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PRODRUGS OF PEPTIDE EPOXY KETONE
PROTEASE INHIBITORS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application 61/669,509, filed on Jul. 9, 2012 and U.S.
Provisional Application 61/790,106, filed on Mar. 15, 2013,
each of which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] This disclosure features compounds that are useful
as pro-drugs of epoxy ketone protease inhibitors.

BACKGROUND

[0003] The proteasome has been validated as a therapeutic
target, as demonstrated by the FDA approval of bortezomib,
a boronic acid proteasome inhibitor, for the treatment of
various cancer indications, including multiple myeloma.
However, other more highly proteasome-specific inhibitors
that could have fewer toxic side effects have recently been
described. These compounds include peptide epoxy ketones
such as epoxomicin, described in U.S. Pat. No. 6,831,099, the
contents of which are hereby incorporated by reference, and
those described in U.S. Pat. Nos. 7,687,456; 7,737,112,
7,232,818, 7,417,042, 8,080,576; 8,088,741; and 8,357,683,
the contents of each is hereby incorporated by reference in its
entirety.

SUMMARY

[0004] This disclosure features compounds that are useful
as pro-drugs of epoxy ketone protease inhibitors (e.g., such as
those described in U.S. Pat. Nos. 7,687,456; 7,737,112,
7,232,818, 7,417,042; 8,080,576; 8,088,741; and 8,357,683).
In some embodiments, the compounds described herein
include one or more moieties that (i) can confer enhanced
solubility, permeability, pharmacokinetics and/or pharmaco-
dynamics properties to the compounds when compared with
the corresponding epoxy ketone protease inhibitors that do
not contain such moieties; and (ii) can be removed in vivo
upon administration to a subject.

[0005] In some embodiments, the compounds described
herein themselves exhibit lower therapeutic activity when
compared with said corresponding epoxy ketone protease
inhibitors.

[0006] In some embodiments, the compounds described
herein themselves exhibit lower therapeutic activity when
compared with said corresponding epoxy ketone protease
inhibitors and exhibit enhanced solubility, permeability,
pharmacokinetics and/or pharmacodynamics properties in
vivo when compared with said corresponding epoxy ketone
protease inhibitors.

[0007] In some embodiments, the epoxy moiety of the
epoxy ketone protease inhibitors is replaced with an activated
diol. In some embodiments, the activated diol contains a PEG
moiety. In some embodiments, the epoxy moiety of the epoxy
ketone protease inhibitors is replaced with an activated halo-
hydrin (e.g., iodohydrin). In some embodiments, the ketone
moiety of the epoxy ketone protease inhibitors is replaced
with a masked ketone moiety, e.g., acylhydrazones, oximes,
oxazolidine, or thiazolidine. In some embodiments, the
masked ketone moiety contains a PEG moiety. In some
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embodiments, the backbone amide of the epoxy ketone pro-
tease inhibitors is replaced with N-acyloxymethyl, N-acy-
loxymethylcarbamate or sulfonamide. In some embodi-
ments, the N-acyloxymethyl, N-acyloxymethylcarbamate, or
sulfonamide moiety contains PEG. In some embodiments,
the N-terminal “cap” of the epoxy ketone protease inhibitors
(e.g., the morpholino and 2-methylthiazole cap) is converted
to a quaternary salts (e.g., by the addition of a N-acyloxym-
ethyl group). In some embodiments, the quaternary salt con-
tains a PEG moiety. In some embodiments, the prodrugs are
cleavable by pH change and/or enzymes such as, but not
limited to, esterases, cytochrome P450, phosphodiesterase,
phosphoamidase, phosphatase, and DT-diaphorase, or any
combination thereof. In some embodiments, the PEG is a
linear PEG. In some embodiments, the PEG is a bifunctional
PEG, that can conjugate 1-2 compounds per PEG. In some
embodiments, the PEG is a four-arm PEG that can conjugate
1-4 compounds per PEG. In some embodiments, the PEG is
an eight-arm PEG with a hexaglycerin core, that can conju-
gate 1-8 compounds per PEG. In some embodiments, the
PEG is an eight-arm PEG with a tripentaerythritol core, that
can conjugate 1-8 compounds per PEG. In some embodi-
ments, the PEG is a branched two-arm PEG. In some embodi-
ments, the PEG is a branched four-arm PEG. In addition, the
compounds can further include solubilizers, permeability
enhancers, masking agents, macromolecular carriers, target-
ing moieties, and biologics to improve half-life and disease
specificity that are attached directly to the compound or indi-
rectly attached via a spacer moiety.

[0008] While not wishing to be bound by theory, it is
believed that having the protease inhibitory activity tempo-
rarily masked until the compounds described herein have
reached and released the active into system circulation can
reduce side effects associated with routes of administration.
This can also facilitate subcutaneous administration and
extend half-life, e.g., to beyond four hours. In some embodi-
ments, the human plasma half-life of the prodrug is longer
than 0.5 hr. In some embodiments, the human plasma half-life
of'the prodrug is between 0.5 and 5 hr. In some embodiments,
the human plasma half-life of the prodrug is longer than 5 hr.
In some embodiments, the human plasma half-life of the
prodrug is between 5 and 100 hr. In some embodiments, the
human plasma half-life of the prodrug is longer than 100 hr. In
some embodiments, the human plasma half-life of the pro-
drug is between 100 and 836 hr. In some embodiments, the
human plasma half-life of the prodrug is between 200 and 300
hr. In some embodiments, the human plasma half-life of the
prodrug is about 267 hr. In some embodiments, the human
plasma half-life of the prodrug is up to 836 hr. In some
embodiments, this will improve both dosing and patient con-
venience and compliance.

[0009] In one aspect, compounds of formula (I) are fea-
tured:
O
RZ
0 RS3 R™ 0 RS
JJ\ N R}
1
R Iil N CIH;
RV o RS2 RM RY RS
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or a pharmaceutically acceptable salt thereof, in which:
R! is defined according to (A) or (B) below:
(A) R" has formula (II):

RM
Het—M \”/ N\(‘LL'{
fo) RS4

wherein Het is heterocyclyl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N(H)—, —N(M)-, or —N(C,-C; alkyl)-, wherein
said ring nitrogen atom is further optionally substituted with
a group R'!, thereby forming a quaternary nitrogen atom and
wherein the positive charge associated with the quaternary
nitrogen atom is balanced by a pharmaceutically acceptable
anion; and M is C,-C,, alkyl; or

(B) R! is heteroaryl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N— and —N(C, -C; alkyl)-, wherein said ring nitro-
gen atom is further optionally substituted with a group R*!,
thereby forming a quaternary nitrogen atom and wherein the
positive charge associated with the quaternary nitrogen atom
is balanced by a pharmaceutically acceptable anion;

R? and R?, together with the carbon atoms to which each is
attached, form an epoxide ring; or

R?is R*?, and R? is hydroxyl or activated hydroxyl;

an

e}

o
~ O

21
PEG R
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R* and R, together with the carbon atom to which both are
attached, form a carbonyl group; or

R* and R, together with the carbon atom to which both are
attached, form R'3,

R%, R*2 R*, and R** are each independently selected from
C,_salkyl, C,_chydroxyalkyl, C, salkoxyC, calkyl, C¢_aryl,
and C,_, ;aralkyl, each of which is optionally substituted with
a group selected from amide, amine, carboxylic acid or a
pharmaceutically acceptable salt thereof, carboxyl ester,
thiol, and thioether;

R™M, R™, R?, and R are each independently selected from
Hand R™

R is a moiety that is removable at a pH>7 or in the presence
of an esterase;

R'? is a leaving group;

R'? is a masked carbonyl group that is removable at a pH<6.5
or in the presence of an enzyme selected from esterase, ami-
dase, phosphodiesterase or phosphoamidase and CYP P450,
or any combination thereof;,

each R'* is, independently, a moiety that is removable at a
pH>7 or in the presence of an esterase;

provided that at least one group selected from R'*, R'? R*?,
and R'* is present.

[0010] In another aspect, compounds having the formula
(SM),,-PEG, or a pharmaceutically acceptable salt thereof,
are featured, in which each SM is an independently selected
compound of formula (I) as defined in above and anywhere
herein and is attached to PEG (e.g. covalently attached to
PEG); and m is 2-10. Examples of such compounds are pro-
vided below:

[0011] Formula (III), Formula 1B":

()

L A %

R¥M R* RS

[0012] Formula (IV), Formula 1D:
)
fo) RS3 RNZ fo) Sl
R Il\I %Hs RZ2—R¥——PEG
RM SZ RNl R* RS
[0013] Formula (V) (where Q=SO,, Formula 1F; Q=R'°0
(P—0), Formula 1G):
W
R19
SRO\_PEG

*ﬁ%%ﬁ

M R* RS
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[0014] Formula (VI), Formula 1H:

VD

PEG

RZ
0 RS RN 0 RS
JJ\ N R}
1
Ry i
RN 0 RS2 R

N R* R®

m

[0015] Formula (VII), Formula 11:

2

R
0 RS RN 0 RS
P X w
R! Iil lel | CH;
RM 0 R* RM N R
Ny

Formula (VIII)

0
A T
RZO
\ 21
R 0 M N N
PEG SNar HE N
\/ |
0 RS RN 0

in which each of the attendant variables in each of said for-
mula can be independently as defined anywhere herein.
[0016] Inone aspect, a therapeutic agent is featured, which
is prepared by a process that includes reacting a compound as
described anywhere herein under conditions sufficient to
remove any one or more of R'*, R*> R'? and R'*

[0017] Inone aspect, a pharmaceutical composition is fea-
tured, which includes a compound as described anywhere
herein and a pharmaceutically acceptable carrier.

[0018] In one aspect, methods are featured for treating a
disease or condition selected from the group consisting of
cancer, autoimmune disease, graft or transplant-related con-
dition, neurodegenerative disease, fibrotic-associated condi-
tion, ischemic-related conditions, infection (viral, parasitic or
prokaryotic) and diseases associated with bone loss, the
method includes administering to a patient a therapeutically
effective amount of a compound as described anywhere
herein.

[0019] In one aspect, methods for treating cancer (e.g.,
multiple myeloma, e.g., multiple myeloma that is relapsed
and/or refractory) in a patient are featured, which include
administering to a patient a therapeutically effective amount
of'a compound as described anywhere herein.

[0020] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
disclosure belongs. Methods and materials are described
herein for use in the present disclosure; other, suitable meth-
ods and materials known in the art can also be used. The
materials, methods, and examples are illustrative only and not
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intended to be limiting. All publications, patent applications,
patents, sequences, database entries, and other references
mentioned herein are incorporated by reference in their
entirety. In case of conflict, the present specification, includ-
ing definitions, will control.

[0021] Other features and advantages of the disclosure will
be apparent from the following detailed description and from
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] FIG. 1 is a scheme showing cleavage of an embodi-

ment of an epoxy ketone protease inhibitor by peptidases and
epoxide hydrolase to inactive metabolites.

(VID)

PEG and
mn

(VIII)

R 0

RZ
RS 1
R3
1|\1 CH;
R

RS2 M R* R®

i,

[0023] FIG. 2 is a scheme showing embodiments of modi-
fications of peptide epoxy ketone protease inhibitors.

[0024] FIG. 3 is a line graph showing that more intensive
dosing of epoxy ketone protease inhibitors can yield greater
efficacy in both solid and hematologic tumor models.

[0025] FIG. 4 is a scheme showing cyclization rates of
embodiments of epoxy ketone protease inhibitor prodrugs in
pH 7.4 buffer.

[0026] FIG. 5 is a line graph showing rates of re-formation
of an active epoxy ketone protease inhibitor from embodi-
ments of epoxy ketone protease inhibitor prodrugs in human
plasma, where the re-formation rate is adjustable by tuning a
linker group’s electron density.

[0027] FIG. 6 is a line graph showing proteolytic cleavage
assessed via non-cleavable conjugates (liver homogenate),
where the remaining active epoxy ketone protease inhibitor is
estimated from metabolite loss. A 2 kDa conjugate had a
proteolytic t, , of <1 hr; while a 20 kDa-4 Arm conjugate had
a proteolytic t, , of greater than 6 hrs.

[0028] FIG. 7 is a graph showing the effect of PEG size on
renal clearance.
[0029] FIG. 8 is a line graph showing the plasma levels of

embodiments of epoxy ketone protease inhibitor and inhibi-
tor PEG-conjugates. High plasma concentrations were
observed for PEG conjugates with significantly extended half
life for PEG conjugate compound 41.

[0030] FIG. 9 is a bar graph showing in vivo mouse PD
results for embodiments of epoxy ketone protease inhibitor
PEG-conjugates.
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[0031] FIG. 10 is a scheme showing that proteolytic cleav-
age is reduced by increasing PEG size and/or branching and
that cleavage of the epoxide moiety was observed for ali-
phatic sulfonate linkers in embodiments of epoxy ketone
protease inhibitor PEG-conjugates.

[0032] FIG.11is ascheme showing embodiments of epoxy
ketone proteasome inhibitor prodrug undergoing pH driven
reconversion to the active inhibitor.

[0033] FIG.12is a scheme showing embodiments of epoxy
ketone proteasome inhibitor prodrug being released by
hydroxide-driven reconversion to the active inhibitor.

[0034] FIG. 13 is a scheme showing an embodiment of an
epoxy ketone proteasome inhibitor prodrug containing a sul-
fonate-linking group that is conjugated to a PEG, which is
then released.

[0035] FIG. 14 is a scheme showing an embodiment of an
epoxy ketone proteasome inhibitor prodrug conjugated to a
sulfonate-linking group containing a PEG moiety by way of
the PEG-containing sulfonyl chloride.

[0036] FIG. 15 is a scheme showing the conjugation of a
PEG of molecular weight between 1-40 kDa onto a sulfonate-
containing epoxy ketone proteasome inhibitor prodrug.
[0037] FIG. 16 is a scheme showing the general synthesis
of an alkyl sulfonate-containing epoxy ketone proteasome
inhibitor prodrug.

[0038] FIG. 17 is a scheme showing the general synthesis
of a phenoxysulfonate-containing epoxy ketone proteasome
inhibitor prodrug.

[0039] FIG. 18 is a scheme showing the general synthesis
of an aryl sulfonate-containing epoxy ketone proteasome
inhibitor prodrug.

[0040] FIG. 19 is a scheme showing an embodiment of
epoxy ketone proteasome inhibitor prodrug containing a
masked ketone, which undergoes pH driven reconversion to
the active inhibitor.

[0041] FIG. 20 is a scheme showing an embodiment of
epoxy ketone proteasome inhibitor prodrug containing a
masked ketone, which undergoes reconversion to the active
inhibitor through an esterase, amidase, phosphodiesterase, or
phosphoamidase.

[0042] FIG. 21 is a scheme showing an embodiment of
epoxy ketone proteasome inhibitor prodrug containing a
masked ketone, which undergoes hydrolysis to the active
inhibitor.

[0043] FIG. 22 is a scheme showing an embodiment of
epoxy ketone proteasome inhibitor prodrug containing a
masked ketone, which undergoes hydrolysis by an esterase
then oxidation to the active inhibitor.

[0044] FIG. 23 is a scheme showing embodiments of
N-acyloxymethyl-linked epoxy ketone proteasome inhibitor
prodrugs containing a morpholine moiety.

[0045] FIG. 24 is a scheme showing embodiments of
N-acyloxymethyl-linked epoxy ketone proteasome inhibitor
prodrugs containing a thiazole moiety.

[0046] FIG. 25 is a scheme showing an approach to regi-
oselective syntheses of N-acyloxymethyl-linked epoxy
ketone proteasome inhibitor prodrugs.

[0047] FIG. 26 is a scheme showing an alternate approach
to regioselective syntheses of N-acyloxymethyl-linked epoxy
ketone proteasome inhibitor prodrugs.

[0048] FIG. 27 is a scheme showing embodiments of
N-acyloxymethyl-linked quaternary epoxy ketone protea-
some inhibitor prodrugs.
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[0049] FIG. 28 is a scheme showing embodiments of
N-acyloxymethyl-linked quaternary epoxy ketone protea-
some inhibitor prodrugs, with the quaternary ion forming
with an aryl ring nitrogen.

[0050] FIG. 29 is a scheme showing embodiments of
N-benzyloxy-linked quaternary epoxy ketone proteasome
inhibitor prodrugs.

[0051] FIG. 30 is a scheme showing embodiments of
iodohydrin ester or carbonate epoxy ketone proteasome
inhibitor prodrugs.

[0052] FIG. 31 is a scheme showing the putative mecha-
nism of iodohydrin phenoxy ester or carbonate epoxy ketone
proteasome inhibitor prodrug release.

[0053] FIG. 32 is a scheme showing the putative mecha-
nism of iodohydrin succinamide ester or carbonate epoxy
ketone proteasome inhibitor prodrug release.

[0054] FIG. 33 is a scheme showing embodiments of
iodohydrin succinamide ester or carbonate epoxy ketone pro-
teasome inhibitor prodrugs.

[0055] FIG. 34 is a scheme showing embodiments of
N-acylmethyloxy ester and iodohydrin succinamide ester/
carbonate linked PEG prodrugs of epoxy ketone proteasome
inhibitors.

[0056] FIG. 35 is a scheme showing embodiments of cop-
per-free [3+2]cycloaddition conditions to form PEG pro-
drugs of epoxy ketone proteasome inhibitors.

[0057] FIG. 36 is a scheme showing a general approach to
embodiments of amide-linked PEG prodrugs of epoxy ketone
proteasome inhibitors.

[0058] FIG. 37 is a scheme showing the synthesis of an
embodiment of a precursor to a sulfonate-linked PEG pro-
drug of epoxy ketone proteasome inhibitors.

[0059] FIG. 38 is a scheme showing the synthesis of an
embodiment of a thiazole carboxamide prodrug of epoxy
ketone proteasome inhibitors.

[0060] FIG. 39 is a scheme showing the synthesis of an
embodiment of an alkynyl sulfonate precursor to a prodrug of
epoxy ketone proteasome inhibitors.

[0061] FIG. 40 is a scheme showing the synthesis of an
embodiment of an alkyl sulfonate precursor to a prodrug of
epoxy ketone proteasome inhibitors.

[0062] FIG. 41 is a scheme showing the synthesis of an
embodiment of a quaternary ammonium precursor to pro-
drugs of epoxy ketone proteasome inhibitors.

[0063] FIG. 42 is a scheme showing the synthesis of an
alternative embodiment of a quaternary ammonium precursor
to prodrugs of epoxy ketone proteasome inhibitors.

[0064] FIG. 43 is a scheme showing the synthesis of an
embodiment of an iodohydrin ester prodrug of an epoxy
ketone proteasome inhibitor conjugated to a multi-arm PEG.
[0065] FIG. 44 is a scheme showing the synthesis of an
embodiment of a precursor to an acyl hydrazone prodrug of
an epoxy ketone proteasome inhibitor.

[0066] FIG. 45 is a scheme showing the synthesis of an
embodiment of N-acyloxymethyl prodrug of an epoxy ketone
proteasome inhibitor.

DETAILED DESCRIPTION

[0067] This disclosure features compounds that are useful
as pro-drugs of epoxy ketone protease inhibitors (e.g., such as
those described in U.S. Pat. Nos. 7,687,456, 7,737,112,
7,232,818,7,417,042; 8,080,576; 8,088,741; and 8,357,683).
In some embodiments, the compounds described herein
include one or more moieties that (i) can confer enhanced
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solubility, permeability, pharmacokinetics and/or pharmaco-
dynamics properties relative to compounds that do not con-
tain such moieties; and (ii) can be removed in vivo. In some
embodiments, the epoxy moiety of the epoxy ketone protease
inhibitors is replaced with an activated diol. In some embodi-
ments, the epoxy moiety of the epoxy ketone protease inhibi-
tors is replaced with an activated halohydrin. In some
embodiments, the epoxy moiety of the epoxy ketone protease
inhibitor is replaced an activated diol that is conjugated to
polyethylene glycol (PEG). In some embodiments, the ketone
moiety of the epoxy ketone protease inhibitors is replaced
with a masked ketone moiety, e.g., acylhydrazones, oximes,
oxazolidine, or thiazolidine. In some embodiments, the
masked ketone moiety contains a PEG moiety. In some
embodiments, the backbone amide of the epoxy ketone pro-
tease inhibitors is replaced with N-acyloxymethyl, N-acy-
loxymethylcarbamate or sulfonamide. In some embodi-
ments, the N-acyloxymethyl, N-acyloxymethylcarbamate, or
sulfonamide moiety contains PEG. In some embodiments,
the N-terminal “cap” of the epoxy ketone protease inhibitors
(e.g., the morpholino and 2-methylthiazole cap) is converted
to a quaternary salts (e.g., by the addition of a N-acyloxym-
ethyl group). In some embodiments, the quaternary salt con-
tains a PEG moiety. In some embodiments, the prodrugs are
cleavable by pH change and/or enzymes such as, but not
limited to, esterases, cytochrome P450, phosphodiesterase,
phosphoamidase, phosphatase, and DT-diaphorase, or any
combination thereof. In some embodiments, the PEG is a
linear PEG. In some embodiments, the PEG is a bifunctional
PEG, that can conjugate 1-2 compounds per PEG. In some
embodiments, the PEG is a four-arm PEG that can conjugate
1-4 compounds per PEG. In some embodiments, the PEG is
an eight-arm PEG with a hexaglycerin core, that can conju-
gate 1-8 compounds per PEG. In some embodiments, the
PEG is an eight-arm PEG with a tripentaerythritol core, that
can conjugate 1-8 compounds per PEG. In some embodi-
ments, the PEG is a branched two-arm PEG. In some embodi-
ments, the PEG is a branched four-arm PEG. In addition, the
compounds can further include solubilizers, permeability
enhancers, masking agents, macromolecular carriers, target-
ing moieties, and biologics to improve half-life and disease
specificity that are attached directly to the compound or indi-
rectly attached via a spacer moiety.

[0068] Compound Scaftolds

[0069] In some embodiments, the compounds (or a phar-
maceutically acceptable salt thereof) can have Formula I, in
which R', R?, R? R* R™ R R, R™ R R*? R*, and
R** can be as defined anywhere herein.

[0070] In other embodiments, the compounds can have the
formula (SM),,-PEG, or a pharmaceutically acceptable salt
thereof, in which each SM is an independently selected com-
pound of formula (I) as defined in above and anywhere herein
and is attached to PEG; and m is 2-10 (e.g., compounds
having any one of formulas III-VIII).

[0071] Variables R' and R'*

[0072] Insome embodiments, R! has formula (II):

an

RN4

Het—M\ﬂ/N\%
fo) RS4

wherein Het is heterocyclyl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N(H)—, —N(M)-, or —N(C,-C; alkyl)-, wherein
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said ring nitrogen atom is further optionally substituted with
a group R'', thereby forming a quaternary nitrogen atom and
wherein the positive charge associated with the quaternary
nitrogen atom is balanced by a pharmaceutically acceptable
anion; and M is C,-C, , alkyl.

[0073] In some embodiments, Het is:
@] N
[0074] In some embodiments, M is CH,.
[0075] In some embodiments, the ring nitrogen atom is

further substituted with a group R*?, thereby forming a qua-
ternary nitrogen atom and wherein the positive charge asso-
ciated with the quaternary nitrogen atom is balanced by a
pharmaceutically acceptable anion.

[0076] In some embodiments, when R' has formula (II),
R*! and R** are each independently C, salkyl, and R** and
R** are each independently C,_,aralkyl.

[0077] In some embodiments, when R' has formula (II),
R and R* are both isobutyl, R** is phenylethyl, and R*? is
phenylmethyl.

[0078] Inother embodiments, R" is heteroaryl that includes
from 5-6 ring atoms, wherein at least one ring atom is a
nitrogen atom selected from —N-— and —N(C,-C; alkyl)-,
wherein said ring nitrogen atom is further optionally substi-
tuted with a group R**, thereby forming a quaternary nitrogen
atom and wherein the positive charge associated with the
quaternary nitrogen atom is balanced by a pharmaceutically
acceptable anion.

[0079] Insome embodiments, R' is:

—
S

N§<

[0080] In some embodiments, when R' is heteroaryl that
includes from 5-6 ring atoms, R** and R** are each indepen-
dently C, _qalkoxyC, salkyl, and R*! is C,_saralkyl.

[0081] In some embodiments, when R is heteroaryl that
includes from 5-6 ring atoms, R** and R** are both meth-
oxymethyl, and R*" is phenylmethyl.

[0082] Insome embodiments, the R' Het or heteroaryl ring
nitrogen atom is substituted with a group R'*, thereby form-
ing a quaternary nitrogen atom and wherein the positive

charge associated with the quaternary nitrogen atom is bal-
anced by a pharmaceutically acceptable anion.

[0083] Insome embodiments, R is:
—CH,OC(=O0)R'3; &)
—C(=0)OCH,OC(=0)R'?; (ii)
—SR!%; or (iii)
—CH,Ar—R!3; (iv)
wherein:

Aris C4_jgaryl, optionally substituted with from 1-3 substitu-
ents independently selected from C,_salkyl, C,_salkoxy, and
halo;
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R is C,salkyl, C, chaloalkyl, C, salkoxyC, salkyl,
Cq.10aryl, C,_>aralkyl, C;_;cycloalkyl, heteroaryl including
from 5-10 ring atoms (wherein from 1-3 of the ring atoms are
independently selected from N, NH, N—C, -C alkyl, O, and
S), or heterocyclyl including from 3-7 ring atoms (wherein
from 1-2 of the ring atoms are independently selected from N,
NH, N—C,-C; alkyl, and O), each of which is optionally
substituted with from 1-3 R“; wherein: R“ at each occurrence
is, independently selected from halo, cyano, nitro, hydroxyl,
C, salkoxy, heteroalkyl, Cy_,,, aryloxy, C,_,, aralkoxy, CFj;,
quaternary ammonium ion, sugar, —Y',—7', C,_salkyl,
—C(=0)(C qalkyl), —BO,(C,_galkyl), —C(=0)O(C_¢
alkyl), —C(—0)O(heteroalkyl), —C(—O)NH(C, 4 alkyl),
—C(—0O)NH(heteroalkyl), —C(—O)(phenyl), —SO,(phe-
nyl), phosphate (or a salt thereof), —C(—0)—Y,—Z, and
—S0,—Y,—7,;

or

R'% is Y,,—Z; wherein:

Y is adivalent spacer comprising one or more of the following
moieties (e.g., comprising 1, 2, 3, 4, or 5 of the following
moieties; e.g., comprising 1, 2, or 3 of the following moieties;
e.g., consisting of 1, 2, 3, 4, or 5 of the following moieties;
e.g., consisting of 1, 2, or 3 of the following moieties): het-
eroatom (e.g., N, O, or 8), alkylene chain, C,_, ,arylene, het-
eroarylene from 5-10ring atoms (wherein from 1-3 ofthe ring
atoms are independently selected from N, NH, N—C,-Cq
alkyl, O, and S), heteroalkylene chain, polyheteroalkylene
chain, alkenylene chain, —OC(—0)—, —C(—0)0O—,
—NHC(=0)—, —C(—0O)NH—, —C(—=0)—, cyclodex-
trin, human serum albumin, amino acid, amino acid mimetic,
or hydrazine;

Z is conjugate for enhancing solubility, stability, half-life,
permeability, volume of distribution, and/or target specificity,
which comprises one or more of the following moieties (e.g.,
comprise 1, 2, 3, 4, or 5 of the following moieties; e.g.,
comprise 1, 2, or 3 of the following moieties; e.g., consist of
1,2, 3, 4, or 5 of the following moieties; e.g., consist of 1, 2,
or 3 of the following moieties): alkylene chain, heteroalky-
lene chain, polyheteroalkylene chain, alkenylene chain,
cyclodextrin, alkylated cyclodextrin, human serum albumin,
—0OC(=0)—, —C(=0)0—, —NHC(=0)—, —C(=0)

e}

w
PEG g2t 0
0
w I
PEG R 0
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NH—, —C(—0)—, monoclonal anti-body, quaternary
ammonium ion, NH,, docosahexenoic acid, hyaluronic acid,
poly(L-glutamic acid), N-(2-hydroxypropyl)methacryla-
mide copolymer, or dendrimers (e.g., nitro-substituted den-
drimers); and

nisOorl.

[0084] In some embodiments, R'! i is: (i) —CH OC( 0)
R'?; (ii) —C(=0)OCH,0C(= O)R ; or (iii) —SR*?

[0085] Incertain embodiments, R11 1S—CH LOC(— O)R15
[0086] Incertain embodiments, R* is —CH,OC(=0)R">,
and R* is C,_salkyl, C1_6ha10alkyl C,_salkoxyC,_salkyl,

Cq.10aryl, C,_saralkyl, C;_;cycloalkyl, heteroaryl including
from 5-10 ring atoms (wherein from 1-3 of the ring atoms are
independently selected from N, NH, N—C, -C alkyl, O, and
S), or heterocyclyl including from 3-7 ring atoms (wherein
from 1-2 of the ring atoms are independently selected from N,
NH, N—C,-C; alkyl, and O), each of which is optionally
substituted.

[0087] In some embodiments, R*! is —CH OC(‘ O)R15
and R is C, salkyl. In certain embodiments, R*’ is tert-
butyl.

[0088] Insomeembodiments,the pharmaceutically accept-
able anion is selected from chloride, iodide, acetate, mesy-
late, tosylate, and citrate.

[0089] In some embodiments, R'* is —CH,0C(=0)
R*'—R?*°-PEG or —CH,080, R\ R2°-PEG.

[0090] In some embodlments R!" is —CH,0C(=0)
R*—R*°-PEG.

[0091] In some embodiments, R'* is —CH,OSO,R*'—
R*°-PEG.

[0092] For ease of exposition, the term “PEG” refers to a
polyethylene glycol (PEG) chain and includes oligomers and
polymer of ethylene oxide polyethylene glycol chain (linear
or branched) having a molecular weight of from 300 g/mol to
10,000,000 g/mol. The PEG can have any one of the archi-
tectures described herein (e.g., formulas 2A-2H; table AA).
[0093] Further, it is understood that one or more compound
can be conjugated to a polyethylene glycol (PEG) polymer
chain.

[0094] Insomeembodiments, the prodrughas Formula 1B:

1B

HetT%M%

whereinmis 1,2,3,4,5,6,7,8,9,0r 10,e.g.,2,3,4,5,6,7,
8,9, 0r 10.

[0095] In some embodiments, the prodrug has Formula
1B"

1B’

R?
RM o RS RM o RS!
k M N N R?
-
Her \“/ \Hkll\l)ﬁ‘/ j)‘\lr o
o RS R o RS2 M RYOR

whereinmis 1,2,3,4,5,6,7,8,9,0r 10,e.g.,2,3,4,5,6,7,
8,9, 0r 10.
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[0096] Insomeembodiments, the prodrughas Formula 1C:
IC
0 R?
0 RM 0 RS!
3
R20 (@] R
TRy \\ = N N
PEG N I |
>/S R RS2 RM R R’
[0097] whereinmis1,2,3,4,5,6,7,8,9,0r10,e.g.,2,3,

4,5,6,7,8,9, or 10.

[0098] In some embodiments, m is 4.
[0099] In some embodiments, m is 2.
[0100] In some embodiment, mis 1.
[0101] In some embodiments, the prodrug has Formula
(VIID):
O

PEG

[0102] in which Ar is Cg_,, aryl (e.g., phenyl), optionally

substituted with from 1-3 substituents independently selected
from C, salkyl, C,_salkoxy, and halo; and wherein m is 1, 2,
3,4,5,6,7,8,9,0r10,e.g.,2,3,4,5,6,7,8,9, or 10.
[0103] Thefollowing definitions apply to formulas 1B, 1B',
1C, and VIII as well as —CH,OC(=0)R*'—R*°-PEG and
—CH,0SO,R?*!—R**-PEG. For purposes of clarification, it
is understood that the R*°/R*'-containing substituent in each
of these formulas 1B, 1B', 1C, and VIII is attached to the Het
or heteroaryl ring nitrogen atom, thereby forming a quater-
nary nitrogen atom and wherein the positive charge associ-
ated with the quaternary nitrogen atom is balanced by a phar-
maceutically acceptable anion.

[0104] R is a heteroarylene including 5-6 ring atoms
((wherein from 1-4 of the ring atoms are independently
selected from N, NH, N—C,-C; alkyl, O, and S; e.g., con-
taining one or more, e.g., from 1-4, 1-3, 1-2 nitrogen atoms),
optionally substituted with 1, 2, or 3 substituents indepen-
dently selected from C, qalkyl, C, ghydroxyalkyl,
C, salkoxyC, qalkyl, Cq  qaryl, or C,_,aralkyl, each of
which is optionally substituted with a group selected from
amide, amine, carboxylic acid or a pharmaceutically accept-
able salt thereof; or R*° is absent (e.g., R*® is present and is as
defined above).

[0105] Insome embodiments, R* is

Rj TEE/

N=N

RZ
R0 JI\ R™ 0 RS3 R® 0 RS
N N |
~~Ar M N N R?
N\ Het N N
I I CH;
0 RS RN 0 R%? R

M R* RS

m

[0106] Insome embodiments, R is H, C,_salkyl, C,_shy-
droxyalkyl, C,_salkoxyC, salkyl, C¢_jaryl, or C,_,,aralkyl,
each of which is optionally substituted with a group selected
from amide, amine, carboxylic acid or a pharmaceutically
acceptable salt thereof, carboxyl ester, thiol, and thioether.

[0107] In certain embodiments, R*® is H or C,_qalkyl.

[0108] In certain embodiments, RS is H.
[0109] In other embodiments, R* is absent.
[0110] R?!is a divalent spacer comprising one or more of

the following moieties (e.g., comprise 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprise 1, 2, or 3 of the following
moieties; e.g., consist of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consist of 1, 2, or 3 of the following moieties):
heteroatom (e.g., N, O, or S), alkylene chain, heteroalkylene
chain, polyheteroalkylene chain, alkenylene chain, arylene
including 6-10 ring atoms, heteroarylene including from 5-10
ring atoms (wherein from 1-3 of the ring atoms are indepen-
dently selected from N, NH, N—C,-C, alkyl, O, and S),
heterocycloalkylene including 3-9 ring atoms (wherein from
1-3 of the ring atoms are independently selected from N, NH,
N—C,-C; alkyl, O, and S), —OC(—0)—, —C(=0)0—,
—NHC(—0)—, —C(—0O)NH—, —N(C, ¢ alkyD)C(—0),
—C(—=0)N(C, 4alkyl)-, —C(—O)—, —NHC(—O)NH—,
cyclodextrin, human serum albumin, amino acid, amino acid
mimetic, or hydrazine, wherein arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms, and
heterocycloalkylene including 3-9 ring atoms are each
optionally substituted with 1, 2, or 3 substituents each inde-
pendently selected from the group consisting of halo, cyano,
nitro, hydroxyl, C,_salkoxy, heteroalkyl, C,_,, aryloxy, C,_;,
aralkoxy, CF;, quaternary ammonium ion, sugar, C, ¢ alkyl,
—C(—0)(C salkyl), —80,(C,_¢ alkyl), —C(—O)O(C_s
alkyl), —C(—0)O(heteroalkyl), —C(—O)NH(C, 4 alkyl),
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—C(—0O)NH(heteroalkyl), —C(—O)(phenyl), —SO,(phe-
nyl), and phosphate (or a salt thereof);

[0111] Insome embodiments, R*! is divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4,0r 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms
(wherein from 1-3 of the ring atoms are independently
selected from N, NH, N—C, -C; alkyl, O, and S), heterocy-
cloalkylene including 3-9 ring atoms (wherein from 1-3 of the
ring atoms are independently selected from N, NH, N—C, -
C, alkyl, O, and S), —OC(—=0)—, —C(—=0)0O—, —NHC
(—0)—, —C(=ONH—, —N(C,, alkyDC(=O),
—C(—=0O)N(C, 4alkyl)-, —C(—0)—, or —NHC(=0)
NH—, wherein 6-10 membered arylene, 5-10 membered het-
eroarylene, and 6-10 membered cycloalkylene are each
optionally substituted with 1, 2, or 3 substituents each inde-
pendently selected from the group consisting ot halo, cyano,
C, _salkoxy, heteroalkyl, CF;, and C, _calkyl.

[0112] Insome embodiments, R*! is divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4,0r 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms
(wherein from 1-3 of the ring atoms are independently
selected from N, NH, N—C, -C; alkyl, O, and S), heterocy-
cloalkylene including 3-9 ring atoms (wherein from 1-3 of the
ring atoms are independently selected from N, NH, N—C, -
Cs alkyl, O, and S), —NHC(—=0)—, —C(—O)NH—,
—N(C,_salkyD)C(=0), —C(=O)N(C, 6 alkyl)-,
—C(—=0)—, or —NHC(—O)NH—, wherein 6-10 mem-
bered arylene, 5-10 membered heteroarylene, and 6-10 mem-
bered cycloalkylene are each optionally substituted with 1, 2,
or 3 substituents each independently selected from the group
consisting of halo, C,  alkoxy, heteroalkyl, CF;, and
C,_galkyl.

[0113] Insome embodiments, R*! is a divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4,0r 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, phenylene, indolylene, indoli-
nylene, thiophenylene, or furanylene, wherein phenylene,
indolylene, indolinylene, thiophenylene, and furanylene are
each optionally substituted with 1, 2, or 3 substituents each
independently selected from the group consisting of halo,
C, _salkoxy, heteroalkyl, CF;, and C, _calkyl.

[0114] Insome embodiments, R*! is a divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4,0r 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, or phenylene, wherein phe-
nylene is optionally substituted with 1, 2, or 3 substituents
each independently selected from the group consisting of
halo, C,_salkoxy, heteroalkyl, CF;, and C,_calkyl.
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[0115] Insome embodiments, R*! is a divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4, or 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, —C(—O)—, or phenylene,
wherein phenylene is optionally substituted with 1, 2, or 3
substituents each independently selected from the group con-
sisting of halo, C,_salkoxy, heteroalkyl, CF;, and C, salkyl.
[0116] Insome embodiments, R*! is a divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4, or 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, or —C(—O)—.

[0117] Insomeembodiments, R*! is a phenylene optionally
substituted with 1, 2, or 3 substituents each independently
selected from the group consisting of halo, C, salkoxy, het-
eroalkyl, CF;, and C,_4 alkyl.

[0118] The PEG can have any one of the architectures
described herein (e.g., formulas 2A-2H; table AA).

[0119] Insome embodiments, PEG has a molecular weight
of greater than 1 kDa.

[0120] Insome embodiments, PEG has a molecular weight
of'about 1 kDa.
[0121] Insome embodiments, PEG has a molecular weight

of greater than 2 kDa.

[0122] Insome embodiments, PEG has a molecular weight
of'about 2 kDa.
[0123] Insome embodiments, PEG has a molecular weight

of greater than 5 kDa.

[0124] Insome embodiments, PEG has a molecular weight
of'about 5 kDa.
[0125] Insome embodiments, PEG has a molecular weight

of greater than 10 kDa.

[0126] Insome embodiments, PEG has a molecular weight
of'about 10 kDa.

[0127] Insome embodiments, PEG has a molecular weight
of greater than 20 kDa.

[0128] Insome embodiments, PEG has a molecular weight
of'about 20 kDa.

[0129] Insome embodiments, PEG has a molecular weight
of greater than 30 kDa.

[0130] Insomeembodiments, PEG has a molecular weight
of'about 30 kDa.

[0131] Insome embodiments, PEG has a molecular weight
of greater than 40 kDa.

[0132] Insome embodiments, PEG has a molecular weight
of'about 40 kDa.

[0133] Insome embodiments, PEG has a molecular weight
of greater than 50 kDa.

[0134] Insomeembodiments, priorto conjugation to epoxy
ketone protease inhibitors, PEG has a plurality of reactive
functional groups (e.g., azide groups).

[0135] Insomeembodiments, priorto conjugation to epoxy
ketone protease inhibitors, PEG has 1, 2,3,4,5,6,7, 8,9, or
10 reactive functional groups (e.g., azide groups).

[0136] Variables R? R'?, and R?

[0137] In some embodiments, R'? is present (i.e., R? is
R12).

[0138] In some embodiments, when R'? is present, R® is

activated hydroxyl as defined anywhere herein.
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[0139] In some embodiments, when R'? is present, R> is
hydroxyl.
[0140] Insome embodiments, R? and R?, together with the

carbon atoms to which each is attached, form an epoxide ring.

[0141] Insome embodiments, R'? is:
halo; ®
—O0S0,—R1!¢; (i)
—OC(=O0O)R'®; (iii)
—OP(=O0)R"€),, (iv)
—OP(=0)(OR'%),; ™
—OP(=0)(R')(OR'®); or (vi)
— O (N-linked heteroaryl); (vii)

wherein:

R'S is C, salkyl, C, shaloalkyl, heteroalkyl, Cj._ aryl,
C,_aralkyl, C;_,cycloalkyl, heteroaryl including from 5-10
ring atoms (wherein from 1-3 of the ring atoms are indepen-
dently selected from N, NH, N—C,-C; alkyl, O, and S), or
heterocyclyl including from 3-7 ring atoms (wherein from
1-2 of'the ring atoms are independently selected from N, NH,
N—C,-C alkyl, and O), each of which is optionally substi-
tuted with from 1-3 R%; or

R'6is —Y',—Z'; wherein:

Y' is a divalent spacer comprising one or more of the follow-
ing moieties (e.g., comprise 1, 2, 3, 4, or 5 of the following
moieties; e.g., comprise 1, 2, or 3 of the following moieties;
e.g., consist of 1, 2, 3, 4, or 5 of the following moieties; e.g.,
consist of 1, 2, or 3 of the following moieties): heteroatom
(e.g., N, O, or S), alkylene chain, heteroalkylene chain, poly-
heteroalkylene chain, alkenylene chain, —OC(—0)—,
—C(—=0)0—, —NHC(—0)—, —C(—0)NH—,
—C(—=0)—, cyclodextrin, human serum albumin, amino
acid, amino acid mimetic, or hydrazine;

[0142] Z' is conjugate for enhancing solubility, stability,
half-life, permeability, volume of distribution, and/or target
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specificity, which comprises one or more of the following
moieties (e.g., comprise 1, 2, 3, 4, or 5 of the following
moieties; e.g., comprise 1, 2, or 3 of the following moieties;
e.g., consistof 1, 2, 3, 4, or 5 of the following moieties; e.g.,
consist of 1, 2, or 3 ofthe following moieties): alkylene chain,
heteroalkylene chain, polyheteroalkylene chain, alkenylene
chain, cyclodextrin, alkylated cyclodextrin, human serum
albumin, —OC(—0)—, —C(—0)0—, —NHC(=0)—,
—C(—=0O)NH—, —C(—0)—, monoclonal anti-body, qua-
ternary ammonium ion, NH,, docosahexenoic acid, hyalu-
ronic acid, poly(L-glutamic acid), N-(2-hydroxypropyl)
methacrylamide copolymer, or dendrimers (e.g., nitro-
substituted dendrimers);

pisOor1;and

R“ at each occurrence is, independently selected from halo,
cyano, nitro, hydroxyl, C,  alkoxy, heteroalkyl, C, ,,ary-
loxy, C,_,, aralkoxy, CF;, quaternary ammonium ion, sugar,
—Y',—Z', C ¢ alkyl, —C(=0)(C,_¢ alkyl), —SO,(C, 4
alkyl), —C(=0)O(C,_4 alkyl), —C(—0)O(heteroalkyl),
—C(=O)NH(C, 4 alkyl), —C(—0O)NH(heteroalkyl),
—C(=0)(phenyl), —SO,(phenyl), phosphate (or a salt
thereof), —C(=0)—Y"',—Z', and —SO,—Y',—7'.

[0143] In some embodiments, R'? is —OSO,—R'°. In
some embodiments, R'®is C, salkyl (e.g., CH,) or C,_jparyl
(e.g., phenyl).

[0144] Insome embodiments, R'? is halo (e.g., iodo).
[0145] Insome embodiments, R'? is halo (e.g., iodo), and
R? is activated hydroxyl.

[0146] Insome embodiments, R'? is halo (e.g., iodo), and
R? is hydroxyl.

[0147] Insome embodiments, R? is hydroxyl.

[0148] In some embodiments, R? is activated hydroxyl,

e.g., —O0—C(=0)—R**>—R*-PEG or —O—S0O,—R**—
R*°-PEG.

[0149] In certain embodiments, R® is —O—C(—0)—
R*>—R?*°-PEG.

[0150] In certain embodiments, R® is —O—S0O,—R**—
R*°-PEG.

[0151] It is understood that one or more prodrugs can be
conjugated to a polyethylene glycol (PEG) polymer chain. In
some embodiments, the prodrug has Formula ID:

N R* R®

1D
Rr2
o] RS3 R o] RS! 0
)k N 04-{
R! N N
| I CH; R?2—R? PEG
R¥ 0 RS R /,

RS3

[0152] Insome embodiments, the prodrughas Formula 1E:

RZ
RM™ 0 RS ﬁ
¢}
=

N 0o—s%

N \

| CH; RZ—R2 PEG

52 R
m
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[0153] Insomeembodiments,mis1,2,3,4,5,6,7,8,9,or
10,e.g.,2,3,4,5,6,7,8,9,0r 10.

[0154] In some embodiments, m is 4.

[0155] In some embodiments, m is 2.

[0156] In some embodiment, mis 1.

[0157] R is a heteroarylene including 5-6 ring atoms

((wherein from 1-4 of the ring atoms are independently
selected from N, NH, N—C,-C; alkyl, O, and S; e.g., con-
taining one or more, e.g., from 1-4, 1-3, 1-2 nitrogen atoms),
optionally substituted with 1, 2, or 3 substituents indepen-
dently selected from C,_galkyl, C, _shydroxyalkyl, C,_salkox-
yCl, ealkyl, C,_jqaryl, or C,_j,aralkyl, each of which is
optionally substituted with a group selected from amide,
amine, carboxylic acid or a pharmaceutically acceptable salt
thereof; or R*° is absent (e.g., R*° is present and is as defined

above).
[0158] Insome embodiments, R*° is
RSS
g
|
NN
[0159] In some embodiments, R* is H, C,_salkyl, C,_shy-

droxyalkyl, C,_salkoxyC, salkyl, C¢_aryl, or C,_,,aralkyl,
each of which is optionally substituted with a group selected
from amide, amine, carboxylic acid or a pharmaceutically
acceptable salt thereof, carboxyl ester, thiol, and thioether.

[0160] In certain embodiments, R* is H or C,_,alkyl.
[0161] In certain embodiments, RS is H.

[0162] In other embodiments, R is absent.

[0163] R??is a divalent spacer comprising one or more of

the following moieties (e.g., comprise 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprise 1, 2, or 3 of the following
moieties; e.g., consist of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consist of 1, 2, or 3 of the following moieties):
heteroatom (e.g., N, O, or S), alkylene chain, heteroalkylene
chain, polyheteroalkylene chain, alkenylene chain, arylene
including 6-10 ring atoms, heteroarylene including from 5-10
ring atoms (wherein from 1-3 of the ring atoms are indepen-
dently selected from N, NH, N—C,-C, alkyl, O, and S),
heterocycloalkylene including 3-9 ring atoms (wherein from
1-3 of the ring atoms are independently selected from N, NH,
N—C,-C alkyl, O, and S), —OC(—0)—, —C(—0)0—,
—NHC(—0)—, —C(—0O)NH—, —N(C, ¢ alky)C(=—0),
—C(—=0O)N(C, 4alkyl)-, —C(—O)—, —NHC(—O)NH—,
cyclodextrin, human serum albumin, amino acid, amino acid
mimetic, or hydrazine, wherein arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms, and
heterocycloalkylene including 3-9 ring atoms are each
optionally substituted with 1, 2, or 3 substituents each inde-
pendently selected from the group consisting ot halo, cyano,
nitro, hydroxyl, C,_salkoxy, heteroalkyl, C,_,, aryloxy, C,_;,
aralkoxy, CF;, quaternary ammonium ion, sugar, C, .alkyl,
—C(—0)(C,salkyl), —S80,(C,_s alkyl), —C(—0)O(C_¢
alkyl), —C(=—0)O(heteroalkyl), —C(—O)NH(C, ,alkyl),
—C(—0O)NH(heteroalkyl), —C(—O)(phenyl), —SO,(phe-
nyl), and phosphate (or a salt thereof).

[0164] Insome embodiments, R** is divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4,0r 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms
(wherein from 1-3 of the ring atoms are independently
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selected from N, NH, N—C,-C; alkyl, O, and S), heterocy-
cloalkylene including 3-9 ring atoms (wherein from 1-3 ofthe
ring atoms are independently selected from N, NH, N—C, -
C, alkyl, O, and S), —OC(=—0)—, —C(—=0)0O—, —NHC
=0)y—,  —CE=ONH—,  —N(C,_alkyDC(=0),
—C(—=0O)N(C, 4alkyl)-, —C(=0)—, or —NHC(=0)
NH—, wherein 6-10 membered arylene, 5-9 membered het-
eroarylene, and 6-10 membered cycloalkylene are each
optionally substituted with 1, 2, or 3 substituents each inde-
pendently selected from the group consisting of halo, cyano,
C,_¢ alkoxy, heteroalkyl, CF;, and C,_calkyl.

[0165] In some embodiments, R*? is divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4, or 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms
(wherein from 1-3 of the ring atoms are independently
selected from N, NH, N—C,-C; alkyl, O, and S), heterocy-
cloalkylene including 3-9 ring atoms (wherein from 1-3 ofthe
ring atoms are independently selected from N, NH, N—C, -
Cy alkyl, O, and S), —NHC(=0)—, —C(—O)NH—,
—N(C,_salky)C(=0), —C(=O)N(C, 6 alkyl)-,
—C(=0)—, or —NHC(—O)NH—, wherein 6-10 mem-
bered arylene, 5-10 membered heteroarylene, and 6-10 mem-
bered cycloalkylene are each optionally substituted with 1, 2,
or 3 substituents each independently selected from the group
consisting of halo, C,  alkoxy, heteroalkyl, CF,, and
C,_galkyl.

[0166] Insome embodiments, R**is a divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4, or 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, phenylene, indolylene, indoli-
nylene, thiophenylene, or furanylene, wherein phenylene,
indolylene, indolinylene, thiophenylene, and furanylene are
each optionally substituted with 1, 2, or 3 substituents each
independently selected from the group consisting of halo,
C, _salkoxy, heteroalkyl, CF, and C,_salkyl.

[0167] Insome embodiments, R**is a divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4, or 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, or phenylene, wherein phe-
nylene is optionally substituted with 1, 2, or 3 substituents
each independently selected from the group consisting of
halo, C,_¢ alkoxy, heteroalkyl, CF;, and C,_calkyl.

[0168] Insome embodiments, R**is a divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4, or 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, or heteroalkylene chain.

[0169] In some embodiments, R** is a heteroalkylene
chain.
[0170] The PEG can have any one of the architectures

described herein (e.g., formulas 2A-2H; table AA).

[0171] Insome embodiments, PEG has a molecular weight
of greater than 1 kDa.
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[0172] Insome embodiments, PEG has a molecular weight
of'about 1 kDa.
[0173] Insome embodiments, PEG has a molecular weight

of greater than 2 kDa.

[0174] Insome embodiments, PEG has a molecular weight
of'about 2 kDa.
[0175] Insome embodiments, PEG has a molecular weight

of greater than 5 kDa.

[0176] Insomeembodiments, PEG has a molecular weight
of'about 5 kDa.
[0177] Insome embodiments, PEG has a molecular weight

of greater than 10 kDa.
[0178] Insome embodiments, PEG has a molecular weight
of'about 10 kDa.

[0179] Insome embodiments, PEG has a molecular weight
of greater than 20 kDa.

[0180] Insomeembodiments, PEG has a molecular weight
of'about 20 kDa.

[0181] Insomeembodiments, PEG has a molecular weight
of greater than 30 kDa.

[0182] Insomeembodiments, PEG has a molecular weight
of'about 30 kDa.

[0183] Insome embodiments, PEG has a molecular weight
of greater than 40 kDa.

[0184] Insome embodiments, PEG has a molecular weight
of about 40 kDa.

[0185] Insome embodiments, PEG has a molecular weight
of greater than 50 kDa.

[0186] Insomeembodiments, prior to conjugation to epoxy
ketone protease inhibitors, PEG has a plurality of reactive
functional groups (e.g., azide groups).

[0187] Insomeembodiments, prior to conjugation to epoxy
ketone protease inhibitors, PEG has 1, 2, 3,4, 5,6, 7, 8, 9, or
10 reactive functional groups (e.g., azide groups).
[0188] Insome embodiments, R'?is —OSO,—R'*—

PEG or OC(—0)—R">—R>°-PEG.

R20_

[0189] In certain embodiments, R'? is —0SO,—R¥—
R*°-PEG.
[0190] In certain embodiments, R'? is OC(—0)—R'”—
R*°-PEG.
[0191] It is understood that one or more prodrugs can be

conjugated to a polyethylene glycol (PEG) polymer chain. In
some embodiments, the prodrug has Formula 1F:

1F
\ R19
\ R PEG
RIJ\ H/ \)k %
RNI R4 RS
[0192] Insomeembodiments, the prodrughas Formula 1G:
1G
19
3 b 0 \_pr
RIS0”
0 RS Il{NZ o]
PPN
R! lel
R O RS2 Nl R* RS
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[0193] Insomeembodiments,mis1,2,3,4,5,6,7,8,9,or
10,e.g.,2,3,4,5,6,7,8,9, or 10.

[0194] In some embodiments, m is 8.

[0195] In some embodiments, m is 4.

[0196] In some embodiments, m is 2.

[0197] In some embodiment, mis 1

[0198] R is a divalent spacer comprising one or more of

the following moieties (e.g., comprise 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprise 1, 2, or 3 of the following
moieties; e.g., consist of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consist of 1, 2, or 3 of the following moieties):
heteroatom (e.g., N, O, or S), alkylene chain, heteroalkylene
chain, polyheteroalkylene chain, alkenylene chain, arylene
including 6-10 ring atoms, heteroarylene including from 5-10
ring atoms (wherein from 1-3 of the ring atoms are indepen-
dently selected from N, NH, N—C,-C, alkyl, O, and S),
heterocycloalkylene including 3-9 ring atoms (wherein from
1-3 of the ring atoms are independently selected from N, NH,
N—C,-C; alkyl, O, and S), —OC(—0)—, —C(=0)0—,
—NHC(—0)—, —C(—=O)NH—, —N(C,_zalky)C(—0),
—C(—=0)N(C, 4alkyl)-, —C(—O)—, —NHC(—O)NH—,
cyclodextrin, human serum albumin, amino acid, amino acid
mimetic, or hydrazine, wherein arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms, and
heterocycloalkylene including 3-9 ring atoms are each
optionally substituted with 1, 2, or 3 substituents each inde-
pendently selected from the group consisting of halo, cyano,
nitro, hydroxyl, C,_salkoxy, heteroalkyl, C,_,, aryloxy, C,_;,
aralkoxy, CF,, quaternary ammonium ion, sugar, C, .alkyl,
—C(—0)(C alkyl), —S0,(C,¢ alkyl), —C(—0)O(C,.
salkyl), —C(—0)O(heteroalkyl), —C(—O)NH(C,  alkyl),
—C(=—0O)NH(heteroalkyl), —C(—O)(phenyl), —SO,(phe-
nyl), and phosphate (or a salt thereof).

[0199] In some embodiments, R'® is divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4, or 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms
(wherein from 1-3 of the ring atoms are independently
selected from N, NH, N—C,-C; alkyl, O, and S), heterocy-
cloalkylene including 3-9 ring atoms (wherein from 1-3 ofthe
ring atoms are independently selected from N, NH, N—C, -
C, alkyl, O, and S), —OC(—=0)—, —C(—=0)0O—, —NHC
=0)y—  —CE=ONH—,  —N(C, salkyhC(=0),
—C(—=0O)N(C, 4alkyl)-, —C(—=0)—, or —NHC(=0)
NH—, wherein 6-10 membered arylene, 5-10 membered het-
eroarylene, and 6-10 membered cycloalkylene are each
optionally substituted with 1, 2, or 3 substituents each inde-
pendently selected from the group consisting of halo, cyano,
C, _salkoxy, heteroalkyl, CF, and C,_salkyl.

[0200] Insome embodiments, R'® is divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4, or 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms
(wherein from 1-3 of the ring atoms are independently
selected from N, NH, N—C,-C; alkyl, O, and S), heterocy-
cloalkylene including 3-9 ring atoms (wherein from 1-3 ofthe
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ring atoms are independently selected from N, NH, N—C, -
Cs alkyl, O, and S), —NHC(—=0)—, —C(—O)NH—,
—N(C,_salkyDC(=0), —C(—=O)N(Cy_5 alkyl)-,
—C(—=0)—, or —NHC(—O)NH—, wherein 6-10 mem-
bered arylene, 5-10 membered heteroarylene, and 6-10 mem-
bered cycloalkylene are each optionally substituted with 1, 2,
or 3 substituents each independently selected from the group
consisting of halo, C, alkoxy, heteroalkyl, CF;, and
C, calkyl.

[0201] In some embodiments (e.g., when R*° is present),
R is a divalent spacer comprising one or more of the fol-
lowing moieties (e.g., comprise 1,2, 3,4, or 5 of the following
moieties; e.g., comprise 1, 2, or 3 of the following moieties;
e.g., consist of 1, 2, 3, 4, or 5 of the following moieties; e.g.,
consist of 1, 2, or 3 of the following moieties): heteroatom
(e.g., N, O, or 8), alkylene chain, heteroalkylene chain, phe-
nylene, indolylene, indolinylene, thiophenylene, or fura-
nylene (e.g., phenylene), wherein phenylene, indolylene,
indolinylene, thiophenylene, and furanylene are optionally
substituted with 1, 2, or 3 substituents each independently
selected from the group consisting of halo, C,_.alkoxy, het-
eroalkyl, CF;, and C,_4 alkyl.

[0202] In some embodiments (e.g., when R*° is absent),
R is a divalent spacer comprising one or more of the fol-
lowing moieties (e.g., comprise 1,2, 3,4, or 5 of the following
moieties; e.g., comprise 1, 2, or 3 of the following moieties;
e.g., consist of 1, 2, 3, 4, or 5 of the following moieties; e.g.,
consist of 1, 2, or 3 of the following moieties): heteroatom
(e.g., N, O, or S), alkylene chain, —NHC(—O)—, —C(—0)
NH—, heteroalkylene chain, phenylene, indolylene, indoli-
nylene, thiophenylene, or furanylene, wherein phenylene,
indolylene, indolinylene, thiophenylene, and furanylene are
optionally substituted with 1, 2, or 3 substituents each inde-
pendently selected from the group consisting of halo,
C, salkoxy, heteroalkyl, CF,, and C,  alkyl. In certain
embodiments, when either of —NHC(—O)— or —C(—0)
NH— is present, —NHC(—O)— or —C(—O)NH— is
linked to PEG.

[0203] Insomeembodiments,R'®, R*!,orR** (andR'* and
R'7 defined herein) each is a divalent linker independently
selected from the group consisting of

¢}
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[0204] R is a heteroarylene including 5-6 ring atoms
((wherein from 1-4 of the ring atoms are independently
selected from N, NH, N—C,-C; alkyl, O, and S; e.g., con-
taining one or more, e.g., from 1-4, 1-3, 1-2 nitrogen atoms),
optionally substituted with 1, 2, or 3 substituents indepen-
dently selected from C, qalkyl, C, ghydroxyalkyl,
C, salkoxyC, qalkyl, Cq  qaryl, or C,_,aralkyl, each of
which is optionally substituted with a group selected from
amide, amine, carboxylic acid or a pharmaceutically accept-
able salt thereof; or R?° is absent.

[0205] Insome embodiments, R* is
RSS
-
|
N= N
[0206] Insome embodiments, R* is H, C,_salkyl, C,_shy-

droxyalkyl, C, calkoxyC, .alkyl, C, ,qaryl, or C,_,,aralkyl,
each of which is optionally substituted with a group selected
from amide, amine, carboxylic acid or a pharmaceutically
acceptable salt thereof, carboxyl ester, thiol, and thioether.

[0207] In certain embodiments, R* is H or C,_,alkyl.
[0208] In certain embodiments, RS is H.

[0209] In other embodiments, R is absent.

[0210] The PEG can have any one of the architectures

described herein (e.g., formulas 2A-2H; table AA).

[0211] Insome embodiments, PEG has a molecular weight
of greater than 1 kDa.

[0212] Insome embodiments, PEG has a molecular weight
of'about 1 kDa.
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[0213] Insomeembodiments, PEG has a molecular weight
of greater than 2 kDa.

[0214] Insome embodiments, PEG has a molecular weight
of'about 2 kDa.
[0215] Insome embodiments, PEG has a molecular weight

of greater than 5 kDa.

[0216] Insomeembodiments, PEG has a molecular weight
of'about 5 kDa.
[0217] Insome embodiments, PEG has a molecular weight

of greater than 10 kDa.

[0218] Insomeembodiments, PEG has a molecular weight
of'about 10 kDa.

[0219] Insome embodiments, PEG has a molecular weight
of greater than 20 kDa.

[0220] Insome embodiments, PEG has a molecular weight
of'about 20 kDa.

[0221] Insome embodiments, PEG has a molecular weight
of greater than 30 kDa.

[0222] Insome embodiments, PEG has a molecular weight
of'about 30 kDa.

[0223] Insome embodiments, PEG has a molecular weight
of greater than 40 kDa.

[0224] Insome embodiments, PEG has a molecular weight
of'about 40 kDa.

[0225] Insome embodiments, PEG has a molecular weight
of greater than 50 kDa.

[0226] Insomeembodiments, priorto conjugation to epoxy
ketone protease inhibitors, PEG has a plurality of reactive
functional groups (e.g., azide groups).

[0227] Insomeembodiments, priorto conjugation to epoxy
ketone protease inhibitors, PEG has 1, 2,3,4,5,6,7, 8,9, or
10 reactive functional groups (e.g., azide groups).

[0228] Variable R'?
[0229] Insome embodiments, R'? is present.
[0230] Insomeembodiments, R'? is selected from acylhy-

drazone, acyloxime, carbamoyl oxime, acyloxyaklyl oxime,
acyloxyalkyloxy oxime, oximinophosphate, oximinophos-
phonate, oximinophosphoramidate, oxazolidine or thiazoli-
dine, protected hydroxyl, and protected hydroxymethyl.
[0231] In some embodiments, R'? is =N-A-R'7; wherein
A is NH or O, and R' is H, C,_salkyl, C, shaloalkyl,
C, _salkoxyC, calkyl, Cy_,qaryl, C,_,aralkyl, C;_,cycloalkyl,
heteroaryl including from 5-10 ring atoms (wherein from 1-3
of the ring atoms are independently selected from N, NH,
N—C,-Cq alkyl, O, and S), heterocyclyl including from 3-7
ring atoms (wherein from 1-2 of the ring atoms are indepen-
dently selected from N, NH, N—C,-C; alkyl, and O),
—C(—=0)C,_salkyl, —C(—0)C, ¢haloalkyl, —C(—0)C4_
aryl, —C(=0)C,_j,aralkyl, —C(—0)C,_,cycloalkyl,
—C(—O)heteroaryl, or —C(—O)heterocyclyl, each of
which is optionally substituted; or

R'7 is —Y" 2" ot —C(=0)—Y" —Z"; wherein: Y" is a
divalent spacer comprising one or more of the following
moieties (e.g., comprise 1, 2, 3, 4, or 5 of the following
moieties; e.g., comprise 1, 2, or 3 of the following moieties;
e.g., consistof 1, 2, 3, 4, or 5 of the following moieties; e.g.,
consist of 1, 2, or 3 of the following moieties): heteroatom
(e.g., N, O, or S), alkylene chain, heteroalkylene chain, poly-
heteroalkylene chain, alkenylene chain, —OC(—0)—,
—C(—=0)0—, —NHC(—0)—, —C(—0O)NH—,
—C(—=0)—, cyclodextrin, human serum albumin, amino
acid, amino acid mimetic, or hydrazine;

7" is conjugate for enhancing solubility, stability, half-life,
permeability, volume of distribution, and/or target specificity,



US 2014/0105921 Al

which comprises one or more of the following moieties (e.g.,
comprise 1, 2, 3, 4, or 5 of the following moieties; e.g.,
comprise 1, 2, or 3 of the following moieties; e.g., consist of
1,2, 3, 4, or 5 of the following moieties; e.g., consist of 1, 2,
or 3 of the following moieties): alkylene chain, heteroalky-
lene chain, polyheteroalkylene chain, alkenylene chain,
cyclodextrin, alkylated cyclodextrin, human serum albumin,
—0OC(=0)—, —C(=0)0—, —NHC(=0)—, —C(=0)
NH—, —C(—0)—, monoclonal anti-body, quaternary
ammonium ion, NH,, docosahexenoic acid, hyaluronic acid,
poly(L-glutamic acid), N-(2-hydroxypropyl)methacryla-
mide copolymer, or dendrimers (e.g., nitro-substituted den-
drimers); and

qisOorl.

[0232] In certain embodiments, A is NH, and R'7 is
—C(—=0)C,_galkyl, —C(—=0)C, shaloalkyl, —C(—0)C,_
roaryl, —C(=0)C,_j,aralkyl, —C(=—0)C,_;cycloalkyl,
—C(—O)heteroaryl, or —C(—O)heterocyclyl (e.g.,
—C(—=0)C, _galkyl).

[0233] In certain embodiments, A is O, and R'” is H,
C,salkyl, C, chaloalkyl, C, calkoxyC, calkyl, Cg_,aryl,
C,_aralkyl, C;_,cycloalkyl (e.g., H or C,_alkyl).

