0.1 mg/kg/day to about 50 mg/kg/day, about
0.1mg/kg/day to about 25 mg/kg/day, or about 1mg/kg/day to about 10 mg/kg/day. One of
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skill in the art will appreciate that dosages may vary depending on a variety of factors,
including method and frequency of administration, and physical characteristics of the
patient.

[000258] Treatment regimens that make use of multiple methods of administration are
within the scope of the disclosure. For example, a small, steady dose of the compounds of
the disclosure may be administered continuously, along with an initial or periodic bolus
injection.

[000259] The compounds of the disclosure may be prepared using synthetic methods as
exemplified in the experimental section herein, as well as (where appropriate) standard
procedures that are known to those skilled in the art of synthetic organic chemistry and used
for the preparation of analogous compounds or moieties within compounds. Some
appropriate synthetic procedures may be found, for example, in J. March, Advanced Organic
Chemistry: Reactions, Mechanisms and Structure, 5th Edition (New York: Wiley-
Interscience, 2001). Syntheses of representative compounds are detailed in the Examples
provided herein; it will be appreciated that such synthetic methods are also within the scope
of the invention.

[000260] In some embodiments, the compounds of the disclosure are synthesized by
providing a core fragment having protease inhibitive properties and linking the core
fragment (via, e.g., a coupling reaction) with an additional functional unit. The additional
functional unit may be, for example, a protein binding moiety. '

[000261] In some embodiments, the compounds of the disclosure are protease
inhibitors. Accordingly, the compounds are capable of interfering with the activity of certain
proteases, for example HIV protease. In some preferred embodiments, the compounds of the
disclosure are equally effective at inhibiting HIV protease in cell free assays and in cell
infectivity assays. That is, the presence of cellular matter does not reduce the efficacy of the
compounds. In some other embodiments, the éompounds of the disclosure exhibit a modest
decrease in efficacy between a cell free assay and a cell infectivity assay. For example, the
ICsp values of the compounds in a cell infectivity assay are no more than 100% greater than
the ICsy values of the compounds in a cell free assay, or no more than 50% greater, or no

more than 25% greater, or no more than 10% greater. In some embodiments, the ICso values
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of the compounds in a cell infectivity assay are less than the ICso values of the compounds in
a cell free assay. In some preferred embodiments, the compounds of the disclosure exhibit
ICs values in cell infectivity assays that are below about 75 nM, or below about 50 nM, or
below about 25 nM, or below about 10 nM.

[000262] Accordingly, the compounds find utility in treating viral infections. In certain
embodiments, the compounds are useful as inhibitors of HIV protease. The compounds of
the disclosure, and compositions comprising such compounds, are useful in the treatment of
AIDS or HIV infections, including multidrug-resistant strains of HIV. In certain
embodiments, the compounds are also useﬁﬂ in treating other viral infections, such as
Hepatitis C.

{000263] Accordingly, the disclosure provides a method for treating an HIV-infected
patient, the method comprising administering to the patient an effective amount of any of the
compounds disclosed herein. The disclosure also provides a method for preventing viral
replication, the method comprising administering an effective amount of any of the
compounds disclosed herein. The disclosure also provides a method for inhibiting the
activity of HIV-1 protease, the method comprising administering an effective amount of any
of the compounds disclosed herein. The disclosure also provides a method for treating a
patient suffering from AIDS, the method comprising administering an effective amount of
any of the compounds disclosed herein. The disclosure also provides a method for inhibiting
the spread of HIV-virions to non-infected cells, the method comprising contacting a cell
infected with HIV with an effective amount of any of the compounds disclosed herein. As
described in more detail herein, in any of the aforementibned methods, the compound may
be administered in a composition comprising one or more active agents and one or more

additives.
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[000264] All patents, patent applications, and publicatibns mentioned herein are hereby
inéorporated by reference in their entireties. However, where a patent, patent application, or
publication containing express definitions is incorporated by reference, those express
definitions should be understood to apply to the incorporated patent, patent application, or
publication in which they are found, and not to the remainder of the text of this application,
in particular the claims of this application.

[000265] It is to be understood that while the invention has been described in
conjunction with the preferred specific embodiments thereof, that the forégoing description
as well as the examples that follow, are intended to illustrate and not limit the scope of the
invention. It will be understood by those skilled in the art that various changes may be made
and equivalents may be substituted without departing from the scope of the invention, and
further that other aspects, advantages and modifications will be apparent to those skilled in

the art to which the invention pertains.
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Examples

Example 1

' Preparation of (R)-tert-butyl 2-{3-[3-(3.4-dimethoxypheny!)-1-
hydroxypropyllphenoxy}ethylcarbamate (6)

[000266] Compound 6 was prepared according to the method shown in Scheme 1.
Scheme 1
OHC
o

HO 2 HO OMe Lindlar's Cat.  HO OMe

Me KOH, EtOH ‘ O 50p51) O O
OMe OMe

1
Br/\/NvHBoc NaH, THF

(o)
(+)-DIP-Cl
BOCHN/\/OOMC <—HF___ BOCHN/\/OOMe
OMe OMe
5

[000267] Preparation of (E)-3-(3,4dimeth'oxyphenyl)-l-(3-hydroxyphenyl)prop-Z—
en-1-one (3): A cold solution of KOH (16.4 g, 293 mmol) in water (122 mL) was added to
a stirred solution of ketone 1 (10.0 g, 73.4 mmol) and aldehyde 2 (12.2 g, 73.40 mmol) in
ethanol ( 40 mL) at 0 °C and the reaction mixture was stirred overnight. The mixture was
poured into ice water (122 mL) containing concentrated HCI (25 mL) and the aqueous layer
was extracted with EtOAc (3 x 100 mL). Thc combined organic layers were washed with
brine (1 x 100 mL), dried over anhydrous Na;SO,4 and concentrated. The resultant solids
were washed with CH,Cl, and filtered to afford o,3-unsaturated ketone 3 (13.6 g, 65%) as a
yellow solid: '"H NMR (400 MHz, CDCl3) § 7.78 (d, J = 15.6 Hz, 1H), 7.61 (s, 1H), 7.56 (d,
J=17.6 Hz, 1H), 7.4-7.3 (m, 2H), 7.22 (d, J = 6.4 Hz, 1H), 7.19-7.10 (m, 2H), 6.89 (d, J =
6.4 Hz. 1H), 3.94 (s, 6H); MS (ESI) m/z 285 [Cy7H604 + H]".

[000268] Preparation (E)-3-(3,4-dimethoxyphenyl)-1-(3-hydroxyphenyl)propane-
1-one (4): Lindlar’s catalyst (2.4 g) was added to a solution of ketone 3 (20 g, 70.20 mmol)

in methanol (80mL) and the reaction mixture was stirred in a parr apparatus under hydrogen
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(50 psi) for 6 h. The reaction mixture was filtered through celite, concentrated under
reduced pressure, and the solids were washed with EtOAc to afford ketone 4 (13.5 g, 67%)
as an off-white solid: '"H NMR (400 MHz, DMSO-dy) § 9.74 (s, 1H), 7.42 (d, J= 8.0 Hz,
1H), 7.31-7.28 (m, 2H), 7.01-6.98 (m, 1H), 6.87-6,81 (m, 2H), 6.75-6.70 (m, 1H), 3.71 (s,
3H), 3.69 (s, 3H), 3.26 (t, J= 4.4 Hz, 2H), 2.85 (t, J = 7.6 Hz, 2H).

[000269] Preparation of tert-butyl 2-{3-[3-(3,4-
dimethoxyphenyl)propane]phenoxy}ethylcarbamate (5): A solution of phenol 4 (5.00 g,
17.45 mmol) in DMF (30 mL) was added to a suspension of NaH (60% in mineral oil, 800
mg, 20.2 mmol) in DMF (20 mL) at 0 °C and stirred for 0.25 h. To this mixture was added a
solution of N-fert-butoxycarbonyl-2-bromo-ethanamine (5.00 g, 21.35 mmol) in DMF (20
mL). The reaction mixture was heated to 40 °C and stirred for 3 d at this temperature. The
reaction mixture was cooled to 5 °C, quenched with water (200 mL), and extracted with
EtOAc (3 x 150 mL). The combined organic layers were washed with NaOH (1 x 150 mL),
water (1 x 150 mL), and brine (1 x 150 mL), then dried over anhydrous Na,SOy, filtered and
concentrated. As crude product (6.00 g) could not be purified by column chromatographyj, it
was purified by deprotection of Boc group to amine salt by addition of 20% HCI in dioxane
(25 mL) at 0 °C and stirred for 2 h. Then it was concentrated and triturated with EtOAc (25
mL) to afford amine salt (4.10 g). Then the amine salt was again protected with Boc by
addition of (Boc),0 (2.68 g, 12.27 mmol) and aqueous sat. NaHCOj3 (10 mL) to the amine
salt in dioxane (10 mL) at 0 °C and stirred for 2 h. It was then extracted with EtOAc (3 x
100 mL), washed with brine (1 x 100 mL), then dried over anhydrous Na,SOs, filtered and
concentrated. The residue was purified by column chromatography (20% EtOAc in
petroleum ether) to afford the protected amine 5 (3.90 g, 52%) as yellow oil. 'H NMR (400
MHz, CDCls) § 7.54 (d, J = 7.6 Hz, 1H), 7.47 (d, J = 2.4 Hz, 1H), 7.38-7.34 (1, J= 8.0 Hz,
1H), 7.09 (dd, J=2.0, 8.0 Hz, 1H), 6.82—-6.77 (m, 3H), 5.01 (bs, 1H), 4.07-4.04 (m, 2H),
3.87 (s, 3H), 3.86 (s, 3H), 3.55 (bs, 2H), 3.28-3.24 (m, 2H), 3.09-2.99 (m, 2H), 1.45 (s,
9H); MS (ESI) m/z 429.22 [C24H3NOg + H]". ,

