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CYTOTOXIC AND ANTI-MITOTIC COMPOUNDS, AND METHODS OF
USING THE SAME

REFERENCE TO PRIOR APPLICATION
This application claims the benefit of U.S. Provisional Application No.
61/792,020 , filed March 15, 2013, and U.S. Provisional Application No. 61/792,066 ,

filed March 15, 2013, the disclosure of cach of which is incorporated by reference

herein in its entirety.

BACKGROUMD

The invention rclates to biologically active compounds, compositions
comprising the same, and methods of using such biologically active compounds and

compositions for the treatment of cancer and other diseases.

Descrintion of the Related Art

Talpir, R, et al. {1994} Tetrahedron Lett. 35:4453-6, descnbe the
naturally occurring compound hemiasterlin, a stable tripeptide obtained from marine
sponges that canses microtubule depolymerization and witotic arrest in cells.
Hernisasterlin consists of unusual and highly congested amino acids, features thought to
contribute to its activity. A number of groups have wodified particular structural
elements of hemiasterlin to evalpate strocture-activity relationships and assess the
activity of hemiasterlin analogs. Sec for example Zask et al., Bioorganic & Medicinal
Chemistry Letters, 14:4353-4358, 2004; Zask et al., J Med Chem, 47:4774-4786, 2004,
Yarnashita ot al, Bioorganic & Medicinal Chemustry Letters, 14:5317-5322, 2004,
PCT/GBO6/00942;, WO 2004/026293; WO96/33211; and U.S. 7,579,323,

Analogs of hemiasterlin with modifications in the “A-segment”, or the
aroino terminal segment, have been described {(sce for example, Zask ot al,, I Med
Chem, 47:4774-4786, 2004, Yamashita et al, Bioorganic & Medicinal Chemistry
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Letters, 14:5317-5322, 2004; U.S. 7,579,323). UK. 7,579,323 discloses an analog of
hemiasterlin, referred to as HTIE-286, in which the indole moiety is replaced by a
phenyl group. HTI-286 exhibits potent anti-mitotic activity and has been assessed in
chinical trials for the treatment of cancer (Ratain et al, Proc Am Soc Clin Ougol,

22:129, 2003}

(7

Agalogs of hemviasterlin with modifications in the “D-segment”, or the
carboxy terminal segment, have also been reporied (see, for example, WO
2004/026293; Zask et al., Bioorganic & Medicinal Chemistry Letters, 14:4353-435%,
2004; Zask et al., J Med Chem, 47:4774-4786, 2004). The majority of medifications at

10 the carboxy terminus result in compounds with substantially decreased potency
compared to pareot carboxylic acids. See, for example, WO 2004/026293, particularly
Table 12, Zask et al. (I Med Chem, 47:4774-4786, 2004) also report that amide analogs
prepared using simple cyclic and acyclic amines exibit significantly reduced potency

(reductions of one to three orders of magnitude) Among the few tolerated

[
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modifications, Zask ¢t al., (Bioorganic & Medicinal Chemistry Letters, 14:4353-4358,
2004) report that the addition of esterified cyclic amino acids at the carboxy-terminus
vields tetrapeptide avalogs with prolyl-like ester-contamning termuni, some of which
cxhibit potency comparable to parent compound in a tested cancer cell line.

Potent cytotoxic and anti-mitotic compositions are highly desired for the
20 trcatment of a number of devastating disorders, including cancer. While a wide variety
of hemiasterlin analogs have been generated, many, including a wide variety of
compounds with maodifications at the carboxy terminus, exhibit reduced potency that
limits uitlity in methods of rocdical treatment.

For the foregoing reasons, while progress has been made in this field,

N2
¢

there 18 a need for additional potent anti-mitotic and cytotoxic compounds having
preferred characteristics that render them suitable for the treatment of a variety of
disorders, wecluding cancer. The present disclosure fulfills these needs and provides

tfurther related advantages.
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BRIEF SUMMARY
In brief, the present disclosure is directed to biologically active
compounds, compositions comprising the same, and methods of using such compounds
and compositions.
5 In one embodiment, compounds having the following structure (1) are

provided:

Rg

10
1y
wherein:
Ry and Ry are independently selected from the group consisting oft H
and a saturated or unsaturated moiety having a lincar, branched, or non-aromatic cyclic
15  skeleton containing one to ten carbon atoms, and the carbon atoms are optionally
substituted with: -CH, -1, -Br, -Cl, -F, -CN, -COoH, -CHO, -COSH, or -NG;y; or Ry and
Rs are fused and form a ring;
Rz and Ry are independently selected from the group cousisting oft H, R,
ArR-, or R; and Ry are joined to form a ring;
20 Rs 15 selected from the group consisting oft H, B, ArR-, and Ar;
or Rs and Ry are fused and form a ring;
R 18 selected from the group consisting of! H, R, and ArR-;
R~ and Ry are independently selected from the group cousisting of! H, R,
and ArR-; and

25 Ry is:
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wherein,

R is defined as a saturated or unsaturated moicty having a linear,

(9]

branched, or non-aromatic cyclic skeleton containing one to ten carbon atoms, zero to
four nitrogen atorns, zero to four oxygen atoms, and zero to four sulfur atoms, and the
carbon atoms are optionally substituted with: =0, =8, OH, -ORyg, -0,CRy, -SH, -SRy,
-SOCR 0, -NHz, -NHR 5, -N{Rjo)z, -WHCOR 6, -NRi6CORg, -1, -Br, -Ci, -F, -CN, -
COyH, -CORyy, -CHO, -CORyy, -CONH,, -CONHRyy, -CON(R0}2, ~COSH, -COSRyq,
10 NGO, -SOsH, -SOR g, -SO2R 16, wherein Ryg is a linear, branched or cyclic, one to ten
carbon saturated or unsaturated alkyl group;

the ring formed by joining R: and Ry is a three to seven member non-
aromatic cyclic skeleton within the definition of R,

Y is defined as a moicty sclected from the group consisting of: a linear,

EJ‘:

saturated or unsaturated, one to six carbon alkyl group, optionally substituted with R,
ArR—, or X; and,

X is defined as a moiety selected from the group consisting of. —OH, —
OR, =0, =S, —O LR, —8H, —8R, —SOCR, —NH,;, —NHR, —N(R},, —NHCOR,
—NRCOR, —1, —Br, —(1, —F, —CN, —CQO;H, —CO,R, —CHO, —COR, —
¢ CONH,, —CONHR, —CON{R),, —COS8H, —CO8R, —NOQO;, —80:H, —80R, and
—SOR;

Rya is selected from the group consisting of optionally substituted alkyl,
optionally substituted alkylamino, optionally substituted cyclealkyl, optionally
substituted aryl, optionally substituted heterocyclyl and optionally  substituted
heteroaryls, CORyy -CSRyy, -ORys and -NHR,y wherein cach Ry is, independently,
alkyl optionaily substituted with halogen, -OH or -SH;

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.

In one embodiment, Ar is an aromatic ring selected from the group
consisting of: phenyl, naphthyl, anthracyl, pyrrolyl.

4
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In one embodiment, compounds having the following structure (1a) are

provided:

wherein:

Rys is selected from the group consisting of optionally substituted alkyl,
optionally substituted alkylamine, optionally substituted cycloalkyl, optionally
substituted aryl, optionally substituted heterocyelyl, optionally substituted heteroaryl, -
CORay U8Ry -OR 4 and -NHR,, wherein each Roy is, independently, alkyl optionally
substituted with halogen, -OH or -SH;

Ris is selected frovo the group consisting of optionally substituted alkyl,
optionally substituted alkylamine, optionally substituted cycloalkyl, optionally
substituted aryl, optionally substituted heterocyclyl and optionally substitated
heteroaryl;

Rys is selected from the group consisting of H and C ¢ alkyi;

Ry7is selected from the group consisting of H and Cy 4 alkyl;

Ryg and Riyg are independently selected from the group consisting of H,
Cysalkyl and -8H, with the proviso that Ry and R cannot both be H;

Rio, Rug, Rz and Ry are 1ndependently H and €y ¢ alkyl, at least one of

Rio and Ry is H; or Ry and Ry form a double bond, Rio is H, and
Rz is H or Cigalkyl; and

R3 15 selected from the group consisting of H and €6 alkyl;

or a stereoisomer, prodrug or pharmaccutically acceptable salt thereof.

fo a further embodiment, cach optionally substituted alkyl, optionally
substituted alkylamino, optionally substituted cycloalkyl, optionally substituted aryl,
optionally  substitited  heterocyelyl  and  optiosally  substituted  heteroaryl s,

independently, optionally substituted with =0, =8, -OH, ~ORy4, -0;CR 4, ~SH, -SRy4, -

&
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SOCR,4, -NHz, -Ns, -NHRa4, ~N{Rz4)2, -NHCOR 4, ~NR4COR 4, -, -Br, -Cl, -F, -CN,
-COH, -CORy, -CHO, -CORys, -CONH,, -CONHR,4, -CON(R.a), -COSH, -
COSR,y, -NOy, -50:H, -S0R.; or -SO,Rywherein cach Ry, is, independently, alkyl
optionally substituted with halogen, ~OH or -SH
5 In another further embodiment, cach optionally substituted aryl and
optionally substituted heteroaryl is, independently, selected from the group consisting
of optionally substituted phenyl, optionally substituted naphthyl, optionally substituted
anthracyl, optionally substituted phenanthryl, optionally substituted furyl, optionally
substituted  pyrrolyl,  optionally  substituted thiophenyl, optionaily  substituted
10 benzofuryl, optionally substituted benzothiophenyl, optionally substituted quinolinyl,
optionally substituted isoquinolinyl, optionally substituted imidazolyl, optionally
substituted thiazolyl, optionally substituted oxazolyl, and optionally substituted
pyridinyl.

In another further embodiment, Rys is selected from one of the following

[
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stractures (I, (I, (IV), (V)

20 Q ;
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(V)
wherein:
QisCRysor N
Zi8 C(Rys), NRys, S, or G;

5 cach Rys is, independently, sclected from the group counsisting of H, -
OH, ~Rys, ~ORus, ~hCRay, ~8H, -8Rz, -SOCRys, -NHy, -Ni, -NHRos, ~N{Ros)z, -
NHCOR 4, -NRyCORyy, -RysNH,, -1, -Br, -Cl, -F, -ON, -COhH, -CORy,, -CHO, -
CORy4, -CONH,, -CONHRy4, -CON(Ry4}, -COSH, -COSRy4, -NOy, -50:H, -SOR, or
-S0nRz4, wherein each Ryg 1s, independently, alkoyl optionally substituted with balogen,

10 -OHor-SH.

in another further embodiment, Rys i8 selected from the group counsisting of:

and

wherein each Ros 1s, independently, selected from the group consisting of

15 H, -OH, -Ry -ORy4, -0,CRo, -SH, -SRu4, -SOCRy4, -NH,, -Ns, -NHRy, -N(Ruhp, -
NHCOR 4, ~NR2COR, -RosNH2, -1, -Br, -Cl, -F, -CN, -CO;H, -CO:Ry4, -CHO, -
COR,4, ~CONH,, -CONHR 4, ~CON(Ra4)2, -COSH, -COSRy,, -NO,, -SO:H, -SORy4 or
-S0nR,4, wherein cach Ry i, independently, alkyl optionally substituted with halogen,

-3H or -SH.

20 In another further embodiment, Rys 18 selected from the group consisting
of:
Y Y ®
HN/\;/ HNW O~
Sy f‘\“"r o~ ) | S} 7
= : ‘S;OH ; HS > DSH ;HO
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In another further embodiment, R;s is:
P
®)
\\/
I5 [n another further embodiment, Ryg, Ry7, Ryg, and Rag are cach methyl.
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In another further embodiment, Rye is H, Ry7 is methyl, Ryg is methyl,
and Rag i1s methyl.
It is understoad that any embodiment of the compounds of structure ({a),

as set forth above, and any specific substituent set forth herein for a R4, Ris, Rig, Ry,

(7

Ris. Rig Ry and Ry group in the compounds of structure (Ia), as set forth above, may
be independently combined with other embodiments and/or substituents of compounds
of structure (1) to form embodiments of the present disclosure not specifically set forth
above. In addition, in the event that a Hist of substituents is listed for any particular Rys,
Ris, Rie, Ry, Ris, Rio, Roo, and Rag in a particular erobodivaent and/or claim, it is
10 understood that cach individual substituent may be deleted from the particular
embodiment and/or claim and that the remaining list of substituents will be considered
to be within the scope of the present disclosure.

In one embodiment, compounds having the following structure (Ib) are
provided:

G

. Rog
W i

i

f 3
SR N7

TR

{Ib)

15

wherein:
Ry is selected from the group consisting of optionally substituted alkyl,
optionally substituted alkylamino, optionally substituted cycloalkyl, optionally
20 substituted aryl, optionally substituted heterocyclyl and optionally substituted
heteroaryl;
Ry is selected from the group consisting of optionally substituted alkyl,
optionally substituted alkylamino, optionally substituted cycloalkyl, optionally

substituted aryl, optionally substituted heterocyclyl and optionally substituted

b
[

heteroaryl;
Ris is selected from the group consisting of H and Cysalkyl;
Ry is selected from the group consisting of H and T alkyl; and

Rys is selected from the group consisting of €y s alikyl and -8H,



19

[
(52

WO 2014/144871 PCT/US2014/029463

or a sterepisomer, prodrug or pharmaceutically acceptable salt thercof,

In a further embodiment, cach optionally substituted alkyl, optionally
substituted alkylamino, optionally substituted cycloalkyl, optionally substituted aryl,
optionally  substituted heterocyclyl  and  optionally  substituted  heteroaryl s,
imdependently, optionally substituted with =0, =S, -OH, -ORy, ~0,CRys, -SH, ~SRay, -
SOCR g, ~NHy, -Ns, -NHRug, ~N(Rzg)z, -NHCOR5, ~“NRsCORys, -, -Br, -, -F, -CN, -
CO,H, -CO0Ros, -CHO, -COR 5, -CONH,, -CONHR 5, -CON(R ), -COSH, ~COSR s,
NG, -SO:H, -SOR,g or -8R ,¢, wherein cach Ry is, independently, alkyl optionally
substituted with halogen, ~-OH or -SH.

In another further cmbodiment, cach optionally substituted aryl and
optionally substituted beteroaryl is, independently, selected from the group consisting
ot optionally substituted phenyl, optionally substituted naphthyl, optionally substituted
anthracyl, optionally substituted phenanthryl, optionally substituted furyl, optionally
substituted pyrrolyl, optionally substitated thiophenyl, optionally substituted
benzofuryl, optionally substituted benzothiophenyl, optionally substituted quinolinyl,
optionally substituted isoguinolinyl, optionally substituted imidazolyl, optionally
substituted thiazolyl, optionally substituted oxazolyl, and optionally substituted
pyridinyl.

in another further embodiment, Ry is selected from one of the following

stractures (M), (I, (IV), (V)

10
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Zo..
Z ; and
(1v)
~Q
21" Nianr
Q:‘y
S (V)
wherein:
J1is CRy or N;

Zi8 C{Ryo), NRys, S, or O;
cach Ry is, independently, selected from the group consisting of H, -
10 OH, -ORys, -02CRog, ~SH, -SRys, ~SOCTR5, -NHz, N3, ~NHR2z, ~N{Rzg)z, -NHCOR 4, -
NRCORyg, -1, -Br, -Ci, -F, -CN, -CO;H, -CO;Ryp, -CHO, -CORy, -CONH,, -
CONHRys, ~CON(Rug)z, ~COSH, -COSRx, -N{h, ~-80:H, -SOR¢ or -80hR0s, wherein
cach Ry is, independently, alkyl optionally substituted with halogen, -OH or -SH.