[0234] In certain embodiments, R'" is —Y" —Z" or
—C(=0)—Y" —7".

q

[0235] In certain embodiments, R and R?, together with
the carbon atoms to which each is attached, form an epoxide
ring.
[0236] In some embodiments, the prodrug has Formula 11:
1I
RZ
0 R R™® 0O RS
PPN 3
N R
R! lel lel | CH;
N3 52 N1 17
R (6] R R N\A /R PEG
[0237] Whenpresent as adivalent moiety in formula 11, R*”

is —RY”"—R?— in which R? is connected to PEG, and R*”
is a divalent spacer comprising one or more of the following
moieties (e.g., comprising 1, 2, 3, 4, or 5 of the following
moieties; e.g., comprising 1, 2, or 3 of the following moieties;
e.g., consisting of 1, 2, 3, 4, or 5 of the following moieties;
e.g., consisting of 1, 2, or 3 of the following moieties): het-
eroatom (e.g., N, O, or S), alkylene chain, heteroalkylene
chain, arylene including 6-10 ring atoms, heteroarylene
including from 5-10 ring atoms (wherein from 1-3 of the ring
atoms are independently selected from N, NH, N—C,-Cq
alkyl, O, and S), heterocycloalkylene including 3-9 ring
atoms (wherein from 1-3 of the ring atoms are independently
selected from N, NH, N—C,-C; alkyl, O, and S), —NHC
=0)y—  —CE=ONH—,  —N(C, salkyhDC(=0),
—C(—=0O)N(C, 4alkyl)-, —C(—=0)—, or —NHC(=0)
NH—, wherein 6-10 membered arylene, 5-10 membered het-
eroarylene, and 6-10 membered cycloalkylene are each
optionally substituted with 1, 2, or 3 substituents each inde-
pendently selected from the group consisting of halo,
C, salkoxy, heteroalkyl, CF;, and C,_salkyl.

[0238] Insomeembodiments,R'” is adivalent spacer com-
prising one or more of the following moieties (e.g., compris-
ing 1,2, 3, 4, or 5 of the following moieties; e.g., comprising
1, 2, or 3 of the following moieties; e.g., consisting of 1, 2, 3,
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4, or 5 of the following moieties; e.g., consisting of 1,2, or 3
of the following moieties): alkylene chain, heteroalkylene
chain, —NHC(—0)—, —C(—0O)NH—, —N(C, ¢ alkyD)C
(=0), —C(=O)N(C, ¢ alkyl)-, —C(—0)—, or —NHC
(—=O)NH—.

[0239] Insomeembodiments,R'” isa divalent spacer com-
prising one or more of the following moieties (e.g., compris-
ing 1,2, 3, 4, or 5 of the following moieties; e.g., comprising
1, 2, or 3 of the following moieties; e.g., consisting of 1, 2, 3,
4, or 5 of the following moieties; e.g., consisting of 1,2, or 3
of the following moieties): alkylene chain, heteroalkylene
chain, or —C(—0)— (e.g., alkylene chain or —C(—0)—).
In certain embodiments (e.g., when A is NH), the
—C(—=0)— is attached to A.

[0240] In certain embodiments, R'” is —C(=0)-alkylene
chain. In certain embodiments, A is NH, R'” is —C(=—0)-
alkylene chain, and the —C(—O)— is attached to A.

[0241] mis1,2,3,4,5,6,7,8,9,0r10,e.g.,2,3,4,5,6,7,
8,9, 0r 10.
[0242] R is a heteroarylene including 5-6 ring atoms

((wherein from 1-4 of the ring atoms are independently
selected from N, NH, N—C,-C; alkyl, O, and S; e.g., con-
taining one or more, e.g., from 1-4, 1-3, 1-2 nitrogen atoms),
optionally substituted with 1, 2, or 3 substituents indepen-
dently selected from C, qalkyl, C, ghydroxyalkyl,
C, salkoxyC, qalkyl, Cq  qaryl, or C, ,aralkyl, each of
which is optionally substituted with a group selected from
amide, amine, carboxylic acid or a pharmaceutically accept-
able salt thereof; or R*° is absent (e.g., R*® is present and is as
defined above).

[0243] Insome embodiments, R* is

Rj T;{

NFN

[0244] Insome embodiments, R* is H, C,_alkyl, C,_shy-
droxyalkyl, C,_salkoxyC, salkyl, C¢_jaryl, or C,_,,aralkyl,
each of which is optionally substituted with a group selected
from amide, amine, carboxylic acid or a pharmaceutically
acceptable salt thereof, carboxyl ester, thiol, and thioether.

[0245] In certain embodiments, R* is H or C,_galkyl.
[0246] In certain embodiments, R*® is H.

[0247] In other embodiments, R* is absent.

[0248] mis1,2,3,4,5,6,7,8,9,0r10,e.g.,2,3,4,5,6,7,
8,9, 0r 10.

[0249] In certain embodiments, m is 8.

[0250] In certain embodiments, m is 4.

[0251] In certain embodiments, m is 2.

[0252] In certain embodiments, m is 1.

[0253] The PEG can have any one of the architectures

described herein (e.g., formulas 2A-2H; table AA).
[0254] Insome embodiments, PEG has a molecular weight
of greater than 1 kDa.

[0255] Insome embodiments, PEG has a molecular weight
of'about 1 kDa.
[0256] Insomeembodiments, PEG has a molecular weight

of greater than 2 kDa.

[0257] Insome embodiments, PEG has a molecular weight
of'about 2 kDa.
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[0258] Insome embodiments, PEG has a molecular weight
of greater than 5 kDa.

[0259] Insome embodiments, PEG has a molecular weight
of'about 5 kDa.
[0260] Insomeembodiments, PEG has a molecular weight

of greater than 10 kDa.

[0261] Insomeembodiments, PEG has a molecular weight
of'about 10 kDa.

[0262] Insome embodiments, PEG has a molecular weight
of greater than 20 kDa.

[0263] Insomeembodiments, PEG has a molecular weight
of'about 20 kDa.

[0264] Insome embodiments, PEG has a molecular weight
of greater than 30 kDa.

[0265] Insome embodiments, PEG has a molecular weight
of'about 30 kDa.

[0266] Insomeembodiments, PEG has a molecular weight
of greater than 40 kDa.

[0267] Insomeembodiments, PEG has a molecular weight
of about 40 kDa.

[0268] Insomeembodiments, PEG has a molecular weight
of greater than 50 kDa.

[0269] Insomeembodiments, prior to conjugation to epoxy
ketone protease inhibitors, PEG has a plurality of reactive
functional groups (e.g., azide groups).

[0270] Insomeembodiments, prior to conjugation to epoxy
ketone protease inhibitors, PEG has 1, 2, 3,4, 5,6, 7, 8, 9, or
10 reactive functional groups (e.g., azide groups).

[0271] Variable R**

[0272] Insome embodiments, R'* is present.

[0273] Insome embodiments, R'* is:
—CH,OC(=0)R'S; )
—C(=0)YOCH,OC(=0)R'®; or (i)
—SR!'S; (iif)

wherein:

R'® is C,salkyl, C, chaloalkyl, C, salkoxyC, salkyl,

Cq.10aryl, C,_>aralkyl, C;_;cycloalkyl, heteroaryl including
from 5-10 ring atoms, or heterocyclyl including from 3-7 ring
atoms, each of which is optionally substituted; or

R'% is —Y™ —7™; wherein:

Y™ is a divalent spacer comprising one or more of the follow-
ing moieties (e.g., comprising 1, 2, 3, 4, or 5 of the following
moieties; e.g., comprising 1, 2, or 3 of the following moieties;
e.g., consisting of 1, 2, 3, 4, or 5 of the following moieties;
e.g., consisting of 1, 2, or 3 of the following moieties): het-
eroatom (e.g., N, O, or S), alkylene chain, heteroalkylene
chain, polyheteroalkylene chain, alkenylene chain, —OC
(=0)—, —C(=0)0—, —NHC(—0)—, —C(—O)NH—,
—C(—=0)—, cyclodextrin, human serum albumin, amino
acid, amino acid mimetic, or hydrazine;

[0274] Z' is conjugate for enhancing solubility, stability,
half-life, permeability, volume of distribution, and/or target
specificity, which comprises one or more of the following
moieties (e.g., comprise 1, 2, 3, 4, or 5 of the following
moieties; e.g., comprise 1, 2, or 3 of the following moieties;
e.g., consist of 1, 2, 3, 4, or 5 of the following moieties; e.g.,
consistof 1,2, or 3 of the following moieties): alkylene chain,
heteroalkylene chain, polyheteroalkylene chain, alkenylene
chain, cyclodextrin, alkylated cyclodextrin, human serum
albumin, —OC(—0)—, —C(—0)0—, —NHC(—0)—,
—C(—0O)NH—, —C(—0)—, monoclonal anti-body, qua-
ternary ammonium ion, NH,, docosahexenoic acid, hyalu-
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ronic acid, poly(L-glutamic acid), N-(2-hydroxypropyl)
methacrylamide copolymer, or dendrimers (e.g., nitro-
substituted dendrimers); and

risOor 1.

[0275] In some embodiments, each of Y, Y', Y", and Y™ is
independently a divalent spacer comprising one or more of
the following moieties (e.g., comprising 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprising 1, 2, or 3 of the following
moieties; e.g., consisting of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consisting of 1, 2, or 3 of the following moi-
eties): heteroatom (e.g., N, O, or S), alkylene chain, het-
eroalkylene chain, polyheteroalkylene chain, alkenylene

chain, —OC(=0)—, —C(=0)0—, —NHC(=0)—,
—C(—=0O)NH—, —C(—0)—, amino acid, or amino acid
mimetic.

[0276] In some embodiments, each of Z, 7', Z", and 7' is

independently a conjugate for enhancing solubility, stability,
half-life, permeability, volume of distribution, and/or target
specificity, which comprises one or more of the following
moieties (e.g., comprise 1, 2, 3, 4, or 5 of the following
moieties; e.g., comprise 1, 2, or 3 of the following moieties;
e.g., consistof 1, 2, 3, 4, or 5 of the following moieties; e.g.,
consist of 1, 2, or 3 ofthe following moieties): alkylene chain,
heteroalkylene chain, polyheteroalkylene chain, alkenylene
chain, —OC(—0)—, —C(—=0)0—, —NHC(=0)—,
—C(—=0O)NH—, —C(=—0)—, quaternary ammonium ion,
NH,, docosahexenoic acid, hyaluronic acid, poly(L-glutamic
acid), N-(2-hydroxypropyl) or methacrylamide copolymer.

[0277] Insomeembodiments, the prodrughas Formula 1H:
1H

2

0 RS3 R0 RS : FEG
)]\ |
N R}
R! N N
| | CH;z
RV 5] RS2 RM R* R® /|

[0278] whereinmis1,2,3,4,5,6,7,8,9,0r10,e.g., 2,3,

4,5,6,7,8,9,0r10;

[0279] and the compound is attached to the PEG through
one of R™, R, R™ or R™, wherein at least one of R, R™*?,
R™ or R"is R

[0280] In certain embodiments, m is 8.
[0281] In certain embodiments, m is 4.
[0282] In certain embodiments, m is 2.
[0283] In certain embodiments, m is 1.
[0284] When present as a divalent moiety in formula 1H,

R'*is —R¥—R?°— in which R?" is connected to PEG, and
R' is a divalent spacer comprising one or more of the fol-
lowing moieties (e.g., comprise 1, 2, 3, 4, or 5 of the following
moieties; e.g., comprise 1, 2, or 3 of the following moieties;
e.g., consistof 1, 2, 3, 4, or 5 of the following moieties; e.g.,
consist of 1, 2, or 3 of the following moieties): heteroatom
(e.g., N, O, or S), alkylene chain, heteroalkylene chain, poly-
heteroalkylene chain, alkenylene chain, arylene including
6-10 ring atoms, heteroarylene including from 5-10 ring
atoms (wherein from 1-3 of the ring atoms are independently
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selected from N, NH, N—C, -C; alkyl, O, and S), heterocy-
cloalkylene including 3-9 ring atoms (wherein from 1-3 of the
ring atoms are independently selected from N, NH, N—C, -
C, alkyl, O, and S), —OC(—=0)—, —C(—=0)0O—, —NHC
=0)y—  —CE=ONH—,  —N(C, zalkyhC(=0),
—C(—=0O)N(C, 4alkyl)-, —C(—O)—, —NHC(—O)NH—,
cyclodextrin, human serum albumin, amino acid, amino acid
mimetic, or hydrazine, wherein arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms, and
heterocycloalkylene including 3-9 ring atoms are each
optionally substituted with 1, 2, or 3 substituents each inde-
pendently selected from the group consisting ot halo, cyano,
nitro, hydroxyl, C,_salkoxy, heteroalkyl, C ,, aryloxy, C, ,,
aralkoxy, CF;, quaternary ammonium ion, sugar, C,_salkyl,
—C(—0)(C salkyl), —S80,(C,. alkyl), —C(—0)O(C\_s
alkyl), —C(—0)O(heteroalkyl), —C(—O)NH(C, 4 alkyl),
—C(=—0O)NH(heteroalkyl), —C(—O)(phenyl), —SO,(phe-
nyl), and phosphate (or a salt thereof).

[0285] In some embodiments, R'* is divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4,0r 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms
(wherein from 1-3 of the ring atoms are independently
selected from N, NH, N—C, -C; alkyl, O, and S), heterocy-
cloalkylene including 3-9 ring atoms (wherein from 1-3 of the
ring atoms are independently selected from N, NH, N—C, -
C, alkyl, O, and S), —OC(=—=0)—, —C(—=0)0O—, —NHC
=0)y—  —CE=ONH—,  —N(C, calkyhDC(=0),
—C(—=0O)N(C, 4alkyl)-, —C(—0)—, or —NHC(=0)
NH—, wherein 6-10 membered arylene, 5-10 membered het-
eroarylene, and 6-10 membered cycloalkylene are each
optionally substituted with 1, 2, or 3 substituents each inde-
pendently selected from the group consisting ot halo, cyano,
C, salkoxy, heteroalkyl, CF;, and C,_salkyl.

[0286] Insome embodiments, R'* is divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4,0r 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms
(wherein from 1-3 of the ring atoms are independently
selected from N, NH, N—C,-C; alkyl, O, and S), heterocy-
cloalkylene including 3-9 ring atoms (wherein from 1-3 of the
ring atoms are independently selected from N, NH, N—C, -
Cs alkyl, O, and S), —NHC(—=0)—, —C(—O)NH—,
—N(C,s allyDC(=0), —CONC,; alkyD-,
—C(—=0)—, or —NHC(—O)NH—, wherein 6-10 mem-
bered arylene, 5-10 membered heteroarylene, and 6-10 mem-
bered cycloalkylene are each optionally substituted with 1, 2,
or 3 substituents each independently selected from the group
consisting of halo, C, alkoxy, heteroalkyl, CF;, and

C, galkyl.
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[0287] Insomeembodiments, R'* isa divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4, or 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, —C(—0)—, —NHC(—0)—, —C(—0O)NH—, het-
eroalkylene chain, phenylene, indolylene, indolinylene,
thiophenylene, or furanylene, wherein phenylene,
indolylene, indolinylene, thiophenylene, and furanylene are
optionally substituted with 1, 2, or 3 substituents each inde-
pendently selected from the group consisting of halo, C,
alkoxy, heteroalkyl, CF;, and C, salkyl. In certain embodi-
ments, when alkylene chain is present, the alkylene chain is
linked to the backbone nitrogen.

[0288] In certain embodiments, R'* is -alkylene (e.g.,
C1-C6, C1-C3) chain-O—C(O)-phenylene-, e.g., —CH,—
O—C(O)-phenylene-. In embodiments, the alkylene chain is
linked to the backbone nitrogen (i.e., nitrogen attached to one
of RM, R, R™ or R™).

[0289] R is a heteroarylene including 5-6 ring atoms
((wherein from 1-4 of the ring atoms are independently
selected from N, NH, N—C,-C; alkyl, O, and S; e.g., con-
taining one or more, e.g., from 1-4, 1-3, 1-2 nitrogen atoms),
optionally substituted with 1, 2, or 3 substituents indepen-
dently selected from C, qalkyl, C, ghydroxyalkyl,
C, salkoxyC, calkyl, Cg qaryl, or C,_,aralkyl, each of
which is optionally substituted with a group selected from
amide, amine, carboxylic acid or a pharmaceutically accept-
able salt thereof; or R*° is absent (e.g., R*® is present and is as
defined above).

[0290] Insome embodiments, R* is
RSS
g
|
N
[0291] Insome embodiments, R* is H, C,_salkyl, C,_shy-

droxyalkyl, C, calkoxyC, .alkyl, C, ,qaryl, or C,_,,aralkyl,
each of which is optionally substituted with a group selected
from amide, amine, carboxylic acid or a pharmaceutically
acceptable salt thereof, carboxyl ester, thiol, and thioether.

[0292] In certain embodiments, R* is H or C,_alkyl.
[0293] In certain embodiments, RS is H.

[0294] In other embodiments, R is absent.

[0295] The PEG can have any one of the architectures

described herein (e.g., formulas 2A-2H; table AA).
[0296] Insome embodiments, PEG has a molecular weight
of greater than 1 kDa.

[0297] Insome embodiments, PEG has a molecular weight
of'about 1 kDa.
[0298] Insome embodiments, PEG has a molecular weight

of greater than 2 kDa.

[0299] Insome embodiments, PEG has a molecular weight
of'about 2 kDa.
[0300] Insomeembodiments, PEG has a molecular weight

of greater than 5 kDa.
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[0301] Insomeembodiments, PEG has a molecular weight
of'about 5 kDa.
[0302] Insomeembodiments, PEG has a molecular weight

of greater than 10 kDa.

[0303] Insomeembodiments, PEG has a molecular weight
of'about 10 kDa.

[0304] Insomeembodiments, PEG has a molecular weight
of greater than 20 kDa.

[0305] Insomeembodiments, PEG has a molecular weight
of'about 20 kDa.

[0306] Insomeembodiments, PEG has a molecular weight
of greater than 30 kDa.

[0307] Insomeembodiments, PEG has a molecular weight
of'about 30 kDa.

[0308] Insomeembodiments, PEG has a molecular weight
of greater than 40 kDa.

[0309] Insomeembodiments, PEG has a molecular weight
of about 40 kDa.

[0310] Insomeembodiments, PEG has a molecular weight
of greater than 50 kDa.

[0311] Insomeembodiments, prior to conjugation to epoxy
ketone protease inhibitors, PEG has a plurality of reactive
functional groups (e.g., azide groups).

[0312] Insomeembodiments, prior to conjugation to epoxy
ketone protease inhibitors, PEG has 1, 2, 3,4, 5,6, 7, 8, 9, or
10 reactive functional groups (e.g., azide groups).

[0313] Variables R, R™?, R, and R™

[0314] In some embodiments, each of R', R R™?, and
RMisH.

[0315] Variables R* and R’

[0316] Insomeembodiments, R* and R’, together with the

carbon atom to which both are attached, form a carbonyl
group.

[0317] Non-Limiting R*, R*?, R'? and R"*Combinations
[0318] Insomeembodiments,oneof R'' R*? R'? and R'*
is present.

[0319] Insomeembodiments, oneofR*, R*?, R*?, and R™*

is present, wherein R'! is present, and R* and R® together
form an expoxide ring.

[0320] Insomeembodiments, oneofR*, R*?, R*?, and R™*
is present, R? is hydroxyl, and wherein R*? is present and is a
leaving group.

[0321] Insomeembodiments,oneof R'' R*? R'? and R'*
is present, R* activated hydroxyl, and wherein R'? is present
and is a leaving group.

[0322] Insomeembodiments, oneof R'®and R**is present,
R? is hydroxyl, R'! is present, and wherein R'? is present is a
leaving group.

[0323] Insomeembodiments, oneofR'? and R**is present,
R? is activated hydroxyl, R'! is present, and wherein R'? is
present is a leaving group.

[0324] Insomeembodiments, oneof R'' and R**is present,
R? is hydroxyl, R'? is present, and wherein R'? is present is a
leaving group.

[0325] Insomeembodiments, oneofR'! and R**is present,
R? is activated hydroxyl, R? is present, and wherein R*? is
present is a leaving group.

[0326] Insomeembodiments, oneofR'! and R is present,
R? is hydroxyl, R** is present, and wherein R'? is present is a
leaving group.

[0327] Insomeembodiments, oneofR'! and R is present,
R? is activated hydroxyl, R'* is present, and wherein R'? is
present is a leaving group.

18

Apr. 17,2014

[0328] In some embodiments, each of R'!, R*? R'?, and
R is present, R is hydroxyl, and wherein R'? is a leaving
group.

[0329] In some embodiments, each of R*!, R*?, R'?, and
R is present, R? is activated hydroxyl, and wherein R*?is a
leaving group.

[0330] Insome embodiments, R'! is present.

[0331] Insome embodiments, R'? is present.

[0332] Insome embodiments, R'* is present.

[0333] PEG Architecture

[0334] It is understood that one or more independently

selected formula (I) compounds (i.e., each of the compounds
can be the same or different) can be conjugated to a polyeth-
ylene glycol (PEG) polymer chain.

[0335] In some embodiments, the PEG has a molecular
weight between about 1 kDa and about 40 kDa.

[0336] In some embodiments, the PEG has a molecular
weight of about 1 kDa.

[0337] Insomeembodiments, PEG has a molecular weight
of greater than 1 kDa.

[0338] Insomeembodiments, PEG has a molecular weight
of'about 2 kDa.

[0339] Insome embodiments, PEG has a molecular weight
of greater than 2 kDa.

[0340] In some embodiments, the PEG has a molecular
weight of about 5 kDa.

[0341] Insome embodiments, PEG has a molecular weight

of greater than 5 kDa.

[0342] In some embodiments, the PEG has a molecular
weight of about 10 kDa.

[0343] Insome embodiments, PEG has a molecular weight
of greater than 10 kDa.

[0344] In some embodiments, the PEG has a molecular
weight of about 20 kDa.

[0345] Insome embodiments, PEG has a molecular weight
of greater than 20 kDa.

[0346] In some embodiments, the PEG has a molecular
weight of about 40 kDa.

[0347] Insome embodiments, PEG has a molecular weight
of greater than 40 kDa.

[0348] Insome embodiments, PEG has a molecular weight

of greater than 50 kDa.
[0349] Insomeembodiments, the prodrughas Formula 2A:

24A)
AN NN N @ —su

wherein SM is a compound of Formula (I) attached to the
PEG through a linker.

[0350] In some embodiments, the prodrug is attached to a
bifunctional PEG and has Formula 2B:

(2B)

SM link O.
inker o /\)n/ oM
[0351] wherein each SM is an independently selected com-

pound of Formula (I) attached to the PEG through an inde-
pendently selected linker.
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[0352] In some embodiments, the prodrug is a four-arm
PEG of Formula 2C:

(20

&

O.
SM KON N~
o7, SM

ES

SM

[0353] wherein each SM is an independently selected com-
pound of Formula (I) attached to the PEG through an inde-

pendently selected linker.
[0354] Insomeembodiments, the prodrughas an eight-arm

O
T LT T

n n

n n n n n

"
L
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(2D)

[ linker )

| |
SM

SM

[ linker } { linker] {linker ] [ linker] { linker} ( linker}
SM

| | | |
SM SM SM SM

[0355] wherein each SM is an independently selected com-
pound of Formula (I) attached to the PEG through an inde-

pendently selected linker.

SM
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[0356] Insomeembodiments, the prodrughas an eight-arm
tripentaerythritol core, and is of Formula 2E:
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(2B)

SM

[ hnker

|
(tinker )

;z

O

[N

SM linker \/)\ /?z/

\,

?

[0357] wherein each SM is an independently selected com-
pound of Formula (I) attached to the PEG through an inde-
pendently selected linker.

[0358] In some embodiments, the prodrug has a branched
two-arm PEG, and is of Formula 2F:

sM—(Tmker O: :
(6]
n O\
[0359] wherein each SM is an independently selected com-

pound of Formula (I) attached to the PEG through an inde-
pendently selected linker.

(A~

O
n

\

§
(0]

SM

[0360] In some embodiments, the prodrug has a branched
four-arm PEG, and is of Formula 2G:

26)

sM U o—
0 o

[0361] wherein each SM is an independently selected com-
pound of Formula (I) attached to the PEG through an inde-
pendently selected linker.
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[0362] In some embodiments, the prodrug has a branched
four-arm PEG, and is of Formula 2H:

(2H)

o

s
O O
O>J/O>J/
O7j\0>L
O O
N O

sM— (k)

n

[0363] wherein each SM is an independently selected com-
pound of Formula (I) attached to the PEG through an inde-

pendently selected linker.
[0364] In some embodiments, the PEG architecture of the

prodrugs is disclosed in Table AA.
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TABLE AA
For- PEG
mula Structure Architecture
2A (0] @) Linear
T N SN (s
2B SM (o) Bifunctional
O/\%n/ SM
2C SM 4-Arm
linker,
n
O

!

@]
SN N
M —( 0 0 .
7&/ T ol NG —sv
[@]

)

7

linker

SM
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TABLE AA-continued

For- PEG
mula Structure Architecture
2D ‘/\O/ﬁ/\o/\/\o/\(\o/\ﬁ\o/\(\o/ﬁ/\o/\ 8-Arm .

hexaglycerin
O)1 O)1 O)I O)1 O)I O)I O)I O>I core

D R @ @ @ G @ @

SM SM SM SM SM SM SM SM
2E SM SM SM 8-Arm
tripentaerythritol
core
n n n
o} O 0}
O
M 0 w\o o) 0 ov\ linker)—SM
O n
O 0} O
o} O O
linker linker
SM SM SM
2F O— Branched
2-Arm
O \n
OJ
e}
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TABLE AA-continued
For- PEG
mula Structure Architecture
2G O— Branched
/ 4-Arm
Q\n
0 —\(/_
O 4/_<— (6]
* N
O-J ! Q
\
M X /
O}‘—\_ O
" 0 o) —I
\_<;OK_\
AN
! (6]
\

2H v e Branched

"\)O 0 4-Arm

>J/O>J/O
(@) (@)
SM—{ linker
0)1()?1
ﬁ/\ !
(6] O
~NN
[0365] Insomeembodiments,the compound is a prodrugof [0366] Insomeembodiments,the compound is a prodrugof
compound A: compound B:
(|) Ph
(€] (€]
O- NS N Y N
H F H
(6]

Ph

0
H
N\;)I\N N :
>/s o =\
0
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[0367] Non-Limiting Combinations
[0368] [A] In some embodiments, the compound has for-
mula (I); and
[0369] R®has formula (II):
an
RN4
Het—M IL\%,
\I(l/ I
[0370] wherein Het is heterocyclyl that includes from 5-6

ring atoms, wherein at least one ring atom is a nitrogen atom
selected from —N(H)—, —N(M)-, or —N(C,-C; alkyl)-
(e.g., morpholino), and M is C,-C, , alkyl (e.g., CH,);
[0371] R®! and R* are each independently C,_salkyl, and
R%? and R** are each independently C,_,aralkyl (e.g., R
and R*® are both isobutyl, R** is phenylethyl, and R** is
phenylmethyl).

[0372] R, R™,R™, and R™ are each H;

[0373] R*and R’, together with the carbon atom to which
both are attached, form a carbonyl group;

[0374] R? is hydroxyl, and R'? is present and is selected
from: (i) —OSO,—R'¢ (e.g., R* is C,_,alkyl (e.g., CH;) or
Ce.10aryl (e.g., phenyl); (ii) halo (e.g., iodo); and (iii)
—080,—R""—R*-PEG.

[0375] In some embodiments, the PEG can have PEG
architecture 2A.

[0376] Insomeembodiments, PEG has a molecular weight
of greater than 1 kDa.

[0377] Insomeembodiments, PEG has a molecular weight
of'about 1 kDa.
[0378] Insomeembodiments, PEG has a molecular weight

of greater than 2 kDa.

[0379] Insomeembodiments, PEG has a molecular weight
of'about 2 kDa.
[0380] Insomeembodiments, PEG has a molecular weight

of greater than 5 kDa.

[0381] Insomeembodiments, PEG has a molecular weight
of'about 5 kDa.
[0382] Insomeembodiments, PEG has a molecular weight

of greater than 10 kDa.

[0383] Insomeembodiments, PEG has a molecular weight
of'about 10 kDa.

[0384] Insomeembodiments, PEG has a molecular weight
of greater than 20 kDa.

[0385] Insomeembodiments, PEG has a molecular weight
of'about 20 kDa.

[0386] Insomeembodiments, PEG has a molecular weight
of greater than 30 kDa.

[0387] Insomeembodiments, PEG has a molecular weight
of'about 30 kDa.

[0388] Insomeembodiments, PEG has a molecular weight
of greater than 40 kDa.

[0389] Insome embodiments, PEG has a molecular weight
of about 40 kDa.

[0390] Insomeembodiments, PEG has a molecular weight
of greater than 50 kDa.

[0391] Insomeembodiments, prior to conjugation to epoxy
ketone protease inhibitors, PEG has a plurality of reactive
functional groups (e.g., azide groups).
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[0392] Insomeembodiments, priorto conjugation to epoxy
ketone protease inhibitors, PEG has 1, 2,3,4,5,6,7, 8,9, or
10 reactive functional groups (e.g., azide groups).

[0393] In some embodiments (e.g., when R is present),
R' is a divalent spacer comprising one or more of the fol-
lowing moieties (e.g., comprising 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprising 1, 2, or 3 of the following
moieties; e.g., consisting of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consisting of 1, 2, or 3 of the following moi-
eties): heteroatom (e.g., N, O, or S), alkylene chain, het-
eroalkylene chain, phenylene, indolylene, indolinylene,
thiophenylene, or furanylene (e.g., phenylene), wherein phe-
nylene, indolylene, indolinylene, thiophenylene, and fura-
nylene are optionally substituted with 1, 2, or 3 substituents
each independently selected from the group consisting of
halo, C,_salkoxy, heteroalkyl, CF;, and C, _;alkyl. In embodi-
ments, R20 is

RS5
P
|
=N

e.g., R® is hydrogen.

[0394] [B] In some embodiments, the compound has for-
mula (V); and
[0395] Qis SO,;
[0396] R! has formula (II):
an
R
Het—M IL\X,
\I(l/ I
[0397] wherein Het is heterocyclyl that includes from 5-6

ring atoms, wherein at least one ring atom is a nitrogen atom
selected from —N(H)—, —N(M)-, or —N(C,-C; alkyl)-
(e.g., morpholino), and M is C,-C,, alkyl (e.g., CH,);

[0398] R®! and R* are each independently C,_alkyl, and
R*? and R** are each independently C,_, ,aralkyl (e.g., R*
and R*® are both isobutyl, R** is phenylethyl, and R** is

phenylmethyl).
[0399] R*,RM, R™, and R™ are each H;
[0400] R*and R, together with the carbon atom to which

both are attached, form a carbonyl group; and

[0401] R?is hydroxyl.
[0402] In some embodiments, m is 2, 4, or 8;
[0403] Insome embodiments, R*° is present; e.g., R* is
RSS
3
|
NZN
eg,R¥isH.
[0404] Insome embodiments, R*° is absent.
[0405] In some embodiments, the PEG can have PEG

architecture 2B or 2C.
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[0406] Insomeembodiments, PEG has a molecular weight
of greater than 1 kDa.

[0407] Insome embodiments, PEG has a molecular weight
of'about 1 kDa.
[0408] Insome embodiments, PEG has a molecular weight

of greater than 2 kDa.

[0409] Insome embodiments, PEG has a molecular weight
of'about 2 kDa.
[0410] Insomeembodiments, PEG has a molecular weight

of greater than 5 kDa.

[0411] Insome embodiments, PEG has a molecular weight
of'about 5 kDa.
[0412] Insome embodiments, PEG has a molecular weight

of greater than 10 kDa.

[0413] Insome embodiments, PEG has a molecular weight
of'about 10 kDa.

[0414] Insome embodiments, PEG has a molecular weight
of greater than 20 kDa.

[0415] Insome embodiments, PEG has a molecular weight
of'about 20 kDa.

[0416] Insomeembodiments, PEG has a molecular weight
of greater than 30 kDa.

[0417] Insome embodiments, PEG has a molecular weight
of'about 30 kDa.

[0418] Insome embodiments, PEG has a molecular weight
of greater than 40 kDa.

[0419] Insome embodiments, PEG has a molecular weight
of about 40 kDa.

[0420] Insome embodiments, PEG has a molecular weight
of greater than 50 kDa.

[0421] Insomeembodiments, prior to conjugation to epoxy
ketone protease inhibitors, PEG has a plurality of reactive
functional groups (e.g., azide groups).

[0422] Insomeembodiments, prior to conjugation to epoxy
ketone protease inhibitors, PEG has 1, 2, 3,4, 5,6, 7, 8, 9, or
10 reactive functional groups (e.g., azide groups).

[0423] In some embodiments (e.g., when R*° is present,
e.g., as defined above), R is a divalent spacer comprising
one or more of the following moieties (e.g., comprising 1, 2,
3,4, or 5 of the following moieties; e.g., comprising 1,2, or 3
of the following moieties; e.g., consisting of 1, 2, 3, 4, or 5 of
the following moieties; e.g., consisting of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, phenylene, indolylene, indoli-
nylene, thiophenylene, or furanylene (e.g., phenylene),
wherein phenylene, indolylene, indolinylene, thiophenylene,
and furanylene are optionally substituted with 1, 2, or 3 (e.g.,
2) substituents each independently selected from the group
consisting of halo, C, alkoxy, heteroalkyl, CF;, and
C, salkyl (e.g., C, 4 alkoxy, e.g., methoxy or C,_.alkyl, e.g.,
methyl). In certain embodiments, R*® is.

or
O
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in embodiments, R*° is present, e.g., as defined above.
[0424] In some embodiments (e.g., when R*° is absent),
R is a divalent spacer comprising one or more of the fol-
lowing moieties (e.g., comprising 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprising 1, 2, or 3 of the following
moieties; e.g., consisting of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consisting of 1, 2, or 3 of the following moi-
eties): heteroatom (e.g., N, O, or S), alkylene chain, —NHC
(—=0)—, —C(—=0O)NH—, heteroalkylene chain, phenylene,
indolylene, indolinylene, thiophenylene, or furanylene,
wherein phenylene, indolylene, indolinylene, thiophenylene,
and furanylene are optionally substituted with 1, 2, or 3 sub-
stituents each independently selected from the group consist-
ing of halo, C,_salkoxy, heteroalkyl, CF;, and C,_salkyl. In
certain embodiments, when either of —NHC(—O)— or
—C(—=0O)NH— is present, —NHC(—0)— or —C(—0)
NH— is linked to PEG.

[0425] [C] In some embodiments, the compound has for-
mula (IV); and
[0426] R! has formula (II):
an
R

Het—M\“/N\X,
fo) RS4

wherein Het is heterocyclyl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N(H)—, —N(M)-, or —N(C, -C; alky])- (e.g., mor-
pholino), and M is C,-C,, alkyl (e.g., CH,);

[0427] R®! and R* are each independently C,_alkyl, and
R** and R** are each independently C,_,,aralkyl (e.g., R**
and R*® are both isobutyl, R** is phenylethyl, and R** is
phenylmethyl).

[0428] R, R™, R™, and R™ are each H;

[0429] R*and R, together with the carbon atom to which
both are attached, form a carbonyl group;

[0430] R? is hydroxyl, or R'? is present and is selected
from: (i) —OS0O,—R'¢ (e.g., R'%is C,_,alkyl (e.g., CH;) or
Cs.,0aryl (e.g., phenyl); and (ii) halo (e.g., iodo).

[0431] In some embodiments, m is 2, 4, or 8.
[0432] Insome embodiments, R*° is present; e.g., R*® is
RSS
e
|
N
eg,R¥isH.
[0433] Insome embodiments, R*° is absent.
[0434] In some embodiments, the PEG can have PEG

architecture 2B or 2C.
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[0435] In some embodiments, the PEG can have PEG [0456] Insome embodiments, R*? is one selected from the
architecture 2D. group consisting of:

[0436] In some embodiments, the PEG can have PEG
architecture 2E or 2F.

[0437] In some embodiments, the PEG can have PEG
architecture 2G or 2H.

[0438] Insome embodiments, PEG has a molecular weight
of greater than 1 kDa.

[0439] Insome embodiments, PEG has a molecular weight
of'about 1 kDa.

[0440] Insome embodiments, PEG has a molecular weight
of greater than 2 kDa.

[0441] Insome embodiments, PEG has a molecular weight
of'about 2 kDa.

[0442] Insome embodiments, PEG has a molecular weight
of greater than 5 kDa.

[0443] Insome embodiments, PEG has a molecular weight
of'about 5 kDa.

[0444] Insome embodiments, PEG has a molecular weight
of greater than 10 kDa.

[0445] Insome embodiments, PEG has a molecular weight
of'about 10 kDa.

[0446] Insome embodiments, PEG has a molecular weight
of greater than 20 kDa.

[0447] Insome embodiments, PEG has a molecular weight
of'about 20 kDa.

[0448] Insome embodiments, PEG has a molecular weight
of greater than 30 kDa.

[0449] Insome embodiments, PEG has a molecular weight
of'about 30 kDa.

[0450] Insome embodiments, PEG has a molecular weight
of greater than 40 kDa.

[0451] Insome embodiments, PEG has a molecular weight
of about 40 kDa.

[0452] Insome embodiments, PEG has a molecular weight
of greater than 50 kDa.

[0453] Insomeembodiments, prior to conjugation to epoxy
ketone protease inhibitors, PEG has a plurality of reactive
functional groups (e.g., azide groups).

[0454] Insomeembodiments, prior to conjugation to epoxy
ketone protease inhibitors, PEG has 1, 2, 3,4, 5,6, 7, 8, 9, or
10 reactive functional groups (e.g., azide groups).

[0455] In some embodiments, R** is divalent spacer com-
prising one or more of the following moieties (e.g., compris-
ing 1,2, 3, 4, or 5 of the following moieties; e.g., comprising
1, 2, or 3 of the following moieties; e.g., consisting of 1, 2, 3,
4, or 5 of the following moieties; e.g., consisting of 1, 2, or 3
of the following moieties): heteroatom (e.g., N, O, or S),
alkylene chain, heteroalkylene chain, arylene including 6-10
ring atoms, heteroarylene including from 5-10 ring atoms
(wherein from 1-3 of the ring atoms are independently
selected from N, NH, N—C, -C; alkyl, O, and S), heterocy-
cloalkylene including 3-9 ring atoms (wherein from 1-3 of the
ring atoms are independently selected from N, NH, N—C, -
Cy alkyl, O, and S), —NHC(=0)—, —C(=O)NH—,
—N(C,.alky)C(—O), —C(—ON(C, salkyl)-,
—C(—=0)—, or —NHC(—O)NH—, wherein 6-10 mem-
bered arylene, 5-10 membered heteroarylene, and 6-10 mem-
bered cycloalkylene are each optionally substituted with 1, 2,
or 3 substituents each independently selected from the group
consisting of halo, C, alkoxy, heteroalkyl, CF;, and

C, galkyl.
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[0457] [D] In some embodiments, the compound has for-
mula (1H); and
[0458] R® has formula (II):

an

RN4

Het—M N

RS4

wherein Het is heterocyclyl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N(H)—, —N(M)-, or —N(C, -C; alky])- (e.g., mor-
pholino), and M is C,-C,, alkyl (e.g., CH,);

[0459] R®! and R* are each independently C,_salkyl, and
R%? and R** are each independently C,_, ,aralkyl (e.g., R*
and R*® are both isobutyl, R** is phenylethyl, and R** is
phenylmethyl).

[0460] oneof R™, R™ R™ and R™is R, and the others
are each H;

[0461] R*and R®, together with the carbon atom to which
both are attached, form a carbonyl group; and

[0462] R?and R?, together with the carbon atoms to which
each is attached, form an epoxide ring.

[0463] In some embodiments, m is 2, 4, or §;

Apr. 17,2014

[0464] Insome embodiments, R*° is present; e.g., R*® is
RSS
i
|

N
eg,R¥isH.
[0465] Insome embodiments, R*° is absent.
[0466] In some embodiments, the PEG can have PEG

architecture 2B or 2C.
[0467] Insome embodiments, PEG has a molecular weight
of greater than 1 kDa.

[0468] Insome embodiments, PEG has a molecular weight
of'about 1 kDa.
[0469] Insome embodiments, PEG has a molecular weight

of greater than 2 kDa.

[0470] Insomeembodiments, PEG has a molecular weight
of'about 2 kDa.
[0471] Insome embodiments, PEG has a molecular weight

of greater than 5 kDa.

[0472] Insome embodiments, PEG has a molecular weight
of'about 5 kDa.
[0473] Insome embodiments, PEG has a molecular weight

of greater than 10 kDa.

[0474] Insome embodiments, PEG has a molecular weight
of'about 10 kDa.

[0475] Insome embodiments, PEG has a molecular weight
of greater than 20 kDa.

[0476] Insomeembodiments, PEG has a molecular weight
of'about 20 kDa.

[0477] Insome embodiments, PEG has a molecular weight
of greater than 30 kDa.

[0478] Insome embodiments, PEG has a molecular weight
of'about 30 kDa.

[0479] Insome embodiments, PEG has a molecular weight
of greater than 40 kDa.

[0480] Insome embodiments, PEG has a molecular weight
of'about 40 kDa.

[0481] Insome embodiments, PEG has a molecular weight
of greater than 50 kDa.

[0482] Insomeembodiments, priorto conjugation to epoxy
ketone protease inhibitors, PEG has a plurality of reactive
functional groups (e.g., azide groups).

[0483] Insomeembodiments, priorto conjugation to epoxy
ketone protease inhibitors, PEG has 1, 2,3,4,5,6,7, 8,9, or
10 reactive functional groups (e.g., azide groups).

[0484] In some embodiments, R is —R'*—R?°— in
which R*° is connected to PEG, and R'* is a divalent spacer
comprising one or more of the following moieties (e.g., com-
prise 1, 2, 3, 4, or 5 of the following moieties; e.g., comprise
1, 2, or 3 of the following moieties; e.g., consist of 1, 2, 3, 4,
or 5 of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, —C(—0)—, —NHC(—0)—, —C(—0O)NH—, het-
eroalkylene chain, phenylene, indolylene, indolinylene,
thiophenylene, or furanylene, wherein phenylene,
indolylene, indolinylene, thiophenylene, and furanylene are
optionally substituted with 1, 2, or 3 substituents each inde-
pendently selected from the group consisting of halo, C,
alkoxy, heteroalkyl, CF, and C, 4alkyl. In certain embodi-
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ments, when alkylene chain is present, the alkylene chain is
linked to the backbone nitrogen.

[0485] In certain embodiments, R' is -alkylene chain
(e.g., CH,—O—C(O)-phenylene-. In embodiments, the
alkylene chain is linked to the backbone nitrogen.

[0486] Insome embodiments, one R* and R**isR'* (e.g.,
R™) and the other is hydrogen, and R™* and R™ are each
hydrogen.

[0487] Insome embodiments, one R and R* is R, and
the other is hydrogen, and R and R™ are each hydrogen.
[0488] [E] In some embodiments, the compound has for-
mula (VIII); and

[0489] Het is heterocyclyl that includes from 5-6 ring
atoms, wherein at least one ring atom is a nitrogen atom
selected from —N(H)—, —N(M)-, or —N(C,-C; alkyl)-
(e.g., morpholino), and M is C,-C |, alkyl (e.g., CH,);
[0490] the R*°/R*!-containing substituent in formula VIII
is attached to the Het ring nitrogen atom, thereby forming a
quaternary nitrogen atom and wherein the positive charge
associated with the quaternary nitrogen atom is balanced by a
pharmaceutically acceptable anion;

[0491] Ar is phenyl, optionally substituted with from 1-3
substituents  independently selected from C, alkyl,
C, _salkoxy, and halo;

[0492] R®! and R* are each independently C,_salkyl, and
R%? and R** are each independently C,_,aralkyl (e.g., R
and R*® are both isobutyl, R** is phenylethyl, and R** is
phenylmethyl).

[0493] RY,R™,R™, and R™ are each H;

[0494] R*and R®, together with the carbon atom to which
both are attached, form a carbonyl group; and

[0495] R?and R?, together with the carbon atoms to which
each is attached, form an epoxide ring.

[0496] In some embodiments, m is 2, 4, or §;
[0497] Insome embodiments, R*° is present; e.g., R*° is
RSS
-
|

N=N
eg,R¥isH.
[0498] Insome embodiments, R*° is absent.
[0499] Insomeembodiments,the pharmaceutically accept-

able anion is selected from chloride, iodide, acetate, mesy-
late, tosylate, and citrate.

[0500] In some embodiments, the PEG can have PEG
architecture 2B or 2C.

[0501] Insome embodiments, PEG has a molecular weight
of greater than 1 kDa.

[0502] Insome embodiments, PEG has a molecular weight
of'about 1 kDa.
[0503] Insomeembodiments, PEG has a molecular weight

of greater than 2 kDa.

[0504] Insome embodiments, PEG has a molecular weight
of'about 2 kDa.
[0505] Insome embodiments, PEG has a molecular weight

of greater than 5 kDa.

[0506] Insomeembodiments, PEG has a molecular weight
of'about 5 kDa.
[0507] Insome embodiments, PEG has a molecular weight

of greater than 10 kDa.
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[0508] Insomeembodiments, PEG has a molecular weight
of'about 10 kDa.

[0509] Insomeembodiments, PEG has a molecular weight
of greater than 20 kDa.

[0510] Insomeembodiments, PEG has a molecular weight
of'about 20 kDa.

[0511] Insome embodiments, PEG has a molecular weight
of greater than 30 kDa.

[0512] Insome embodiments, PEG has a molecular weight
of'about 30 kDa.

[0513] Insome embodiments, PEG has a molecular weight
of greater than 40 kDa.

[0514] Insome embodiments, PEG has a molecular weight
of'about 40 kDa.

[0515] Insome embodiments, PEG has a molecular weight
of greater than 50 kDa.

[0516] Insomeembodiments, priorto conjugation to epoxy
ketone protease inhibitors, PEG has a plurality of reactive
functional groups (e.g., azide groups).

[0517] Insomeembodiments, priorto conjugation to epoxy
ketone protease inhibitors, PEG has 1, 2,3,4,5,6,7, 8,9, or
10 reactive functional groups (e.g., azide groups).

[0518] Insome embodiments, R*! is a divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4, or 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, —C(—O)—, or phenylene,
wherein phenylene is optionally substituted with 1, 2, or 3
substituents each independently selected from the group con-
sisting of halo, C,_alkoxy, heteroalkyl, CF;, and C, salkyl.
[0519] Insome embodiments, R*! is a divalent spacer com-
prising one or more of the following moieties (e.g., comprise
1,2, 3, 4, or 5 of the following moieties; e.g., comprise 1, 2,
or 3 of the following moieties; e.g., consist of 1,2, 3, 4, or 5
of the following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alkylene
chain, heteroalkylene chain, or —C(—O)—.

[0520] In certain embodiments, R*' is —O—C(O)-alky-
lene chain (e.g., C,).

[0521] [F] In some embodiments, the compound has for-
mula (IT); and
[0522] R has formula (II):

an

RN4
Het—M \ﬂ/ N\%
fo) RS4

wherein Het is heterocyclyl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N(H)—, —N(M)-, or —N(C, -C; alky])- (e.g., mor-
pholino), and M is C,-C,, alkyl (e.g., CH,);

[0523] R®! and R* are each independently C,_alkyl, and
R** and R** are each independently C,_,,aralkyl (e.g., R
and R® are both isobutyl, R** is phenylethyl, and R** is
phenylmethyl).

[0524] R™,R™, R™, and R™ are each H; and

[0525] R?and R?, together with the carbon atoms to which
each is attached, form an epoxide ring.

[0526] In some embodiments, m is 2, 4, or 8;
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[0527] Insome embodiments, R*° is present; e.g., R*° is
RSS
-
|

N=N
eg,R¥isH.
[0528] Insome embodiments, R*° is absent.
[0529] In some embodiments, the PEG can have PEG

architecture 2B or 2C.
[0530] Insome embodiments, PEG has a molecular weight
of greater than 1 kDa.

[0531] Insome embodiments, PEG has a molecular weight
of'about 1 kDa.
[0532] Insome embodiments, PEG has a molecular weight

of greater than 2 kDa.

[0533] Insome embodiments, PEG has a molecular weight
of'about 2 kDa.
[0534] Insome embodiments, PEG has a molecular weight

of greater than 5 kDa.

[0535] Insome embodiments, PEG has a molecular weight
of'about 5 kDa.
[0536] Insome embodiments, PEG has a molecular weight

of greater than 10 kDa.

[0537] Insome embodiments, PEG has a molecular weight
of'about 10 kDa.

[0538] Insome embodiments, PEG has a molecular weight
of greater than 20 kDa.

[0539] Insome embodiments, PEG has a molecular weight
of'about 20 kDa.

[0540] Insome embodiments, PEG has a molecular weight
of greater than 30 kDa.

[0541] Insome embodiments, PEG has a molecular weight
of'about 30 kDa.
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[0542] Insome embodiments, PEG has a molecular weight
of greater than 40 kDa.

[0543] Insome embodiments, PEG has a molecular weight
of'about 40 kDa.

[0544] Insome embodiments, PEG has a molecular weight
of greater than 50 kDa.

[0545] Insomeembodiments, priorto conjugation to epoxy
ketone protease inhibitors, PEG has a plurality of reactive
functional groups (e.g., azide groups).

[0546] Insomeembodiments, priorto conjugation to epoxy
ketone protease inhibitors, PEG has 1, 2,3,4,5,6,7, 8,9, or
10 reactive functional groups (e.g., a21de groups)

[0547] In some embodiments, R'’ —R”—Rzo—, in
which R?® is connected to PEG, and R17 is a divalent spacer
comprising one or more of the following moieties (e.g., com-
prising 1, 2, 3, 4, or 5 of the following moieties; e.g., com-
prising 1, 2, or 3 of the following moieties; e.g., consisting of
1,2, 3, 4, or 5 of the following moieties; e.g., consisting of 1,
2, or 3 of the following moieties): alkylene chain, heteroalky-
lene chain, —NHC(—0)—, —C(—O)NH—, —N(C,_
salky)C(—0), %( O)N(C, 4 alkyl)-, —C(—0)—, or
—NHC(—O)NH

[0548] Insome embodlments, R'7 is a divalent spacer com-
prising one or more of the following moieties (e.g., compris-
ing 1,2, 3, 4, or 5 of the following moieties; e.g., comprising
1, 2, or 3 of the following moieties; e.g., consisting of 1, 2, 3,
4, or 5 of the following moieties; e.g., consisting of 1,2, or 3
of the following moieties): alkylene chain, heteroalkylene
chain, or —C(—0)— (e.g., alkylene chain or —C(—0)—).
In certain embodiments (e.g., when A is NH), the
—C(—=0)— is attached to A.

[0549] In certain embodiments, R'” is —C(=0)-alkylene
chain. In certain embodiments, A is NH, R'” is —C(=0)-
alkylene chain, and the —C(—O)— is attached to A.

[0550] In some embodiments, the compound is selected
from the compounds disclosed in Tables A and B.

TABLE A

Compound
number

Structure

1

Ph

Ph

Ph
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TABLE A-continued
Compound
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TABLE A-continued
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TABLE B-continued
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[0551] In some embodiments, the compound is selected
from the compounds disclosed in Table C.
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[0552] In some embodiments, the compound is selected
from the compounds disclosed in Table C1.
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[0553] The disclosure provides, inter alia, a process for
preparing a therapeutic agent comprising reacting the com-
pound under conditions sufficient to remove any one or more
of R? R, R? R' and R™*

[0554] In some embodiments, the present disclosure pro-
vides a process for preparing a therapeutic agent comprising
reacting a compound described herein under conditions suf-
ficient to remove any one or more of R*, R'?, R*? and R'*.
[0555] The disclosure provides, inter alia, a pharmaceutical
composition including any one or more of the compounds
described herein and a pharmaceutically acceptable carrier.
[0556] The present disclosure provides, inter alia, a method
for treating a disease or condition selected from the group
consisting of cancer, autoimmune disease, graft or transplant-
related condition, neurodegenerative disease, fibrotic-associ-
ated condition, ischemic-related conditions, infection (viral,
parasitic or prokaryotic) and diseases associated with bone
loss, the method comprising administering to a patient a
therapeutically effective amount of any one or more of the
compounds or pharmaceutical compositions described herein
and a pharmaceutically acceptable carrier.

[0557]

cancer.

In some embodiments, the disease or condition is

Apr. 17,2014

[0558] In some embodiments, the cancer is multiple
myeloma.

Preparation of Compounds and Prodrug Activation

[0559] The compound scaffolds described herein can be
prepared using, e.g., methods of preparation described in one
or more of U.S. Pat. Nos. 7,687,456, 7,737,112, 7,232,818,
and 7,417,042. The compound scaffolds can be modified as
described herein and using conventional methods known in
the art.

[0560] Examples of modifications of epoxy ketone pro-
tease inhibitors are shown, for example, in FIG. 2.

Activated Diols

[0561] Referring to FIG. 1, in some embodiments, the
epoxy moiety of the epoxy ketone protease inhibitor can be
deactivated by replacing the epoxide with a diol (e.g., by
cleaving the epoxide to a diol). The diol can be activated and
the epoxy ketone protease inhibitor can be converted to an
active form by undergoing cyclization and re-formation of the
epoxide at a target pH (e.g., a physiological pH). Scheme 1
illustrates an example activated diol undergoing pH-driven
epoxide re-formation.

Scheme 1

hN/W \)J\g \)J\N {

(1]

O

¢

Ph
LG = Leaving group

(€] (€]

H\)k H\)k ’

N N

/\!r . N : N
0 E 0 B 0
~ Ph
Ph
[0562] Epoxy ketone protease inhibitor prodrugs having an

activated diol can include a leaving group. In some embodi-
ments, the leaving groups include an activated linker, a
spacer, a conjugate, or combination thereof. Table D shows
examples of activated diol leaving groups (with different
combinations of spacer and conjugate) in epoxy ketone pro-
tease inhibitors designed, for example, for subcutaneous and
intravenous administration. Referring to Table D, the leaving
groups can include (i) polymers such as, but not limited to,
hyaluronic acid, poly(ethylene glycol), carboxymethylcyclo-
dextran, poly(L-glutamic acid), and N-(2-hydroxypropryl)
methacrylamide copolymer; (ii) proteins; (iii) dendrimers; or
(iv) antibodies and antibody fragments. In some embodi-
ments, the epoxy ketone protease inhibitors of Table D are
suitable for subcutaneous and intravenous administration.
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[0563] In some embodiments, the activated diol prodrugs
can be converted to an active form by cleavage at a target pH
and/or using enzymes such as, but not limited to, esterases,
cytochrome P450, phosphodiesterase, phosphoamidase,
phosphatase, and DT-diaphorase, or any combination thereof.
In some embodiments, the epoxy ketone protease inhibitor
prodrugs are designed for oral administration.

[0564] Referring to FIG. 11, the scheme illustrates an
example epoxy ketone protease inhibitor prodrug undergoing
pH driven reconversion, tandem to activation by an enzyme
trigger.

[0565] Table E1 lists examples of activated diol leaving
groups suitable for various pH and/or enzyme triggers.
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[0566] PEG Conjugates

[0567] In some embodiments, the epoxy ketone protease
inhibitor prodrugs can include a PEG (polyethylene glycol)
conjugate. PEG conjugates can allow for an increased circu-
lating half-life, reduced proteolytic degradation and/or an
extended duration of action.

[0568] The PEG conjugates can include releasable PEG
carriers of epoxy ketone protease inhibitors. Referring to
FIG. 12, the epoxy ketone protease inhibitor prodrugs can be
chemically released (e.g., in vivo) from the PEG conjugates
by a hydroxide-catalyzed intramolecular c.-oxyanion dis-
placement of a PEG tethered alkyl or aryl sulfonate leaving
group. The PEG conjugate itself can be inactive as a protea-
some inhibitor and active epoxy ketone protease inhibitors
can be released when the conjugate is exposed to a slightly
basic environment. The rate of intramolecular cyclization and
displacement can be varied over a time range by the introduc-
tion of an electron density modulating group. Electron with-
drawing groups increase the rate of displacement and electron
donating groups decrease it.

[0569] In some embodiments that are found in the present
application, the PEG architecture of the conjugate may differ
between prodrugs of epoxy ketone proteasome inhibitors.
The various PEG architectures are described in Table AA (see
above). Architecture type 2A describes a linear PEG, with one
conjugation point. Architecture type 2B describes a bifunc-
tional PEG, with as many as two possible conjugation points.
Architecture type 2C describes a four-arm PEG, with as many
as four possible conjugation points. Architecture type 2D
describes a PEG with an eight-arm hexaglycerin core, with as
many as eight possible conjugation points. Architecture type
2E describes a PEG with an eight-arm tripentaerythritol core,
with as many as eight possible conjugation points. Architec-
ture type 2F describes a branched two-arm PEG, with one
conjugation point. Architecture type 2G describes a branched
four-arm PEG, with one conjugation point. Architecture type
2H describes an alternate embodiment of a branched four-arm
PEG, with one conjugation point. In some non-limiting
embodiments, one architecture type may provide an advan-
tage with respect to ease of synthesis, physicochemical prop-
erties, pharmacokinetic stability, or volume of distribution.
(See, for example, Sim, S L et al. Biotechnol. Bioeng. (2012),
109 (3), 736-46; Prencipe, G. et al. “PEG Branched Polymer
for Functionalization of Nanomaterials with Ultralong Blood
Circulation,” J. Am. Chem. Soc. (2009), 131 (13),4783-4787,
Roth, P J et al. Soft Matter (2013), 9, 1825-1834; and Dha-
wan, S. et al. PEGylation. In Development of Therapeutic
Agents Handbook; Gad, S. C., Ed.; Wiley: Hoboken, 2012;
Chap. 19.)

Synthesis of PEG Conjugates of Epoxy Ketone Protease
Inhibitors

[0570] Insomeembodiments, referring to FIG. 13, a epoxy
ketone protease inhibitor includes a diol that is activated with

Apr. 17,2014

a sulfonate leaving group. The epoxy ketone protease inhibi-
tor can undergo quantitative cyclization to a biologically
active epoxide in buffer (pH=7.4) and/or plasma. The cycliza-
tion and/or cleavage rate can be adjusted by including elec-
tron withdrawing or donating group(s) in the epoxy ketone
protease inhibitor, where electron donating groups can
decrease cyclization rate; while electron withdrawing groups
can increase cyclization rate.

[0571] As discussed above, the epoxy moiety of the epoxy
ketone protease inhibitor can be converted to a diol. The PEG
conjugate can be formed by the linkage of the diol to PEG, via
an electron density modulated alkyl or aryl sulfonate bearing
a functional group compatible with known PEG attachment
chemistries. Referring to FIG. 14, the sulfonate linkage is
formed by the reaction of a diol (e.g., diol 1) with an appro-
priately substituted sulfonyl chloride in the presence of a base
such as DIEA and a catalytic amount of DMAP. Functional-
ized PEG reagents are commercially available for attachment
via a variety of different chemistries. “Click” chemistry
methods, particularly the [3+2]cycloaddition of an azide and
analkyne, are desirable for their large thermodynamic driving
force, high yields and lack of offensive byproducts. The reac-
tion of example intermediate 2 with azide functionalized PEG
reagents in the presence of a copper(l) catalyst provides the
PEG conjugates in high yield. The reaction can be carried out,
for example, by mixing the PEG azide reagent, compound 2,
copper sulfate, and a reducing agent such as ascorbic acid or
sodium ascorbate in organic solvents such as DMF, or in
mixtures of DMF and water. The product can be purified by
precipitation, reverse phase chromatography or size exclu-
sion chromatography. The use of copper catalyst can be
avoided if desired via copper-free click chemistry involving
the cycloaddition of azides and dibenzocyclooctyne deriva-
tized reagents. Linear and multi-arm PEG azide reagents are
commercially available in sizes ranging from 1 KDa to 40
KDa, and are appended with 1-8 reactive azide functional
groups. In some embodiments, large, multi-arm PEGs are
advantageous since they are capable of providing a higher
drug loading, provide greater protection against proteolytic
degradation, and/or their hydrodynamic size precludes renal
clearance. The synthetic route described is suitable for the
preparation of large multi-arm PEG conjugates.

[0572] Referring to FIG. 15, in some embodiments, the
PEG conjugates are prepared in a step-wise fashion as shown
with an exemplary epoxy ketone protease inhibitor.

Sulfonate Linkers for PEG Conjugates

[0573] The rate of cyclization and displacement can be
controlled, for example, by tuning the electron density of the
sulfonate linker group. Table F shows sulfonate linker groups
having a variety of electron rich and electron poor groups,
prior to cyclization with PEG-(N;),, using click chemistry.
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[0574] Referring to FIGS. 16-18, in some embodiments,
the synthesis of the required sulfonate building blocks are
carried out according to the example schemes. FIG. 16 shows
the general synthesis of alkyl sulfonate building blocks. FIG.
17 shows the general synthesis of a phenoxy sulfonate build-
ing block. FIG. 18 shows the general synthesis of a benza-
mide sulfonate building block.

[0575] The release capabilities of PEG conjugates can be
assessed by quantitation of epoxy ketone protease inhibitors
released in a basic buffer solution, by NMR, and by MALDI-
TOF NMR. Reformation rates of various example PEG con-
jugates are shown, for example, in FIG. 4.

Ketone Modified Prodrugs

[0576] In some embodiments, the ketone moiety of the
epoxy ketone protease inhibitors is replaced with a masked
ketone moiety, a spacer, and a conjugate. The ketone modified
prodrugs can revert back to an active epoxide form under
certain conditions.

[0577] Examples of spacers and conjugates are as listed in
Table D, above. In some embodiments, referring to FIG. 19,
where X is either NH or O, epoxy ketone protease inhibitor
prodrugs can revert back to the active form at a suitable pH
(e.g.,apH ofless than 6.5) and/or by enzymatic cleavage (e.g,
cleavage by CYP P450). The epoxy ketone protease inhibitor
prodrugs can be suitable for subcutaneous and intravenous
administration.

[0578] In some embodiments, referring to FIG. 20, the
ketone is modified by oximes such as, but not limited to,
acyloxime, carbamoyl oxime, acyloxyaklyl oxime, acyloxy-
alkyloxy oxime, oximinophosphate, oximinophosphonate
and oximinophosphoramidate. R is, but not limited to, alkyl,
aryl, or a permeability enhancer. The prodrugs can revert back
to the active form by cleavage with an enzyme such as
esterase, amidase, phosphodiesterase, or phosphoamidase,
and subsequently by CYP P450. The prodrugs can be suitable
for oral administration.

[0579] In some embodiments, referring to FIG. 21, the
ketone is modified by oxazolidine or thiazolidine; and R is,

but not limited to, alkyl, aryl or a permeability enhancer. The
ketone modified prodrugs can revert back to the active form in
tandem to esterase activation. The prodrugs can be suitable
for oral administration.

[0580] In some embodiments, referring to FIG. 22, the
ketone is amodified epoxy alcohol and R is, but not limited to,
alkyl, aryl or a permeability enhancer. The ketone modified
prodrugs can revert back to the active form in tandem to
esterase activation, followed by CYP P450 oxidation. The
prodrugs can be suitable for oral administration.

N-Acyloxymethyl Prodrugs

[0581] In some embodiments, the backbone amide of the
epoxy ketone protease inhibitors is masked by a group includ-
ing a N-acyloxymethyl linker at one of the four amides, a
spacer, and a conjugate. The epoxy ketone protease inhibitor
prodrugs can be unmasked to reveal the active form by expos-
ing the prodrug to a pH of greater than about 7 and/or by
esterase cleavage.

[0582] Table D, above, lists examples of spacers and con-
jugates. Referring to FIG. 23, the N-acyloxymethyl linker can
be attached at four different amides. The scheme also shows
pH and esterase-driven re-formation of an active form of an
exemplary epoxy ketone protease inhibitor. The epoxy ketone
protease inhibitors can be suitable for subcutaneous and intra-
venous administration.

[0583] Referring to FIG. 24, the N-acyloxymethyl linker
can be attached at one of three different amides. R can be, but
not limited to, alkyl, aryl or a permeability enhancer. The
scheme also shows pH and esterase-driven re-formation of an
active form of an exemplary epoxy ketone protease inhibitor.
The prodrugs can be designed for oral administration.
[0584] Referring to FIGS. 25-26, the N-acyloxymethyl
linker may be attached, in some embodiments, regioselec-
tively. The scheme describes the attachment of the N-acy-
loxymethyl linker onto R* and R™, as well as the regiospe-
cific synthesis of an N-acyloxymethyl group on R™.
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[0585] In some embodiments, the prodrug is one selected TABLE E-continued

from Table E. on
R »Ro=H,
: = P ali{yl,zoMe
TABLE E :4.{
P4 N-[(Acyloxy)methyl] Substituted N HN\pEG
O Ry
W \)]\ \)I\ 0 Quaternary Prodrugs
N N
(\ [0586] In some embodiments, the N-terminal “cap” of the

\) i i H
O - O ~ O
( py
Ph

P3 N-[(Acyloxy)methyl] Substituted

\)k \)kN g
Q/T ¥

n=1-14

n=1-10

fused alkyl

Ry, Ry =H,
alkyl, OMe

n=0-3
R, =H, alkyl

X=0,$
R, = H, alkyl

R,, R, =alkyl,

epoxy ketone protease inhibitors (e.g., the morpholino and
2-methylthiazole cap) is converted to a quaternary salts (e.g.,
by the addition of a N-acyloxymethyl group). The N-terminal
cap can be masked by a group including N-acyloxymethyl
linker, optionally a spacer, and a conjugate. The epoxy ketone
protease inhibitor prodrugs can be unmasked to the active
form exposing the prodrug to a pH of greater than 7 and by
esterase cleavage.

[0587] Referring to FIG. 27, the N-acyloxymethyl linker
can form a quaternary salt with the morpholino N-cap. X can
be, but is not limited to, chloride, acetate, mesylate, tosylate,
or citrate. Examples of spacers and conjugates are as listed in
Table D, above. The epoxy ketone protease inhibitor prodrugs
can be designed for subcutaneous and intravenous adminis-
tration.

[0588] Referring to FIG. 28, the N-acyloxymethyl linker
forms a quaternary ion with methylthiazo N-cap, where X is,
but not limited to, chloride, acetate, mesylate, tosylate, or
citrate (and where R is, but not limited to, alkyl, aryl or a
permeability enhancer), oprozomib prodrugs designed for
oral administration.