[000270] Preparation of (R)-tert-butyl 2-{3-[3-(3,4-dimethoxyphenyl)-1-
hydroxypropyl]phenoxy}ethylcarbamate (6): A solution of (+)-DIP-chloride (7.82 g, 24.4
mmol) in THF (9 mL) was added a solution of ketone 5 (7.00 g, 16.29 mmol) in THF (18
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mL) at —20 ° C. The resulting mixture was allowed to stand at —10 °C for 24 h and then the
solvent was removed under reduced pressure. The residue was treated with Et;O (55 mL)
followed by diethanolamine (14.0 mL, 146.67 mmol) and was stirred for 12 h. This mixture
was diluted with EtOAc (150 mL) and filtered through celite. The filtrate was concentrated
and the residue was purified by silica-gel chromatography ( 25% EtOAc in petroleum ether)
to afford alcohol 6 (3.80 g, 55%) as a light brown oil: "H NMR (400 MHz, CDCl3) § 7.29-
7.25 (m, 2 H), 6.94-6.91 (m, 2H), 6.82-6.72 (m, 3H), 4.68—4.65 (m, 1H), 4.03—4.01 (m,
2H), 3.87 (s, 3 H), 3.86 (s, 3H), 5.00 (bs, 1H), 3.54-3.51 (m, 2H), 2.71-2.63 (m, 2H), 2.32-
2.27 (m, 1H), 1.40 (s, 9H), 1.40-1.20 (m, 2H).

Example 2

Preparation of (25)-1-(1,2-dioxo-3,3-dimethylpentyl)-2-piperidinecarboxylic acid (10)

[000271] Compound 10 was prepared according to the method shown in Scheme 2.
Scheme 2
MeO\n/ﬁ
QHHCI O \H/U\ M O _IMLiOH _ C
DIPEA 0 T meon o
EtO/\
7 8

[000272] Preparation of Ethyl (25)-1-(1,2-dioxo-2-methoxyethyl)-2-
piperidinecarboxylate (8): To a stirred solution of ethyl piperidine-2-carboxylate (7, 20.0
g, 103.3 mmol) in CH>Cl, (30 mL) at 0 °C was added N,N-diisopropylethylamine (45.0 mL,
258.2 mmol) and methyl chlorooxoacetate (11.9 mL, 129.1 mmol). The reaction mixture
was stirred at rt for 1.5 h, then diluted with CH,Cl, (250 mL) and washed with water (300
mL) and brine (200 mL), dried over Na,SQy, filtered and concentrated. The residue was
purified by column chromatography (20% EtOAc in petroleum ether) to afford amide 8
(17.5 g, 69%) as a reddish oil: 'H NMR (CDCl;, 400 MHz, 8 5.00 (d , J= 5.2 Hz, 1H), 4.13
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(q,J=14.4 Hz, 2H), 3.80 (s, 3H), 3.41 (brd, J=13.2 Hz, 1H), 3.20-3.17 (m, 1H), 2.15 (br
d,J=14.4 Hz, 1H), 1.69-1.61 (m, 4H), 1.39-1.27 (m, 4H).

[000273] Preparation of Ethyl (25)-1-(1,2-dioxo-3,3-dimethylpentyl)-2-
piperidinecarboxylate (9): To a solution of diester 8 (18.50 g, 76.05 mmol) in THF (153
mL) at =78 ° C was added 1,1-dimethylpropylmagnesium chloride (1M in Et;0, 101.4 mL,
101.4 mmol) under argon atmosphere and the reaction mixture was stirred for 3 h at 78 ° C.
The reaction mixture was then poured in to saturated aqueous NH4Cl (150 mL) and the
aqueous layer was extracted with EtOAc (2 x 250 mL). The combined organic layers were
washed with brine (200 mL), dried over Na,SQy, filtered and concentrated. The crude
product was purified by column chromatography (5% EtOAc in petroleum ether) to afford
ketone 9 (16.1 g, 75%) as a light yellow oil: 'H NMR (CDCls, 400 MHz) § 5.25 (d , J= 5.6
Hz, 1H), 4.23 (q, J= 13.0 Hz, 2H), 3.41 (brd, J=13.2 Hz, 1H), 3.22 (td, ] = 12.8 Hz, 3.2
Hz, 1H), 2.35 (brd, J=13.6 Hz, 1H), 1.79-1.31 (m, 7H), 1.29 (t, /= 7.2 Hz, 3H), 1.23 (s,
3H), 1.19 (s, 3H), 0.91-0.82 (m, 3H).

[000274] Preparation of (25)-1-(1,2-dioxo-3,3-dimethylpentyl)-2-
piperidinecarboxylic acid (10): A mixture of ketone 9 (16.1 g, 56.87 mmol) and LiOH
(1.0N ih water, 86.6 mL) in methanol (500 mL) was stirred at 0° C for 0.5 h and then
warmed to rt'and stirred at that temperature for 16 h. The reaction mixture was acidified
with HCI (10% in water, 50 mL), and extracted with CH,Cl, (3 x 500 mL). The combined
organic layers were washed with water (250 ml) and brine (300 mL), dried over Na,SOs,,
filtered and concentrated to afford an off-white solid which was further purified by
trituration with hexane to afford acid 10 (10.6 g, 73%) as a white solid: 'H NMR (CDCls;,
400 MHz) 6 5.32(d,J=4.4 Hz, 1H), 3.41 (brd, J=14.0 Hz, 1H), 3.25 (brt,J= 13.2 Hz,
1H), 2.35 (brd, J=13.6 Hz, 1H), 1.84-1.43 (m, 7H), 1.25 (s, 3H), 1.20 (s, 3H), 0.91-0.82
(m, 3H).
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Example 3

Preparation of (1R)-3-(3.4-di-methoxyphenyl)-1-{3-(2-ethanamine)phenoxyl]-1-propanyl
(25)-1-(3,3-dimethyl-1,2-dioxopentyl)-2-piperidinecarboxylate hydrochloride (12)

[000275] Compound 12 was prepared according to the method shown in Scheme 3.

Scheme 3

o
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[000276] Preparation of (S)-{(R)-1-{3-[2-(tert-butoxycarbonylamino)ethoxy|phenyl }-
3-[3,4-dimethoxyphenyl]propyl}-1-(3,3-dimethyl-2-oxopentanoyl)piperidine-2-carboxylate
(11) IN-YSA-A-178: To a stirred solution of alcohol 6 ( 3.80 g, 8.81 mmol) and acid 10
(2.44 g, 9.69 mmol) in CH>Cl, (50 mL) at 0 °C was added DMAP (108 mg, 0.881 mmol)
followed by DCC (1.99 g, 9.69 mmol) and stirred for 2 h. The reaction mixture was diluted

with EtOAc (100 mL) and filtered through celite. The solvent was concentrated to dryness
and the crude residue was purified by column chromatography (20% EtOAc in petroleum
ether) to afford ester 11 (4.12 g, 70%) as a yellow oil: "H NMR (400 MHz, CDCl3) 6 7.29 -
725 (m,2 H), 6.90-6.77 (m, 3H), 6.71-6.69 (m, 2H), 5.78-5.76 (m,1H), 5.32-5.29 (m, 1 H),
5.01 (bs, 1H), 4.04-4.02 (m, 2H), 3.86 (s, 3H), 3.85 (s, 3H), 3.55 (bs, 2H), 3.35-3.32
(m,1H), 3.17-3.14 (m,1H), 2.57-2.55 (m, 2H), 2.38-2.35 (m, 1H), 2.31-2.18 (m, 1H), 1.77—
1.45 (m, 7H), 1.45 (s, 9H), 1.23 (s, 3H), 1.21(s, 3H), 0.95 (t, 3H); MS (ESI) m/z 669.3
[C37H5;N,00+ H]' .
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- 000277} Preparation of (1R)-3-(3,4-di-methoxyphenyl)-1-[3-(2-
ethanamine)phenoxyl]-1-propanyl (2S)-1-(3,3-dimethyl-1,2-dioxopentyl)-2-
piperidinecarboxylate hydrochloride (12, SLFA2); IN-YSA-A-179: To a stirred solution of
Boc-protected amine 11 (4.10 g, 6.13 mmol) in CH,Cl, (S mL) at 0 °C Was added 20% HCI
in 1,4-dioxane (11.1 mL, 60.13 mmol) and reaction mixture was allowed to stir at rt for 16
h. The solvent was concentrated to afford amine 9 (SLFA2, 4.00 g, >99%) as an off-white
foam: '"H NMR (400 MHz, CDCls) & 8.55 (bs,1H), 7.30-7.15 (m, 1H), 6.93—6.68 (m,7H),
5.80-5.70 (m,1H), 5.35-5.30 (m, 1H), 4.30-4.18 (m, 2H), 3.86 (s, 3H), 3.84 (s, 3H), 3.40-
3.30 (m, 2H), 3.16-3.14 (m, 1H), 2.38-2.26 (m, 3H), 2.05 (bs, 1H), 1.74-1.60 (m, 5H),
1.53—1.30 (m, 2H), 1.25 (s, 3H), 1.23 (s, 3H), 0.9 (m,3H); MS (ESI) m/z 569.3
[C3HegN,O7+ H]'.