In another further embodiment, Ry7 is selected from the group consisting

15 of:
@
E’E‘//‘j N N\\Q\?\N"
o . A
\ n /"-?*-_,__'\l"d ’,E \M —-j {
o SO )
P : N - OH ; HS ; SH ; HOT ;
Hjém RN
r 7
OH ;
i =
| & 4 o
Ny e g
20 HS \ / . HS >
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In another further embodiment, Ry is :

o

In another further embodiment, R4, R;7 and R, are each methyl.
In another further embodiment, Ry, is H, R;7 is methyl, and R, is
methyl.

In another embodiment, there is provided a compound having the following structure

(D):

or a stereoisomer, prodrug or pharmaceutlcally acceptable salt thereof, wherein:

R, is selected from the group consisting of optionally substituted alkyl,
optionally substituted alkylamino, optionally substituted cycloalkyl, optionally
substituted aryl, optionally substituted heterocyclyl and optionally substituted
heteroaryl;

R, is selected from the group consisting of optionally substituted alkyl,
optionally substituted alkylamino, optionally substituted cycloalkyl, optionally
substituted aryl, optionally substituted heterocyclyl and optionally substituted
heteroaryl;

R3 is selected from the group consisting of H and C,alkyl;

R4 is selected from the group consisting of H and C,_salkyl; and

Rs is selected from the group consisting of C;.alkyl and -SH.

12




It is understood that any embodiment of the compounds of structure (Ib), as set
forth above, and any specific substituent set forth herein for a Ras, Rag, Rig. Ry7, Ry,
Rig and Ry group in the compounds of structure (lb), as set forth above, may be
independently combined with other embodiments and/or substituents of compounds of
structure (I) to form embodiments of the present disclosure not specifically set forth
above. In addition, in the event that a list of substitutents is listed for any particular
Ras, Rae, Rigs Ri7, Ris, Rig and Rao in a particular embodiment and/or claim, it is
understood that each individual substituent may be deleted from the particular
embodiment and/or claim and that the remaining list of substituents will be considered
to be within the scope of the present disclosure.

In onc embodiment, the invention provides a method of making a compound
having structure (1), (Ia) or (Ib).

In another embodiment, a pharmaceutical composition is provided comprising
a compound having structure (I), (la) or (Ib), or a stercoisomer, pharmaccutically
acceptable salt or prodrug thereof, and a pharmaccutically acceptable carrier, diluent
or excipient.

In another embodiment, a method of using a compound having structure (1),

(Ia) or (Ib), or a stereoisomer, pharmaceutically acceptable salt or prodrug thereof,

12a
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in therapy is provided. In particular, the present disclosure provides a method of
treating cancer in a mammal comprising administering to a mammal in need thercof an
cffective amount of a compound having structure (1), (1a) or (Ib), or a stercoisomer,
pharmaceutically acceptable salt or prodrug thereof, or a pharmaceutical composition
comprising a compound having structure (1), (Ia) or (Ib}, or a stercoisomer,
pharmaceutically acceptable salt or prodrug thereof, and a pharmaceutically acceptable
carrier diluent or excipient.

In another embodiment, the present disclosure provides a method of
inhibiting tumor growth in a mamoal comprising adminisiering to a mammal m need
thercotf an cffective amount of a compound having structure (1), ({a) or (Ib), or &
stereoisoruer, pharmaceutically acceptable salt or prodrug thereof, or a pharmaceutical
composition corprising a compound having structure (1), (Ia) or (Ib), or a stercoisomer,
pharmaceutically acceptable salt or prodrug thercof, and a pharmaceutically acceptable
carrier, diluent or excipient.

In another cmbodiment, the present disclosure provides a mcthod of
killing cancer cells in vitro using a compound having structure (1), ({a) or {Ib}, or a
stercotsoruer, pharmaceutically acceptable salt or prodeug thereof.  In another
cmbodiment, the present disclosure provides a method of killing cancer cells in vivo in
a mammal, corprising administering to a marmmal in need thereof an effective amount
of a compound having structure (I}, (Ia) or (Ib), or a sicrcoisomer, pharmaceutically
acceptable salt or prodrug thereof, or a pharmaceutical composition comprising a
compound having structure (1), (Ja) or (Ib), or a sterecisomer, pharmaceutically
acceptable salt or prodrug thereot, and a pharmaceutically acceptable carrier, diluent or
excipient.

lo avother embodiment, the present disclosure provides a method of
increasing the survival time of a mammal having cancer, comprising administering to
such mammal an effective amount of a compound haviug structure (1), (Ia) or (Ib), or a
stereoisorner, pharmaccutically acceptable salt or prodrag thereof, or a pharmaccutical

composition comprising a compound having structure (1), (Ia) or (b}, or a stercoisomer,

[y
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pharmaceutically acceptable salt or prodrug thercof, and a pharmaceutically acceptable
carrier, diluent or cxcipient.

In one embodiment, compositions comprising biologically active compounds
having structure or (I), (la) or (Ib), or a stereoisomer, pharmaceutically acceptable salt
or prodrug thereof, linked directly or indirectly to a targeting moiety are provided.

In one embodiment, the invention provides compositions having the following

structure:

(T)-(L)-(D)
(VD

wherein (T) is a targeting moiety, (L) is an optional linker, and (D) is a compound
having structure (I), (Ia) or (Ib), or a stereoisomer, pharmaceutically acceptable salt or
prodrug thercof. (D) is covalently attached to (L), if (L) is present, or (T), if (L) is not
present.

In a particular embodiment, (D) is a compound having the structure (Ib).

In another embodiment, the invention provides a composition having the
following structure:

(D-(L)-(D)
(1)

wherein (T) is a targeting moiety, (L) is an optional linker, and (D) is a
compound as described herein.

In one embodiment, the targeting moiety is an antibody. Accordingly, in one
embodiment, antibody-drug conjugates (ADCs) comprising compounds having
structure (), (la) or (Ib), or a stereoisomer, pharmaceutically acceptable salt or
prodrug thereof, are provided.

In another cmbodiment, there is provided a pharmaccutical composition
comprising a compound as described herein, a composition as described herein, or a
stereoisomer, pharmaceutically acceptable salt or prodrug thereof, and a

pharmacecutically acceptable carrier, diluent or excipient.




In one embodiment, the invention provides a method of making a composition
having structure (VI).

In another embodiment, a pharmaceutical composition is provided comprising
a composition having structure (VI), or a stereoisomer, pharmaceutically acceptable
salt or prodrug thereof, and a pharmaceutically acceptable carrier, diluent or excipient.

In another embodiment, a method of using a composition having structure (VI)
in therapy is provided. In particular, the present disclosure provides a method of
treating cancer in a mammal comprising administering to a mammal in need thereof an

effective amount of a composition having structure (V1) or a pharmaceutical

14a




composition comprising a composition having structure (VI) and a
pharmaceutically acceptable carrier, diluent or excipient.

In another embodiment, the present disclosure provides a method of inhibiting
tumor growth in a mammal comprising administering to a mammal in need thereof an
effective amount of a composition having structure (VI) or a pharmaceutical
composition comprising a composition having structure ('"VI) and a pharmaceutically
acceptable carrier, diluent or excipient.

In another embodiment, the present disclosure provides a method of killing
cancer cells in vitro using a composition having structure (V1). In another
embodiment, the present disclosure provides a method of killing cancer cells in vivo in
a mammal, comprising administering to a mammal in need thereof an effective amount
of a composition having structure (VI) or a phannaceutical composition comprising a
composition having structure (V1) and a pharmaceutically acceptable carrier, diluent or
excipient.

In another embodiment, the present disclosure provides a method of
increasing the survival time of a mammal having cancer, comprising administering to
a mammal in need thercof an effective amount of a composition having structure (V1)
or a pharmaccutical composition comprising a composition having structure (VI) and a
pharmaceutically acceptable carrier, diluent or excipient.

In another embodiment, there is provided use of a compound as described
herein, a composition as described herein, or a pharmaceutical composition as described
herein, in the manufacture of a medicament for inhibiting tumor growth in a mammal.

These and other aspects of the disclosure will be apparent upon refercnce

to the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows summarized cytotoxicity data (ECsg) for cach of
Componds A-E for two cell lines (HCC1954 and Jurkat).

Figure 2 shows a cytotoxicity data plot for Compound A on two cell
lines (HCC1954 and Jurkat).

Figure 3 shows a cytotoxicity data plot for Compound B on two cell

lines (HCC 1954 and Jurkat).
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Figure 4 shows a cytotoxicity data plot for Compound C on two cell
lines (HCC1954 and Jurkat).

Figure 5 shows a cytotoxicity data plot for Compound D on two cell
Hoes (HCC1954 and Jurkat).

Figure 6 shows a cytotoxicity data plot for Compound E on two cell
lines (HCC1954 and Jurkat).

Figure 7 shows a cell kill curve on HCOC 1954 cells in vitro with the
antibody-drug conjugates: T-LC-SPDP-A (Trastuzumab, LC-SPDP linker, Compound
Ay and T-SMCC-A (Trastuzuraab, SMCC linker, Compound A}, ECsy values are
shown in the figure.

Figure 8 shows a cell kill curve on HCC 1954 ceils in vitro with the
antibody~drug conjugates: T- SPDP-B (Trastuzunnab, LC-SPDP linker, Compound B)
and T-SMCC-A (Trastuzumab, SMCC linker, Compound B}, ECs values are shown in
the figure.

Figure 9 shows a cell kill curve on HCC 1954 cells m vitro with the
antibody-drug conjugate: T-LC-SPDP-C (Trastuzumab, LC-SPDP linker, Compound
). ECse value is shown in the figure,

Figure 10 shows a cell kill curve on HCC 1954 cells in vitro with the
antibody-drug conjugates: T-MCUvcPABC-85 (Trastuzumab, MCve PABC linker,
Compound 853, T-MCvePABC-77 (Trastuzumab, MCve PARBC linker, Compound 77
and T-MCvePABC-80 (Trastuzumab, MCve PABC linker, Compound 803). ECs
values are shown in the figure.

Figure 11 shows a cell kill curve on BxP(C-3 cells in vitro with the
antibody-drug conjugate C-MOvePABC-77,  (Cetuximab, MCve PABC  linker,
Compound 77), and a cell kill corve on HPAF-1I cells in vitro with the antibody-drug
conjugate C-MCvePABC-77, {Cetuximab, MCve PABC linker, Compound 77). ECsy
values are shown in the figure.

Figure 12 shows a cell kill curve on HCCI934 cells in vitro with the
antibody-drug conjugates: T-MCvePABC-77, (Trastuzumab, MCve PABC linker,
Compound 77}, T-MCvcPABC-85, (Trastuzumab, MCve PABC hinker, Compound

16
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85), T-MCvcPABC-58, (Trastuzumab, MCve PABC linker, Compound 5K}, and T-
MCvePARBC-63, (Trastuzumab, MCve PABC linker, Compound 63). ECs values are
shown in the figure.

Figure 13 shows a cell kill curve on NCI-NE7 celis n vitro with the
antibody-drug conjugates: T-MCvcPABC-77,  (Trastuzurnab, MCve PABC linker,
Corapound 77), T-MOvePABC-63, (Trastuzumab, MCve PABC linker, Compound
633, T-MCvcPABC-83, (Trastuzumab, MOCve PABC linker, Compound 85), T-
MCvcPABC-77,  (Trastuzumab, MCve PABC linker, Compound 77), and T-
MCvePABC-R0, {Trastozumab, MCve PABC finker, Compound 80). ECsp values are
shown in the figure.

Figure 14 shows the in vivo resuits of administration of Compound F,
Corapound 14, or Compound 23 on tumeour volume in fernale athywne nude mice with
established tumours.

Figure 15 shows the in vivo results of adminisiration of antibody-drug
conjugate T-MCC-DM1 (Trastuzurnab, MCC linker, maytansinoid DM} at varied
dosages as indicated, or T-MCvePABC-77 at varied dosages as indicated, on tumour
volume 1o female NOD/SCID Gamma mice with established turoours,

Figure 16 shows the in vivo results of administration of antibody-drug
conjugate T-MCvcPABC-63 at 3mg/kg, or T-MCvcPABC-77 at 3mg/kg, on tumour
volume in female NOD/SCID Garama mice with established tumours.

Figure 17 shows a cell kill curve on HCC 1954 cells in vitro with the
antibody-drug conjugates: T- SPDP-140 (Trastuzuroab, LC-SPDP linker, Corapound
140} and T-SMCC-140 (Trastuzumab, SMCC linker, Corapound 140}, Compound 140
is linked through the side chain of its N-terrainal amino acid.. ECs values are shown in
the figure.

Figure 18 shows a cell kili curve on HCC 1954 cells in vitro with the
antibody-drug conjugates: T- SPDP-142 (Trastuzumab, LC-SPDP linker, Coropound
142y and T-SMCC-142 (Trastuzumab, SMCC linker, Compound 142). Compound 142
is linked through the side chain of its N-terminal amino acid. ECs, values are shown in

the figure.

[Uoy
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Figure 19 shows a cell kill curve on HUC1954 cells in vitro with the
antibody-drug conjugates: T-MCvePABC-38, (Trastuzumab, MCve PABC linker,
Compound 58}, and T-MCvcePABC-41, (Trastuzumab, MCve PABC linker, Compound
41), and shows a cell kill curve on NCI-NR7 cells in vitro with the antibody-drug

conjugates: T-MCvePARC-38, (Trastuzumab, MCve PABC linker, Comapound 58),

(7

and T-MCvePABC-41,  (Trastorumab, MCve PABC linker, Compound 413
Corapound 41 is linked through the side chain of its N-terminal amine acid. Corpound
5% is linked through the side chain of its N-terminal aminoe acid. ECsg values are shown
in the figure ECso values are shown in the figure.
190

DETAILED DESCRIPTION

In the following description, certain specific details are set forth w order
to provide a thorough understanding of various embodiments of the disclosure.
However, one skilled in the art will understand that the disclosure may be practiced

without these details.

[
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Unless the context requires otherwise, throughout the present

33

specification and claims, the word “comprise” and vanations thereof, such as,

3 . 53 Y3 57 e g - . ; ; . o = .
comprises” and “comprising” are to be construed in an open, inclusive sense, that is as
“including, but not limited to”.

20 Reference throughout this specification to “onc cmbodiment” or “an
embodiment” means that a particular feature, structure or characteristic described in
connection with the embodiment 1s included n at least one embodiment of the present
disclosure.  Thus, the appearances of the phrases “in one embodiment” or “in an

erabodirent” in various places throughout this specification are not necessarily all

N2
¢

referring to the same embodiment. Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner in one or more embodiments.
Unless stated otherwise, the following terrus and phrases as used herein
are intended to have the following meanings. When trade names arc used herein,
applicants intend to independently include the trade name product formulation, the

generic drug, and the active pharmacentical ingredient(s) of the trade name product.

o
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“Amino” refers to the -NH, substituent.
“Cyano” refers to the -CN substituent.

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

“Tmino” refers to the =NH substituent.

“Nitro” refers to the -NO, substituent.

“Oxo” refers to the =0 substituent.

“Thiol” refers to the -SH substituent.

“Thioxo” refers to the =S substituent.

“Alkyl” refers to a straight or branched hydrocarbon chain substituent
consisting solely of carbon and hydrogen atorns, which is saturated or unsaturated (ie.,
contains one or more double and/or triple bonds), baving from one to twelve carbon
atoms {)-Cy; alkyl}, preferably one to cight carbon ators {(C-Cy allyl) or one to six
carbon atoms {C-Cs alkyl}, and which is attached to the rest of the molecule by a single
bond, e.g., wmethyl, ethyl, n-propyl, I-methylethyl {(iso-propyl), #-butyl, n-pentyl,
1, I-diracthylethyl  (#-butyl), 3-mcthylhexyl, 2-methylhexyl, cthenyl, prop-1-enyl,
but-1-enyl, pent-l-enyl, penta-14-dienyl, cthynyl, propynyl, butynyl, pentynyl,
hexyuyl, and the like. Unless stated otherwise specifically in the specification, an alkyl
group may be optionally substituted.