[0589] Referring to FIG. 29, the cleavage of the benzyl
quaternary salt analogs is driven by the release of a quinone
methide intermediate after enzymatic or chemical cleavage at
pH>7.

Iodohydrin Esters/Carbonates

[0590] In some embodiments, the conjugates described in
this invention are releasable PEG carriers of Compound A.
Compound A is released in a two step process from an ester or
carbonate linked conjugate by the action of endogenous
esterases or pH mediated chemical hydrolysis to give a
hydroxy intermediate bearing an c.-leaving group substituent
X, which is then capable of cyclization to an epoxide at
physiological pH (see Scheme 20). The leaving group, X,
may be, but is not limited to, a halogen, alkylsulfonate, or
arylsulfonate group. It should be noted that these PEG con-
jugates themselves are inactive as a proteasome inhibitors.
The rate of ester and/or carbonate hydrolysis and subsequent
intramolecular cyclization to epoxide may be varied by the
introduction of an electron density modulating group or a
cleavage assisting neighboring group. The linker may also
contain a reactive functional group such as amino, aldehyde,
azido, alkyne, or carboxylic acid which allows for facile
attachment of a complimentary carboxylic acid,
alkoxyamine, alkyne, azido or amine substituted PEG
reagent.

[0591] Referring to FIG. 31, cleavage may be facilitated by
the introduction of an ortho or para-hydroxy benzyl alcohol
linker capable of undergoing self-immolative elimination.
Chemical or enzymatic cleavage of the phenol ester bond and
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deprotonation of the corresponding phenol generates a
strongly electron-donating phenoxide that facilitates the for-
mation of quinine methide intermediates following a 1,4- or
1,6-elimination process. Spontaneous decarboxylation and
carbon dioxide release liberates the iodohydrin which is then
capable of cyclization to the epoxide at physiological pH.

[0592] Alternatively, referring to FIG. 32, a substituted suc-
cinamide or glutaramide may be used to link the halohydrin
(X=Cl, Br, or ]) or sulfonate diol (X=—OSO,R") and PEG.
Under physiological conditions (pH=7.4) the spacer group
spontaneously cyclizes to the imide derivative thereby releas-
ing the halohydrin or sulfonate diol which then cyclizes to
Compound A.

[0593] Referring to FIG. 33, the succinamide prodrug
cleavage rate may be adjusted by the incorporation of confor-
mational restriction (“gem dimethyl effect”) and/or an adja-
cent charged group within the linker. The presence of a nega-
tive charge (a carboxylic acid, for example) in the same part of
the molecule may reduce the nucleophilicity of the amide
nitrogen and inhibit the cyclization reaction to imide. Con-
versely, the presence of an amine group facilitates cyclization
to imide and drug release.

[0594] Referring to FIGS. 34-36, functionalized PEG
reagents are commercially available for attachment via a vari-
ety of different chemistries. In some embodiments, “click”
chemistry methods, particularly the [3+2]cycloaddition of an
azide and an alkyne, are desirable for their large thermody-
namic driving force, high yields and lack of offensive byprod-
ucts. The reaction of the Compound A-linker-alkyne interme-
diate with an azide functionalized PEG reagent in the
presence of a copper(l) catalyst provides the PEG conjugates
in high yield. The reaction is most practically carried out by
mixing the PEG azide reagent, Compound A-linker-azide
intermediate, copper sulfate, and a reducing agent such as
ascorbic acid or sodium ascorbate in organic solvents such as
DMEF, or in mixtures of DMF and water. The product may be
purified by precipitation, reverse phase chromatography or
size exclusion chromatography. Alternatively, the reverse
cycloaddition reaction may be conducted with a Compound
A-linker-azide and an alkyne containing PEG reagent. The
use of copper catalyst may be avoided if desired via copper-
free click chemistry involving the cycloaddition ofazides and
dibenzocyclooctyne derivatized reagents. Linear and multi-
arm PEG azide reagents are commercially available in sizes
ranging from 1 K Da to 40 KDa, and are appended with 1-8
reactive azide functional groups. Alternatively, PEG may be
attached via an amide bond linkage formed from a Compound
A-linker-amine reagent and a carboxylic acid derivatized
PEG or a Compound A-linker-acid reagent and an amine
derivatized PEG in the presence of a suitable coupling agent.
Large, multi-arm PEGs are advantageous since they are
capable of providing a higher drug loading, provide greater
protection against proteolytic degradation, and their hydro-
dynamic size precludes renal clearance. The synthetic route
described is suitable for the preparation of large multi-arm
PEG conjugates.

DEFINITIONS

[0595] The term “C,_alkyl” refers to substituted or unsub-
stituted saturated hydrocarbon groups, including straight-
chain alkyl and branched-chain alkyl groups that contain
from x to y carbons in the chain. The term “haloalkyl” refers
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to alkyl groups in which at least one hydrogen atom is replace
by a halo (e.g., fluoro, chloro, bromo, iodo), e.g., trifluorom-
ethyl and 2,2 2-trifluoroethyl.

[0596] The term “alkylene” refers to substituted or unsub-
stituted saturated hydrocarbon divalent groups, including
straight-chain alkyl and branched-chain allyl groups. In some
embodiments, alkylene includes from 1 to 12 carbon atoms.
In certain embodiments, alkylene includes from 1 to 10 car-
bon atoms. In certain embodiments, alkylene includes from 1
to 6 carbon atoms (e.g., 1, 2, 3, 4, 5, or 6 carbon atoms).

[0597] The term “heteroalkylene” refers to alkylene groups
inserted with one or more (e.g., two or more) heteroatoms
(e.g., N, 0O, or S, e.g., O). In some embodiments, heteroalky-
lene includes from 1 to 12 atoms. In certain embodiments,
heteroalkylene includes from 1 to 10 atoms. In certain
embodiments, heteroalkylene includes from 1 to 8 atoms
(e.g.,1,2,3,4,5,6,7, or 8 atoms).

[0598] The terms “C,_alkenyl” and “C,_alkynyl” refer to
substituted or unsubstituted unsaturated aliphatic groups
analogous in length and possible substitution to the alkyls
described above, but that contain at least one double or triple
bond, respectively. In some embodiments, divalent groups
alkenylene and alkynylene include from 2 to 12 carbon atoms.
In certain embodiments, alkylene and alkynylene include
from 2 to 10 carbon atoms. In certain embodiments, alkylene
and alkynylene include from 2 to 6 carbon atoms (e.g., 2, 3, 4,
5, or 6 carbon atoms).

[0599] Theterm “alkoxy” refers to an alkyl group having an
oxygen attached thereto. Representative alkoxy groups
include methoxy, ethoxy, propoxy, tert-butoxy and the like.
An “ether” is two hydrocarbons covalently linked by an oxy-
gen. Accordingly, the substituent of an alkyl that renders that
alkyl an ether is or resembles an alkoxy.

[0600] The term “C,_galkoxyalkyl” refers to a C, salkyl

group substituted with an alkoxy group, thereby forming an
ether.

[0601] The term “C, garalkyl”, as used herein, refers to a
C, _salkyl group substituted with an aryl group.

[0602] The terms “amine” and “amino” are art-recognized
and refer to both unsubstituted and substituted amines and
quaternary salts thereof, e.g., a moiety that can be represented
by the general formulae:

RO R®
/ |
—N or ——N*t—RI0
\ 10 |
R R0

[0603] where R®, R'° and R'” each independently repre-
sent a hydrogen, an alkyl, an alkenyl, —(CH,),—R?, or R’
and R'° taken together with the N atom to which they are
attached complete a heterocycle having from 4 to 8 atoms in
the ring structure; R® represents an aryl, a cycloalkyl, a
cycloalkenyl, a heterocyclyl or a polycyclyl; and m is zero or
an integer from 1 to 8. In some embodiments, only one of R®
orR'®is a carbonyl, e.g., R, R'°, and the nitrogen together do
not form an imide. In some embodiments, R® and R*°® (and
optionally R*®") each independently represent a hydrogen, an
alkyl, an alkenyl, or —(CH,),—R®. In certain embodiments,
an amino group is basic, meaning its protonated form has a
pKa above 7.00.
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[0604] The terms “amide” and “amido” are art-recognized
as an amino-substituted carbonyl and includes a moiety that
can be represented by the general formula:

RI0
)kN/

RY

wherein R®, R'° are as defined above. In some embodiments,
the amide will not include imides which may be unstable.
[0605] The term “aryl” as used herein includes 5-, 6-, and
7-membered substituted or unsubstituted single-ring aro-
matic groups in which each atom of the ring is carbon. The
term “aryl” also includes polycyclic ring systems having two
or more cyclic rings in which two or more carbons are com-
mon to two adjoining rings wherein at least one of the rings is
aromatic, e.g., the other cyclic rings can be cycloalkyls,
cycloalkenyls, cycloalkynyls, aryls, heteroaryls, and/or het-
erocyclyls. Aryl groups include benzene, naphthalene,
phenanthrene, phenol, aniline, and the like.

[0606] The terms “cycloalkyl”, as used herein, refer to a
saturated substituted or unsubstituted ring in which each atom
of the ring is carbon.

[0607] The term “carbonyl” is art-recognized and refers to
carbon doubly bonded to oxygen (sometimes represented
herein as “C—0" or “C(=0)").

[0608] The term “C, sheteroaralkyl™, as used herein, refers
to a C,_galkyl group substituted with a heteroaryl group.
[0609] The term ‘heteroaryl” includes substituted or
unsubstituted aromatic 5- to 7-membered ring structures, for
example, 5- to 6-membered rings, whose ring structures
include one to four heteroatoms. The term “heteroaryl” also
includes polycyclic ring systems having two or more cyclic
rings in which two or more carbons are common to two
adjoining rings wherein at least one of the rings is heteroaro-
matic, e.g., the other cyclic rings can be cycloalkyls, cycloalk-
enyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls.
Heteroaryl groups include, for example, pyrrole, furan,
thiophene, imidazole, oxazole, thiazole, triazole, pyrazole,
pyridine, pyrazine, pyridazine and pyrimidine, and the like.
[0610] The term ‘“heteroatom” as used herein means an
atom of any element other than carbon or hydrogen. For
example, heteroatoms include nitrogen, oxygen, phosphorus,
and sulfur.

[0611] The term “heteroalkyl” refers to alkyl groups
inserted with one or more (e.g., two or more) heteroatoms.
[0612] The term “heterocyclyl” or “heterocyclic group”
refers to substituted or unsubstituted non-aromatic 3- to
10-membered ring structures, for example, 3- to 7-membered
rings, whose ring structures include one to four heteroatoms.
The term “heterocyclyl” or ‘“heterocyclic group” also
includes polycyclic ring systems having two or more cyclic
rings in which two or more carbons are common to two
adjoining rings wherein at least one of the rings is heterocy-
clic, e.g., the other cyclic rings can be cycloalkyls, cycloalk-
enyls, cycloalkynyls, aryls, heteroaryls, and/or heterocyclyls.
Heterocyclyl groups include, for example, piperidine, pipera-
zine, pyrrolidine, morpholine, lactones, lactams, and the like.
[0613] The term “C,_ghydroxyalkyl” refers to a C,_salkyl
group substituted with a hydroxy group.
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[0614] The term “thioether” refers to an alkyl group, as
defined above, having a sulfur moiety attached thereto. In
some embodiments, the “thioether” is represented by —S-
alkyl. Representative thioether groups include methylthio,
ethylthio, and the like.

[0615] The term “substituted” refers to moieties having
substituents replacing a hydrogen on one or more non-hydro-
gen atoms of the molecule. It will be understood that “sub-
stitution” or “substituted with” includes the implicit proviso
that such substitution is in accordance with permitted valence
of the substituted atom and the substituent, and that the sub-
stitution results in a stable compound, e.g., which does not
spontaneously undergo transformation such as by rearrange-
ment, cyclization, elimination, etc. As used herein, the term
“substituted” is contemplated to include all permissible sub-
stituents of organic compounds. In a broad aspect, the per-
missible substituents include acyclic and cyclic, branched
and unbranched, carbocyclic and heterocyclic, aromatic and
non-aromatic substituents of organic compounds. The per-
missible substituents can be one or more and the same or
different for appropriate organic compounds. For purposes of
this disclosure, the heteroatoms such as nitrogen may have
hydrogen substituents and/or any permissible substituents of
organic compounds described herein which satisfy the
valences of the heteroatoms. Substituents can include, for
example, a halogen, a hydroxyl, a carbonyl (such as a car-
boxyl, an alkoxycarbonyl, a formyl, or an acyl), a thiocarbo-
nyl (such as a thioester, a thioacetate, or a thioformate), an
alkoxyl, a phosphoryl, a phosphate, a phosphonate, a phos-
phinate, an amino, an amido, an amidine, an imine, a cyano,
a nitro, an azido, a sulthydryl, an alkylthio, a sulfate, a sul-
fonate, a sulfamoyl, a sulfonamido, a sulfonyl, a heterocyclyl,
an aralkyl, or an aromatic or heteroaromatic moiety. It will be
understood by those skilled in the art that the moieties sub-
stituted on the hydrocarbon chain can themselves be substi-
tuted, if appropriate.

[0616] As used herein, the term “peptide” refers to a chain
of' amino acids that is about two to about ten amino acids in
length.

[0617] As used herein, the term “natural” or “naturally

occurring” amino acid refers to one of the twenty most com-
mon occurring amino acids. Natural amino acids are referred
to by their standard one- or three-letter abbreviations.

[0618] Theterm “non-natural amino acid” or “non-natural”
refers to any derivative or structural analogue of a natural
amino acid including D forms, and f§ and y amino acid deriva-
tives. It is noted that certain amino acids, e.g., hydroxypro-
line, that are classified as a non-natural amino acid herein,
may be found in nature within a certain organism or a par-
ticular protein. Non-limiting examples of non-natural amino
acids include: p-Alanine (f-Ala), y-Aminobutyric Acid
(GABA), 2-Aminobutyric Acid (2-Abu), o,p-Dehydro-2-
aminobutyric Acid (A-Abu), 1-Aminocyclopropane-1-car-
boxylic Acid (ACPC), Aminoisobutyric Acid (Aib),
2-Amino-thiazoline-4-carboxylic Acid, 5-Aminovaleric
Acid (5-Ava), 6-Aminohexanoic Acid (6-Ahx), 8-Aminooc-
tanoic Acid (8-Aoc), 11-Aminoundecanoic Acid (11-Aun),
12-Aminododecanoic Acid (12-Ado), 2-Aminobenzoic Acid
(2-Abz), 3-Aminobenzoic Acid (3-Abz), 4-Aminobenzoic
Acid (4-Abz), 4-Amino-3-hydroxy-6-methylheptanoic Acid
(Statine, Sta), Aminooxyacetic Acid (Aoa), 2-Aminotetra-
line-2-carboxylic Acid (Atc), 4-Amino-5-cyclohexyl-3-hy-
droxypentanoic Acid (ACHPA), para-Aminophenylalanine
(4-NH,-Phe), Biphenylalanine (Bip), para-Bromophenylala-
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nine (4-Br-Phe), ortho-Chlorophenylalanine (2-Cl-Phe),
meta-Chlorophenylalanine (3-Cl-Phe),para-Chlorophenyla-
lanine (4-Cl-Phe), meta-Chlorotyrosine (3-Cl-Tyr), para-
Benzoylphenylalanine (Bpa), tert-Butylglycine (Tle), Cyclo-
hexylalanine (Cha), Cyclohexylglycine (Chg), 2,3-
Diaminopropionic Acid (Dpr), 2,4-Diaminobutyric Acid
(Dbu), 3,4-Dichlorophenylalanine (3,4-C12-Phe), 3,4-Dif-
luororphenylalanine (3,4-F2-Phe), 3,5-Diiodotyrosine (3,5-
12-Tyr), ortho-Fluorophenylalanine (2-F-Phe), meta-Fluo-
rophenylalanine (3-F-Phe),para-Fluorophenylalanine (4-F-
Phe), meta-fluorotyrosine (3-F-Tyr), Homoserine (Hse),
Homophenylalanine (Hfe), Homotyrosine (Htyr), 5-Hydrox-
ytryptophan (5-OH-Trp), Hydroxyproline (Hyp), para-lo-
dophenylalanine (4-1-Phe), 3-lodotyrosine (3-1-Tyr), Indo-
line-2-carboxylic Acid (Idc), Isonipecotic Acid (Inp), meta-
methyltyrosine (3-Me-Tyr), [-Naphthylalanine (1-Nal), 2
Naphthylalanine (2-Nal),para-Nitrophenylalanine (4-NO,-
Phe), 3-Nitrotyrosine (3-NO,-Tyr), Norleucine (Nle), Norva-
line (Nva), Ornithine (Orn), ortho-Phosphotyrosine (H,PO;-
Tyr), Octahydroindole-2-carboxylic Acid (Oic),
Penicillamine (Pen), Pentafluorophenylalanine (F5-Phe),
Phenylglycine (Phg), Pipecolic Acid (Pip), Propargylglycine
(Pra), Pyroglutamic Acid (pGlu), Sarcosine (Sar), Tetrahy-
droisoquinoline-3-carboxylic Acid (Tic), and Thiazolidine-
4-carboxylic Acid (Thioproline, Th). Sterecochemistry of
amino acids may be designated by preceding the name or
abbreviation with the designation “D” or “d” or “L” or “1” as
appropriate. Alternately, chiral centers may be represented
with conventional (S)-, or (R)-designations. Additionally,
aN-alkylated amino acids may be employed, as well as amino
acids having amine-containing side chains (such as Lys and
Orn) in which the amine has been acylated or alkylated. See,
for example, “Peptides and Mimics, Design of Conforma-
tionally Constrained” by Hruby and Boteju, in Molecular
Biology and Biotechnology: A Comprehensive Desk Refer-
ence, ed. Robert A. Meyers, VCH Publishers (1995), pp.
658-664, which is hereby incorporated by reference.

[0619] The term “prophylactic or therapeutic” treatment is
art-recognized and includes administration to the host of one
ormore of the subject compositions. If it is administered prior
to clinical manifestation of the unwanted condition (e.g.,
disease or other unwanted state of the host animal) then the
treatment is prophylactic, (i.e., it protects the host against
developing the unwanted condition), whereas if it is admin-
istered after manifestation of the unwanted condition, the
treatment is therapeutic, (i.e., it is intended to diminish, ame-
liorate, or stabilize the existing unwanted condition or side
effects thereof).

[0620] The term “proteasome” as used herein is meant to
include immuno- and constitutive proteasomes.

[0621] As used herein, the term “inhibitor” is meant to
describe a compound that blocks or reduces an activity of an
enzyme or system of enzymes, receptors, or other pharmaco-
logical target (for example, inhibition of proteolytic cleavage
of' standard fluorogenic peptide substrates such as suc-LLVY-
AMC, Box-LLR-AMC and Z-LLE-AMC, inhibition of vari-
ous catalytic activities of the 20S proteasome). An inhibitor
can act with competitive, uncompetitive, or noncompetitive
inhibition. An inhibitor can bind reversibly or irreversibly,
and therefore the term includes compounds that are suicide
substrates of an enzyme. An inhibitor can modify one or more
sites on or near the active site of the enzyme, or it can cause a
conformational change elsewhere on the enzyme.
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[0622] The term inhibitor is used more broadly herein than
scientific literature so as to also encompass other classes of
pharmacologically or therapeutically useful agents, such as
agonists, antagonists, stimulants, co-factors, and the like.
[0623] A “therapeutically effective amount” of a com-
pound with respect to the subject method of treatment, refers
to an amount of the compound(s) in a preparation which,
when administered as part of a desired dosage regimen (to a
patient, e.g., a human) alleviates a symptom, ameliorates a
condition, or slows the onset of disease conditions according
to clinically acceptable standards for the disorder or condition
to be treated or the cosmetic purpose, e.g., at a reasonable
benefit/risk ratio applicable to any medical treatment.

[0624] As used herein, the term “treating” or “treatment”
includes reversing, reducing, or arresting the symptoms,
clinical signs, and underlying pathology of a condition in
manner to improve or stabilize a patient’s condition.

[0625] Pharmaceutical Compositions

[0626] Pharmaceutical compositions suitable for injection
can include sterile aqueous solutions (where water soluble) or
dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersions. For
intravenous administration, suitable carriers include sterile
water for injection, sterile bufters, such as citrate buffer, bac-
teriostatic water, and Cremophor EL™ (BASF, Parsippany,
N.J.). In all cases, the composition must be sterile and should
be fluid to the extent that easy syringability exists. The com-
position should be stable under the conditions of manufacture
and storage and must be preserved against the contaminating
action of microorganisms such as bacteria and fungi. The
carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol, pro-
pylene glycol, liquid polyetheylene glycol, and the like), and
suitable mixtures thereof. The proper fluidity can be main-
tained, for example, by the use of'a coating such as lecithin, by
the maintenance of the required particle size in the case of
dispersion and by the use of surfactants. Prevention of the
action of microorganisms can be achieved by various antibac-
terial and antifungal agents, for example, parabens, chlorobu-
tanol, phenol, ascorbic acid, thimerosal, and the like. In many
cases, it will be preferable to include isotonic agents, for
example, sugars, polyalcohols such as mannitol, sorbitol, and
sodium chloride in the composition. Prolonged absorption of
the injectable compositions can be brought about by includ-
ing in the composition an agent that delays absorption, for
example, aluminum monostearate and gelatin.

[0627] Sterile injectable solutions can be prepared by
incorporating the active compound in the required amount in
an appropriate solvent with one or a combination of ingredi-
ents enumerated above, as required, followed by filtered ster-
ilization. Generally, dispersions are prepared by incorporat-
ing the active compound into a sterile vehicle, which contains
a basic dispersion medium and the required other ingredients
from those enumerated above. In the case of sterile powders
for the preparation of sterile injectable solutions, the pre-
ferred methods of preparation is freeze-drying (lyophiliza-
tion), which yields a powder of the active ingredient plus any
additional desired ingredient from a previously sterile-fil-
tered solution thereof.

[0628] Oral compositions generally include an inert diluent
oran edible carrier. For the purpose of oral therapeutic admin-
istration, the active compound can be incorporated with
excipients and used in the form of tablets, troches, or cap-
sules, e.g., gelatin capsules. Oral compositions can also be
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prepared using a fluid carrier for use as a mouthwash. Phar-
maceutically compatible binding agents, and/or adjuvant
materials can be included as part of the composition. The
tablets, pills, capsules, troches and the like can contain any of
the following ingredients, or compounds of a similar nature:
a binder such as microcrystalline cellulose, gum tragacanth or
gelatin; an excipient such as starch or lactose, a disintegrating
agent such as alginic acid, Primogel, or corn starch; a lubri-
cant such as magnesium stearate or Sterotes; a glidant such as
colloidal silicon dioxide; a sweetening agent such as sucrose
or saccharin; or a flavoring agent such as peppermint, methyl
salicylate, or orange flavoring.

[0629] For administration by inhalation, the compounds
can be delivered in the form of an aerosol spray from a
pressured container or dispenser that contains a suitable pro-
pellant, e.g., a gas such as carbon dioxide, or a nebulizer. Such
methods include those described in U.S. Pat. No. 6,468,798.
[0630] Systemic administration of a therapeutic compound
as described herein can also be by transmucosal or transder-
mal means. For transmucosal or transdermal administration,
penetrants appropriate to the barrier to be permeated are used
in the formulation. Such penetrants are generally known in
the art, and include, for example, for transmucosal adminis-
tration, detergents, bile salts, and fusidic acid derivatives.
Transmucosal administration can be accomplished through
the use of nasal sprays or suppositories. For transdermal
administration, the active compounds are formulated into
ointments, salves, gels, or creams as generally known in the
art.

[0631] The pharmaceutical compositions can also be pre-
pared in the form of suppositories (e.g., with conventional
suppository bases such as cocoa butter and other glycerides)
or retention enemas for rectal delivery.

[0632] Additionally, intranasal delivery is possible, as
described in, inter alia, Hamajima et al., Clin. Immunol.
Immunopathol., 88(2), 205-10 (1998). Liposomes (e.g., as
described in U.S. Pat. No. 6,472,375) and microencapsula-
tion can also be used. Biodegradable targetable microparticle
delivery systems can also be used (e.g., as described in U.S.
Pat. No. 6,471,996).

[0633] Inone embodiment, the therapeutic compounds are
prepared with carriers that will protect the therapeutic com-
pounds against rapid elimination from the body, such as a
controlled release formulation, including implants and
microencapsulated delivery systems. Biodegradable, bio-
compatible polymers can be used, such as ethylene vinyl
acetate, polyanhydrides, polyglycolic acid, collagen, poly-
orthoesters, and polylactic acid. Such formulations can be
prepared using standard techniques, or obtained commer-
cially, e.g., from Alza Corporation and Nova Pharmaceuti-
cals, Inc. Liposomal suspensions (including liposomes tar-
geted to selected cells with monoclonal antibodies to cellular
antigens) can also be used as pharmaceutically acceptable
carriers. These can be prepared according to methods known
to those skilled in the art, for example, as described in U.S.
Pat. No. 4,522,811.

[0634] The pharmaceutical composition may be adminis-
tered at once, or may be divided into a number of smaller
doses to be administered at intervals of time. It is understood
that the precise dosage and duration of treatment is a function
of the disease being treated and may be determined empiri-
cally using known testing protocols or by extrapolation from
in vivo or in vitro test data. It is to be noted that concentrations
and dosage values may also vary with the severity of the
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condition to be alleviated. It is to be further understood that
for any particular patient, specific dosage regimens should be
adjusted over time according to the individual need and the
professional judgment of the person administering or super-
vising the administration of the compositions, and that the
concentration ranges set forth herein are exemplary only and
are not intended to limit the scope or practice of the claimed
compositions.

[0635] Dosage forms or compositions containing a com-
pound as described herein in the range of 0.005% to 100%
with the balance made up from non-toxic carrier may be
prepared. Methods for preparation of these compositions are
known to those skilled in the art. The contemplated compo-
sitions may contain 0.001%-100% active ingredient, in one
embodiment 0.1-95%, in another embodiment 75-85%.
[0636] The pharmaceutical compositions can be included
in a container, pack, or dispenser together with instructions
for administration.

[0637] In some embodiments, the compounds provided
herein can be formulated as described in U.S. Pat. No. 7,737,
112.

[0638] Methods of Use

[0639] The biological consequences of proteasome inhibi-
tion are numerous. Proteasome inhibition has been suggested
as a prevention and/or treatment of a multitude of diseases
including, but not limited to, proliferative diseases, neuro-
toxic/degenerative diseases, Alzheimer’s, ischemic condi-
tions, inflammation, auto-immune diseases, HIV, cancers,
organ graft rejection, septic shock, inhibition of antigen pre-
sentation, decreasing viral gene expression, parasitic infec-
tions, conditions associated with acidosis, macular degenera-
tion, pulmonary conditions, muscle wasting diseases, fibrotic
diseases, bone and hair growth diseases. Therefore, pharma-
ceutical formulations for very potent, proteasome-specific
compounds, such as the epoxy ketone class of molecules,
provide a means of administering a drug to a patient and
treating these conditions.

[0640] At the cellular level, the accumulation of polyubig-
uitinated proteins, cell morphological changes, and apoptosis
have been reported upon treatment of cells with various pro-
teasome inhibitors. Proteasome inhibition has also been sug-
gested as a possible antitumor therapeutic strategy. The fact
that epoxomicin was initially identified in a screen for anti-
tumor compounds validates the proteasome as an antitumor
chemotherapeutic target. Accordingly, these compositions
are useful for treating cancer.

[0641] Both in vitro and in vivo models have shown that
malignant cells, in general, are susceptible to proteasome
inhibition. In fact, proteasome inhibition has already been
validated as a therapeutic strategy for the treatment of mul-
tiple myeloma. This could be due, in part, to the highly
proliferative malignant cell’s dependency on the proteasome
system to rapidly remove proteins (Rolfe et al., J. Mol. Med.
(1997) 75:5-17; Adams, Nature (2004) 4: 349-360). There-
fore, provided herein is a method of treating cancers compris-
ing administering to a patient in need of such treatment a
therapeutically effective amount of a peptide proteasome
inhibitor as provided herein.

[0642] As used herein, the term “cancer” includes, but is
not limited to, blood borne and solid tumors. Cancer refers to
disease of blood, bone, organs, skin tissue and the vascular
system, including, but not limited to, cancers of the bladder,
blood, bone, brain, breast, cervix, chest, colon,
endrometrium, esophagus, eye, head, kidney, liver, lung,
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lymph nodes, mouth, neck, ovaries, pancreas, prostate, rec-
tum, renal, skin, stomach, testis, throat, and uterus. Specific
cancers include, but are not limited to, leukemia (acute lym-
phocytic leukemia (ALL), acute myelogenous leukemia
(AML), chronic lymphocytic leukemia (CLL), chronic myel-
ogenous leukemia (CML), hairy cell leukemia), mature B cell
neoplasms (small lymphocytic lymphoma, B cell prolympho-
cytic leukemia, lymphoplasmacytic lymphoma (such as
Waldenstrom’s macroglobulinemia), splenic marginal zone
lymphoma, plasma cell myeloma, plasmacytoma, mono-
clonal immunoglobulin deposition diseases, heavy chain dis-
eases, extranodal marginal zone B cell lymphoma (MALT
lymphoma), nodal marginal zone B cell lymphoma (NMZL),
follicular lymphoma, mantle cell lymphoma, diftuse B cell
lymphoma, mediastinal (thymic) large B cell lymphoma,
intravascular large B cell lymphoma, primary effusion lym-
phoma and Burkitt lymphoma/leukemia), mature T cell and
natural killer (NK) cell neoplasms (T cell prolymphocytic
leukemia, T cell large granular lymphocytic leukemia,
aggressive NK cell leukemia, adult T cell leukemia/lym-
phoma, extranodal NK/T cell lymphoma, enteropathy-type T
cell lymphoma, hepatosplenic T cell lymphoma, blastic NK
cell lymphoma, mycosis fungoides (Sezary syndrome), pri-
mary cutaneous anaplastic large cell lymphoma, lymphoma-
toid papulosis, angioimmunoblastic T cell lymphoma,
unspecified peripheral T cell lymphoma and anaplastic large
cell lymphoma), Hodgkin lymphoma (nodular sclerosis,
mixed celluarity, lymphocyte-rich, lymphocyte depleted or
not depleted, nodular lymphocyte-predominant), myeloma
(multiple myeloma, indolent myeloma, smoldering
myeloma), chronic myeloproliferative disease, myelodys-
plastic/myeloproliferative disease, myelodysplastic syn-
dromes, immunodeficiency-associated lymphoproliferative
disorders, histiocytic and dendritic cell neoplasms, mastocy-
tosis, chondrosarcoma, Ewing sarcoma, fibrosarcoma, malig-
nant giant cell tumor, myeloma bone disease, osteosarcoma,
breast cancer (hormone dependent, hormone independent),
gynecological cancers (cervical, endometrial, fallopian tube,
gestational trophoblastic disease, ovarian, peritoneal, uterine,
vaginal and vulvar), basal cell carcinoma (BCC), squamous
cell carcinoma (SCC), malignant melanoma, dermatofibro-
sarcoma protuberans, Merkel cell carcinoma, Kaposi’s sar-
coma, astrocytoma, pilocytic astrocytoma, dysembryoplastic
neuroepithelial tumor, oligodendrogliomas, ependymoma,
glioblastoma multiforme, mixed gliomas, oligoastrocytomas,
medulloblastoma, retinoblastoma, neuroblastoma, germi-
noma, teratoma, malignant mesothelioma (peritoneal
mesothelioma, pericardial mesothelioma, pleural mesothe-
lioma), gastro-entero-pancreatic or gastroenteropancreatic
neuroendocrine tumor (GEP-NET), carcinoid, pancreatic
endocrine tumor (PET), colorectal adenocarcinoma, colorec-
tal carcinoma, aggressive neuroendocrine tumor, leiomyosa-
rcomamucinous adenocarcinoma, Signet Ring cell adenocar-
cinoma, hepatocellular carcinoma, cholangiocarcinoma,
hepatoblastoma, hemangioma, hepatic adenoma, focal nodu-
lar hyperplasia (nodular regenerative hyperplasia, hamar-
toma), non-small cell lung carcinoma (NSCLC) (squamous
cell lung carcinoma, adenocarcinoma, large cell lung carci-
noma), small cell lung carcinoma, thyroid carcinoma, pros-
tate cancer (hormone refractory, androgen independent,
androgen dependent, hormone-insensitive), and soft tissue
sarcomas (fibrosarcoma, malignant fibrous hystiocytoma,
dermatofibrosarcoma, liposarcoma, rhabdomyosarcoma lei-
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omyosarcoma, hemangiosarcoma, synovial sarcoma, malig-
nant peripheral nerve sheath tumor/neurofibrosarcoma,
extraskeletal osteosarcoma).

[0643] Insomeembodiments, a peptide proteasome inhibi-
tor as provided herein, or a pharmaceutical composition com-
prising the same, can be administered to treat multiple
myeloma in a patient. For example, multiple myeloma can
include refractory and/or refractory multiple myeloma.
[0644] Many tumors of the haematopoietic and lymphoid
tissues are characterized by an increase in cell proliferation,
or a particular type of cell. The chronic myeloproliferative
diseases (CMPDs) are clonal haematopoietic stem cell disor-
ders characterized by proliferation in the bone marrow of one
or more of the myeloid lineages, resulting in increased num-
bers of granulocytes, red blood cells and/or platelets in the
peripheral blood. As such, use of a proteasome inhibitor for
the treatment of such diseases is attractive and being exam-
ined (Cilloni et al., Haematologica (2007) 92: 1124-1229).
CMPD can include chronic myelogenous leukemia, chronic
neutrophilic leukemia, chronic eosinophilic leukemia, poly-
cythaemia vera, chronic idiopathic myelofibrosis, essential
thrombocythaemia and unclassifiable chronic myeloprolif-
erative disease. Provided herein is a method of treating
CMPD comprising administering to a patient in need of such
treatment an effective amount of the proteasome inhibitor
compound disclosed herein.

[0645] Myelodisplastic/myeloproliferative diseases, such
as chronic myelomonocytic leukemia, atypical chronic
myeloid leukemia, juvenile myelomonocytic leukemia and
unclassifiable myelodysplastic/myeloproliferative disease,
are characterized by hypercellularity of the bone marrow due
to proliferation in one or more of the myeloid lineages. Inhib-
iting the proteasome with a composition described herein, can
serve to treat these myelodisplatic/myeloproliferative dis-
eases by providing a patient in need of such treatment an
effective amount of the composition.

[0646] Myelodysplastic syndromes (MDS) refer to a group
ot hematopoietic stem cell disorders characterized by dyspla-
sia and ineffective haematopoiesis in one or more of the major
myeloid cell lines. Targeting NF-kB with a proteasome
inhibitor in these hematologic malignancies induces apopto-
sis, thereby killing the malignant cell (Braun et al. Cell Death
and Differentiation (2006) 13:748-758). Further provided
herein is a method to treat MDS comprising administering to
a patient in need of such treatment an effective amount of a
compound provided herein. MDS includes refractory anemia,
refractory anemia with ringed sideroblasts, refractory cytope-
nia with multilineage dysplasia, refractory anemia with
excess blasts, unclassifiable myelodysplastic syndrome and
myelodysplastic syndrome associated with isolated del (5q)
chromosome abnormality.

[0647] Mastocytosis is a proliferation of mast cells and
their subsequent accumulation in one or more organ systems.
Mastocytosis includes, but is not limited to, cutaneous mas-
tocytosis, indolent systemic mastocytosis (ISM), systemic
mastocytosis with associated clonal haematological non-
mast-cell-lineage disease (SM-AHNMD), aggressive sys-
temic mastocytosis (ASM), mast cell leukemia (MCL), mast
cell sarcoma (MCS) and extracutaneous mastocytoma. Fur-
ther provided herein is a method to treat mastocytosis com-
prising administering an effect amount of the compound dis-
closed herein to a patient diagnosed with mastocytosis.
[0648] The proteasome regulates NF-kB, which in turn
regulates genes involved in the immune and inflammatory
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response. For example, NF-kB is required for the expression
of the immunoglobulin light chain K gene, the IL-2 receptor
a-chain gene, the class I major histocompatibility complex
gene, and a number of cytokine genes encoding, for example,
1L-2, IL-6, granulocyte colony-stimulating factor, and IFN-f
(Palombella et al., Cell (1994) 78:773-785). Thus, provided
herein are methods of affecting the level of expression of
1L-2, MHC-L, IL-6, TNFa, IFN-f or any of the other previ-
ously-mentioned proteins, each method comprising adminis-
tering to a patient an effective amount of a proteasome inhibi-
tor composition disclosed herein.

[0649] Also provided herein is a method of treating an
autoimmune disease in a patient comprising administering a
therapeutically effective amount of the compound described
herein. An “autoimmune disease” herein is a disease or dis-
order arising from and directed against an individual’s own
tissues. Examples of autoimmune diseases or disorders
include, but are not limited to, inflammatory responses such
as inflammatory skin diseases including psoriasis and derma-
titis (e.g. atopic dermatitis); systemic scleroderma and scle-
rosis; responses associated with inflammatory bowel disease
(such as Crohn’s disease and ulcerative colitis); respiratory
distress syndrome (including adult respiratory distress syn-
drome; ARDS); dermatitis; meningitis; encephalitis; uveitis;
colitis; glomerulonephritis; allergic conditions such as
eczema and asthma and other conditions involving infiltration
of T cells and chronic inflammatory responses; atherosclero-
sis; leukocyte adhesion deficiency; rheumatoid arthritis; sys-
temic lupus erythematosus (SLE); diabetes mellitus (e.g.
Type I diabetes mellitus or insulin dependent diabetes melli-
tus); multiple sclerosis; Reynaud’s syndrome; autoimmune
thyroiditis; allergic encephalomyelitis; Sjorgen’s syndrome;
juvenile onset diabetes; and immune responses associated
with acute and delayed hypersensitivity mediated by cytok-
ines and T-lymphocytes typically found in tuberculosis, sar-
coidosis, polymyositis, granulomatosis and vasculitis; perni-
cious anemia (Addison’s disease); diseases involving
leukocyte diapedesis; central nervous system (CNS) inflam-
matory disorder; multiple organ injury syndrome; hemolytic
anemia (including, but not limited to cryoglobinemia or
Coombs positive anemia); myasthenia gravis; antigen-anti-
body complex mediated diseases; anti-glomerular basement
membrane disease; antiphospholipid syndrome; allergic neu-
ritis; Graves’ disease; Lambert-Eaton myasthenic syndrome;
pemphigoid bullous; pemphigus; autoimmune polyendo-
crinopathies; Reiter’s disease; stiff-man syndrome; Beheet
disease; giant cell arteritis; immune complex nephritis; IgA
nephropathy; IgM polyneuropathies; immune thrombocy-
topenic purpura (ITP) or autoimmune thrombocytopenia.

[0650] The immune system screens for autologous cells
that are virally infected, have undergone oncogenic transfor-
mation or present unfamiliar peptides on their surface. Intra-
cellular proteolysis generate small peptides for presentation
to T-lymphocytes to induce MHC class I-mediated immune
responses. Thus, provided herein is a method of using a
proteasome inhibitor provided herein as an immunomodula-
tory agent for inhibiting or altering antigen presentation in a
cell, comprising exposing the cell (or administering to a
patient) to the compound described herein. Specific embodi-
ments include a method of treating graft or transplant-related
diseases, such as graft-versus-host disease or host versus-
graft disease in a patient, comprising administering a thera-
peutically effective amount of the compound described
herein. The term “graft” as used herein refers to biological
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material derived from a donor for transplantation into a
recipient. Grafts include such diverse material as, for
example, isolated cells such as islet cells; tissue such as the
amniotic membrane of a newborn, bone marrow, hematopoi-
etic precursor cells, and ocular tissue, such as corneal tissue;
and organs such as skin, heart, liver, spleen, pancreas, thyroid
lobe, lung, kidney, tubular organs (e.g., intestine, blood ves-
sels, or esophagus). The tubular organs can be used to replace
damaged portions of esophagus, blood vessels, or bile duct.
The skin grafts can be used not only for burns, but also as a
dressing to damaged intestine or to close certain defects such
as diaphragmatic hernia. The graft is derived from any mam-
malian source, including human, whether from cadavers or
living donors. In some cases, the donor and recipient is the
same patient. In some embodiments, the graft is bone marrow
or an organ such as heart and the donor of the graft and the
host are matched for HLA class II antigens.

[0651] Histiocytic and dendritic cell neoplasms are derived
from phagocytes and accessory cells, which have major roles
in the processing and presentation of antigens to lympho-
cytes. Depleting the proteasome content in dendritic cells has
been shown to alter their antigen-induced responses (Chap-
atte et al. Cancer Res. (2006) 66:5461-5468). In some
embodiments, a composition provided herein can be admin-
istered to a patient with histiocytic or dendritic cell neoplasm.
Histiocytic and dendritic cell neoplasms include histiocytic
sarcoma, Langerhans cell histiocytosis, Langerhans cell sar-
coma, interdigitating dendritic cell sarcoma/tumor, follicular
dendritic cell sarcoma/tumor and non-specified dendritic cell
sarcoma.

[0652] Inhibition of the proteasome has been shown to be
beneficial to treat diseases whereby a cell type is proliferating
and immune disorders; thus, in some embodiments, the treat-
ment of lymphoproliferative diseases (LPD) associated with
primary immune disorders (PID) is provided comprising
administering an effective amount of the disclosed compound
to a patient in need thereof. The most common clinical set-
tings of immunodeficiency associated with an increased inci-
dence of lymphoproliferative disorders, including B-cell and
T-cell neoplasms and lymphomas, are primary immunodefi-
ciency syndromes and other primary immune disorders,
infection with the human immunodeficiency virus (HIV),
iatrogenic immunosuppression in patients who have received
solid organ or bone marrow allografts, and iatrogenis immu-
nosuppression associated with methotrexate treatment. Other
PIDs commonly associated with LPDs, but not limited to, are
ataxia telangiectasia (AT), Wiskott-Aldrich syndrome
(WAS), common variable immunodeficiency (CVID), severe
combined immunodeficiency (SCID), X-linked lymphopro-
liferative disorder (XLP), Nijmegen breakage syndrome
(NBS), hyper-IgM syndrome, and autoimmune lymphopro-
liferative syndrome (ALPS).

[0653] Proteasome inhibition has also been associated with
inhibition of NF-kB activation and stabilization of p53 levels.
Thus, compositions provided herein may also be used to
inhibit NF-kB activation, and stabilize p53 levels in cell cul-
ture. Since NF-«B is a key regulator of inflammation, it is an
attractive target for anti-inflammatory therapeutic interven-
tion. Thus, compositions provided herein may be useful for
the treatment of conditions associated with inflammation,
including, but not limited to COPD, psoriasis, asthma, bron-
chitis, emphysema, and cystic fibrosis.

[0654] The disclosed compositions can be used to treat
conditions mediated directly by the proteolytic function of



US 2014/0105921 Al

the proteasome such as muscle wasting, or mediated indi-
rectly via proteins which are processed by the proteasome
such as NF-kB. The proteasome participates in the rapid
elimination and post-translational processing of proteins
(e.g., enzymes) involved in cellular regulation (e.g., cell
cycle, gene transcription, and metabolic pathways), intercel-
Iular communication, and the immune response (e.g., antigen
presentation). Specific examples discussed below include
[-amyloid protein and regulatory proteins such as cyclins and
transcription factor NF-kB.

[0655] In some embodiments, a composition provided
herein is useful for the treatment of neurodegenerative dis-
eases and conditions, including, but not limited to, stroke,
ischemic damage to the nervous system, neural trauma (e.g.,
percussive brain damage, spinal cord injury, and traumatic
damage to the nervous system), multiple sclerosis and other
immune-mediated neuropathies (e.g., Guillain-Barre syn-
drome and its variants, acute motor axonal neuropathy, acute
inflammatory demyelinating polyneuropathy, and Fisher
Syndrome), HIV/AIDS dementia complex, axonomy, dia-
betic neuropathy, Parkinson’s disease, Huntington’s disease,
multiple sclerosis, bacterial, parasitic, fungal, and viral men-
ingitis, encephalitis, vascular dementia, multi-infarct demen-
tia, Lewy body dementia, frontal lobe dementia such as Pick’s
disease, subcortical dementias (such as Huntington or pro-
gressive supranuclear palsy), focal cortical atrophy syn-
dromes (such as primary aphasia), metabolic-toxic dementias
(such as chronic hypothyroidism or B12 deficiency), and
dementias caused by infections (such as syphilis or chronic
meningitis).

[0656] Alzheimer’s disease is characterized by extracellu-
lar deposits of f-amyloid protein (f-AP) in senile plaques and
cerebral vessels. $-AP is a peptide fragment 0f 39 to 42 amino
acids derived from an amyloid protein precursor (APP). At
least three isoforms of APP are known (695, 751, and 770
amino acids). Alternative splicing of mRNA generates the
isoforms; normal processing affects a portion of the §-AP
sequence, thereby preventing the generation of p-AP. It is
believed that abnormal protein processing by the proteasome
contributes to the abundance of 3-AP in the Alzheimer brain.
The APP-processing enzyme in rats contains about ten dif-
ferent subunits (22 kDa-32 kDa). The 25 kDa subunit has an
N-terminal sequence of X-Gln-Asn-Pro-Met-X-Thr-Gly-
Thr-Ser, which is identical to the 3-subunit of human macro-
pain (Kojima, S. et al., Fed. Eur. Biochem. Soc., (1992) 304:
57-60). The APP-processing enzyme cleaves at the Glnl5-
Lys16 bond; in the presence of calcium ion, the enzyme also
cleaves at the Met-1-Asp1 bond, and the Aspl-Ala2 bonds to
release the extracellular domain of $-AP.

[0657] One embodiment, therefore, is a method of treating
Alzheimer’s disease, including administering to a patient an
effective amount of a composition provided herein. Such
treatment includes reducing the rate of $-AP processing,
reducing the rate of f-AP plaque formation, reducing the rate
of B-AP generation, and reducing the clinical signs of Alzhe-
imer’s disease.

[0658] Also provided herein are methods of treating
cachexia and muscle-wasting diseases. The proteasome
degrades many proteins in maturing reticulocytes and grow-
ing fibroblasts. In cells deprived of insulin or serum, the rate
of proteolysis nearly doubles. Inhibiting the proteasome
reduces proteolysis, thereby reducing both muscle protein
loss and the nitrogenous load on kidneys or liver. Peptide
proteasome inhibitors as provided herein are useful for treat-
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ing conditions such as cancer, chronic infectious diseases,
fever, muscle disuse (atrophy) and denervation, nerve injury,
fasting, renal failure associated with acidosis, and hepatic
failure. See, e.g., Goldberg, U.S. Pat. No. 5,340,736. Methods
of treatment include: reducing the rate of muscle protein
degradation in a cell; reducing the rate of intracellular protein
degradation; reducing the rate of degradation of p53 protein
in a cell; and inhibiting the growth of p53-related cancers.
Each of these methods includes contacting a cell (in vivo or in
vitro, e.g., a muscle in a patient) with an effective amount of
a pharmaceutical composition disclosed herein.

[0659] Fibrosis is the excessive and persistent formation of
scar tissue resulting from the hyperproliferative growth of
fibroblasts and is associated with activation of the TGF-f
signaling pathway. Fibrosis involves extensive deposition of
extracellular matrix and can occur within virtually any tissue
or across several different tissues. Normally, the level of
intracellular signaling protein (Smad) that activate transcrip-
tion of target genes upon TGF-f stimulation is regulated by
proteasome activity. However, accelerated degradation of the
TGF-f signaling components has been observed in cancers
and other hyperproliferative conditions. Thus, in certain
embodiments, a method for treating hyperproliferative con-
ditions such as diabetic retinopathy, macular degeneration,
diabetic nephropathy, glomerulosclerosis, IgA nephropathy,
cirrhosis, biliary atresia, congestive heart failure, sclero-
derma, radiation-induced fibrosis, and lung fibrosis (idio-
pathic pulmonary fibrosis, collagen vascular disease, sarcoi-
dosis, interstitial lung diseases and extrinsic lung disorders) is
provided. The treatment of burn victims is often hampered by
fibrosis, thus, in some embodiments an inhibitor provided
herein may be administered by topical or systemic adminis-
tration to treat burns. Wound closure following surgery is
often associated with disfiguring scars, which may be pre-
vented by inhibition of fibrosis. Thus, in certain embodi-
ments, a method for the prevention or reduction of scarring is
provided herein.

[0660] Another protein processed by the proteasome is NF-
kB, a member of the Rel protein family. The Rel family of
transcriptional activator proteins can be divided into two
groups. The first group requires proteolytic processing, and
includes p50 (NF-kB1, 105 kDa) and p52 (NF-k2, 100 kDa).
The second group does not require proteolytic processing,
and includes p65 (RelA, Rel (c-Rel), and RelB). Both homo-
and heterodimers can be formed by Rel family members;
NF-kB, for example, is a pS50-p65 heterodimer. After phos-
phorylation and ubiquitination of IkB and p105, the two
proteins are degraded and processed, respectively, to produce
active NF-kB which translocates from the cytoplasm to the
nucleus. Ubiquitinated p105 is also processed by purified
proteasomes (Palombella et al., Cell (1994) 78:773-785).
Active NF-kB forms a stereospecific enhancer complex with
other transcriptional activators and, e.g., HMGI(Y), inducing
selective expression of a particular gene.

[0661] NF-kB regulates genes involved in the immune and
inflammatory response, and mitotic events. For example, NF-
kB is required for the expression of the immunoglobulin light
chain K gene, the IL-2 receptor a-chain gene, the class I major
histocompatibility complex gene, and a number of cytokine
genes encoding, for example, IL.-2, IL.-6, granulocyte colony-
stimulating factor, and IFN-§ (Palombella et al., Cell (1994)
78:773-785). Some embodiments include methods of affect-
ing the level of expression of IL.-2, MHC-I, 1L-6, TNFa,
IFN-f, or any of the other previously-mentioned proteins,
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each method including administering to a patient an effective
amount of a composition disclosed herein. Complexes
including p50 are rapid mediators of acute inflammatory and
immune responses (Thanos, D. and Maniatis, T., Cell (1995)
80:529-532).

[0662] NF-kB also participates in the expression of the cell
adhesion genes that encode E-selectin, P-selectin, ICAM, and
VCAM-1 (Collins, T., Lab. Invest. (1993) 68:499-508). In
some embodiments, a method for inhibiting cell adhesion
(e.g., cell adhesion mediated by E-selectin, P-selectin,
ICAM, or VCAM-1) is provided, including contacting a cell
with (or administering to a patient) an effective amount of a
pharmaceutical composition disclosed herein.

[0663] Ischemia and reperfusion injury results in hypoxia,
a condition in which there is a deficiency of oxygen reaching
the tissues of the body. This condition causes increased deg-
radation of Ix-Ba, thereby resulting in the activation of NF-
kB. Ithas been demonstrated that the severity of injury result-
ing in hypoxia can be reduced with the administration of a
proteasome inhibitor. Thus, provided herein is a method of
treating an ischemic condition or reperfusion injury compris-
ing administering to a patient in need of such treatment an
effective amount of a compound disclosed herein. Examples
of such conditions or injuries include, but are not limited to,
acute coronary syndrome (vulnerable plaques), arterial
occlusive disease (cardiac, cerebral, peripheral arterial and
vascular occlusions), atherosclerosis (coronary sclerosis,
coronary artery disease), infarctions, heart failure, pancreati-
tis, myocardial hypertrophy, stenosis, and restenosis.

[0664] NF-kB also binds specifically to the HIV-enhancer/
promoter. When compared to the Nef of mac239, the HIV
regulatory protein Nef of pbj14 differs by two amino acids in
the region which controls protein kinase binding. It is
believed that the protein kinase signals the phosphorylation of
IkB, triggering IkB degradation through the ubiquitin-pro-
teasome pathway. After degradation, NF-kB is released into
the nucleus, thus enhancing the transcription of HIV (Cohen,
1., Science, (1995) 267:960). Provided herein is a method for
inhibiting or reducing HIV infection in a patient, and a
method for decreasing the level of viral gene expression, each
method including administering to the patient an effective
amount of a composition disclosed herein.

[0665] Viral infections contribute to the pathology of many
diseases. Heart conditions such as ongoing myocarditis and
dilated cardiomyopathy have been linked to the coxsackievi-
rus B3. In a comparative whole-genome microarray analyses
of infected mouse hearts, specific proteasome subunits were
uniformly up-regulated in hearts of mice which developed
chronic myocarditis (Szalay et al, Am J Pathol 168:1542-52,
2006). Some viruses utilize the ubiquitin-proteasome system
in the viral entry step where the virus is released from the
endosome into the cytosol. The mouse hepatitis virus (MHV)
belongs to the Coronaviridae family, which also includes the
severe acute respiratory syndrome (SARS) coronvirus. Yu
and Lai (J Virol 79:644-648, 2005) demonstrated that treat-
ment of cells infected with MHV with a proteasome inhibitor
resulted in a decrease in viral replication, correlating with
reduced viral titer as compared to that of untreated cells. The
human hepatitis B virus (HBV), a member of the Hepad-
naviridae virus family, likewise requires virally encoded
envelop proteins to propagate. Inhibiting the proteasome deg-
radation pathway causes a significant reduction in the amount
of'secreted envelope proteins (Simsek et al, J Viro/ 79:12914-
12920, 2005). In addition to HBV, other hepatitis viruses (A,
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C, D and E) may also utilize the ubiquitin-proteasome deg-
radation pathway for secretion, morphogenesis and patho-
genesis. Accordingly, in certain embodiments, a method for
treating viral infection, such as SARS or hepatitis A, B, C, D
and E, is provided comprising contacting a cell with (or
administering to a patient) an effective amount of the com-
pound disclosed herein.

[0666] Overproduction of lipopolysaccharide (LPS)-in-
duced cytokines such as TNFa is considered to be central to
the processes associated with septic shock. Furthermore, it is
generally accepted that the first step in the activation of cells
by LPS is the binding of LPS to specific membrane receptors.
The o~ and B-subunits of the 20S proteasome complex have
been identified as LPS-binding proteins, suggesting that the
LPS-induced signal transduction may be an important thera-
peutic target in the treatment or prevention of sepsis (Qureshi,
N. et al.,, J. Immun. (2003) 171: 1515-1525). Therefore, in
certain embodiments, compositions as provided herein may
be used for the inhibition of TNFa to prevent and/or treat
septic shock.

[0667] Intracellular proteolysis generates small peptides
for presentation to T-lymphocytes to induce MHC class I-me-
diated immune responses. The immune system screens for
autologous cells that are virally infected or have undergone
oncogenic transformation. One embodiment is a method for
inhibiting antigen presentation in a cell, including exposing
the cell to a composition described herein. A further embodi-
ment is a method for suppressing the immune system of a
patient (e.g., inhibiting transplant rejection, allergy, asthma),
including administering to the patient an effective amount of
a composition described herein. Compositions provided
herein can also be used to treat autoimmune diseases such as
lupus, rheumatoid arthritis, multiple sclerosis, and inflamma-
tory bowel diseases such as ulcerative colitis and Crohn’s
disease.

[0668] Another embodiment is a method for altering the
repertoire of antigenic peptides produced by the proteasome
or other Ntn with multicatalytic activity. For example, if the
PGPH activity of 20S proteasome is selectively inhibited, a
different set of antigenic peptides will be produced by the
proteasome and presented in MHC molecules on the surfaces
of cells than would be produced and presented either without
any enzyme inhibition, or with, for example, selective inhi-
bition of chymotrypsin-like activity of the proteasome.
[0669] Certain proteasome inhibitors block both degrada-
tion and processing of ubiquitinated NF-kB in vitro and in
vivo. Proteasome inhibitors also block IkB-o degradation
and NF-kB activation (Palombella, et al. Cel/ (1994) 78:773-
785; and Traenckner, etal., EMBO J. (1994) 13:5433-5441).
In some embodiments, a method for inhibiting IkB-a degra-
dation is provided, including contacting the cell with a com-
position described herein. A further embodiment is a method
for reducing the cellular content of NF-kB in a cell, muscle,
organ, or patient, including contacting the cell, muscle, organ,
or patient with a composition described herein.

[0670] Other eukaryotic transcription factors that require
proteolytic processing include the general transcription factor
TFIIA, herpes simplex virus VP16 accessory protein (host
cell factor), virus-inducible IFN regulatory factor 2 protein,
and the membrane-bound sterol regulatory element-binding
protein 1.

[0671] Further provided herein are methods for affecting
cyclin-dependent eukaryotic cell cycles, including exposing a
cell (in vitro or in vivo) to a composition disclosed herein.
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Cyclins are proteins involved in cell cycle control. The pro-
teasome participates in the degradation of cyclins. Examples
of cyclins include mitotic cyclins, G1 cyclins, and cyclin B.
Degradation of cyclins enables a cell to exit one cell cycle
stage (e.g., mitosis) and enter another (e.g., division). It is
believed all cyclins are associated with p34cdc2 protein
kinase or related kinases. The proteolysis targeting signal is
localized to amino acids 42-RAALGNISEN-50 (destruction
box). There is evidence that cyclin is converted to a form
vulnerable to a ubiquitin ligase or that a cyclin-specific ligase
is activated during mitosis (Ciechanover, A., Cell, (1994)
79:13-21). Inhibition of the proteasome inhibits cyclin deg-
radation, and therefore inhibits cell proliferation, for
example, in cyclin-related cancers (Kumatori et al., Proc.
Natl. Acad. Sci. USA (1990) 87:7071-7075). Provided herein
is a method for treating a proliferative disease in a patient
(e.g., cancer, psoriasis, or restenosis), including administer-
ing to the patient an effective amount of a composition dis-
closed herein. Also provided herein is a method for treating
cyclin-related inflammation in a patient, including adminis-
tering to a patient a therapeutically effective amount of a
composition described herein.

[0672] Additional embodiments include methods for
affecting the proteasome-dependent regulation of oncopro-
teins and methods of treating or inhibiting cancer growth,
each method including exposing a cell (in vivo, e.g., in a
patient, or in vitro) to a composition disclosed herein. HPV-
16 and HPV-18-derived E6 proteins stimulate ATP- and ubig-
uitin-dependent conjugation and degradation of p53 in crude
reticulocyte lysates. The recessive oncogene p53 has been
shown to accumulate at the nonpermissive temperature in a
cell line with a mutated thermolabile E1. Elevated levels of
p53 may lead to apoptosis. Examples of proto-oncoproteins
degraded by the ubiquitin system include c-Mos, c-Fos, and
c-Jun. One embodiment is a method for treating p53-related
apoptosis, including administering to a patient an effective
amount of a composition disclosed herein.

[0673] Inanother embodiment, the disclosed compositions
are useful for the treatment of a parasitic infection, such as
infections caused by protozoan parasites. The proteasome of
these parasites is considered to be involved primarily in cell
differentiation and replication activities (Paugam et al., rends
Parasitol. 2003, 19(2): 55-59). Furthermore, entamoeba spe-
cies have been shown to lose encystation capacity when
exposed to proteasome inhibitors (Gonzales, et al., Arch.
Med. Res. 1997, 28, Spec No: 139-140). In certain such
embodiments, the disclosed compositions are useful for the
treatment of parasitic infections in humans caused by a pro-
tozoan parasite selected from Plasmodium sps. (including P,
falciparum, P, vivax, P. malariae, and P. ovale, which cause
malaria), Trypanosoma sps. (including 7. cruzi, which causes
Chagas’ disease, and 7. brucei which causes African sleeping
sickness), Leishmania sps. (including L. amazonesis, L.
donovani, L. infantum, L. mexicana, etc.), Pneumocystis cari-
nii (a protozoan known to cause pneumonia in AIDS and
other immunosuppressed patients), Toxoplasma gondii,
Entamoeba histolytica, Entamoeba invadens, and Giardia
lamblia. In certain embodiments, the disclosed compositions
are useful for the treatment of parasitic infections in animals
and livestock caused by a protozoan parasite selected from
Plasmodium hermani, Cryptosporidium sps., Echinococcus
granulosus, Eimeria tenella, Sarcocystis neurona, and Neu-
rospora crassa. Other compounds useful as proteasome
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inhibitors in the treatment of parasitic diseases are described
in WO 98/10779, which is incorporated herein in its entirety.
[0674] Incertain embodiments, the disclosed compositions
inhibit proteasome activity irreversibly in a parasite. Such
irreversible inhibition has been shown to induce shutdown in
enzyme activity without recovery in red blood cells and white
blood cells. In certain such embodiments, the long half-life of
blood cells may provide prolonged protection with regard to
therapy against recurring exposures to parasites. In certain
embodiments, the long half-life of blood cells may provide
prolonged protection with regard to chemoprophylaxis
against future infection.

[0675] Prokaryotes have what is equivalent to the eukary-
ote 20S proteasome particle. Albeit, the subunit composition
of the prokaryote 20S particle is simpler than that of eukary-
otes, it has the ability to hydrolyze peptide bonds in a similar
manner. For example, the nucleophilic attack on the peptide
bond occurs through the threonine residue on the N-terminus
of'the -subunits. In some embodiments, a method of treating
prokaryotic infections is provided, comprising administering
to a patient an effective amount of the proteasome inhibitor
composition disclosed herein. Prokaryotic infections may
include diseases caused by either mycobacteria (such as
tuberculosis, leprosy or Buruli Ulcer) or archaebacteria.
[0676] It has also been demonstrated that inhibitors that
bind to the 208 proteasome stimulate bone formation in bone
organ cultures. Furthermore, when such inhibitors have been
administered systemically to mice, certain proteasome
inhibitors increased bone volume and bone formation rates
over 70% (Garrett, 1. R. et al., J. Clin. Invest. (2003) 111:
1771-1782), therefore suggesting that the ubiquitin-protea-
some machinery regulates osteoblast differentiation and bone
formation. Therefore, the disclosed compositions may be
useful in the treatment and/or prevention of diseases associ-
ated with bone loss, such as osteoporosis.

[0677] Provided herein is a method for treating a disease or
condition selected from cancer, autoimmune disease, graft or
transplant-related condition, neurodegenerative disease,
fibrotic-associated condition, ischemic-related conditions,
infection (viral, parasitic or prokaryotic) and diseases asso-
ciated with bone loss, comprising administering a protea-
some inhibitor as provided herein. For example, a compound
of formula (5).

[0678] Bone tissue is an excellent source for factors which
have the capacity for stimulating bone cells. Thus, extracts of
bovine bone tissue contain not only structural proteins which
are responsible for maintaining the structural integrity of
bone, but also biologically active bone growth factors which
can stimulate bone cells to proliferate. Among these latter
factors are a recently described family of proteins called bone
morphogenetic proteins (BMPs). All of these growth factors
have effects on other types of cells, as well as on bone cells,
including Hardy, M. H., et al., Trans Genet (1992) 8:55-61
describes evidence that bone morphogenetic proteins
(BMPs), are differentially expressed in hair follicles during
development. Harris, S. E., et al., J Bore Miner Res (1994)
9:855-863 describes the effects of TGF-f§ on expression of
BMP-2 and other substances in bone cells. BMP-2 expression
in mature follicles also occurs during maturation and after the
period of cell proliferation (Hardy, et al. (1992, supra). Thus,
compounds provided herein may also be useful for hair fol-
licle growth stimulation.

[0679] Finally, the disclosed compositions are also useful
as diagnostic agents (e.g., in diagnostic kits or for use in
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clinical laboratories) for screening for proteins (e.g.,
enzymes, transcription factors) processed by Ntn hydrolases,
including the proteasome. The disclosed compositions are
also useful as research reagents for specifically binding the
X/MB1 subunit or a-chain and inhibiting the proteolytic
activities associated with it. For example, the activity of (and
specific inhibitors of) other subunits of the proteasome can be
determined.

[0680] Most cellular proteins are subject to proteolytic pro-
cessing during maturation or activation. Enzyme inhibitors
disclosed herein can be used to determine whether a cellular,
developmental, or physiological process or output is regu-
lated by the proteolytic activity of a particular Ntn hydrolase.
One such method includes obtaining an organism, an intact
cell preparation, or a cell extract; exposing the organism, cell
preparation, or cell extract to a composition disclosed herein;
exposing the compound-exposed organism, cell preparation,
or cell extract to a signal, and monitoring the process or
output. The high selectivity of the compounds disclosed
herein permits rapid and accurate elimination or implication
of the Ntn (for example, the 20S proteasome) in a given
cellular, developmental, or physiological process.

[0681] Administration

[0682] Compositions prepared as described herein can be
administered in various forms, depending on the disorder to
be treated and the age, condition, and body weight of the
patient, as is well known in the art. For example, where the
compositions are to be administered orally, they may be for-
mulated as tablets, capsules, granules, powders, or syrups; or
for parenteral administration, they may be formulated as
injections (intravenous, intramuscular, or subcutaneous),
drop infusion preparations, or suppositories. For application
by the ophthalmic mucous membrane route, they may be
formulated as eye drops or eye ointments. These formulations
can be prepared by conventional means in conjunction with
the methods described herein, and, if desired, the active ingre-
dient may be mixed with any conventional additive or excipi-
ent, such as a binder, a disintegrating agent, a lubricant, a
corrigent, a solubilizing agent, a suspension aid, an emulsi-
fying agent, or a coating agent in addition to a cyclodextrin
and a buffer. Although the dosage will vary depending on the
symptoms, age and body weight of the patient, the nature and
severity of the disorder to be treated or prevented, the route of
administration and the form of the drug, in general, a daily
dosage of from 0.01 to 2000 mg of the compound is recom-
mended for an adult human patient, and this may be admin-
istered in a single dose or in divided doses. The amount of
active ingredient which can be combined with a carrier mate-
rial to produce a single dosage form will generally be that
amount of the compound which produces a therapeutic effect.
In general, compositions intended for parenteral use (e.g.,
intravenous, subcutaneous injection) include a substituted
cyclodextrin. Compositions administered via other routes,
particularly the oral route, include a substituted or unsubsti-
tuted cyclodextrin.