Example 4

Preparation of 2-(3-((R)-3-(3.4-dimethoxyphenyl)-1-((S)-1-(3.3-dimethyl-2-
oxopentanoyl)piperidine-2-carbonyloxy)propyl)phenoxy)acetic acid (16)

[000278] Compound 16 was prepared according to the method shown in Scheme 4.

Scheme 4
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[000279] Preparation of fert-butyl 2-[3-(3,4-
dimethoxyphenyl)propanoyl]phenoxyacetate (13): A slurry of phenol 4 (10.0 g, 34.9
mmol) and K,CO;3 (9.66 g, 69.9 mmol) in acetone (100 mL) was treated with fert-butyl
bromoacetate (5.67 mL, 38.4 mmol) at rt for 24 h. The reaction mixture was filtered and the
solvent was concentrated. The residue was purified by column chromatography (20%
EtOAc in petroleum ether) to afford ether 13 (12.4 g, 88%) as a light yellow oil: 'H NMR
(400 MHz, CDCl3) 8 7.60 (d, J= 8.0 Hz,1H ), 7.48 (s, 1H), 7.42-7.37 (m, 1H), 7.14-7.11
(m, 1H), 6.82-6.77 (m, 3H), 4.57 (s, 2H), 3.87 (s, 3H), 3.86 (s, 3H), 3.28 (t, /= 6.8 Hz,
2H), 3.03 (t,J=7.2 Hz, 2H), 1.49 (s, 9H).

[000280] Preparation of (R)-tert-butyl 2-[3-(3,4-dimethoxypheny})-1-
hydroxypropyl]phenoxyacetate (14): (+)-DIP-chloride (3.63 g, 11.33 mmol) in THF (9
mL) was added to a solution of ketone 13 (2.40 g, 7.55 mmol) in THF (6 mL) at —20 °C.
The resultant solution was allowed to stand at —10 °C for 16 h and the solvent was removed
under reduced pressure. The residue was diluted with Et,O (25 mL) followed by addition of
diethanolamine (6.51 mL, 68.0 mmol) and stirred for 6 h. This mixture was diluted with

ethyl acetate (50 mL), filtered through celite, and the filtrate was concentrated. The crude
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product was purified by column chromatography (25% EtOAc in petroleum ether) to afford
alcohol 14 (1.42 g, 58%) as a light brown oil: 'H NMR (400 MHz, CDCl3) § 7.29-7.22 (m,
1H), 6.95-6.90 (m, 2H), 6.82—6.78 (m, 2H), 6.71 (d, J = 1.6 Hz, 2H), 4.68—4.65 (m, 1H),
4.52 (s, 2H), 3.87 (s, 3H), 3.86 (s, 3H), 2.75-2.58 (m, 2H), 2.35-2.30 (m, 1H), 2.10-1.95
(m, 3H), 1.49 (s, 9H).

[000281] Preparation of (S)-{(R)-1-[3-(2-tert-butoxy-2-oxoethoxy)phenyl]-3-(3,4-
dimethoxyphenyl) propyl-(3,3-dimethyl-2-oxopentanoyl)}piperidine-2-carboxylate
(15): To a solution of alcohol 14 (1.00 g, 2.68 mmol) and acid 10 (750 mg, 2.95 mmol) in

. CH,Cl, (10 mL) at 0 °C was added DMAP (30 mg, 0.29 mmol) and DCC (600 mg, 2.95
mmol). The reaction mixture was stirred for 2 h, diluted with EtOAc (40 mL) and filtered
through celite. The filtrate was concentrated and the crude residue was purified column
chromatography (20% EtOAc in petroleum ether) to afford ester 15 (1.30 g, 72%) as a light
yellow oil: 'H NMR (400 MHz, CDCl;) & 7.25-7.17 (m, 2H), 6.95-6.70 (m, 5H), 5.75-5.67
(m, 1H), 5.25 (bs, 1H), 4.51(s, 1H), 3.86 (s, 3H), 3.85 (s, 3H), 3.39-3.30 (m, 1H), 3.19-3.10
(m, 1H), 2.60-2.49 (m, 2H), 2.39-2.20 (m, 2H), 2.05-2.01 (m, 1H), 1.78-1.55 (m, 5H), 1.47
(s, 9H), 1.24 (s, 3H), 1.23 (s, 3H), 0.88 (t, 3H). |

[000282] Preparation of 2-(3-((R)-3-(3,4-dimethoxyphenyl)—l-((S)-l-(3,3-dimethyl-
2-oxopentanoyl)piperidine-2-carbonyloxy)propyl)phenoxy)acetic acid (16): To a
solution of rert-butylester 15 (1.00 g, 2.03 mmol) in CH,Cl; (30 mL) at 0 °C was added TFA
(10.1 mL) and the solution was stirred at rt for 2 h. The reaction mixture was diluted with
toluene (20 mL) and solvents were removed under reduced pressure. The crude product was
purified by column chromatography (2% MeOH in CH,Cl) to afford acid 16 (850 mg, 92%)
as a yellow foam: 'H NMR (400 MHz, CDCl;) § 7.40-7.31 (m,1H), 6.94-6.88 (m, 3H), 6.80
(d,J=6.0 Hz ,1H), 6.70 (d, J= 8.4 Hz, 2 H), 5.76-5.70 (m, 1H), 5.32 (d, J= 6.8 Hz ,1H),
4.70 (s, 2H), 3.87 (s, 3H), 3.86 (s, 3H), 3.41-3.19 (m, 4H), 2.70-2.54 (m, 2H), 2.45-2.05
(m, 3H), 1.85-1.65 (m, 5H), 1.22-1.14 (m, 8H), 0.87 (t, J= 7.8 Hz, 3H).

Example 5
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Preparation of N-[(2R.3S)-3-amino-2-hydroxy-4-phenylbutyl]-N-isobutyl-4-
nitrobenzenesulfonamide hydrochloride (20)

[000283] Compound 20 was prepared according to the method shown in Scheme 5.
Scheme 5
NO,
NHBoc NHBoc
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[000284] Preparation of fert-butyl (25,3R)-3-hydroxy-4-(isobutylamino)-1-
phenylbutan-2-ylcarbamate (18): To a stirred solution of epoxide 17 (5.00 g,18.98 mmol)
in ethanol (140 ml) was added isobutylamine (19.0 ml, 189.9 mmol ) and the reaction
mixture was heated to 80 °C and stirred for 3 h at that temperature. Upon cooling to rt, the
solvents were concentrated off and the residue was triturated with hexanes (3 x 30 mL) to
afford amino alcohol 18 (5.43g, 85%) as a white solid: 'H NMR (400 MHz, CDCl;): §
7.31-7.21 (m, 5H), 4.73-4.70 (m, 1H), 3.81 (bs, 1H), 3.48-3.46 (m, 1H), 3.01-2.96 (m, 1H),
2.88-2.86 (m, 1H), 2.70-2.68 (m, 2H), 2.42 (m, 2H), 1.75-1.60 (m 2H), 1.44 (s, 9H), 0.92
(d, J=5.0 Hz, 2H); MS (ESI) m/z 336 [C1oH3,N,03 + H] .