“Alkylene” or “alkylene chain” refers to a straight or branched divalent
hydrocarbon chain linking the rest of the molecule to g substituent group, consisting
solely of carbon and hydrogen, which is saturated or unsaturated {i.e., contains one or
more double and/or triple bonds), and having from one to twelve carbon atoms, e.g.,
methylene, cthylene, propylene, n-butylene, ethenylene, propenyiene, s-butenylene,
propyunylene, a-butynylene, and the like. The alkylene chain is attached to the rest of
the molecule through a single or double bond and to the substituent group through a
single or double bond. The points of attachment of the alkylene chain to the rest of the
molecule and to the substituent group can be through one carbon or any two carbons
within the chain. Unless stated otherwise specifically in the specification, an alkylene

chain may be optionally substituted.

i9
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“Alkoxy” refers to a substituent of the formula -OR, where R, is an
alkyl substituent as defined above containing one to twelve carbon atoms. Unless
stated otherwise specifically in the specification, an alkoxy group may be optionally

substituted.

(7

“Allylamine” refers to a substituent of the formoula -NHR, or -NRR,
where each R, is, independently, an alkyl substitnent as defined above containing one to
twelve carbon atoms.  Unless stated otherwise specifically in the specification, an
alkylamino group may be optionally substituted.

“Thioalky!” refers to a substituent of the formula -SR, where R, is an
10 allyl substituent as defined above containing one to twelve carbon atorns. Unless stated
otherwise specifically in the specification, a thicalkyl group may be optionally
substituted.

“Aryl” refers to a hydrocarbon ring systermn substituent comprising

hydrogen, 6 to 1K carboun atoms and at least one aromatic ring. For purposes of this

[
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disclosure, the aryl substituent may be a monocyclic, bicyclic, tricyclic or tetracychic
ring system, which may include fused or bridged ring systems. Aryl substituents
wchude, but are not limited to, aryl substituents derived from aceanthrylene,
acenaphthylene, acephenanthrylene, anthracene, azulene, benzene, chrysene,
fluoranthene, fluorene, as-indacene, s-indaceuve, indane, indene, naphthalene,
20 phenslene, phenanthrene, pletadene, pyrene, and triphenylene. Unless stated otherwise
specifically in the specification, the term “aryl” or the prefix “ar-" (such as in “aralkyl”)
s meaut to include aryl substituents that are optionally substituted.

“Aralkyl” refers to a substituent of the formula -Ry-R, where Ry 18 an

alkylene chain as defined above and R, is one or more aryl substituents as defined

N2
¢

above, for example, bevezyl, diphenylmethyl and the like. Unless stated otherwise
specifically in the specification, an aralkyl group may be optionally substituted.
“Cycloallyl” or “carbocyche ring” refers to a stable non-aromatic
§ s . Femin ey 3 bty ot i o Font £, .
monocyclic or polycyclic hydrocarbon substituent consisting solely of carbon and
hydrogen atoms, which may include fused or bridged ring systems, having from three to

30 fifteen carboun atoms, preferably baving from three to ten carbon atorus, and which 1s
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saturated or unsaturated and attached to the rest of the molecule by a single bond.
Monocyelic substituents include, for example, cyclopropyl, eyclobutyl, cyclopentyl,
cyclohexyl, cycicheptyl, and cyclooctyl. Polycyclic substituents include, for example,

adamantyl, porbornyl, decalinyl, 7.7-dimethyl-bicyclo[2.2. llheptanyl, and the hke.

(7

Unless otherwise stated specifically in the specification, a cycloalkyl group may be
optionally substituted.

“Cycloalkylalkyl” refers to a substituent of the formula -RyR4 where Ry
is an alkylene chain as defined above and R, is a cycloalkyl substituent as defined
above. Unless stated otherwise specifically in the specification, a cycloalkylalkyl group
10 may be optionally substituted.

“Fused” refers to any ring structure described herein which is fused to an
existing rving structure in the compounds of the disclosure. When the fused ning is a
heterocyclyl ring or a heteroaryl ring, any carbon atom on the existing ring structure

which becomes part of the fused heterocyclyl ring or the fused heteroaryl ring may be

[
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replaced with a nitrogen storn.

“Halo” or “halogen” refers to bromo, chloro, fluors or iodo.

“Haloalky!” refers to an alkyl substituent, as defined above, that is
substituted by one or more hale substituents, as defined above, eg., trifluoromethyl,
difluoromethyl, trichloromethyl, 2,2, 2-trifluorcethyl, 1,2-difluoroethyl,
20 3-bromo-2-fluoropropyl, 1,2-dibromocthyl, and the hke. Unless stated otherwise
specifically in the specification, a haloalkyl group may be optionally substituted.

“Heterocyelyl” or “heterocyclic ring” refers to a stable 3~ 1o
18-membered non-aromatic ring substituent which counsists of two to twelve carbon

atoms and from one to six hetercatoms selected from the group consisting of nitrogen,

N2
¢

oxygen and sulfur.  Unless stated otherwise specifically n the specification, the
heterocyclyt substituent may be a monocyclic, bicyclic, tricyclic or tetracyclic ring
system, which mway wnclade fused or bridged ring systeros; and the mirogen, carbon or
sulfur atoms in the heterocyelyl substituent may be optionally oxidized; the nitrogen
atom may be optionally quaternized; and the heterocyelyl substituent may be partially

30 or fully saturated. Examples of such heterocyelyl substitucnts wclude, but are not
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timaited to, dioxolanyl, thienyl{13]dithianyl, decahydroisoquinelyl, imidazolinyl,
imidazolidinyl, isothiazolidinyl, isoxazohdinyl, morpholinyl, octahydroindolyl,
octahydroisoindolyl, Z-gxopiperazinyl, 2-gxopiperidinyl, 2-oxopyrrolidinyl,

oxazolidinyl, piperidinyl, piperazinyl, 4-piperidonyi, pyrrolidinyl, pyrazohdinyl,

(921

guinuclidinyl,  thiazolidinyl,  tetrahydrofuryl,  trithianyl,  tetrahydropyranyl,
thiomorpholinyl, thiamorpholinyl, 1-oxo-thiororpholinyl, and
1 1-dioxo-thiomorpholinyl. Unless stated otherwise specifically in the specification, a
heterocyelyl group may be optionally substituted.

“N-heterocyelyl” refers to a heterocyclyl substituent as defined above
10 containing at least one nitrogen and where the point of attachment of the heterocyclyl
substituent o the rest of the molecule s through a nitrogen atom in the heterocyclyl
substituent. Unless stated otherwise specifically in the specification, a N-heterocyciyl
group may be optionally substituted.

“Heterocyclylalkyl” refers to a substituent of the formula -RyR, where

15 Ry is an alkylene chain as defined above and R. 18 @ heterocyelyl substituent as defined
above, and if the heterocyelyl is a nitrogen-containing heterocyclyl, the heterocyclyl
may be attached to the alkyl substituent at the oitrogen atoro. Unless stated otherwise
specifically in the specification, a heterocyclylalkyl group may be optionally
substituted.

20 “Heteroaryl” refers to a S- to 14-membered ring system substituent
comprising hydrogen atoms, one to thirtcen carbon atoms, one to six hetercatoms
selected from the group consisting of nitrogen, oxygen and sulfur, and at least one
aromatic ring. For purposes of this disclosure, the heteroaryl substituent may be a
monocycelic, bicyclic, tricychic or tetracyclic ring system, which may include fused or

25 bridged ring systews; and the witrogen, carbon or sulfur atoms in the beteroaryl

substituent may be optionally oxidized; the nitrogen atom may be optionally

quaternized.  Examples include, but are not bmnied to, azepimyl, acridimyl,

benzimidazolyl, cnzothiazolyl,  benzindolyl,  benzodioxolyl,  benzofuranyl,
enzooxazolyl, benzothiazolyl, benzothiadiazolyl, benzol[h}[1,4]}dioxepinyl,

30 1 4-benzodioxanyl, benzonaphthofurany!, benzoxazolyl, benzodioxelyl, benzodioxinyl,

[
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benzopyranyl, benzopyranonyl, benzofuranyl, benzofuranonyl, benzothienyl
{(benzothiophenyl), benzotriazolyl, benzol4,6]imidazo|,2-alpyridinyl, carbazolyl,
cinnolinyl, dibenzofuranyl, dibenzothiophenyl, furanyl,  furanonyl, isothiazolyl,

iroidazolyl, indazolyl, indolyl, indazolyl, isoindolyl, indolinyl, isoindolinyl, isoquinolyl,

(7

mdolizinyl, isoxazolyl, naphthyridinyl, oxadiazolyl, 2-oxoazepinyl, oxazelyl, oxiranyl,
1-oxidopyridinyi, T-oxidopyrimidinyd, i-oxidopyrazinyl, I-oxidepyridazinyl,
I-phenyl-1A-pyrrolyl, phenazinyl, phenothiazinyl, phenoxazinyl, phthalazinyl,
pteridinyt, purinyl, pyrrolyl, pyrazelyl, pyridinyl, pyrazinyl, pyrimidinyl, pyridazinyl,
quinazolinyl, quinoxalinyl, guinolinyl, quinuchdinyl, isoquinohinyl,
10 tetrahydroquinolinyl, thiazolyl, thiadiazolyl, triazolyl, tetrazolyl, triazinyl, and
thiophenyl (i.e. thienyl). Unless stated otherwise specifically in the specification, a
heteroaryl group may be optionally substituted.

“N-heteroaryl” refers to a heteroaryl substituent as defined above

containing at least one uitrogen and where the point of attachment of the heteroaryl

[
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substitucnt to the rest of the molecule 1s through & nitrogen atorn in the heteroaryl
substituent. Unless stated otherwise specifically in the specification, an N-heteroaryl
group mway be optionally substituted,

“Heteroarylalkyl” refers to a substituent of the formula -RyRy where Ry, 15
an allylene chain as defined above and Ry is a heteroaryl substituent as defined above.
20 Unless stated otherwise specifically in the specification, a heteroarylalkyl group may be
optionally substituted.

The term “substituted” used herein weans any of the above groups (ie.,
alkyl, alkviene, alkoxy, alloylamino, thioalkyl, aryl, aralkyl, cycloalkyl, cveloalkylaliyl,

halpalkyl, heterocyclyl, N-heterocyclyl, heterocyelylalkyl, hetercaryl, N-heteroary]

N2
¢

and/or heteroarylalkyly wherein at least one bydrogen atorn is replaced by a bond to a
non-hydrogen atoms such as, but not limited to: a halogen atorn such as F, Cl, Br, and [
an oxygen atom ju groups such as hydroxyl groups, alkoxy groups, and ester groups; a
sulfur atom i groups such as thiol groups, thicalkyl groups, sulfone groups, sulfonyl
groups, and sulfoxide groups; a nitrogen atom in groups such as azides, amines, amides,

30 alkylamines, dalkylamines, arylamines, alkvlarylamines, diarylamines, N-oxides,

3
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imides, and enamines; a silicon atom in groups such as trialkylsilyl groups,
dislkylarylsilyl groups, alkyldiarylsilyl groups, and triarvisilyl groups; and other
heteroatorns in various other groups. “Substituted” also means any of the above groups
i which one or more hydrogen atoros are replaced by a higher-order bound (e.g., a
double- or tripic-bond) to a heteroatom such as oxygen in oxo, carbonyl, carboxyl, and
ester groups; and nifrogen n groups such as imines, oximes, hydrazones, and nitriles.
For example, “substituted”
hydrogen atoms are replaced with -NRGR;, -NRLCEOIR,, -NROEOINRR,,
NRCEOIOR,, -NRLOENRGNRR:, -NRGSOR;, -OC(EOINRGR,, -0Rg, -8R,
-SOR,, -8R, ~OSOR,, -SO0R,, =NSO:R,, and -SO;NBgRy.  “Substituted also

wnclades any of the above groups in which one or more

wmeans any of the above groups in which one or more hydrogen atoms are replaced with
~CE=0IR,, -CEOYOR,, -CEOINR R, -CHSOR,, -CHSONRGR,. In the foregoing,
R, and Ry are the same or different and independently hydrogen, alkyl, alkoxy,
alkylamino, thioalkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, haloalkyl, heterocycivt,
N-heterocyelyl, heterocyclylalkyl, heteroaryl, N-heteroaryl and/or heteroarylalkyl.
“Substituted” further means any of the above groups in which one or more hydroger
atoms are replaced by a bond to an aruino, cyane, hydroxyl, fratno, nitro, oxo, thioxo,
halo, alkyl, alkoxy, alkylamino, thicalkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkoyl,
haloalkyl, heterocyclyl, N-heterocyelyl, heterocyelylalkyl, heteroaryi, N-heteroaryl
and/or heteroarylalkyl group. In addition, cach of the foregoing substituents may also
be optionally substituted with one or more of the above substituents.

The term “protecting group,” as used herein, refers to a labile chemical
motety which is known in the art to protect reactive groups inclhuding without limitation,
hydroxyl and amino groups, against undesired reactions during synthetic procedures.
Hydroxyl and amino groups which protected with a protecting group are referred to
herein as “protected hydroxyl groups” and “protected amino groups”, respectively.
Protecting groups are typically used selectively and/or orthogonally to protect sites
during reactions at other reactive sites and can then be removed to leave the unprotected
group as is or available for further reactions. Protecting groups as known in the art are

described generally wn Greene and Wats, Protective Groups in Orgarnuc Synthests, 3ed
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edition, John Wiley & Sons, New York (19993  Groups can be selectively
incorporated into compounds of the present disclosure as precursors. For example an
aming group can be placed into a compound of the disclosure as an azido group that can
be chemically converted to the amino group at a desired point in the synthesis.
Generally, groups are protected or present as a precursor that will be inert to reactions
that modify other areas of the parent molecule for conversion into their final groups at
an appropriate time. Further representative protecting or precursor groups are discussed
in Agrawal, et al., Protocols for Oligonucieotide Conjugates, Eds, Humana Press; New
Jersey, 1994; Vol. 26 pp. 1-72. Examples of “hydroxy] protecting groups” include, but
arc not limntted to, t-butyl, t-butoxymethyl, mcthoxymethyl, tetrahydropyranyl, I-
ethoxyethyl, 1-(2Z-chloroethoxyjethyl, 2-trimethyisilylethyl, p-chlorophenyi, 24-
dinttrophenyl,  benzyl,  2,6-dichlorobenzyl,  diphenyimethyl,  p-nitrobenzyl,
triphenylmethyl, trimethylsilyl, tricthylsilyl, t-butyldimethylsilyl, t-butyldiphenylsilyl
(TBDPS), triphenylsilyl, benzoylformate, acetate, chloroacetate, trichloroacetate, tri-
fluoroacetate, pivaloate, benzoate, p-phenylbenzoate, 9-fluorcnylmethyl carbonate,
mesylate and tosylate. Examples of “amino protecting groups” include, but are not
{imited to, carbamate-protecting groups, such as 2-tamethyisilylethoxycarbonyt (Teoc),
I-methyl-1-(4-biphenylyliethoxycarbonyl {Bpoc), t-butoxycarbonyt {BOC),
allyloxycarbonyl  {Alloe), S-fluorenylmethyloxycarbonyt  (Frmoc), and  benzyl-
oxycarbonyl (Chz); amide protecting groups, such as formyl, acetyl, trihaloacetyl,
benzoyl, and nitrophenylacetyl;  sulfonamide-protecting  groups, such as  2-
oitrobenzenesulfonyl; and imine and cyclic imide protecting groups, sach as
phthalimido and dithiasuccinoyl.