[0683] The precise time of administration and/or amount of
the composition that will yield the most effective results in
terms of efficacy of treatment in a given patient will depend
upon the activity, pharmacokinetics, and bioavailability of a
particular compound, physiological condition of the patient
(including age, sex, disease type and stage, general physical
condition, responsiveness to a given dosage, and type of
medication), route of administration, etc. However, the above
guidelines can be used as the basis for fine-tuning the treat-
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ment, e.g., determining the optimum time and/or amount of
administration, which will require no more than routine
experimentation consisting of monitoring the patient and
adjusting the dosage and/or timing.

[0684] The phrase “pharmaceutically acceptable” is
employed herein to refer to those ligands, materials, compo-
sitions, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the
tissues of human beings and animals without excessive tox-
icity, irritation, allergic response, or other problem or com-
plication, commensurate with a reasonable benefit/risk ratio.
[0685] The phrase “pharmaceutically acceptable carrier”
as used herein means a pharmaceutically acceptable material,
composition, or vehicle, such as a liquid or solid filler, diluent,
excipient, solvent or encapsulating material. Fach carrier
must be “acceptable” in the sense of being compatible with
the other ingredients of the formulation and not injurious to
the patient. Some examples of materials which can serve as
pharmaceutically acceptable carriers include: (1) sugars,
such as lactose, glucose, and sucrose; (2) starches, such as
corn starch, potato starch, and substituted or unsubstituted
3-cyclodextrin; (3) cellulose, and its derivatives, such as
sodium carboxymethyl cellulose, ethyl cellulose, and cellu-
lose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin;
(7) talc; (8) excipients, such as cocoa butter and suppository
waxes; (9) oils, such as peanut oil, cottonseed oil, safflower
oil, sesame oil, olive oil, corn oil, and soybean oil; (10)
glycols, such as propylene glycol; (11) polyols, such as glyc-
erin, sorbitol, mannitol, and polyethylene glycol; (12) esters,
such as ethyl oleate and ethyl laurate; (13) agar; (14) buffering
agents, such as magnesium hydroxide and aluminum hydrox-
ide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic
saline; (18) Ringer’s solution; (19) ethyl alcohol; (20) phos-
phate buffer solutions; and (21) other non-toxic compatible
substances employed in pharmaceutical formulations. In cer-
tain embodiments, pharmaceutical compositions provided
herein are non-pyrogenic, i.e., do not induce significant tem-
perature elevations when administered to a patient.

[0686] The term “pharmaceutically acceptable salt” refers
to the relatively non-toxic, inorganic and organic acid addi-
tion salts of the inhibitor(s). These salts can be prepared in situ
during the final isolation and purification of the inhibitor(s),
or by separately reacting a purified peptide proteasome
inhibitor in its free base form with a suitable organic or
inorganic acid, and isolating the salt thus formed. Represen-
tative salts include the hydrobromide, hydrochloride, sulfate,
bisulfate, phosphate, nitrate, acetate, valerate, oleate, palmi-
tate, stearate, laurate, benzoate, lactate, phosphate, tosylate,
citrate, maleate, fumarate, succinate, tartrate, naphthylate,
mesylate, glucoheptonate, lactobionate, laurylsulphonate
salts, and amino acid salts, and the like. (See, for example,
Berge etal. (1977) “Pharmaceutical Salts”, J. Pharm. Sci. 66:
1-19.)

[0687] In some embodiments, the peptide proteasome
inhibitors provided herein may contain one or more acidic
functional groups and, thus, are capable of forming pharma-
ceutically acceptable salts with pharmaceutically acceptable
bases. The term “pharmaceutically acceptable salts™ in these
instances refers to the relatively non-toxic inorganic and
organic base addition salts of an inhibitor(s). These salts can
likewise be prepared in situ during the final isolation and
purification of the inhibitor(s), or by separately reacting the
purified inhibitor(s) in its free acid form with a suitable base,
such as the hydroxide, carbonate, or bicarbonate of a phar-
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maceutically acceptable metal cation, with ammonia, or with
apharmaceutically acceptable organic primary, secondary, or
tertiary amine. Representative alkali or alkaline earth salts
include the lithium, sodium, potassium, calcium, magnesium,
and aluminum salts, and the like. Representative organic
amines useful for the formation of base addition salts include
ethylamine, diethylamine, ethylenediamine, ethanolamine,
diethanolamine, piperazine, and the like (see, for example,
Berge et al., supra).

[0688] Wetting agents, emulsifiers, and lubricants, such as
sodium lauryl sulfate and magnesium stearate, as well as
coloring agents, release agents, coating agents, sweetening,
flavoring, and perfuming agents, preservatives and antioxi-
dants can also be present in the compositions.

[0689] Examples of pharmaceutically acceptable antioxi-
dants include: (1) water soluble antioxidants, such as ascorbic
acid, cysteine hydrochloride, sodium bisulfate, sodium met-
abisulfite, sodium sulfite, and the like; (2) oil-soluble antioxi-
dants, such as ascorbyl palmitate, butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT), lecithin, propyl
gallate, alpha-tocopherol, and the like; and (3) metal chelat-
ing agents, such as citric acid, ethylenediamine tetraacetic
acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the
like.

[0690] Formulations suitable for oral administration may
be in the form of capsules, cachets, pills, tablets, lozenges
(using a flavored basis, usually sucrose and acacia or traga-
canth), powders, granules, or as a solution or a suspension in
an aqueous or non-aqueous liquid, or as an oil-in-water or
water-in-oil liquid emulsion, or as an elixir or syrup, or as
pastilles (using an inert matrix, such as gelatin and glycerin,
or sucrose and acacia) and/or as mouthwashes, and the like,
each containing a predetermined amount of an inhibitor(s) as
an active ingredient. A composition may also be administered
as a bolus, electuary, or paste.

[0691] In solid dosage forms for oral administration (cap-
sules, tablets, pills, dragees, powders, granules, and the like),
the active ingredient is mixed with one or more pharmaceu-
tically acceptable carriers, such as sodium citrate or dical-
cium phosphate, and/or any of the following: (1) fillers or
extenders, such as starches, cyclodextrins, lactose, sucrose,
glucose, mannitol, and/or silicic acid; (2) binders, such as, for
example, carboxymethylcellulose, alginates, gelatin, polyvi-
nyl pyrrolidone, sucrose, and/or acacia; (3) humectants, such
as glycerol; (4) disintegrating agents, such as agar-agar, cal-
cium carbonate, potato or tapioca starch, alginic acid, certain
silicates, and sodium carbonate; (5) solution retarding agents,
such as paraffin; (6) absorption accelerators, such as quater-
nary ammonium compounds; (7) wetting agents, such as, for
example, acetyl alcohol and glycerol monostearate; (8) absor-
bents, such as kaolin and bentonite clay; (9) lubricants, such
atalc, calcium stearate, magnesium stearate, solid polyethyl-
ene glycols, sodium lauryl sulfate, and mixtures thereof; and
(10) coloring agents. In the case of capsules, tablets, and pills,
the pharmaceutical compositions may also comprise buffer-
ing agents. Solid compositions of a similar type may also be
employed as fillers in soft and hard-filled gelatin capsules
using such excipients as lactose or milk sugars, as well as high
molecular weight polyethylene glycols, and the like.

[0692] A tablet may be made by compression or molding,
optionally with one or more accessory ingredients. Com-
pressed tablets may be prepared using binder (for example,
gelatin or hydroxypropylmethyl cellulose), lubricant, inert
diluent, preservative, disintegrant (for example, sodium
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starch glycolate or cross-linked sodium carboxymethyl cel-
Iulose), surface-active or dispersing agent. Molded tablets
may be made by molding in a suitable machine a mixture of
the powdered inhibitor(s) moistened with an inert liquid dilu-
ent.

[0693] Tablets, and other solid dosage forms, such as dra-
gees, capsules, pills, and granules, may optionally be scored
or prepared with coatings and shells, such as enteric coatings
and other coatings well known in the pharmaceutical-formu-
lating art. They may also be formulated so as to provide slow
or controlled release of the active ingredient therein using, for
example, hydroxypropylmethyl cellulose in varying propor-
tions to provide the desired release profile, other polymer
matrices, liposomes, and/or microspheres. They may be ster-
ilized by, for example, filtration through a bacteria-retaining
filter, or by incorporating sterilizing agents in the form of
sterile solid compositions which can be dissolved in sterile
water, or some other sterile injectable medium immediately
before use. These compositions may also optionally contain
opacifying agents and may be of a composition that they
release the active ingredient(s) only, or preferentially, in a
certain portion of the gastrointestinal tract, optionally, in a
delayed manner. Examples of embedding compositions
which can be used include polymeric substances and waxes.
The active ingredient can also be in micro-encapsulated form,
if appropriate, with one or more of the above-described
excipients.

[0694] Liquid dosage forms for oral administration include
pharmaceutically acceptable emulsions, microemulsions,
solutions, suspensions, syrups, and elixirs. In addition to the
active ingredient, the liquid dosage forms may contain inert
diluents commonly used in the art, such as, for example, water
or other solvents, solubilizing agents, and emulsifiers such as
ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl
acetate, benzyl alcohol, benzyl benzoate, propylene glycol,
1,3-butylene glycol, oils (in particular, cottonseed, ground-
nut, corn, germ, olive, castor, and sesame oils), glycerol,
tetrahydrofuryl alcohol, polyethylene glycols, and fatty acid
esters of sorbitan, and mixtures thereof.

[0695] Besides inert diluents, the oral compositions can
also include adjuvants such as wetting agents, emulsifying
and suspending agents, sweetening, flavoring, coloring, per-
fuming, and preservative agents.

[0696] Suspensions, in addition to the active inhibitor(s)
may contain suspending agents as, for example, ethoxylated
isostearyl alcohols, polyoxyethylene sorbitol and sorbitan
esters, microcrystalline cellulose, aluminum metahydroxide,
bentonite, agar-agar and tragacanth, and mixtures thereof.
[0697] Formulations for rectal or vaginal administration
may be presented as a suppository, which may be prepared by
mixing one or more inhibitor(s) with one or more suitable
nonirritating excipients or carriers comprising, for example,
cocoa butter, polyethylene glycol, a suppository wax or a
salicylate, which is solid at room temperature, but liquid at
body temperature and, therefore, will melt in the rectum or
vaginal cavity and release the active agent.

[0698] Formulations which are suitable for vaginal admin-
istration also include pessaries, tampons, creams, gels,
pastes, foams, or spray formulations containing such carriers
as are known in the art to be appropriate.

[0699] Dosage forms for the topical or transdermal admin-
istration of an inhibitor(s) include powders, sprays, oint-
ments, pastes, creams, lotions, gels, solutions, patches, and
inhalants. The active component may be mixed under sterile



US 2014/0105921 Al

conditions with a pharmaceutically acceptable carrier, and
with any preservatives, buffers, or propellants which may be
required.

[0700] The ointments, pastes, creams, and gels may con-
tain, in addition to inhibitor(s), excipients, such as animal and
vegetable fats, oils, waxes, paraffins, starch, tragacanth, cel-
Iulose derivatives, polyethylene glycols, silicones, bento-
nites, silicic acid, talc, and zinc oxide, or mixtures thereof.

[0701] Powders and sprays can contain, in addition to an
inhibitor(s), excipients such as lactose, talc, silicic acid, alu-
minum hydroxide, calcium silicates, and polyamide powder,
or mixtures of these substances. Sprays can additionally con-
tain customary propellants, such as chlorofluorohydrocar-
bons and volatile unsubstituted hydrocarbons, such as butane
and propane.

[0702] A peptide proteasome inhibitor can be administered
by aerosol. This is accomplished by preparing an aqueous
aerosol, liposomal preparation, or solid particles containing
the composition. A nonaqueous (e.g., fluorocarbon propel-
lant) suspension could be used. In some embodiments, sonic
nebulizers are preferred because they minimize exposing the
agent to shear, which can result in degradation of the com-
pound.

[0703] Ordinarily, an aqueous aerosol is made by formulat-
ing an aqueous solution or suspension of the agent together
with conventional pharmaceutically acceptable carriers and
stabilizers. The carriers and stabilizers vary with the require-
ments of the particular composition, but typically include
nonionic surfactants (Tweens, Pluronics, sorbitan esters, leci-
thin, Cremophors), pharmaceutically acceptable co-solvents
such as polyethylene glycol, innocuous proteins like serum
albumin, sorbitan esters, oleic acid, lecithin, amino acids such
as glycine, buffers, salts, sugars, or sugar alcohols. Aerosols
generally are prepared from isotonic solutions.

[0704] Transdermal patches have the added advantage of
providing controlled delivery of an inhibitor(s) to the body.
Such dosage forms can be made by dissolving or dispersing
the agent in the proper medium. Absorption enhancers can
also be used to increase the flux of the inhibitor(s) across the
skin. The rate of such flux can be controlled by either provid-
ing a rate controlling membrane or dispersing the inhibitor(s)
in a polymer matrix or gel.

[0705] Pharmaceutical compositions  suitable  for
parenteral administration comprise one or more peptide pro-
teasome inhibitors in combination with one or more pharma-
ceutically acceptable sterile aqueous or nonaqueous solu-
tions, dispersions, suspensions or emulsions, or sterile
powders which may be reconstituted into sterile injectable
solutions or dispersions just prior to use, which may contain
antioxidants, buffers, bacteriostats, solutes which render the
formulation isotonic with the blood of the intended recipient
or suspending or thickening agents.

[0706] Examples of suitable aqueous and nonaqueous car-
riers which may be employed in the pharmaceutical compo-
sitions provided herein include water for injection (e.g., ster-
ile water for injection), ethanol, polyols (such as glycerol,
propylene glycol, polyethylene glycol, and the like), buffer
(such as citrate buffer), and suitable mixtures thereof, veg-
etable oils, such as olive oil, and injectable organic esters,
such as ethyl oleate. Proper fluidity can be maintained, for
example, by the use of coating materials, such as lecithin, by
the maintenance of the required particle size in the case of
dispersions, and by the use of surfactants.
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[0707] Pharmaceutical compositions typically include a
pharmaceutically acceptable carrier. As used herein the lan-
guage “pharmaceutically acceptable carrier” includes buffer,
sterile water for injection, solvents, dispersion media, coat-
ings, antibacterial and antifungal agents, isotonic and absorp-
tion delaying agents, and the like, compatible with pharma-
ceutical administration. In some embodiments, a
pharmaceutically acceptable carrier is a buffer (e.g., citrate
buffer). In some embodiments, a pharmaceutically accept-
able carrier is sterile water for injection. In some embodi-
ments, a pharmaceutically acceptable carrier comprises citric
acid.

[0708] These compositions may also contain adjuvants
such as preservatives, wetting agents, emulsifying agents,
and dispersing agents. Prevention of the action of microor-
ganisms may be ensured by the inclusion of various antibac-
terial and antifungal agents, for example, paraben, chlorobu-
tanol, phenol sorbic acid, and the like. [t may also be desirable
to include tonicity-adjusting agents, such as sugars and the
like into the compositions. In addition, prolonged absorption
of the injectable pharmaceutical form may be brought about
by the inclusion of agents which delay absorption such as
aluminum monostearate and gelatin.

[0709] In some cases, in order to prolong the effect of a
drug, it is desirable to slow the absorption of the drug from
subcutaneous or intramuscular injection. For example,
delayed absorption of a parenterally administered drug form
is accomplished by dissolving or suspending the drug in an oil
vehicle.

[0710] Injectable depot forms are made by forming
microencapsule matrices of inhibitor(s) in biodegradable
polymers such as polylactide-polyglycolide. Depending on
the ratio of drug to polymer, and the nature of the particular
polymer employed, the rate of drug release can be controlled.
Examples of other biodegradable polymers include poly
(orthoesters) and poly(anhydrides). Depot injectable formu-
lations are also prepared by entrapping the drug in liposomes
or microemulsions which are compatible with body tissue.
[0711] The preparations of agents may be given orally,
parenterally, topically, or rectally.

[0712] They are, of course, given by forms suitable for each
administration route. For example, they are administered in
tablets or capsule form, by injection, inhalation, eye lotion,
ointment, suppository, infusion; topically by lotion or oint-
ment; and rectally by suppositories. In some embodiments,
administration is oral.

[0713] The phrases “parenteral administration” and
“administered parenterally” as used herein means modes of
administration other than enteral and topical administration,
usually by injection, and includes, without limitation, intra-
venous, intramuscular, intraarterial, intrathecal, intracapsu-
lar, intraorbital, intracardiac, intradermal, intraperitoneal,
transtracheal, subcutaneous, subcuticular, intraarticular, sub-
capsular, subarachnoid, intraspinal and intrasternal injection,
and infusion.

[0714] The phrases “systemic administration,” “adminis-
tered systemically,” “peripheral administration” and “admin-
istered peripherally” as used herein mean the administration
of'aligand, drug, or other material other than directly into the
central nervous system, such that it enters the patient’s system
and thus, is subject to metabolism and other like processes,
for example, subcutaneous administration.

[0715] The peptide proteasome inhibitors described herein
may be administered to humans and other animals for therapy
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by any suitable route of administration, including orally,
nasally, as by, for example, a spray, rectally, intravaginally,
parenterally, intracistemally, and topically, as by powders,
ointments or drops, including buccally and sublingually.
[0716] Regardless of the route of administration selected, a
peptide proteasome inhibitor, which may be used in a suitable
hydrated form, and/or the pharmaceutical compositions pro-
vided herein, is formulated into a pharmaceutically accept-
able dosage form by conventional methods known to those of
skill in the art.

[0717] Actual dosage levels of the active ingredients in the
pharmaceutical compositions provided herein may be varied
0 as to obtain an amount of the active ingredient which is
effective to achieve the desired therapeutic response for a
particular patient, composition, and mode of administration,
without being toxic to the patient.

[0718] The concentration of a disclosed compound in a
pharmaceutically acceptable mixture will vary depending on
several factors, including the dosage of the compound to be
administered, the pharmacokinetic characteristics of the
compound(s) employed, and the route of administration. In
general, the compositions provided herein may be provided in
an aqueous solution containing about 0.1-10% w/v of a com-
pound disclosed herein, among other substances, for
parenteral administration. Typical dose ranges are from about
0.01 to about 50 mg/kg of body weight per day, given in 1-4
divided doses. Each divided dose may contain the same or
different compounds. The dosage will be an effective amount
depending on several factors including the overall health of a
patient, and the formulation and route of administration of the
selected compound(s).

[0719] Inanother embodiment, the pharmaceutical compo-
sition is an oral solution or a parenteral solution. Another
embodiment is a freeze-dried preparation that can be recon-
stituted prior to administration. As a solid, this formulation
may also include tablets, capsules or powders.

[0720] Also provided herein is a conjoint therapy wherein
one or more other therapeutic agents are administered with a
peptide proteasome inhibitor prodrug described herein or a
pharmaceutical composition comprising a peptide protea-
some inhibitor prodrug described herein. Such conjoint treat-
ment may be achieved by way of the simultaneous, sequen-
tial, or separate dosing of the individual components of the
treatment.

[0721] In certain embodiments, a peptide proteasome
inhibitor prodrug described herein is conjointly administered
with one or more other proteasome inhibitor(s).

[0722] Incertain embodiments, peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
one or more chemotherapeutics. Suitable chemotherapeutics
may include, natural products such as vinca alkaloids (i.e.
vinblastine, vincristine, and vinorelbine), taxanes (e.g., doc-
etaxel, paclitaxel, e.g., docetaxel), epidipodophyllotoxins
(i.e. etoposide, teniposide), antibiotics (dactinomycin (acti-
nomycin D) daunorubicin, doxorubicin and idarubicin; e.g.,
doxorubicin), anthracyclines, mitoxantrone, bleomycins, pli-
camycin (mithramycin) and mitomycin, enzymes (L.-aspara-
ginase which systemically metabolizes L-asparagine and
deprives cells which do not have the capacity to synthesize
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their own asparagine); antiplatelet agents; antiproliferative/
antimitotic alkylating agents such as nitrogen mustards
(mechlorethamine, ifosphamide, cyclophosphamide and ana-
logs, melphalan, chlorambucil, e.g., melphalan), ethylen-
imines and methylmelamines (hexaamethylmelaamine and
thiotepa), alkyl sulfonates (busulfan), nitrosoureas (carmus-
tine (BCNU) and analogs, streptozocin), trazenes-dacarbazi-
nine (DTIC); antiproliferative/antimitotic antimetabolites
such as folic acid analogs (methotrexate), pyrimidine analogs
(fluorouracil, floxuridine, and cytarabine), purine analogs
and related inhibitors (mercaptopurine, thioguanine, pen-
tostatin and 2-chlorodeoxyadenosine); aromatase inhibitors
(anastrozole, exemestane, and letrozole); platinum coordina-
tion complexes (cisplatin, carboplatin), procarbazine,
hydroxyurea, mitotane, aminoglutethimide; DNA binding/
Cytotoxic agents (e.g., Zalypsis); histone deacetylase
(HDAC) inhibitors (e.g., trichostatin, sodium butyrate, api-
cidan, suberoyl anilide hydroamic acid (SAHA (Vorinostat)),
trichostatin A, depsipeptide, apicidin, A-161906, scriptaid,
PXD-101, CHAP, butyric acid, depudecin, oxamflatin, phe-
nylbutyrate, valproic acid, MS275 (N-(2-Aminophenyl)-4-
[N-(pyridine-3-ylmethoxy-carbonyl)aminomethyl|benza-

mide), LAQ824/LBHS589, CI994, MGCDO0103, ACY-1215,
Panobinostat); hormones (i.e. estrogen) and hormone ago-
nists such as leutinizing hormone releasing hormone (LHRH)
agonists (goserelin, leuprolide and triptorelin). Other chemo-
therapeutic agents may include mechlorethamine, camptoth-
ecin, ifostamide, tamoxifen, raloxifene, gemcitabine, navel-
bine, or any analog or derivative variant of the foregoing.

[0723] In certain embodiments, a peptide proteasome
inhibitor prodrug described herein is conjointly administered
with a cytokine. Cytokines include, but are not limited to,
Interferon-y, -a, and -f, Interleukins 1-8, 10 and 12, Granu-
locyte Monocyte Colony-Stimulating factor (GM-CSF),
TNF-c and -8, and TGF-f.

[0724] In certain embodiments, a peptide proteasome
inhibitor prodrug described herein is conjointly administered
with a steroid. Suitable steroids may include, but are not
limited to, 21-acetoxypregnenolone, alclometasone, alge-
stone, amcinonide, beclomethasone, betamethasone, budes-
onide, chloroprednisone, clobetasol, clocortolone, clopred-
nol, corticosterone, cortisone, cortivazol, deflazacort,
desonide, desoximetasone, dexamethasone, diflorasone,
diflucortolone, difuprednate, enoxolone, fluazacort, fluclo-
ronide, flumethasone, flunisolide, fluocinolone acetonide,
fluocinonide, fluocortin  butyl, fluocortolone, fluo-
rometholone, fluperolone acetate, fluprednidene acetate, flu-
prednisolone, flurandrenolide, fluticasone propionate, for-
mocortal, halcinonide, halobetasol propionate,
halometasone, hydrocortisone, loteprednol etabonate,
mazipredone, medrysone, meprednisone, methylpredniso-
lone, mometasone furoate, paramethasone, prednicarbate,
prednisolone, prednisolone 25-diethylaminoacetate, pred-
nisolone sodium phosphate, prednisone, prednival, pred-
nylidene, rimexolone, tixocortol, triamcinolone, triamcino-
lone acetonide, triamcinolone benetonide, triamcinolone
hexacetonide, and salts and/or derivatives thereof.
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[0725] Insomeembodiments, a peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
an immunotherapeutic agent. Suitable immunotherapeutic
agents may include, but are not limited to, MDR modulators
(verapamil, valspordar, biricodar, tariquidar, laniquidar),
cyclosporine, thalidomide, and monoclonal antibodies. The
monoclonal antibodies can be either naked or conjugated
such as rituximab, tositumomab, alemtuzumab, epratu-
zumab, ibritumomab tiuxetan, gemtuzumab ozogamicin,
bevacizumab, cetuximab, erlotinib and trastuzumab.

[0726] In certain embodiments, a peptide proteasome
inhibitor prodrug described herein is conjointly administered
with one or more histone deacetylase (HDAC) inhibitors
(e.g., trichostatin, sodium butyrate, apicidan, suberoyl anilide
hydroamic acid (“SAHA” (Vorinostat)), trichostatin A, dep-
sipeptide, apicidin, A-161906, scriptaid, PXD-101, CHAP,
butyric acid, depudecin, oxamflatin, phenylbutyrate, valproic
acid, MS275 (N-(2-Aminophenyl)-4-[N-(pyridine-3-yl-
methoxy-carbonyl)aminomethyl|benzamide), LAQR24/
LBH589, CI994, MGCDO0103, ACY-1215, Panobinostat;
e.g., SAHA, ACY-1215, Panobinostat).

[0727] In certain embodiments, a peptide proteasome
inhibitor prodrug described herein is conjointly administered
with one or more nitrogen mustards (mechlorethamine, ifos-
phamide, cyclophosphamide and analogs, melphalan,
chlorambucil, e.g., melphalan).

[0728] Incertain embodiments, peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
one or more DNA binding/Cytotoxic agents (e.g., Zalypsis).
[0729] In certain embodiments, a peptide proteasome
inhibitor prodrug described herein is conjointly administered
with one or more taxanes (e.g., docetaxel, paclitaxel, e.g.,
docetaxel).

[0730] In certain embodiments, a peptide proteasome
inhibitor prodrug described herein is conjointly administered
with one or more antibiotics (dactinomycin (actinomycin D)
daunorubicin, doxorubicin and idarubicin; e.g., doxorubicin).
[0731] Insomeembodiments, a peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
one or more cytokines. Cytokines include, but are not limited
to, Interferon-y, -, and -f, Interleukins 1-8, 10 and 12,
Granulocyte Monocyte Colony-Stimulating factor (GM-
CSF), TNF-a and -f, and TGF-p.

[0732] Insomeembodiments, a peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
one or more steroids. Suitable steroids may include, but are
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not limited to, 21-acetoxypregnenolone, alclometasone, alge-
stone, amcinonide, beclomethasone, betamethasone, budes-
onide, chloroprednisone, clobetasol, clocortolone, clopred-
nol, corticosterone, cortisone, cortivazol, deflazacort,
desonide, desoximetasone, dexamethasone, diflorasone,
diflucortolone, difuprednate, enoxolone, fluazacort, fluclo-
ronide, flumethasone, flunisolide, fluocinolone acetonide,
fluocinonide, butyl, fluocortolone, fluo-
rometholone, fluperolone acetate, fluprednidene acetate, flu-
prednisolone, flurandrenolide, fluticasone propionate, for-
mocortal, halcinonide, halobetasol propionate,
halometasone, hydrocortisone, loteprednol etabonate,
mazipredone, medrysone, meprednisone, methylpredniso-
lone, mometasone furoate, paramethasone, prednicarbate,
prednisolone, prednisolone 25-diethylaminoacetate, pred-
nisolone sodium phosphate, prednisone, prednival, pred-
nylidene, rimexolone, tixocortol, triamcinolone, triamcino-
lone acetonide, triamcinolone benetonide, triamcinolone
hexacetonide, and salts and/or derivatives thereof (e.g.,
hydrocortisone, dexamethasone, methylprednisolone and
prednisolone; e.g., dexamethasone).

[0733] Incertain embodiments, peptide proteasome inhibi-
tor prodrugs described herein are conjointly administered
with dexamethasone In certain embodiments, conjoint
therapy includes the dosing regimens provided on the
KYPROLIS (carfilzomib) label, e.g.:

[0734] 1. KYPROLIS (carfilzomib) is administered intra-
venously over 2 to 10 minutes, on two consecutive days, each
week for three weeks (Days 1, 2,8, 9, 15, and 16), followed by
a 12-day rest period (Days 17 to 28). Each 28-day period is
considered one treatment cycle (Table A).

[0735] In Cycle 1, KYPROLIS (carfilzomib) is adminis-
tered at a dose of 20 mg/m>. If tolerated in Cycle 1, the dose
should be escalated to 27 mg/m? beginning in Cycle 2 and
continued at 27 mg/m? in subsequent cycles. Treatment may
be continued until disease progression or until unacceptable
toxicity occurs.

[0736] The dose is calculated using the patient’s actual
body surface area at baseline. Patients with a body surface
area greater than 2.2 m* should receive a dose based upon a
body surface area of 2.2 m*. Dose adjustments do not need to
be made for weight changes of less than or equal to 20%.

fluocortin

TABLE A1l

KYPROLIS (carfilzomib) Dosage Regimen for Patients with Multiple Myeloma

Week 1 Week 2 Week 3 Week 4

Day Day  Days

Day Day Days Day Day  Days Days
2 3-7 8 9 10-14 15 16 17-21  22-28

Cycle 1
KYPROLIS 20 No 20 20 No 20 20 No No
(20 mg/m?): Dosing Dosing Dosing Dosing
Cycles 2 and Beyond”®
KYPROLIS 27 No 27 27 No 27 27 No No
(27 mg/m?): Dosing Dosing Dosing Dosing

“If previous cycle dosage is tolerated.
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[0737] 2. Hydrate patients to reduce the risk of renal toxic-
ity and of tumor lysis syndrome (TLS) with KYPROLIS
(carfilzomib) treatment. Maintain adequate fluid volume sta-
tus throughout treatment and monitor blood chemistries
closely. Prior to each dose in Cycle 1, give 250 mL to 500 mL
of intravenous normal saline or other appropriate intravenous
fluid. Give an additional 250 mL to 500 mL of intravenous
fluids as needed following KYPROLIS (carfilzomib) admin-
istration. Continue intravenous hydration, as needed, in sub-
sequent cycles. Also monitor patients during this period for
fluid overload.

[0738] 3. Pre-medicate with dexamethasone 4 mg orally or
intravenously prior to all doses of KYPROLIS (carfilzomib)
during Cycle 1 and prior to all KYPROLIS (carfilzomib)
doses during the first cycle of dose escalation to 27 mg/m? to
reduce the incidence and severity of infusion reactions. Rein-
state dexamethasone premedication (4 mg orally or intrave-
nously) if these symptoms develop or reappear during subse-
quent cycles.

[0739] Insomeembodiments, a peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
one or more immunotherapeutic agents. Suitable immuno-
therapeutic agents may include, but are not limited to, MDR
modulators (verapamil, valspordar, biricodar, tariquidar,
laniquidar), cyclosporine, thalidomide, CC-4047 (Actimid),
lenalidomide (Revlimid) and monoclonal antibodies. The
monoclonal antibodies can be either naked or conjugated
such as rituximab, tositumomab, alemtuzumab, epratu-
zumab, ibritumomab tiuxetan, gemtuzumab ozogamicin,
bevacizumab, cetuximab, erlotinib and trastuzumab. In cer-
tain embodiments, a peptide proteasome inhibitor prodrug
described herein is conjointly administered with lenalido-
mide (Revlimid).

[0740] Insomeembodiments, a peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
one or more topoisomerase inhibitors (e.g., irinotecan, topo-
tecan, camptothecin, lamellarin D, and etoposide).

[0741] Insomeembodiments, a peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
one or more m-TOR inhibitors (e.g., CCI-779, AP23573 and
RAD-001).

[0742] Insomeembodiments, a peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
one or more protein kinase inhibitor (e.g., sorafenib, imatinib,
dasatinib, sunitinib, pazopanib, and nilotinib; e.g., sorafenib).
[0743] Insomeembodiments, a peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
one or more CDK Inhibitors (e.g., Dinaciclib).

[0744] Insomeembodiments, a peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
one or more KSP(Eg5) Inhibitors (e.g., Array 520).

[0745] Insomeembodiments, a peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
one or more PI13 delta Inhibitors (e.g., GS-1101 PI3K).
[0746] Insomeembodiments, a peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
one or more Dual Inhibitor: PI3K delta and gamma Inhibitors
(e.g., CAL-130).

[0747] Insomeembodiments, a peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
one or more multi-kinase Inhibitors (e.g., TG02).

[0748] Insomeembodiments, a peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
one or more PI3K delta Inhibitors (e.g., TGR-1202).
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[0749] Insome embodiments, a peptide proteasome inhibi-
tor prodrug described herein is conjointly administered with
[0750] (i) one or more of the following:

[0751] one or more second chemotherapeutic agents
(e.g., one or more HDAC inhibitors, e.g., SAHA, ACY-
1215, Panobinostat; one or more nitrogen mustards e.g.,
melphalan; one or more DNA binding/cytotoxic agents,
e.g., Zylapsis; one or more taxanes, e.g., docetaxel; one
or more antibiotics (dactinomycin (actinomycin D)
daunorubicin, doxorubicin and idarubicin; e.g., doxoru-
bicin);

[0752] one or more other proteasome inhibitor(s) (e.g.,
another compound of formulae (1)-(5));

[0753] one or more cytokines;

[0754] one or more immunotherapeutic agents (e.g.,
Revlimid);

[0755] one or more topoisomerase inhibitors;

[0756] one or more m-TOR inhibitors;

[0757] protein kinase inhibitor (e.g., sorafenib);

[0758] one or more CDK Inhibitors (e.g., Dinaciclib);

[0759] one or more KSP(Eg5) Inhibitors (e.g., Array
520);

[0760] one or more P113 delta Inhibitors (e.g., GS-1101
PI3K);

[0761] one or more Dual Inhibitor: PI3K delta and

gamma Inhibitors (e.g., CAL-130);

[0762] one or more multi-kinase Inhibitors (e.g., TG02);

[0763] one or more PI3K delta Inhibitors (e.g., TGR-
1202);

[0764] and

[0765] (ii) one or more steroids (e.g., dexamethasone).
[0766] In certain embodiments, a peptide proteasome
inhibitor prodrug described herein is conjointly administered
with

[0767] (i) one of the following:

[0768] one or more second chemotherapeutic agents
(e.g., one or more HDAC inhibitors, e.g., SAHA, ACY-
1215, Panobinostat; one or more nitrogen mustards e.g.,
melphalan; one or more DNA binding/cytotoxic agents,
e.g., Zylapsis; one or more taxanes, e.g., docetaxel; one
or more antibiotics (dactinomycin (actinomycin D)
daunorubicin, doxorubicin and idarubicin; e.g., doxoru-
bicin);

[0769] one or more other proteasome inhibitor(s) (e.g.,
another compound of formulae (1)-(5));

[0770] one or more cytokines;

[0771] one or more immunotherapeutic agents (e.g.,
Revlimid);

[0772] one or more topoisomerase inhibitors;

[0773] one or more m-TOR inhibitors;

[0774] protein kinase inhibitor (e.g., sorafenib);

[0775] one or more CDK Inhibitors (e.g., Dinaciclib);

[0776] one or more KSP(Eg5) Inhibitors (e.g., Array
520);

[0777] one or more PI13 delta Inhibitors (e.g., GS-1101
PI3K);

[0778] one or more Dual Inhibitor: PI3K delta and

gamma Inhibitors (e.g., CAL-130);

[0779] one or more multi-kinase Inhibitors (e.g., TG02);
[0780] one or more PI3K delta Inhibitors (e.g., TGR-
1202);
[0781] and
[0782] (ii) dexamethasone.



US 2014/0105921 Al Apr. 17,2014
121

EXAMPLES
Example 1
Exemplary Compounds

[0783] Exemplary compounds and their respective 1C50
slope values are listed in Tables G and H.

TABLE G

Purified PI
ICs0 Slope (nM)
*did not converge

Structure MW c20s i20s
Quaternary Salts
961.96 8.915 49.8
(¢]
(0] (¢] (¢]
0 0 0
N N
N Y N Y N
o) 0 E 0 2 0
\ \ -
I
Ph
Acylhydrazones
775.98 678 2185%*
(¢]
H H 0
N N
N N Y N
\) - ) é )
o) 0 B 0 2 N
oy SNH
Ph
O
952.19 inactive 3242%
(0] (0]
S R
N
Y Y )
\) ER ER |
0. (0] B (0]
\ e ~NH
Ph O)\/\O/\/O\/\ O/\/O\
861.08

T Lo
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TABLE G-continued

Purified PI

ICs0 Slope (nM)
*did not converge

Structure MW c20s i20s
832.08
O
(\N
O\) E s
SNH
Ph )\/\/\
(@)
847.05
(@] O
H H 0
N N
N v N N
\) - ) | ) |
0 0 3 0 B N
\ e SNH
Ph )\
o N/\
K/O
Oximes
734.92 278.6% 2293%
O O
a a O
N N
N N Y N
\) - ) é ) |
0 0 B 0 < N
Sy oH
Ph
748.95 2612* inactive
O
1 °
N
N Y N
\) : H : |
O O = =
\ \(|)
825.05 539 2181

O
b

Ph
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TABLE G-continued

Purified PI
ICs0 Slope (nM)
*did not converge

Structure MW c20s i20s

792.96 inactive inactive
(¢] (¢]
0 0 0
N N
N > N - N
\) : ) - ) |
O (0] (0] N OH
D o Y
(0]

O\) N N o™ OO

Ph
881.11
0 0
H\)j\ H\)I\ ¢
N N
‘/\N/\"/ N N
R H |
0 \ 0

Ph

Activated Diols

816.02 37.66 98.68
0
)it
M
N - N
o\) o} 3 o}
Ph
Me 892.11 73.67 3164
0
N\
=S
I
0
0 0
I I oH
N N
N - N N
\) : ) E )
e} 0 B 0 3 0
ﬁ S
Ph
756.37 614.5 143.1
cl
0 0
I I oH
N N
N - N - N
0 0 B 0 3 0
\ \Ph
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TABLE G-continued
Purified PI
ICs0 Slope (nM)
*did not converge

Structure MW c20s i20s
855.03 2473% 2818
N
T
0
QL \)k "
O\) : E
Ph
OY 779.96 2444 8186
0
0 0
I I OH
N N
//\N N y N
\) - é )
e} 0 3 0 E 0
Ny
Ph
Cl 910.92 inactive 659.8
0,
0 Cl
0 0
I I OH
N N
N - N - N
O 0 g 0 3 0
Ny
Ph
938.1 2670 2547%
0,
x>
N
e}




Apr. 17,2014

US 2014/0105921 Al
125
TABLE H
Purified PI
ICs, 60 minute
ICsoSlope (nM)  point (nM)

Structure MW  c20s  i20s <205 i20s

Oximes
561.65 inactive imactive 2560* inactive

(|) Ph
0 0
H\)k 0
N
== N v N
0 < N
\T ~o

Activated Diols (sulfonates)
179.4 458.5 614.1

628.71  102.7

(@]
\\ Me

|

¥ o
|
637.3

Me 704.81 140.8 251.9 747.9

698.81  192.7  278.5%
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TABLE H-continued
Purified PT

IC5, 60 minute

ICsq Slope (nM) point (nM)
Structure MW c20s i20s c20s i20s
O 704.81 95.37 inactive
N\
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(|) Ph O
[@] [@]
N
—= N v N
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N—((S)-1-(((S)-1-(((2S,4S)-4-Hydroxy-5-iodo-4-
methyl-3-0x0-1-phenylpentan-2-yl)amino)-3-meth-
oxy-1-oxopropan-2-yl)amino)-3-methoxy-1-oxopro-

pan-2-y1)-2-methylthiazole-5-carboxamide

[0784]
! I
(€] (0]
B
N
— N Y N
N \ H H H
S 0 E 0
) N
[0785] Cerium chloride heptahydrate (488 mg, 1.32 mmol)

and sodium iodide (423 mg, 2.82 mmol) were added to a
solution of compound N—((S)-3-methoxy-1-(((S)-3-meth-
oxy-1-(((S)-1-((R)-2-methyloxiran-2-y1)-1-oxo0-3-phenyl-
propan-2-yl)amino)-1-oxopropan-2-yl)amino)-1-oxopro-
pan-2-yl)-2-methylthiazole-5-carboxamide (1.0 g, 1.88
mmol) in acetonitrile (50 mL). The reaction mixture was
stirred at room temperature for 2 h and TLC analysis showed
acomplete conversion of the starting material. Then saturated
sodium hydrogensulfite solution (50 mL) was added and the
resulting mixture was extracted with EtOAc (100 mL). The
organic phase was separated, washed with brine (50 mL),
dried over anhydrous MgSO4 and concentrated under
reduced pressure to afford iodohydrin (1.2 g, yield 96%) as a
white solid without further purification.

[0786] 'H NMR (CDCL,): § 8.06 (s, 1H), 7.28-7.19 (m,
6H),7.00 (d,J=7.2 Hz, 1H), 6.82 (d, J=6.4 Hz, 1H), 5.42-5.38
(m, 1H), 4.69-4.66 (m, 1H), 4.51-4.48 (m, 1H), 3.94 (s, 1H),
3.85-3.76 (m, 2H), 3.59-3.53 (m, 2H), 3.44-3.39 (m, 4H),
3.31 (s, 3H), 3.22-3.18 (m, 1H), 2.93-2.89 (m, 1H), 2.74 (s,
3H), 1.21 (s, 3H); MS for C,sH,;IN,O7S m/z: 661 (M+H)*.

N—((S)-1-(((S)-1-(((28,4S)-5-Chloro-4-hydroxy-4-

methyl-3-0x0-1-phenylpentan-2-yl)amino)-3-meth-

oxy-1-oxopropan-2-yl)amino)-3-methoxy-1-oxopro-
pan-2-y1)-2-methylthiazole-5-carboxamide

[0787)]

(0] Cl

H\)k .
N
Y N
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[0788] Diethyl chlorophosphate (120 mg, 0.7 mmol) was
dissolved in dichloromethane (5 mL). A solution of TiCl, (1
mg, catalytic) in dichloromethane (2 ml.) was added, fol-
lowed by N—((S)-3-methoxy-1-(((S)-3-methoxy-1-(((S)-1-
((R)-2-methyloxiran-2-yl)-1-oxo-3-phenylpropan-2-yl)
amino)-1-oxopropan-2-yl)amino)-1-oxopropan-2-yl)-2-
methylthiazole-5-carboxamide (300 mg, 0.58 mmol) in
dichloromethane (10 mL). The reaction mixture was stirred 9
h at room temperature, then diluted with dichloromethane (10
ml.) and water (10 mL). The organic layer was separated and
washed with brine (5 mL) and dried over MgSO4. It was
concentrated to dryness, and the residue purified on silica gel
column (dichloromethane:methanol=100:1 to 80:1) to give
product as a white solid (200 mg, yield 63%); MS for
C,5sH;;,CIN,O7S m/z: 570 (M+H)*.

N—((S)-1-(((S)-1-(((28,4S)-5-bromo-4-hydroxy-4-

methyl-3-0xo0-1-phenylpentan-2-yl)Jamino)-3-meth-

oxy-1-oxopropan-2-yl)amino)-3-methoxy-1-oxopro-
pan-2-yl)-2-methylthiazole-5-carboxamide

[0789]

s

\)J\ .
Y N
z H

¢
e

[0790] Hydrobromic acid (2 eq., 0.314 mL.) was added to
N—((S)-3-methoxy-1-(((S)-3-methoxy-1-(((S)-1-((R)-2-
methyloxiran-2-yl)-1-oxo-3-phenylpropan-2-yl)amino)-1-
oxopropan-2-yl)amino)-1-oxopropan-2-yl)-2-methylthiaz-
ole-5-carboxamide (1.0 g, 1.88 mmol) in dioxane (20 mL) at
0° C., the reaction allowed to warm to room temperature and
stirred overnight. The mixture was diluted with DCM,
washed with aqueous saturated sodium bicarbonate, brine,
dried (Na,SO,) and evaporated. The residue was purified by
Biotage flash column chromatography to give product as a
white solid (0.722 g, 48%); "H NMR (CDCl,): § 8.06 (s, 1H),
7.28-7.18 (m, 6H), 7.02 (d, J=7.6 Hz, 1H), 6.85 (d, J=6.4 Hz,
1H), 5.45-5.40 (m, 1H), 4.71-4.66 (m, 1H), 4.53-4.48 (m,
1H), 4.20 (s, 1H), 3.85-3.75 (m, 3H), 3.57-3.52 (m, 2H),
3.44-3.39 (m, 4H),3.31 (s, 3H), 3.23-3.18 (m, 1H), 2.94-2.89
(m, 1H), 2.75 (s, 3H), 1.18 (s, 3H); MS for C,sH;,BrN,O7S
m/z 614 (M+H)".
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(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
6-(acetylthio)hexanoate

[0791]

[0792] A solution of N—((S)-1-(((S)-1-(((2S,4S)-4-Hy-
droxy-5-iodo-4-methyl-3-oxo-1-phenylpentan-2-yl)amino)-
3-methoxy-1-oxopropan-2-yl)amino)-3-methoxy-1-oxopro-
pan-2-yl)-2-methylthiazole-5-carboxamide (300 mg, 0.45
mmol) and DMAP (166 mg, 1.5 mmol) in pyridine (15 mL)
was kept in a 30° C. oil bath. 6-(Acetylthio)hexanoic anhy-
dride (ca 7 mmol) in pyridine (1 mL) was added and the
mixture was stirred 30 min at 30° C. It was diluted with water
(20 mL) and dichloromethane (150 mL). The dichlo-
romethane layer was separated and washed with 1N HCI1 (20
ml) and brine (20 mL). It was dried over sodium sulfate then

SN
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concentrated to dryness. The residue was purified on silica gel
column (dichloromethane:ethyl acetate=1.5:1) to give prod-
uct as a pale yellow powder (150 mg, 18%); MS for
C33H,5IN,O,S, m/z: 833 (M+H)*.

(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
5-(acetylthio)pentanoate

[0793]

=<m

[0794] A solution of N—((S)-1-(((S)-1-(((2S,4S)-4-Hy-
droxy-5-iodo-4-methyl-3-oxo-1-phenylpentan-2-yl)amino)-
3-methoxy-1-oxopropan-2-yl)amino)-3-methoxy-1-oxopro-
pan-2-yl)-2-methylthiazole-5-carboxamide (500 mg, 0.76
mmol) and DMAP (300 mg, 2.28 mmol) in pyridine (5 mL)
was kept in a 30° C. oil bath. 5-(Acetylthio)pentanoic anhy-
dridel (ca 7 mmol) in pyridine (1 mL) was added and the
mixture was stirred 30 min at 30° C. It was diluted with water
(20 mL) and dichloromethane (50 mL). The dichloromethane
layer was separated and washed with 1N HCl1 (10 mL) and
brine (10 mL). It was dried over sodium sulfate then concen-
trated to dryness. The residue was purified on silica gel col-
umn (dichloromethane:ethyl acetate=1.5:1) to give product
as a pale yellow powder (240 mg, yield 37%); MS for
C3,H,5INLO,S, m/z: 819 (M+H)*.
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(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
4-(acetylthio) butanoate
[0795]

\(/
o
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[0796] A solution of N—((S)-1-(((S)-1-(((2S,4S)-4-Hy-
droxy-5-iodo-4-methyl-3-oxo-1-phenylpentan-2-yl)amino)-
3-methoxy-1-oxopropan-2-yl)amino)-3-methoxy-1-oxopro-
pan-2-yl)-2-methylthiazole-5-carboxamide (500 mg, 0.76
mmol) and DMAP (300 mg, 2.28 mmol) in pyridine (2 mL) 2
was kept in a 30° C. oil bath. 4-(Acetylthio)butanoic anhy-
dride (ca 7 mmol) in pyridine (1 mL) was added and the
mixture was stirred 30 min at 30° C. It was diluted with water
(20 mL) and dichloromethane (50 mL). The dichloromethane
layer was separated and washed with 1N HCl (10 mL) and
brine (10 mL). It was dried over sodium sulfate then concen-
trated to dryness. The residue was purified on silica gel col-
umn (dichloromethane:ethyl acetate=1.5:1) to give product
as a pale yellow powder (300 mg, 50%); MS for
C;5,H,, INLO,S, m/z: 805 (M+H)*.

(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
5-acetoxypentanoate
[0797]

[0798] A solution of N—((S)-1-(((S)-1-(((2S,4S)-4-Hy-
droxy-5-iodo-4-methyl-3-oxo-1-phenylpentan-2-yl)amino)-
3-methoxy-1-oxopropan-2-yl)amino)-3-methoxy-1-oxopro-
pan-2-yl)-2-methylthiazole-5-carboxamide (500 mg, 0.76
mmol) and DMAP (300 mg, 2.28 mmol) in pyridine (2 mL)
was keptina30°C. oil bath. 5-(Acetoxy)pentanoic anhydride
(ca 7 mmol) in pyridine (1 mL) was added and the mixture
was stirred 30 min at 30° C. It was diluted with water (20 mL)
and dichloromethane (50 mL). The dichloromethane layer
was separated and washed with IN HC1 (10 mL) and brine (10
mL). It was dried over sodium sulfate then concentrated to
dryness. The residue was purified on silica gel column
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(dichloromethane:ethyl acetate=1.5:1) to give product as a
brownish powder (340 mg, 55%); MS for C;,H,;IN,O, S
m/z: 8303 (M+H)".

5-(Acetoxy)pentanoic anhydride

[0799] General procedure for anhydride preparation: To a
solution of acid (1 mmol) in dichloromethane (2 mL) under
N, was added DCC (0.5 mmol). The reaction mixture was
stirred overnight then filtered to remove DCU. The filtrate
was concentrated to dryness to give the crude anhydride.
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(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
4-acetoxybutanoate

[0800]
) I
0 0
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N
= N - N
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[0801] A solution of N—((S)-1-(((S)-1-(((2S,4S)-4-Hy-
droxy-5-iodo-4-methyl-3-oxo-1-phenylpentan-2-yl)amino)-
3-methoxy-1-oxopropan-2-yl)amino)-3-methoxy-1-oxopro-
pan-2-yl)-2-methylthiazole-5-carboxamide (500 mg, 0.76
mmol) and DMAP (300 mg, 2.28 mmol) in pyridine (2 mL)
was kept in a 30° C. oil bath. 4-(Acetoxy)butanoic anhydride
(ca 7 mmol) in pyridine (1 mL) was added and the mixture
was stirred 30 min at 30° C. It was diluted with water (20 mL)
and dichloromethane (50 mL). The dichloromethane layer
was separated and washed with IN HC1 (10 mL) and brine (10
mL). It was dried over sodium sulfate then concentrated to
dryness. The residue was purified on silica gel column
(dichloromethane:ethyl acetate=1.5:1) to give product as a
white powder (300 mg, 50%); "H NMR (300 MHz, CDCl,):

130
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88.12 (s, 1H), 7.29-7.10 (m, 6H), 7.06-6.95 (m, 2H), 5.38-5.
30 (m, 1H), 4.78-4.70 (m, 1H), 4.51-4.45 (m, 1H), 4.15 (t,
J=6.6 Hz, 1H), 3.91-3.72 (m, 3H), 3.65-3.73 (m, 1H), 3.66-
3.55 (m, 2H), 3.48 (s, 3H), 3.46-3.39 (m, 1H), 3.30 (s, 3H),
3.14-3.05 (m, 1H), 2.90-2.83 (m, 1H), 2.77 (s, 3H), 2.58-2.52
(m, 2H), 1.97-1.92 (m, 2H), 135 (s, 3H); MS for
C5,H,,IN,O, S m/z: 789 (M+H)*.

(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
4-acetoxy-3,3-dimethylbutanoate

[0802]
0] 1 O
(€]
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N O
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[0803] Prepared according to the procedures described

above, by reacting 4-acetoxy-3,3-dimethylbutanoic anhy-
dride with N—((S)-1-(((S)-1-(((2S,4S)-4-hydroxy-5-iodo-4-
methyl-3-0x0-1-phenylpentan-2-yl)amino)-3-methoxy-1-
oxopropan-2-yl)amino)-3-methoxy-1-oxopropan-2-yl)-2-
methylthiazole-5-carboxamide. 'H NMR (300 MHz,
CDCl,): 6 8.10 (s, 1H), 7.29-7.11 (m, 6H), 7.05 (d, J=6.6 Hz,
1H), 6.92 (d, J=7.8 Hz, 1H), 5.37-5.29 (m, 1H), 4.78-4.68 (m,
1H), 4.51-4.46 (m, 1H), 3.96 (s, 2H), 3.85-3.73 (m, 3H),
3.64-3.52 (m, 2H), 3.47 (s, 3H), 3.43-3.39 (m, 1H), 3.28 (s,
3H), 3.18-3.09 (m, 1H), 2.93-2.83 (m, 1H), 2.76 (s, 3H), 2.45
(d,J=8.4Hz, 2H),2.11 (s, 3H), 1.45 (s, 3H), 1.11 (s, 3H), 1.09
(s, 3H); MS for C;3H,5IN,O, S m/z: 817 (M+H)™".
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(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
((5-methyl-2-0x0-1,3-dioxol-4-yl)methyl) carbonate

[0804]
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[0805] A solution of N—((S)-1-(((S)-1-(((28,4S)-4-hy-
droxy-5-iodo-4-methyl-3-oxo-1-phenylpentan-2-yl)amino)-
3-methoxy-1-oxopropan-2-yl)amino)-3-methoxy-1-oxopro-
pan-2-yl)-2-methylthiazole-5-carboxamide (500 mg, 0.76
mmol) and DMAP (180 mg, 1.5 mmol) in dichloromethane
(7.5 mL) was kept at 0° C. in an ice-water bath. A solution of
triphosgene (150 mg, 1.5 mmol) in toluene (7.5 mlL) was
added. The solution was stirred 10 min, then DMAP (90 mg,
0.75 mmol) was added. The solution was stirred another 10
min, then another portion of DMAP (180 mg, 1.5 mmol) was
added. The reaction mixture was stirred 10 min, then 4-(hy-
droxymethyl)-5-methyl-1,3-dioxol-2-one (1 g, 7.6 mmol)
was added. The mixture was allowed to stirred over night,
then diluted with water (20 mL) and dichloromethane (50
mL). The dichloromethane layer was separated and washed
with 1IN HC1 (10 mL) and brine (10 mL). It was dried over
sodium sulfate then concentrated to dryness. Three similar
batches were combined, and the residue was purified on
reverse-phase prep-HPLC to give product as a white powder
(75 mg) as white powder; 'H NMR (300 MHz, CDCl,): §
8.12 (s, 1H), 7.29-7.10 (m, 6H), 6.95 (m, 2H), 5.48-5.37 (m,
1H), 4.93 (m, 2H), 4.78-4.69 (m, 1H), 4.51-4.42 (m, 1H),
3.87-3.82 (m, 2H), 3.79-3.73 (m, 1H), 3.66-3.55 (m, 2H),
3.48 (s, 3H), 3.47-3.44 (m, 1H), 3.28 (s, 3H), 3.18-3.11 (m,
1H), 2.90-2.82 (m, 1H), 2.77 (s, 3H), 2.22 (s, 3H), 1.48 (s,
3H); MS for C;,H;,IN,O,,S m/z: 817 (M+H)*.
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Ethyl ((2S,4S)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-
methoxy-2-(2-methylthiazole-5-carboxamido)pro-
panamido)propanamido)-2-methyl-3-oxo-5-phenyl-
pentan-2-yl) oxalate

[0806]

5* Ad eyt
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[0807] A solution of N—((S)-1-(((S)-1-(((2S,4S)-4-Hy-
droxy-5-iodo-4-methyl-3-oxo-1-phenylpentan-2-yl)amino)-

3-methoxy-1-oxopropan-2-yl)amino)-3-methoxy-1-oxopro-

pan-2-yl)-2-methylthiazole-5-carboxamide (300 mg, 0.46
mmol) and DMAP (150 mg, 1.14 mmol) in pyridine (5 mL)
was keptina 30° C. oil bath. 2-Ethoxy-2-oxoacetic anhydride
(ca 10 mmol) in pyridine (2 mL.) was 3 Journal of Medicinal
Chemistry 35, 11, 1992, p2113-2129 4 European Journal of
Medicinal Chemistry 47,2012, p485-492 added and the mix-
ture was stirred 30 min at 30° C. It was diluted with water (20
ml) and dichloromethane (50 mL). The dichloromethane
layer was separated and washed with 1N HCl1 (10 mL) and
brine (10 mL). It was dried over sodium sulfate then concen-
trated to dryness. The residue was purified on silica gel col-
umn (dichloromethane:ethyl acetate=2:1to 1:1) to give prod-
uct as a yellow powder (180 mg, 53%); '"H NMR (300 MHz,
CDCl,): 6 8.10 (s, 1H), 7.29-7.18 (m, 6H), 7.05 (d, J=7.5 Hz,
1H), 6.96 (d, J=6.9 Hz, 1H), 5.42-5.31 (m, 1H), 4.78-4.69 (m,
1H), 4.65-4.56 (m, 1H), 4.45-4.37 (m, 2H), 3.78-3.64 (m,
3H), 3.68-3.65 (m, 1H), 3.62-3.53 (m, 1H), 3.45-3.42 (m,
1H), 3.44 (s, 3H), 3.31 (s, 3H), 3.25-3.16 (m, 1H), 2.98-2.91
(m, 1H),2.76 (s, 3H), 1.53 (s, 3H), 1.42 (t, ]=7.2 Hz, 3H); MS
for C,oH;,IN,O, S m/z: 761 (M+H)*.

Ethyl ((2S,4S)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-
methoxy-2-(2-methylthiazole-5-carboxamido)pro-
panamido)propanamido)-2-methyl-3-oxo-5-phenyl-
pentan-2-yl) succinate

[0808]
(|) o I O

Lo o
O \O O
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[0809] A solution of N—((S)-1-(((S)-1-(((28,4S)-4-hy-
droxy-5-iodo-4-methyl-3-oxo-1-phenylpentan-2-yl)amino)-
3-methoxy-1-oxopropan-2-yl)amino)-3-methoxy-1-oxopro-
pan-2-yl)-2-methylthiazole-5-carboxamide (300 mg, 0.46
mmol) and DMAP (166 mg, 1.36 mmol) in pyridine (2 mL)
was kept in a 30° C. oil bath. 4-Ethoxy-4-oxobutanoic anhy-
dride (ca 8.5 mmol) in pyridine (1 ml) was added and the
mixture was stirred 30 min at 30° C. It was diluted with water
(20 mL) and dichloromethane (50 mL). The dichloromethane
layer was separated and washed with 1N HCl (10 mL) and
brine (10 mL). It was dried over sodium sulfate then concen-
trated to dryness. The residue was purified on silica gel col-
umn (dichloromethane:ethyl acetate=2:1) to give productas a
white powder (200 mg, 55%); "H NMR (300 MHz, CDCl,):
88.10(s, 1H), 7.29-7.10 (m, 6H), 7.05 (m, 2H), 5. 30.5. 29 (m,
1H), 4.78-4.69 (m, 1H), 4.63-4.56 (m, 1H), 4.20-4.11 (m,
2H), 3.89-3.81 (m, 2H), 3.76-3.72 (m, 1H), 3.62-3.53 (m,
2H), 3.46 (s, 3H), 3.43 (m, 1H), 3.31 (s, 3H), 3.15-3.05 (m,
1H), 2.90-2.78 (m, 3H), 2.76 (s, 3H), 2.71-2.72 (m, 2H), 1.37
(s, 3H), 1.27 (t, J=7.2 Hz, 3H); MS for C,,H,,IN,O, .S m/z:
789 (M+H)™.

(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
2-methoxyacetate

[0810]
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[0811] Prepared according to the procedures described
above, by reacting 2-methoxyacetic anhydride with N—((S)-
1-(((S)-1-(((2S,45)-4-hydroxy-5-iodo-4-methyl-3-0xo0-1-
phenylpentan-2-yl)amino)-3-methoxy-1-oxopropan-2-yl)
amino)-3-methoxy-1-oxopropan-2-yl)-2-methylthiazole-5-
carboxamide. "H NMR (300 MHz, CDCl,): § 8.09 (s, 1H),
7.29-7.15 (m, 6H), 7.09 (d, J=7.5 Hz, 1H), 6.98 (d, J=6.9 Hz,
1H), 5.41-5.32 (m, 1H), 4.75-4.69 (m, 1H), 4.51-4.45 (m,
1H), 4.25 (d, J=16.8 Hz, 1H), 4.11 (d, J=16.8 Hz, 1H), 3.91-
3.82 (m, 2H), 3.78-3.74 (m, 1H), 3.65-3.58 (m, 2H), 3.51 (s,
3H), 3.47 (m, 1H), 3.45 (s, 3H), 3.32 (s, 3H), 3.18-3.09 (m,
1H), 2.95-2.86 (m, 1H), 2.76 (s, 3H), 1.33 (s, 3H); MS for
C,sH5,INLO,S my/z: 733.14 (M+H)™.

(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
2-phenoxyacetate

[0812]

/%%% S0
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[0813] 2-Phenoxyacetic acid (1.5 g, 9.9 mmol) was dis-
solved in dry DCM (50 mL) under N2 and DCC (0.93 g, 4.45
mmol) was added at 0° C. The reaction mixture was stirred
overnight at room temperature. The precipitated white solid
was filtered off and the filtration was concentrated under
reduced pressure to give the corresponding anhydride. The
anhydride was added to a solution of N—((S)-1-(((S)-1-
(((28,48)-4-hydroxy-5-iodo-4-methyl-3-oxo-1-phenylpen-
tan-2-yl)amino)-3-methoxy-1-oxopropan-2-yl)amino)-3-
methoxy-1-oxopropan-2-yl)-2-methylthiazole-5-
carboxamide (300 mg, 0.46 mmol) and DMAP (180 mg, 1.3
mmol) in pyridine (3 mL) at 0° C. The reaction mixture was
allowed to warm to room temperature and stirred for 5 h. The
mixture was poured into a mixture of DCM (70 mL) and 2N
HCI (50 mL). The organic layer was separated, washed with
saturated NaHCO3 (50 mL), dried over sodium sulfate and
concentrated to dryness. The residue was purified on silica gel
column (dichloromethane:ethyl acetate=1.5:1) to give prod-
uct as a white powder (200 mg, 54%); MS for C;;H;IN,OS
m/z: 795 M+H)*".

(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
2-amino-3-methylbutanoate, hydrochloride salt

[0814]
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[0815] Boc-Val-OH (3.0 g, 13.8 mmol) was dissolved in
dry DCM (20 mL)under N, and DCC (1.42 g, 6.9 mmol) was
added. The reaction mixture was stirred overnight at room
temperature. The precipitated white solid was filtered off and
the filtrate was concentrated under reduced pressure to give
the corresponding anhydride. The anhydride was added to a
solution of N—((S)-1-(((S)-1-(((28,48)-4-hydroxy-5-iodo-
4-methyl-3-oxo-1-phenylpentan-2-yl)amino)-3-methoxy-1-
oxopropan-2-yl)amino)-3-methoxy-1-oxopropan-2-yl)-2-
methylthiazole-5-carboxamide (300 mg, 0.45 mmol) and
DMAP (166 mg, 1.36 mmol) in pyridine (5 mL). The reaction
mixture was stirred at 30° C. for 4 h. The mixture was diluted
with DCM (50 mL) and then washed with 2N HC1 (2x30 mL.)
and saturated NaHCO3 (40 mL), respectively. The organic
layer was separated, dried over sodium sulfate and concen-
trated to dryness. The residue was purified on silica gel col-
umn (dichloromethane:ethyl acetate=1.5:1) to give the
desired Boc-ester (150 mg, yield 39%) as white powder.
Boc-ester (150 mg, 0.17 mmol) was dissolved in 10 mL. of
HCI-EtOAc (2M) and the mixture was stirred for 2 h at room
temperature. The solvent was removed under reduced pres-
sure and the residue was triturated with ether. The resulting
precipitate was collected by filtration to give product as a pale
yellow powder (110 mg, 79%); MS for C;,H,,INOgS m/z:
760 (M+H)™.
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(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
2-aminoacetate, hydrochloride salt

[0816]

[0817] Prepared according to the methods described above,
by reacting 2-((tert-butoxycarbonyl)amino)acetic anhydride
with  N—((S)-1-(((S)-1-(((2S,4S5)-4-hydroxy-5-iodo-4-me-
thyl-3-oxo-1-phenylpentan-2-yl)amino)-3-methoxy-1-oxo-
propan-2-yl)amino)-3-methoxy-1-oxopropan-2-yl)-2-meth-
ylthiazole-5-carboxamide. 'H NMR (300 MHz, DMSO-d,):
8 8.85(d, I=8.1 Hz, 1H),8.66 (d, J=9.0 Hz, 1H), 8.46 (m, 3H),
8.30(d, J=7.5Hz, 1H), 7.30-7.15 (m, 5H), 5.09-4.97 (m, 1H),
4.78-4.69 (m, 1H), 4.47-4.39 (m, 1H), 3.99-3.89 (m, 2H),
3.88-3.75 (m, 2H), 3.61-3.30 (m, 4H), 3.25 (s, 3H), 3.21 (s,
3H), 3.09-2.98 (m, 1H), 2.85-2.76 (m, 1H), 2.78 (s, 3H), 1.47
(s, 3H); MS for C,,H;(INSOS m/z: 718 (M+H)™.