[000285] Preparation of tert-butyl (25,3R)-3-hydroxy-4-(N-isobutyl-4-
nitrophenylsulfonamido)-1-phenylbutan-2-ylcarbamate (19): Triethylamine (2.47 mL,
17.75 mmol) was added to a solution of amine 18 (5.43 g, 16.13 mmol) in CHCl, (25 mL)
at 0 °C. To this mixture was added 4-nitrobenzenesulfonylchloride (3.75g, 16.94 mmol) and
the reaction was stirred at ambient temperature for 3 h. The reaction mixture was washed
with water (2 x 20 mL), dried over Na;SOsq, filtered and concentrated. The crude compound
was purified by column chromatography (1.5% MeOH in CH,Cl,) to afford sulfonamide 19
(6.73g, 80%) as a pale yellow solid: 'H NMR (400 MHz, DMSO-d) & 8.36 (d, J = 8.8 Hz,
2H), 8.05 (d, J= 8.8 Hz, 2H), 7.24-7.13 (m, SH), 6.68 (d, /= 8.8 Hz, 1H), 4.95(d, /= 6.4
Hz, 1H), 4.33 (d, J= 4.4 Hz, 1H), 3.78-3.74 (m, 1H), 3.49-3.33 (m, 3H), 3.17-3.3.03 (m,
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2H), 2.95-2.90 (m, 2H), 1.23 (s, 9H), 0..93-0.90 (m, 6H); MS (ESI) m/z 521 [CsH35N307S
+H]*".

[000286] Preparation of N-[(2R,3S)-3-amino-2-hydroxy-4-phenylbutyl}-/V-
isobutyl-4-nitrobenzenesulfonamide hydrochloride (20, PI-1.4): A solution of 20% HCl
in 1,4-dioxane (35.3 mL, 19.4 mmol) was added to carbamate 19 (6.73 g, 12.90 mmol) at 0
°C. The reaction was stirred at rt for 1 h and the solvent was concentrated. The residue was
dissolved in CH,Cl, (40 mL) and evaporated (the same process was repeated four times) to
provide pure amine hydrochloride 20 (5.02 g, 85%) as a white solid: 'H NMR (400 MHz, '
DMSO-dg) 6 8.37 (d, J= 8.8 Hz, 2H), 8.06 (d, J = 8.8 Hz, 2H), 7.36-7.25 (m, 5H), 5.63 (d, J
=6.0 Hz, 1H), 3.94-3.91 (m, 1H), 3.44-3.39 (m, 2H), 3.06-2.82 (m, 3H), 1.92—1.85 (m, |
1H), 0.80 (d, J = 6.8 Hz, 3H), 0.71 (d, J = 6.4 Hz, 3H); MS (ESI) m/z 421 [Cy0H37N30sS +
H]".

Example 6

Preparation of (S)-{(R)-1-[3-{(10S.11R)-13-(4-aminophenylsulfonyl)-1 O-benzyl-l 1-
hydroxy-15-methyl-2.8-dioxo-7-oxa-3,9.13-triazahexadecyloxy}phenyl]-3-(3.4-
dimethoxvyphenyl)propyl} 1-(3.3-dimethyl-2-oxopentanoyl)piperidine-2-carboxylate (23)

[000287] Compound 23 was prepared according to the method shown in Scheme 6.
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Scheme 6
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[000288] Preparation of (8)-{(R)-3—[3,4-dimethoxyphenyl}-1-{3-[2-(3-
hydroxypropylamino)-2-oxoethoxy]|phenyl}propyl}-1-(3,3-dimethyl-2-
oxopentanoyl)piperidine-2-carboxylate (21): To a solution of acid 16 (750 mg, 1.28
mmol) in DMF (10 mL) was added HATU (480 mg, 1.28 mmol) and NMM (140 pL, 1.28
mmol ) followed by addition of 3-amino propanol (90 pL, 1.28 mmol). The reaction was
heated to 80 ° C for 3 h and poured onto water (30 mL). The aqueous layer was extracted
with EtOAc (3 x 25 mL) and the combined organic layers were washed with brine (50 mL),
dried over anhydrous Na,SQ,, filtered and concentrated. The crude product was purified by
column chromatography (25% EtOAc in petroleum ether) to afford amide 21 (670 mg, 82%)
asa yellow oil: 'HNMR (400 MHz, CDCl3) § 8.01 (s,1 H), 7.30-7.28 (m , 1H), 6.97-6.95
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(m, 2H), 6.83-6.77 (m, 2H), 6.69-6.68 (m, 2H), 5.76-5.70 (m, 1H), 5.30 (s, 1 H), 4.52 (s,
2H), 3.86 (s, 3 H), 3.85 (s, 3H), 3.66 (t,J=5.2 Hz,2 H),3.52 (t, /= 6.0 Hz, 2H ), 3.41-
3.19 (m, 2H), 2.70-2.54 (m, 2 H), 2.45-2.05 (m, 3 H), 1.85-1.65 (m, 5 H), 1.22-1.14 (m, 8
H), 0.90-0.85 (m, 3 H).

[000289] Preparation of (S)-{(R)-1-{3-[( 10S,11R)-10-benzyl -11-hydroxy-15-
methyl-13-(4-nitrophenylsulfonyl)-2,8-dioxo-7-0xa-3,9,13-triazahexadecyloxy]phenyl}-
3-(3,4- dimethoxyphenyl) propyl}-1-(3,3-dimethyl-2-oxopentanoyl)piperidine-2-
carboxylate (22): To a solution of alcohol 21 (100 mg, 0.15 nimol) in EtOAc (5 mL) was
added CDI (20 mg, 0.15 mmol) and the reaction was stirred for2 h. To this mixture was
further added amine hydrochloride 20 (70 mg, 0.15 mmol) and the reaction was refluxed for
22 h. The reaction was cooled to rt and the solvents wefe removed concentrated. The crude
residue was purified by preparative TLC (3% MeOH in CH,Cl,) to afford conjugate 22 (10
mg, 7%) as a light yellow foam: 'H NMR (400 MHz, CDCl5) § 8.36 (d, J= 8.8 Hz, 2H),
8.04 (d, J = 8.8 Hz), 7.30-6.70 (m, 12 H), 5.71-5.60 (m, 1H), 5.22-5.12 (m, 1H), 5.00 (d, J
= 6.4 Hz, 1H), 4.45 (s, 2H), 3.81-3.80 (m, 1H), 3.70 (s, 3H), 3.69 (s, 3H), 3.52-3.50 (m,
2H), 3.13-3.08 (m, 4H), 2.93-2.89 (m, 1H), 1.75-1.51 (m, 7H), 1.25-1.14 (m, 9H), 0.84—
0.76 (m, 6H).

[000290] Preparation of (S)-{(R)-1-[3-{(10S,11R)-13-(4-aminophenylsulfonyl)-10-
benzyl-11-hydroxy-15-methyl-2,8-dioxo-7-0xa-3,9,13-triazahexadecyloxy}phenyl}-3-
(3,4-dimethoxyphenyl)propyl} 1-(3,3-dimethyl-2-oxopentanoyl)piperidine-2-
carboxylate (23): Raney-Ni (50% in water, 500 mg) was added to a solution of nitro 22
(200 mg, 0.12 mmol) in ethanol (10mL) and the reaction mixture was stirred in a parr
apparatus under hydrogen (25 psi) for 4 h. The reaction mixture was filtered through celite
and concentrated under reduced pressure. The crude product was purified by preparative
TLC (3% MeOH in CH,Cl,) to afford aniline 23 (50 mg, 40%) as a yellow white solid: 'H
NMR (400 MHz, MeOD) 6 7.47 (d, J = 8.8 Hz, 2H), 7.20-6.70 (m, 12H), 5.80-5.70 (m,
1H), 4.51 (s, 2H), 3.80 (s, 3H), 3.79 (s; 3H), 3.16-3.12 (m, 2H), 3.05-2.95 (m, 1H), 2.90-
2.75 (m, 2H), 2.70-2.55 (m, 3H), 2.45-1.95 (m, 4H), 1.73—1.65 (m, SH), 0.92—-0.85 (m, 6H);
MS (APCI) m/z 1059 [Cs¢H7sNsO,3S + H] ™.
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E)_(ample 7

Preparation of (S)-{(R)-1-(3-[(11S, 12R)-11-benzyl-12-hydroxy-16-methyl-14-(4-
nitrophenylsulfonyl)-4.9-dioxo-8-o0xa-3,10.14-triazaheptadecyloxy] phenyl-3-(3.4-
dimethoxvyphenyl) propyl}-1-(3.3-dimethyl-2-oxopentanoyl)piperidine-2-carboxylate (27)

(000291} Compound 27 was prepared according to the method shown in Scheme 7
Scheme 7
N02 NOZ
o] 0]
.;{gl HO\/\)LOt-Bu HNJ]\ O/\/\n/Ot-Bu
2 24
O= O=
c,),s\N - CDI, EtOAc (,)?\N . 0
Me OH Me OH
Me Me
20 25
XF\FA
NO,
o X
OH
HN” ~O
O=g_ /\/\!or
&N
Me OH
(0]
Oﬁ Me Me
- Me
“HCI 04\9 o Me 26
NO, HzN’\/OOMC
OMe
12
//O
¢Hs 170
H,C H 0 0
\ N 0\/\/u\ N CH3
HO hig NH g CH
o} ) ’
0”0 CH,

-112 -



WO 2010/077317 PCT/US2009/006600

[000292] Preparation of fert-butyl-4-[(2S, 3R) -3-hydroxy-4-(/V-isobutyl-4-
nitrophenylsulfonamido) -1-phenylbutan-2-ylcarbamoyloxy] butane (25): To a solution
of tert-butyl-4-hydroxybutyrate (24, 100 mg, 0.62 mmol) in EtOAc (5 mL) was added CDI
(101 mg, 0.62 mmol) and the reaction mixture was stirred for 3 h. Amine hydrochloride 20
(285 mg, 0.62 mmol) was added to the reaction mixture and the reaction was refluxed for 22
h. Upon cooling to rt the solvent was evaporated and the resultant residue was purified by
column chromatography (silica-gel, gradient 10-20% EtOAc in petroleum ether) to afford
impure fert-butylester 25 (140 mg) as yellow oil: 'H NMR (CDCl;, 400 MHz) § 8.36 (d , J
= 8.8 Hz, 2H), 7.96 (d, J = 8.8 Hz, 2H), 7.34-7.22 (m, SH), 4.77-4.76 (m, 1H), 4.03-3.97
(m, 2H), 3.85-3.82 (m, 1H), 3.20-3.17 (m, 2H), 3.02-2.87 (m, 2H), 2.38-2.34 (m, 2H),
2.24-2.18 (m, 2H), 1.89-1.82 (m, 3H), 1.46 (s, 9H), 0.91-0.87 (m, 6H).