“Prodrug” is meant to indicate a compound that may be converted under
physiological counditions or by solvolysis to a biologically active compound of the
disclosure. Thus, the term “prodrug” refers to a metabolic precursor of a compound of
the disclosure that is pharroaceatically acceptable. A prodrug may be nactive when
administered to a subject in need thercof, but is converted in vivo to an active
compound of the disclosure. In one embodiment, a prodrug is rapidly transformed in

vive to yield the parent compound of the disclosure, for example, by hydrolysis in

B
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blood. In one embodiment, a prodrug may be stable in plasma or blood. in one

embodiment, a prodrug may be targeted form of a compound of the invention. The
prodrug compound often offers advantages of solubility, tissuc compatibility or delayed
release n a mammalian organism {(see, Bundgard, H., Design of Prodrugs {(1985), pp.
7-9, 21-24 {Elsevier, Arasterdam)). A discussion of prodrugs 15 provided in Higuchi,
T., et al, AC.S. Symposium Series, Vol. 14, and in Bioreversibie Carriers in Drug
Design, Ed. Edward B. Roche, American Pharmaceutical Association and Pergamon
Press, 1987.

The term "prodrug” 18 meant to include any covalently bonded carriers,
which release the active compound of the disclosure in vivo when such prodrug is
administered to a8 mammalian subject. Conjugates, including ADCs, as disclosed
herein, are such prodrugs of corupositions having structure (1), (Ta) or (Ib). Prodrugs of
a compound of the disclosure may be prepared by modifying functional groups present
in the compound of the disclosure in such a way that the modifications are cleaved,
either in routine manipulation or in vive, to the parent compound of the disclosure.
Prodrugs include compounds of the disclosure wherein a hydroxy, amino or mercapto
group is bonded to any group that, wheun the prodrog of the compound of the disclosure
is administered to a mamumalian subject, cleaves to form a free hydroxy, free amino or
free mercapto group, respectively. Examples of prodrugs include, but are not limited
to, acetate, formate and benzoate dertvatives of aleohol or amide derivatives of amine
functional groups in the compounds of the disclosure and the like.

The present disclosure also rseant to cucompass all pharmaceutically
acceptable compounds of stracture (1), (1a) or {Ib) being isotopically-labelled by having
one or more atoms replaced by an atom having a different atomic mass or mass number.
Exaraples of isotopes that can be imcorporated info the disclosed compounds include
isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine, chlorine, and

. . 2 K ~ 13~ 1d,~ 13y~ 13 15 17 i3 21 22 23 i8 20y 1235
fodine, such as “H, 'H, 1'C, VP, Mo, B, PN, P, o, Bo, Y, e, B, B ey, P

125

and "1, respectively,  These radiolabelled compounds could be useful to help

ctermine or measure the coffectiveness of the compounds, by characterizing, for

example, the site or mode of action, or binding affinity to pharmacologically important

26
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site of action. Certain isotopically-labelled compounds of structure (1), (Ia} or {Ib}, for
example, those incorporating a radioactive isotope, are uscful in drug and/or substirate
tissue distribution studics. The radioactive isotopes trittum, Z.e. “H, and carbon-14, ie

C, are particularly useful for this purpose in view of their ease of incorporation and

(7

ready means of detection.

Substitution with heavier isotopes such as deuterium, 7.e. “H, may afford
certain therapeutic advantages resulting from greater metabolic stability, for example,
increased in vive half-life or reduced dosage requirements, and hence may be preferred
in some circumstances,

10 Substitution with poesitron emitting isotopes, such as 'C, '°F, O and
YN, can be useful in Positron Emission Topography (PET) studies for examining
substrate receptor occupancy. Isotopically-labeled corpounds of stracture (1), (a) or
(Ib) can generally be prepared by conventional techniques known to those skilled in the

art or by processes analogous to those described in the Preparations and Examples as set

[
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out below using an appropriate isotopically-labeled reagent 1n place of the non-labeled
reagent previously employed.

The present disclosure is also rmoeant to cocompass the in vive wetabolic
products of the disclosed compounds. Such products may result from, for example, the
oxidation, reduction, hydrolysis, amidation, esterification, and the like of the
20 admimstered corapound, primarily due to enzymatic processes.  Accordingly, the
present disclosure includes compounds produced by a process comprising administering
a compound of this disclosure to a mammal for a period of time sufficient to yield a
metabolic product thercof. Such products are typically identified by administering a

radiolabelled compound of the disclosure in a detectable dose to an animal, such as rat,

N2
¢

mouse, guinea pig, monkey, or to human, allowing sufficient time for metabolisro to
gceur, and isolating its conversion products from the urine, blood or other biological
saraples.

“Stable compound” and “stable structure” arc meant to indicate a
compound that is sufficiently robust to survive isolation to a useful degree of purity

3¢ from areaction vaixture, and formulation into an efficacious therapeutic agent.

3]
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The term "antibody” herein is used in the broadest sense and
spectfically covers intact monoclonal antibodies, polyclonal antibodies, multispecific
antibodies {¢.g., bispecific antibodics) formed from at least two intact antibodies, and
antibody fragments, so long as they exhubit the desived biological activity. The term
"antibody” refers to a full-length frormnunoglobulin molecule or a functionally active
portion of a full-length immunoglobulin molecule, ie., a molecule that contains an
antigen binding site that immunospecifically binds an antigen of a target of interest or
part thereof. The imnwnoglobulin disclosed herein can be of any type {c.g., 12G, IgE,
IgM, IgD, and IgA), class (e.g., 1gG1, 1gQG2, 1gG3, 1gG4, IgAl and IgA2) or subclass of
fromunoglobulin molecule. The iramunoglobulins can be derived from any species. In
one aspect the immunoglobulin is of bursan, murine, or rabbit origin. In another aspect,
the antibodies are polyclonal, monoclonal, multi-specific {(e.g., bispecific), human,
humanized or chimeric antibodies, linear antibodies, single chain antibodies, diabodies,
maxibodies, minibodies, Fv, Fab fragments, F{ab'} fragmeunts, F(ab'), fragments,
fragments produced by a Fab expression library, anti-idiotypic {anti-1d} antibodies,
CDR's, and epitope-binding fragments of any of the above which immunospecifically
bind o a target avtigen.

The term "monoclonal antibody" as used herein refers to an antibody
obtained from a population of substantially homogeneous antibodies, i.e., the individual
antibodics comprising the population arc identical except for possible naturally-
gccurring mutations that may be present in minor amounts. Monoclonal antibodics
wechade "chirseric” antibodies 1o which a portion of the heavy and/or light chain is
wdentical with or homologous to corresponding sequences in antibodics derived from a
particular species or belonging to a particular antibody class or subclass, while the
remainder of the chain{s) is identical with or homologous to corresponding sequences in
antibodics derived from ancther specics or belonging to another antibody class or
subclass, as well as fragments of such antibodies {see, e.g., U.S. Pat. No. 4,816,567; and
Morrison et al, 1984, Proc. MNatl Acad. Sci. USA R1:6851-6855). Monoclonal
antibodies also include humanized antibodies may contain a completely human constant

region and a CDRs from a noshuman source,
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An "intact" antibody is one which comprises an antigen-binding

variable region as well as a light chain constant domain (CL) and heavy chain constant

domains, Cpi, Cip and Cys. The constant domains may be native sequence constant

domains {(¢.g., buroan native sequence counstant domains) or amivo acid sequence
variant thereof,

"Antibody fragments" comprise a portion of an intact antibody,
preferably comprising the antigen-binding or variable region thercof. Examples of
antibody fragments include Fab, Fab', F(ab",, and Fv fragments; diabodies; linecar
antibodies; single~-chain antibody melecules; maxibodies; minibodies; and multispecific
antibodics formed from antibody fragment(s).

Au "isolated” antibody is one which has been ideutified and separated
and/or recovered from a compouvent of s vatural environment.  Contamivant
components of its natural environment are materials which would interfere with
diagnostic or therapeutic uses for the antibody, and may include enzymes, hormones,
and other proteinacecus or nonproteinaceous solutes.  In some cmbodiments, the
antibody will be purified (1) to greater than 95% by weight of antibody as determined
by the Lowry method, and ruost preferably more than 99% by weight, (2) to a degree
sufficient to obtain at least 15 residues of N-terminal or internal amino acid sequence by
use of a spinning cup sequenator, or {3} to homogeneity by SDS-PAGE under reducing
or nonreducing conditions using Coornassie blue or, preferably, silver stain.  Isolated
antibody inclhudes the antibody in situ within recombinant cells since at least one
component of the antibody's natural envivonment will vot be present.  Ordinarily,
however, isolated antibody will be prepared by at least one purification step.

An antibody "which binds" an antigen of interest is one capable of
binding that antigen with sufficient affinity such that the antibody is useful in targeting
a cell expressing the antigen.

A "native sequence” polypeptide s one which has the same amivo acid
sequence as a polypeptide derived from nature. Such native scquence polypeptides can
be isolated from nature or can be produced by recombinant or synthetic means. Thus, a

native sequence polypeptide can have the amine acid sequence of naturally-occurring
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human polypeptide, murine polypeptide, or polypeptide from any other mammalian
SPECIes.
The term "intracellnlar metabolite” refers to a compound resulting from

a wetabolic process or reaction iuside a cell on a composition of the invention (e.g., an

(7

anttbody drug conjugate (ADC)). The metabolic process or reaction may be an
enzymatic process such as proteolytic cleavage of a peptide linker of the subject
composition, or hydrolysis of a functional group such as a hydrazove, ester, or arnide
within the subject composition. In the context of conjugates, including ADCs,
intracetiular metabolites 1nclude, but are not limited to, antibodies and free drug which
10 have been separated intraccliularly, i.e., after entry, diffusion, uptake or transport into a
cell {e.g., by enzymatic cleavage of an ADC by an intracellular enzyme).

In the context of conjugates, including ADCs, the terms "intracelhularty
cleaved" and "intracellular cleavage” refer to metabolic processes or reactions inside a

cell on a composition of the invention whereby the covalent attachment, e.g., the linker

[
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(L}, between the drug moeicty (D) and the targeting moiety (1) {¢c.g., an antibody} 18
broken, resuiting in the free drug dissociated from (T) inside the celll In one
embodument, the cleaved moieties of the subject compositions are thus intracelular
metabolites {e.g., T, T-L fragment, D-L fragment, [3).  Accordingly, in one
erabodiment, the imvention provides compositions that are cleavage products of a
20 composition having structure (VI), which cleavage products include compositions
comprising structure (1), (Ia) or (Ib), or stereoisomers thereof. Similarly, the linker (L},
between microtubule dustupting peptide toxin {PT) and the targeting moiety {T) {e.g.,
an antibody) may be broken intracellularly, resulting in the PT dissociated from (T)

inside the cell. The cleaved moieties of the subject compositions are thus intracelivlar

N2
¢

metabolites {(e.g., T, T-L fragmeunt, PT-L fragment, PT).  Accordingly, in one
embeodiment, the invention provides compositions that are cleavage products of a
composition having structure {VI}, which cleavage products include compositions
structure (1}, (Ia) or (Ib), or stereoisomers thereof,

The term "extraceilunlar cleavage” refers a metabolic process or reaction

30 outside a cell on a composition of the invention whereby the covalent attachment, ¢.g.,

30
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the Hinker (L3, between the drug moiety (I3} and the targeting moiety (1) {¢.g., an
antibody) is broken, resulting in the free drug dissocisted from (T) outside the cell. In
one embodiment, the cleaved moicties of the subject compositions are thus initially
extraceliular metabolites (e.g., T, T-L fragroent, D-L fragment, D), which may move
mtracellularly by diffusion and cell permability or transport.  Accordingly, in one
embodiment, the mvention provides compositions that are cleavage products of a
composition having structure (VD, which cleavage products include compositions
comprising structure (1), {la) or (Ib), or stercoisomers thereof. Similarly, the linker (L),
between microtubule dusrapting peptide toxin (PT) and the targeting mowety (T} {e.g.,
an antibody) may be broken extraccllularly, resulting in the PT dissociated from (T)
outside the cell. The cleaved mwoisties of the subject corapositions are thus initially
extracellular raetabolites {e.g., T, T-L fragment, PT-L fragment, PT). Accordingly, in
onc embodiment, the invention provides compositions that are cleavage products of a
composition having structure (VI), which cleavage products include compositions
comprising structure (1}, (Ia} or (Ib), or stereoisomers thereof,
“Mammal” includes humans and both domestic animals such as
laboratory animoals and household pets (e.g., cats, dogs, swine, cattle, sheep, goats,

horses, rabbits), and non-domestic animals such as wildlife and the like.

“Optional” or “optionally” means that the subsequently described event
of circumstances may or may not occur, and that the description includes instances
where said event or circumstance occurs and instances in which it does not.  For
example, “optionally substituted ary]” weans that the aryl substituent may or may not
be substituted and that the description includes both substituted aryl substituents and
ary} substituents having no substitution.

“Pharmaceutically acceptable carvier, diluent or excipient” includes
without limitation any adjuvant, carrier, excipient, glidant, sweetening agent, diluent,
preservative, dye/colorant, flavor enhancer, surfactant, wetting agent, dispersing agent,
suspending agent, stabilizer, isotonic agent, solvent, or cmulsifier which has been

approved by the United States Food and Drug Administration (or other similar



19

[
(52

N2
¢

WO 2014/144871 PCT/US2014/029463

regulatory agency of another jurisdiction) as being acceptable for use in humans or
dornestic animals.

“Pharmaccutically acceptable salt” includes both acid and base addition
salts,

“Pharroaceutically acceptable acid addition salt” refers to those salts
which retain the biological effectiveness and properties of the free bases, which are not
biologically or otherwise undesirable, and which are formed with inorgamce acids such
as, but are not Hmited to, hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid and the like, and organic acids such as, but not livatted to, acetic acid,
2,2-dichloroacetic acid, adipic acid, alginic acid, ascorbic acid, aspartic acid,
benzenesulfonic acid, benzoic acid, 4-acctamidobenzoic acid, camphoric acid,
camphor-1{-sulfonic acid, capric acid, caproic acd, caprylic acid, carbonic acid,
cinpamic acid, citric acid, cyclamic acid, dodecylsulfuric acid, ethane-1,2-disulfonic
acid, cthanesulfonic acid, 2-hydroxyethanesulfonic acid, formic acid, fumaric acid,
galactaric acid, gentisic acid, glucoheptonic acid, gluconic acid, glucuronic acid,
glutamic acid, glutaric acid, 2-oxe-ghutaric acid, glycerophosphoric acid, glycolic acid,
hippuric acid, isobutyric acid, lactic acid, lactobionic acid, lauric acid, maleic acid,
malic acid, malonic acid, mandelic acid, methanesulfonic acid, mucic acid,
naphthalene-1,5-disulfonic acid, naphthalene-2Z-sulfonic acid, I-hydroxy-2-naphthoic
acid, nicotinic acid, oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid,
propionic acid, pyroglutamic acid, pyruvic acid, salicylic acid, 4-aminosalicylic acid,
sebacic acid, stearic acid, succinic acid, tartaric acid, thiocyanic acid, p-toluenesulfonic
acid, trifluorcacctic acid, undecylenic acid, and the like.

“Pharroaceutically acceptable base addition salt” refers to those salts
which retain the biological effectiveness and propertics of the free acids, which are not
biologically or otherwise undesirable. These salts are prepared from addition of an
wmorganic base or an organic base to the free acid. Salts derived from imorganic bases
include, but are not limited to, the sodium, potassiom, lithium, ammonium, calcium,
magnesium, iron, zinc, copper, manganese, aluminum salts and the like. Preferred

morganic salts are the ammmounium, sodium, potassiurg, calciom, and magnesium salts.