4-((58,7S,108,135)-7-Benzyl-5-(iodomethyl)-10-
(methoxymethyl)-5-methyl-13-(2-methylthiazole-5-
carboxamido)-3,6,9,12-tetraoxo-2,4,15-trioxa-8,11-
diazahexadecyl)phenyl acetate

[0818]
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[0819] A solution of N—((S)-1-(((S)-1-(((2S,4S)-4-Hy-
droxy-5-iodo-4-methyl-3-oxo-1-phenylpentan-2-yl)amino)-
3-methoxy-1-oxopropan-2-yl)amino)-3-methoxy-1-oxopro-
pan-2-yl)-2-methylthiazole-5-carboxamide (1.0 g, 1.5 mmol)
and DMAP (360 mg, 3 mmol) in dichloromethane (15 m[)
was kept at 0° C. in an ice-water bath. A solution of triphos-
gene (300 mg, 3 mmol) in toluene (10.0 mL.) was added. The
solution was stirred for 10 min and new portion of DMAP
(180 mg, 1.5 mmol) was added. The solution was stirred for
10 min and another portion of DMAP (180 mg, 1.5 mmol)
was added. The mixture was stirred for 10 min and 4-(hy-
droxymethyl)phenyl acetate (2.49 g, 15 mmol) [4-(Hy-
droxymethyl)phenyl acetate was prepared from 4-hydroxy-
benzaldehyde in two steps (reaction with acetic anhydride
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followed by hydrogenation.] was added. The reaction mixture
was allowed to warm to room temperature and stirred over-
night. The mixture was diluted with water (30 mL) and
dichloromethane (100 mL). The organic layer was separated,
washed with 1N HC1 (30 mL) and brine (20 mL), dried over
sodium sulfate and concentrated to dryness. The residue was
purified on prep-HPLC to give product as an off-white pow-
der (190 mg, 15%); "H NMR (300 MHz, CDCI,): 3 8.09 (s,
1H),7.47 (d,1=8.4 Hz, 2H), 7.29-7.10 (m, 6H), 7.15 (d, ]=8 .4
Hz, 2H), 6.97-6.91 (m, 2H), 5.47-5.40 (m, 1H), 5.21 (s, 2H),
4.77-4.67 (m, 1H), 4.53-4.46 (m, 1H), 3.87-3.75 (m, 3H),
3.68-3.54 (m, 2H), 3.47 (s, 3H), 3.46-3.43 (m, 1H), 3.28 (s,
3H), 3.18-3.14 (m, 1H), 2.95-2.86 (m, 1H), 2.76 (s, 3H), 2.31
(s, 3H), 1.52 (s, 3H); MS for C;H,,IN,O,,S m/z: 853
(M+H)*".

(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
2-chloroacetate

[0820]

[0821] To a solution of N—((S)-1-(((S)-1-(((2S,4S)-4-Hy-
droxy-5-iodo-4-methyl-3-oxo-1-phenylpentan-2-yl)amino)-
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3-methoxy-1-oxopropan-2-yl)amino)-3-methoxy-1-oxopro-
pan-2-yl)-2-methylthiazole-5-carboxamide (300 mg, 0.46
mmol) and DMAP (300 mg, 230 mmol) in DCM (10 m[.) was
added dropwise a solution of 2-chloroacetic anhydride (0.78
g, 4.6 mmol) in DCM (1 mL) at 5-10° C. and the reaction
mixture was stirred for 2 h. The mixture was diluted with
DCM (50 mL) and then washed with 2N HCl (25 mL) and
saturated NaHCO3 (25 mL), respectively. The organic layer
was separated, dried over sodium sulfate and concentrated to
dryness. The residue was purified on silica gel column
(dichloromethane:ethyl acetate=1.5:1) to give product as a
white powder (200 mg, 59%); "H NMR (300 MHz, CDCl,):
88.10(s, 1H),7.29-7.10 (m, 6H), 7.05 (d, J=7.5 Hz, 1H), 6.93
(d, J=6.6 Hz, 1H), 5.41-5.32 (m, 1H), 4.78-4.69 (m, 1H),
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4.53-4.46 (m, 1H), 4.24 (m, 2H), 3.93-3.75 (m, 3H), 3.75-3.
63 (m, 2H), 3.49 (s, 3H), 3.48-3.45 (m, 1H), 3.32 (s, 3H),
3.18-3.09 (m, 1H), 2.95-2.86 (m, 1H), 2.76 (s, 3H), 1.28 (s,
3H); MS for C,,H,,C,,N,0,S m/z: 738 (M+H)*.

(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
formate

[0822]
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[0823] 'HNMR (300 MHz, CDCL,): 8 8.08 (s, 1H), 8.04 (s,
1H), 7.29-7.10 (m, 6H), 6.97-6.87 (m, 1H), 5.42-5.34 (m,
1H), 4.78-4.69 (m, 1H), 4.53-4.46 (m, 1H), 3.90-3.75 (m.
3H), 3.65-3.54 (m, 2H), 3.49 (s, 3H), 3.48-3.45 (m, 1H), 3.32
(s, 3H), 3.18-3.09 (m, 1H), 2.95-2.86 (m, 1H), 2.76 (s, 3H),
1.48 (s, 3H); MS for C,HasIN,O,S m/z: 689 (M+H)*.

N—((S)-3-Methoxy-1-(((S)-3-methoxy-1-(((S)-1-
((R)-2-methyloxiran-2-yl)-1-oxo-3-phenylpropan-2-
yl)amino)-1-oxopropan-2-yl)amino)-1-oxopropan-2-
y1)-2-methyl-N-((5-methyl-2-0x0-1,3-dioxol-4-yl)
methyl)thiazole-5-carboxamide

(S)-Benzyl 3-methoxy-2-((S)-3-methoxy-2-(((5-
methyl-2-0x0-1,3-dioxol-4-yl)methyl )Jamino )pro-
panamido)propanoate

[0824] Referring to FIG. 38, 4-(bromomethyl)-5-methyl-1,
3-dioxo-2-one (278 mg, 1.44 mmol) was added to (S)-benzyl
2-((S)-2-amino-3-methoxypropanamido)-3-methoxypro-
panoate hydrochloride salt (1.0 g, 2.88 mmol) and potassium
carbonate (400 mg, 2.88 mmol) in DMF (15 mL) at 0° C. The
reaction was stirred at 0° for 2.5 hours and then diluted with
water and extracted with EtOAc. The extract was washed with
brine, dried (Na,SO,) and evaporated. The residue was puri-
fied by Biotage flash column chromatography to give product
as a yellow oil. MS for C,,H,N,Og m/z: 423 (M+H)™.

(S)-Benzyl 3-methoxy-2-((S)-3-methoxy-2-(2-me-
thyl-N-((5-methyl-2-ox0-1,3-dioxol-4-yl)methyl)
thiazole-5-carboxamido)propanamido)propanoate

[0825] Referring to FIG. 38, phosphorous oxychloride
(323 pl, 3.46 mmol) was added dropwise to (S)-benzyl
3-methoxy-2-((S)-3-methoxy-2-(((5-methyl-2-0x0-1,3-di-

oxol-4-yl)methyl)amino )propanamido)propanoate (1.46 g,
3.46 mmol), 2-methylthiazole-5-carboxylic acid (248 mg,
3.46 mmol) and pyridine (1.07 mL, 10 mmol) in DCM (20 ml)
at 0° C. The reaction mixture was stirred at 0° C. for 3 hours,
diluted with 1N HCI, and extracted with DCM. The organic
layer was separated, dried (Na,SO,) and evaporated. The
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residue was purified by flash column chromatography to give
the product as a white solid (346 mg, 22%).

(S)-3-Methoxy-2-((S)-3-methoxy-2-(2-methyl-N-
((5-methyl-2-0x0-1,3-dioxol-4-yl)methyl)thiazole-5-
carboxamido)propanamido)propanoic acid

[0826] Referring to FIG. 38, (S)-benzyl 3-methoxy-2-((S)-
3-methoxy-2-(2-methyl-N-((5-methyl-2-0x0-1,3-dioxol-4-
yDmethyl)thiazole-5-carboxamido)propanamido)pro-
panoate (346 mg, 0.632 mmol) and palladium on carbon
(10%, 70 mg) in methanl was stirred under hydrogen (bal-
loon) overnight. The reaction was filtered and evaporated to
give product suitable for use directly in the next step.

[0827] Referring to FIG. 38, diisopropylethylamine (0.32
ml, 1.84 mmol) was added to (S)-3-methoxy-2-((S)-3-meth-
oxy-2-(2-methyl-N-((5-methyl-2-ox0-1,3-dioxol-4-yl)me-
thyDthiazole-5-carboxamido)propanamido)propanoic  acid
(0.28 g, 0.612 mmol), (S)-2-amino-1-((R)-2-methyloxiran-2-
yD)-3-phenylpropan-1-one, hydrochloride (0.15 g, 0.612
mmol), HBTU (0.35 g, 0.918 mmol), and HOBt (0.124 g,
0.918 mmol) in DMF (4 mL) at 0° C. The reaction was stirred
at 0° C. for 30 minutes, diluted with EtOAc, washed with 2N
HCl, sat. aq. sodium bicarbonate and brine, dried (Na,SO,)
and evaporated. The residue was purified by flash column
chromatography to give product as a white solid (0.24 g,
60%); "H NMR (300 MHz, CDCl,): 8 7.92 (s, 1H), 7.41-7.11
(m, 7H), 4.92-4.82 (m, 1H), 4.61-4.55 (m, 1H), 4.47-4.39 (m,
1H), 3.99-3.91 (m, 1H), 3.84-3.75 (m, 1H), 3.43 (s, 3H), 3.41
(s, 3H), 3.18-3.12 (m, 1H), 2.95-2.89 (m, 2H), 2.74 (s, 2H),
2.18 (s, 3H), 1.55 (s, 3H); MS for C;,H;,N,O,,S m/z: 645
(M+H)*".

Ethyl ((2S,4S)-1-i0do-4-((S)-3-methoxy-2-(2-meth-
ylthiazole-5-carboxamido)propanamido)propana-
mido)-2-methyl-3-0x0-5-phenylpentan-2-yl) carbon-

ate
[0828]
|
(0] 1
(6] (6] o o
/\Hk A N
S N N
N\ S ! o] 2 ! o] ©
) 0
[0829] Prepared according to procedures described above,

by reacting ethanol with the intermediate (2S,4S)-1-iodo-4-
((S)-3-methoxy-2-((S)-3-methoxy-2-(2-methylthiazole-5-
carboxamido)propanamido)propanamido)-2-methyl-3-oxo-
5-phenylpentan-2-yl carbonochloridate. '"H NMR (CDCl,): &
8.05 (s, 1H), 7.28-7.16 (m, 5H), 7.08 (d, J=9.2 Hz, 1H), 6.96
(d, I=7.2 Hz, 1H), 6.84 (d, J=6 Hz, 1H), 5.44-5.40 (m, 1H),
4.71-4.66 (m, 1H),4.48-4.44 (m, 1H), 4.21 (q, J=7.2 Hz, 2H),
3.84-3.79 (m, 2H), 3.75-3.72 (m, 1H), 3.62 (d, J=11.2 Hz,
1H), 3.55 (t, J=4.8 Hz, 1H), 3.45 (s, 3H), 3.41-3.38 (m, 1H),
3.28 (s, 3H), 3.19-3.14 (m, 1H), 2.89-2.83 (m, 1H), 2.74 (s,
3H), 1.51 (s, 3H), 1.35 (&, J=7.2 Hz, 3H); MS for
C,sH3,INLO,S m/z: 733 (M+H)".
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(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
phenyl carbonate

[0830]

[

[0831] Prepared according to procedures described above,
using phenol with the intermediate (28S,4S)-1-i0do-4-((S)-3-
methoxy-2-((S)-3-methoxy-2-(2-methylthiazole-5-carboxa-
mido)propanamido)propanamido)-2-methyl-3-oxo-5-phe-
nylpentan-2-yl carbonochloridate. 'H NMR (CDCL,): 8 8.02
(s, 1H), 7.40 (t, J=8 Hz, 2H), 7.29-7.10 (m, 10H), 6.98 (d,
J=7.2 Hz, 1H), 6.82 (d, J=6 Hz, 1H), 5.51-5.45 (m, 1H),
4.67-4.62 (m, 1H), 4.45-4.41 (m, 1H), 3.83-3.78 (m, 2H),
3.70-3.64 (m, 2H), 3.50 (t, I=4.8 Hz, 1H), 3.45 (s, 3H),
3.32-3.28 (m, 1H),3.27 (s, 3H), 3.19-3.14 (m, 1H), 2.91-2.86
(m, 1H), 2.74 (s, 3H), 1.55 (s, 3H); MS for C;,H;,IN,O,S
m/z: 782 (M+H)*.

(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
2-acetoxyacetate

[0832]

Y\Jk

m*% gt O
>/

[0833] Prepared according to procedures described above,
by reacting 2-acetoxyacetic anhydride with N—((S)-1-(((S)-
1-(((2S,4S)-4-hydroxy-5-iodo-4-methyl-3-oxo-1-phenyl-
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pentan-2-yl)amino)-3-methoxy-1-oxopropan-2-yl)amino)-
3-methoxy-1-oxopropan-2-yl)-2-methylthiazole-5-
carboxamide. 'H NMR (300 MHz, CDCl,): 8 8.09 (s, 1H),
7.31-7.15 (m, 6H), 7.05 (d, J=7.5 Hz, 1H), 6.96 (d, J=6.3 Hz,
1H), 5.39-5.34 (m, 1H), 4.78-4.70 (m, 3H), 4.55-4.46 (m,
1H), 3.89-3.82 (m, 2H), 3.78-3.72 (m, 1H), 3.62-3.53 (m,
2H), 3.48 (s, 3H), 3.45-3.42 (m, 1H), 3.32 (s, 3H), 3.18-3.09
(m, 1H), 2.95-2.86 (m, 1H), 2.76 (s, 3H), 2.18 (s, 3H), 1.27 (s,
3H); MS for C,,H,,IN,O S

[0834] mv/z: 762 (M+H)".
(25,45)-1-10do-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)

propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
3-(2-acetoxyphenyl)propanoate

[0835]

&@m@

| o

[0836] Prepared according to procedures described above,
by reacting 3-(2-acetoxyphenyl)propanoic anhydride with
N—((S)-1-(((S)-1-(((28,4S)-4-hydroxy-5-iodo-4-methyl-3-
oxo-1-phenylpentan-2-yl)amino)-3-methoxy-1-oxopropan-
2-yl)amino)-3-methoxy-1-oxopropan-2-yl)-2-methylthiaz-
ole-5-carboxamide. MS for C;cH,;IN,O,,S m/z: 851
M+H)™.

(25,45)-1-Iodo-4-((S)-3-methoxy-2-((S)-3-methoxy-
2-(2-methylthiazole-5-carboxamido)propanamido)
propanamido)-2-methyl-3-oxo-5-phenylpentan-2-yl
2-(acetoxymethyl)benzoate

[0837)]

O I
[@] [@]
H O
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[0838] Prepared according to procedures described above,
by reacting 2-(acetoxymethyl)benzoic anhydride with
N—((S)-1-(((S)-1-(((28,4S)-4-hydroxy-5-iodo-4-methyl-3-
oxo-1-phenylpentan-2-yl)amino)-3-methoxy-1-oxopropan-
2-yl)amino)-3-methoxy-1-oxopropan-2-yl)-2-methylthiaz-
ole-5-carboxamide. MS for C;;H, IN,O,,S m/z: 837
(M+H)*".
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(2R,48)-2-Hydroxy-4-((S)-3-methoxy-2-((S)-3-
methoxy-2-(2-methylthiazole-5-carboxamido)pro-
panamido)propanamido)-2-methyl-3-oxo-5-phenyl-
pentyl 4-(trifluoromethyl)benzenesulfonate
[0839]
CF;s
| Cl\// S\\
Ph OH
o o o O
§\)k OH DIEA, DMAP
~ 7
N, :
\_-§ B
) N
0 CFs
o
| /
(0] Ph (0]
(€] (€]
H\)J\ .
N
— N p N
N H i H
>/ S 0 _\o o}

4-(Trifluoromethyl)benzenesulfonyl chloride (0.71 g, 2.89
mmol) in DCM (5 mL) was added dropwise to N—((S)-1-
(((S)-1-(((2S,4R)-4,5-dihydroxy-4-methyl-3-oxo-1-phenyl-
pentan-2-yl)amino)-3-methoxy-1-oxopropan-2-yl)amino)-
3-methoxy-1-oxopropan-2-yl)-2-methylthiazole-5-
carboxamide (1.59 g, 0.00289 mol), DMAP (0.1 g) and DIEA
(0.60 mL, 3.47 mmol) in DCM (15 mL) at 0° C. The reaction
was allowed to warm to room temperature and stirred over-
night. The mixture was washed with 2N aqueous HCI, brine,
dried MgSQO,) and evaporated. The residue was purified by
Biotage flash column chromatography (5% MeOH/25%
EtOAc, DCM) to give product as a white solid (1.1 g, 52%);
'H NMR (CDCl,): 8 8.08-8.03 (m, 3H), 7.82 (d, J=8.4 Hz,
2H),7.32 (d, J=7.6 Hz, 1H), 7.28-7.15 (m, 5H), 7.02 (d, ]=8.4
Hz, 1H), 6.94 (d, I=6.8 Hz, 1H), 5.40-5.32 (m, 1H), 4.76-4.72
(m, 1H), 4.58-4.52 (m, 1H), 4.30(d, J=9.2 Hz, 1H), 3.86-3.80
(m, 3H), 3.63-3.59 (m, 1H), 3.50-3.36 (m, 7H), 3.12-3.06 (m,
1H), 2.95-2.90 (m, 1H), 2.70 (s, 3H), 0.74 (s, 3H); MS for
C;,H5,F3N,0, S, m/z: 759 (M+H)™.
(2R,48)-2-Hydroxy-4-((S)-3-methoxy-2-((S)-3-
methoxy-2-(2-methylthiazole-5-carboxamido)pro-
panamido)propanamido)-2-methyl-3-oxo-5-phenyl-
pentyl methanesulfonate
[0840]

[0841] Prepared according to procedures described above,
by reacting methanesulfonyl chloride with N—((S)-1-(((S)-
1-(((2S,4R)-4,5-dihydroxy-4-methyl-3-oxo-1-phenylpen-
tan-2-yl)amino)-3-methoxy-1-oxopropan-2-yl)amino)-3-
methoxy-1-oxopropan-2-yl)-2-methylthiazole-5-
carboxamide. MS for C,;H; N,O,,S, m/z: 629 (M+H)".

(2R,48)-1-(methanesulfonyloxy)-4-[ (2S)-3-meth-
oxy-2-[(2S)-3-methoxy-2-[(2-methyl-1,3-thiazol-5-
yhformamido|propanamido |propanamido]-2-me-
thyl-3-ox0-5-phenylpentan-2-yl acetate

[0842]

/\Hkg
N>/S

[0843] Prepared according to procedures described above,
by reacting acetic anhydride with (2R,4S)-2-hydroxy-4-((S)-
3-methoxy-2-((S)-3-methoxy-2-(2-methylthiazole-5-car-
boxamido)propanamido)propanamido)-2-methyl-3-oxo-5-
phenylpentyl methanesulfonate. MS for C,H;gN,O,;S,
m/z: 671 (M+H)".
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(2R,48)-2-Hydroxy-4-((S)-3-methoxy-2-((S)-3-
methoxy-2-(2-methylthiazole-5-carboxamido)pro-
panamido)propanamido)-2-methyl-3-oxo-5-phenyl-
pentyl 2,2 2-trifluoroethanesulfonate

[0844]

A
N>/s 0

[0845] Prepared according to procedures described above,
by reacting 2.2.2-trifluoroethanesulfonyl chloride with
N—((S)-1-(((S)-1-(((25,4R)-4,5-dihydroxy-4-methyl-3-
oxo-1-phenylpentan-2-yl)amino)-3-methoxy-1-oxopropan-
2-yl)amino)-3-methoxy-1-oxopropan-2-yl)-2-methylthiaz-
ole-5-carboxamide. MS for C,,H;;F3N,O,,S, m/z: 697
(M+H)™.

(2R,48)-2-Hydroxy-4-((S)-3-methoxy-2-((S)-3-
methoxy-2-(2-methylthiazole-5-carboxamido)pro-
panamido)propanamido)-2-methyl-3-oxo-5-phenyl-
pentyl 3,4-difluorobenzenesulfonate

[0846]

A
N>\/s 0

[0847] Prepared according to procedures described above,
by reacting 3.4-difluorobenzenesulfonyl chloride with
N—((S)-1-(((S)-1-(((25,4R)-4,5-dihydroxy-4-methyl-3-
oxo-1-phenylpentan-2-yl)amino)-3-methoxy-1-oxopropan-
2-yl)amino)-3-methoxy-1-oxopropan-2-yl)-2-methylthiaz-
ole-5-carboxamide. MS for C; H;F,N,0,,S, m/z: 727
(M+H)™.
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(2R,48)-2-Hydroxy-4-((S)-3-methoxy-2-((S)-3-
methoxy-2-(2-methylthiazole-5-carboxamido)pro-
panamido)propanamido)-2-methyl-3-oxo-5-phenyl-
pentyl 2,2-difluoroethanesulfonate

[0848]

[0849] Prepared according to procedures described above,
by reacting 2,2-difluoroethanesulfonyl chloride with
N—((S)-1-(((S)-1-(((2S,4R)-4,5-dihydroxy-4-methyl-3-
oxo-1-phenylpentan-2-yl)amino)-3-methoxy-1-oxopropan-
2-yl)amino)-3-methoxy-1-oxopropan-2-yl)-2-methylthiaz-
ole-5-carboxamide. MS for C,,H;cF2N,O,,S, m/z: 679
(M+H)*".

(2R,48)-2-Hydroxy-4-((S)-3-methoxy-2-((S)-3-
methoxy-2-(2-methylthiazole-5-carboxamido)pro-
panamido)propanamido)-2-methyl-3-oxo-5-phenyl-
pentyl phenylmethanesulfonate

[0850]

[0851] Prepared according to procedures described above,

by reacting phenylmethanesulfonyl chloride with N—((S)-1-

(((S)-1-(((2S,4R)-4,5-dihydroxy-4-methyl-3-oxo-1-phenyl-

pentan-2-yl)amino)-3-methoxy-1-oxopropan-2-yl)amino)-

3-methoxy-1-oxopropan-2-yl)-2-methylthiazole-5-

carboxamide. MS for C,,H,,N40, S, m/z: 705 (M+H)".

(2R,48)-2-Hydroxy-4-((S)-3-methoxy-2-((S)-3-
methoxy-2-(2-methylthiazole-5-carboxamido)pro-
panamido)propanamido)-2-methyl-3-oxo-5-phenyl-
pentyl octane-1-sulfonate

[0852]
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[0853] Prepared according to procedures described above,
by reacting octanesulfonyl chloride with N—((S)-1-(((S)-1-
(((28,4R)-4,5-dihydroxy-4-methyl-3-oxo-1-phenylpentan-
2-yl)amino)-3-methoxy-1-oxopropan-2-yl)amino)-3-meth-
oxy-1-oxopropan-2-yl)-2-methylthiazole-5-carboxamide.
MS for C;,H,,N4O S, m/z: 727 (M+H)™.

(2R,48)-2-Hydroxy-4-((S)-3-methoxy-2-((S)-3-
methoxy-2-(2-methylthiazole-5-carboxamido)pro-
panamido)propanamido)-2-methyl-3-oxo-5-phenyl-
pentyl tetrahydro-2H-pyran-4-sulfonate

[0854]

e}

/\Hl\g
N>\/s 0

[0855] Prepared according to procedures described above,
by reacting tetrahydro-2H-pyran-4-sulfonyl chloride with
N—((S)-1-(((S)-1-(((25,4R)-4,5-dihydroxy-4-methyl-3-
oxo-1-phenylpentan-2-yl)amino)-3-methoxy-1-oxopropan-
2-yl)amino)-3-methoxy-1-oxopropan-2-yl)-2-methylthiaz-
ole-5-carboxamide. MS for C;H,,N,O,,S, m/z: 699
M+H)*".

(2R,48)-2-hydroxy-4-((S)-3-methoxy-2-((S)-3-meth-
oxy-2-(2-methylthiazole-5-carboxamido)propana-
mido)propanamido)-2-methyl-3-oxo-5-phenylpentyl
4-methylbenzenesulfonate

[0856]
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[0857] Prepared according to procedures described above,
by reacting p-toluenesulfonyl chloride with N—((S)-1-(((S)-
1-(((2S,4R)-4,5-dihydroxy-4-methyl-3-oxo-1-phenylpen-
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tan-2-yl)amino)-3-methoxy-1-oxopropan-2-yl)amino)-3-
methoxy-1-oxopropan-2-yl)-2-methylthiazole-5-
carboxamide. MS for C;,H,,N,O,,S, m/z: 705 (M+H)".

(2R,48)-2-hydroxy-4-((S)-3-methoxy-2-((S)-3-meth-
oxy-2-(2-methylthiazole-5-carboxamido)propana-
mido)propanamido)-2-methyl-3-oxo-5-phenylpentyl
butane-1-sulfonate

[0858]

[0859] Prepared according to procedures described above,
by reacting butanesulfonyl chloride with N—((S)-1-(((S)-1-
(((28,4R)-4,5-dihydroxy-4-methyl-3-oxo0-1-phenylpentan-
2-yl)amino)-3-methoxy-1-oxopropan-2-yl)amino)-3-meth-
oxy-1-oxopropan-2-yl)-2-methylthiazole-5-carboxamide.
MS for C,0H,,NLO, oS, m/z: 671 (M+H)™.

(2R,48)-2-hydroxy-4-((S)-3-methoxy-2-((S)-3-meth-
oxy-2-(2-methylthiazole-5-carboxamido)propana-
mido)propanamido)-2-methyl-3-oxo-5-phenylpentyl
2.,4-difluorobenzenesulfonate

[0860]
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[0861] Prepared according to procedures described above,
by reacting 2.4-difluorobenzenesulfonyl chloride with
N—((S)-1-(((S)-1-(((2S,4R)-4,5-dihydroxy-4-methyl-3-
oxo-1-phenylpentan-2-yl)amino)-3-methoxy-1-oxopropan-
2-yl)amino)-3-methoxy-1-oxopropan-2-yl)-2-methylthiaz-
ole-5-carboxamide. MS for C; H;cF2N,O,,S, m/z: 727
(M+H)*".
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(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-yl 4-methylbenzenesulfonate
[0862]
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[0863] Prepared according to procedures described above,
by reacting p-toluenesulfonyl chloride with (S)—N—((S)-1-
(((2R,45)-1,2-dihydroxy-2,6-dimethyl-3-oxoheptan-4-yl)
amino)-1-o0xo-3-phenylpropan-2-yl)-4-methyl-2-((S)-2-(2-
morpholinoacetamido)-4-phenylbutanamido)pentanamide.
MS for C,,HgsNsO, oS m/z: 892 (M+H)*.

(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-yl methanesulfonate

[0864]
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[0865] Prepared according to procedures described above,
by reacting methanesulfonyl chloride with (S)—N—((S)-1-
(((2R,45)-1,2-dihydroxy-2,6-dimethyl-3-oxoheptan-4-yl)
amino)-1-o0xo-3-phenylpropan-2-yl)-4-methyl-2-((S)-2-(2-
morpholinoacetamido)-4-phenylbutanamido)pentanamide.
MS for C, Hg NsO, oS m/z: 816 (M+H)*.

[0866] Xenograft studies showed (see FIG. 3) that more
intensive dosing of epoxy kinase protease inhibitors can yield
greater efficacy in both solid and hematologic tumor models.

Example 2
Examples of PEG-Conjugates

General PEGylation Conditions
[0867]

Method A:
PEG x40k —N3

Epoxyketone Proteasome - &
[Inhibitor or Prodrug thereof—

-continued

N

Epoxyketone Proteasome - =N
Inhibitor or Prodrug thereof |
N—PEGg40x

[0868] Copper sulfate (0.1M aqueous solution, 1.8 eq.) was
added to alkyne (1.5 eq.), PEG,ox-N; (1 eq.) and ascorbic
acid (3.6 eq.) in DMF (7 mL/g PEG) and water (3.5 mL/g
PEG at room temperature. After 4 hours the reaction mixture
began to darken to the characteristic green color of Cu(II), and
another portion of ascorbic acid (1.6 eq.) was added. The
resultant mixture was stirred overnight at room temperature.
The crude solution was submitted for preparative HPLC on a
C18 column using a 0.1% formic acid water/acetonitrile gra-
dient (25% B->65% B over 60 min.). Fractions were com-
bined on the basis of LC/MS analysis. Acetonitrile was
largely stripped from the combined solution at 25° C. and the
resultant concentrate was frozen and lyophilized.

Method B:

Epoxyketone PEG k40— N3)2
Proteasome _ Cu(D
Inhibitor of I

Prodrug thereof

Epoxyketone
Proteasome
Inhibitor of
Prodrug thereof PEG x40x
12

[0869] Copper sulfate (0.1M aqueous solution, 1.8 eq.) was
added to alkyne (3 eq.), 4-arm PEG,.-N; (1 eq.) and ascor-
bic acid (3.6 eq.) in DMF (7 mL/g PEG) and water (3.5 mL/g
PEG at room temperature. After 4 hours the reaction mixture
began to darken to the characteristic green color of Cu(II), and
another portion of ascorbic acid (1.6 eq.) was added. The
resultant mixture was stirred overnight at room temperature.
The crude solution was submitted for preparative HPLC on a
C18 column using a 0.1% formic acid water/acetonitrile gra-
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dient (25% B->65% B over 60 min.). Fractions were com-
bined on the basis of LC/MS analysis. Acetonitrile was
largely stripped from the combined solution at 25° C. and the
resultant concentrate was frozen and lyophilized.

Method C:

Epoxyketone PEG g40x —— (N3)4
Proteasome Cu(l)
Inhibitor of -

Prodrug thereof

Epoxyketone
Proteasome

Inhibitor of
Prodrug thereof

PEG x40k

14

[0870] Copper sulfate (0.1M aqueous solution, 1.8 eq.) was
added to alkyne (6 eq.), PEG,-(N5), (1 eq., Creative PEG-
works Catalog #PSB-493) or PEG,,,-(N;), (1 eq., JenKem
Technologies), and ascorbic acid (3.6 eq.) in DMF (7 mL/g
PEG) and water (3.5 mL/g PEG at room temperature. A
homogeneous pale yellow solution was obtained within 20
min. After 4 hours the reaction mixture began to darken to the
characteristic green color of Cu(Il), and another portion of
ascorbic acid (1.6 eq.) was added. The resultant mixture was
stirred overnight at room temperature. The crude solution was
submitted for preparative HPL.C on a C18 column using a
0.1% formic acid water/acetonitrile gradient (25% B->65% B
over 60 min.). Fractions were combined on the basis of
LC/MS analysis. Acetonitrile was largely stripped from the
combined solution at 25° C. (no decomposition observed) and
the resultant concentrate was frozen and lyophilized over 48
hrs. to give products as fluffy white solids.

Method D:

Epoxyketone O PEG x40x —NH:

Proteasome - coupling agent
I —_—
Inhibitor of linker

Prodrug thereof Ol

Q)
~.
~

Apr. 17,2014

-continued

Epoxyketone o
Proteasome -
Tnhibitor of

Prodrug thereof

HN—PEGg40x

[0871] Propylphosphonic anhydride (T3P, 7.5 eq, 50% EA
solution) was added to the acid (5 eq.) and PEG,/4-Arm-
NH, (1 eq.) in a mixture of pyridine (12 eq.) and ethyl acetate
(twice the volume of pyridine) at -10° C. and then stirred at 0°
C. overnight. The reaction was evaporated under vacuum and
the residue purified by preparative HPLC (C18 column).

Method E:
]ﬁgﬁggﬁ‘ztrcie Y PEG k40 — (NHy)4
Inhibitor of coupling agent
Prodrug thereof OH

Epoxyketone

Proteasome -
Inhibitor of
Prodrug thereof

O
HN PEG x40k
1-4

[0872] Propylphosphonic anhydride (T3P, 2.5 eq, 50% EA
solution) was added to the acid (1.5 eq.) and PEG,x/4-Arm-
NH, (1 eq.) in a mixture of pyridine (12 eq.) and ethyl acetate
(twice the volume of pyridine) at -10° C. and then stirred at 0°
C. overnight. The reaction was evaporated under vacuum and
the residue purified by preparative HPLC (C18 column).

Standard PEGylation Conditions

Preparation of (4S,7S,108,13S,15R)-10-benzyl-15-
hydroxy-7,13-diisobutyl-15-methyl-1-morpholino-2,
5,8,11,14-pentaoxo-4-phenethyl-3,6,9,12-tetraaza-
hexadecan-16-yl 2-fluoro-5-(((1-PEG,-1H-1,2,3-
triazol-4-yl)methyl) carbamoyl)benzenesulfonate

F
N4N\
O H N—PEGZK
A\ NS
O:T

(0] (6]

[0873]

OH
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[0874] To a solid mixture of alkyne (0.080 g, 0.082 mmol),
4-arm PEG,,,N; (6 eq., 0.284 g, 0.0137 mmol) and ascorbic
acid (0.009 g, 0.0492 mmol) in a 20 dram vial was added a
mixture of 2.0 mL DMF and 1.0 mL water. To the resultant
stirred pale yellow slurry was added 246 plL of 0.1 M CuSO,,
(aq) and the reaction mixture was stirred in the capped vial at
ambient temperature. A homogeneous pale yellow solution
was obtained within 20 min. Analysis of an aliquot after 1 hr
by LC/MS showed the continued presence of alkyne (present
in excess). After 4 hours the reaction mixture began to darken
to the characteristic green color of Cu(Il) and 2 0.004 g charge
of ascorbic acid was added. The resultant mixture was stirred
overnight at RT. After 18 hrs, LC/MS analysis of the reaction

Apr. 17,2014

141

mitted for preparative HPLC on a C18 column using a 0.1%
formic acid water/acetonitrile gradient (25% B->65% B over
60 min.). Fractions were combined on the basis of LC/MS
analysis. Acetonitrile was largely stripped from the combined
solutionat 25° C. (no decomposition observed) and the result-
ant concentrate was frozen and lyophilized over 48 hrs. to
give a fluffy white solid (0.221 g, 66% based on PEG azide).

Preparation of (4S,75,108,13S,15R)-10-Benzyl-15-
hydroxy-7,13-diisobutyl-15-methyl-1-morpholino-2,
5,8,11,14-pentaoxo-4-phenethyl-3,6,9,12-tetraaza-
hexadecan-16-yl 2-fluoro-5-(prop-2-yn-1-
ylcarbamoyl)benzenesulfonate (5)

solution showed little change. The crude solution was sub- [0875]
Scheme 18
HzN\/
F F
SOCI2
DMEF (cat.) DIEA
Cl\S OH Cl\S Cl
Vj
O// \\O O/ \\O
1 2
OH
OH
BocHN
F O
DIEA, DMAP, DCM
al §\/
\S
VAN
I\ |
3
F O O
o\) 0 2 0 2
\Ph

BocHN

Ph
HBTU, HOBt, DIEA
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YN

Qﬁf

3-(Chlorosulfonyl)-4-fluorobenzoyl chloride (2)

[0876] 3-(Chlorosulfonyl)-4-fluorobenzoic acid (1,2.50 g,
10.5 mmol), thionyl chloride (10 mL) and DMF (1 drop) were
heated at 90° C. for 1 hour and then the mixture evaporated to
dryness. The material was used directly in the next step.

2-Fluoro-5-(prop-2-yn-1-ylcarbamoyl)benzene-1-
sulfonyl chloride (3)

[0877] Propargylamine (0.67 ml,, 10.5 mmol) and DIEA
(1.83 mL, 10.5 mmol) in DCM (10 mL) were added dropwise
to 3-(chlorosulfonyl)-4-fluorobenzoyl chloride (2) in DCM
(10 mL) at 0° C. The mixture was allowed to warm to room
temperature and stirred for 15 minutes. The reaction was
washed with 2N HCI and brine, dried (MgSO,) and evapo-
rated. The residue was purified by Biotage flash column chro-
matography (30% EtOAc/Hep) to give product as an 0il (2.52
g, 87%).

C

(2R,48)-4-((tert-Butoxycarbonyl)amino)-2-hydroxy-
2,6-dimethyl-3-oxoheptyl 2-fluoro-5-(prop-2-yn-1-
ylcarbamoyl)benzenesulfonate (4)

[0878] 2-Fluoro-5-(prop-2-yn-1-ylcarbamoyl)benzene-1-
sulfonyl chloride (3, 2.52 g, 9.14 mmol) was added dropwise
to tert-butyl ((2R.4S)-1,2-dihydroxy-2,6-dimethyl-3-oxo-
heptan-4-yl)carbamate (2.65 g, 9.14 mmol), DIEA (1.91 mL,,
10 mmol) and DMAP (0.1 g, 0.914 mmol) in DCM (30 mL)
at 0° C. The mixture was allowed to warm to room tempera-
ture and stirred overnight. The reaction was washed with 2N
HCI and brine, dried (MgSO,) and evaporated. The residue
was purified by Biotage flash column chromatography (30%

EtOAc/Hep) to give product as an oil (3.62 g, 75%).

(48,78,108,13S,15R)-10-Benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,4-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2-fluoro-5-(prop-2-yn-1-ylcarbamoyl)benzene-
sulfonate (5)

[0879]

[0880] (2R,4S)-4-((tert-Butoxycarbonyl)amino)-2-

hydroxy-2,6-dimethyl-3-oxoheptyl 2-fluoro-5-(prop-2-yn-
1-ylcarbamoyl)benzenesulfonate (4, 3.62 g, 6.85 mmol) was
stirred with 4M HCl in dioxane for 1 hour and then evaporated
to dryness. HBTU (3.91 g, 10.3 mmol) and HOBt (1.39 g,
10.3 mmol) were added, the mixture dissolved in DMF (30
ml) and cooled to 0° C. DIEA (3.59 mL, 20.6 mmol) was
added dropwise and the reaction stirred at 0° C. for 20 min-
utes. The mixture was diluted with 2N HCI/EtOAc. The
EtOAc layer was separated, washed with sat. aq. NaHCO,
and brine, dried (MgSO,) and evaporated. The residue was
purified by Biotage flash column chromatography (10%
MeOH/DCM) to give product as foam (2.14 g, 32%).
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[0881] The following analogs were prepared similarly to
the preparation of (4S,7S,108,13S,15R)-10-benzyl-15-hy-
droxy-7,13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,
14-pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2-fluoro-5-(((1-PEG,,-1H-1,2.3-triazol-4-yl)carbamoyl)
benzenesulfonate, above.
(48,78,108,138S,15R)-10-benzyl-15-hydroxy-7,3-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 2-fluoro-5-(((1-PEG,4-1H-1,2,3-triazol-4-yl)
methyl)carbamoyl)benzenesulfonate

[0882]

Qk
YT

[0883] (4S,7S,108,13S,15R)-10-Benzyl-15-hydroxy-7,
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2-fluoro-5-(prop-2-yn-1-ylcarbamoyl)benzenesulfonate and
PEG,;-N; (Creative PEGworks Catalog #PSB-2022) were
reacted following General PEGylation Conditions, Method
A.

(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 2-fluoro-5-(((1-PEG,x-1H-1,2,3-triazol-4-y1)
methyl)carbamoyl)benzenesulfonate

[0884]

N
YO

[0885] (4S,7S,108,13S,15R)-10-Benzyl-15-hydroxy-7,
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2-fluoro-5-(prop-2-yn-1-ylcarbamoyl)benzenesulfonate and
PEG,,;-N; (Creative PEGworks Catalog #PSB-2024) were
reacted following General PEGylation Conditions, Method

A.
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(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 3-(((1-PEG, g~1H-1,2,3-triazol-4-yl)methyl)
carbamoyl)benzenesulfonate

[0886]

[0887] (4S,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl  3-(prop-2-yn-
1-ylcarbamoyl)benzenesulfonate and PEG,,-N; (Creative
PEGworks Catalog #PSB-2026) were reacted following Gen-
eral PEGylation Conditions, Method A.

(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 3-((1-PEG, - 1H-1,2,3-triazol-4-yl)methyl)
carbamoyl)benzenesulfonate

[0888]

O
<
&

Ph

[0889] 4S,7S,108S,13S)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl  3-(prop-2-yn-
1-ylcarbamoyl)benzenesulfonate and PEG,,-N; (Creative
PEGworks Catalog #PSB-2025) were reacted following Gen-

eral PEGylation Conditions, Method A.
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(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 3-(((1-PEG;x-1H-1,2,3-triazol-4-yl)methyl)
carbamoyl)benzenesulfonate

[0890]

A

QAK

Ph

(48,78,108,135)-10-Benzyl-15-hydroxy-7,13-diisobutyl-
15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phen-
ethyl-3,6,9,12-tetraazahexadecan-16-yl  3-(prop-2-yn-1-yl-
carbamoyl)benzenesulfonate and PEG,,-N; (Creative
PEGworks Catalog #PSB-2024) were reacted following Gen-
eral PEGylation Conditions, Method A; 'H NMR (DMSO-
dg): 8 9.40 (t, J=7.0 Hz, 1H), 8.39 (t, J=2.0 Hz, 1H), 8.26 (d,
J=10 Hz, 1H), 8.07-8.00 (m, 4H), 7.97 (s, 1H), 7.77 (t, I=10
Hz, 1H), 7.29-7.03 (m, 11H), 6.54 (s, 1H), 6.03 (s, 1H), 5.03
(m, 1H), 4.54-4.47 (m, 5H), 4.38-4.27 (m, 2H), 4.08 (d,
J=11.5 Hz, 1H), 3.87 (d, J=11.5 Hz, 1H), 3.79 (t, J=6.5 Hz,

<
o
I
o

Ph

=z
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2H), 3.69-3.54 (m, 570H), 3.34-3.32 (m, 12H), 3.24 (s, 4H),
3.02-2.72 (m, 2H), 1.92-1.73 (m, 2H), 1.65-1.46 (m, 4H),
1.40-1.22 (m, 2H), 1.14 (s, 3H), 0.85-0.79 (m, 12H)

(48,758,108,13S,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 3-(((1-PEG | g~ 1H-1,2,3-triazol-4-yl)methyl)
carbamoyl)benzenesulfonate

[0891]

N4N\
- N—PEGox
N S

[0892]
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl  3-(prop-2-yn-
1-ylcarbamoyl)benzenesulfonate and PEG,,,-N; (Creative
PEGworks Catalog #PSB-2023) were reacted following Gen-
eral PEGylation Conditions, Method A.

(48,758,108,135)-10-Benzyl-15-hydroxy-7,13-di-
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(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 3-((1-PEG5/2-Arm-1H-1,2,3-triazol-4-y1)
methyl)carbamoyl)benzenesulfonate
[0893]

ol

\ ~

Ph

[0894] (4S,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl  3-(prop-2-yn-
1-ylcarbamoyl)benzenesulfonate and PEG,,-(N;), (Creative
PEGworks Catalog #PSB-327) were reacted following Gen-
eral PEGylation Conditions, Method B.

(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 4-(((1-PEG,x-1H-1,2,3-triazol-4-yl)methyl)
carbamoyl)benzenesulfonate

[0895]

ol

Ph

[0896] (4S,7S,108,13S)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl  4-(prop-2-yn-
1-ylcarbamoyl)benzenesulfonate and PEG,,-N; (Creative
PEGworks Catalog #PSB-2025) were reacted following Gen-
eral PEGylation Conditions, Method A.

Apr. 17,2014
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(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 4-((1-PEG;x-1H-1,2,3-triazol-4-yl)methyl)
carbamoyl)benzenesulfonate
[0897]

=z

/\’/\
N—PEGsg
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Ph

[0898] (4S,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl  4-(prop-2-yn-
1-ylcarbamoyl)benzenesulfonate and PEGg,-N; (Creative
PEGworks Catalog #PSB-2024) were reacted following Gen-
eral PEGylation Conditions, Method A.
(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 4-(((1-PEG5/2-Arm-1H-1,2,3-triazol-4-y1)
methyl)carbamoyl)benzenesulfonate

[0899]

N =
H N PEGsg

O (6] (6]

A~
Y

[0900] (48,7S,108,13S)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl  4-(prop-2-yn-
1-ylcarbamoyl)benzenesulfonate and PEG,,-(N;), (Creative
PEGworks Catalog #PSB-327) were reacted following Gen-
eral PEGylation Conditions, Method B.
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(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 4-(((1-PEG g x/4-Arm-1H-1,2 3-triazol-4-yl)
methyl)carbamoyl)benzenesulfonate
[0901]

N =
H N PEG 0k

O
~.

Ph

[0902] (48,7S,108,13S)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl  4-(prop-2-yn-
1-ylcarbamoyl)benzenesulfonate and PEG,,,-(N3),
(Creative PEGworks Catalog #PSB-492) were reacted fol-
lowing General PEGylation Conditions, Method C.

(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-yl 4-fluoro-3-(((1-PEG,4-1H-1,2,3-triazol-4-yl)
methyl)carbamoyl)benzenesulfonate

[0903]

Ph

[0904] (4S,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl 4-fluoro-3-
(prop-2-yn-1-ylcarbamoyl)benzenesulfonate and PEG,,-N;
(Creative PEGworks Catalog #PSB-2025) were reacted fol-
lowing General PEGylation Conditions, Method A.
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(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-yl 4-fluoro-3-(((1-PEGs-1H-1,2,3-triazol-4-yl)
methyl) carbamoyl)benzenesulfonate

[0905]

\ ~

Ph

ol

[0906] (4S,7S,108,13S)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl 4-fluoro-3-
(prop-2-yn-1-ylcarbamoyl)benzenesulfonate and PEG,,-N,
(Creative PEGworks Catalog #PSB-2024) were reacted fol-
lowing General PEGylation Conditions, Method A.

(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-yl 4-fluoro-3-(((1-PEGsz/2-Arm-1H-1,2,3-
triazol-4-yl)methyl)carbamoyl)benzenesulfonate

[0907]
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[0908] (4S,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl 4-fluoro-3-
(prop-2-yn-1-ylcarbamoyl)benzenesulfonate and PEGs,-
(N5), (Creative PEGworks Catalog #PSB-327) were reacted
following General PEGylation Conditions, Method B.
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(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,4-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
4-fluoro-3-(((1-PEG,x/4-Arm-1H-1,2,3-triazol-4-
yDmethyl)carbamoyl)benzenesulfonate

[0909]

e}

Tz

o,
<

\Ph

Ph

(48,78,108,135)-10-Benzyl-15-hydroxy-7,13-diisobutyl-
15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phen-
ethyl-3,6,9,12-tetraazahexadecan-16-yl 4-fluoro-3-(prop-2-
yn-1-ylcarbamoyl)benzenesulfonate and PEG,q,-(N;),
(Creative PEGworks Catalog #PSB-493) were reacted fol-
lowing General PEGylation Conditions, Method C; 'HNMR
(DMSO-dy): 8 9.11 (t, J=7 Hz, 1H), 8.10-7.82 (m, 7H), 7.59
(t, J=9.5 Hz, 1H), 7.29-7.03 (m, 10H), 6.03 (s, 1H), 5.03 (m,
1H), 4.54-4.47 (m, 5H), 4.38-4.27 (m, 2H), 4.10(d, J=9.5 Hz,
1H), 3.87 (d, J=9.5 Hz, 1H), 3.79 (t, J=5 Hz, 2H), 3.69-3.24
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(m, 618H), 3.02-2.72 (m, 4H), 2.50-2.38 (m, 4H), 1.92-1.73
(m, 2H), 1.65-1.46 (m, 4H), 1.40-1.22 (m, 4H), 1.15 (s, 3H),
0.85-0.79 (m, 12H).

(48,758,108,13S,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 4-(3-((1-PEG,-1H-1,2,3-triazol-4-yl)methyl)
ureido)benzenesulfonate

[0910]
N¢N\
H H\)\/N\
N\”/N =~ PEG:
0 0
oy
|
0
OH
0
[0911] (4S,7S,108S,138)-10-Benzyl-5-hydroxy-7, 13-di-

isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl  4-(3-(prop-2-
yn-1-ylureido)benzenesulfonate and PEG,,-N; (Creative
PEGworks Catalog #PSB-2025) were reacted following Gen-
eral PEGylation Conditions, Method A.
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(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 4-(3-((1-PEGsg-1H-1,2,3-triazol-4-yl)methyl)
ureido)benzenesulfonate

[0912]

e}

PSS

(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,4-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
4-(3-((1-PEG,x/4-Arm-1H-1,2,3-triazol-4-yl)me-
thyl)ureido)benzenesulfonate

[0913]

/"

H H H
O\) ©
Ph

Ph

[0914] (48,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl ~ 4-(3-(prop-2-
yn-1-ylureido)benzenesulfonate and PEG,0-(N5),
(Creative PEGworks Catalog #PSB-493) were reacted fol-
lowing General PEGylation Conditions, Method C.
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(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 2-methoxy-5-(((1-PEGsg-1H-1,2,3-triazol-4-
yDmethyl)carbamoyl)benzenesulfonate

[0915]

MeO N

) §
0 0
H\)k H\)k u
N N
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\ \Ph

Ph

[0916] (4S,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl  2-methoxy-5-
(prop-2-yn-1-ylcarbamoyl)benzenesulfonate and PEGs,-N;
(Creative PEGworks Catalog #PSB-2024) were reacted fol-
lowing General PEGylation Conditions, Method A.

(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-yl 2-methoxy-5-(((1-PEG,/4-Arm-1H-1,2,3-
triazol-4-y)methyl)carbamoyl)benzesulfonate

[0917]
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[0918] (48,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl  2-methoxy-5-
(prop-2-yn-1-ylcarbamoyl)benzenesulfonate and PEG,,-
(N5), (Creative PEGworks Catalog #PSB-493) were reacted
following General PEGylation Conditions, Method C; PEG
Loading (NMR): 3/4 Arms, 8.9% small molecule.
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(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 2-methyl-5-(((1-PEG,x/4-Arm-1H-1,2,3-
triazol-4-yl)methyl)carbamoyl)benzenesulfonate

[0919]

Me

\)}\ Qk OH

Ph

-

QW

Ph

[0920] (48,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl ~ 2-methyl-5-
(prop-2-yn-1-ylcarbamoyl)benzenesulfonate and PEG,,-
(N3), (Creative Method C.

(45,78,108,135)-10-Benzyl-15-((ethoxycarbonyl)
oxy)-7,13-diisobutyl-15-methyl-1-morpholino-2,5,8,
11,14-pentaoxo-4-phenethyl-3,6,9,12-tetraazahexa-
decan-16-yl 3-(pro-2-yn-1-ylcarbamoyl)
benzenesulfonate

[0921]

% Qk O
QWE\ i

e

Ph

Ph

[0922] Prepared using methods described above from etha-
nol and (48,78,108,13S,15R)-10-benzyl-15-hydroxy-7,313-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-
4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl  32-(prop-2-
yn-1-yl carbamoyl)benzenesulfonate.

Apr. 17,2014
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(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
4-(3-((1-PEG;x-1H-1,2,3-triazol-4-y)methyl)ure-
ido)benzenesulfonate

[0923]

L
.

Ph

[0924] (48,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl ~ 4-(3-(prop-2-
yn-1-ylureido)benzenesulfonate and PEG,,-N; (Creative
PEGworks Catalog #PSB-2024) were reacted following Gen-
eral PEGylation Conditions, Method A.

Preparation of (4S,7S,108,13S,15R)-10-Benzyl-15-
hydroxy-7,13-diisobutyl-15-methyl-1-morpholino-2,
5,8,11,14-pentaoxo-4-phenethyl-3,6,9,12-tetraaza-
hexadecan-16-yl 3-(prop-2-yn-1-ylcarbamoyl)
benzenesulfonate (13)

(Prop-2-yn-1-yloxy)benzene (10)

[0925] Referring to FIG. 39, phenol (14.6 g, 0.155 mol),
propargyl bromide (19 ml, 0.171 mol) and potassium car-
bonate (32.1 g, 0.232 mol) in DMF (100 mL) were heated at
85° C. overnight. The reaction was diluted with water and
extracted with ether. The extract was washed with brine, dried
(MgSO,) and evaporated. The residue was purified by
Biotage flash column chromatography (10% EtOAc/Hep) to
give product as an oil (17.2 g, 84%).

4-(Prop-2-yn-1-yloxy)benzene-1-sulfonyl chloride
(1D

[0926] Referring to FI1G. 39, chlorosulfonic acid (19.9 mL,
0.299 mol) was added dropwise to (prop-2-yn-1-yloxy)ben-
zene (17.2 g, 0.130 mol) in dichloromethane (100 mL.) at 0°
C. The reaction was stirred at 0° C. for 1 hour and then poured
into ice-water and extracted with dichloromethane. The
extract was washed with water, dried (MgSO,,), and evapo-
rated. The residue was purified by Biotage flash column chro-
matography (30% EtOAc/Hep) to give product as an 0il (17.9
g, 60%).
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(2R,48)-4-((tert-Butoxycarbonyl)amino)-2-hydroxy-
2,6-dimethyl-3-oxoheptyl 3-(prop-2-yn-1-yloxy)
propane-1-sulfonate (12)

[0927] Referring to FIG. 39, 4-(prop-2-yn-1-yloxy)ben-
zene-1-sulfonyl chloride (2.39 g, 0.0104 mol) in dichlo-
romethane (10 mL) was added to tert-butyl ((2R,4S)-1,2-
dihydroxy-2,6-dimethyl-3-oxoheptan-4-yl)carbamate (3.00
2,0.0104 mol), DMAP (0.13 g) and DIEA (2.17 mL, 0.0125
mol) in dichloromethane (40 mI.) at 0° C., allowed to warm to
room temperature and stirred overnight. The mixture was
washed with 2N HCI, brine, dried (MgSO,) and evaporated.
The residue was purified by Biotage flash column chroma-
tography (30% EtOAc/Hep) to give product as a foam (4.13 g,
82%).

[0928] Referring to FIG. 39, (2R,4S)-4-((tert-butoxycarbo-
nyl)amino)-2-hydroxy-2,6-dimethyl-3-oxoheptyl 3-(prop-2-
yn-1-yloxy)propane-1-sulfonate (4.13 g, 0.00854 mol) and
4N hydrogen chloride in dioxane (50 ml) were stirred at
room temperature for 1 hour and then evaporated to dryness.
(S)-2-((S)-4-methyl-2-((S)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)pentanamido)-3-phenylpropanoic  acid
(4.84 g, 0.00854 mol), HBTU (4.86 g, 0.0128 mol), HOBt
(1.73 g, 0.0128 mol) and DMF (50 mL) were added to the
residue and stirred until dissolved. The reaction was cooled to
0° C. and DIEA (4.46 mL, 0.0256 mol) added dropwise. The
mixture was stirred at 0° C. for 30 minutes, diluted with 2N
HCl, and extracted with ethyl acetate. The extract was washed
with sat. aq. sodium bicarbonate, brine, dried (MgSO,,) and
evaporated. The residue was purified by Biotage flash column
chromatography (5% MeOH/30% EtOAc/DCM) to give
product 13 as a foam (6.4 g, 80%).
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(4S,78,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2,6-dimethoxy-4-(prop-2-yn-1-yloxy)benzene-
sulfonate

[0929]

\)k \)k OH
oA

=

Ph

Ph

[0930] Prepared in a similar manner to compound 13,

except from 4-(propargyloxy)-2,6-dimethoxybenzene-1-sul-

fonyl chloride and (S)—N—((S)-1-(((2R,4S)-1,2-dihy-

droxy-2,6-dimethyl-3-oxoheptan-4-yl)amino)-1-0xo-3-phe-

nylpropan-2-yl)-4-methyl-2-((S)-2-(2-

morpholinoacetamido)-4-phenylbutanamido)pentanamide.
(4S,78,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,4-pen-

taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2,4-dimethoxy-6-(prop-2-yn-1-yloxy)benzene-
sulfonate

[0931]

\)J\ \)k OH

Ph

e

Sht

[0932] Prepared in a similar manner to compound 13,
except from 2,4-dimethoxy-6-(prop-2-yn-1-yloxy)benzene-
1-sulfonyl chloride and (S)—N—((S)-1-(((2R,4S)-1,2-dihy-
droxy-2,6-dimethyl-3-oxoheptan-4-yl)amino)-1-0xo-3-phe-
nylpropan-2-yl)-4-methyl-2-((S)-2-(2-
morpholinoacetamido)-4-phenylbutanamido)pentanamide.
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(48,78,108,13S)-10-Benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-yl 2,6-dimethyl-4-(prop-2-yn-1-yloxy)
benzenesulfonate

[0933]

)
0 0
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(\N/\ﬂ/ _ N _ N
o) 0 B 0 0
\ ~ Ph
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[0934] Prepared in a similar manner to compound 13,
except from 4-(propargyloxy)-2,6-dimethylbenzene-1-sulfo-
nyl chloride and (S)—N—((S)-1-(((2R,4S)-1,2-dihydroxy-
2,6-dimethyl-3-oxoheptan-4-yl)amino)-1-oxo-3-phenylpro-
pan-2-yl)-4-methyl-2-((S)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)pentanamide.

(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2,6-dimethyl-4-((1-PEG,x/2-Arm-1H-1,2,3-triazol-
4-yl)methoxy)benzenesulfonate

[0935]

| ¢ﬁ}¢ .

Ph
2

[0936] (4S,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl  2,6-dimethyl-
4-(prop-2-yn-1-yloxy)benzenesulfonate and PEG,q,-(N;),
(Creative PEGworks Catalog #PSB-329) were reacted fol-
lowing General PEGylation Conditions, Method B.
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(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2,6-dimethyl-4-((1-PEG x/8-Arm-1H-1,2,3-triazol-
4-yl)methoxy)benzenesulfonate

[0937]
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[0938] (48,7S,1S,13S)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl  2,6-dimethyl-
4-(prop-2-yn-1-yloxy)benzenesulfonate and PEG,,,-(N;)s
(Creative PEGworks Catalog #PSB-884) were reacted fol-
lowing General PEGylation Conditions, Method C; PEG
Loading (NMR): 4.7/8 Arms, 7.1% small molecule.

(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2,6-dimethyl-4-((1-PEG,qz-1H-1,2,3-triazol-4-yl)
methoxy)benzenesulfonate

[0939]
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[0940] (4S,7S,108,13S)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl  2,6-dimethyl-
4-(prop-2-yn-1-yloxy)benzenesulfonate and PEG,y,-N;
(Creative PEGworks Catalog #PSB-2022) were reacted fol-
lowing General PEGylation Conditions, Method A.
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2-(4-((((4S,7S,108,138)-10-Benzyl-15-hydroxy-7,
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-yloxy)sulfonyl)-3,5-dimethylphenoxy)acetic
acid

2-(4-((((4S,7S,108,138)-10-Benzyl-15-hydroxy-7,
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-yloxy)sulfonyl)-3,5-dimethoxyphenoxy )acetic
acid
[0941]

Ph

(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl-
2,6-dimethyl-4- (2 (PEG J4-Arm)-amino)-2-
oxoethoxy)benzenesulfonate

[0942]
\) S =\
Ph
[0943] (4S,7S,108,13S)-10-Benzyl-15-hydroxy-7,13-di-

isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-

phenethyl-3,6,9,12-tetraazahexadecan-16-yl  2,6-dimethyl-
4-(prop-2-yn-1-yloxy)benzenesulfonate and PEG,q,-(N;),
(Creative PEGworks Catalog #PSB-493) were reacted fol-
lowing General PEGylation Conditions, Method C; 1H NMR
(DMSO-d6): 8 8.21 (s, 1H), 8.08-8.01 (m, 3H), 7.87 (d, J=8.5
Hz, 1H), 7.27 (t, J=7Hz, 2H), 7.18-7.03 (m, 8H), 6.98 (s, 2H),

o;
Tz

PEGaox

¢}

6.02 (s, 1H), 5.21 (s, 2H), 5.12-5.04 (m, 1H), 4.55-4.53 (m,
3H), 4.38-4.26 (m, 2H),3.92 (d, J=9 Hz, 1H),3.81 (t, =5 Hz,
2H),), 3.71 (d, J=9.5 Hz, 1H), 3.65-3.63 (m, 2H), 3.60-3.35
(m, 437H), 2.99-2.92 (m, 3H), 2.76-2.75 (m, 1H), 2.53 (s,
6H), 2.47-2.42 (m, 6H), 1.91-1.76 (m, 2H), 1.65-1.48 (m,
3H), 1.40-1.33 (m, 2H), 1.29-1.22 (m, 1H), 1.17 (s, 3H),
0.85-0.79 (m, 12H); PEG Loading (NMR): 4/4 Arms, 11.9%
small molecule.
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(4S,78,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2,6-dimethyl-4-(2-PEG, z/4- Arm amino-2-oxoet-
hoxy)benzenesulfonate

159
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[0945]  2-(4-((((4S,7S,108,138)-10-Benzyl-15-hydroxy-7,

13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl)oxy)
sulfonyl)-3,5-dimethylphenoxy)acetic acid and PEG,q,-
(NH,), (Creative PEGworks Catalog #PSB-435) were
reacted following General PEGylation Conditions, Method
E.

Ethyl 2-(3,5-dimethylphenoxy)acetate (1)

[0946] Referring to FIG. 37, to a solution of 3,5-dimeth-
ylphenol (10 g, 82 mmol) in CH3CN (150 mL) were added
ethyl 2-bromoacetate (14.9 g, 90 mmol) and K,CO; (16.9 g,
123 mmol). The reaction mixture was stirred overnight at
room temperature. The mixture was poured into water (200
ml) and the resulting mixture was extracted with ethyl
acetate (150 mI.x2). The combined extracts were washed
with brine, dried over anhydrous Na2SO4 and concentrated
under reduced pressure to give product as a yellow oil, which
was used in the next step without further purification (19 g);
'HNMR (CDCl,, 300 MHz): § 6.13 (s, 1H),6.11 (s, 2H), 4.59
(s,2H),4.30(q,J=7.2 Hz, 2H), 3.77 (s, 6H), 1.31 (t,J=7.2 Hz,
3H).

2-(3,5-Dimethylphenoxy)acetic acid (2)

[0947] Referring to FIG. 37, to a solution of ethyl 2-(3,5-
dimethylphenoxy)acetate (19 g, obtained from the previous
step) in methanol (150 mL) was added NaOH solution (6 N,
50 mL). The reaction mixture was stirred at room temperature
for 4 h and then adjusted to pH=1-2 with 2 N HCl solution.
The resulting mixture was extracted with ethyl acetate (150
ml.x2). The combined extracts were washed with brine, dried
over anhydrous Na2SO4 and concentrated under reduced
pressure to give a solid, which was washed with ethyl acetate/
hexane (1:15, 40 mL) to give product (14 g, 95% yield over
two steps); 'HNMR (CDCl,, 300 MHz): § 6.69 (s, 1H), 6.58
(s, 2H), 4.68 (s, 2H), 2.31 (s, 6H).
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2-(4-(Chlorosulfonyl)-3,5-dimethylphenoxy )acetic
acid (3)

[0948] Referring to FIG. 37, to a solution of 2-(3,5-dimeth-
ylphenoxy)acetic acid (13 g, 72 mmol) in DCM (130 m[.) was
added dropwise a solution of CISO;H (19.2 g, 166 mmol) in
DCM (20 mL) at 0° C. The reaction mixture was stirred at 0°
C. for 0.5 h. Water (100 mL) and THF (30 mL) were added
and the resulting mixture was stirred for 5 min. The two layers
were separated and the organic layer was washed with brine
(100 mL), dried over anhydrous Na,SO, and concentrated
under reduced pressure to give product as a white solid (6 g,
30% yield); "HNMR (CDCl,, 300 MHz): 3 6.79 (s, 2H), 4.79
(s, 2H), 2.77 (s, 6H).

2-(4-(Chlorosulfonyl)-3,5-dimethylphenoxy )acetyl
chloride (4)

[0949] Referring to FIG. 37, 2-(4-(Chlorosulfonyl)-3,5-
dimethylphenoxy)acetic acid (6 g, 21.6 mmol) was dissolved
in SOCl, (50 mL) and the reaction mixture was refluxed
overnight. Proton NMR analysis on a sample from the reac-
tion mixture exhibited the conversion went completion. Con-
centration of the mixture under reduced pressure gave prod-
uct as a white solid (6.4 g, quantitative); ‘HH NMR (CDCI3,
300 MHz): 8 6.71 (s, 2H), 5.03 (s, 2H), 2.80 (s, 6H).

Benzyl
2-(4-(chlorosulfonyl)-3,5-dimethylphenoxy)acetate
®)

[0950] Referring to FIG. 37, to a solution of 2-(4-(chloro-
sulfonyl)-3,5-dimethylphenoxy)acetyl chloride (6 g, 20.3
mmol) in THF (60 mL) were added dropwise a solution of
BnOH (2.2 g, 20.3 mmol), Et3N (3.44 mL, 24.3 mmol) and
DMAP (25 mg, 0.2 mmol) in THF (30 mL) at -78° C. The
reaction mixture was stirred for 5 hat —78° C. and then poured
into HCI solution (1 N, 100 mL). The resulting mixture was
extracted with ethyl acetate (100 mL.x2). The combined
extracts were washed with brine, dried over anhydrous
Na2S04 and concentrated under reduced pressure. The resi-
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due was purified by flash column chromatography (petroleum
ether/EtOAc=60:1) to give product as a white powder (1.2 g,
16% yield). 2-(4-(Chlorosulfonyl)-3,5-dimethylphenoxy)
acetyl chloride (2.0 g) was recovered. 'H NMR (CDCl,, 300
MHz): 87.42-7.32 (m, 5H), 6.67 (s, 2H), 5.32 (s, 2H), 4.74 (s,
2H) 2.72 (s, 6H).

Benzyl 2-(4-((((2R,4S)-4-((tert-butoxycarbonyl)
amino)-2-hydroxy-2,6-dimethyl-3-oxoheptyl)oxy)
sulfonyl)-3,5-dimethylphenoxy )acetate (6)

[0951] Referring to FIG. 37, to a solution of the tert-butyl

((2R,48)-1,2-dihydroxy-2,6-dimethyl-3-oxoheptan-4-y1)
carbamate (0.72 g, 2.5 mmol) in DCM (30 mlL) were added
benzyl 2-(4-(chlorosulfonyl)-3,5-dimethylphenoxy)acetate
(1.1 g, 3 mmol), Et;N (0.52 mL, 3.7 mmol) and DMAP (63
mg, 0.5 mmol). The reaction mixture was stirred at room
temperature for 7 h (TLC analysis showed some starting
material was left). DCM (50 mL) was added and the resulting
mixture was washed with HCI solution (1 N, 30 mL) and
saturated aqueous NaHCO,; (30 mL). The organic layer was
dried over anhydrous Na,SO, and concentrated under
reduced pressure. The residue was purified by flash column
chromatography (petroleum ether/EtOAc=10:1) to give
product as a white powder (540 mg, 34.8%). LC-MS analysis
confirmed the structure.