[000293] Preparation of 4-[(2S, 3R) -3-hydroxy-4-(/V-
isobutylnitrophenylsulfonamido) -1-phenylbutan-2-ylcarbamoyloxy} butanoicacid- (26):
Trifluoroacetic acid (1.15 mL) was added to a solution of the above impure fert-butylester
25 (140 mg) in CH,Cl; (4.0 mL) at 0 °C. The reaction mixture was allowed to warm to rt
and react for 2 h. The mixture was diluted with toluene (10 mL) and solvents were
evaporated under reduced pressure to afford acid 26 (65 mg, 55%) as an off white solid
which was directly used for the next step without purification.

[000294] Preparation of (S)-{(R)-1-(3-[(11S, 12R)-11-benzyl-12-hydroxy-16-
methyl-14-(4-nitrophenylsulfonyl)-4,9-dioxo-8-0xa-3,10,14-triazaheptadecyloxy]
phenyl-3-(3,4-dimethoxyphenyl) propyl}-1-(3,3-dimethyl-2-oxopentanoyl)piperidine-2-
carboxylate (27): To a solution of acid 26 (65 mg, 0.11 mmol) in DMF (4 mL) was added
HATU (44 mg, 0.11 mmol) and N-methylmorpholine (12.0 pL, 0.11 mmol ) followed by
addition of amine 12 (71 mg, 0.11 mmol). The reaction mixture was heated at 80 ° C for 4
h, cooled tb rt and diluted with EtOAc (15 mL). The resulting solution was washed with
water (3 x10 mL) and brine (2 x 10 mL), dried over anhydrous Na;SQy, filtered and
concentrated. The crude product was purified by column chromatography (silica-gel, |
gradient CH,Cl, to 1% MeOH/CH,Cl,). Further purification by preparative TLC (1%
MeOH/CH,Cl, ) provided amide 27 (30 mg, 23%) as a light yellow foam which had 91%
purity as observed by HPLC analysis: '"H NMR (400 MHz, CDCl3) & 8.33 (d, J = 8.40 Hz, 2
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H), 7.96 (d, J = 8.40 Hz, 2H), 7.29-7.16 (m, 6H), 6.95-6.90 (m, 2H), 6.95-6.90 (m, 2H),
6.86-6.84 (m, 2H), 6.70-6.66 (m, 2 H), 6.12-6.10 (m, 1H), 5.79-5.75 (m, 1H), 5.31-5.30
(m, 1 H), 4.85-4.90 (m, 1H), 4.10-3.95 (m, 4H), 3.86 (s, 3H), 3.85 (s, 3H ), 3.79-3.74 (m,
1H), 3.65-3.62 (m, 2 H), 3.38-3.35 (m,1H), 3.22-3.20 (m, 2H), 3.01-2.97 (m, 2H), 2.83—
2.81 (m, 1H), 2.62-2.53 (m, 2H), 2.39-2.32 (m, 1H), 2.29-2.27 (m, 2H), 2.25-2.16 (m, 2H),
2.14-2.05 (m, 1H), 1.92-1.69 (m, 5H), 1.68-1.36 (m, 8H), 1.40—1.10 (m, 6H), 0.90-0.79
(m, 6H); MS (ESI) m/z 1101.7 [Cs;H7sNsO15S 1+

Example 8
Synthesis of Al1.4

[000295] Compound A1.4 is prepared according to the method shown in Scheme 8.

Scheme 8
NO,
NHBoc NO,
S
HN™ s /©
iBUNH, < ClO.S NHBoc
Me OH 2 0=S S
TEA PINTS
EtOH, 80 °C Me — = Mo OH
A1.2 THF, 40 °C \n'n/l
e
A13
NO,
c
A13 HCI (conc) ol NH,-HCI
EtOH, A ¢ N ¥s
80% (2 steps) Me\l/l OH
Me
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Example 9a
Synthesis of Bl

[000296] Compound B1 is prepared according to the method shown in Scheme 9a.

Scheme 9a
P
HO OMe Br OMe 1) - Z OMe
CBry, PPh, In, THF, RT
OMe ——e—— OMe —m—mmMm OMe
B2.01 DCM, RT B2.02 2) NaCl (aq), RT B2.03
OH o,

OMe

B203 AD-mix-B HOW\@("”‘" 1) TsCl, pyr, 0 °C V\/\@
—— —_—
tBuOH-H20, 0 °C OMe OMe

2) NaOH (aq), Et,O

B2.04 B2.05
OH
B2.05 1) Nal, THF Nsx/'\/\@(C’Me
_——
2) NaN,, DMF OMe
B2.06
o} B2.06
S N Me
H”: Me
HOX0C  “Me DCC, DMAP PPh3 . H2N
A1.04 “oemoc
' B2.07 B1 OMe
Example 9b
Synthesis of B2

[000297] Compound B2 is prepared according to the method shown in Scheme 9b.
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Scheme 9b
OH OH
< TBSCI >
HO\/\/\(:[OM‘a TEA, DMAP TBSO\/\/\@:‘:’M‘e
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OMe DCM, 0 °C OMe
B2.04 B3.01
0 o o
B3.01 N Me Me
@. Me " “)j\tMe N“JJ\EMe
Ha 0 Le 0%0% “wme 8 09 “m
HO" N0 Me DCC, DMAP TBSO. - OMe TBAF-3H,0 oo = e oMe
—— D
A1.04 PY——— \/\/\C[ THE.RT \/\/\C(
B3.02 OMe : B2 OMe
Example 10a
Synthesis of C1

[000298] Compound C1 is prepared according to the method shown in Scheme 10a.

Scheme 102

HZN\/§
Grubs cat (2nd gen)
(10 mol%)
—_—

1:1 DCM/MeOH
‘pwave, 120 °C, 1 min

Example 10b
. Synthesis of D1

[000299] Compound D1 is prepared according to the method shown in Scheme 10b.
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Scheme 10b
S B- N 1) 4\/37 = ~
HOY; /N CBr,, PPh, 0 In, THF, RT P AD-mix-B
—_— —_—
D1.02 DCM, RT D2.02 2) NaCl (aq), RT D2.03 tBuOH-H20, 0 °C
OH o, OH
HO SN 1) TsCl, pyr, 0°C V\/\@ 1) Nal, THF N3 N
—_— ~ ———
Z 2) NaOH (aq), Et,0 2) NaNg, DMF Z
D2.04 D2.05 D2.06
) Me Me
és:NH-HCI Me0,CCOCI g ‘n)LOEt CiMg M Me 1M LiOH
HY; _— > —_— /\
O OEt DIEA, 0 °C to"\o THE, -78 °C EtO 82 o MeOH, 0 °C
D2.07 quant D2.08 73% . 80%
0
SLFD1-2.06 l‘s:N “":ne Z \
192.22 g/mol H™ e
A 5.0 e
HO o 0o PPh o/\o
D2.10 DCC,DMAP N, i N 3 H,N ~
DCM, 0 °C \/\/\@ H,0 I
D2.11 D1
Example 10c
Synthesis of D2
[000300] Compound D2 is prepared according to the method shown in Scheme 10c
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OH
HO. Ay
~
2.04
[000301]

H -
HO&O o Me
A1.04

[000302]

TBSCI
TEA, DMAP

DCM, 0°C

3.02

SLFE1-2.06
192.22 g/mol
Tgt: 10g

DCC, DMAP
DCM, 0 °C

PCT/US2009/006600
Scheme 10c
(o)
OH SLFD1-2.10 N Me
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~
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S
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Example 10d
Synthesis of E1

Compound E1 is prepared according to the method shown in Scheme 10d.