7%
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Salts derived from organic bases include, but are not limited to, salts of primary,

secondary, and tertiary amines, substituted amines including naturslly occurring

substituted amines, ¢yclic amines and basic ion exchange resins, such as ammonia,

isopropylamine,  trimethylamine, dicthylamine, tricthylamine, tripropylarmne,

5 dicthanolamine, cthanolamine, deanol, 2-dimethylaminocthanol,

2-dicthylaminoethanol, dicyclohexylamine, lysine, arginine, histidine, caffeine,

procaine, hydrabamine, choline, betaine, benethamine, benzathine, cthylenediamine,

glucosamine, methylglucamine, theobromine, triethanolamine, tromethamine, purings,

piperazine, piperidive, N-cthylpiperidine, polyaroine resins and the like. Particularly

10 preferred  organic  bases  are  isopropylamine, diethylamine, cthanolamine,
trimethylamine, dicyelohexylamine, choline and caffeine.

Often crystallizations produce a solvaie of the compound of the

disclosure. Asused herein, the term “solvate” refers to an aggregate that comprises one

or more molecules of a compound of the disclosure with one or more molecules of

[
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solvent. The solvent may be water, in which case the solvate may be a hydrate.
Alternatively, the solvent may be an organic solvent. Thus, the compounds of the
present disclosure may exist as a hydrate, including a wovohydrate, dihydrate,
hemihydrate, sesquihydrate, trihydrate, tetrahydrate and the bike, as well as the
corresponding solvated forms. The compound of the disclosure may be true solvates,
20 while in other cases, the compound of the disclosure may merely retain adventitions
water or be a mixture of water plus some adventitious solvent.

A “pharmaceutical composition” refers to a formulation of a compound
of the disclosure and a mediurn generally accepted in the art for the delivery of the

biologically active compound to mammals, e.g., humans. Such a medium includes all

N2
¢

pharmaceutically acceptable carriers, diluents or excipicuts therefor.

Non-limiting examples of disorders to be treated herein include benign
and malignant tumors; leukerma aod lymphoid malignancies, 1o particular breast,
ovarian, stomach, endometnial, salivary gland, lung, kidney, colon, thyroid, pancreatic,
prostate or bladder cancer; neurenal, glial, astrocytal, hypothalamic and other glandular,

30 macrophagal, epithelial, stromal and blastococtic disorders, autowmmune disease,

%)
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inflarmamatory discase, fibrosis, and infectious disecase. Given the characteristics, and

particularly the potency of the subject compositions, it will be apparent to the artisan
of reasonable skill that the compounds of the invention may be indicated for use to treat
any disease where exertion of a cytotoxic or cytotoxic effect on a target cell is desirable.

In onec embodiment, compositions of the invention are used to treat
autoimmune disease. Antibodies imrounospecific for an antigen of a cell that is
responsible  for producing  autoimmune antibodies can be obtained from any
organization {¢.g., a university scientist or a company such as Genentech) or produced
by any method known to one of skill w the art such as, e.g., chemical synthesis or
recornbinant expression technigues. In another embodiment, useful Ligand antibodics
that are tmymnunospecific for the treatment of autoimimune diseases include, but are not
limited to, Anti-Nuclear Antibody; Aunti ds DNA; Anti ss DNA, Anti Cardiolipin
Antibody IgM, IgG; Anti Phospholipid Antibody IgM, IgG; Anti SM Antibody; Anti
Mitochondrial Antibody;

Thyroid Antibody; Microsomal Antibody; Thyroglobulin Antibody; Anti
SCL-70; Anti-Jo; Anti-UIRNP; Anti-La/S8B; Anti SSA; Anti SSB; Anti Perital Cells
Antibody; Antt Histones; Anti RNP; C-ANCA; P-ANCA; Anft centromere; Aunti-
Fibrillarin, and Anti GBM Antibody. In certain preferred embodiments, antibodies
useful in the present methods, can bind to both a receptor or a receptor complex
expressed on an activated lymphocyte.
The receptor or receptor complex can comprise an immunoglobulin gene
superfamily member, a TNF receptor superfamily member, an iotegrin, a cytokine
receptor, a chemokine receptor, a major histocompatibility protein, a locting or a
complement control protein. Nown-limiting examples of suitable immumoglobulin
superfamily members are CD2Z, CD3, CD4, CD§, CD19, CD22, CD28, D79, T,
CDIS2/CTLA-4, PD-1, and ICOS,

MNou-limiting exaraples of suitable TNF receptor superfamily members
are CD27, CD40, CD95/Fas, CDI34/0X40, CD137/4-1BB, TNF-RL, TNFR-2, RANK,
TACE BCMA, osteoprotegerin, Apo2/TRAIL-RL, TRAIL-R2, TRAIL-R3, TRAIL-R4,

and AP(-3. Non-limiting examples of suitable integrins are CD1 la, CDlib, CD1lg,
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CBRIK, CD29, CD41, CD4%9a, CD4%h, CD4%¢, CD49d, CD49e, CD491, D103, and
CD104. Non-limiting examples of suitable lecting are C-type, S-type, and I-type lectin.
In one embodiment, the Ligand is an antibody that binds to an activated

Iyraphocyte that is associated with an autoimmaune disease.

Immunological discases that are characterized by  inappropriate
activation of immune cells and that can be tfreated or prevented by the methods
described herein can be classified, for example, by the type(s) of hypersensitivity
reaction{s} that underlic the disorder. These reactions are typically classified into four
types: aunaphylactic reachions, cyiotoxic (cytolytic) reactions, jwmmune complex
reactions, or cell-mediated imumunity (CMI) reactions (also referred to as delayed-type
hypersensitivity {(IXTH) reactions). (See, ¢.g., Fundamental Immunology (William E.
Paul ed., Raven Press, NUY ., 3rd ed. 1993).)

Specific examples of such imnmnological discases include the
following: rheumatoid arthritis, autoimmune dernyelinative diseases {e.g., multiple
sclerosis, allergic  encephalomyelitis), endocrine  ophthalmopathy, uveoretinitis,
systemic lupus erythematosus, myasthenia gravis, Grave's disease, glomerulonephritis,
autoimmune hepatological disorder, inflavamatory bowel disease {¢.g., Crohn's discase),
anaphylaxis, allergic reaction, Sjogren's syndrome, type I diabetes mellitus, primary
biliary  cirrhosis,  Wegener's  granulomatosis,  fibromyalgia,  polymyositis,
dermatomyositis, nultiple endocrine fatlure, Schmidt's syndrome, autoiromunce uveitis,
Addison's discase, adrenalitis, thyroiditis, Hashimoto's thyroiditis, autoimmune thyroid
discase, pernicious anemia, gasiric atrophy, chronic hepatitis, lupoid hepatitis,
atherosclerosis,  subacute  cutancous  lupus  erythematosus, hypoparathyroidism,
Dressier’s syndrome, autoimmune thrombocytopenia, idiopathic thrombocytopenic
purpura, hemolytic anemia, perophigus vulgaris, perophigus, dermatitis herpetiformis,
alopecia arcata, pemphigoid, scleroderma, progressive systemic sclerosis, CREST
syndrome {calcinosts, Raynaud's phevoroenon, esophageal dysmotihity, sclerodactyl),
and telangiectasia), roale and female autoimmune infertility, ankylosing spondolytis,
ulcerative colitis, mixed connective tissue discase, polyarteritis nedosa, systomic

itopic rhintiis, Goodpasture's syndrome,

o

necrotizing  vasculifis, atopic dermatiiis,

%)
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(Chagas' disease, sarcoidosis, rheumatic fever, asthma, recurrent abortion, anti-
phospholipid syndrome, farmer's lung, crythema multiforme, post cardiotomy
syndrome, Cushing's syndrome, autoimmune chronic active hepatitis, bird-fanciet's
lung, toxic epidermal pecrolysis, Alport's syndrome, alveolitis, allergic alveoliis,
fibrosing  alveolitis, interstitial  lung  discase, erythema nodosum, pyoderma
gangresosum, transfusion reaction, Takayasu's arteritis, polymyalgia rheumatica,
temporal arteritis, schistosomiasis, giant cell arteritis, ascariasis, aspergillosis, Sampter's
syndrome, eczema, lymphomatoid granulomatosis, Behcet's discase, Caplan's
syodrome,  Kawasaki's  disease, dengue, encephalomyelitis,  ecundocarditis,
endomyocardial fibrosis, endophthalmitis, ervthera elevatum et diutinum, psoriasis,
ervthroblastosis fetalis, eosinophilic faciitis, Shulman's syndrome, Felty's syndrome,
filariasis, cyclifis, chromc cychitis, heterochronic cychtis, Fuch's cyclitis, IgA
nephropathy, Henoch-Schonlein purpura, graft versus host discase, transplantation
rejection, cardiomyopathy, Eaton-Lambert syndrome, relapsing  pelychondritis,
cryoglobulinernia, Waldeustrom's macroglobulemis, Evan's syndrome, and autoimmmune
gonadal failure Accordingly, the methods described herein encompass treatment of
disorders of B lymphocytes (e.g., systemic lupus crythematosus, Goodpasture's
syndrome, theumatoid arthritis, and type 1 diabetes), Thi-lymphocytes {(c.g.,
rheumatoid arthritis, rmaultiple sclerosis, psoriasis, Sjorgren's syndrome, Hashimoto's
thyroiditis, Grave's discase, primary biliary cirrhosis, Wegener's granulomatosis,
tuberculosis, or acute graft versus host diseasc), or Thl-lymphocytes (c.g., atopic
dermatitis, systemic lupus erythematosus, atopic asthma, rhinoconjunctivitis, allergic
rhinitis, Orenn's syndrome, systernic scicrosis, or chronic graft versus host disease).
Generally, disorders involving dendritic cells involve disorders of Thi-lymphocytes or
Th2-lymphocytes.

In certain embodiments, the immunological disorder is T cell-mediated,
which may mclude activated T cells, ADC's or ADC derivatives can be admirustered fo
deplete such activated T cells.

In one embodiment, compositions of the invention may be used to treat

fibrosis. Fibrosis can occur 1o many tissues within the body, typicaily as a result of
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inflammation or damage, examples include but are not limited to; Lungs, Pulmonary

fibrosis, Idiopathic pulmonary fibrosis, Cystic fibrosis; Liver, Chrhosis; Heart,
Endomyocardial fibrosis, Od myocardial infarction, Airial Fibrosis; Others,
Mediastinal fibrosis (soft tissue of the mediastinum), Myelofibrosis (bone rarrow),
Retroperitoncal fibrosis (seft tissue of the retroperitoncum), Progressive massive
fibrosis (lungs); a complication of coal workers' pneumoconiosis, Nephrogenic systemic
fibrosis  (skin), Crohn's Disease (intesting), Keloid {(skin}, Scleroderma/systemic
sclerosis {skin, lungs), Arthrofibrosis (knee, shoulder, other joints), Peyronic's discase
{penis), Pupuytren's contracture (hands,fingers) and soroe forms of adhesive capsulifis
{shoulder).

With respect to infectious disease, compositions of the invention may be
used directly on certain mfections agenis ot pathogens, or may be used o exert a
cytostatic or cytotoxic effect on a host cell that harbours or otherwise provides for the
infectious agent or pathogen.

“Effective amount” or “therapeutically effective amount” refers to that
amount of a compound of the disclosure which, when administered to a mammal,
preferably a human, is sufficient to effect treatment, as defined below, of the particular
indication (e.g., cancer or tumour cells in the mammal, preferably a human). The
amount of a compound of the disclosure which constitutes a “therapeutically effective
aroount” will vary depending on the compound, the condition and its severity, the
manner of admimstration, and the age of the mammal to be treated, but can be
determined routinely by one of ordinary skill in the art having regard to his own
knowledge and to this disclosure.

“Treating” or “treatment” as used herein covers the treatment of the
disease or condition of interest in a mamroal, preferably a human, having the disease or
condition of interest, and includes:

(1) preventing the disease or condition from occurring in a mammal,
in particular, when such manunal is predisposed to the condition but has not yet been
diagnosed as having it;

{11} inhibiting the disease or condition, L.¢., arresting its development;

7%
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(it  relieving the disease or condition, i.e., causing regression of the
discase or condition; or
(iv}  relieving the symptoms resulting from the disease or condition,
i.e., relieving pain without addressing the underlying disease or condition.

5 A therapeutically cffective amount of compound in respect of cancer
treatment may reduce the mumber of cancer cells; reduce the tumor size; inhibit (ie.,
slow to some extent and preferably stop) cancer cell infiltration into peripheral organs;
inhibit {i.c., slow to some cxtent and preferably stop) tumor metastasis; inhibit, to some
extent, tumor growth; increase survival time; and/or relieve to some exient one or more

10 of the symptoms associated with the cancer. To the extent the drug may prevent growth
and/or kill existing cancer cells, it may be cytostatic and/or cytotoxic. Compounds of
the present invention are preferably cytotoxic. For cancer therapy, efficacy can, for
cxample, be measured by assessing the time to discase progression {TTP) and/or

determining the response rate {RR).

[
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An "cffective amount” in respect of a particular result to be achicved 18
an amount sufficient to achieve the desired result. For exaple, an “effective amount” of
drug when referred to in respect of the killing of cancer cells, refers to an amount of
drug sufficient to produce the killing effect.

Solid tumors conteruplated for treatment using the presently disclosed
20 compounds include but are not himited to: sarcoma, fibrosarcoma, myxosarcoma,
liposarcoma, chondrosarcoma, osteogenic sarcoma, chordoma, angiosarcoma,
endotheliosarcoma, lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma,
mesothelioma, Ewing's tumor, lciomyosarcoma, rhabdomyosarcorna, colon cancer,

colorectal cancer, kidney cancer, pancreatic cancer, bone cancer, breast cancer, ovarian

N2
¢

cancer, prostate cancer, esophogeal cancer, stomach cancer {(e.g., gastrointestinal
cancer}, oral cancer, nasal cancer, throat cancer, squamous cell carcinoma {e.g., of the
tung), basal cell carcinoma, adenocarcinoma {e.g., of the lang), sweat gland carcinoma,
secbaceous gland  carcinoma, papillary carcinoma, papillary  adenocarcinornas,
cystadenocarcinoma, medullary carcinoma, bronchogenic carcinoma, renal cell

30 carcinoma, hepatoma bile duct carcinoma, choriocarcinoma, seminoma, embryonal
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carcinoma, Wilms' tumor, cervical cauncer, uterine cancer, testicular cancer, small cell
lung carcinoma, bladder carcinoma, lung cancer, non-smuall cell lung cancer, epithelial
carcinoma, glioma, glioblastoma, multiforme  astrocytoma, medulioblastoma,
craniopharyngioma, ependymoma, pinecaloma, hemangioblastoroa, acoustic neurowma,
oligodendroglioma, meningioma, skin  cancer, melanoma, ncuroblastorna, and
retinoblastoma.  Blood-borne cancers contemplated for treatment using the preseuntly
disclosed coropounds include but are not limited to: acute lyrophoblastic leukemia
"ALL", acute lymphoblastic B-cell leukemia, acute lymphoblastic T-cell lecukemia,
acute woyeloblastic leukerma "AML", acute promyelocyiic leukemna "APLT, acuie
monoblastic  leukemia, acute erythroleukernic leukemia, acute megakaryoblastic
feukemia, acute myelomonocytic leukemia, acute nonlymphocyctic leukemia, acute
undifferentiated leukemia, chronie myelocytic leukemia "CMLY, chronic lymphocytic
leukemia "CLL", hairy cell leukemia, and multiple myeloma. Acute and chronic
leukemias contemplated for treatment using the presently disclosed corapounds include
but arc not Hmited to: lymphoblastic, myclogenous, lymphocytic, and myelocytic
leukemias. Lymphomas contemplated for treatment using the presently disclosed
compounds include but are not limited to: Hodgkin's disease, noun-Hodgkin's
lymphoma, multiple myeloma, Waldenstrom's macroglobulinemia, heavy chain disease,
and polycythemia vera. Other cancers contemplated for treatrment using the presently
disclosed compounds include but are not hmited to: peritoneal cancer, hepatoceilular
cancer, hepatoma, salivary cancer, vulval cancer, thyroid, penile cancer, anal cancer,
head and veck cancer, renal cell carcinoma, acute avaplastic large cell carcinoma, and
cutaneous anaplastic large cell carcinoma.