Benzyl 2-(4-((((2R,4S)-4-amino-2-hydroxy-2,6-dim-
ethyl-3-oxoheptyl)oxy)sulfonyl)-3,5-dimethylphe-
noxy)acetate (7)

[0952] Referring to FIG. 37, to a solution of benzyl 2-(4-

((((2R4S)-4-((tert-butoxycarbonyl)amino)-2-hydroxy-2,6-
dimethyl-3-oxoheptyl)oxy)sulfonyl)-3,5-dimethylphenoxy)
acetate (540 mg, 0.87 mmol) in DCM (15 mL) was added
TFA (5 mL). The reaction mixture was stirred at room tem-
perature for 3 h. Removal of the solvent under reduced pres-
sure gave product, which was used directly in the next step
without further purification. LC-MS analysis confirmed the
structure.

Benzyl 2-(4-((((4S,7S,108,138,15R)-10-benzyl-15-
hydroxy-7,13-diisobutyl-15-methyl-1-morpholino-2,
5,8,11,14-pentaoxo-4-phenethyl-3,6,9,12-tetraaza-
hexadecan-16-yl)oxy)sulfonyl)-3,5-
dimethylphenoxy)acetate (8)

[0953] Referring to FIG. 37, to a solution of (S)-2-((S)-4-
methyl-2-((S)-2-(2-morpholinoacetamido)-4-phenylbutana-
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mido)pentanamido)-3-phenylpropanoic acid (0.59 g, 1
mmol) in DCM (30 mL) were added DMTMM (0.44 g, 1.5
mmol) and benzyl 2-(4-((((2R,4S)-4-amino-2-hydroxy-2,6-
dimethyl-3-oxoheptyl)oxy)sulfonyl)-3,5-dimethylphenoxy)

acetate (obtained from 540 mg of compound 6). The mixture
was adjusted to pH=8 with 4-methylmorpholine. The reaction
mixture was stirred at room temperature for 4 h and then
diluted with DCM (40 mL). The resulting mixture was
washed with HCl solution (1 N, 40 mL) and saturated aque-
ous NaHCO3 (30 mL). The organic layer was washed with
brine, dried over anhydrous Na2S04 and concentrated under
reduced pressure. The residue was purified by flash column
chromatography (DCM/EtOAc=3:1) to give product (770
mg, 82.8% yield). LC-MS analysis confirmed the structure.

2-(4-((((48,78,108,13S)-10-Benzyl-15-hydroxy-7,
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-yloxy)sulfonyl)-3,5-dimethylphenoxy)acetic
acid (9)

[0954] Referring to FIG. 37, benzyl 2-(4-((((4S,7S,108S,
138,15R)-10-benzyl-15-hydroxy-7,13-diisobutyl-15-me-
thyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phenethyl-3,6,9,
12-tetraazahexadecan-16-yl)oxy)sulfonyl)-3,5-
dimethylphenoxy)acetate (110 mg, 0.1 mmol) was dissolved
indioxane (10 mL) and Pd/C (50 mg) was added. The mixture
was stirred for 3 hunder H2 atmosphere (15 psi). The catalyst
was filtered off and the filtrate was concentrated under
reduced pressure to give compound (100 mg, quantitative);
'"H NMR (DMSO-d,, 300 MHz): 8 8.12-8.02 (m, 3H), 7.99-
7.89 (m, 1H), 7.32-7.02 (m, 10H), 6.88 (s, 2H), 6.05 (s, 1H),
5.11-5.02 (m, 1H), 5.75 (s, 2H), 4.61-4.22 (m, 4H), 3.65 (m,
4H), 2.95 (m, 2H), 2.78-2.70 (m, 1H), 2.55 (s, 6H), 2.45 (m,
4H), 1.94-1.55 (m, 4H), 0.92-0.74 (m, 12H).

(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl-
2,6-dimethoxy-4-(2-(PEG,x/4-Arm)-amino)-2-
oxoethoxy)benzenesulfonate

[0955]
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[0956] 2-(4-((((4S,7S,108,13S5)-10-Benzyl-15-hydroxy-7, (48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen- isobutyl-15-methyl-1-morpholino-2,5,8,11,4-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl)oxy) taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl-
sulfonyl)-3,5-dimethoxyphenoxy)acetic acid and PEG,g;- 2,6-dimethyl-4-(2-(N-PEG, -amino)-2-oxoethoxy)
(NH,), (Creative PEGworks Catalog #PSB-435) were benzenesulfonate
reacted following General PEGylation Conditions, Method
E. [0957]

O\)j\
N—PEG;
o 20K

)

(6]
Ph
(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl-
2,6-dimethoxy-4-(2-(N-PEG,-amino)-2-
oxoethoxy)benzenesulfonate
[0958]
(€]
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O
3
~

[0959] 2-(4-((((4S,7S,108,13S)-10-Benzyl-15-hydroxy-7,
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl)oxy)
sulfonyl)-3,5-dimethoxyphenoxy)acetic acid and PEG,,-
NH, (Creative PEGworks Catalog #PJK-265) were reacted
following General PEGylation Conditions, Method D.
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(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl-
2,6-dimethyl-4-(2-((N-PEG,x/Branched 2-Arm)-
amino)-2-oxoethoxy)benzenesulfonate

[0960]

O
<
&

(4S,78,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,4-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2,6-dimethyl-4-(2-PEG, oz amino-2-oxoethoxy)ben-
zenesulfonate

[0961]

O
<
&
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[0962] 2-(4-((((4S,7S,108,138)-10-Benzyl-15-hydroxy-7,
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl)oxy)
sulfonyl)-3,5-dimethylphenoxy)acetic acid and PEG,,,-NH,
(4-Arm Branched, NOF America, Sunbright GL.4-400PA)
were reacted following ethynylphenoxy)acetate Conditions,
Method A.
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(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,4-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl-
2,6-dimethyl-4-(2-((N-PEG,x/Branched 4-Arm)-
amino)-2-oxoethoxy)benzenesulfonate (PEG
Architecture Formula 2G)

[0963]

O
<
e

Ph

[0964] 2-(4-((((4S,7S,108,138)-10-Benzyl-15-hydroxy-7,
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl)oxy)
sulfonyl)-3,5-dimethylphenoxy)acetic acid and PEG,,-NH,
(Creative PEGworks Catalog #PJK-265) were reacted fol-
lowing General PEGylation Conditions, Method D.

(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,4-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl-
2,6-dimethyl-4-(2-((N-PEG,x/Branched 4-Arm)-
amino)-2-oxoethoxy)benzenesulfonate (PEG
Architecture Formula 2H)

[0965]

0 0 S 0
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Ph

[0966] 2-(4-((((4S,7S,108,13S)-10-Benzyl-15-hydroxy-7,
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl)oxy)
sulfonyl)-3,5-dimethylphenoxy)acetic acid and PEG,,,-NH,
(4-Arm Branched, NOF America, Sunbright XY4-200PA)
were reacted following General PEGylation Conditions,

Method D.
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Aliphatic Sulfonates

Preparation of (4S,7S,108,13S,15R)-10-benzyl-15-
hydroxy-7,13-diisobutyl-15-methyl-1-morpholino-2,
5,8,11,14-pentaoxo-4-phenethyl-3,6,9,12-tetraaza-
hexadecan-16-yl 3-((1-PEG, -1H-1,2,3-triazol-4-yl)
methoxy)propane-1-sulfonate

[0967]
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Final compounds were prepared using the standard PEGyla- (48,758,108,13S,15R)-10-benzyl-15-hydroxy-7,13-
tion conditions. diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
[096§] (4S,75,108,138,15R)-1 O-Benzyl-l 5-hydroxy-7, pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
16-y1 3-(prop-2-yn-1-yloxy)propane-1-sulfonate

taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
3-(prop-2-yn-1-yloxy)propane-1-sulfonate and PEG,,-N;
(Creative PEGworks Catalog #P SB-2025) were reacted fol-

lowing General PEGylation Conditions, Method A. [0969]
Scheme 19
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2. O\\S //O

Q

O

HO +-

/\ Na O\S/\/\O/\ SOCl,

o// \\o
6
o o oH
(\N/\”/ . N . N
i i i i
o\) e} z 0 5\ 0
Ph
NN K
O//s\\o o/\ N
7
0
ol



US 2014/0105921 Al

Apr. 17,2014

165

3-(Prop-2-yn-1-yloxy)propane-1-sulfonyl chloride
(6)

[0970] Referring to FIG. 16, a slurry of sodium 3-(propar-
gyloxy)propyl sulfonate (5.0 g, 25.0 mmol, 1.0 equiv.) and
thionyl chloride (25 mL, 344 mmol, 13.8 equiv.) was heated
to 100° C. under N, for three hours. The mixture was concen-
trated to a thick oil, diluted with 50 mL benzene, and concen-
trated again by rotavap to obtain a waxy solid. The material
was slurried in 50 mL dichloromethane and filtered. The
solids were discarded and the mother liquor concentrated on
rotavap to obtain product as an orange oil (4.7 g, 95%). 'H
NMR (300 MHz, CDCl;) 6 4.17 (d, 2H), 3.82 (t, 2H), 3.70 (t,
2H), 2.47 (t, 1H), 2.34 (m, 2H).

Sodium 3-(prop-2-yn-1-yloxy)propane-1-sulfonate
O

[0971] Referring to FIG. 16, to a chilled (5° C.) slurry of
NaH (60% in mineral oil, 1.60 g, 40.9 mmol, 1.0 equiv.) indry
DMF (30 mL) was added dropwise a solution of propargyl
alcohol (2.4 mL, 40.9 mmol, 1.0 equiv.) in dry DMF (30 mL.)
over a ten minute period. 1,3-Propanesultone (5.0 g, 40.9
mmol, 1.0 equiv.) was dissolved in dry DMF (30 mL), and the
resulting solution added dropwise over a five minute period to
the chilled sodium propargylate solution. After stirring for ten
minutes in the ice bath, the flask was transferred to an oil bath
and heated at 60° C. for three hours. Most of the DMF was

YN

Ph

s

e

then removed by rotavap, and the remaining oil was triturated
with 200 mL diethyl ether to yield a white solid, which was
collected by vacuum filtration. The product was dried under
vacuum to provide product as a white powder (7.4 g, 90%).
[0972] Referring to FIG. 16, to a solution of (S)—N—((S)-
1-(((2R,4S)-1,2-dihydroxy-2,6-dimethyl-3-oxoheptan-4-yl)
amino)-1-o0xo-3-phenylpropan-2-yl)-4-methyl-2-((S)-2-(2-
morpholinoacetamido)-4-phenylbutanamido)pentanamide
(1.50 g, 2.0 mmol, 1.0 equiv.) in dry pyridine (15 mL) was
added dropwise a solution of 3-(prop-2-yn-1-yloxy)propane-
1-sulfonyl chloride (0.9 g, 4.4 mmol, 2.2 equiv) in DCM (15
mL) over a fifteen minute period. The resultant mixture was
stirred at room temperature for three hours, concentrated via
rotavap, and partitioned between ca. 100 ml. dichlo-
romethane and 50 ml water. The aqueous phase was discarded
and the organic phase was concentrated and purified on a
CombiFlash chromatograph (40 g silica column, 0-10% IPA/
DCM, 60 min.) to provide product 8 as an off-white solid (1.2
g, 67%). LC/MS: M+H=898.6.

The following analogs were prepared similarly:

(48,758,108,13S,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 3-((1-PEG,-1H-1,2,3-triazol-4-yl)methoxy)
propane-1-sulfonate

o= S/\/\
N—PEGsx

[0973]

Jk

[0974] (4S,7S,108,13S,15R)-10-Benzyl-15-hydroxy-7,
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
3-(prop-2-yn-1-yloxy)propane-1-sulfonate and PEG,-N;
(Creative PEGworks Catalog #PSB-2024) were reacted fol-
lowing General PEGylation Conditions, Method A.

(48,758,108,13S,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 3-((1-PEG o~ 1H-1,2,3-triazol-4-yl)methoxy)
propane-1-sulfonate

[0975]

=z

Ph
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[0976] (4S,7S,108,13S,15R)-10-Benzyl-15-hydroxy-7,
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
3-(prop-2-yn-1-yloxy)propane-1-sulfonate and PEG,,,-N;
(Creative PEGworks Catalog #PSB-2023) were reacted fol-
lowing General PEGylation Conditions, Method A.

(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 3-((1-PEG;z/2-Arm-1H-1,2,3-triazol-4-yl)
methoxy)propane-1-sulfonate

Apr. 17,2014
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[0978] (4S,7S,108,13S,15R)-10-Benzyl-15-hydroxy-7, (4S.7S,10S,13S,15R)-10-benzyl-15-hydroxy-7,13-

13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
3-(prop-2-yn-1-yloxy)propane-1-sulfonate and PEG;,-(N;),
(Creative PEGworks Catalog #PSB-327) were reacted fol-
lowing General PEGylation Conditions, Method B.
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diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 3-((1-PEG, o /4-Arm-1H-1,2 3-triazol-4-yl)
methoxy)propane-1-sulfonate

[0979]

PEGox

OH

H

(458,758,108,13S,15R)-10-Benzyl-15-hydroxy-7,13-diisobu-

tyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phen-

ethyl-3,6,9,12-tetraazahexadecan-16-yl 3-(prop-2-yn-1-
yloxy)propane-1-sulfonate and PEG,,,-(N;), (Creative
PEGworks Catalog #PSB-492) were reacted following Gen-
eral PEGylation Conditions, Method C; 'H NMR (DMSO-
dy): 9 8.08-8.01 (m, 4H), 7.87 (d, J=6.8 Hz, 1H), 7.28-7.03
(m, 10H), 5.08 (m, 1H), 4.55-4.49 (m, 6H), 4.35-4.21 (m,
4H), 4.05-3.90 (m, 6H), 3.81-3.80 (m, 3H), 3.65-3.36 (m,
336H),3.32-3.31 (m, 10H), 3.05-2.77 (m, 4H), 2.50-2.27 (m,
10H), 1.93-1.19 (m, 13H), 0.87-0.77 (m, 12H).
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(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 3-((1-PEG,/4-Arm-1H-1,2,3-triazol-4-yl)
methoxy)propane-1-sulfonate
[0980]
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(48,758,108,13S,15R)-10-Benzyl-15-hydroxy-7,13-diisobu-

tyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phen-

ethyl-3,6,9,12-tetraazahexadecan-16-yl 3-(prop-2-yn-1-
yloxy)propane-1-sulfonate and PEG,,-(N;), (Creative
PEGworks Catalog #PSB-493) were reacted following Gen-
eral PEGylation Conditions, Method C; 'H NMR (DMSO-
dg): 9 8.08-8.01 (m, 4H), 7.87 (d, J=8.5 Hz, 1H), 7.28-7.14
(m, 10H), 5.08 (m, 1H), 4.55-4.49 (m, 6H), 4.35-4.29 (m,
2H), 4.21 (d,J=10Hz, 1H), 4.00 (d,J=10Hz, 1H), 3.80(t, J=5
Hz, 3H), 3.65-3.30 (m, 548H), 3.05-2.77 (m, 6H), 2.50-2.42
(m, 4H), 1.93-1.19 (m, 13H), 0.87-0.77 (m, 12H).

6-({[(2R,4S)-2-Hydroxy-2,6-dimethyl-4-[(2S)-2-
[(2S)-4-methyl-2-[(2S)-2-[2-(morpholin-4-yl)aceta-
mido]-4-phenylbutanamido Jpentanamido]-3-phenyl-
propanamido]-3-oxoheptyl|oxy }sulfonyl)hexanoic
acid (18)

6-(Acetylthio)hexanoic acid (14)

[0981] Referring to FIG. 40, a mixture of 6-bromohexanoic
acid (5 g, 25.8 mmol), AcSK (3.51 g, 30.7 mmol) and K,CO;
(3.54 g, 25.6 mmol) in water (15 mL) was stirred at room
temperature overnight. The mixture was adjusted to pH=2
with 2N HCl solution and the resulting mixture was extracted
with ethyl acetate (2x80 mL). The organic layers were com-
bined, dried over anhydrous sodium sulfate and concentrated
under reduced pressure to give the title compound (4.6 g, 94%
yield).

Benzyl 6-(acetylthio)hexanoate (15)

[0982] Referring to FIG. 40, to a solution of 6-(acetylthio)
hexanoic acid (3 g, 15.8 mmol) in CH3CN (80 mL) were
added K2CO3 (4.3 g, 31.6 mmol) and benzyl bromide (2.68
g, 15.8 mmol). The reaction mixture was stirred at room
temperature overnight and ethyl acetate (200 mL) and water
(100 mL) were added. The organic layer was separated, dried
over anhydrous sodium sulfate and concentrated under
reduced pressure. The residue was purified by silica gel col-
umn chromatography to give the title compound (2.2 g, 50%
yield) as a yellow oil.

Apr. 17,2014
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Benzyl 6-(chlorosulfonyl)hexanoate (16)

[0983] Referring to FIG. 40, benzyl 6-(acetylthio)hex-
anoate (1.6 g, 5.7 mmol) was dissolved in CH3CN (40 mL)
and 3N HCI solution (40 mL) and then NCS (3.05 g, 22.8
mmol) was added in portions over 0.5 h. The reaction mixture
was stirred at room temperature for 3 hr and extracted with
ethyl acetate (100 mL). The extract was washed with satu-
rated NaHSO3 solution (3x50 mL) and water (3x50 mL),
dried over anhydrous sodium sulfate and concentrated under
reduced pressure to give the title compound (1.45 g, 83%
yield) as a yellow oil.

Benzyl 6-({[(2R,4S)-2-hydroxy-2,6-dimethyl-4-
[(28)-2-[(2S)-4-methyl-2-[ (2S)-2-[2-(morpholin-4-
yDacetamido]-4-phenylbutanamido]pentanamido]-3-
phenylpropanamido]-3-oxoheptylJoxy }sulfonyl)
hexanoate (17)

[0984] Referring to FIG. 40, benzyl 6-(chlorosulfonyl )hex-
anoate (0.74 g, 2.44 mmol) was added to (S)—N—((S)-1-
(((2R,45)-1,2-dihydroxy-2,6-dimethyl-3-oxoheptan-4-yl)
amino)-1-o0xo-3-phenylpropan-2-yl)-4-methyl-2-((S)-2-(2-
morpholinoacetamido)-4-phenylbutanamido)pentanamide
(1.50 g, 2.03 mmol), DMAP (0.1 g) and pyridine (5 mL) in
dichloromethane (20 mL.) and the mixture stirred overnight at
room temperature. The reaction was washed with 2N HCI,
brine, dried (MgSO,) and evaporated. The residue was puri-
fied by Biotage flash column chromatography (MeOH/
EtOAc/DCM) to give product 17 as a white solid (0.93 g,
50%).

[0985] Referring to FIG. 40, to a solution of compound
(0.0.49 g, 0.49 mmol) in methanol (10 mL) was added Pd/C
(0.15 g). The mixture was stirred at ambient temperature
under H, atmosphere (15 psi) for 5 hours. The catalyst was
filtered off and the filtrate was concentrated under reduced
pressure to dryness. The residue was purified on silica gel
column (DCM/MeOH=100:1 to 50:1) to give compound 18
(0.25 g, yield 56%).
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(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,4-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
27-0x0-2,5,8,11, 14, 17, 20,23-octaoxa-26-azadotria-
contane-32-sulfonate

[0986]

<
o
I
jam}
o

Ph

[0987] 6-({[(2R,4S)-2-Hydroxy-2,6-dimethyl-4-[(2S)-2-
[(2S)-4-methyl-2-[(2S)-2-[2-(morpholin-4-yl)acetamido]-4-
phenylbutanamido|pentanamido]-3-phenylpropanamido]-3-
oxoheptyl]oxy}sulfonyl)hexanoic acid and 2,5.8,11,14,17,
20,23-octaoxapentacosan-25-amine  (Quanta Biodesign)
were reacted following General PEGylation Conditions,
Method D.

Ph

Apr. 17,2014

/\/\/\"/§\/\o’€\/o o

(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl-
6-((N-PEG,x/4-Arm)amino)-6-oxohexane-1-
sulfonate

[0988]

PEGyox

4

[0989] 6-({[(2R,4S)-2-Hydroxy-2,6-dimethyl-4-[ (2S)-2-
[(2S)-4-methyl-2-[(2S)-2-[2-(morpholin-4-yl)acetamido]-4-
phenylbutanamido]|pentanamido]-3-phenylpropanamido]-3-
oxoheptyl]oxy }sulfonyl)hexanoic acid and PEG,,-(NH,),
(Creative PEGworks Catalog #PSB-435) were reacted fol-
lowing General PEGylation Conditions, Method E.

(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl-
2-methyl-4-(2-((N-PEG,x/4-Arm)amino)-2-
oxoethoxy) butane-2-sulfonate

[0990]

e}
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[0991] 2-[3-({[(4S)-2-Hydroxy-2,6-dimethyl-4-[(2S)-2-

[(2S)-4-methyl-2-[(2S)-2-[2-(morpholin-4-yl)acetamido]-4-
phenylbutanamido|pentanamido]-3-phenylpropanamido]-3
oxoheptyl]oxy}sulfonyl)-3-methylbutoxy]acetic acid and
PEG,q~(NH,), (Creative PEGworks Catalog #PSB-435)
were reacted following General PEGylation Conditions,

Method E.

YN

Ph

oY

o,
<.

Ph
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2-[3-({[(4S)-2-Hydroxy-2,6-dimethyl-4-[(2S)-2-
[(2S)-4-methyl-2-[(2S)-2-[2-(morpholin-4-yl)aceta-
mido]-4-phenylbutanamido]pentanamido]-3-phenyl-
propanamido]-3oxcheptyl]oxy } sulfonyl)-3-
methylbutoxyJacetic acid

[0992]

(48,78,108,135)-10-benzyl-15-hydroxy-7,13-diisobutyl-
15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phen-
ethyl-3,6,9,1,12-tetraazahexadecan-16-yl-6-(N-PEG, )
amino)-6-oxohexane- 1-sulfonate

e}

[0993] 6-({[(2R,4S)-2-Hydroxy-2,6-dimethyl-4-[(2S)-2-

[(2S)-4-methyl-2-[(2S)-2-[2-(morpholin-4-yl)acetamido]-4-

phenylbutanamido]|pentanamido]-3-phenylpropanamido]-3-

oxoheptyl]oxy }sulfonyl)hexanoic acid and PEG,,-NH,

(Creative PEGworks Catalog #PJK-265) were reacted fol-

lowing General PEGylation Conditions, Method D.

(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl-
2-methyl-4-(2-((N-PEG20K)amino)-2-oxoethoxy)
butane-2-sulfonate

[0994]
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[0995]  2-[3-({[(4S)-2-Hydroxy-2,6-dimethyl-4-[(2S)-2-
[(2S)-4-methyl-2-[(2S)-2-[2-(morpholin-4-yl)acetamido]-4-
phenylbutanamido|pentanamido]-3-phenylpropanamido]-3
oxoheptyl]oxy}sulfonyl)-3-methylbutoxy]acetic acid and
PEG,,,-NH, (Creative PEGworks Catalog #PJK-265) were
reacted following General PEGylation Conditions, Method
D.

Ph

Apr. 17,2014

Phenoxy Sulfonates

(48,758,108,13S,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 4-((1-PEG, x-1H-1,2,3-triazol-4-yl)methoxy)
benzenesulfonate

[0996]

[0997]
PEGylation conditions.

Final compounds were prepared using the standard

[0998] (4S,7S,108,13S,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-
4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl ~ 3-(prop-2-
yn-1-ylcarbamoyl)benzenesulfonate and PEG,;-N;
(Creative PEGworks Catalog #PSB-2025) were reacted fol-
lowing General PEGylation Conditions, Method A.

Preparation of (4S,7S,108,13S,15R)-10-benzyl-15-
hydroxy-7,13-diisobutyl-15-methyl-1-morpholino-2,
5,8,11,14-pentaoxo-4-phenethyl-3,6,9,12-tetraaza-
hexadecan-16-yl 3-(prop-2-yn-1-ylcarbamoyl)
benzenesulfonate (5)

[0999] The general synthesis of these compounds are

shown referring to FIG. 17.

The following analogs were prepared similarly,
(48,758,108,13S,15R)-10-benzyl-15-hydroxy-7,13-

diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 4-((1-PEG;-1H-1,2,3-triazol-4-yl)methoxy)
benzenesulfonate

[1000]
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[1001] (4S,7S,108,13S,15R)-10-Benzyl-15-hydroxy-7,
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
3-(prop-2-yn-1-ylcarbamoyl)benzenesulfonate and PEG,,-
Nj; (Creative PEGworks Catalog #PSB-2024) were reacted
following General PEGylation Conditions, Method A.

(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-yl 2-fluoro-4-((1-PEG,-1H-1,2,3-triazol-4-yl)
methoxy)benzenesulfonate

[1002]

O
<
&

Ph

[1003] (4S,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl 2-fluoro-4-
(prop-2-yn-1-yloxy)benzenesulfonate = and  PEG,,-N;
(Creative PEGworks Catalog #PSB-2025) were reacted fol-
lowing General PEGylation Conditions, Method A.

(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 2-fluoro-4-((1-PEG-1H-1,2,3-triazol-4-yl)
methoxy)benzenesulfonate

[1004]

O
~
&
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[1005] (4S,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl 2-fluoro-4-
(prop-2-yn-1-yloxy)benzenesulfonate =~ and  PEGg,-N;
(Creative PEGworks Catalog #PSB-2024) were reacted fol-
lowing General PEGylation Conditions, Method A.

(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 2,3-difluoro-4-((1-PEG,-1H-1,2,3-triazol-4-
yDmethoxy)benzenesulfonate

[1006]

e

AL
SARGRRS

Ph

[1007] (4S,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl 2,3-difluoro-4-
(prop-2-yn-1-yloxy)benzenesulfonate = and  PEG,,-N;
(Creative PEGworks Catalog #PSB-2025) were reacted fol-
lowing General PEGylation Conditions, Method A.

(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 2,3-difluoro-4-((1-PEGs-1H-1,2,3-triazol-4-
yDmethoxy)benzenesulfonate

[1008]

O
~
&



US 2014/0105921 Al

173

[1009] (4S,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl 2,3-difluoro-4-
(prop-2-yn-1-yloxy)benzenesulfonate =~ and  PEGg,-N;
(Creative PEGworks Catalog #PSB-2024) were reacted fol-
lowing General PEGylation Conditions, Method A.

(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2,6-dimethoxy-4-((1-PEG,z/4-Arm-1H-1,2,3-tria-
zol-4-yl)methoxy)benzenesulfonate

[1010]
0 0
N N
(\N N -
\) H H E
0 0 3 0 B
py
Ph
[1011] (4S,7S,10S,13S)-10-Benzyl-15-hydroxy-7,13-di-

isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-

phenethyl-3,6,9,12-tetraazahexadecan-16-yl 2,6-dimethoxy-
4-(prop-2-yn-1-yloxy)benzenesulfonate and PEG,,,-(N;),
(Creative PEGworks Catalog #PSB-493) were reacted fol-
lowing General PEGylation Conditions, Method C; *"H NMR
(DMSO-dy): 9 8.23 (s, 1H), 8.05-8.00 (m, 3H), 7.86 (d, J=8.5
Hz, 1H), 7.28-7.25 (m, 2H), 7.18-7.02 (m, 8H), 5.95 (s, 1H),
5.28 (s, 2H), 5.08-5.07 (m, 1H), 4.56-4.52 (m, 3H), 4.36-4.26
(m, 2H), 3.99 (d, J=10 Hz, 1H), 3.84-3.82 (m, 7H), 3.76 (d,
J=9.5 Hz, 1H), 3.66-3.29 (m, 610H), 2.99-2.91 (m, 3H),

O

Apr. 17,2014

PEGox

OMe

2.75-2.72 (m, 1H), 2.47-2.42 (m, 6H), 1.91-1.74 (m, 2H),
1.68-1.48 (m, 3H), 1.39-1.22 (m, 3H), 1.19 (s, 3H), 0.86-0.79
(m, 12H); PEG Loading (NMR): 3/4 Arms, 8.9% small mol-
ecule.

(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,4-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2,4-dimethoxy-6-((1-PEG,z/4-Arm-1H-1,2, 3-tria-
zol-4-yl)methoxy)benzenesulfonate

[1012]

N PEGsox

0. OMe

OMe
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[1013] (4S,7S,108,138)-10-Benzyl-15-hydroxy-7,13-di-

isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-

phenethyl-3,6,9,12-tetraazahexadecan-16-yl 2,4-dimethoxy-
6-(prop-2-yn-1-yloxy)benzenesulfonate and PEG,,,-(N;),
(Creative PEGworks Catalog #PSB-493) were reacted fol-
lowing General PEGylation Conditions, Method C; *"H NMR
(DMSO-dy): 9 8.14 (s, 1H), 8.04-7.98 (m, 3H), 7.86 (d, J=8.5
Hz, 1H), 7.28-7.25 (m, 2H), 7.19-7.01 (m, 8H), 6.59 (d, J=2.5
Hz, 1H), 6.51 (s, 1H), 6.35 (d, I=2.5 Hz, 1H), 5.95 (s, 1H),
5.27 (s, 2H), 5.08-5.07 (m, 1H), 4.55-4.49 (m, 3H), 4.37-4.26
(m, 2H), 3.98 (d, J=9.5 Hz, 1H), 3.86 (s, 3H), 3.81-3.78 (m,
5H), 3.75 (d, J=10 Hz, 1H), 3.66-3.30 (m, 508H), 2.99-2.91

L
.

(6] (6]

O
<
e

Ph

Ph
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(m,3H),2.76-2.71 (m, 1H), 2.47-2.42 (m, 6H), 1.91-1.74 (mm,
2H), 1.67-1.47 (m, 3H), 1.38-1.22 (m, 3H), 1.16 (s, 3H),
0.85-0.79 (m, 12H); PEG Loading (NMR): 3.7/4 Arms, 11%
small molecule.

(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2,6-dimethyl-4-((1-PEG,x/4-Arm-1H-1,2,3-triazol-
4-yl)methoxy)benzenesulfonate

[1014]

PEGaox

(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2,6-dimethyl-4-((1-PEG,o/4-Arm-1H-1,2,3-triazol-
4-yl)methoxy)benzenesulfonate

[1015]

PEG)x

[1016]
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-16-yl  2,6-dimethyl-
4-(prop-2-yn-1-yloxy)benzenesulfonate and PEG,,-(N;),
(JenKem Technologies) were reacted following General
PEGylation Conditions, Method C; PEG Loading (NMR):
4/4 Arms, 6.1% small molecule.

(48,758,108,135)-10-Benzyl-15-hydroxy-7,13-di-
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(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,4-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
4-((1-PEG,x/4-Arm-1H-1,2,3-triazol-4-yl)meth-

oxy)benzenesulfonate
[1017]
(€] (€]
N N
(\N/\’( _ N .
o) o] B o] B
\ Spy
Ph
[1018] (4S,7S,108,13S,15R)-10-Benzyl-15-hydroxy-7,

13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
3-(prop-2-yn-1-ylcarbamoyl)benzenesulfonate and PEG,,-
(N5), (Creative PEGworks Catalog #PSB-493) were reacted
following General PEGylation Conditions, Method C; '‘H
NMR [(CD;),SO]: 88.23 (s, 1H), 8.06-8.01 (m, 3H), 7.86 (d,
J=8.5 Hz, 1H), 7.82-7.80 (m, 2H), 7.29-7.25 (m, 4H), 7.18-
7.04 (m, 7H), 6.01 (s, 1H), 5.26 (s, 2H), 5.05-4.98 (m, 1H),
4.55-4.53 (m, 3H), 4.35-4.28 (m, 2H), 4.00 (d, J=9.5 Hz, 1H),
3.83-3.78 (m, 3H), 3.66-3.34 (m, 428H), 3.01-2.91 (m, 3H),
2.79-2.74 (m, 1H), 2.49-2.42 (m, 6H), 1.92-1.75 (m, 2H),

.
.

Ph
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PEGyox

4

1.66-1.48 (m, 3H), 1.38-1.22 (m, 3H), 1.14 (s, 3H), 0.85-0.79
(m, 12H); PEG Loading (NMR): 3.8/4 Arms, 11.4% small
molecule.

(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
2,6-dimethyl-4-((1-PEG, - Hexaglycerin/8-Arm-
1H-1,2,3-triazol-4-yl)methoxy)benzenesulfonate

[1019]

PEG,ox

8

(48,758,108,135)-10-Benzyl-15-hydroxy-7,13-di-

[1020]
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-

phenethyl-3,6,9,12-tetraazahexadecan-16-yl  2,6-dimethyl-
4-(prop-2-yn-1-yloxy)benzenesulfonate and PEG,q,-(N;)s
(Creative PEGworks Catalog #PSB-882) were reacted fol-
lowing General PEGylation Conditions, Method C; PEG
Loading (NMR): 4.4/8 Arms, 11.3% small molecule.
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(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
4-((1-PEG,gx/4-Arm-1H-1,2,3-triazol-4-yl)meth-
oxy)benzenesulfonate

[1021]

N PEGyox
0] —

AL

[1022] (4S,7S,108,13S,15R)-10-Benzyl-15-hydroxy-7,
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
3-(prop-2-yn-1-ylcarbamoyl)benzenesulfonate and PEG,,,-
(N3),4 (JenKem Technologies) were reacted following Gen-
eral PEGylation Conditions, Method C; PEG Loading

(NMR): 4/4 Arms, 6.2% small molecule.
Phosphates
(48,78,108,138)-10-benzyl-15-hydroxy-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl
methyl (1-PEG,x/4-Arm-1H-1,2,3-triazol-4-yl)
methyl phosphate

[1023]

PEGox

o}
u
M
; N

H

e

(@) (6] (6]

A~
SRRQaRE

Ph A

(48,758,108,13S,15R)-10-Benzyl-15-hydroxy-7,13-diisobu-
tyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phen-
ethyl-3,6,9,12-tetraazahexadecan-16-yl methyl prop-2-yn-1-
yl phosphate and PEG,,,;-(N;), (Creative PEGworks Catalog
#PSB-493) were reacted following General PEGylation Con-
ditions, Method C.
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(45,758,108,13S,15R)-10-Benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-yl methyl prop-2-yn-1-yl phosphate

[1024]

e}

A

H

s

Ph

[1025] To a solution of propargyl alcohol (0.5 g, 8.92
mmol) in pyridine (1 ml) and DCM (5 mL) at 0° C. was added
methyl dichlorophosphate (0.89 mL, 8.92 mmol) dropwise
maintaining the reaction temperature at 0° C. The mixture
was stirred for 10 min and a solution of CFZ-diol (3.29 g, 4.48
mmol) in pyridine (15.0 mL.) was added dropwise. The reac-
tion mixture was allowed to warm to room temperature and
stirred for 6 h. The reaction was quenched with methanol (3
ml.) and then diluted with ethyl acetate. The resulting mixture
was washed with 1N HCl solution and the aqueous layer was
extracted with ethyl acetate. The combined organic layers

Apr. 17,2014

acetate: MeOH=74:25:1 to 65:25:10) to afford desired com-
pound (major spot, 1.2 g, 31% yield) as a white solid.
[1026] ESI-MS for C,,Hs, N;O,,P. found 870.1 [M+H]".

Acylhydrazones

(S)-4-methyl-N—((S)-1-((S,Z)-4-methyl-1-(2-(3-(1-
PEG,ox/4-Arm-1H-1,2 3-triazol-4-yl)propanoyl)
hydrazono)-1-((S)-2-methyloxiran-2-yl)pentan-2-
ylamino)-1-ox0-3-phenylpropan-2-y1)-2-((S)-2-(2-
morpholinoacetamido)-4-phenylbutanamido)

were dried over anhydrous sodium sulfate and concentrated pentanamide
under reduced pressure. The resulting oil was purified by
flash column chromatography on silica gel (DCM:ethyl [1027]
(6] (€]
H\)k H\)l\ ’
N N
(\N . N . N
T I T
o) o] 2 o] = N
Spy SN
Ph
(6]
/
N PEG:
N§ / 20K
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Quaternary Salts
Preparation of 4-((48S,7S,10S,13S)-10-benzyl-7-
isobutyl-15-methyl-13-((R)-2-methyloxirane-2-car-
bonyl)-2,5,8,11-tetraoxo-4-phenethyl-3,6,9,12-tet-
raazahexadecyl)-4-(((4-(1-PEG, .-1H-1,2,3-triazol-
4-yl)benzoyl)oxy)methyl)morpholin-4-ium
methanesulfonate
[1028]

N.

/ =N
PEGxz—N

—

)
~.

Ph

[1029] Final compounds were prepared using the standard
PEGylation conditions. 4-((4S,7S,108,13S)-10-Benzyl-7-
isobutyl-15-methyl-13-((R)-2-methyloxirane-2-carbonyl)-2,
5,8,11-tetraoxo-4-phenethyl-3,6,9,12-tetraazahexadecyl)-4-
(((4-ethynylbenzoyl)oxy)methyl)morpholin-4-ium
methanesulfonate and PEG, ;-N; (Creative PEGworks Cata-
log #PSB-2026) were reacted following General PEGylation
Conditions, Method A.

4-((48,7S,108,135)-10-benzyl-7-isobutyl-15-methyl-
13-((R)-2-methyloxirane-2-carbonyl)-2,5,8,1-tet-
raoxo-4-phenethyl-3,6,9,12-tetraazahexadecyl)-4-
(((4-ethynylbenzoyl)oxy)methyl)morpholin-4-ium
methanesulfonate

[1030] Referring to FIG. 41, compound A (3.00 g, 0.00417
mol) and iodomethylester (2.38 g, 0.00833 mol) in acetoni-
NQN
PEG;x—N
/

Z
Tz,
(o]

trile (30 mL) were heated at 50° C. overnight. Silver meth-
ansulfonate (1.69 g, 0.00833 mol) was then added and the
mixture was stirred and heated at 50° C. for 2 hours. The
mixture was filtered through celite and evaporated. The resi-
due was purified by Biotage flash column chromatography
(5% MeOH, 25% EtOAc, DCM) to give product as a foam
(3.25 g, 80%).

The following analogs were prepared similarly,

4-((48,78,108,135)-10-benzyl-7-isobutyl-15-methyl-
13-((R)-2-methyloxirane-2-carbonyl)-2,5,8,11-tet-
raoxo-4-phenethyl-3,6,9,12-tetraazahexadecyl)-4-
(((4-(1-PEGx-1H-1,2 3-triazol-4-yl)benzoyl)oxy)
methyl)morpholin-4-ium methanesulfonate

Ph

[1031]
o\\S //o
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[1032] 4-((4S,7S,108,13S)-10-Benzyl-7-isobutyl-15-me-
thyl-13-((R)-2-methyloxirane-2-carbonyl)-2,5,8,11-tet-
raoxo-4-phenethyl-3,6,9,12-tetraazahexadecyl)-4-(((4-ethy-
nylbenzoyl)oxy)methyl)morpholin-4-ium methanesulfonate
and PEG,,-N; (Creative PEGworks Catalog #PSB-2025)
were reacted following General PEGylation Conditions,
Method A.
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4-((48,7S,108,135)-10-benzyl-7-isobutyl-15-methyl-
13-((R)-2-methyloxirane-2-carbonyl)-2,5,8,11-tet-
raoxo-4-phenethyl-3,6,9,12-tetraazahexadecyl)-4-
((4-(1-PEG,x/4-Arm-1H-1,2 3-triazol-4-yl)
benzoyl)oxy)methyl)morpholin-4-ium
methanesulfonate

[1033]

AN
PEGagx N

== fo)

[1034] 4-((4S,7S,108,13S)-10-Benzyl-7-isobutyl-15-me-
thyl-13-((R)-2-methyloxirane-2-carbonyl)-2,5,8,11-tet-
raoxo-4-phenethyl-3,6,9,12-tetraazahexadecyl)-4-(((4-ethy-
nylbenzoyl)oxy)methyl)morpholin-4-ium methanesulfonate
and PEG,,-(N;), (Creative PEGworks Catalog #PSB-493)
were reacted following General PEGylation Conditions,
Method C; PEG Loading (NMR): 3.1/4 Arms, 9.2% small
molecule.

AN
PEGox N

—

®
<
e
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4-((48,78,108,135)-10-benzyl-7-isobutyl-15-methyl-
3-((R)-2-methyloxirane-2-carbonyl)-2,5,8,11-tet-
raoxo-4-phenethyl-3,6,9,12-tetraazahexadecyl)-4-(3,
5-dimethyl-4-(3-(1-PEG, z/4-Arm-1H-1,2,3-triazol-
4-yD)propanoyloxy)benzyl)morpholin-4-ium

methanesulfonate
[1035]
O O

H\)J\ H\)k ’
N N

Y N v N

= e} 3 e}

K ~ Ph
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[1036] 4-((48,78,108,13S)-10-benzyl-7-isobutyl-15-me-
thyl-13-((R)-2-methyloxirane-2-carbonyl)-2,5,8,11-tet-
raoxo-4-phenethyl-3,6,9,12-tetraazahexadecyl)-4-(3,5-dim-
ethyl-4-(pent-4-ynoyloxy)benzyl)morpholin-4-ium
methanesulfonate and PEG,,,-(N;), (Creative PEGworks
Catalog #PSB-493) were reacted following General PEGyla-
tion Conditions, Method C.
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4-((48,78,108,135)-10-Benzyl-7-isobutyl-15-me-
thyl-3-((R)-2-methyloxirane-2-carbonyl)-2,5,8,11-
tetraoxo-4-phenethyl-3,6,9,12-tetraazahexadecyl)-4-
(3,5-dimethyl-4-(pent-4-ynoyloxy)benzyl)
morpholin-4-ium methanesulfonate

[1037]
A
(6]
O
(€] (€]
H\)k H\)J\ ’
N N
(\+N y N N
0 i o H H
\\// O\) 0 g © E\
o N K Ph
Ph
[1038] Prepared according to the procedure described for 4-((43,78,108,138)-10-benzyl-7-isobutyl-15-methyl-
compound 28, from 4-(bromomethyl)-2,6-dimethylphenyl 13'((Ij)'i‘meiﬁ}’%ogﬂgagnfl?'zz;C?rbOI;}I’ll)'zgsSs11)1"{3&
L n N A ) raoxo-4-phenethyl-3,6,9,12-tetraazahexadecyl)-4-(4-
pent-4-ynoate and. (S)-4-methyl-N—((S)-1-(((S) 4 methyl (3-(1-PEG,, /4-Arm-1H-1,2,3-triazol -4-y1)
1-((R)-2-methyloxiran-2-yl)-1-oxopentan-2-yl)amino)-1- propanoyloxy)benzyl)morpholin-4-ium methane-
ox0-3-phenylpropan-2-y1)-2-((S)-2-(2-morpholinoaceta- sulfonate
mido)-4-phenylbutanamido)pentanamide. [1039]
A
PEGsox N
—
(6]
O
(€] (€]
H\)J\ H\)k 0
N N
o O (}N/\[( : N N
Y Q H H
—_— 0 0 = 0 3 0
< K Spy
Ph A

[1040] 4-((4S,7S,108,13S)-10-Benzyl-7-isobutyl-15-me-
thyl-13-((R)-2-methyloxirane-2-carbonyl)-2,5,8,11-tet-
raoxo-4-phenethyl-3,6,9,12-tetraazahexadecyl)-4-(4-(pent-
4-ynoyloxy)benzyl)morpholin-4-ium methanesulfonate and
PEG,;~(N5), (Creative PEGworks Catalog #PSB-493) were
reacted following General PEGylation Conditions, Method
C.
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4-((48,78,108,135)-10-Benzyl-7-isobutyl-15-me-
thyl-13-((R)-2-methyloxirane-2-carbonyl)-2,5,8,11-
tetraoxo-4-phenethyl-3,6,9,12-tetraazahexadecyl)-4-
(4-(pent-4-ynoyloxy)benzyl ) morpholin-4-ium
methanesulfonate (28)

4-(Hydroxymethyl)phenyl pent-4-ynoate (25)

[1041] Referring to FIG. 42, a mixture of pent-4-ynoic acid
(1.10 g, 11.2 mmol), 4-(hydroxymethyl)phenol (1.40 g, 11.2
mmol) and DCC (3.5 g, 16.8 mmol) in THF (30 mL) was
stirred at room temperature overnight. Ethyl acetate was
added to dilute the mixture and the white solid was filtered
off. The filtrate was collected and concentrated under reduced
pressure. The residue was purified by flash column chroma-
tography on silica gel (petroleum ether/EtOAc=3:1to 2:1) to
afford compound 1 (0.91 g, 40% yield); '"H NMR (300 MHz,
DMSO-dy): 8 7.35 (d, J=8.4 Hz, 2H), 7.06 (d, J=8.4 Hz, 2H),
5.23 (1, J=6.0 Hz, 1H), 4.49 (d, J=5.7 Hz, 2H), 2.90-2.89 (m,
1H), 2.81-2.76 (m, 2H), 2.55-2.50 (m, 2H).

4-(Bromomethyl)phenyl pent-4-ynoate (26)

[1042] Referring to FIG. 42, a mixture of PPh, (0.8 g, 3.0
mmol) and imidazole (0.3 g, 4.5 mmol) in DCM (20 mL) was
stirred for 30 min at 0° C. Then a solution of Br, (0.7 g, 4.5
mmol) in DCM (5 mL) was added. The mixture was keptat 0°
C. for 10 min and compound 1 (0.3 g, 1.5 mmol) was added.
The reaction mixture was stirred at 0° C. for 10 min (moni-
tored by TLC and UPLC analysis). The mixture was washed
with diluted HCI solution (20 ml.x2), saturated aqueous
NaHSO; (20 mL) and brine (20 mL), respectively. The
organic layer was concentrated under reduced pressure and
the residue was purified by flash column chromatography on
silica gel (petroleum ether/EtOAc=100:1 to 30:1) to afford
the title compound 2 (0.2 g, 40% yield); "H NMR (300 MHz,
CDCl,): 8741 (d,J=8.4Hz,2H),7.10(d,]=8.4 Hz, 2H), 4.51
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4-((48,78,108,135)-10-benzyl-7-isobutyl-15-methyl-
13-((R)-2-methyloxirane-2-carbonyl)-2,5,8,11-tet-
raoxo-4-phenethyl-3,6,9,12-tetraazahexadecyl)-4-(4-
(pent-4-ynoyloxy)benzyl)morpholin-4-ium bromide
@7

[1043] Referring to FIG. 42, a mixture of compound
4-(bromomethyl)phenyl pent-4-ynoate (300 mg, 1.13 mmol)
and  (S)-4-methyl-N—((S)-1-(((S)-4-methyl-1-((R)-2-me-
thyloxiran-2-yl)-1-oxopentan-2-yl)amino)-1-oxo-3-phenyl-
propan-2-y1)-2-((S)-2-(2-morpholinoacetamido)-4-phe-
nylbutanamido)pentanamide (270 mg, 0.38 mmol) in MeCN
(20 mL) was stirred at 50° C. overnight. The mixture was
concentrated under reduced pressure and the residue was
purified by flash column chromatography on silica gel (DCM/
MeOH=10:1) to afford the bromide salt (70 mg, 21% yield);
'H NMR (300 MHz, DMSO-d,): § 9.12 (br s, 1H), 8.31 (1,
J=8.4Hz, 2H), 8.02 (d, J=7.8 Hz, 1H), 7.66 (d, J=8.1 Hz, 2H),
7.30-7.06 (m, 12H), 5.03 (m, 2H), 4.65-4.07 (m, 11H), 3.70-
3.42 (m, 5H), 3.12-2.52 (m, 9H), 1.92-1.12 (m, 11H), 0.89-
0.82 (m, 12H).
[1044] Referring to FIG. 42, to a solution of 4-((4S,78S,10S,
138)-10-Benzyl-7-isobutyl-15-methyl-13-((R)-2-methylox-
irane-2-carbonyl)-2,5,8,11-tetraoxo-4-phenethyl-3,6,9,12-
tetraazahexadecyl)-4-(4-(pent-4-ynoyloxy)benzyl)
morpholin-4-ium bromide (130 mg, 0.132 mmol) in THF (20
ml.) was added MsOAg (58 mg, 0.286 mmol). The reaction
mixture was stirred for 3 h at room temperature. The white
solid was filtered off and the filtrate was concentrated under
reduced pressure to give the title compound (123 mg, 93%
yield); "H NMR (300 MHz, CDCl,): 8 9.61 (br s, 1H), 7.82
(brs, 1H), 7.55 (d, J=8.7 Hz, 2H), 7.31-7.15 (m, 12H), 7.92-
7.85 (br s, 1H), 6.49-6.41 (br s, 1H), 5.19-4.89 (m, 3H),
4.53-4.15 (m, 8H), 4.05-3.70 (m, 5H), 3.50-3.24 (m, 2H),
3.22-3.02 (m, 3H), 2.92-2.65 (m, 9H), 2.31-1.23 (m, 12H),
0.89-0.82 (m, 12H).
4-((48,7S,108,135)-10-benzyl-7-iso butyl-15-me-
thyl-13-((R)-2-methyloxirane-2-carbonyl)-2,5,8,11-
tetraoxo-4-phenethyl-3,6,9,12-tetraazahexadecyl)-4-
(2-(3-(1-PEG,x/4-Arm-1H-1,2,3-triazol-4-yl)
propanoyloxy)benzyl)morpholin-4-ium

(s, 2H), 2.86-2.81 (m, 2H), 2.68-2.65 (m, 2H), 2.07-2.06 (m, methanesulfonate
1H). [1045]
N4N\ \
N PEG,ox
\ O
N
O, /S\
O
O
O O
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Backbone Acyloxyesters

((S)—N—((S)-4-methyl-1-((S)-1-((S)-4-methyl-1-
((R)-2-methyloxiran-2-yl)-1-oxopentan-2-ylamino)-
1-0x0-3-phenylpropan-2-ylamino)-1-oxopentan-2-
y1)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)methyl 2-methyl-2-((1-PEG,/4-
Arm-1H-1,2 3-triazol-4-yl)methoxy )propanoate
[1046]

s

N

[

N

.

¢}

200

e}

N—N
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[1047] ((S)—N—((S)-4-Methyl-1-(((S)-1-(((S)-4-methyl-
1-((R)-2-methyloxiran-2-yl)-1-oxopentan-2-yl)amino)-1-
oxo0-3-phenylpropan-2-yl)amino)-1-oxopentan-2-y1)-2-(2-
morpholinoacetamido)-4-phenylbutanamido)methyl
2-methyl-2-(prop-2-yn-1-yloxy)propanoate and PEG,g,-
(N5), (Creative PEGworks Catalog #PSB-493) were reacted
following General PEGylation Conditions, Method C; 'H
NMR (DMSO-d,): 6 8.25-7.84 (m, 4H), 7.28-7.04 (m, 10H),
5.91 (d, I=12 Hz, 1H), 5.62 (d, J=12 Hz, 1H), 4.90-4.82 (m,
1H), 4.68-4.16 (m, 8H), 3.80-3.77 (m, 4H), 3.66-3.33 (m,
504H), 3.14-2.94 (m, 4H), 2.76-2.28 (m, 8H), 2.12-1.80 (m,
2H), 1.62-1.25 (m, 15H), 0.87-0.75 (m, 12H); PEG Loading
(NMR): 3.6/4 Arms, 10.9% small molecule.

((S)—N—((S)-4-Methyl-1-(((S)-1-(((S)-4-methyl-1-
((R)-2-methyloxiran-2-yl)-1-oxopentan-2-yl)amino)-
1-0x0-3-phenylpropan-2-yl)amino)-1-oxopentan-2-
y1)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)methyl 2-methyl-2-(prop-2-yn-1-
yloxy)propanoate

[1048]

PEGox

~N

[1049] To a solution of (S)-4-methoxybenzyl 2-((S)-4-me-
thyl-2-((S)—N-(((2-methyl-2-(prop-2-yn-1-yloxy)pro-
panoyl)oxy)methyl)-2-(2-morpholinoacetamido)-4-phe-
nylbutanamido)pentanamido)-3-phenylpropancate (1.1 g,
1.3 mmol) in DCM (20 mL) was added TFA (5.0 mL). The
mixture was stirred at room temperature for 2 h and then
concentrated under reduced pressure to provide TFA salt
(0.58 g, 52.7% yield) as a yellow solid, which was carried
forward without further purification. To a solution of TFA salt
(580 mg, 0.81 mmol) in DCM (25.0 mL) were added (S)-2-
amino-4-methyl-1-((R)-2-methyloxiran-2-yl)pentan-1-one
(459 mg, 1.61 mmol), DMTMM (444 mg, 1.61 mmol) and
NMM (245 mg, 2.43 mmol) at 0° C. The reaction mixture was
stirred at room temperature for 2 h. Saturated sodium bicar-
bonate solution was added to quench the reaction and the
resulting mixture was extracted with ethyl acetate. The com-
bined extracts were dried over anhydrous sodium sulfate and
concentrated. Purification of the residue by flash column
chromatography on silica gel provided compound (400 mg,
56.6% yield) as a light yellow solid; '"H NMR (300 MHz,
CDCl,): 8 7.31-7.16 (m, 10H), 6.72 (m, 1H), 6.50 (m, 1H),
6.30 (m, 1H), 5.85 (m, 1H), 5.65-5.55 (m, 1H), 4.62-4.51 (m,
3H), 4.28 (m, 1H), 4.15 (m, 2H), 3.74 (m, 4H), 2.86 (m, 2H),
2.64 (m, 2H), 2.61 (m, 1H), 2.55 (m, 4H), 2.39 (m, 2H), 2.05
(m, 2H), 1.64 (s, 6H), 1.49 (s, 6H), 1.30-1.16 (m, 4H), 0.89-
0.85 (m, 12H). ESI-MS for C,H,,N;O,,. found 874.1
[M+H].
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(S)-4-methoxybenzyl 2-((S)-4-Methyl-2-((S)—N-

(((2-methyl-2-(prop-2-yn-1-yloxy)propanoyl)oxy)

methyl)-2-(2-morpholinoacetamido)-4-phenylbu-
tanamido)pentanamido)-3-phenylpropanoate

[1050]
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[1051] To a solution of (S)-4-methoxybenzyl 4-methyl-2-
((S)—N-(((2-methyl-2-(prop-2-yn-1-yloxy)propanoyl)oxy)
methyl)-2-(2-morpholinoacetamido)-4-phenylbutanamido)
pentanoate (1.9 g, 2.74 mmol) in DCM (20.0 mL) was added
TFA (4.0 mL). The mixture was stirred at room temperature
for 2 h and then concentrated under reduced pressure to
provide TFA salt (1.85 g, quantitative) as yellow oil, which
was carried forward without further purification.

[1052] To a solution of TFA salt (1.85 g, 2.74 mmol) in
DCM (25 mL) were added (S)-4-methoxybenzyl 2-amino-3-
phenylpropanoate (1.2 g, 4.2 mmol) and HATU (1.5 g, 3.95
mmol). The mixture was cooled to 0° C. and DIPEA (0.88 g,
6.8 mmol) was added. The reaction mixture was allowed to
warm to room temperature and stirred for 3 h. The reaction
was quenched with saturated sodium bicarbonate solution
and the resulting mixture was extracted with ethyl acetate.
The combined extracts were dried over anhydrous sodium
sulfate and concentrated. Purification of the residue by flash
column chromatography on silica gel provided compound
(1.1 g, 47.4% yield) as a light yellow solid.

.
e
.
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(S)-4-Methoxybenzyl 4-methyl-2-((S)—N-(((2-me-

thyl-2-(prop-2-yn-1-yloxy)propanoyl)oxy)methyl)-2-

(2-morpholinoacetamido)-4-phenylbutanamido)pen-
tanoate

[1053]

O (6]

SASAG

e}

[1054] To a light yellow solution of (S)-4-methoxybenzyl
4-methyl-2-((S)-2-(2-morpholinoacetamido)-4-phenylbu-
tanamido)pentanoate (2.16 g, 4.0 mmol) in THF (15 mL) at
-50° C. was added KHMDS solution (1 M in THF, 5.0 mL,
5.0 mmol) dropwise maintaining the internal reaction tem-
perature below -50° C. The mixture was stirred for 10 min
and a solution of iodomethyl 2-methyl-2-(prop-2-ynyloxy)
propanoate (1.58 g, 5.6 mmol) in THF (5.0 mL.) was added
dropwise. The reaction mixture was allowed to warm to room
temperature and stirred for 3 h. The reaction was quenched
with methanol (3 mL.) and then diluted with ethyl acetate. The
resulting mixture was washed with brine and the aqueous
layer was extracted with ethyl acetate. The combined organic
layers were dried over anhydrous sodium sulfate and concen-
trated under reduced pressure. The resulting oil was purified
by flash column chromatography on silica gel (hexanes/ethyl
acetate=9:1 to 7:3) to afford compound (major spot, 1.9 g,
68.5% yield) as a colorless oil.

((S)—N—((S)-4-methyl-1-((S)-1-((S)-4-methyl-1-
((R)-2-methyloxiran-2-yl)-1-oxopentan-2-ylamino)-
1-0x0-3-phenylpropan-2-ylamino)-1-oxopentan-2-
y1)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)methyl 3-(1-PEG,/4-Arm-1H-
1,2,3-triazol-4-yl) propanoate
[1055]

/N PEGyox
N
=N /

4



US 2014/0105921 Al
184

[1056] ((S)—N—((S)-4-Methyl-1-(((S)-1-(((S)-4-methyl-
1-((R)-2-methyloxiran-2-yl)-1-oxopentan-2-yl)amino)-1-
oxo0-3-phenylpropan-2-yl)amino)-1-oxopentan-2-y1)-2-(2-
morpholinoacetamido)-4-phenylbutanamido)methyl pent-4-
ynoate and PEG,,-(N;), (Creative PEGworks Catalog
#PSB-493) were reacted following General PEGylation Con-
ditions, Method C.
((S)—N—((S)-4-Methyl-1-(((S)-1-(((S)-4-methyl-1-
((R)-2-methyloxiran-2-yl)-1-oxopentan-2-yl)amino)-
1-0x0-3-phenylpropan-2-yl)amino)-1-oxopentan-2-
y1)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)methyl pent-4-ynoate

[1057]
H\)OI\ H\)OI\ ©
N i N
N - N ; N
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[1058] Prepared according to procedures described above
from iodomethyl pent-4-ynoate.

(35,68,98,128)-9-benzyl-6-isobutyl-14-methyl-12-
((R)-2-methyloxirane-2-carbonyl)-2-(2-morpholi-
noacetyl)-4,7,10-trioxo-3-phenethyl-2,5,8,11-tet-

raazapentadecyl 3-(1-PEG,z/4-Arm-1H-1,2,3-
triazol-4-yl)propanoate

[1059]
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[1060] (3S,6S,9S,125)-9-Benzyl-6-isobutyl-14-methyl-
12-((R)-2-methyloxirane-2-carbonyl)-2-(2-morpholi-
noacetyl)-4,7,10-trioxo-3-phenethyl-2,5,8,11-tetraazapenta-
decyl pent-4-ynoate and PEG,,-(N;), (Creative PEGworks
Catalog #PSB-493) were reacted following General PEGyla-
tion Conditions, Method C.

4
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(35,68,9S,128)-9-Benzyl-6-isobutyl-14-methyl-12-
((R)-2-methyloxirane-2-carbonyl)-2-(2-morpholi-
noacetyl)-4,7,100-trioxo-3-phenethyl-2,5,8,11-tet-

raazapentadecyl pent-4-ynoate

[1061]
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[1062] Prepared according to procedures described above

from iodomethyl pent-4-ynoate.
((S)—N—((S)-4-methyl-1-((S)-1-((S)-4-methyl-1-
((R)-2-methyloxiran-2-yl)-1-oxopentan-2-ylamino)-
1-0x0-3-phenylpropan-2-ylamino)-1-oxopentan-2-

y1)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)methyl 3-(1-PEG,z/4-Arm-1H-
1,2,3-triazol-4-yl)benzoate

[1063]
O O
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[1064] ((S)—N—((S)-4-Methyl-1-(((S)-1-(((S)-4-methyl-

1-((R)-2-methyloxiran-2-yl)-1-oxopentan-2-yl)amino)-1-
oxo0-3-phenylpropan-2-yl)amino)-1-oxopentan-2-y1)-2-(2-
morpholinoacetamido)-4-phenylbutanamido)methyl
3-ethynylbenzoate and PEG,;-(N;), (Creative PEGworks
Catalog #PSB-493) were reacted following General PEGyla-
tion Conditions, Method C.

Apr. 17,2014
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((S)—N—((S)-4-Methyl-1-(((S)-1-(((S)-4-methyl-1-
((R)-2-methyloxiran-2-yl)-1-oxopentan-2-yl)amino)-
1-0x0-3-phenylpropan-2-yl)amino)-1-oxopentan-2-
y1)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)methyl 3-ethynylbenzoate

[1065]
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[1066] Prepared according to procedures described above,
from iodomethyl 3-ethynylbenzoate.

(35,68,98,128)-9-benzyl-6-isobutyl-14-methyl-12-
((R)-2-methyloxirane-2-carbonyl)-2-(2-morpholi-
noacetyl)-4,7,10-trioxo-3-phenethyl-2,5,8,11-tet-
raazapentadecyl 3-(1-PEG,z/4-Arm-1H-1,2,3-
triazol-4-yl)benzoate

[1067]
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[1068] (3S,6S,9S,125)-9-Benzyl-6-isobutyl-14-methyl-
12-((R)-2-methyloxirane-2-carbonyl)-2-(2-morpholi-
noacetyl)-4,7,10-trioxo-3-phenethyl-2,5,8,11-tetraazapenta-
decyl 3-ethynylbenzoate and PEG,.,-(N;), (Creative
PEGworks Catalog #PSB-493) were reacted following Gen-
eral PEGylation Conditions, Method C.
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(38,68,98,128)-9-Benzyl-6-isobutyl-14-methyl-12- [1070] Prepared according to procedures described above,
((R)-2-methyloxir ane-2-car bonyl)-2-(2-morpholi- from iodomethyl 3-ethynylbenzoate.
noacetyl)-4,7,10-trioxo-3-phenethyl-2,5,8,11-tet-
raazapentadecyl 3-ethynylbenzoate
[1069]
((S)—N—((S)-4-methyl-1-((S)-1-((S)-4-methyl-1-
((R)-2-methyloxiran-2-yl)-1-oxopentan-2-ylamino)-
P Y 1-0x0-3-phenylpropan-2-ylamino)-1-oxopentan-2-
Z 3 y1)-2-(2-morpholinoacetamido)-4-
ﬁ 0 0 phenylbutanamido)methyl 4-(methyl((1-PEG,/4-
N \)‘\ B \)]\ o Arm-1H-1,2,3-triazol-4-yl)methyl)amino)-4-
(\ N/\n/ H N H N oxobutanoate
o\) 0 > 0 B 0
( ~ Ph
Ph [1071]
(€] (€]
H\)k H\)k 0
N N
(\ N/W : N : N
o) o] 2 o] B o]
K 0 Spy
Ph
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[1072] ((S)—N—((S)-4-Methyl-1-(((S)-1-(((S)-4-methyl-
1-((R)-2-methyloxiran-2-yl)-1-oxopentan-2-yl)amino)-1-
0x0-3-phenylpropan-2-yl)amino)-1-oxopentan-2-y1)-2-(2-
morpholinoacetamido)-4-phenylbutanamido)methyl
4-(methyl(prop-2-yn-1-yl)amino)-4-oxobutanoate and
PEG,;~(N5), (Creative PEGworks Catalog #PSB-493) were
reacted following General PEGylation Conditions, Method
C.

((S)—N—((S)-4-Methyl-1-(((S)-1-(((S)-4-methyl-1-
((R)-2-methyloxiran-2-yl)-1-oxopentan-2-yl)amino)-
1-0x0-3-phenylpropan-2-yl)amino)-1-oxopentan-2-
y1)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)methyl 4-(methyl(prop-2-yn-1-yl)
amino)-4-oxobutanoate

[1073]
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[1074] Prepared according to procedures described above,
from iodomethyl 4-(methyl(prop-2-yn-1-yl)amino)-4-ox-
obutanoate.
(35,68,98,128)-9-benzyl-6-isobutyl-14-methyl-12-
((R)-2-methyloxirane-2-carbonyl)-2-(2-morpholi-
noacetyl)-4,7,10-trioxo-3-phenethyl-2,5,8,11-tet-
raazapentadecyl 4-(methyl((1-PEG,,z/4-Arm-1H-1,
2,3-triazol-4-yl)methyl )Jamino)-4-oxobutanoate
[1075]

N—N
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Sy
0

OW o 0
| wﬁm

[1076] (3S,6S,9S,125)-9-Benzyl-6-isobutyl-14-methyl-
12-((R)-2-methyloxirane-2-carbonyl)-2-(2-morpholi-
noacetyl)-4,7,10-trioxo-3-phenethyl-2,5,8,11-tetraazapenta-
decyl 4-(methyl(prop-2-yn-1-yl)amino)-4-oxobutanoate and
PEG,,;-N;), (Creative PEGworks Catalog #PSB-493) were
reacted following General PEGylation Conditions, Method
C.

(35,68,9S,128)-9-Benzyl-6-isobutyl-14-methyl-12-
((R)-2-methyloxirane-2-carbonyl)-2-(2-morpholi-
noacetyl)-4,7,10-trioxo-3-phenethyl-2,5,8,11-tet-
raazapentadecyl 4-(methyl(prop-2-yn-1-yl)amino)-4-

oxobutanoate
[1077]
LN/
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O
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N N
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[1078] Prepared according to procedures described above,
from iodomethyl 4-(methyl(prop-2-yn-1-yl)amino)-4-ox-
obutanoate.