Scheme 10d

Awr"\f >
° o PPh, oo

| <N —_— HzN | <N
P H,0 _

E2.07 E1

0
N“,U\f'\"e
H*: Me
P
o Me

Example 10e
Synthesis of E2

Compound E2 is prepared according to the method shown in Scheme 10e.
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Scheme 10e
i Q8 (A
; SLFE2-3.01 N Me Me
@lﬁ“ﬁe 281.47 gimol H” TOI/U\EMe o NTrU\tMe
HO™ ™0 Me = DCC,DMAP  TBSO - N TBAF-3H,0 o *
DCM, 0 °C Z
£3.02 THF, RT £ P
Example 11
Synthesis of A2.001 _
[000303] Compound A2.001 is prepared according to the method shown in Scheme 11.
Scheme 11
11’U\f A1.12 SN Me
HCI-HNTY o/*o ° HN o\)L Hi 0 e
o OMe HATU, N N/\ 079
oMe  DMF50°C ﬁ) OH
A2 OMe
Me A1.43
NH,
. Q%ﬁ
re H,, PdIC o HN o\)LN/\ o /‘o o
’ iPrOH, RT &N s OMe
2
Me OMe

[000304] Alternative reaction conditions for the reduction reaction converting Al.13 to

A2.001 utilize SnCl,-2H,0 in EtOAc solvent at 70 °C.
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Example 12
Svnthesis of A2.002

[000305] Compound A2.002 is prepared according to the method shown in Scheme 12.

Scheme 12
NO, NO,
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o) NH,-HCl col HNJL?\Oj’OtB“
Ho~ Moy 0PN EtOAc, RT 0P N3
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Me\H OH
Me
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NO, @l i Me
Hé-\ \g/u\tMe
A2.3  + A2 ___,HATU'NMM © HN UN/\l o7 oMe
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Me OMe
Me A24

H,, PdIC

A24 — ) HN UN/\I 0 OMe
iPrOH, RT 0:,,S~N
0,
80% (o) OMe
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Example 13
Synthesis of A2.003
(000306} Compound A2.003 is prepared according to the method shown in Scheme 13.
Scheme 13
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Example 14
Synthesis of A2.003
[000307] Compound A2.003 is prepared according to the method shown in Scheme

14.
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Scheme 14
N02 N02
o o] 0
o . NH,-HCI TEA HN’U\/\)LOH
- -
0PN THF, RT 0PN~
o] = :
Me OH Me OH
A4 \|) ﬁ)
Me Me
A1.4 A4.2
NO, Q 0
s_N Me
o 0 H/' \[I/u\fMe
" . HATU, NMM HN)k/\)LH/\' 6>0% “me
: * DMF, 50 °C 08§.N S °°“"e
Me OH OMe
me A4.3
0}
H,, Pd/C SN 11)l\tme
A43 —_— > Me
iPrOH, RT ,U\/\/lL /\I o/\o o
OMe
Me\'/‘ OH OMe
A2.004
Example 15
Synthesis of A2.005
[000308] Compound A2.005 is prepared according to the method shown in Scheme 15.
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Scheme 15
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Example 16
Synthesis 0fA2.006
[000309]
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Compound A2.006 is prepared according to the method shown in Scheme 16.
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Scheme 16
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Example 17
Svynthesis of A2.007

[000310] Compound A2.007 is prepared according to the method shown in Scheme 17.

Scheme 17
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Example 18
Synthesis of A2.008

[000311] Combound A2.008 is prepared according to the method shown in Scheme 18.
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Scheme 18
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Example 19
Synthesis of A2.009
[000312] Compound A2.009 is prepared according to the method shown in Scheme 19.
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Scheme 19
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Example 20

[000313]

Synthesis of A3.001

Compound A3.001 is prepared according to the method shown in Scheme 20.
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Scheme 20
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Example 21

" Synthesis of A3.002
[000314] Compound A3.002 is prepared according to the method shown in Scheme 21.
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Example 22
Synthesis of A3.003

[000315] Compound A3.003 is prepared according to the method shown in Scheme 22.
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Scheme 22
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Example 23
Synthesis of A2.018
[000316] Compound A2.018 is prepared according to the method shown in Scheme 23.
Scheme 23
CHO
NgBr O pagpphy)s N
U . Na,CO; (aq) N
(HO)B — = U
A2.02 :
A2.01 4:3 tol/EtOH, A 2,03
X h‘ OMe H
A203 4 MeOJLN -NH2 4.3 tolliProH, A N NNyt
N o HCONa, PdIC Ho 1
A2.04 1 > — N
= A2.05 EtOH (ag), 60°C {| _ A2.06

-130 -



WO 2010/077317 PCT/US2009/006600

o)
BocHN (0]
\;)LH i) MePhPhygr  BOCHN ]
Bn ——»__ Bn
A2.075| i) m-CPBA A2.07
MeO O NHBoc NHBoc
H
A2.06
A2.07 N NH2NH2-H20 KOH
iPrOH, A S HOCH CH OH, A
I A2.08 L A2.09
0
/U\ [0}
MeO” “NH . MeOJLNH
o NHBoc : \
Y Y OH N HN
S i WSC*, HOBT 4 M HCI
/v > OH »
A2.10 DIEA, DCM,RT dioxane, RT
I -
P A2.11 4212
o
MO~ NH 0
' 0 .-'\fo NHBoc
. HN
BocHN Y OH A2.12 h HN. )I
gy WSC, HOBT OH
A2.10 — N
DIEA, DCM, RT N
| A2.13

(WSC = 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride)
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Example 24
Svynthesis of A3.010

[000317] Compound A3.010 is prepared according to the method shown in Scheme 24.

Scheme 24
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Example 25
Synthesis of A2.019

[000318] Compound A2.019 is prepared according to the method shown in Scheme 25.

Scheme 25
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\‘/\/\“ @ OMe DMF,0 °C Boc OOMe
OMe OMe
A2-Boc A4.01
0
N Me
H/' Me
4 M HCI Me‘N/\| 0%0°% “me
A401 &~ ——— H ¢ : OMe
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Example 26

Cell Free and Cell Infectivity Assays

[000319] Procedure - cell free assay. The cell free assays were conducted according
to the test kit protocol provided with the SensoLyte™ 490 HIV-1 Protease Assay Kit,
available from AnaSpec (San Jose, CA).

[000320] Procedure - cell infectivity assay. The T-cell-tropic strain HIV-1LAI was
used to infect CEM-T4 cells over a dose range of the protease inhibitor compounds. CEM-
T4 cells were grown in RPMI 1640 medium supplemented with 10% heat-inactivated fetal
bovine serum, penicillin (100 units/mL), streptomycin (100 ug/mL), and polybrene (2
ug/mL) at 37°C with 5% CO2. The PI dose range covered a total of nine 3:1 dilutions from
5000nM to less than 1nM. The tittered virus was added to wells of CEM cells (pre-treated
with protease inhibitor [PI] dilution series for 1h) at a low multiplicity of infection
(MOI=0.01) and incubated for 4 h at 37 °C. The cells then were washed three times with
PBS (GIBCO/BRL), resuspended in triplicate wells each with 1 ml of culture medium

containing the same concentration of PI as the initial pre-incubation and further incubated at
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37 °C in 5% CO,. Each well of the 24-well plate contains 1 x 10”5 cells upon incubation
initiation. The cells were fed every two days with fresh PI at the appropriate concentration. |
Samples were scored for cytopathic effect on day 4, and if consistent CPE was seen
throughout the various wells, the supernatants was collected for p24 assay. Otherwise, the
cultures were maintained with feeding every other day until day 8, at which point the p24
were initiated.

[000321] Using the above procedures, the I1Csy values of compounds according to the
disclosure were obtained in cell free assays and cell infectivity assays. The values were
compared with the ICsy values for Amprenavir and Lopinavir. The results are shown in

Figures 1 and 2, and are tabulated in Table 1. The structures of amprenavir and lopinavir are

NH, (\NH
N’go

provided below.

O Me
o) 0]
s MeWH}L,,,O HN,U\,O
HN™ "O

O'—jS~ s MeHN,, Me

o T OH
Me\') OH O O

Me

amprenavir lopinavir
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Table 1. Activity data

0O
“ Ew
; - Me
iv H/ o

0”0 "Me
RS AA S
OMe
Compound | R' | R R R HIVPI | HIVPIICs
ICso (nM) (nM) (Cell
(Cell free Infectivity
assay) Assay)
AS NH, | H o) o] 7.9 33
» Gl
A7 NH, | Me (o) o 6.6 14
m:”\(‘ﬁ a3
CONH,
A9 NH, | Me : O K -CH- 1.8 23
"y
V.Uj/ )
H,NOC
Al0 NH, | H O H -CH,- 3.9 48.1
N
X
Amprenavir 1.0 171
Lopinavir 0.9 18.9
[000322] Based on the tabulated data, it can be seen that modifications to the

amprenavir structure resulted in changes in potency. In particular, removal of the
tetrahydrofuran moiety from amprenavir resulted in increased potency.
[000323] Furthermore, compounds A5, A7, and A9 exhibited little or no loss in

potency between cell free assay experiments and cell infectivity assay experiments. In
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contrast, amprenavir and lopinavir exhibited significant loss of potency between cell free

assays and cell infectivity assays.