Cancers, including, but not hmited to, a tumor, metastasis, or other
disease or disorder characterized by uncoutrolled or undesived cell growth, can be
treated or prevented by administration of the presently disclosed compounds.

In other embodivaents, methods for treating or preventing cancer are
provided, including administering to a patient i need thereof an cffective amount of a
compound disclosed herein in combination with an additional method of treatment. In

one embodiment, the additional wmethod of treatment includes ireatment with a
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chemotherapeutic agent. In one embodiment the chemotherapeutic agent is that with
which treatment of the cancer has not been found to be refractory. In another
cmbodiment, the chemotherapeutic agent is that with which the treatment of cancer has

been found to be refractory. The compound of the invention may be administered

(7

before, after, or at the same timae as the chemotherapeutic agent.

In one embodiment, the additional method of treatment is radiation
therapy. The compound of the invention may be admumstered before, afier, or at the
same time as the radiation.

Corapounds of the mvention roay also be admunistered to a paticnt that
10 has undergone or will undergo surgery as treatment for the cancer.

In a specific embodiment, the compound of the invention is administered
concurrently with the chemotherapeutic agent or with radiation therapy. o another
spectfic embodiment, the chemotherapeutic agent or radiation therapy is administered

prior or subsequent to administration of compound of the invention, in one aspect at

[
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least an hour, five hours, 12 hours, a day, a week, s month, in further aspects several
months {e.g., up to three months), prior or subsequent to administration of a compound
of the wnvention.

A chemotherapeutic agent can be administered over a series of sessions.
Any one or a combination of the chemotherapeutic agents listed herein or otherwise
20 known in the art can be administered. With respect to radiation, any radiation therapy
protocol can be used depending upon the type of cancer to be treated. For exanple, but
not by way of liwttation, x-ray radiation can be administered; in particular, high-energy
megavoltage (radiation of grester that | MeV encrgy) can be used for deep tumors, and

electron beam and orthovoltage x-ray radiation can be used for skin cancers. Gamma-

N2
¢

ray cmitting radioisotopes, such as radioactive isotopes of radium, cobalt and other
elements, can also be administered.

Additionally, voethods of treatment of cancer with a corapound of the
invention are provided as an alternative to chemotherapy or radiation therapy where the
chemotherapy or the radiation therapy has proven or can prove too toxic, €.g., results in

30 unacceptable or unbearable side effects, for the subject being treated. Addutionally,
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methods of treatment of cancer with a compound of the invention are provided as an
alternative to surgery where the surgery has proven or can prove unacceptable or
unbearable for the subject being treated.

The compound of the invention can also be used in an in vitro or ex vivo
fashion, such as for the treatment of certain cancers, ncluding, but not hmited to
feukemias and lymphomas, such treatment involving autologous stem cell transplants.
This can iovolve a multi-step process in which the animal's autologous hematopotetic
stem cells are harvested and purged of all cancer cells, the animal's remaining bone-
marrow cell population 1s then eradicated via the admuinistration of a high dose of a
compound of the invention with or without accompanying high dose radiation therapy,
and the stem cell graft is infused back into the animal. Supportive care is then provided
while bone warrow function s restored and the animal recovers.

Methods for treating cancer further include administering to a patient in
need thereof an effective amount of a compound of the inveution and another
therapeutic agent that 18 an anti-cancer sgent. Suitable anticancer agents mchude, but
are not limited to, methotrexate, taxol, L-asparaginase, mercaptopurine, thioguanine,
bydroxyurea, cviarabine, cyclophosphanude, ifosfanuide, nitrosoureas, cisplati,
carboplatin, mitomycin, dacarbazine, procarbizine, topotecan, nitrogen mustards,
cytoxan, etoposide, S-fluorouracil, BCNU, irinotecan, camptothecins, bleomyein,
doxorubicin, idarubicin, daunorubicin, actinomycin D, dactinomyein, plicamycin,
mitoxantrone, asparaginase, vinblastine, vincristine, vindesine, vinorclbine, pachitaxel,
and docetaxel.

Other examples of chemotherapeutic agents include alkylating agents
such as thiotepa and CYTOXAN® cyclosphosphamide; alkyl sulfonates such as
busulfan, treosulfan, improsulfan and piposulfan; azividines such as benzodopa,
carboquone, meturedopa, and urcdopa; ethylenimines and methylamelamines including
altretamine, triethylenemelamine, trietylenephosphoramide,
tricthiylenethiophosphorammide and trimethylolomelamine; TLI 286 (TELCYTA™;
acetogening {especially bullatacin and bullatacinone); delta-9-tetrahydrocannabinol

(dronabinol, MARINOL®}; beta-lapachone; lapachol; colchicines; betulinic acid; a
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camptothecin (including the synthetic analogue topotecan (HYCAMTIN®R), CPT-11
(rinptecan,  CAMPTOSAR®),  acctylcamptothecin,  scopolectin,  and  9-
aminocamptotheciny;, bryostatin;  callystatin; CC-1065  (including its  adozelesin,
carzelesin and bizelesin synthetic analogues); podophylotoxin; podophyliinic acid;
teniposide; eryptophycins (particularly cryptophyein 1 and cryptophycin 8); dolastating
duocarmycin  {(including the synthetic analogues, KW-218% and CBI-TMi});
cleutherobin; pavcratistating a sarcodictyin; spongistating nitrogen roustards such as
chlorambucil, chlomaphazine, cholophosphamide,  estramustine,  ifostamide,
mechlorethamine, mechloretharnine oxide hydrochloride, melphalan, voversbichin,
phenesterine, predmimustine, trofosfamide, and wracil mustard; triazines such as
decarbaring; niirosurcas such as carmustine, chlorozotocin, fotemusting, lomustine,
nimustine, and ranimusting; epipodophyliing, such as ctoposide, teniposide, topotecan,
O-aminocamptothecin, camptothecin orcrisnatol; bisphosphonates, such as clodronate;
antibiotics such as the enediyne auntibiotics (e.g., calicheamicin, especially
calichcamicin gamnmall and calichearnicin omegall {(see, e.g., Agnew, Chern. Intl. Ed.
Engl., 33:183-186 (1994)) and anthracyclines such as annamycin, AD 32, alcarubicin,
daunorubicin, dexrazoxane, DX-52-1, epirubicin, GPX-100, idarabicin, KRNS55{(0,
menogaril, dynemicin, including dynemicin A, an csperanuicin, neocarzinostatin
chromophore and related chromoprotein  epedivne  antibiotic  chromophores,
aclacinomysins, actinomycin, authramycin, azaserine, bleomycins (¢.g., A2 and B2),
cactinomycin, carabicin, caminomycin, carzinephilin, chromomycinis, dactinomycin,
detorubicin, 6-diazo-S-oxo-L-voricucine, ADRIAMYCIN® doxorubicin (including
morpholino-doxorubicin,  cyanomerpholino-doxorubicin,  2-pyrrolino-doxorubicin,
liposomal doxgrubicin, and deoxydoxorubicin}, esorubicin, marceliomycin, mitomycing
such as mitoroycin €, voycophenolic acid, nogalamycin, olivomycins, peplomycin,
potfironiycin, puromycin, quelamycin, rodorubicin, streptonigrin,  streptozocin,
tubercidin, ubenimex, zinostativ, and zorubicin; photodynamic therapies, such as
vertoporfin  (BPD-MA), phthalocyanine, photosensitizer Ped, and  demethoxy-
hypocrellin A (ZBA-2-DMHAY; folic acid analogues such as denopterin, pteropterin,

and trimetrexate; dpurine analogs such as fludarabine, 6-mercaptopurine, thiamipring,
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and thioguanine, pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine,
carmofur, cytarabine, cytosine arabinoside, dideoxyuridine, doxifluridine, enocitabine,
and floxuriding; androgens such as calusterone, dromostanolone propionate,
epitiostanol, mepitiostane, and testolactone; anti-adrenals such as aminoglutethimide,
mitotane, and trilostane; folic acid replemisher such as folinic acid (leucovoring;
accglatone; anti-folate anti-neoplastic agents such as ALIMTA®, LY231514
pemetrexed, dihydrofolate reductase mhibitors such as methotrexate and trimetrexate;
anti-metabolites such as S-fluorouracil (5-FU) and its prodrugs such as UFT, S-1 and
capecitabine, floxunidine, doxifluridime and ratitrexed; and thynudylate synthase
mhibitors and  glycinarmide ribonucleotide  formyltransferase  inhibitors such  as
raltitrexed {TOMUDEX®, TDX); inhibitors of dihydropyrimidine dehydrogenase such
as coituracil; aldophosphamide glycoside; aminolevulinic acid; arnsacrine; bestrabucil;
bisantrene; edatraxate; defofamine; demecolcineg; diaziquone; elformithing; elliptinium
acetate; an epothilone; etoglucid; gallium nitrate; hydroxyurea; lentinan, lonidainine;
maytansinoids such as maytansine and ansarniiocins; mitoguazone; mitoxanirong;
mopidanmoel;, nitracrine, pentostatin; phenamet; pirarubicin;  losoxantrone; 2-
cthythydrazide; procarbazine; PSK® polysaccharide complex (JHS Natural Products,
Eugene, Oreg.); razoxang; rhizoxin; sizofiran; spirogermanium; tonuazonic acid;
triaziquone; 2,2'.2"-trichlorotricthylamine; trichothecenes  {especially T-2  toxin,
verracurin . A, roridin A and  anguidine); urcthan; vindesine (ELDISINE®,
FILDESIN®); dacarbazine; mannomustine; mitobronitol; mitolactol; pipobroman;
gacytosine; arabinoside ("Ara~C"); cyclophosphamide; thiotepa; taxoids and taxanes,
c.g.., TAXOL® paclitaxel (Brstol-Myers Squibb  Oncology, Princeton, N1,
ABRAXANE™ Cremophor-free, albumin-engineered nanoparticle formulation of
pactitaxel (Awerican Pharmaceutical Partuers, Schaumberg, HEL), and TAXOTERE®
doxetaxel (Rhone-Poulenc Rorer, Antony, France); chloranbucil, gemcitabine
{(GEMZAR®); 6-thioguanine; mercaptopurine; platinum; plativurn analogs or platinam-
based analogs such as cisplatin, oxaliplatin and carboplatin; vinblastine (VELBAN®Y);
ctoposide {VP-16); ifosfamide; mitoxantrone; vincristine (ONCOVIN®); vinca

alkaloid, vinorelbine (NAVELBINE®), velcade; reviimid; thalidormde; IMiD3;

A
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lovastating verapamil, thapsigargin; I-methyl-4-phenylpyridinium; cell cyele inhibitors

such as staurosporine; novantrone; cdatrexate;  daunomycin,  mtoxantrone;
aminopierin,  xcloda;  ibandronate;  topoisomerasce  inhibitor RFS 2000
difluoromethyloraithine (DMFO); vitamin D3 analogs, such as EB 1089, CB 1093 and
KH 1060; retinoids such as retinoic acid; pharrnaceutically acceptable salts, acids or
dertvatives of any of the above; as well as combinations of two or more of the above
such as CHOP, an abbreviation for a covobined therapy of cyclophosphamide,
doxorubicin, vincristine, and prednisolone, and FOLFOX, an abbreviation for a
freatment regimen with oxaliplatin (ELOXATIN'™) combined with S-FU and
leucovorin.

Auti-hormonal agents that act to regulate or inhibit hormone action on
tumors such as anfi-estrogens and selective estrogen receptor modulators (SERMs),
including, for cxample, tamoxifen (including NOLVADEX® tamoxifen), raloxifene,
megastrol,  droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene, LYI11701¥,
onapristone, and FARESTON® tforemifene; aromatase inhibitors that inhibit the
enzyme aromatase, which regulates estrogen production in the adrenal glands, such as,
for example, 4(S)irmdazoles, aminoglutethirmide, MEGASE® megesirol acetale,
AROMASIN® cxemestane, formestanie, fadrozole, RIVISOR® vorozole, FEMARA®
letrozole, and ARIMIDEX® anastrozole, and aunti-androgens such as flutamide,
bicalutaroide, nilutamide, bicalutamide, leuprolide, and goserchin; as well as
troxacitabine (a 1,3-dioxolane nucleoside cytosine analog); antiscnse oligonucicotides,
particularly those that inhibit expression of genes in signaling pathways imaplicated in
abherant cell proliferation, such as, for exaraple, PKC-alpha, Raf, H-Ras, and epidermal
growth factor receptor (EGF-R}; vaccines such as gene therapy vaccines, for example,
ALLOVECTIN®  vaccine, LEUVECTIN® vaccine, and VAXID® vaccine;
PROLEUKIN® tiL-2; LURTOTECAN® topoisomerase | inhibitor; ABARELIX®
R H; and pharmaceutically acceptable salts, acids or devivatives of any of the above,

The compounds of the disclosure, or their pharmaceutically acceptable
salts may contain one or more asymumetric centers and may thus give rise to

enantiomers, diastercomers, and other stercotsomeric forms that may be defived, in
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terms of absolute stercochemistry, as (R)- or (S} or, as ({3} or (L) for amino acids.
The present disclosure is meant to include all such possible isomers, as well as thewr
racemic and optically pure forms. Optically active (+) and (-}, (R} and {8)-, or (I3)- and

(1)~ 1somers roay be prepared using chiral synthons or chiral reagents, or resolved using

(7

conventional techniques, for example, chromatography and fractional crystallization.
Conventional techniques for the preparation/isolation of individual enantiomers include
chiral syuthesis from a suitable optically pure precursor or resolution of the racemate
{(or the racemate of a salt or derivative) using, for cxample, chiral high pressure liguid
chromatography (HPLC). When the compounds described herein contain olefinic
10 double bonds or other centres of geometric asymmetry, and unless specified otherwise,
it is intended that the compounds include both E and Z geometric isomers, Likewise,
all tautoroneric forms are also ntended to be included.

A “stereotsomer” refers to a compound made up of the same atoms

bonded by the same bonds but having different three-dimensional structures, which are

[
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not mterchangeable. The present disclosure conternplates various stercoisomers and
mixtures thereof and includes “enantiomers”, which refers to two stereoisomers whose
molecules are nonsuperimposeable mirror froages of one another,

A “tautomer” refers to a proton shift from one atom of a molecule to
another atom of the same molecule. The present disclosure includes tautomers of any
20 said compounds.

Novel Compounds

In one embodiment, compounds having the following structure (1) are

provided:

N2
¢
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wherein:
R; and R, are independently selected from the group consisting of? H
and a saturated or unsaturated moicty having a linear, branched, or non-aromatic cyclic

skeleton containing one to ten carbon atorss, and the carbou atoms arc optionally

5 substituted with: -OH, -1, -Br, -Cl, -F, -CN, -CO,H, -CHQ, -COSH, or -NO;; or Ry and
Rs are fused and form a ring;
Ri and Ry are independently selected from the group consisting oft H, R,
ArR-, or Ry and R are joined to form a ring;
Rs is selected from the group counsisting of: H, B, ArR-, and Ar;
10 or Rs and R, are fused and form a ring;
Re is selected from the group consisting oft H, R, and ArR-;
R and Rs are independently selected from the group consisting oft H, R,
and ArR-; and
Ro is:
15
0 O
bon
VALY oo G e N § oo R
O

wherein,
R is defined as a saturated or unsasturated moicty having a linear,
284 branched, or non-aromatic cyclic skeleton containing one to ten carbon atoms, zero o
four mitrogen atorns, zero to four oxygen atoms, and zero to four sulfur atoms, and the
carbon atoms are optionally substituted with: =0, =8, OH, -OR 0, -0,CRy, -SH, SRy,
-SOCR g, -NH;, ~-NHR g, -N{(Ryp)z, -NHCOR 6, -NR1(COR g, -1, -Br, -C -F, -CN, -
COH, -COaRyy, -CHO, -CORyg, -CONH,, -CONHRyy, -CON(R 0}z, ~COSH, -COSR g,

b3
th

NQ;, -SO3H, -SOR 4, -50:R 40, wherein Ry 1s a Hnear, branched or cyclic, one to ten
carbon saturated or unsaturated alkyl group;
the ring formed by joining Rs and Ry is a three to seven member non-

aromatic cyclic skeleton within the definition of R,
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Y is defined as a moiety selected from the group consisting of! a linear,

saturated or unsaturated, one to six carbon alkyl group, optionally substituted with R,
ArR—, or X; and,

X is defined as a moiety selected from the group consisting of! —OH, —

5 OR, =0, =5, —0,CR, —SH, —SR, —SOCR, —NH;, —NHR, —N{R};, —NHCOR,

—NRCOR, 1, wBr, —Cl, «F, —CN, —-COH, —COR, —CHO, —COR,

CONH,, —CONHR, —CON(R});, —COSH, —COSR, —NGO,, —SO:;H, —SOR, and

R4 18 selected from the group consisting of optionally substituted alkyl,

10 optionally substituted alkylarnino, optionally substituied cvcloalkyl, optionally

substituted aryl, optionally substituted heterocyclyl and optionally substituted

heteroaryls, CORyy, ~-CSRys ~OR,y and -NHR,, wherein each Ray is, independently,
alkyl optionaily substituted with halogen, -OH or -SH;

or a stercoisoruer, prodrug or pharmacentically acceptable salt thereof.