((S)—N—((S)-4-methyl-1-((S)-1-((S)-4-methyl-1-
((R)-2-methyloxiran-2-yl)-1-oxopentan-2-ylamino)-
1-0x0-3-phenylpropan-2-ylamino)-1-oxopentan-2-
y1)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)methyl 6-(N-PEG,z/4-Arm-
amino)-6-oxohexanoate

Apr. 17,2014

((S)—N—((S)-4-Methyl-1-(((S)-1-(((S)-4-methyl-1-
((R)-2-methyloxiran-2-yl)-1-oxopentan-2-yl)amino)-
1-0x0-3-phenylpropan-2-yl)amino)-1-oxopentan-2-
y1)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)methyl pivalate

(S)-Benzyl 2-((S)-2-((tert-butoxycarbonyl Jamino)-4-
phenylbutanamido)-4-methylpentanoate (1)
[1083] Referring to FIG. 45, DIPEA (2 mL, 12 mmol, 2.7

eq) was added to a mixture of Boc-HoPhe-OH (1.25 g, 4.4
mmol, 1 eq). H-Leu-OBn.TsOH (1.75 g, 4.5 mmol, 1.0 eq)

PEGaox

N

[1079]
O O
H\)j\ H\)‘\ ’
N N
(\N/ﬁ( _ N _ N
o) o] 2 o] B o]
K 0 p
Ph
@)
HN
[1080] (4S,7S,10S8)-7-Benzyl-10-isobutyl-2-methyl-4-

((R)-2-methyloxirane-2-carbonyl)-11-((S)-2-(2-morpholi-
noacetamido)-4-phenylbutanoyl)-6,9,14-trioxo-13-oxa-5,8,
11-triazanonadecan-19-oic acid and PEG,,,~(N;), (Creative
PEGworks Catalog #PSB-493) were reacted following Gen-
eral PEGylation Conditions, Method C.

(45,78,105)-7-Benzyl-10-isobutyl-2-methyl-4-((R)-
2-methyloxirane-2-carbonyl)-11-((S)-2-(2-morpholi-
noacetamido)-4-phenylbutanoyl)-6,9,14-trioxo-13-
oxa-5,8,11-triazanonadecan-19-oic acid

[1081]
(6] (€]
R AR g
N N
Y YUY Y
o\) o F o = 0
( kO \Ph
Ph
(6]
O
OH
[1082] Prepared according to procedures described above,

from benzyl (iodomethyl) adipate.

and HATU (2 g, 5 mmol, 1.1 eq) in CH,Cl, (50 mL) and the
mixture was stirred for four hours at RT. The mixture was
poured into 0.5N aq. HCI and extracted twice with CH,Cl,.
The combined organic extracts were dried over Na,SO, and
concentrated in vacuo. The residue was purified by chroma-
tography (SiO,, 0-30% EtOAc in heptanes) and product (2.7
g, 100%) was isolated as a colorless oil.

(S)-Benzyl 2-((S)-2-amino-4-phenylbutanamido)-4-
methylpentanoate hydrochloride (2)

[1084] Referring to FIG. 45, 4N HCl in dioxane (6 mL, 24
mmol, 10 eq) was added to a solution of (S)-benzyl 2-((S)-2-
((tert-butoxycarbonyl))amino)-4-phenylbutanamido)-4-me-
thylpentanoate (1.2 g, 2.48 mmol) in dioxane (20 m[.) and the
solution was stirred overnight at RT. Analysis showed starting
material was still present. 4N HClin dioxane (6 mL, 24 mmol,
10 eq) was added and the solution was stirred for another 5
hours at RT after which is was concentrated in vacuo to yield
the HCl-salt (1.0 g, 96%) as a white solid.

(S)-Benzyl 4-methyl-2-((S)-2-(2-morpholinoaceta-
mido)-4-phenylbutanamido)pentanoate (3)

[1085] Referringto FIG. 45, DIPEA (592 pl, 3.6 mmol, 2.6
eq) was added to a mixture of (S)-benzyl 2-((S)-2-amino-4-
phenylbutanamido)-4-methylpentanoate hydrochloride (600
mg, 1.4 mmol), 2-morpholinoacetic acid (312 mg, 2.1 mmol,
1.5eq) and HATU (816 mg, 2.1 mmol, 1.5 eq) in CH,Cl, (25
ml) and the mixture was stirred overnight at RT. The reaction
mixture was washed with water and the aqueous layer was
extracted once with CH,Cl,. The combined organic extracts
were dried over Na,SO,, and concentrated in vacuo. The resi-
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due was purified by chromatography (SiO,, 0-100% EtOAc
in heptanes, followed by 10% MeOH in EtOAc) to yield
product (700 mg, 98%) as a yellow oil.

(S)-Benzyl 4-methyl-2-((S)-2-(2-morpholinoaceta-
mido)-4-phenyl-N-((pivaloyloxy)methyl)butana-
mido) pentanoate (4)

[1086] Referring to FIG. 45, KHMDS (0.5 M in toluene)
(3.3mL, 1.6 mmol, 1.2 eq) was added drop wise to a solution
of (S)-benzyl 4-methyl-2-((S)-2-(2-morpholinoacetamido)-
4-phenylbutanamido)pentanoate (700 mg, 1.3 mmol) in THF
(26 mL) at -50° C., keeping the temperature below -45° C.
The mixture was stirred for 10 minutes at —45° C., chlorom-
ethyl pivalate (750 uL, 5.2 mmol, 4 eq) was added and the
reaction mixture was allowed to reach RT over three hours.
MeOH (500 pl) was added and after five minutes the mixture
was poured into brine and extracted three times with EtOAc.
The combined organic extracts were dried over Na,SO, and
concentrated in vacuo. The residue was purified by chroma-
tography (SiO,, 0-100% EtOAc in heptanes) to yield benzyl
ester 4 (240 mg, 30%) as a colorless oil and isomer 5 (30 mg,
4%) also as a colorless oil.

(S)-4-Methyl-2-((S)-2-(2-morpholinoacetamido)-4-
phenyl-N-((pivaloyloxy)methyl)butanamido)pen-
tanoic acid (6)

[1087] Referring to FIG. 45, a slurry of Pd/C (10%) (200
mg) in MeOH/water (9:1) (10 mL)) was added to a solution of
(S)-benzyl 4-methyl-2-((S)-2-(2-morpholinoacetamido)-4-
phenyl-N-((pivaloyloxy)methyl)butanamido)  pentanoate
(440 mg, 0.7 mmol) in MeOH (100 mL.) and the suspension
was stirred overnight under an atmosphere of hydrogen at RT.
The reaction mixture was filtered over Celite, washed with
MeOH and concentrated in vacuo to yield product (345 mg,
92%) as a colorless oil.

(S)-Benzyl 2-((S)-4-methyl-2-((S)-2-(2-morpholi-
noacetamido)-4-phenyl-N-((pivaloyloxy)methyl)
butanamido) pentanamido)-3-phenylpropanoate (7)

[1088] Referringto F1G. 45, DIPEA (270 uL, 1.6 mmol, 2.5
eq) was added to a mixture of acid (S)-4-methyl-2-((S)-2-(2-
morpholinoacetamido)-4-phenyl-N-((pivaloyloxy)methyl)

butanamido)pentanoic acid (345 mg, 0.64 mmol), H-Phe-

Apr. 17,2014

OBn (283 mg, 0.97 mmol, 1.5 eq) and HATU (370 mg, 0.97
mmol, 1.5 eq) in CH,Cl, (10 mL) and the mixture was stirred
for four hours at RT. The mixture was poured into water and
extracted twice with CH,Cl,. The combined organic extracts
were dried over Na,SO,, and concentrated in vacuo. The resi-
due was purified by chromatography (SiO,, 0-80% EtOAc in
heptanes) and product (330 mg, 67%) was isolated as a col-
orless oil.

(8)-2-((S)-4-Methyl-2-((S)-2-(2-morpholinoaceta-
mido)-4-phenyl-N-((pivaloyloxy)methyl)butana-
mido) pentanamido)-3-phenylpropanoic acid (8)

[1089] Referring to FIG. 45, a slurry of Pd/C (10%) (150
mg) in MeOH/water (9:1) (2 mL) was added to a solution of
benzyl ester (S)-benzyl 2-((S)-4-methyl-2-((S)-2-(2-mor-
pholinoacetamido)-4-phenyl-N-((pivaloyloxy)methyl)bu-
tanamido) pentanamido)-3-phenylpropanoate (320 mg, 0.41
mmol) in MeOH (15 mL) and the suspension was stirred
overnight under an atmosphere of hydrogen at RT. The reac-
tion mixture was filtered over Celite, washed with MeOH and
concentrated in vacuo to yield product (289 mg, 102%) as a
white foam.

[1090] ReferringtoFIG. 45, DIPEA (170 uL, 1.0 mmol, 2.5
eq) was added to a mixture of (S)-2-((S)-4-methyl-2-((S)-2-
(2-morpholinoacetamido)-4-phenyl-N-((pivaloyloxy)me-
thyD)butanamido) pentanamido)-3-phenylpropanoic acid
(289 mg, 0.41 mmol), (S)-2-Amino-4-methyl-1-((R)-2-me-
thyloxiran-2-yl)pentan-1-one 2,2,2-trifluoroacetate (165 mg,
0.61 mmol, 1.5 eq) and HATU (234 mg, 0.61 mmol, 1.5 eq) in
CH,CI, (4 mL) and the mixture was stirred for three hours at
RT. The mixture was poured into water and extracted once
with CH,Cl,. The organic extract was dried over Na,SO, and
concentrated in vacuo. The residue was purified by chroma-
tography (SiO,, O-90% EtOAc in heptanes) to yield product
(purity 90%). This sample was purified again by SiO,-chro-
matography (0 to 2% MeOH in CH,Cl,) yielding product
(114 mg, 33%).

(35,68,9S,128)-9-benzyl-6-isobutyl-14-methyl-12-
((R)-2-methyloxirane-2-carbonyl)-2-(2-morpholi-
noacetyl)-4,7,10-trioxo-3-phenethyl-2,5,8,11-tet-
raazapentadecyl 6-(N-PEG,/4-Arm-amino)-6-
oxohexanoate

[1091]
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[1092] (4S,7S,108,138)-7-Benzyl-10-isobutyl-2-methyl-
4-((R)-2-methyloxirane-2-carbonyl)-14-(2-morpholi-
noacetyl)-6,9,12,17-tetraoxo-13-phenethyl-16-oxa-5,8,11,
14-tetraazadocosan-22-oic acid and PEG,,-(N;), (Creative
PEGworks Catalog #PSB-493) were reacted following Gen-
eral PEGylation Conditions, Method C.

(48,78,108,13S)-7-Benzyl-10-isobutyl-2-methyl-4-
((R)-2-methyloxirane-2-carbonyl)-14-(2-morpholi-
noacetyl)-6,9,12,17-tetraoxo-13-phenethyl-16-oxa-5,
8,11,14-tetraazadocosan-22-oic acid

[1093]
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[1094] Prepared according to procedures described above,
from benzyl (iodomethyl) adipate.

(35,68,98,128)-9-benzyl-6-isobutyl-14-methyl-12-
((R)-2-methyloxirane-2-carbonyl)-2-(2-morpholi-
noacetyl)-4,7,10-trioxo-3-phenethyl-2,5,8,11-tet-

raazapentadecyl 2-methyl-2-((1-PEG,z/4-Arm-1H-
1,2,3-triazol-5-yl)methoxy)propanoate

[1095]
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[1096] (3S,6S,9S,125)-9-Benzyl-6-isobutyl-14-methyl-
12-((R)-2-methyloxirane-2-carbonyl)-2-(2-morpholi-
noacetyl)-4,7,10-trioxo-3-phenethyl-2,5,8,11-tetraazapenta-
decyl  2-methyl-2-(prop-2-yn-1-yloxy)propanoate  and
PEG,,,-(N;), (Creative PEGworks Catalog #PSB-493) were
reacted following General PEGylation Conditions, Method
C.

(35,68,98,125)-9-Benzyl-6-isobutyl-14-methyl-12-
((R)-2-methyloxirane-2-carbonyl)-2-(2-morpholi-
noacetyl)-4,7,10-trioxo-3-phenethyl-2,5,8,11-tet-
raazapentadecyl 2-methyl-2-(prop-2-yn-1-yloxy)
propanoate

[1097]

( 0 =\Ph e}

[1098] Prepared according to procedures described above,
from iodomethyl 2-methyl-2-(prop-2-yn-1-yloxy)pro-
panoate.
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(35,68,9S,128)-9-Benzyl-6-isobutyl-14-methyl-12-
((R)-2-methyloxirane-2-carbonyl)-2-(2-morpholi-
noacetyl)-4,7,10-trioxo-3-phenethyl-2,5,8,11-tet-
raazapentadecyl 4-(((1-PEG,x/4-Arm-1H-1,2,3-
triazol-4-yl)methyl)amino)-4-oxobutanoate

[1099]
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[1100] (3S,6S,9S,125)-9-Benzyl-6-isobutyl-14-methyl-
12-((R)-2-methyloxirane-2-carbonyl)-2-(2-morpholi-
noacetyl)-4,7,10-trioxo-3-phenethyl-2,5,8,11-tetraazapenta-
decyl 4-0x0-4-(prop-2-yn-1-ylamino)butanoate and PEG, -
(N3), (Creative PEGworks Catalog #PSB-493) were reacted
following General PEGylation Conditions, Method C.

(35,68,9S,128)-9-Benzyl-6-isobutyl-14-methyl-12-
((R)-2-methyloxirane-2-carbonyl)-2-(2-morpholi-
noacetyl)-4,7,10-trioxo-3-phenethyl-2,5,8,11-tet-
raazapentadecyl 4-0x0-4-(prop-2-yn-1-ylamino)
butanoate

[1101]
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[1102] Prepared according to procedures described above,
from iodomethyl 4-0x0-4-(prop-2-yn-1-ylamino)butanoate.

Apr. 17,2014

((S)—N—((S)-4-Methyl-1-(((S)-1-(((S)-4-methyl-1-
((R)-2-methyloxiran-2-yl)-1-oxopentan-2-yl)amino)-
1-0x0-3-phenylpropan-2-yl)amino)-1-oxopentan-2-
y1)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)methyl 4-(((1-PEG-1H-1,2,3-
triazol-4-yl)methyl)amino)-4-oxobutanoate

[1103]

o o
H H
N PN
N/\n/ . N . N
; ; N
0

(Y

0 H
( (6] Ph
Ph
(6]
(6]
HN
NN
\
N
\
PEG

[1104] ((S)—N—((S)-4-Methyl-1-(((S)-1-(((S)-4-methyl-
1-((R)-2-methyloxiran-2-yl)-1-oxopentan-2-yl)amino)-1-
ox0-3-phenylpropan-2-yl)amino)-1-oxopentan-2-yl)-2-(2-
morpholinoacetamido)-4-phenylbutanamido)methyl 4-oxo-
4-(prop-2-yn-1-ylamino)butanoate  and  PEG,,~-(N3),
(Creative PEGworks Catalog #PSB-493) were reacted fol-
lowing General PEGylation Conditions, Method C.

((S)—N—((S)-4-Methyl-1-(((S)-1-(((S)-4-methyl-1-
((R)-2-methyloxiran-2-yl)-1-oxopentan-2-yl)amino)-
1-0x0-3-phenylpropan-2-yl)amino)-1-oxopentan-2-
y1)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)methyl 4-oxo0-4-(prop-2-yn-1-
ylamino)butanoate

[1105]

0 0
H\)J\ H\)I\ .
N N
‘/\N y N . N
0 0 > e} 2
( (o} e
Ph
0
0

|

[1106] Prepared according to procedures described above,
from iodomethyl 4-0x0-4-(prop-2-yn-1-ylamino)butanoate.
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Iodohydrin Esters/Carbonates

Preparation of (4S,7S,108,138,15S)-10-benzyl-16-
i0odo-7,13-diisobutyl-15-methyl-1-morpholino-2,5,8,
11,14-pentaoxo-4-phenethyl-3,6,9,12-tetraazahexa-
decan-15-y1 3-(1-PEG, /4-Arm-1H-1,2,3-triazol-4-
yl)propanoate
[1107]
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PEGylation accomplished with standard PEGylation proce-
dure disclosed above. 'H NMR (DMSO-d,): 8 8.32 (d, ]=9.0
Hz, 1H), 8.12 (d, J=8.5 Hz, 1H), 8.02 (d, J=8.0 Hz, 1H),
7.88-7.85 (m, 2H), 7.28-7.08 (m, 10H), 4.89-4.83 (m, 1H),
4.57-4.29 (m, 6H), 3.83-3.32 (m, 593H), 2.96-2.90 (m, 4H),
2.84-2.73 (m, 2H), 2.54-2.42 (m, 6H), 1.89-1.75 (m, 2H),
1.58-1.30 (m, 9H), 0.85-0.76 (m, 12H).

(4S,78,108,138,15S)-10-benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
pent-4-ynoate

[1108]
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(28)—N—((S)-1-((2S,4S)-2-hydroxy-1-iodo-2,6-dimethyl-
3-oxoheptan-4-ylcarbamoyl)-2-phenylethyl)-2-((S)-2-(2-
morpholinoacetamido)-4-phenylbutanamido)-4-methylpen-
tanamide (1.18 g, 1.39 mmol) was dissolved in DMF. DMAP
(19.2 mg, 0.139 mmol), 4-pentynoic acid (205 mg, 2.09
mmol) and DCC (430 mg, 2.09 mmol) were added. The
mixture was stirred at room temperature for 16 hours and then
diluted with 200 mL EtOAc. The organic phase was washed
with 1N HCI (50 ml), brine (50 mL.), and saturated NaHCO,
solution. The organic layer was dried over anhydrous MgSO,,
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and concentrated under reduced pressure. The crude product
was purified by prep HPLC to afford 539 mg of product as a
white solid.

(4S,78,108,138,158)-10-Benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
2-(4-2-oxoethoxy )acetate

[1109]
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[1110] Prepared according to the procedure for the com-
pound above, except from 2-(4-ethynylphenoxy)acetic acid
and (2S)—N—((S)-1-((2S,4S)-2-hydroxy-1-iodo-2,6-dim-
ethyl-3-oxoheptan-4-ylcarbamoyl)-2-phenylethyl)-2-((S)-2-
(2-morpholinoacetamido)-4-phenylbutanamido)-4-methyl-
pentanamide.

(28)—N—((S)-1-((2S,45)-2-hydroxy-1-iodo-2,6-

dimethyl-3-oxoheptan-4-ylcarbamoyl)-2-phenyl-

ethyl)-2-((S)-2-(2-morpholinoacetamido)-4-phe-
nylbutanamido)-4-methylpentanamide

[1111]
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Cerium chloride heptahydrate (488 mg, 1.32 mmol) and
sodium iodide (423 mg, 2.82 mmol) were added to Com-
pound A (1.0 g, 1.39 mmol) dissolved in acetonitrile (50 mL).
The reaction mixture was stirred at room temperature for 16
hours after which HPL.C analysis showed complete conver-
sion. Saturated sodium hydrogensulfite solution (50 mL.) was
added and the resulting mixture was extracted with EtOAc
(200 mL). The organic phase was separated, washed with
brine (50 mL), dried over anhydrous MgSO, and concen-
trated under reduced pressure to afford product as a light
yellow solid (1.18 g, 100% yield).

(48,78,108,138,158)-10-Benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
3-(1-PEG,,x/4-Arm-1H-1,2 3-triazol-4-yl)pro-
panoate

[1112]

[y
S

[1113] (4S,7S,10 S,13S,15S)-10-Benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-15-yl pent-4-ynoate
and PEG,,-(N;), (Creative PEGworks Catalog #PSB-493)
were reacted following General PEGylation Conditions,
Method C; "H NMR (DMSO-dy): 8 8.32 (d, J=9.0 Hz, 1H),
8.12 (d, J=8.5 Hz, 1H), 8.02 (d, J=8.0 Hz, 1H), 7.88-7.85 (m,
2H), 7.28-7.08 (m, 100H), 4.89-4.83 (m, 1H), 4.57-4.29 (m,
6H), 3.83-3.32 (m, 593H), 2.96-2.90 (m, 4H), 2.84-2.73 (m,
2H), 2.54-2.42 (m, 6H), 1.89-1.75 (m, 2H), 1.58-1.30 (m,
9H), 0.85-0.76 (m, 12H); PEG Loading (NMR): 3.2/4 Arms,
9.6% small molecule.

PEG—4(N3)
CuSQy, ascorbic acid
DMF, HZO

PEGox

4
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Preparation of (4S,7S,108,138,15S)-10-benzyl-16-
i0odo-7,13-diisobutyl-15-methyl-1-morpholino-2,5,8,
11,14-pentaoxo-4-phenethyl-3,6,9,12-tetraazahexa-
decan-15-yl 2-((1-PEG,/4-Arm-1H-1,2,3-triazol-
4-yD)methoxy)acetate
[1114]

Y

Q“ﬁ

Prepared similarly as above from (4S,7S,10S,13S,155)-10-
benzyl-16-iodo-7,13-diisobutyl-15-methyl-1-morpholino-2,
5,8,11,14-pentaoxo-4-phenethyl-3.6,9,12-tetraazahexade-

Apr. 17,2014

I
O\’(\O/\(\N PEG,ox
! /

N=N

(s, 2H), 4.57-4.50 (m, 4H), 4.37-4.28 (m, 2H), 4.24 (s, 2H),
3.92-3.78 (m, 4H), 3.65-3.30 (m, 638H), 2.99-2.91 (m, 3H),
2.80-2.76 (m, 1H), 2.50-2.42 (m, 6H), 1.89-1.75 (m, 2H),

can-15-yl 2-(prop-2-yn-1-yloxy)acetate. (4S,7S,108,13S,
155)-10-Benzyl-16-i0do-7,13-diisobutyl-15-methyl-1-
morpholino-2,5,8,11,14-pentaoxo-4-phenethyl-3,6,9,12-
tetraazahexadecan-15-yl 2-(prop-2-yn-1-yloxy)acetate and
PEG,;~(N5), (Creative PEGworks Catalog #PSB-493) were
reacted following General PEGylation Conditions, Method
C; '"H NMR (DMSO-d,): § 8.37 (d, J=8.5 Hz, 1H), 8.12 (d,
J=8.0 Hz, 1H), 8.08 (s, 1H), 8.03 (d, J=8.5 Hz, 1H), 7.88 (d,
J=8.5 Hz, 1H), 7.28-7.08 (m, 10H), 4.89-4.83 (m, 1H), 4.64

1.59-1.32 (m, 9H), 0.85-0.77 (m, 12H).

Preparation of (4S,7S,108,138,15S)-10-benzyl-16-

i0do-7,13-diisobutyl-15-methyl-1-morpholino-2,5,8,

11,14-pentaoxo-4-phenethyl-3,6,9,12-tetraazahexa-

decan-15-yl ((1-PEG,q/4-Arm-1H-1,2,3-triazol-4-
yDmethyl) carbonate

[1115]
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[1116] PEGylation accomplished with standard PEGyla-
tion procedure disclosed above. (4S,7S,10S,13S,155)-10-
Benzyl-16-i0do-7,13-diisobutyl-15-methyl-1-morpholino-
2,5,8,11,14-pentaoxo-4-phenethyl-3,6,9,12-
tetraazahexadecan-15-yl prop-2-yn-1-yl carbonate and
PEG,,,-(N;), (Creative PEGworks Catalog #PSB-493) were
reacted following General PEGylation Conditions, Method
C; PEG Loading (NMR): 2.9/4 Arms, 8.7% small molecule.
(4S,78,108,138,158)-10-Benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
4-(1-PEG,ox/4-Arm-1H-1,2,3-triazol-4-yl)benzyl
carbonate
[1117]
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[1118] (48,7S,108,138,15S)-10-Benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-15-yl 4-ethynylben-
zyl carbonate and PEG,.,-(N;), (Creative PEGworks
Catalog #PSB-493) were reacted following General PEGyla-
tion Conditions, Method C.; PEG Loading (NMR): 3/4 Arms,
8.9% small molecule.
(4S,78,108,138,15S)-10-Benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
4-ethynylbenzyl carbonate

[1119]
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[1120] Prepared as according to methods described above,

from (4-ethynylphenyl)methanol and (2S)—N—((S)-1-((2S,

48)-2-hydroxy-1-iodo-2,6-dimethyl-3-oxoheptan-4-ylcar-

bamoyl)-2-phenylethyl)-2-((S)-2-(2-morpholinoaceta-

mido)-4-phenylbutanamido)-4-methylpentanamide.
(4S,78,108,138,15S)-10-benzyl-16-i0do-7,13-di-

isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
((1-PEG,x/4-Arm)-1H-1,2,3-triazol-4-yl)methyl
succinate

[1121]
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e

[1122] (48,7S,108,138,15S)-10-Benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-15-yl prop-2-yn-1-yl
succinate and PEG,,,-(N;), (Creative PEGworks Catalog
#PSB-493) were reacted following General PEGylation Con-
ditions, Method C.

A~
Y

O

(6] (6]
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(4S,78,108,138,158)-10-Benzyl-16-i0do-7,13-di-

isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-

taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-
ylprop-2-yn-1-yl succinate

[1123]
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(4S,78,108,138,15S)-10-benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
2-(4-(1-PEG,qx/4-Arm-1H-1,2,3-triazol-4-yl)phe-

noxy)acetate
[1124]
\) \Ph
Ph
[1125] (48,7S,108,138,15S)-10-benzyl-16-iodo-7,13-di-

isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-15-yl 2-(4-ethy-
nylphenoxy)acetate and PEG,,-(N;), (Creative PEGworks
Catalog #PSB-493) were reacted following General PEGyla-
tion Conditions, Method C; PEG Loading (NMR): 3.2/4
Arms, 9.5% small molecule.
(4S,78,108,138,15S)-10-benzyl-16-i0do-7,13-di-

isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-

taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl

4-(2-(methyl((1-PEG,/4-Arm-1H-1,2,3-triazol-4-

yDmethyl)amino)-2-oxoethylamino)-4-oxobutanoate
[1126]
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[1127] (48,7S,108,138,15S)-10-Benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-15-yl ~ 4-((2-(methyl
(prop-2-yn-1-yl)amino)-2-oxoethyl)amino)-4-oxobutanoate
and PEG,,-(N;), (Creative PEGworks Catalog #PSB-493)
were reacted following General PEGylation Conditions,
Method C; PEG Loading (NMR): 3.8/4 Arms, 11.1% small
molecule.
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(4S,78,108,138,158)-10-Benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
4-((2-(methyl(prop-2-yn-1-yl)amino)-2-oxoethyl)
amino)-4-oxobutanoate

[1128]
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(4S,78,108,138,15S)-10-benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
4-((1-PEG,x/4-Arm-1H-1,23-triazol-4-yl)methy-
lamino)-4-oxobutanoate

[1129]
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(4S,78,108,138,15S)-10-benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
2-(2-((1-PEG,ox/4-Arm-1H-1,2,3-triazol-4-yl)me-
thylamino)-2-oxoethoxy)acetate

[1130]
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[1131] (48,7S,108,138,15S)-10-Benzyl-16-iodo-7,13-di- (4S,78,108,138,158)-10-Benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4- isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
phenethyl-3,6,9,12-tetraazahexadecan-15-yl ~ 2-(2-0x0-2- taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
(prop-2-yn-1-ylamino)ethoxy)acetate and PEG,,,-(N;), 2-(2-0x0-2-(prop-2-yn-1-ylamino) ethoxy)acetate

(Creative PEGworks Catalog #PSB-493) were reacted fol-
lowing General PEGylation Conditions, Method C; PEG
Loading (NMR): 3.7/4 Arms, 10.9% small molecule. [1132]
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(4S,78,108,138,15S)-10-benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,4-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
4-(3-(1-PEG,qx/4-Arm-1H-1,2,3-triazol-4-yl)pro-
panamido)butanoate
[1133]
1
(€] (€]
(\ N /ﬁ( H N B N 7/\/\
o o 3 0 2 o 0 N
. Jk/ﬁﬁ
Ph
N%N/ N PEGaox
[1134] (48,7S,108,138,15S)-10-Benzyl-16-iodo-7,13-di- (4S,78,108,138,158)-10-Benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4- isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
phenethyl-3,6,9,12-tetraazahexadecan-15-yl 4-(pent-4-yna- taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
mido)butanoate and PEG,.,-(N;), (Creative PEGworks 4-(pent-4-ynamido)butanoate

Catalog #PSB-493) were reacted following General PEGyla-
tion Conditions, Method C; PEG Loading (NMR): 2.4/4

Arms, 7.1% Compound A. [1135]
I 0
0 0
§\)1\ §\)k g N
(\N _ N . N WH X
\) E H H H o}
0 0 2 0 2 0
\Ph

(4S,78,108,138,15S)-10-benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
4-(1-PEG,x/4-Arm-1H-1,2,3-triazol-4-y1) butyl
carbonate

[1136]
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[1137] (48,7S,108,138,15S)-10-Benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-15-yl hex-5-yn-1-yl
carbonate and PEG,,-(N;), (Creative PEGworks Catalog
#PSB-493) were reacted following General PEGylation Con-
ditions, Method C.

(4S,78,108,138,15S)-10-Benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
hex-5-yn-1-yl carbonate

[1138]
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[1139] Prepared according to methods described above
from hexyn-1-ol and (28)—N—((S)-1-((28,4S)-2-hydroxy-
1-i0do-2,6-dimethyl-3-oxoheptan-4-ylcarbamoyl)-2-phe-
nylethyl)-2-((S)-2-(2-morpholinoacetamido)-4-phenylbu-
tanamido)-4-methylpentanamide.
(4S,78,108,138,15S)-10-benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
3-(3-(1-PEG,qx/4-Arm-1H-1,2,3-triazol-4-yl)pro-
panamido)propanoate

[1140]
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[1141] (48,7S,108,138,15S)-10-Benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-15-yl 3-(pent-4-yna-
mido)propanoate and PEG,,,-(N;), (Creative PEGworks
Catalog #PSB-493) were reacted following General PEGyla-
tion Conditions, Method C; PEG Loading (NMR): 3.2/4
Arms, 9.5% small molecule.
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(4S,78,108,138,158)-10-Benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
3-(pent-4-ynamido)propanoate

[1142]
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(45,78,108,135)-10-benzyl-16-i0do-7,13-diisobutyl-
15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-15-yl
4-(PEG,/4- Arm-amino)-4-oxobutanoate

[1143]
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(45,78,108,135)-10-benzyl-16-i0do-7,13-diisobutyl-
15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-15-yl 2-(2-

((1-PEG,oz/4-Arm-1H-1,2,3-triazol-4-yl)methoxy)
acetamido)acetate

[1144]

I 0 N4N\
i I )K/ \)\/ :
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(4S,78,108,138,15S)-10-benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
4-(2-(1-PEG,,x/4-Arm-1H-1,2 3-triazol-4-yl)ethy-
lamino)-4-oxobutanoate
[1145]
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[1146] (4S,7S,108,138,15S)-10-Benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-15-yl 4-(but-3-yn-1-
ylamino)-4-oxobutanoate and PEG,y-(N;), (Creative
PEGworks Catalog #PSB-493) were reacted following Gen-
eral PEGylation Conditions, Method C; PEG Loading
(NMR): 3.1/4 Arms, 9.2% small molecule.
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(4S,78,108,138,15S)-10-Benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
4-(but-3-yn-1-ylamino)-4-oxobutanoate

[1147]
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%
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(4S,78,108,138,15S)-10-Benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
4-(((1-PEG5x/4-Arm-1H-1,2 3-triazol-4-yl)methyl)
amino)-4-oxobutanoate

4-((4-Methoxybenzyl)oxy)-4-oxobutanoic acid
[1148]
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[1149] Toasolution of succinic anhydride (10 g, 0.1 mol)in
CH3CN (200 mL) were added (4-methoxyphenyl)methanol
(69.0 g, 0.5 mol) and DMAP (12.2 g, 0.1 mol). The reaction
mixture was stirred for 3 h at about 30° C. and then diluted
with water (700 mL). The resulting mixture was adjusted to
pH=10 with saturated Na2CO3 solution and washed with
ethyl acetate (300 mL.x4) to remove an excess of (4-methox-
yphenyl)methanol. The aqueous phase was adjusted to pH=2
with saturated citric acid solution and then extracted with
ethyl acetate (200 mL.x2). The combined extracts were dried
over anhydrous Na2S04 and concentrated to give product
(21.0 g, 88% yield) as a white solid.

(4S,78,108,138,158)-10-Benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
4-methoxybenzyl succinate (21)

[1150]

OMe

[1151] Referring to FIG. 43, to a solution of compound
(S)—N—((S)-1-(((2S,45)-2-hydroxy-1-iodo-2,6-dimethyl-
3-oxoheptan-4-yl)amino)-1-0xo-3-phenylpropan-2-y1)-4-
methyl-2-((S)—N-methyl-2-(2-morpholinoacetamido)-4-
phenylbutanamido)pentanamide (20, 1.5 g, 1.77 mmol) in
DCM (10 mL) were added 4-((4-methoxybenzyl)oxy)-4-0x-
obutanoic acid (2.1 g, 8.81 mmol), DCC (1.82 g, 8.82 mmol)
and DMAP (1.08 g, 8.84 mmol). The reaction mixture was
stirred for 3 h at 30° C. (TLC analysis showed very little of 19
was left). The mixture was diluted with DCM (100 ml.) and
then filtered. The filtrate was washed with saturated citric acid
solution (50 mLx2) and saturated NaHCO; solution (50
ml.x3), dried over anhydrous Na,SO, and concentrated. The
residue was purified by flash column chromatography
(EtOAc/DCM=1:1510 2:1) to give product (1.7 g, 90% yield)
as a yellow powder.
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(48,78,108,13S,158)-10-Benzyl-15-(iodomethyl)-7,
13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14,
17-hexaoxo-4-phenethyl-16-oxa-3,6,9,12-tetraaza-
icosan-20-oic acid (22)
[1152]
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[1153] Referring to FIG. 43, TFA (6 mL) was added drop-
wise to a solution of compound (48S,7S,10S,13S,15S)-10-
benzyl-16-iodo-7,13-diisobutyl-15-methyl-1-morpholino-2,
5,8,11,14-pentaoxo-4-phenethyl-3,6,9,12-
tetraazahexadecan-15-yl 4-methoxybenzyl succinate (21, 1.7
g, 1.59 mmol) in DCM (30 mL) at 0° C. and the reaction
mixture was allowed to warm to room temperature and stirred
for 0.5 h. TFA was removed under reduced pressure and the
residue was dissolved in DCM (50 mL). The resulting mix-
ture was washed with water (40 mL.x3) and brine (50 mL),
dried over anhydrous Na2S0O4 and concentrated to give prod-
uct (quantitative without further purification).

(4S,78,108,138,15S)-10-Benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
4-0x0-4-(prop-2-yn-1-ylamino)butanoate (23)
[1154]
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Referring to FIG. 43, to a solution of compound (48,785,108,
135,15S)-10-benzyl-15-(1odomethyl)-7,13-diisobutyl-15-

methyl-1-morpholino-2,5,8,11,14,17-hexaoxo-4-phenethyl-
16-0xa-3,6,9,12-tetraazaicosan-20-oic acid (4, 0.95 g, 1.0
mmol) in DCM (15 mL) at 0° C. were added prop-2-yn-1-
amine (88 mg, 1.6 mmol) and 4-(4,6-dimethoxy-1,3,5-tri-
azin-2-yl)-4-methylmorpholinium chloride (587 mg, 2.1
mmol). The mixture was adjusted to pH=7-8 with NMM (0.1
N in DCM) immediately and then allowed to warm to room
temperature and stirred for 1 h (TLC analysis showed starting
material disappeared). The mixture was diluted with DCM
(60 mL) and the resulting mixture was washed with saturated

A

citric acid solution (40 mI.x2) and saturated NaHCO3 solu-
tion (40 mL.x2), dried over anhydrous Na2SO4 and concen-
trated. The residue was purified by flash column chromatog-
raphy (EtOAc:DCM=1:15 to 3:2) to give product (650 mg,
66% yield) as a white solid.

[1155] Referringto FIG. 43, (4S,7S,108,138S,15S)-10-ben-
zyl-16-i0do-7,13-diisobutyl-15-methyl-1-morpholino-2,5,8,
11,14-pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
15-yl 4-0x0-4-(prop-2-yn-1-ylamino)butanoate and PEG,,-
(N3;), (Creative PEGworks Catalog #PSB-493) were reacted
following General PEGylation Conditions, Method C to give
product 24.
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(4S,78,108,138,15S)-10-benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,4-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
3-(1-PEG,x/4-Arm-1H-1,2,3-triazol-4-yl)benzoate

QW% Q@

Ph A

PEGyox

(4S,78,108,138,15S)-10-benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
2-(3-(1-PEG,qx/4-Arm-1H-1,2,3-triazol-4-yl)pro-
panamido)acetate

Wﬁ %QY\ O

[1157]

@
|

Ph

4 PEGaox

(4S,78,108,138,158)-10-Benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
2-(pent-4-ynamido)acetate

[1158] (48,7S,108,138,15S)-10-Benzyl-16-iodo-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-15-yl 2-(pent-4-yna-
mido)acetate and PEG,,-(N;), (Creative PEGworks Catalog
#PSB-493) were reacted following General PEGylation Con-
ditions, Method C; PEG Loading (NMR): 2.7/4 Arms, 8.0%

small molecule. [1159]
I O
O O
K\N/ﬁ( : N : N ww/\H %
\) H H i H 0
o) 0 E 0 2 o]
\Ph
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(45,78,108,135)-10-benzyl-16-i0do-7,13-diisobutyl-
15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-15-yl 2-(2-(1-
PEG,ox/4-Arm-1H-1,2,3-triazol-4-yl)acetamido)
acetate

[1160]

%

Ph

Y

Ph

/

SRS

(45,78,108,135)-10-benzyl-16-i0do-7,13-diisobutyl-
15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-
phenethyl-3,6,9,12-tetraazahexadecan-15-yl
(1-PEG,x/8-Arm Hexaglycerin-1H-1,2,3-triazol-4-
yDmethyl carbonate

[1161]

Qk

\Ph

PN

Ph

QW

(4S,78,108,138,15S)-10-benzyl-16-i0do-7,13-di-
isobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-15-yl
prop-2-yn-1-yl carbonate

[1162]

YN

QAK

(28)—N—((S)-1-((2S,4S)-2-hydroxy-1-iodo-2,6-dimethyl-
3-oxoheptan-4-ylcarbamoyl)-2-phenylethyl)-2-((S)-2-(2-
morpholinoacetamido)-4-phenylbutanamido)-4-methylpen-
tanamide (1.18 g, 1.39 mmol) was dissolved in
dichloromethane. DMAP (1.92 g, 13.9 mmol) was added and
the mixture cooled to 0° C. Phosgene solution (20% in tolu-
ene, 3.75 mL, 5.52 mmol) was added dropwise and the reac-
tion stirred at 0° C. for 30 minutes. Propargyl alcohol (0.802
ml, 13.9 mmol) was added and the mixture stirred at room
temperature for 16 hours. The reaction was diluted with 200

Apr. 17,2014
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ml dichloromethane, washed with 1N HCI (50 ml) and brine
(50 mL), dried over anhydrous MgSO, and concentrated
under reduced pressure. The residue was purified by prep
HPLC to afford 230 mg of white solid. 'H NMR (DMSO-d,):
88.37(d, J=8.5Hz, 1H), 8.18 (s, 1H), 8.12 (d, J=8.0 Hz, 1H),
8.03 (d, J=8.5 Hz, 1H), 7.88 (d, J=8.5 Hz, 1H), 7.28-7.08 (m,
10H), 5.19 (s, 2H), 4.89-4.83 (m, 1H), 4.57-4.51 (m, 4H),
4.37-4.28 (m, 2H), 3.87-3.79 (m, 4H), 3.65-3.31 (m, 793H),
2.96-2.90 (m, 4H), 2.80-2.76 (m, 1H), 2.50-2.42 (m, 6H),
1.89-75 (m, 2H), 1.58-1.30 (m, 9H), 0.86-0.74 (m, 12H).
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Sulfonate Carbonates and Sulfonate Esters
(45,78,108,135)-10-benzyl-7,13-diisobutyl-15-me-
thyl-15-(((1-PEG,ox/4-Arm-1H-1,2,3-triazol-4-yl)
methoxy)carbonyloxy)-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-

16-yl methanesulfonate

[1163]

[1164] (4S,7S,108,138)-10-Benzyl-7,13-diisobutyl-15-
methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phenethyl-
15-(((prop-2-yn-1-yloxy)carbonyl)oxy)-3,6,9,12-tetraaza-
hexadecan-16-yl methanesulfonate and PEG,y,-(N;),
(Creative PEGworks Catalog #PSB-493) were reacted fol-
lowing General PEGylation Conditions, Method C; *"H NMR
(DMSO-dy): 9 8.36-8.32 (m, 1H), 8.16-7.84 (m, 4H), 7.26-
7.06 (m, 10H), 5.21-5.09 (m, 2H), 4.87-4.82 (m, 1H), 4.64-
4.51 (m, 6H), 4.38-4.02 (m, 4H), 3.82-3.79 (m, 2H), 3.65-3.

35 (m, 463H), 3.01-2.75 (m, 4H), 2.47-2.39 (m, 2H), 1.91-1.
71 (m, 2H), 1.65-1.45 (m, 5H), 1.41-1.30 (m, 2H), 0.86-0.77
(m, 12H).

(45,78,108,135)-10-Benzyl-7,13-diisobutyl-15-me-
thyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phen-
ethyl-15-(((prop-2-yn-1-yloxy)carbonyl)oxy)-3,6,9,
12-tetraazahexadecan-16-yl methanesulfonate

[1165]

Ph

[1166] Prepared accordingto the procedure for (4S,7S,108S,
138,15S5)-10-benzyl-16-i0do-7,13-diisobutyl-15-methyl-1-
morpholino-2,5,8,11,14-pentaoxo-4-phenethyl-3,6,9,12-tet-
raazahexadecan-15-yl prop-2-yn-1-yl carbonate, except
using propargyl alcohol and (4S,7S,10S,13S,15R)-10-ben-
zyl-15-hydroxy-7,13-diisobutyl-15-methyl-1-morpholino-2,
5,8,11,14-pentaoxo-4-phenethyl-3,6,9,12-tetraazahexade-
can-16-yl methanesulfonate.
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(4S,78,108,13S)-10-benzyl-15-(ethoxycarbony-
loxy)-7,13-diisobutyl-15-methyl-1-morpholino-2,5,
8,11,14-pentaoxo-4-phenethyl-3,6,9,12-tetraazahexa-
decan-16-yl 3-((1-PEG,/4-Arm-1H-1,2,3-triazol-
4-yDmethylcarbamoyl)benzenesulfonate

[1167]
N4N\
o\\ §\/‘\/N PEGox
o
0=5
I
0 0
0 0
o) o)
N - N ; N
0 0 B 0 B 0
\ \Ph
Ph A

[1168] (4S,7S,108,13S)-10-Benzyl-15-((ethoxycarbonyl) 2.76-2.70 (m, 1H), 1.92-1.73 (m, 2H), 1.60-1.26 (m, 9H),
oxy)-7,13-diisobutyl-15-methyl-1-morpholino-2.5,8,11,14- 1.16 (t, J=8.5 Hz, 3H), 0.86-0.75 (m, 12H); PEG Loading
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl (NMR): 3.6/4 Arms, 10.6% small molecule.

3-(prop-2-yn-1-ylcarbamoyl)benzenesulfonate and PEG,,-
(N3), (Creative PEGworks Catalog #PSB-493) were reacted
following General PEGylation Conditions, Method C; 'H
NMR (DMSO-dy): 8 9.42 (1, J=7.0 Hz, 1H), 8.41 (t, J=2.0 Hz,
1H), 8.29 (d, J=8 Hz, 1H), 8.09-8.05 (m, 4H), 7.98 (s, 1H),
7.79 (t, J=8 Hz, 1H), 7.29-7.05 (m, 11H), 4.82-4.77 (m, 1H),
4.54-4.48 (m, SH), 4.41-4.29 (m, 3H), 4.05-3.94 (m, 5H),
3.08 (t,J=5Hz, 3H), 3.69-3.46 (m, 507H), 2.93-2.87 (m, 1H), [1169]

(45,78,108,13S5)-10-benzyl-7,13-diisobutyl-15-me-
thyl-16-(3-((1-PEG,oz/4-Arm-1H-1,2, 3-triazol-4-yl)
methylcarbamoyl)phenylsulfonyloxy)-1-morpholino-
2,5,8,11,8,11,14-pentaoxo-4-phenethyl-3,6,9,12-
tetraazahexadecan-15-yl 4-(2-amino-2-
oxoethylamino)-4-oxobutanoate

N4N\
- N PEGox
O N oy
(6]
N\
O=

O
=
Be

:

Ph

[1170] (4S,7S,108,138)-10-Benzyl-7,13-diisobutyl-15-
methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phenethyl-
16-(((3-(prop-2-yn-1-ylcarbamoyl)phenyl)sulfonyl)oxy)-3,
6,9,12-tetraazahexadecan-15-yl ~ 4-((2-amino-2-oxoethyl)
amino)-4-oxobutanoate and PEG,,-(N;), (Creative
PEGworks Catalog #PSB-493) were reacted following Gen-
eral PEGylation Conditions, Method C; PEG Loading
(NMR): 0.78/4 Arms, 2.3% small molecule.
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(45,78,108,135)-10-Benzyl-7,13-diisobutyl-15-me-
thyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phen-
ethyl-16-(((3-(prop-2-yn-1-ylcarbamoyl)phenyl)
sulfonyl)oxy)-3,6,9,12-tetraazahexadecan-15-yl
4-((2-amino-2-oxoethyl)amino)-4-oxobutanoate

[1171]

A
Y0

[1172] (78,108,138S,16S)-10-benzyl-7,13-diisobutyl-5-
methyl-19-morpholino-6,9,12.15,18-pentaoxo-16-phen-
ethyl-3-oxa-2-thia-2,2-dioxo-8,11,14,17-tetraazanonade-
can-5-yl 4-((1-PEG,x/4-Arm-1H-1,2,3-triazol-4-yl)
methylamino)-4-oxobutanoate

J

SN
Q“ﬁ

/

[1173] (48,7S,108,138)-10-Benzyl-7,13-diisobutyl-15-
methyl-1-morpholino-2,5,8,11,14-pentaoxo-15-(4-ox0-4-
(prop-2-yn-1-ylamino)butanamido)-4-phenethyl-3,6,9,12-
tetraazahexadecan-16-yl methanesulfonate and PEG,,-
(N3), (Creative PEGworks Catalog #PSB-493) were reacted
following General PEGylation Conditions, Method C; 'H
NMR (DMSO-d,): & 8.43-7.96 (m, 5H), 7.88-7.86 (m, 1H),
7.26-7.04 (m, 10H), 4.86-4.80 (m, 1H), 4.59-4.26 (m, 8H),
3.82-3.78 (m, 4H), 3.66-3.35 (m, 598H), 3.20 (s, 2H), 2.99-

O
~
&
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2.91 (m, 2H), 2.80-2.59 (m, 2H), 2.47-2.40 (m, 6H), 1.90-1.
72 (m, 2H), 1.62-1.30 (m, 9H), 0.86-0.77 (m, 12H); PEG
Loading (NMR): 2.8/4 Arms, 8.4% small molecule.

(45,78,108,135)-10-Benzyl-7,13-diisobutyl-15-me-

thyl-1-morpholino-2,5,8,11,14-pentaoxo-15-(4-o0xo-

4-(prop-2-yn-1-ylamino)butanamido)-4-phenethyl-3,
6,9,12-tetraazahexadecan-16-yl methanesulfonate

[1174]

O_\\S/
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Ph
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[1175] Prepared according to methods described above,
using 4-ox0-4-(prop-2-yn-1-ylamino)butanoic acid and (4S,
78,108,13S,15R)-10-benzyl-15-hydroxy-7,13-diisobutyl-
15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phen-
ethyl-3,6,9,12-tetraazahexadecan-16-yl methanesulfonate.

(45,78,108,135)-10-benzyl-7,13-diisobutyl-15-me-

thyl-15-(((1-PEG,x/4-Arm-1H-1,2,3-triazol-4-yl)

methoxy)carbonyloxy)-1-morpholino-2,5,8,11,14-

pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-yl 4-methylbenzenesulfonate

[1176]
o)
N\
O=T
o] N4N\
o) 0 N PEGg
H\)‘\ H\)k o 0 ~
N N
N - N - N \ﬂ/
0 0 3 0 3 0
\Ph
Ph
4
[1177] (4S,7S,108,138)-10-Benzyl-7,13-diisobutyl-15- 2.43-2.38 (m, 6H), 1.90-1.75 (m, 2H), 1.58-1.23 (m, 9H),

methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phenethyl-

15-(((prop-2-yn-1-yloxy)carbonyl)oxy)-3,6,9,12-tetraaza-

hexadecan-16-yl 4-methylbenzenesulfonate and PEG,,-
(N5), (Creative PEGworks Catalog #PSB-493) were reacted
following General PEGylation Conditions, Method C; '‘H
NMR [(CD;),S0] & 8.37-8.26 (m, 1H), 8.16-8.11 (m, 1H),
8.04-7.99 (m, 2H), 7.92-7.85 (m, 1H), 7.80-7.75 (m, 2H),
7.52-7.45 (m, 2H), 7.26-7.08 (m, 10H), 5.14-5.06 (m, 1H),
4.80-4.73 (m, 1H), 4.55-4.46 (m, 4H), 4.40-4.29 (m, 2H),
3.82-3.78 (m, 4H), 3.66-3.35 (m, 456H), 3.00-2.72 (m, 4H),

Oht

YN

0.85-0.72 (m, 12H); PEG Loading (NMR): 3.5/4 Arms,
10.4% small molecule.

(45,78,108,135)-10-Benzyl-7,13-diisobutyl-15-me-
thyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phen-
ethyl-15-(((prop-2-yn-1-yloxy)carbonyl)oxy)-3,6,9,
12-tetraazahexadecan-16-yl
4-methylbenzenesulfonate

[1178]
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[1179] Prepared according to procedures described above,

from propargyl alcohol and (4S,7S,108,13S,15R)-10-ben-
zyl-15-hydroxy-7,13-diisobutyl-15-methyl-1-morpholino-2,
5,8,11,14-pentaoxo-4-phenethyl-3,6,9,12-tetraazahexade-
can-16-yl benzenesulfonate.
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(45,78,108,135)-10-benzyl-7,13-diisobutyl-15-me-
thyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phen-
ethyl-16-(tosyloxy)-3,6,9,12-tetraazahexadecan-15-
yl 4-((1-PEG,ox/4-Arm-1H-1,2 3-triazol-4-yl)
methylamino)-4-oxobutanoate

[1180]

[1181] (48,7S,108,138)-10-Benzyl-7,13-diisobutyl-15-

methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phenethyl-

16-(tosyloxy)-3,6,9,12-tetraazahexadecan-15-yl ~ 4-oxo-4-
(prop-2-yn-1-ylamino)butanoate and PEG,0-(N5),
(Creative PEGworks Catalog #PSB-493) were reacted fol-
lowing General PEGylation Conditions, Method C; 'HNMR
(DMSO-dy): 9 8.41-7.95 (m, 5H), 7.86-7.73 (m, 3H), 7.46-
7.42 (m, 2H), 7.26-7.10 (m, 10H), 5.15-5.10 (m, 1H), 4.77-
4.70 (m, 1H), 4.58-4.43 (m, 4H), 4.37-4.21 (m, 4H), 4.04 (d,
J=8.5 Hz, 1H), 3.97 (d, J=8.5 Hz, 1H), 3.78-3.75 (m, 4H),

O
<
&
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3.64-3.30 (m, 513H), 3.00-2.71 (m, 4H), 2.45-2.27 (m, 9H),
1.91-1.73 (m, 2H), 1.65-1.02 (m, 9H), 0.88-0.72 (m, 12H);
PEG Loading (NMR): 3.2/4 Arms, 9.4% small molecule.

(45,78,108,135)-10-Benzyl-7,13-diisobutyl-15-me-
thyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phen-
ethyl-16-(tosyloxy)-3,6,9,12-tetraazahexadecan-15-
yl 4-0x0-4-(prop-2-yn-1-ylamino)butanoate

[1182]
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[1183] Prepared according to procedures described above,

from 4-ox0-4-(prop-2-yn-1-ylamino)butanoic acid and (4S,
78,108,13S,15R)-10-benzyl-15-hydroxy-7,13-diisobutyl-
15-methyl-1-morpholino-2,5,8,11,14-pentaoxo-4-phen-
ethyl-3,6,9,12-tetraazahexadecan-16-yl benzenesulfonate.
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Hydrazones
(S)-4-Methyl-N-((S)-1-(((S,Z)-4-methyl-1-(2-(3-(1-
PEG,ox/4-Arm-1H-1,2 3-triazol-4-yl)propanoyl)
hydrazono)-1-((S)-2-methyloxiran-2-yl)pentan-2-yl)
amino)-1-0xo-3-phenylpropan-2-y1)-2-((S)-2-(2-
morpholinoacetamido)-4-phenylbutanamido)
pentanamide
[1184]

[1185] To a solid mixture of (S)-4-methyl-N—((S)-1-(((S,
Z)-4-methyl-1-((S)-2-methyloxiran-2-y1)-1-(2-(pent-4-
ynoyhhydrazono )pentan-2-yl)amino)-1-oxo-3-phenylpro-
pan-2-y1)-2-((S)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)pentanamide (19.5 mg, 0.024 mmol) and
4-arm 20K PEG azide (104.0 mg, 0.0051 mmol) was added
1.2 mL of DMF and the resultant slurry was stirred at RT. In
a separate vial a mixture of Cu(SO,).5H,0O (6.1 mg, 0.024
mmol) and sodium ascorbate (10.2 mg, 0.052 mmol) was
dissolved in 0.7 mL water, yielding a yellow-brown solution.
The copper solution was rapidly added to the stirred DMF
slurry to produce a cloudy golden yellow solution that gradu-
ally clarified over time. A viscous homogeneous solution was
obtained within 20 min. After 18 hr at RT the reaction mixture
had transitioned to the characteristic blue-green color of
Cu(Il). Analysis of the mixture at this point by LC/MS
showed complete consumption of alkyne starting material
and the generation of a new UV-active PEG having an MS
signature distinct from the starting azide. The solution was
purified by direct injection onto a C8 prep LC column eluting
with a neutral water/acetonitrile gradient. The product-con-
taining fractions were combined, concentrated to remove
MeCN, and lyophilized to produce a flufty white solid (0.017
g, 14% theory if 4-fold conjugate).
(S)-4-methyl-N—((S)-1-(((S,7)-4-Methyl-1-((S)-2-
methyloxiran-2-yl)-1-(2-(pent-4-ynoyl)hydrazono)
pentan-2-yl)amino)-1-oxo-3-phenylpropan-2-yl)-2-
((S)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)pentanamide
[1186]
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To a solution of (S)-4-methyl-N—((S)-1-(((S)-4-methyl-1-
((R)-2-methyloxiran-2-yl)-1-oxopentan-2-yl )Jamino)-1-oxo-
3-phenylpropan-2-y1)-2-((S)-2-(2-morpholinoacetamido)-4-
phenylbutanamido)pentanamide (2.0 g, 2.78 mmol) in
MeOH (100 mL) were added pent-4-ynehydrazide (0.37 g,
3.34 mmol) and TFA (8 drops). The reaction mixture was
stirred at room temperature for four days. LC-MS analysis
showed ~40% conversion. The mixture was poured into satu-
rated NaHCO3 (120 mL) and then extracted with DCM (200
mL). The organic layer was dried over anhydrous Na,SO, and
concentrated under reduced pressure. The residue was puri-
fied by preparative HPL.C on C-18 column using 0.1% ammo-
nia water/acetonitrile gradient 50%-75%, 20 min) to give
compound as a white powder (300 mg, 13.3% vyield); 'H
NMR (CDCl;, 300 MHz): 8 7.68-7.55 (m, 1H), 7.31-6.85 (m,
12H), 6.79-6.69 (m, 1H), 4.89-4.75 (m, 2H), 4.55-4.19 (m,
2H), 3.78 (br s, 4H), 3.20-2.68 (m, 6H), 2.65-2.45 (m, 8H),
2.05 (m, 3H), 1.55 (m, 7H), 1.35 (s, 3H), 0.89 (m, 12H).

Pent-4-ynehydrazide
[1187]
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Methyl pent-4-ynoate (1.5 g, 13.4 mmol) was dissolved in
hydrazine hydrate (85%, 10 mL). The reaction mixture was
stirred at room temperature overnight. Removal of the vola-
tiles under reduced pressure gave compound as a white solid
(1.4 g, 93% yield); "H NMR (CDCl,, 300 MHz): 8 7.58 (br's,
1H),3.68 (brs, 2H), 2.53 (m, 2H), 2.41 (m, 2H), 2.01 (m, 1H).

(4S,78,108,138S, 7)-10-Benzyl-7,13-diisobutyl-14-
((S)-2-methyloxiran-2-y1)-1-morpholino-2,5,8,11,17-
pentaoxo-4-phenethyl-3,6,9,12,15,16-hexaazaheni-
cos-14-en-21-oic acid (31)

5-Hydrazinyl-5-oxopentanoic acid (30)

[1188] Referring to FIG. 44, glutaric anhydride (2.23 g,2.0
mmol) and t-butyl carbazate (2.58 g, 2.0 mmol) in DCM (15
ml.) were stirred at room temperature overnight. The solution
was concentrated to provide a colorless thick oil (1). The oil
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was dissolved in DCM (10 mL), trifluoroacetic acid (10 ml)
added, and the mixture stirred at room temperature for 1 hour.
The solution was concentrated, the residue dissolved in water
(2 ml), neutralized to pH=5 with aqueous sodium hydroxide
(IN) and extracted with ethyl acetate. The extract was dried
(Na,S0,) and evaporated to give product as foam.

[1189] Referring to FIG. 44, 5-hydrazinyl-5-oxopentanoic
acid (2, 0.600 g, 4.14 mmol), (S)-4-methyl-N—((S)-1-(((S)-
4-methyl-1-((R)-2-methyloxiran-2-yl)-1-oxopentan-2-yl)
amino)-1-o0xo-3-phenylpropan-2-y1)-2-((S)-2-(2-morpholi-
noacetamido)-4-phenylbutanamido)pentanamide (1.97 g,
2.74 mmol) and TFA (100 ul) in methanol (20 ml) were stirred
at room temperature for 5 days. The mixture was evaporated
and the residue purified by prep HPLC (C18 column, aceto-
nitrile/water) to give product as an oil; (601 mg, 29%).

Cyclodextrin Conjugates
(4S,758,108,138,15R)-10-benzyl-15-hydroxy-7,13-
diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-
pentaoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-
16-y1 2,6-dimethyl-4-((1-B-cyclodextrin-1H-1,2,3-
triazol-4-yl)methoxy)benzenesulfonate

[1190]

0
3\
0=}
0
o o
H H OH
N N
(\N/Y . N - N
0 o = o = 0
S
Ph

[1191] Copper sulfate (0.1 M aqueous solution, 1.8 eq.)
was added to (4S,7S,10S,138,15R)-10-benzyl-15-hydroxy-
7,13-diisobutyl-15-methyl-1-morpholino-2,5,8,11,14-pen-
taoxo-4-phenethyl-3,6,9,12-tetraazahexadecan-16-yl 4-(al-
lyloxy)-2,6-dimethylbenzenesulfonate 1.5 eq.),
6-monodeoxy-6-monoazido-b-cyclodextrin (1 eq.) and
ascorbic acid (3.6 eq.) in DMF (7 mL/g b-cyclodextrin) and
water (3.5 mL/g b-cyclodextrin) at room temperature. The
resultant mixture was stirred overnight at room temperature.
The crude solution was submitted for preparative HPLC on a
C18 column using a 0.1% formic acid water/acetonitrile gra-
dient (25% B->65% B over 60 min.). Fractions were com-
bined on the basis of LC/MS analysis. Acetonitrile was
largely stripped from the combined solution at 25° C. and the
resultant concentrate was frozen and lyophilized.

Apr. 17,2014
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OH
Example 2

Cyclization Rate of PEG-Conjugates

[1192] The rate of cyclization and displacement can be
controlled, for example, by tuning the electron density of the
sulfonate linker group. Sulfonate linker groups having a vari-
ety of electron rich and electron poor groups listed in Table F,
above, were investigated.

[1193] The release capabilities of PEG conjugates was
assessed by quantitation of epoxy ketone protease inhibitors
released in a basic buffer solution, by NMR, and by MALDI-
TOF NMR. Some examples of PEG conjugates produced are
shown in Table I.
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TABLE I
Entry Structure MW  Arms
1 0 239166 4
\
O=?/\/\O/Y\N PEGaok
N=./
o) o) o N
H H
N N.
PSS
o\) o .t 6 "
\ pn
Ph A
2 F N 242328 4
N=N PEGaox
o) H N
o =\\S /Oi”/ N\)\/
|
(6] (6]
(€] (€] o
H H
N N
A AL
o\) o 0% 5 i H g
~ Ph
Ph A
Example 3 PEG having a molecular weight of about or greater than
30,000 can decrease rapid renal clearance and allow for pas-
Properties of PEG Conjugates sive tumor accumulation ofits corresponding PEG conjugate.
[1194] The release capabilities of PEG conjugates can be For example, referring to FIG. 8, in in vivo mouse PK studies,

assessed by quantitation of epoxy ketone protease inhibitors
released in a basic buffer solution, by NMR, and by MALDI-
TOF NMR. Reformation rates of various examples of PEG
conjugates were measured and are shown, for example, in
FIG. 4. FIG. 5 shows the rates of re-formation of an active
epoxy ketone protease inhibitor from examples of epoxy
ketone protease inhibitor prodrugs in human plasma, where
the re-formation rate is adjustable by tuning a linker group’s
electron density.

[1195] Proteolytic cleavage of examples of PEG conjugates
was assessed via non-cleavable conjugates (liver homoge-
nate), where the remaining active epoxy ketone protease
inhibitor is estimated from metabolite loss. A 2 kDa conjugate
had a proteolytic t, , of <1 hr; while a 20 kDa-4 Arm conju-
gate had a proteolytic t, ,, of greater than 6 hrs. Very long t, »
conjugates can be obtained, for example with PEG 40 kDa
conjugates.

[1196] PEG size can have an effect on renal clearance, as
shown in FIG. 7. In some embodiments, it is believed that a

relatively high plasma levels of an epoxy kinase protease
inhibitor was observed for its corresponding PEG conjugates,
and t, , for conjugate 41 was significantly extended. Refer-
ring to FIG. 9, in vivo mouse PD studies showed that there
was proteasome recovery even though PK studies suggested
high epoxy kinase protease inhibitor levels.

[1197] Referring to FIG. 10, proteolytic cleavage can be
reduced by increasing PEG size and/or branching. With ali-
phatic sulfonate linkers, cleavage of the epoxide moiety to
diol M16 was observed, possibly due to steric considerations.

Example 4

Exemplifications of PEG-Conjugates

[1198] Exemplary PEG conjugates and their respective
molecular weight, loading percentage, solubility, amount of
drug/mlL., and percent conversion to drug in human plasma are
listed in Tables J and K.
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TABLE L
Conversion of Small Molecule-PEG Prodrug to Compound A in Human Plasma
1 uM Prodrug in Human Plasma
Incubation times: 0, 1, 2, 4, 6 and 24 hours
Mass Spec Quantitation of Compound A
Prodrug
tip
Compound Structure (hrs)
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TABLE L-continued

Conversion of Small Molecule-PEG Prodrug to Compound A in Human Plasma
1 uM Prodrug in Human Plasma
Incubation times: 0, 1, 2, 4, 6 and 24 hours
Mass Spec Quantitation of Compound A
Prodrug
tip
Structure (hrs)
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TABLE L-continued

Conversion of Small Molecule-PEG Prodrug to Compound A in Human Plasma
1 uM Prodrug in Human Plasma

Incubation times: 0, 1, 2, 4, 6 and 24 hours
Mass Spec Quantitation of Compound A
Prodrug

tip
Compound Structure (hrs)
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TABLE L-continued

Conversion of Small Molecule-PEG Prodrug to Compound A in Human Plasma
1 uM Prodrug in Human Plasma
Incubation times: 0, 1, 2, 4, 6 and 24 hours

Mass Spec Quantitation of Compound A
Prodrug
tin
Compound Structure (hrs)
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TABLE M

Pharmacokinetic Comparison of Compound A and Prodrug
Compound in Mouse

Time [Cmpd A]

Compound Structure (hr) (uM)

Cmpd A 1 0.008
(€] (€]
1 ’
N
N Y N Y

Ph
Dose: 5 mg/kg

4 BLOQ

6 BLOQ

24 BLOQ

74 1 2.873

N ’N\N PEG:
MeO o\)\/ 08
O
N\
O =?
O OMe
(@] (@]
H H OH
N. N.
(\ N/\"/ N - N
O\) O : H O : H O
\ ph
Ph A
Dose : 5 mg/kg

4 0.793

6 0.354
24 BLOQ

(BLOQ = below level of quantitation)
TABLE N

Buffer Conversion Rates of Prodrugs to Compound B

BufferpH="7.4
% Conversion
@ 1 hour

Compound Structure
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TABLE N-continued

Buffer Conversion Rates of Prodrugs to Compound B
BufferpH="7.4

% Conversion

Compound Structure @ 1 hour
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TABLE N-continued
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Buffer Conversion Rates of Prodrugs to Compound B

BufferpH="7.4

% Conversion

Compound Structure @ 1 hour
20-6 o 57
ol F
!
| /
(0] 0] ¥
O
H\)k g
N
= N Y N
N\ H H
O E O
) 3
23 o) 9.6
O\\\s
| /
O O
O
H\)J\ g
N
— N N
N\ H i H
O B O
>/ o
20-8 o 10.8
0.\
\\S AN TN T
| /
O O
O
H\)j\ .
N
= Y N
N\ E H
S O E O
22 9.8
0]
W\ O
X S
| /
O O
O O
H\)j\ .
N
= N Y N
H i H
2 0



US 2014/0105921 Al
263

TABLE N-continued

Apr.