Example 27

Assays and additional compounds

[000324] Compounds Al, A2, A3, A4, A6, and A14 were prepared, and ICsq values for
Cell Free assays were obtained according to the procedure outlined above. The results are

provided in Table 2.
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Table 2. Activity Data

PCT/US2009/006600

Ri

03s. 0 ' OMe
e
¢ OMe
Me
Compound | R R R R" HIV PI ICs
(nM) (Cell-
Free Assay)
Al NO; H o) 0] 24
A2 NH, H o) o) 7.3
A3 NO; H o] -CH,- 11.5
"‘ﬁu\o/\/\n"‘i
8]
A4 OMe H o) (o) 8.4
';(u\ow 'n-,{u\ S
A6 NH; H o) -CH,- 5.6
jfu\o/\/\[ﬁ
0]
Al3 NH; H 0 -CH,- 51
sl o ~° |
o" =
o)
Al4 NH, H 0 (@) : 35
ac”\(-a adls
CONH,
[000325] In addition to the compounds prepared and described in Table 2, compound

A8 (structure shown below) was prepared and found to have an ICsg value of 339 nM. As

the data shows, the prepared compounds exhibited activity against HIV protease. Simple



WO 2010/077317 PCT/US2009/006600

modification to provide a structurally similar analog of amprenavir resulted in a compound

with less potency (i.e., A13) compared to analogs having less structural similarity.

OY&E

2
Q H 970

HN /u\/\n/ OMe
05' NTY OMe
Me\l) OH
Me
APX38
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Claims
What is claimed is

1. A compound having the structure of formula (A)

(A) HN

wherein:
Q’is selected from alkyl and aryl;
R3 is selected from H, hydrocarbyl, functional groups, hydroxyl-protecting groups,
and inorganic acid groups; ’
U' is selected from hydrocarbyl and functional groups;
L is a linking moiety selected from hydrocarbylene and functional groups;

U? is a group selected from Units A, and B:
OMe Me

Unit A Unit B

wherein
W is a linker moiety connecting Unit A with L and is selected from a bond, alkylene,

arylene, and
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nl is an integer selected from 1 and 2;

n2 is an integer from 0 to 2;

R is selected from H, hydrocarbyl, and functional groups;

Q’ is selected from aryl and alkyl; and

the stars represent the point of connection to L and the wavy line represents the point
of connection to Unit A,

as well as pharmaceutically acceptable salts, prodrugs, and metabolites thereof.

2. The compound of claim 1, wherein U' is selected from

32 3
R R
R33 /K R54\N/R59
g b @ :
—_— 58
O_//S\N/* , R34 , and R
O '2 51’N\ /*
R HN * R
j/ R52
QZa

wherein:

the stars represent connection points to the remainder of formula (I);

Q'is selected from an aromatic group, an alicyclic group, and an amine group;

Q*is selected from substituted or unsubstituted alkyl, substituted or unsubstituted
heteroatom-containing alkyl, substifuted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl;

R? is selected from H,Vhydrocarbyl, and functional groups;

R3', R? 2, R® ,and R* are independently selected from H and hydrocarbyl, and
wherein any two of R’ P R32, R* ,and R* may be taken together to form a ring;

R is selected from H and alkyl;

R* is selected from alkyl, aryl, aralkyl, and alkaryl;
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R is selected from -C(=O)-A-R50 and Ar’, wherein A is selected from a bond, -O-, -
NRSS-, R¥is alkyl, and AP is aryl;
' R> is H or lower alkyl;

R*®is alkyl, aryl, aralkyl, or alkaryl;

R¥isHor alkyl, and wherein any two of R*!, R%2, R R and R% may be taken

together to form a ring.

3. The compound of claim 2, wherein the compound has the structure of formula

(Ta)
n2
0
f N\n/U\R7
(la) o e ©
K
1 HN Iy 1—y2_] 2_y3 /\/(,\)n\1
9 i i S o
0=S S
/ ~
O/ ril i s
RZ OR® Q?
wherein:

Q? is selected from aromatic groups and alkyl groups;

nl is an integer selected from 1 and 2;

n2 is an integer selected from 0, 1, and 2;

R’ is selected from H, hydrocarbyl, and functional groups;

X' is selected from a bond, -O- and -NR'’-, wherein R is selected from H and
lower alkyl, ”

L' is selected from alkylene, arylene, alkarylene, and aralkylene;

- X% is selected from a bond and -NR' I_ wherein R"! is selected from H and lower

alkyl;

L? is alkylene;

X3 is selected from -O-, and -NR'%-, wherein R'? is selected from H and lower alkyl,

and
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L? is selected from an arylene group and an alkylene group.

4. The compound of claim 3, wherein Q] is selected from aryl, heteroaryl, furan,
thiophene, and thiazole, any of which may be unsubstituted or substituted with one or more
substituents, or Q' is -N(R"*)(R"), wherein R"® and R'* are independently selected from H,
alkyl, aryl, and heteroaryl, and further wherein R'?and R™ may be taken together to form a

cycle.

5. The compound of claim 3, wherein Q% and Q’ are selected from aryl, heteroaryl,

biaryl, heterobiaryl, and alkyl, any of which may be substituted or unsubstituted.

6. The compound of claim 2, wherein R? is selected from alkyl, cycloalkyl, aralkyl,

and heteroaralkyl, any of which may be substituted or unsubstituted.

7. The compound of claim 1, wherein R® is selected from H, lower alkyl, a

phosphonate salt, and a hydroxyl prodrug.

8. The compound of claim 3, wherein R is selected from alkyl and cycloalkyl, either

of which may be further substituted or unsubstituted.

9. The compound of claim 3, wherein L? is selected from methylene, arylene, biaryl,

heteroarylene, and heterobiarylene, any of which may be substituted or unsubstituted.

10. The compound of claim 9, wherein L? has the structure

* *

=

|
SF
(R)n12

wherein n12 is an integer in the range of 0-4, and wherein each R*' is independently selected

from H, halo, and hydrocarbyl.
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11. The compound of claim 3, wherein L' is selected from substituted or
unsubstituted alkylene, substituted or unsubstituted heteroatom-containing alkylene, an
amino acid linking moiety, substituted or unsubstituted cycloalkylene, substituted or
unsubstituted heteroatom-containing cycloalkylene, substituted or unsubstituted arylene,
substituted or unsubstituted heteroarylene, substituted or unsubstituted aralkylene,
substituted or unsubstituted heteroatom-containing aralkylene, substituted or unsubstituted

alkarylene, and substituted or unsubstituted heteroatom-containing alkarylene,

12. The compound of claim 11, wherein L' has the structure of formula (L1a)

R (9
(L1a) * "(CHz)n5—(_:—(x4)n7_(CH2)n6 Cr-*
. Rg n8

wherein:

the stars represent connection points to the remainder of the compound;

X* is selected from -O- and -NR"’-;

R®, and R® are independently selected from H, substituted or unsubstituted lower
alkyl, substituted or unsubstituted heteroatom-containing lower alkyl,

R'® is H or lower alkyl;

n7 and n8 are independently O or 1; and

n5 and n6 are independently selected from an integer in the range of 0-12.

13. The compound of claim 11, wherein L' has the structure of -Ar'-X°-, wherein Ar'
is a substituted or unsubstituted 5- or 6-membered aromatic ring optionally containing one

or more heteroatoms, and X° is selected from a bond, -C(=0)-, -CH;-, and -S(=0),-.

14. The compound of claim 11, wherein L has the structure of formula (L11)

( n10 QO
(L1i) . RV R

o>5/*

R1 9 'RZO
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wherein:
the stars represent connection points to the remainder of the compound;
nl0 is an integer selected from 1 and 2; and

R”, Rls, ng, and R? are independently selected from H and lower alkyl.

15. The compound of claim 3, wherein L? is selected from -(CH3)n1y- and -(C=0)-

(CHz)n11-, wherein n11 is an integer in the range of 1-12.

16. The compound of claim 3, wherein Q? and Q® each independently have the
structure

¥

A

|
AP
(R*)na

wherein n4 is selected from an integer in the range of 0-5, and each R* is independently

selected from hydrocarbyl and functional groups.