15 In one cmbodiment, Ar is an aromatic ring sclected from the group
consisting of: phenyl, naphthyl, anthracyl, pyrrolyl.

In one embodiment, compounds having the following structure (la) are
provided:

Ry
20

wherein:

Rya 15 selected from the group consisting of optionally substituted alkyl,
opticnally substituted alkylamino, optionally substituted cycloalkyl, optionally
substituted aryl, optionally substituted heterocycelyl, optionally substituted heteroaryl, -

25  COR,y -CS8R,4 -ORyy and -NHR,, wherein cach Ray is, mndependently, alkyl optionally

substituted with halogen, -OH or -SH;



19

[
(52

N2
¢

WO 2014/144871 PCT/US2014/029463

Ris is selected from the group consisting of optionally substituted alkyl,
optionally substituted alkylamino, optionally substituted cvcloalkyl, optionally
substituted aryl, optionally substituted heterocyclyl and optionally substituted
heteroaryl;
Rys 1s selected from the group consisting of H and g atkyl;
Ry7 is selected from the group consisting of H and Cig alkyl;
Rig and Ry are independently selected from the group consisting of H,
Cy s alkyl and -8H, with the proviso that Ry and R cannot both be H;
Rio, Rug, Rz1 and Ry are 1ndependently H and Cy ¢ alkyl, at least one of
Ris and Roy 18 H; or Ry and Ry form a double bond, Ris 18 H, and
Rppis H or Cygalkyl; and
R;3 18 selected from the group consisting of H and € alkyl;
or a stereoisomer, prodrug or pharmaccutically acceptable salt thereof.
in a further embodiment, each optionally substituted alkyl, optionally
substituted alkylamineo, optionally substituted cycloalkyl, optionally substituted aryl,
optionally substitited heterocyelyl and  optionally  substituted  hetercaryl s,
wdependently, optionally substituted with =0, =§, -OH, ~ORy4, -0;CR 4, ~SH, -SRy4, -
SOCR4, -NHy, -Ns, -NHR4, -N{Rash, -NHCOR 4, -NR,CORy, -1, -Br, -CL, -F, -CN, -
COuH, -COzRy4, ~CHO, ~CORy4, ~-CONH,, -CONHR 4, ~CON(R24}, ~COSH, -COSRu,
NG, -SO:H, -S0R 4 or -80;Rywherein cach Roy 15, independently, alkyl optionally
substituted with halogen, -OH or -5H
In another further ermsbodivaent, cach optionally substituted aryl and
optionally substituted heteroaryl is, independently, sclected from the group consisting
of optionally substituted phenyl, optionally substituted naphthyl, optionally substituted
anthracyl, optionally substituted phenanthryl, optionally substituted furyl, optionally
substituted  pyrrolyl, optionally substituted thiophenyl, optionally substituted
benzofuryl, optionally substituted benzothiophenyl, optionally substituted quinolinyl,
optionally substituted isoquinolinyl, optionally substituted imidazolyl, optionally
substituted thiazolyl, optionally substituted oxazolyl, and optionally substituted

pyridinyl.
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In another further embodiment, Rys is selected from one of the

following structures (1), (1L, V), (V)

10 TETT s and

15 wherein:
3w CRys or N
Zis C{Rys)h, NRys, S, or O;
cach Rys is, independently, selected from the group consisting of H, -
OH, -Ros, -ORya, -00CRys, -SH, -SRys, -SOCRs, -NHy, -Ni, -NHRos, -N{Ruh, -
20 NHCORy, -NRuCOR, -RuslNH,, -1, -Br, -CL, -F, -CN, -CO:H, -CO;R., -CHO, -
COR24, ~CONH,, -CONHR 4, ~CON{Ra4), -COSH, -COSRu4, -NOy, -SO:H, -SORy4 o
-SUOnR,4, wherein cach Ry, 18, independently, alkyl optionally substituted with halogen,
-H or -SH.

In another further erobodiment, Rys is selected from the group cousisting of:
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wherein each Ros is, independently, selected from the group consisting of

H, -OH, Ry ~OR,4, -0, CR,4, -SH, ~SRas, -SOCR,s, -NH,, -MNi, -NHR4, ~-N(Roa), -

5 NHCORy, -NRuCORu, -RopaNH,, -1, -Br, -Cl, -F, -CN, -CO.H, -CO;R., -CHO, -
CORy4, ~-CONHz, -CONHR 4, ~CON{R24}2, -COSH, -COSRo4, -NOy, -SO:3H, -SORy4 or
-S0R 4, wherein each Ry s, independently, alkyl optionally substituted with halogen,
-H or -SH.

In another further embodiment, Ris is selected fror the group consisting
¢ off
15
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]

=

l o,

HoN NS

5 and
In another further embodiment, Ry is:
In another further embodiment, Ry, Ry7, Rix, and Rao are each methyl.
10 in another further embodiment, Ris is H, Ryy is methyl, Rig is methyl,

and B, is methyl,
It is understood that any embodiment of the compounds of structure (1a},
as set forth above, and any specific substituent set forth herein for a Rus, Ris, Ris, Rus,
Rys, Ry Ryp and Rag group in the compounds of structure (1a), as set forth above, may
15 be independently combined with other embodiments and/or substituents of compounds
of structare (I} to form cmbodiments of the present disclosure not specifically set forth
above. In addition, in the event that a list of substituents is listed for any particular Ry,
Ris, Ris, Ri7, Ris, Rus, Rao, and Rsg in a particular embodiment and/or claim, it is
understood that cach individual substituient may be deleted from the particular
20 cmbodiment and/or claim and that the remaining list of substituents will be considered

to be within the scope of the present disclosure.

(9]
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In one embodiment, compounds having the following structure {Ib} are

provided:
413
.L . j?\ C‘j\\S, Ras
| \}\ﬁ N
P
(Ib)

5 wherein:

Ros 18 selected from the group consisting of optionally substituted atkyl,
optionally substituted alkylamino, optionally substituted cyclealkyl, optionally
substituted  aryl, optiovally substituted heterocyclyl and optionally  substituted
heteroaryl;

10 R,7 is selected from the group consisting of optionally substituted alloyl,
optionaily substituted alkvlarino, optionally substitnted  cycloatkyl, optionally
substituted aryl, optionally substituted heterocyclyl and optionally substituted
beteroaryl;

Rys 18 selected from the group consisting of H and € ¢ alkyl;

5 Ry7 is selected from the group consisting of H and €5 alkyl; and

Ris is selected from the group consisting of €y ¢ alkyl and -SH,
or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.
In a further embodiment, cach optionally substitited alkyl, optionally
substituted alkylaroino, optionally substituted cycloalkyl, optionally substituted aryl,
¢ optionally substituted heterocyclyl and  optionally substituted heteroaryl s,
mdependently, optionally substituted with =0, =S, -OH, -ORzs, ~0,CRus, -SH, ~SRag, -
SOCR,g, -NHa, -Nj, -NHR ¢, -N(Rza), -NHCOR s, -NRCORy, -1, -Br, -Cl, -F, -CN, -
CO.H, -COhR e, ~-CHO, -CORe, -CONH,, ~CONHR 25, -CON{R 22}, ~COSH, ~-COSR s,

-NO,, -SO:H, -SORy5 or -S0:R g, wherein cach Ry 1s, independently, alkyl optionally

b
[

substituted with halogen, -OH or -SH.
In another further embodiment, cach optiopally substituted aryl and
optionally substituted heteroaryl is, independently, selected from the group consisting

of optionally substituted phenyl, optionally substituted naphthyl, optionally substitted

[
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anthracyl, optionally substituted phenanthryl, optionally substituted furyl, optionally

substituted  pyrrolyl, optionally substituted thiophenyl, optionally  substituted

benzofuryl, optionally substituted benzothiophenyl, optionally substituted quinolinyl,

optionally substituted isoguinolinyl, optionally substitated imidazolyl, optionally

5 substituted thiazolyl, optionally substituted oxazolyl, and optionally substituted
pyridinyl.

In another further embodiment, Ry, 1s selected from one of the following

structares (1), (H), V), (V)

19 Q

15

wherein:
isCRyp or N,
718 C{Rook, NRo, S, or (&
each Ry is, independently, selected from the group consisting of H, -
25 CH, -ORys, -0:CRs, -SH, -8Rus, -SOCRys, -NH;, -Ni, -NHR 3, -N{Rgh, -NHCOR 3, -
NR,sCORys, -1, -Br, -Cl, -F, -ON, -COH, -CORy, -CHO, -CORys, -CONH,, -

(9
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(:(}NE'{RZ‘&, -C()I\(Rjg); *COSETE, *(()SRZS *N‘Oz, ~S()3H, ~S()R23 (839 "S()Z.R.zs, wherain
cach Ryg is, independently, alloyl optionally substituted with halogen, -OH or -5H.
In another further embodiment, R is selected from the group consisting

of:

5
19
/\{/\N"’
Voo
/ : & and
In another further embodiment, Ry is:
15
O

In another further embodiment, Ryg, Ry and Rys are each methyl,
In another further ecmbodiment, Rys is H, Ry7 13 methyl, and Ris is

methyl.

(]
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It is understood that any embodiment of the compounds of structure
{(Ib), as set forth above, and any specific substituent set forth herein for a Rys, Rog, Ris,
Ry7, Rys, Rys and Ry group in the compounds of structure (Ib}, as set forth above, may

be independently combined with other embodimenis and/or substitucnts of compounds

(7

of structure (I} to form embodiments of the present disclosure not specifically set forth
above. In addition, in the event that a list of substitutents is listed for any particular Rys,
Rae, Ris, Bz, Ris, Rys and Ry 1o a particular embodiment and/or claim, it is undersiood
that each individual substituent may be deleted from the particular embodiment and/or
claim and that the remaining Hist of substituents will be considered to be within the
10 scope of the present disclosure.
In one embodiment, the invention provides a method of making a
compound having structure (1), (Ia) or (Ib),

Conjupates Comprising Novel Compounds

Compounds having structure (1), {(Ia) or {Ib) may be used to form

[
(52

conjugates, for exarnplc antibody-drig conjugates (ADCs).  Accordingly, in one
embodiment of the present disclosure, conjugate compositions having the following
structure are provided:
{(D-(L)-(D3)
(V1

20 wherein {T) is g targeting moicty, (L) 18 an optional linker, and (D) 15 a compound
having struture (1), {(Ia) or (Ib), below. In onc embeodiment, (T} is an antibody.
Accordingly, in one embodiment, antibody-drug conjugates (ADCs) comprising
compounds (D) having structure (1), (a) or {Ih) arc provided.

As will be appreciated by the artisan of reasonable skill, a wide variety

N2
¢

of means are avatlable to covalently link (T)-(L3+(2). Any known method may be used
to link the conjugate components. Any known linker technology may be used to link
(T) to (D). Further, (T}, (L), and () may be modified 10 any swiable manner, as
recognized by the artisan of reasonable skill, in order to facilitate conjugate forruation.

Tareeting Moiety (T)

(9]
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The Targeting moiety (1) of the subject compositions includes within
its scope any untt of a (T) that binds or reactively associates or complexes with a
receptor, antigen or other receptive mwoiety associated with a given target-cell
population. A (T) is a molecule that binds to, complexes with, or reacts with a moiety
of a cell population sought to be targeted. In one aspect, the (T) acts to deliver the Drug
{3) to the particular target cell population with which the {T) reacts. Such (T)s include,
but are not limited to, large voolecalar weight proteins such as, for example, full-length
antibodies, antibody fragments, smaller molecular weight proteins, polvpeptide or
peptides, lechins, glycoproteins, nou-pephides, vitarons, wuttieni~transport molecules
{such as, but not limited to, transforrin), or any other ccll binding molecule or
substance.
A (T) can form a boond to a Linker unit (L) or a Drug (B). A (T) can
form a bond to a (L) unit via a heteroatom of the (T). Heteroatoms that may be present

on a (T} inctude sulfur (in one embodiment, from a sulfhydry! group of a (T

FrY

oxygen
{in onc cmbodiment, from a carbonyl, carboxyl or hydroxyl group of a (T)) and
nitrogen {in onc embodiment, from a primary or secondary amino group of a (1))
These heteroatoms can be present on the {T) 1o the (T)'s natural state, for example a
naturally-occurring antibody, or can be introduced into the (1) via chemical
modification.

o one embodiment, a (T) has a sulthydryl group and the (T) bounds to the
(L) via the sulthydryl group's sulfur atom. In another embodiment, the (T) has one or
more lysine residucs that can be chemically modified to introduce one or more
sulthydryl groups. The (T) bonds to the (L) unit via the sulthydreyl group. Rceagents
that can be used to modify lysines inchude, but are not limited to, N-succinimidyl S-
acetylthioacetate (SATA) and 2-Iminothiolane hydrochloride {Traut's Reagent).

In another embodiment, the (L) can have one or more carbohydrate
groups that can be chemically modified to have one or more sulfhydry] groups. The (T)
bonds to the (L} via the sulthydryl group's sulfur atom. In yet another embodiment, the
(T} can have one or more carbohydrate groups that can be oxidized to provide an

aldehyde (--CHO} group (see, e.g., Laguzza et al,, 1989, 1. Med. Chem. 32(3):548-55).

J
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The corresponding aldebyde can form a bond with a reactive site on a portion of a (L).

Reactive sites that can react with a carbonyl group on a (T) include, but are not limited
o, hydrazine and hydroxylamine. Other protocols for the modification of proteins for
the attachment or association of (B3} are described in Coligan ¢t al., Cuarrent Protocols in
Protein Science, vol. 2, John Wiley & Sons (2002), incorporated herein by reference.

The (T} can include, for example a protein, polypeptide, or peptide
include, but are not limited to, transferrin, epidermal growth factors ("EGF"), borobesin,
gasirin, gastrin-releasing  peptide, platelet-derived  growth factor, IL-2, IL-6,
trausforming growth factor ("TGF"), such as TGF-u or TGF-8, vaccinia growth factor
{("VGF"), msulin and insulin-like growth factors 1 and I, lectins and apoprotein from
fow density lipoprotein.