Buffer Conversion Rates of Prodrugs to Compound B

BufferpH="7.4

% Conversion

17,2014

Compound Structure @ 1 hour
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Conversion of Prodrugs by Human Liver S9 over Time

Human Liver S9

% Conversion @

Compound Structure 1 hour
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TABLE O-continued

Conversion of Prodrugs by Human Liver S9 over Time
Human Liver S9

% Conversion @
1 hour

Structure
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TABLE O-continued

Conversion of Prodrugs by Human Liver S9 over Time
Human Liver S9

% Conversion @

Compound Structure 1 hour
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TABLE O-continued

Conversion of Prodrugs by Human Liver S9 over Time

Human Liver S9
% Conversion @

Compound Structure 1 hour
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Other Embodiments group R*!, thereby forming a quaternary nitrogen atom
[1199] Itistobeunderstood that while the disclosure is read and wherein the positive charge associated with the qua-

ternary nitrogen atom is balanced by a pharmaceutically
acceptable anion;

R? and R?, together with the carbon atoms to which each is
attached, form an epoxide ring; or

R?is R*?, and R? is hydroxyl or activated hydroxyl;

R*and R’, together with the carbon atom to which both are
attached, form a carbonyl group; or

R*and R®, together with the carbon atom to which both are
attached, form R'?;

R®, R*2, R*%, and R** are each independently selected
from C,_qalkyl, C, shydroxyalkyl, C, _salkoxyC, salkyl,
Cq.10aryl, and C,_, aralkyl, each of which is optionally
substituted with a group selected from amide, amine,
carboxylic acid or a pharmaceutically acceptable salt
thereof, carboxyl ester, thiol, and thioether;

R™, R™, R™, and R™ are each independently selected
from H and R'*;

R'! is a moiety that is removable at a pH>7 or in the
presence of an esterase;

R'?is a leaving group;

R'? is a masked carbonyl group that is removable at a
pH<6.5 or in the presence of an enzyme selected from

in conjunction with the detailed description thereof, the fore-
going description is intended to illustrate and not limit the
scope of the disclosure, which is defined by the scope of the
appended claims. Other aspects, advantages, and modifica-
tions are within the scope of the following claims.

What is claimed is:

1. A compound having formula (I):

@
RZ
0 RS3 R™ 0 RS
JI\ N R}
R! N N

| | CH3

R o RS2 RM RY RS

or a pharmaceutically acceptable salt thereof, wherein:

R! is defined according to (A) or (B) below:
(A)R! has formula (IT):

(I esterase, amidase, phosphodiesterase or phosphoami-
RM dase and CYP P450, or any combination thereof;
Hete—M N ’ each R'* is, independently, a moiety that is removable at a
pH>7 or in the presence of an esterase;
I At provided that at least one group selected from R'!, R'?,

R'?, and R** is present.
2. The compound of claim 1, wherein R! has formula (II):

wherein Het is heterocyclyl that includes from 5-6 ring
atoms, wherein at least one ring atom is a nitrogen atom

selected from —NH)—, —NM)-, or —N(C,-C, N4 an
alkyl)-, wherein said ring nitrogen atom is further Il{

optionally substituted with a group R*!, thereby forming Het—M N '

a quaternary nitrogen atom and wherein the positive \”/

charge associated with the quaternary nitrogen atom is 5 RS

balanced by a pharmaceutically acceptable anion; and M
is C,-C, , alkyl; or

(B) R! is heteroaryl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N— and —N(C,-C; alkyl)-, wherein said ring
nitrogen atom is further optionally substituted with a

wherein Het is heterocyclyl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N(H)—, —N(M)-, or —N(C,-C; alkyl)-, wherein
said ring nitrogen atom is further optionally substituted with
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a group R'!, thereby forming a quaternary nitrogen atom and
wherein the positive charge associated with the quaternary
nitrogen atom is balanced by a pharmaceutically acceptable
anion; and M is C,-C,, alkyl.

3. The compound of claim 1 or 2, wherein Het is:

/N

(6] N

_/

4. The compound according to any one of claims 1-3,
wherein M is CH,.

5. The compound according to any one of claims 1-4,
wherein said ring nitrogen atom is further substituted with a
group R'!, thereby forming a quaternary nitrogen atom and
wherein the positive charge associated with the quaternary
nitrogen atom is balanced by a pharmaceutically acceptable
anion.

6. The compound of claim 5, wherein R*! is:

—CH,OC(=O0O)R'?; )

—C(=0)OCH,0C(=0O)R'>; (if)

—SR!%; or (iif)

—CH,Ar—R'%; (iv)
wherein:

Ar is Cg4_,aryl, optionally substituted with from 1-3 sub-
stituents  independently selected from C, salkyl,
C, _salkoxy, and halo;

R'® is C, qalkyl, C, shaloalkyl, C, salkoxyC, salkyl,
Cq.oaryl, C, j,aralkyl, C; .cycloalkyl, heteroaryl
including from 5-10 ring atoms (wherein from 1-3 of the
ring atoms are independently selected from N, NH,
N—C,-Cq alkyl, O, and S), or heterocyclyl including
from 3-7 ring atoms (wherein from 1-2 of the ring atoms
are independently selected from N, NH, N—C,-Cg
alkyl, and O), each of which is optionally substituted; or

R'?isY,—Z; wherein:

Y is a divalent spacer comprising one or more of the fol-
lowing moieties (e.g., comprise 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprise 1, 2, or 3 of the fol-
lowing moieties; e.g., consist of 1, 2, 3, 4, or 5 of the
following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alky-
lene chain, heteroalkylene chain, Cg_ ,arylene, het-
eroarylene from 5-10 ring atoms (wherein from 1-3 of
the ring atoms are independently selected from N, NH,
N—C,-Cq alkyl, O, and S), polyheteroalkylene chain,
alkenylene chain, —OC(—0)—, —C(—0)0—,
—NHC(=—0)—, —C(—=0O)NH—, —C(—0)—, cyclo-
dextrin, human serum albumin, amino acid, amino acid
mimetic, or hydrazine;

Z. is conjugate for enhancing solubility, stability, half-life,
permeability, volume of distribution, and/or target speci-
ficity, which comprises one or more of the following
moieties (e.g., comprise 1, 2, 3, 4, or 5 of the following
moieties; e.g., comprise 1, 2, or 3 of the following moi-
eties; e.g., consist of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consist of 1, 2, or 3 of the following
moieties): alkylene chain, heteroalkylene chain, poly-
heteroalkylene chain, alkenylene chain, cyclodextrin,

Apr. 17,2014

alkylated cyclodextrin, human serum albumin, —OC
(=0)—, —C(=0)0—, —NHC(—0)—, —C(=0)
NH—, —C(=—0)—, monoclonal anti-body, quaternary
ammonium ion, NH,, docosahexenoic acid, hyaluronic
acid, poly(L-glutamic acid), N-(2-hydroxypropyl)meth-
acrylamide copolymer, or dendrimers (e.g., nitro-substi-
tuted dendrimers); and

nisOorl.

7. The compound of claim 6, wherein R*! is —CH,0C
(=O)R".

8. The compound of claim 7, wherein R** is C,_salkyl (such
as tert-butyl).

9. The compound according to any one of claims 1-8,
wherein the pharmaceutically acceptable anion is selected
from chloride, iodide, acetate, mesylate, tosylate, and citrate.

10. The compound according to any one of claims 2-9,
wherein R and R*® are each independently C,_salkyl, and
R*? and R** are each independently C,_, ,aralkyl.

11. The compound according to any one of claims 2-10,
wherein R*! and R are both isobutyl, R** is phenylethyl, and
R*? is phenylmethyl.

12. The compound of claim 1, wherein R* is heteroaryl that
includes from 5-6 ring atoms, wherein at least one ring atom
is a nitrogen atom selected from —N-— and —N(C,-C,
alkyl)-, wherein said ring nitrogen atom is further optionally
substituted with a group R*!, thereby forming a quaternary
nitrogen atom and wherein the positive charge associated
with the quaternary nitrogen atom is balanced by a pharma-
ceutically acceptable anion.

13. The compound of claim 12, wherein R' is:

=
S

=~

14. The compound of claim 12 or 13, wherein R*! is:

—CH,OC(=O0)R'3; &)

—C(=0)OCH,0OC(—=0)R"?; (i)

— SR or (iii)

—CH,Ar—R'%; (iv)
wherein:

Ar is C4_jgaryl, optionally substituted with from 1-3 sub-
stituents  independently selected from C, salkyl,
C, _salkoxy, and halo;

R'® is C, .lkyl, C, shaloalkyl, C, salkoxyC, salkyl,
Ce.i0aryl, C, j,aralkyl, C; -cycloalkyl, heteroaryl
including from 5-10 ring atoms, or heterocyclyl includ-
ing from 3-7 ring atoms, each of which is optionally
substituted; or

R'% is —Y,—Z; wherein:

Y is a divalent spacer comprising one or more of the fol-
lowing moieties (e.g., comprise 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprise 1, 2, or 3 of the fol-
lowing moieties; e.g., consist of 1, 2, 3, 4, or 5 of the
following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alky-
lene chain, heteroalkylene chain, Cg jarylene, het-
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eroarylene from 5-10 ring atoms (wherein from 1-3 of
the ring atoms are independently selected from N, NH,
N—C,-Cq alkyl, O, and S), polyheteroalkylene chain,
alkenylene chain, —OC(—0)—, —C(—0)0—,
—NHC(=—0)—, —C(—=0O)NH—, —C(—0)—, cyclo-
dextrin, human serum albumin, amino acid, amino acid
mimetic, or hydrazine;

Z. is conjugate for enhancing solubility, stability, half-life,
permeability, volume of distribution, and/or target speci-
ficity, which comprises one or more of the following
moieties (e.g., comprise 1, 2, 3, 4, or 5 of the following
moieties; e.g., comprise 1, 2, or 3 of the following moi-
eties; e.g., consist of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consist of 1, 2, or 3 of the following
moieties): alkylene chain, heteroalkylene chain, poly-
heteroalkylene chain, alkenylene chain, cyclodextrin,
alkylated cyclodextrin, human serum albumin, —OC
(=0)—, —C(=0)0—, —NHC(—0)—, —C(=0)
NH—, —C(=—0)—, monoclonal anti-body, quaternary
ammonium ion, NH,, docosahexenoic acid, hyaluronic
acid, poly(L-glutamic acid), N-(2-hydroxypropyl)meth-
acrylamide copolymer, or dendrimers (e.g., nitro-substi-
tuted dendrimers); and

nisOorl.

15. The compound of claim 14, wherein R'* is —CH,OC
(=O)R".

16. The compound of claim 15, wherein R'® is C,_alkyl.

17. The compound according to any one of claims 12-16,
wherein the pharmaceutically acceptable anion is selected
from chloride, iodide, acetate, mesylate, tosylate, and citrate.

18. The compound according to any one of claims 12-17,
wherein R>? and R*® are each independently C,_salkoxyC,
salkyl, and R*' is C,_saralkyl.

19. The compound according to any one of claims 12-18,
wherein R*? and R** are both methoxymethyl, and R*" is
phenylmethyl.

20. The compound according to any one of claims 1-19,
wherein R'? is present.

21. The compound according to any one of claims 1-20,
wherein R'? is:

halo; )
—0SO,—R!¢; (if)
—OC(=O0O)R'®; (iii)
—OP(=O)R"),, (iv)
—OP(=0)(OR'%)y; V)
—OP(=0)(R')(OR'®); or (i)
—O—(N-linked heteroaryl); (vii)

wherein:

RS is C,_qalkyl, C, chaloalkyl, heteroalkyl, C,_caryl,
C,_,aralkyl, C;_,cycloalkyl, heteroaryl including from
5-10 ring atoms (wherein from 1-3 of the ring atoms are
independently selected from N, NH, N—C,-C alkyl, O,
and S), or heterocyclyl including from 3-7 ring atoms
(wherein from 1-3 of the ring atoms are independently
selected from N, NH, N—C,-C; alkyl, and O), each of
which is optionally substituted with from 1-3 R or

R'%is —Y',—Z'; wherein:

Y' is a divalent spacer comprising one or more of the
following moieties (e.g., comprise 1, 2, 3, 4, or 5 of the

following moieties; e.g., comprise 1, 2, or 3 of the fol-

lowing moieties; e.g., consist of 1, 2, 3, 4, or 5 of the

following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alky-
lene chain, heteroalkylene chain, polyheteroalkylene

chain, alkenylene chain, —OC(—0)—, —C(—0)0—,

—NHC(=—0)—, —C(—=0O)NH—, —C(—0)—, cyclo-

dextrin, human serum albumin, amino acid, amino acid

mimetic, or hydrazine;

7' is conjugate for enhancing solubility, stability, half-life,
permeability, volume of distribution, and/or target speci-
ficity, which comprises one or more of the following
moieties (e.g., comprise 1, 2, 3, 4, or 5 of the following
moieties; e.g., comprise 1, 2, or 3 of the following moi-
eties; e.g., consist of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consist of 1, 2, or 3 of the following
moieties): alkylene chain, heteroalkylene chain, poly-
heteroalkylene chain, alkenylene chain, cyclodextrin,
alkylated cyclodextrin, human serum albumin, —OC
(=0)—, —C(=0)0—, —NHC(—0)—, —C(=0)
NH—, —C(=—0)—, monoclonal anti-body, quaternary
ammonium ion, NH,, docosahexenoic acid, hyaluronic
acid, poly(L-glutamic acid), N-(2-hydroxypropyl)meth-
acrylamide copolymer, or dendrimers (e.g., nitro-substi-
tuted dendrimers);

pisOorl;and

R“ateach occurrence is, independently selected from halo,
cyano, nitro, hydroxyl, C, 4 alkoxy, heteroalkyl, Cg_;,
aryloxy, C,_,, aralkoxy, CF;, quaternary ammonium
ion, sugar, —Y',—Z7', C, ¢ alkyl, —C(=0)(C,_salkyl),

—S0,(C,_salkyl), —C(—0)O(C, _galkyl), —C(—0)O
(heteroalkyl), —C(—O)NH(C, 4 alkyl), —C(—O)NH
(heteroalkyl), —C(—O)(phenyl), —SO,(phenyl),
phosphate (or a salt thereof), —C(=0)—Y',—Z, and
—80,—Y',—Z".

22. The compound of claim 21, wherein R*? is —OSO,—

R'C.

23. The compound of claim 22, wherein R*¢ is C, _, ;alkyl

or Cg_jparyl.

24. The compound of claim 22, wherein R* is —Y',—Z"

wherein

Y' is a divalent spacer which comprises of one or more of
the following moieties (e.g., comprise 1, 2, 3, 4, or 5 of
the following moieties; e.g., comprise 1, 2, or 3 of the
following moieties; e.g., consist of 1, 2, 3, 4, or 5 of the
following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alky-
lene chain, heteroalkylene chain, Cg jarylene, het-
eroarylene from 5-10 ring atoms (wherein from 1-3 of
the ring atoms are independently selected from N, NH,
N—C,-Cq alkyl, O, and S), polyheteroalkylene chain,
alkenylene chain, —OC(—0)—, —C(=—0)0—,
—NHC(—0)—, and —C(—O)NH—;

7' is conjugate for enhancing solubility, stability, half-life,
permeability, volume of distribution, and/or target speci-
ficity, which comprises of one or more of the following
moieties (e.g., comprise 1, 2, 3, 4, or 5 of the following
moieties; e.g., comprise 1, 2, or 3 of the following moi-
eties; e.g., consist of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consist of 1, 2, or 3 of the following
moieties): alkylene chain, heteroalkylene chain, poly-
heteroalkylene chain, cyclodextrin, —OC(—0)—,

—C(—=0)0—, —NHC(=0)—, —C(—O)NH—,
pisOorl.
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25. The compound according to any one of claims 1-24,
wherein R'? is:

—O0S0,—R1—R¥-PEG;

wherein:

R'? is a divalent spacer which comprises one or more of the
following moieties (e.g., comprise 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprise 1, 2, or 3 of the fol-
lowing moieties; e.g., consist of 1, 2, 3, 4, or 5 of the
following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alky-
lene chain, heteroalkylene chain, polyheteroalkylene
chain, alkenylene chain, arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms
(wherein from 1-3 of the ring atoms are independently
selected from N, NH, N—C,-Cg alkyl, O, and S), het-
erocycloalkylene including 3-9 ring atoms (wherein
from 1-3 of the ring atoms are independently selected
from N, NH, N—C,-C; alkyl, O, and S), —OC(—0O)—,
—C(=0)0—, —NHC(=0)—, —C(—O)NH—,
—N(C,s alkyDC(=0), —C(=O)N(C,, alkyl)-,
—C(—=0)—, —NHC(—0O)NH—, cyclodextrin, human
serum albumin, amino acid, amino acid mimetic, and
hydrazine, wherein arylene including 6-10 ring atoms,
heteroarylene including from 5-10 ring atoms, and het-
erocycloalkylene including 3-9 ring atoms are each
optionally substituted with 1, 2, or 3 substituents each
independently selected from the group consisting of
halo, cyano, nitro, hydroxyl, C, alkoxy, heteroalkyl,
Cq.10 aryloxy, C,_,, aralkoxy, CF;, quaternary ammo-
nium ion, sugar, C, ; alkyl, —C(—0)(C,  alkyl),
—S0,(C,_salkyl), —C(—0)O(C,_g alkyl), —C(—0)O
(heteroalkyl), —C(—O)NH(C, ; alkyl), —C(—O)NH
(heteroalkyl), —C(=—0O)(phenyl), —SO,(phenyl), and
phosphate (or a salt thereof);

R*is absent or

RSS ]
/ N}{

|

N=N

R*® is H, C,_salkyl, C,_shydroxyalkyl, C,_ salkoxyC,.
salkyl, Cq  oaryl, or C, j,aralkyl, each of which is
optionally substituted with a group selected from amide,
amine, carboxylic acid or a pharmaceutically acceptable
salt thereof, carboxyl ester, thiol, and thioether.

26. The compound of claim 25, wherein R is a divalent
spacer which comprises one or more of the following moi-
eties (e.g., comprise 1, 2, 3, 4, or 5 of the following moieties;
e.g.,comprise 1, 2, or 3 of the following moieties; e.g., consist
of'1, 2,3, 4, or 5 of the following moieties; e.g., consist of 1,
2, or 3 of the following moieties): heteroatom (e.g., N, O, or
S), alkylene chain, heteroalkylene chain, arylene including
6-10 ring atoms, heteroarylene including from 5-10 ring
atoms, heterocycloalkylene including 3-9 ring atoms, —OC
(=0)—, —C(=0)0—, —NHC(—0)—, —C(—O)NH—,
—N(C,_salkyD)C(=0), —C(=O)N(C, 6 alkyl)-,
—C(—=0)—, or —NHC(—O)NH—, wherein 6-10 mem-
bered arylene, 5-9 membered heteroarylene, and 6-10 mem-
bered cycloalkylene are each optionally substituted with 1, 2,
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or 3 substituents each independently selected from the group
consisting of halo, cyano, C,_salkoxy, heteroalkyl, CF;, and
C,_galkyl.

27. The compound of claim 25, wherein R'® is a divalent
spacer which comprises one or more of the following moi-
eties (e.g., comprise 1, 2, 3, 4, or 5 of the following moieties;
e.g.,comprise 1,2, or 3 ofthe following moieties; e.g., consist
of'1, 2,3, 4, or 5 of the following moieties; e.g., consist of 1,
2, or 3 of the following moieties): heteroatom (e.g., N, O, or
S), alkylene chain, heteroalkylene chain, arylene including
6-10 ring atoms, heteroarylene including from 5-10 ring
atoms, heterocycloalkylene including 3-9 ring atoms,
—NHC(—0)—, —C(—0O)NH—, —N(C, ¢ alkyD)C(—0),
—C(—=0O)N(C, 4alkyl)-, —C(=0)—, or —NHC(=0)
NH—, wherein 6-10 membered arylene, 5-9 membered het-
eroarylene, and 6-10 membered cycloalkylene are each
optionally substituted with 1, 2, or 3 substituents each inde-
pendently selected from the group consisting of halo, C,
alkoxy, heteroalkyl, CF;, and C,_salkyl.

28. The compound of claim 25, wherein R'® is a divalent
spacer which comprises one or more of the following moi-
eties (e.g., comprise 1, 2, 3, 4, or 5 of the following moieties;
e.g.,comprise 1,2, or 3 ofthe following moieties; e.g., consist
of'1, 2,3, 4, or 5 of the following moieties; e.g., consist of 1,
2, or 3 of the following moieties): heteroatom (e.g., N, O, or
S), alkylene chain, heteroalkylene chain, phenylene,
indolylene, indolinylene, thiophenylene, or furanylene,
wherein phenylene, indolylene, indolinylene, thiophenylene,
and furanylene are each optionally substituted with 1, 2, or 3
substituents each independently selected from the group con-
sisting of halo, C,_, alkoxy, heteroalkyl, CF;, and C,_alkyl.

29. The compound of claim 25, wherein R'® is a divalent
linker selected from the group consisting of
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A~

30. The compound according to any one of claims 24-29,
wherein
R*%is

Rj/I}{.

31. The compound of claim 21, wherein R*? is -halo.

32. The compound of claim 31, wherein R'? is iodo.

33. The compound according to any one of claim 1-32,
wherein R'? is present.

34. The compound of claim 33, wherein R'? is selected
from: acylhydrazone, acyloxime, carbamoyl oxime, acyloxy-
alkyl oxime, acyloxyalkyloxy oxime, oximinophosphate,
oximinophosphonate, oximinophosphoramidate, oxazoli-
dine or thiazolidine, protected hydroxyl, and protected
hydroxymethyl.

35. The compound of claim 34, wherein R'? is =N-A-R'7;
wherein A is NHor O, and R'7 is H, C,_salkyl, C,_shaloalkyl,
C, salkoxyC, qalkyl, C, ,qaryl, C, | aralkyl, C, ,cycloalkyl,
heteroaryl including from 5-10 ring atoms, heterocyclyl
including from 3-7 ring atoms, —C(—O)C, salkyl,
—C(—=0)C,_ghaloalkyl, —C(—0)Cq_,paryl, —C(—0)C,.
rzaralkyl, —C(—0)C;_,cycloalkyl, —C(—O)heteroaryl, or
—C(—O)heterocyclyl, each of which is optionally substi-
tuted; or

R is —Y" —Z" or —C(=0)—Y" —Z"; wherein:

Y" is a divalent spacer comprising one or more of the
following moieties (e.g., comprise 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprise 1, 2, or 3 of the fol-
lowing moieties; e.g., consist of 1, 2, 3, 4, or 5 of the
following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alky-
lene chain, heteroalkylene chain, Cg arylene, het-
eroarylene from 5-10 ring atoms (wherein from 1-3 of
the ring atoms are independently selected from N, NH,
N—C,-Cq alkyl, O, and S), polyheteroalkylene chain,
alkenylene chain, —OC(—0)—, —C(=—0)0—,
—NHC(=—0)—, —C(—=0O)NH—, —C(—0)—, cyclo-
dextrin, human serum albumin, amino acid, amino acid
mimetic, or hydrazine;

7" is conjugate for enhancing solubility, stability, half-life,
permeability, volume of distribution, and/or target speci-
ficity, which comprises one or more of the following
moieties (e.g., comprise 1, 2, 3, 4, or 5 of the following
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moieties; e.g., comprise 1, 2, or 3 of the following moi-
eties; e.g., consist of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consist of 1, 2, or 3 of the following
moieties): alkylene chain, heteroalkylene chain, poly-
heteroalkylene chain, Cg4_,,arylene, heteroarylene from
5-10 ring atoms (wherein from 1-3 of the ring atoms are
independently selected from N, NH, N—C,-C alkyl, O,
and S), alkenylene chain, cyclodextrin, alkylated cyclo-
dextrin, human serum albumin, —OC(—0)—,
—C(=0)0—, —NHC(=0)—, —C(—O)NH—,
—C(—=0)—, monoclonal anti-body, quaternary ammo-
nium ion, NH,, docosahexenoic acid, hyaluronic acid,
poly(L-glutamic acid), N-(2-hydroxypropyl)methacry-
lamide copolymer, and dendrimers (e.g., nitro-substi-
tuted dendrimers); and
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39. The compound according to any one of claims 1-38,
wherein R is:

—CH,OC(=0)R?'—R?°-PEG;

wherein:

R?! is a divalent spacer comprising one or more of the
following moieties (e.g., comprise 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprise 1, 2, or 3 of the fol-
lowing moieties; e.g., consist of 1, 2, 3, 4, or 5 of the
following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alky-
lene chain, heteroalkylene chain, polyheteroalkylene
chain, alkenylene chain, arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms
(wherein from 1-3 of the ring atoms are independently

qisOorl.

36. The compound of claim 34, wherein A is NH, and R'”
is —C(=0)C,_salkyl; or A is O, and R'” is H or C,_galkyl.

37. The compound according to any one of claims 1-36,
wherein R'* is present.

selected from N, NH, N—C,-C; alkyl, O, and S), het-
erocycloalkylene including 3-9 ring atoms (wherein

from 1-3 of the ring atoms are independently selected
from N, NH, N—C, -C, alkyl, O, and S), —OC(—0)—,

38. The compound of claim 37, wherein R'* is:

—CH,OC(=0)R'S; &)

—C(=0)OCH,OC(=O0)R'S; or (if)

—SR!S; (iii)
wherein:

R'® is C, qalkyl, C, shaloalkyl, C, salkoxyC, salkyl,
Cq.oaryl, C, j,aralkyl, C; .cycloalkyl, heteroaryl
including from 5-10 ring atoms (wherein from 1-3 of the
ring atoms are independently selected from N, NH,
N—C,-Cq alkyl, O, and S), or heterocyclyl including
from 3-7 ring atoms (wherein from 1-2 of the ring atoms
are independently selected from N, NH, N—C,-C,
alkyl, and O), each of which is optionally substituted; or
R!'®is —Y™ r—7'"; wherein:

Y™ is a divalent spacer comprising one or more of the

following moieties (e.g., comprise 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprise 1, 2, or 3 of the fol-
lowing moieties; e.g., consist of 1, 2, 3, 4, or 5 of the
following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alky-
lene chain, heteroalkylene chain, polyheteroalkylene
chain, alkenylene chain, —OC(—0)—, —C(—0)0—,
—NHC(=—0)—, —C(—=0O)NH—, —C(—0)—, cyclo-
dextrin, human serum albumin, amino acid, amino acid
mimetic, or hydrazine;

7™ is conjugate for enhancing solubility, stability, half-life,

permeability, volume of distribution, and/or target speci-
ficity, which comprises one or more of the following
moieties (e.g., comprise 1, 2, 3, 4, or 5 of the following
moieties; e.g., comprise 1, 2, or 3 of the following moi-
eties; e.g., consist of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consist of 1, 2, or 3 of the following
moieties): alkylene chain, heteroalkylene chain, poly-
heteroalkylene chain, alkenylene chain, cyclodextrin,
alkylated cyclodextrin, human serum albumin, —OC
(=0)—, —C(=0)0—, —NHC(—0)—, —C(=0)
NH—, —C(=—0)—, monoclonal anti-body, quaternary
ammonium ion, NH,, docosahexenoic acid, hyaluronic
acid, poly(L-glutamic acid), N-(2-hydroxypropyl)meth-
acrylamide copolymer, or dendrimers (e.g., nitro-substi-
tuted dendrimers); and

risOorl.

—C(=0)0—, —NHC(=0)—, —C(=O)NH—,
—N(C,aalky)C(=0), —C(=ON(C,, alkyl)-,
—C(—=0)—, —NHC(—0O)NH—, cyclodextrin, human
serum albumin, amino acid, amino acid mimetic, and
hydrazine, wherein arylene including 6-10 ring atoms,
heteroarylene including from 5-10 ring atoms, and het-
erocycloalkylene including 3-9 ring atoms are each
optionally substituted with 1, 2, or 3 substituents each
independently selected from the group consisting of
halo, cyano, nitro, hydroxyl, C, salkoxy, heteroalkyl,
Cq.10 aryloxy, C,_,, aralkoxy, CF;, quaternary ammo-
nium ion, sugar, C, salkyl, —C(—O)(C, salkyl),—SO,
(C, alkyl), —C(=0)O(C, salkyl), —C(—0)O(het-
eroalkyl), —C(—O)NH(C, salkyl), —C(—O)NH
(heteroalkyl), —C(=—0O)(phenyl), —SO,(phenyl), and
phosphate (or a salt thereof);
R* is absent or

RSS ]
/ NE{

|

NN

R% is H, C,_salkyl, C, shydroxyalkyl, C,_, calkoxyC,.
salkyl, Cq_ oaryl, or C, j,aralkyl, each of which is
optionally substituted with a group selected from amide,
amine, carboxylic acid or a pharmaceutically acceptable
salt thereof, carboxyl ester, thiol, and thioether.

40. The compound of claim 39, wherein R*! is divalent
spacer comprising one or more of the following moieties
(e.g., comprise 1, 2, 3, 4, or 5 of the following moieties; e.g.,
comprise 1, 2, or 3 of the following moieties; e.g., consist of
1,2, 3, 4, or 5 of the following moieties; e.g., consist of 1, 2,
or 3 of the following moieties): heteroatom (e.g., N, O, or S),
alkylene chain, heteroalkylene chain, arylene including 6-10
ring atoms, heteroarylene including from 5-10 ring atoms,
heterocycloalkylene including 3-9 ring atoms, —OC
(=0)—, —C(=0)0—, —NHC(=0)—, —C(=0O)NH—,
—N(C,_salky)C(=0), —C(=O)N(C,_salkyl)-,
—C(=0)—, or —NHC(—O)NH—, wherein 6-10 mem-
bered arylene, 5-9 membered heteroarylene, and 6-10 mem-
bered cycloalkylene are each optionally substituted with 1, 2,
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or 3 substituents each independently selected from the group
consisting of halo, cyano, C,_calkoxy, heteroalkyl, CF;, and
C,¢alkyl.

41. The compound of claim 39, wherein R*! is divalent
spacer comprising one or more of the following moieties
(e.g., comprise 1, 2, 3, 4, or 5 of the following moieties; e.g.,
comprise 1, 2, or 3 of the following moieties; e.g., consist of
1,2, 3, 4, or 5 of the following moieties; e.g., consist of 1, 2,
or 3 of the following moieties): heteroatom (e.g., N, O, or S),
alkylene chain, heteroalkylene chain, arylene including 6-10
ring atoms, heteroarylene including from 5-10 ring atoms,
heterocycloalkylene including 3-9 ring atoms, —NHC
=0)y— —C(E=ONH— —N(C,; alkyhDC(=0),
—C(—=0O)N(C, 4 alkyl)-, —C(=0)—, or —NHC(=0)
NH—, wherein 6-10 membered arylene, 5-9 membered het-
eroarylene, and 6-10 membered cycloalkylene are each
optionally substituted with 1, 2, or 3 substituents each inde-
pendently selected from the group consisting of halo,
C, _salkoxy, heteroalkyl, CF;, and C, _calkyl.

42. The compound of claim 39, wherein R*! is a divalent
spacer comprising one or more of the following moieties
(e.g., comprise 1, 2, 3, 4, or 5 of the following moieties; e.g.,
comprise 1, 2, or 3 of the following moieties; e.g., consist of
1,2, 3, 4, or 5 of the following moieties; e.g., consist of 1, 2,
or 3 of the following moieties): heteroatom (e.g., N, O, or S),
alkylene chain, heteroalkylene chain, phenylene, indolylene,
indolinylene, thiophenylene, or furanylene, wherein phe-
nylene, indolylene, indolinylene, thiophenylene, and fura-
nylene are each optionally substituted with 1, 2, or 3 substitu-
ents each independently selected from the group consisting of
halo, C,_salkoxy, heteroalkyl, CF;, and C,_calkyl.

43. The compound according to any one of claims 39-42,
wherein the pharmaceutically acceptable anion is selected
from chloride, iodide, acetate, mesylate, tosylate, and citrate.

44. The compound according to any one of claims 1-43,
wherein R? is an activated hydroxyl.

45. The compound according to claim 44 wherein R3is:

—OC(=0)—R*Z—R?°_PEG,

wherein:

R?? is a divalent spacer comprising one or more of the
following moieties (e.g., comprise 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprise 1, 2, or 3 of the fol-
lowing moieties; e.g., consist of 1, 2, 3, 4, or 5 of the
following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alky-
lene chain, heteroalkylene chain, polyheteroalkylene
chain, alkenylene chain, arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms,
heterocycloalkylene including 3-9 ring atoms, —OC

=0)—, —C(=0)0—, —NHC(=0)—, —C(=0)
NH—, —N(C,¢ aky)C(=0), —C(=O)NC
alkyl)-, —C(—=0)—, —NHC(—O)NH—, cyclodex-

trin, human serum albumin, amino acid, amino acid
mimetic, or hydrazine, wherein arylene including 6-10
ring atoms, heteroarylene including from 5-10 ring
atoms, and heterocycloalkylene including 3-9 ring
atoms are each optionally substituted with 1, 2, or 3
substituents each independently selected from the group
consisting of halo, cyano, nitro, hydroxyl, C, 4 alkoxy,
heteroalkyl, C,_,, aryloxy, C,_,, aralkoxy, CF;, quater-
nary ammonium ion, sugar, C, calkyl, —C(—0)(C,_
salkyl), —SO,(C,_salkyl), —C(—0)O(C,_¢ alkyl),
—C(=0)O(heteroalkyl), —C(—O)NH(C, 4 alkyl),
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—C(—=0O)NH(heteroalkyl), —C(=—0)(phenyl), —SO,
(phenyl), and phosphate (or a salt thereof);

R?%is
RSS )
Y E{

N

R% is H, C,_alkyl, C, shydroxyalkyl, C, calkoxyC,.
salkyl, Cq_ oaryl, or C, j,aralkyl, each of which is
optionally substituted with a group selected from amide,
amine, carboxylic acid or a pharmaceutically acceptable
salt thereof, carboxyl ester, thiol, and thioether.

46. The compound according to any one of claims 1-36 and

39-45, wherein each of R, R™, R™, and R™ is H.

47. The compound according to any one of claims 1-46,
wherein one of R*!, R'?, R'?, and R** is present.

48. The compound according to any one of claims 20-45,
wherein R is H.

49. The compound according to any one of claims 1-19 and
34-48, wherein R? and R?, together with the carbon atoms to
which each is attached, form an epoxide ring.

50. The compound according to any one of claims 1-32 and
37-49, wherein R* and R®, together with the carbon atom to
which both are attached, form a carbonyl group.

51. A compound having the formula (SM),,-PEG, or a
pharmaceutically acceptable salt thereof; wherein each SM is
an independently selected compound of formula (I) as
defined in claim 1 and is attached to PEG; and m is 2-10.

52. The compound of claim 51, wherein the compound has
Formula (V):

W)
R19
AN
(IQ R?0 PEG
0]
fo) RS3 Il{NZ fo) RSI
li N R}
R N N
I I N5 O
rRM 0 RS2 N1 R* R
"
wherein
Q is selected from:
—S0,—; and (i)
—P(=0)—OR'*—; (ii)

R*? is a divalent spacer which comprises of one or more of
the following moieties (e.g., comprise 1, 2, 3, 4, or 5 of
the following moieties; e.g., comprise 1, 2, or 3 of the
following moieties; e.g., consist of 1, 2, 3, 4, or 5 of the
following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alky-
lene chain, heteroalkylene chain, polyheteroalkylene
chain, alkenylene chain, arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms
(wherein from 1-3 of the ring atoms are independently
selected from N, NH, N—C,-C; alkyl, O, and S), het-
erocycloalkylene including 3-9 ring atoms (wherein
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from 1-3 of the ring atoms are independently selected
from N, NH, N—C,-C; alkyl, O, and S), —OC(—0)—,
—C(=0)0—, —NHC(=0)—, —C(—O)NH—,
—N(C,_alky)C(—0),  —C(—O)N(C,_qalkyD-,
—C(—=0)—, —NHC(—0O)NH—, cyclodextrin, human
serum albumin, amino acid, amino acid mimetic, and
hydrazine, wherein arylene including 6-10 ring atoms,
heteroarylene including from 5-10 ring atoms, and het-
erocycloalkylene including 3-9 ring atoms are each
optionally substituted with 1, 2, or 3 substituents each
independently selected from the group consisting of
halo, cyano, nitro, hydroxyl, C, alkoxy, heteroalkyl,
Cq.10 aryloxy, C,_,, aralkoxy, CF;, quaternary ammo-
nium ion, sugar, C, ; alkyl, —C(—0O)(C,_ ¢ alkyl),
—S0,(C, ¢ alkyl), —C(—0)O(C, _salkyl), —C(—0)O
(heteroalkyl), —C(—O)NH(C, ; alkyl), —C(—O)NH
(heteroalkyl), —C(=—0O)(phenyl), —SO,(phenyl), and
phosphate (or a salt thereof);
R*is absent or

RSS )
/ NE{

I

N

R*® is H, C,_salkyl, C,_shydroxyalkyl, C,_ salkoxyC,.
salkyl, Cq qaryl, or C,_,,aralkyl, each of which is
optionally substituted with a group selected from amide,
amine, carboxylic acid or a pharmaceutically acceptable
salt thereof, carboxyl ester, thiol, and thioether;

R! is defined according to (A) or (B) below:

(A) R* has formula (IT):

an

RM
Het—M \[( N\k
fo) RS4

wherein Het is heterocyclyl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N(H)—, —N(M)-, or —N(C,-C; alkyl)-, wherein
said ring nitrogen atom is further optionally substituted with
a group R'!, thereby forming a quaternary nitrogen atom and
wherein the positive charge associated with the quaternary
nitrogen atom is balanced by a pharmaceutically acceptable
anion; and M is C,-C, , alkyl; or
(B) R! is heteroaryl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N— and —N(C,-C; alkyl)-, wherein said ring
nitrogen atom is further optionally substituted with a
group R'?, thereby forming a quaternary nitrogen atom
and wherein the positive charge associated with the qua-
ternary nitrogen atom is balanced by a pharmaceutically
acceptable anion;
R? is hydroxyl or activated hydroxyl;
R*and R’, together with the carbon atom to which both are
attached, form a carbonyl group; or
R* and R, together with the carbon atom to which both are
attached, form R'?;
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R%, R®?, R*®, and R** are each independently selected
from C, qalkyl, C, shydroxyalkyl, C, salkoxy,
C,_salkyl, C¢_jparyl, and C,_,,aralkyl, each of which is
optionally substituted with a group selected from amide,
amine, carboxylic acid or a pharmaceutically acceptable
salt thereof, carboxyl ester, thiol, and thioether;

R™M, R™, R™, and R™ are each independently selected
from H and R'*;

R'! is a moiety that is removable at a pH>7 or in the
presence of an esterase;

R'? is a masked carbonyl group that is removable at a
pH<6.5 or in the presence of an enzyme selected from
esterase, amidase, phosphodiesterase or phosphoami-
dase and CYP P450, or any combination thereof;

each R'*is, independently, a moiety that is removable at a
pH>7 or in the presence of an esterase;

R'® is C,_qalkyl, C, haloalkyl, heteroalkyl, Cg_qaryl,
C,_,,aralkyl, C;_,cycloalkyl, heteroaryl including from
5-10ring atoms, or heterocyclyl including from 3-7 ring
atoms, each of which is optionally substituted with from
1-2R%

R“ateach occurrence is, independently selected from halo,
cyano, C, salkoxy, heteroalkyl, C, ,, aryloxy, C, ,,
aralkoxy, CF;, C,_4 alkyl, —C(—O)(C, salkyl), —SO,
(C, alkyl), —C(=0)O(C,_¢ alkyl), —C(—0)O(het-
eroalkyl), —C(—O)NH(C, 4 alkyl), —C(—O)NH(C, ¢
alkyl)-C(=—O)NH,, —C(=—0O)NH(heteroalkyl),
—C(=0)(phenyl), and —SO,(phenyl).

53. The compound of claim 52, wherein Q is SO,.

54. The compound of claim 52 or 53, wherein m is 2, 4, or

8.

55. The compound according to any one of claims 52-54,
wherein R is OH.

56. The compound according to any one of claims 52-55,
wherein R'® is a divalent spacer comprising one or more of the
following moieties (e.g., comprising 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprising 1, 2, or 3 of the following
moieties; e.g., consisting of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consisting of 1, 2, or 3 of the following moi-
eties): heteroatom (e.g., N, O, or S), alkylene chain, het-
eroalkylene chain, phenylene, indolylene, indolinylene,
thiophenylene, or furanylene (e.g., phenylene), wherein phe-
nylene, indolylene, indolinylene, thiophenylene, and fura-
nylene are optionally substituted with 1, 2, or 3 (e.g., 2)
substituents each independently selected from the group con-
sisting of halo, C,_salkoxy, heteroalkyl, CF;, and C, _salkyl
(e.g., C,_¢ alkoxy, e.g., methoxy or C, salkyl, e.g., methyl).

57. The compound of claim 56, wherein R*® is present.

58. The compound according to any one of claims 52-55,
wherein R'® is a divalent spacer comprising one or more of the
following moieties (e.g., comprising 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprising 1, 2, or 3 of the following
moieties; e.g., consisting of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consisting of 1, 2, or 3 of the following moi-
eties): heteroatom (e.g., N, O, or S), alkylene chain, —NHC
(—=0)—, —C(—=0O)NH—, heteroalkylene chain, phenylene,
indolylene, indolinylene, thiophenylene, or furanylene,
wherein phenylene, indolylene, indolinylene, thiophenylene,
and furanylene are optionally substituted with 1, 2, or 3 sub-
stituents each independently selected from the group consist-
ing of halo, C,_galkoxy, heteroalkyl, CF;, and C, salkyl.

59. The compound of claim 58, wherein when either of
—NHC(=0)— or —C(—O)NH— is present, —NHC
(=0)— or —C(—O)NH— is linked to PEG.
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60. The compound of claim 58 or 59, wherein R*° is absent.
61. The compound according to any one of claims 52-60,
wherein R'? is.

MeO

OMe

62. The compound according to any one of claims 52-61,
wherein PEG is PEG, .

63. The compound of claim 51, wherein the compound has
Formula (VI):

VD

PEG
RZ
0 RS RN 0 RS!
J\ N R?
R! N N
I I I\ | CH;
RM 0 RS2 jRM R* R

m

wherein
R'*is —R'—R?°— in which R*° is connected to PEG,
and R'* is a divalent spacer comprising one or more of
the following moieties (e.g., comprise 1, 2, 3, 4, or 5 of
the following moieties; e.g., comprise 1, 2, or 3 of the
following moieties; e.g., consist of 1, 2, 3, 4, or 5 of the
following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alky-
lene chain, heteroalkylene chain, polyheteroalkylene
chain, alkenylene chain, arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms
(wherein from 1-3 of the ring atoms are independently
selected from N, NH, N—C,-Cg alkyl, O, and S), het-
erocycloalkylene including 3-9 ring atoms (wherein
from 1-3 of the ring atoms are independently selected
from N, NH, N—C,-C; alkyl, O, and S), —OC(—0)—,
—C(=0)0—, —NHC(=0)—, —C(—O)NH—,
—N(C,s alkyDC(=0), —C(=ON(C,, alkyl)-,
—C(—=0)—, —NHC(—0O)NH—, cyclodextrin, human
serum albumin, amino acid, amino acid mimetic, or
hydrazine, wherein arylene including 6-10 ring atoms,
heteroarylene including from 5-10 ring atoms, and het-
erocycloalkylene including 3-9 ring atoms are each
optionally substituted with 1, 2, or 3 substituents each
independently selected from the group consisting of
halo, cyano, nitro, hydroxyl, C, alkoxy, heteroalkyl,
Cq.10 aryloxy, C,_,, aralkoxy, CF;, quaternary ammo-
nium ion, sugar, C, _salkyl, —C(—0)(C,_galkyl),—SO,
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(C, alkyl), —C(=0)O(C,_¢ alkyl), —C(—0)O(het-
eroalkyl), —C(—O)NH(C, 4 alkyl), —C(—O)NH
(heteroalkyl), —C(=—0O)(phenyl), —SO,(phenyl), and
phosphate (or a salt thereof);

R*is absent or

RSS

R% is H, C,_alkyl, C, shydroxyalkyl, C, calkoxyC,.
salkyl, Cq qaryl, or C,_,aralkyl, each of which is
optionally substituted with a group selected from amide,
amine, carboxylic acid or a pharmaceutically acceptable
salt thereof, carboxyl ester, thiol, and thioether;

R! is defined according to (A) or (B) below:

(A) R* has formula (11):

an

RM
Het—M\"/N\X,
fo) RS

wherein Het is heterocyclyl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N(H)—, —N(M)-, or —N(C,-C; alkyl)-, wherein
said ring nitrogen atom is further optionally substituted with
a group R'', thereby forming a quaternary nitrogen atom and
wherein the positive charge associated with the quaternary
nitrogen atom is balanced by a pharmaceutically acceptable
anion; and M is C,-C,, alkyl; or

(B) R! is heteroaryl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N— and —N(C,-C; alkyl)-, wherein said ring
nitrogen atom is further optionally substituted with a
group R*!, thereby forming a quaternary nitrogen atom
and wherein the positive charge associated with the qua-
ternary nitrogen atom is balanced by a pharmaceutically
acceptable anion;

R? and R?, together with the carbon atoms to which each is
attached, form an epoxide ring; or

R?is R*?, and R? is hydroxyl or activated hydroxyl;

R*and R’, together with the carbon atom to which both are
attached, form a carbonyl group; or

R*and R®, together with the carbon atom to which both are
attached, form R'3,

R®, R*2, R*%, and R** are each independently selected
from C,_qalkyl, C, shydroxyalkyl, C, _salkoxyC, salkyl,
Cs. 0aryl, and C, | aralkyl, each of which is optionally
substituted with a group selected from amide, amine,
carboxylic acid or a pharmaceutically acceptable salt
thereof, carboxyl ester, thiol, and thioether;

R™M, R™, R™, and R™ are each independently selected
from H and R'#, provided at least one of (e.g., one of)
RNI, RNZ, RN3, and R™ is R14;

R!!' is a moiety that is removable at a pH>7 or in the
presence of an esterase;

R!? is a leaving group;
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R'? is a masked carbonyl group that is removable at a
pH<6.5 or in the presence of an enzyme selected from
esterase, amidase, phosphodiesterase or phosphoami-
dase and CYP P450, or any combination thereof; and

each R'* is, independently, a moiety that is removable at a
pH>7 or in the presence of an esterase.

64. The compound of claim 63, wherein m is 2, 4, or 8.

65. The compound of claim 63 or 64, wherein one R™"* and
R is R (e.g., R™) and the other is hydrogen, and R** and
R?? are each hydrogen.

66. The compound of claim 63 or 64, wherein one R”*? and
R? is R, and the other is hydrogen, and R™ and R™ are
each hydrogen.

67. The compound according to any one of claim 63-66,
wherein R' is a divalent spacer comprising one or more of
the following moieties (e.g., comprise 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprise 1, 2, or 3 of the following
moieties; e.g., consist of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consist of 1, 2, or 3 of the following moieties):
heteroatom (e.g., N, O, or S), alkylene chain, —C(—0O)—,
—NHC(=0)—, —C(—O)NH—, heteroalkylene chain,
phenylene, indolylene, indolinylene, thiophenylene, or fura-
nylene, wherein phenylene, indolylene, indolinylene,
thiophenylene, and furanylene are optionally substituted with
1, 2, or 3 substituents each independently selected from the
group consisting of halo, C, salkoxy, heteroalkyl, CF;, and
C,_galkyl.

68. The compound of claim 67, wherein when alkylene
chain is present, the alkylene chain is linked to the peptide
backbone nitrogen.

69. The compound according to any one of claim 63-68,
wherein R is -alkylene chain-O—C(O)-phenylene-,
wherein the alkylene chain is linked to the backbone nitrogen.

70. The compound according to any one of claim 63-69,
wherein R?° is present.

71. The compound according to any one of claims 63-70,
wherein PEG is PEG, -

72. The compound of claim 51, wherein the compound has
Formula (VII):

(VID)

2
0 RS RM 0 RS .
IJ]\ )\’(Nﬁ)k R’
: II\I II\I | CHs PEG
RM e} RS2 RM N\A /R”

m

Wherein

R'7 is —R'”"—R?°— in which R?° is connected to PEG,
and R'7 is a divalent spacer comprising one or more of
the following moieties (e.g., comprising 1, 2, 3,4, or 5 of
the following moieties; e.g., comprising 1, 2, or 3 of the
following moieties; e.g., consisting of 1, 2, 3, 4, or 5 of
the following moieties; e.g., consisting of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alky-
lene chain, heteroalkylene chain, arylene including 6-10
ring atoms, heteroarylene including from 5-10 ring
atoms (wherein from 1-3 of the ring atoms are indepen-
dently selected from N, NH, N—C,-C; alkyl, O, and S),
heterocycloalkylene including 3-9 ring atoms (wherein
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from 1-3 of the ring atoms are independently selected
from N, NH, N—C,-C¢ alkyl, O, and S), —NHC
=0)y— —C(=ONH—, —N(C,_zalkyhC(=0),
—C(—0)N(C,_galkyl)-, —C(—O)—, or —NHC(—0)
NH—, wherein 6-10 membered arylene, 5-10 mem-
bered heteroarylene, and 6-10 membered cycloalkylene
are each optionally substituted with 1, 2, or 3 substitu-
ents each independently selected from the group con-
sisting of halo, C, salkoxy, heteroalkyl, CF,, and
C,_galkyl;
R?° is absent or

R% is H, C _alkyl, C, shydroxyalkyl, C, calkoxyC,.
salkyl, Cq_ oaryl, or C, j,aralkyl, each of which is
optionally substituted with a group selected from amide,
amine, carboxylic acid or a pharmaceutically acceptable
salt thereof, carboxyl ester, thiol, and thioether;

R! is defined according to (A) or (B) below:

(A) R* has formula (11):

an

RM
Het—M\”/N\k,
fo) RS

wherein Het is heterocyclyl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N(H)—, —N(M)-, or —N(C,-C; alkyl)-, wherein
said ring nitrogen atom is further optionally substituted with
a group R'!, thereby forming a quaternary nitrogen atom and
wherein the positive charge associated with the quaternary
nitrogen atom is balanced by a pharmaceutically acceptable
anion; and M is C,-C, , alkyl; or

(B) R! is heteroaryl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N— and —N(C, -C; alkyl)-, wherein said ring
nitrogen atom is further optionally substituted with a
group R'?, thereby forming a quaternary nitrogen atom
and wherein the positive charge associated with the qua-
ternary nitrogen atom is balanced by a pharmaceutically
acceptable anion;

R? and R?, together with the carbon atoms to which each is
attached, form an epoxide ring; or

R?is R*?, and R? is hydroxyl or activated hydroxyl;

R%, R®?, R*®, and R** are each independently selected
from C,_qalkyl, C, chydroxyalkyl, C,_salkoxyC,_ salkyl,
Cq.10aryl, and C,_, aralkyl, each of which is optionally
substituted with a group selected from amide, amine,
carboxylic acid or a pharmaceutically acceptable salt
thereof, carboxyl ester, thiol, and thioether;

R, R™, R™, and R™ are each independently selected
from H and R'*;

A is selected from NH and 0;
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R'! is a moiety that is removable at a pH>7 or in the

presence of an esterase;

R'? is a leaving group; and

each R'* is, independently, a moiety that is removable at a

pH>7 or in the presence of an esterase.

73. The compound of claim 72, wherein m is 2, 4, or 8.

74. The compound according to claim 72 or 73, wherein
R’ is present.

75. The compound according to any one of claims 72-74,
wherein R'” is a divalent spacer comprising one or more of
the following moieties (e.g., comprising 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprising 1, 2, or 3 of the following
moieties; e.g., consisting of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consisting of 1, 2, or 3 of the following moi-
eties): alkylene chain, heteroalkylene chain, —NHC
(—0)—,  —C(=ONH—, —N(C,zlkyDC(—O),
—C(—=0O)N(C, 4alkyl)-, —C(—0)—, or —NHC(=0)
NH—.

76. The compound according to any one of claims 72-75,
wherein R'” is a divalent spacer comprising one or more of
the following moieties (e.g., comprising 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprising 1, 2, or 3 of the following
moieties; e.g., consisting of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consisting of 1, 2, or 3 of the following moi-
eties): alkylene chain, heteroalkylene chain, or —C(—0)—
(e.g., alkylene chain or —C(—0)—), wherein when A is NH,
the —C(—0O)— is attached to A.

77. The compound according to any one of claims 72-75,
wherein R'”' is —C(=0)-alkylene chain, wherein when A is
NH, the —C(—0)— is attached to A.

78. The compound according to any one of claims 72-77,
wherein PEG is PEG, .

79. The compound of claim 51, wherein the compound has
Formula (VIII):

0
e L
PEGT R2! 0 RM

e}
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including 3-9 ring atoms are each optionally substi-
tuted with 1, 2, or 3 substituents each independently
selected from the group consisting of halo, cyano,
nitro, hydroxyl, C, salkoxy, heteroalkyl, C ,, ary-
loxy, C,_, , aralkoxy, CF, quaternary ammonium ion,
sugar, C, alkyl, —C(—0)(C,_; alkyl), —SO,(C, ¢
alkyl), —C(—0)O(C, alkyl), —C(—0)O(het-
eroalkyl), —C(—O)NH(C, ¢ alkyl), —C(—O)NH
(heteroalkyl), —C(—O)(phenyl), —SO,(phenyl),
and phosphate (or a salt thereof);
R*°is absent or

RSS )
J N E{
I
=N

R% is H, C,_alkyl, C, shydroxyalkyl, C, calkoxyC,.
salkyl, Cq qaryl, or C,_,aralkyl, each of which is
optionally substituted with a group selected from amide,
amine, carboxylic acid or a pharmaceutically acceptable
salt thereof, carboxyl ester, thiol, and thioether;

Het is heterocyclyl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N(H)—, —N(M)-, or —N(C,-C; alkyl)- (e.g.,
morpholino), and M is C,-C, , alkyl (e.g., CH,);

the R*°/R*!'-containing substituent in formula VIII is
attached to the Het ring nitrogen atom, thereby forming
a quaternary nitrogen atom and wherein the positive
charge associated with the quaternary nitrogen atom is
balanced by a pharmaceutically acceptable anion;

(VIID)

RZ
RS R 0 R
k _M N N R?
Heét N N
| | CH;
0 RS RN 0 R%? R

wherein

R?! is a divalent spacer which comprises of one or more
of the following moieties (e.g., comprise 1, 2, 3, 4, or
5 ofthe following moieties; e.g., comprise 1, 2, or 3 of
the following moieties; e.g., consist of 1, 2, 3,4, or 5
of the following moieties; e.g., consist of 1,2, or 3 of
the following moieties): heteroatom (e.g., N, O, or S),
alkylene chain, heteroalkylene chain, polyheteroalky-
lene chain, alkenylene chain, arylene including 6-10
ring atoms, heteroarylene including from 5-10 ring
atoms, heterocycloalkylene including 3-9 ring atoms,

—0C(=0)—, —C(=0)0—, —NHC(—0),
—C(=O)NH—, —N(C,_qalky))C(—0), —C(=0)
N(C,., alkyl)}-, —C(=0)—, —NHC(—O)NH—,

cyclodextrin, human serum albumin, amino acid,
amino acid mimetic, and hydrazine, wherein arylene
including 6-10 ring atoms, heteroarylene including
from 5-10 ring atoms, and heterocycloalkylene

M R* R®

m

R? and R?, together with the carbon atoms to which each is
attached, form an epoxide ring; or

R?is R'?, and R? is hydroxyl or activated hydroxyl;

R*and R®, together with the carbon atom to which both are
attached, form a carbonyl group; or

R*and R’, together with the carbon atom to which both are
attached, form R'3;

R%, R®?, R*®, and R** are each independently selected
from C, qlkyl, C, hydroxyalkyl, C, salkoxy,
C,_salkyl, C¢_jparyl, and C,_,,aralkyl, each of which is
optionally substituted with a group selected from amide,
amine, carboxylic acid or a pharmaceutically acceptable
salt thereof, carboxyl ester, thiol, and thioether;

R, R™, R™, and R™ are each independently selected
from H and R'*;

R!!' is a moiety that is removable at a pH>7 or in the
presence of an esterase;

R!? is a leaving group;
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R'? is a masked carbonyl group that is removable at a
pH<6.5 or in the presence of an enzyme selected from
esterase, amidase, phosphodiesterase or phosphoami-
dase and CYP P450, or any combination thereof; and

each R'* is, independently, a moiety that is removable at a
pH>7 or in the presence of an esterase.

80. The compound of claim 79, wherein m is 2, 4, or 8.

81. The compound of claim 79 or 80, wherein R is
present.

82. The compound according to any one of claims 79-81,
wherein R?! is a divalent spacer comprising one or more of the
following moieties (e.g., comprise 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprise 1, 2, or 3 of the following
moieties; e.g., consist of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consist of 1, 2, or 3 of the following moieties):
heteroatom (e.g., N, O, or S), alkylene chain, heteroalkylene
chain, —C(—O)—, or phenylene, wherein phenylene is
optionally substituted with 1, 2, or 3 substituents each inde-
pendently selected from the group consisting of halo,
C, salkoxy, heteroalkyl, CF;, and C,_salkyl.

83. The compound according to any one of claims 79-82,
wherein R?! is a divalent spacer comprising one or more of the
following moieties (e.g., comprise 1, 2, 3, 4, or 5 of the
following moieties; e.g., comprise 1, 2, or 3 of the following
moieties; e.g., consist of 1, 2, 3, 4, or 5 of the following
moieties; e.g., consist of 1, 2, or 3 of the following moieties):
heteroatom (e.g., N, O, or S), alkylene chain, heteroalkylene
chain, or —C(—0)—.

84. The compound according to any one of claims 79-83,
wherein R*! is —O—C(O)-alkylene chain.

85. The compound according to any one of claims 79-84,
wherein PEG is PEG, -

86. The compound of claim 51, wherein the compound has

Formula (IV)
av)
® /klf %Hs RZ-R?—-PEG
R® Nl R4 RS
5.25
wherein

R*? is a divalent spacer which comprises of one or more of
the following moieties (e.g., comprise 1, 2, 3, 4, or 5 of
the following moieties; e.g., comprise 1, 2, or 3 of the
following moieties; e.g., consist of 1, 2, 3, 4, or 5 of the
following moieties; e.g., consist of 1, 2, or 3 of the
following moieties): heteroatom (e.g., N, O, or S), alky-
lene chain, heteroalkylene chain, polyheteroalkylene
chain, alkenylene chain, arylene including 6-10 ring
atoms, heteroarylene including from 5-10 ring atoms,
heterocycloalkylene including 3-9 ring atoms, —OC

=0)—, —C(=0)0—, —NHC(=0)—, —C(=0)
NH—, —N(C,¢ akyDC(=0), —C(=O)NEC
alkyl)-, —C(—=0)—, —NHC(—O)NH—, cyclodex-

trin, human serum albumin, amino acid, amino acid
mimetic, and hydrazine, wherein arylene including 6-10
ring atoms, heteroarylene including from 5-10 ring
atoms, and heterocycloalkylene including 3-9 ring
atoms are each optionally substituted with 1, 2, or 3
substituents each independently selected from the group
consisting of halo, cyano, nitro, hydroxyl, C,_calkoxy,
heteroalkyl, C_,, aryloxy, C,_,, aralkoxy, CF, quater-
nary ammonium ion, sugar, C, calkyl, —C(—0)(C,_
salkyl), —SO,(C, 4 alkyl), —C(—0)O(C, ¢ alkyl),
—C(=0)O(heteroalkyl), —C(—O)NH(C, 4 alkyl),
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—C(—=0)NH(heteroalkyl), —C(=—0)(phenyl), —SO
(phenyl), and phosphate (or a salt thereof);
R>is absent or

DS

R* is H, C,alkyl, C,_shydroxyalkyl, C, calkoxyC,.
salkyl, C6_10aryl or C, j,aralkyl, each of which is
optionally substituted with a group selected from amide,
amine, carboxylic acid or a pharmaceutically acceptable
salt thereof, carboxyl ester, thiol, and thioether;

R! is defined according to (A) or (B) below:
(A) R* has formula (11):

RN4
Het—M \”/ W%

wherein Het is heterocyclyl that includes from 5-6 ring
atoms, wherein at least one ring atom is a nitrogen atom
selected from —N(H)—, —N(M)-, or —N(C,-C,
alkyl)-, wherein said ring nitrogen atom is further
optionally substituted with a group R*?, thereby forming
a quaternary nitrogen atom and wherein the positive
charge associated with the quaternary nitrogen atom is
balanced by a pharmaceutically acceptable anion; and M
is C,-C,, alkyl; or

(B) R! is heteroaryl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N— and —N(C,-C; alkyl)-, wherein said ring
nitrogen atom is further optionally substituted with a
group R*!, thereby forming a quaternary nitrogen atom
and wherein the positive charge associated with the qua-
ternary nitrogen atom is balanced by a pharmaceutically
acceptable anion;

R?is OHor R'?

R*and R’, together with the carbon atom to which both are
attached, form a carbonyl group; or

R*and R’, together with the carbon atom to which both are
attached, form R'3;

R%, R®?, R*®, and R** are each independently selected
from C, qalkyl, C, hydroxyalkyl, C,_,salkoxy,
C,_salkyl, C¢_jparyl, and C,_,,aralkyl, each of which is
optionally substituted with a group selected from amide,
amine, carboxylic acid or a pharmaceutically acceptable
salt thereof, carboxyl ester, thiol, and thioether;

R™M, R™, R™, and R™ are each independently selected
from H and R'*;

R'! is a moiety that is removable at a pH>7 or in the
presence of an esterase;

R'?is a leaving group;

R'? is a masked carbonyl group that is removable at a
pH<6.5 or in the presence of an enzyme selected from
esterase, amidase, phosphodiesterase or phosphoami-
dase and CYP P450, or any combination thereof;

each R'* is, independently, a moiety that is removable at a
pH>7 or in the presence of an esterase.

87. The compound of claim 86, wherein m is 2, 4, or 8.

88. The compound of claim 86 or 87, wherein R*° is

present.

an
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89. The compound according to any one of claims 86-88,
wherein PEG is PEG, -

90. The compound according to any one of claims 52-62
and 71-89, wherein each of RV, R¥?, R™, and R™* is H.

91. The compound according to any one of claims 52-90,
wherein one of R*!, R'?, R'?, and R** is present.

92. The compound according to any one of claims 52-91,
wherein R is H.

93. The compound according to any one of claims 63-85,
wherein R? and R, together with the carbon atoms to which
each is attached, form an epoxide ring.

94. The compound according to any one of claims 52-71
and 79-89, wherein R* and R, together with the carbon atom
to which both are attached, form a carbonyl group.

95. The compound according to any one of claims 52-94,
wherein:

R has formula (II):

an

RN4

Het—M N

fo) RS4

wherein Het is heterocyclyl that includes from 5-6 ring
atoms, wherein at least one ring atom is a nitrogen atom

selected from —NH)—, —NM)-, or —N(C,-C,
alkyl)- (e.g., morpholino), and M is C,-C, , alkyl (e.g.,
CH,).

96. The compound according to any one of claims 52-95,
wherein R** and R** are each independently C,_,alkyl, and
R%? and R** are each independently C,_,aralkyl (e.g., R*
and R* are both isobutyl, R** is phenylethyl, and R** is
phenylmethyl).

97. The compound of any of one claims 1-11 and 20-96,
wherein the compound is a prodrug of:

[@] [@]
H H O,
N N
N Y Y N Yy Y N
\)o— o .. o

(@)
\Ph

Ph

or a pharmaceutically acceptable salt thereof.
98. The compound according to any one of claims 1 and
12-19, wherein the compound is a prodrug of:

o Ph
0 0
H O,
X
~ 7
N !
>\/ S o} o}

\O
|

or a pharmaceutically acceptable salt thereof.
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99. A compound according to any one of the preceding
claims, wherein the compound is selected from group con-
sisting of the compounds delineated in Tables A, B, C, and C1.

100. The compound according to any one of the preceding
claims, wherein PEG has a molecular weight of about or
greater than 10 kDa.

101. The compound according to any one of the preceding
claims, wherein PEG has a molecular weight of about or
greater than 20 kDa.

102. The compound according to any one of the preceding
claims, wherein PEG has a molecular weight of about or
greater than 30 kDa.

103. The compound according to any one of the preceding
claims, wherein PEG comprises a plurality of reactive func-
tional groups.

104. The compound according to any one of the preceding
claims, wherein the human plasma half-life of the compound
is 0.5 hours or greater.

105. The compound according to any one of the preceding
claims, wherein the human plasma half-life of the compound
is 5 hours or greater.

106. The compound according to any one of the preceding
claims, wherein the human plasma half-life of the compound
is 100 hours or greater.

107. A therapeutic agent prepared by a process comprising
reacting a compound as claimed in any one of the preceding
claims 48-97 under conditions sufficient to remove any one or
more of R®>, R'*, R*, R'? and R'*.

108. A pharmaceutical composition comprising a com-
pound as claimed in any one of the preceding claims, and a
pharmaceutically acceptable carrier.

109. A method for treating a disease or condition selected
from the group consisting of cancer, autoimmune disease,
graft or transplant-related condition, neurodegenerative dis-
ease, fibrotic-associated condition, ischemic-related condi-
tions, infection (viral, parasitic or prokaryotic) and diseases
associated with bone loss, the method comprising adminis-
tering to a patient a therapeutically effective amount of a
compound as claimed in any one of the preceding claims, or
a pharmaceutical composition as claimed in claim 108.

110. The method of claim 109, wherein the disease or
condition is cancer.

111. The method of claim 110, wherein the cancer is mul-
tiple myeloma.

112. The compound according to any one of claims 52-94,
wherein R* is heteroaryl that includes from 5-6 ring atoms,
wherein at least one ring atom is a nitrogen atom selected
from —N— and —N(C, -C; alkyl)-, wherein said ring nitro-
gen atom is further optionally substituted with a group R,
thereby forming a quaternary nitrogen atom and wherein the
positive charge associated with the quaternary nitrogen atom
is balanced by a pharmaceutically acceptable anion;

113. The compound according to any one of the preceding
claims, wherein the PEG can have PEG architecture 2B or 2C;
and/or the PEG has a molecular weight selected from the
group consisting of: greater than 1 kDa, 1 kDa, greater than 2
kDa, 2 kDa, greater than 5 kDa, 5 kDa, greater than 10 kDa,
10 kDa, greater than 20 kDa, 20 kDa, greater than 30 kDa, 30
kDa, greater than 40 kDa, 40 kDa, and greater than 50 kDa.

#* #* #* #* #*