17. The compound of claim 2, wherein Q' has the structure of formula Qla

(Riv)n3

(Qla) | Y-

~

*

wherein:
the star represents the point of attachment to the remainder of the compound; and
each RV is independently selected from H, alkyl, aryl, heteroaryl, halo, alkoxy,
amido, acetamido, and the like, provided that any two or more R" substituents may be
linked to form a cycle, wherein the cycle may contain one _or.more annulated aromatic or

aliphatic rings, one or more heteroatoms, or any combination thereof

18. The compound of claim 2, wherein the compound has the structure of formula
(11a)
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OMq
Me,,
(I1a)
0
Q1 NHJLX11"L11‘X12"L12'X13
|
0=S S
V4 \ril s
RZ OR® Q2
wherein:

m1 is an integer selected from 1 and 2;

X" is selected from a bond, -O- and -NR'’-, wherein R'? is selected from H and
lower alkyl;

L'! is selected from alkylene, arylene, alkarylene, and aralkylene;

X'? is selected from a bond and -NR''-, wherein R is selected from H and lower
alkyl;

L'? is selected from alkylene and alkenylene; and

X'3 is selected from a bond and -O-.

19. The compouhd of claim 18, wherein L'? is substituted or unsubstituted lower

alkylene, or substituted or unsubstituted lower alkenylene.
20. The compound of claim 19, wherein L'? is -(C=0)m2-(CH2)m3-(CH=CH)n4-,

wherein m2 and m4 are independently selected from 0 and 1, and m3 is an integer selected

from 0-6.
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21. The compound of claim 2, wherein the compound has the structure of formula

(111a)
n2
R32 R31 9

o RRLA, o gx}\oo
(Illa) Ha iy 2
R34 2O HN X31_L31_X32_L32_X33_L33/R\/H\Q3
HN,,
OR® Q?
Q2a

" wherein, in formula (I1a):
X3! is a linker selected from a bond and a hydrocarbylene group;
X3? and X** are independently selected from a linker selected from a bond, a
hydrocarbylene group, and a functional linker group; and
L} ', L32, and 1> are independently selected from a bond, a hydrocarbylene group,

and a functional linker group.

22. The compound of claim 1, wherein the compound has the structure of formula

(IVa)

MeO, Me
MeO,,
42 Me., . ‘
R \N/R41
RE K |
(IVa) H 5” O JOL OMe

(o) -

447 “'et HN 41 41_y42_5 42_y43 = .

A Hl!: J/% e X\H:” on
Q2 OR3 Q2

wherein, in formula (IVa):
R‘“, R42, R® ,and R* are independently selected from H and hydrocarbyl, and
wherein any two of R*', R*, R**, and R* may be taken together to form a ring;

m1 is an integer selected from 1 and 2;
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X*! is a linker selected from a bond and a hydrocarbylene group;

X* and X*® are independently selected from a linker selected from a bond, a
hydrocarbylene group, and a functional linker group; and

LY and L* are independently selected from a bond, a hydrocarbylene group, and a

functional linker group.

23. The compound of claim 2, wherein the compound has the structure of formula

(Va)
n2
..
s N“)L ;
R
R54 RS® H )
(Va) SN o o O
- n1
RSE kfo HNJLX51_|_51_X52_L52_X53_L3’R\/(")\Q3
r'e ”N .
R51 | 3
rez OR° Q@2

wherein, in formula (V),
L’ is selected from an arylene group and an alkylene group
X°! is selected from a bond, -O-, and -NR*¢-;
L’ s alkylene;
X2 is selected from a bond, -O-, and -NR56—;
L¥is alkylene;
X>? is selected from -O- and -NR*¢-; and
each R* is independently selected from H and alkyl.

24. The compound of claim 2, wherein the compound has the structure of formula

(Vla)
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MeO. Me
MeO,,
Me,
(Via)
54 R5S
S o H _OMe
\“'kfo HNJLX61—L61-X62—L62—X63 :.: .
R%® a1 ‘OH
N. S
R51” 'i' S
R52 0R3 Q2

wherein, in formula (VI):
qlis [ or2;
X® is selected from a bond, -O-, and -NR“-;
L% is alkylene;
X% is selected from a bond, -O-, and -NR®-;
L% s alkylene;

X% is selected from -O- and -NR%-.

25. A compound having the structure of formula (B)

0)
4 i
B 3
(B) ch’o\/u\” N\n/A\Az A1/L\U2

wherein
A'and A? are independently selected from nitrogen-containing linking moieties;
A’ is a hydrocarbylene linker;

Q%, Q®, and Q* are independently selected from alkyl and aryl;
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R is selected from H, hydrocarbyl, functional groups, hydroxyl-protecting groups,

and inorganic acid groups;
L is a linking moiety selected from hydrocarbylene and functional groups;

Ulisa group selected from Units A, and B:

Unit A
wherein
W is a linker moiety connecting Unit A with L and is selected from a bond, alkylene,

arylene, and

nl is an integer selected from 1 and 2;

n? is an integer from 0 to 2;

R’ is selected from H, hydrocarbyl, and functional groups;
Q? is selected from aryl and alkyl; and

_the stars represent the point of connection to L and the wavy line represents the point

of connection to Unit A,
as well as pharmaceutically aéceptable salts, prodrugs, and metabolites thereof.

26. The compound of claim 25, wherein the compound has the structure of formula

(11Ib)
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n2
O O
S N\n/u\ 7
- R
Q22 R34b H/}\ o
: 0”0

0]
Ib Ho ¢ —
( )QZC'O\/ILN N\n/\N/u\N_Lub_xszb_Lszb_xssb_Lsstb3
H

OR® QZbO é33b ||Q32b

wherein, in formula (IIIb):

R*?® R*® and R*® are independently selected from H and hydrocarbyl, provided
that any two of R? Zb, R* b, and R may be taken together to form a ring; and

X3 x3% 13 > 132 and L3 are linkers independently selected from a bond, a

hydrocarbylene group, and a functional linker group.

27. The compound of claim 25, wherein the compound has the structure of formula

(IVb)

MeO. Me
MeO,,
Me.,
(IVb) Q22 "
o) H 30 OMe
QZC’O\/U\N - N - N)'LN_L41b"'X42b—L42b-X43b H ﬁ'e Me .
H A3 . ‘ i o ‘OH
OR ZbO R43b R42b
Q

wherein, in formula (IVb):

ml is an integer selected from 1 and 2;

R*?® R*® and R** are independently selected from H and hydrocarbyl, provided that
any two of R*?*, R and R*® may be taken together to form a ring;

X*** and X** are independently selected from a linker selected from a bond, a

hydrocarbylene group, and a functional linker group; and
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L*"® and L**® are independently selected from a bond, a hydrocarbylene group, and a

functional linker group.

28. A pharmaceutical formulation comprising a compound selected from any one of

claims 1-27 and a pharmaceutically acceptable carrier.

29. The pharmaceutical formulation of claim 28, further comprising one or more

additives.

30. A method for treating a patient with a protease inhibitor comprising
administering an effective amount of a compound selected from any one of claims 1-27 to a
patient in need thereof.

31. The method of claim 30, wherein the patient is infected with HIV.

32. The method of claim 31, wherein the patient is suffering from AIDS.

33. The method of claim 31, wherein the HIV is multiple-drug resistant HIV.

34. A compound according to any one of claims 1-27, wherein the compound has an
ICsp value in a cell infectivity assay that is no more than twice the ICsq value in a cell-free,

HIV aspartyl protease inhibition assay.

35. A compound according to any one of claims 1-27, wherein the compound has an

ICsg value in a cell infectivity assay that is no more than 50 nM.
36. The method of claim 30, further comprising administering an effective amount of

a protease inhibitor selected from: saquinavir; ritonavir; indinavir; nelfinavir; amprenavir;

lopinavir; atazanavir; fosamprenavir; tipranavir; and darunavir.
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37. The method of claim 30, further comprising administering an effective amount of
a protease inhibitor selected from: saquinavir; indinavir; nelfinavir; amprenavir; lopinavir;

atazanavir; fosamprenavir; tipranavir; and darunavir.

38. The method of claim 30, wherein the method further comprises administering an

effective amount of a protease inhibitor other than ritonavir.

39. The method of claim 30, wherein the method comprises administering an
effective amount of a first compound selected from any one of claims 1-27, and an effective
amount of a second compound selected from any one of claims 1-27 to a patient in need

thereof.

40. The pharmaceutical formulation of claim 25, wherein the formulation comprises

at least two compounds selected from any one of claims 1-27.

41. The pharmaceutical formulation of claim 28, wherein the formulation further
comprises a protease inhibitor selected from: saquinavir; ritonavir; indinavir; nelfinavir;

amprenavir; lopinavir; atazanavir;, fosamprenavir; tipranavir; and darunavir.
42. The pharmaceutical formulation of claim 28, wherein the formulation further
comprises a protease inhibitor selected from: saquinavir; indinavir; nelfinavir; amprenavir;

lopinavir; atazanavir; fosamprenavir; tipranavir; and darunavir.

43. A method of synthesizing any of the compounds of claims 1-27, the method

comprising coupling a core fragment and an additional unit toa linker moiety.

44. The method of claim 43, wherein the core fragment has protease inhibitory
properties.
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FIG. 1

Cell Free Assay, HIV Protease Inhibitors
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FIG.2
Cell Infectivity Assays, HIV Protease Inhibitors
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