The (T} can also nclude an antibody, such as polyclonal antibodies or
monoclonal antibodies.  The antibody can be directed to a particular antigenic
determinant, including for example, a cancer cell antigen, a viral antigen, a microbial
antigen, a protein, a peptide, a carbohydrate, a chemical, nucleic acid, or fragments
thereof. Methods of producing polycional antibodies are known in the art. A
mouvoclonal antibody {(mAb) fo an antigen-of-interest can be prepared by using any
technique known in the art. These include, but are not hmited to, the hybridoma
technique originally described by Kohler and Milstein (1975, Nature 256, 495497}, the
human B cell hybridoma technique (Kozbor et al., 1983, Iramunclogy Today 4:72), and
the EBV-hybridoma technique (Cole et al,, 1985, Monoclenal Antibodies and Cancer

7
i

Therapy, Alan R. Liss, Inc., pp. 77-96). The Selected Lymphocyte Antibody Method
{(SLAM) (Babcook, J.S., ¢t al,, A novel strategy for gencrating monoeclonal antibodies
from single, isolated fymphocytes producing antibodies of defined specificities. Proc
Natl Acad Sci U S A, 1996, 93 (15): p. 7843-8. } and {McLean GR, Olsen OA, Watt IN,
Rathanagswami P, Leslic KB, Babcook JS, Schrader JW. Recognition of human
cytomegalovirus by human primary imounoglobulins identifies an wnate foundation fo
an adaptive inwnune response. J fmmunol. 2005 Apr 15;174(8%:4768-78. Such

antibodies may be of any immunoglobulin class including IgG, IgM, IgE, fgA, and gD

~3
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and any subclass thereof. Hybridomas producing the mAbs of use in this invention
may be cultivated in vitro or in vive.

The monoclonal antibody can be, for example, a human monocional
antibody, a humanized monoclonal antibody, an antibody fragment, or a chimeric
antibody {(¢.g., a8 hurnan-mouse antibody). Human monoclonal antibodies may be made
by any of numerous techniques known in the art (e.g., Teong et al,, 1983, Proc. Natl.
Acad. Sci, USA BO:7308-7312; Kozbor et al., 1983, Immunology Today 4:72-79; and
Clsson ¢t al., 1982, Meth. Enzymol. 92:3-16). Sec also, Huse ot al,, 1989, Science
246:1275-1281 and McLean et al. J tmmunol. 2005 Apr 15;174(8):4768-78.

The antibody can also be a bispecific antibody. Methods for making
bispecific antibodies are known in the art. Traditional production of full-length
bispecific antibodies is based on the coexpression of two immunoglobulin heavy chain-
light chain pairs, where the two chains have different specificities (see, ¢.g., Milstein et
al., 1983, Nature 305:537-539; International Publication No. W 93/08829, Traunecker
etal, 1991, EMBO J. 10:3655-3659.

According to a different approach, antibody variable domains with the
desired  binding specificities  (antibody-antigen combining sites) are fused to
imnmmnoglobulin constant domain sequences.  The fusion preferably is with an
immunoglobulin heavy chain coustant domain, comprising at least part of the hinge,
Ch, and Cyz regions, [t is preferred to have the first heavy-chain constant region (Cyy)
containing the sitc necessary for light chain binding, present in at least one of the
fusions. Nucleic acids with sequences encoding the immunogiobulin heavy chamn
tusions and, if desired, the immunoglobulin light chain, are inserted into separate
expression vectors, and are co-transfected into a suitable host organism. This provides
for flexibility 1o adjusting the voutual proportions of the three polypeptide fragments in
¢rmbodiments when unequal ratios of the three polypeptide chains used in the
construction provide the optimum vields. I is, bowever, possible to wsert the coding
sequences for two or all three polypeptide chains 1n one expression vector when the
cxpression of at least two polypeptide chains in equal ratios results in high yields or

when the ratios are of vo particular significance.

(9]
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For example, the bispecific antibodies can have a hybrid
immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid
imnmnoglobulin heavy chain-light chain pair (providing a second binding specificity}
i the other arm. This asymmetric structure facilitates the separation of the desired
bispecific compound from wnwanted tmmunoglobulin chain combinations, as the
presence of an immunoglobulin light chain in only oue half of the bispecific molecule
provides for a facile way of separation (International Publication No. WO 94/(34690)
which is incorporated herein by reference in its entirety.

For further details for generating bispecific antibodies see, for exaruple,
Suresh et al, 1986, Methods in Enzymology 121:210; Rodrigues et al,, 1993, 1
fmmunoclogy 151:6954-0961; Carter et al., 1992, Bio/Technology 10:163-167; Carter et
al., 1995, J. Hematotherapy 4:463-470; Merchant et al.,, 1998, Nature Biotechnology
16:677-681. Using such techniques, bispecific antibodies can be prepared for use in the
treatment or prevention of disease as defined herein.

Bifunctional antibodics are also described in European Patent
Publication No. EPA 0 105 360. As disclosed in this reference, hybrid or bifunctional
antibodies can be derived either biologically, e, by cell fusion techmgues, or
chemically, especially with cross-linking agents or disulfide-bridge forming reagents,
and may comprise whole antibodies or fragments thereof. Methods for obtaining such
hybrid antibodics are disclosed for example, i International Publication WO 83/03679,
and BEuropean Patent Publication No. EPA 0 217 577, both of which are incorporated
herein by reference.

The sntibody also can be a functionally active fragment, derivative or
analog of an antibody that immumospecifically binds to a target antigen {e.g., a cancer
antigen, a viral antigen, a microbial antigen, or other antibodies bound to cells or
matrix}. In this regard, "functionally active” means that the fragment, derivative or
analog 1s able to recognize the same anfigen that the antibody from which the fragment,
derivative or analog is derived recognized. Specifically, in an exemplary embodiraent
the antigenicity of the idiotype of the immmunoglobulin molecule can be enhanced by

deletion of framework and CDR sequences that are Cotermainal to the CDR sequence

1
N2
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that specifically recognizes the antigen. To determine which CDR sequences bind the

antigen, synthetic peptides containing the CDR sequences can be used in binding
assays with the antigen by any binding assay method known in the art {c.g., the BIA
core assay) {see, e.g., Kabat et al, 1991, Sequences of Proteins of humuvological
Interest, Fifth Edition, National Institute of Health, Bethesda, Md.; Kabat et al., 1980, 1.
immunoclogy 125(33:961-869).

Other useful antibodies include fragments of antibodies such as, but not
limited to, F(ab"), fragments, Fab fragments, Fab', Fv fragments and heavy chain and
hight chain dimers of antibodies, or any mindroal fragment thereof such as Fvs or single
chain antibodics (SCAs) (¢.g., as described in U8, Pat. No. 4,946,778; Bird, 1988,
Science 242:423-42; Huston et al,, 1988, Proc. Natl, Acad. Sci. USA 85:5879-5843,
and Ward et al., 1989, Nature 334:544-543.

Recombinant antibodies, such as chimeric and humanized monoclonal
antibodies, comprising both human and non-human portions, which can be made using
standard recombinant DNA technigues, alse can be used. (See, c.g., US, Pat. No.
4,816,567, and U.8. Pat. No. 4,816,397.} Humanized antibodies are antibody molecules
frora von-human species having one or more complementarity determiving regions
(CDRs)y from the non-human species and a framework region from a human
immunoglobulin molecnle. {See, eg, US. Pat. No. 5,585,089} Chimeric and
humanized monoclonal antibodies can be produced by recombinant DNA techniques
known in the art, for example using methods described in International Publication Ne.
WO 87/02671, European Patent Pablication No. 0 184 1R7; Earopean Patent
Publication Mo. § 171 496; European Patent Publication No. § 173 494; International
Publication No. W 86/01533; U.S. Pat. No. 4,816,567, European Patent Publication
No. 012 023; Berter et al., 1988, Science 240:1041-1043; Liu et al., 1987, Proc. Natl.
Acad. Sci. USA 84:3435-3443; Lia et al., 1987, J. Immunol. 139:3521-3526; Sun et al.,
1987, Proc. Natl. Acad. Sci. USA 84:214-218; Nishimura et al., 1987, Cancer. Res.
479991005, Wood et al,, 1985, Nature 314:446-449; Shaw et al., 1988, J. Natl. Cancer
Inst. 80:1553-1559; Morrison, 1985, Science 229:1202-1207; Oi ot al, 1986,

BioTechnques 4:214; U.S. Pat. No. 5,225,539; Jones ¢t al,, 1986, Nature 321:552-525;
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Verhoeyan ot al., 1988, Science 239:1534; and Beidler ¢t al,, 1988, 1. Immunol.
141:4053-4060.

Completely human antibodies can be used. Human antibodies can be
prepared, for example, using transgenic mice that are incapable of expressing
endogenous iramunoglobulin heavy and hight chains genes, but which can express
hursan heavy and light chain genes. The transgeunic mice are tmmunized in the normal
fashion with a selected antigen, e.g., all or a portion of a polypeptide of the invention.
Monoclonal antibodies directed against the antigen can be obtained using conventional
hybridoma technology,  The homan immunogiobulin transgenes harbored by the
transgenic mice rearrange during B ccll differentiation, and subsequently undergo class
switching and somatic mutation. Thus, using such a technique, it is possible to produce
therapeutically useful 1gG, IgA, IgM and IgE antibodies. For an overview of this
technology for producing human antibodics, see Lonberg and Huszar (1995, Int. Rev.
Immunol. 13:65-933. For a detatled discussion of this techoology for producing human
anttbodics and human monoclonal antibodies and protocols for preducing such
antibodics. see, ¢.g., U.S, Pat. Nos, 5,625,126; 5,633,425; 5,569,825; 5,661,016, and
5,545,806,

Human antibodies that recognize a sclected epitope also can be
generated using a technique referred to as "guided selection.” In this approach a
selected non-human monoclonal antibody, ¢.g., 4 mouse antibody, 18 used to guide the
sclection of a completely human antibody recognizing the same epitope. {See, e.g.,
Jespers et al, 1994, Biotechnology 12:899-903.) Human antibodies can also be
produced using various techuniques known in the art, inchuding phage display libraries
(see, e.g., Hoogenboom and Winter, 1991, J. Mol. Biol. 227:381; Marks et al., 1991, 1.
Mol. Biol. 222:581; Quan and Carter, 2002, "The rise of monoclonal antibodies ag
therapeutics,” in Anti-IgE and Allergic Disease, Jardicu, P. M. and Fick Jr, R. B, eds.,
Marcel Dekker, New York, N.Y., Chapter 20, pp. 427-469).

In other embodiments, the antibody is a fusion protein of an antibody, or
a functionally active fragment thereof. For example, an antibody can be fused via a

covalent bond {e.g., a peptide bond) at cither the N-terminus or the C-terminus to an

re
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amino acid sequence of another protein {or portion thereof, such as at feast a 10, 20 or
50 amino acid portion of the protein) that is not the antibody.

Antibodics also include analogs and derivatives that are either modified,
i.e., by the covalent attachment of any type of wolecule as long as such covalent
attachynent perratts the antibody to retain its antigen binding iromunospecificity. For
example, but not by way of limitation, the derivatives and analogs of the antibodies
include those that bave been further modified, e.g., by glycosylation, acetylation,
pegylation, phosphorylation, amidation, derivatization by known protecting/blocking
groups, proteolytic cleavage, linkage to a cellular antibody unit or other protein, etc.
Any of numerous chemical modifications can be carried out by known techniques,
inchading but wot Hmited to specific chemical cleavage, acetylation, formylation,
metabolic synthesis in the presence of tunicaraycin, etc.  Additionally, the analog or

crivative can contain one or more unnatural amine acids.

The antibodies can have modifications (¢.g., substitutions, deletions or
additions) 1 amuno acid residucs that interact with Fo receptors.  In particular,
antibodics include antibodies having modifications in amino acid residues identified as
wvolved in the interaction between the anti-Fe dormain and the FeRuo receptor (see, ¢.g.,
International Publication No. WO 97/34631, which is incorporated herein by reference
in its entirety). Antibodies immunospecific for a target antigen can be obtained
commcrcially or other source or produced by any mcthod known to one of skill in the
art such as, e.g., chemical synthesis or recombinant cxpression technigues. The
nucleotide sequence encoding antibodies immunospecific for a cancer cell antigen can
be obtained, ¢.g., from the GenBank database or a database like i, the lierature
publications, or by routine cloning and sequencing.

Examples of antibodies available for the treatment of cancer include, but
are not limited to, humanized anti HER2 monoclonal antibody, HERCEPTIN®
{trastuzumab; Genentech), RITUXAN® (ntuximab;, Genentech) which is a chimeric
antt CD20 monoclonal antibody for the treatment of patients with non-Hodgkin's
lymphoma; OvaRex (AltaRex Corporation, MA) which is a murine antibody for the

treatment of ovarian cancer; Panorex (Glaxo Wellcome, NC) which s a munine IgG2a
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antibody for the treatment of colorectal cancer; Cetuximab Erbitux (Imclone Systems
Inc., NY} which is an anti-EGFR IgG chimeric antibody for the treatracnt of epidermal
growth factor positive cancers, such as head and neck cancer; Vitaxin (Medlmmune,
Inc., MD) which is a humanized antibody for the treatroent of sarcoma; Caropath VH
{Leukosite, MA) which is a humanized IgGl antibody for the treatiment of chronic
tymphoeytic feukemia (CLL); Smart MI95 (Protein Design Labs, Inc., CAy which is a
bursanized anti-CD33 IgG antibody for the treatment of acute myeloid leukemia
(AMLY;, LymiphoCide (Immunomedics, Inc., NJ) which is a humanized anti-CD22 IgG
antibody for the treatment of non-Hodgkin's lyraphoma; Smart ID10 (Protein Design
Labs, Inc., CA}) which is a humanized anti-HLA-DR antibody for the treatment of non-
Hodglin's lymphoma; Oncelym (Technicione, Inc., CA) which is a radiolabeled murine
anti-HLA-Dr1d antibody for the treatment of son-Hodgkin's lymphorsa; Allomune
(BioTransplant, CA} which 15 a humanized anti-CD2 mAb for the treatment of
Hodgkin's Disecase or non-Hodgkin's lymphoma; Avastin {Genentech, Inc., CA) which
is an anti-VEGF humanized antibody for the treatment of lung and colorectal cancers;
Epratuzamab (Immunomedics, Inc., NJ and Amgen, CA) which is an anti-CD22
antibody for the treatment of non-Hodgkin's lymphoma; and CEAcide (Invounomedics,
NJ} which is a humanized anti-CEA antibody for the treatment of colorectal cancer.
Other antibodics useful In the treatment of cancer include, but are not
limited to, antibodies against the following antigens {exemplary cancers are indicated in
parentheses)y: CA125 (ovarian), CA15-3 {carcinomas), CA19-9 (carcinomas), LO
{carcinomas), Lewis Y ({carcinomas), Lewis X ({carcinomas), alpha fetoprotein
{carcinomag}), CA 242 {colorectal), placental alkaline phosphatage {carcinomas),
prostate specific membrane antigen {(prostate), prostatic acid phosphatase {prostate),
epidermal growth factor {carcinomas), MAGE-1 {(carcinomas), MAGE-2 (carcinomas),
MAGE-3 {carcinomas}, MAGE-4 {carcinomas), anti transferrin receptor {carcinomas),
p97 (melanoma), MUCIH-KLH (breast cancer), CEA (colorectal), gpl00 (melanoma),
MARTI! {melanoma), prostate specific antigen (PSA) {prostate), IL-2 receptor (T-cell
leukemia and lymphomas), CD20 {(non Hodgkin's lvmphoma), CDB52 {leukemia), CD33

(Jeukemia), CD22 (lymphowa), human chorionic gonadotropin {(carcinoma), CD38

N
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{multiple myeloma}, CD40 (lymphoma}, mucin {carcinomas), P21 (carcinomas), MPG
(melanoma), and Neuw oncogene product (carcinornas).  Some specific, usctul
antibodies include, but are not limited to, BR9S mAb (Trail et al, 1993, Science
261:212-215), BR64 (Trail et al,, 1997, Cancer Research 57:100-105), roAbs against
the CD40 antigen, such as S2C6 mAb (Francisco et al., 2000, Cancer Res. 60:3225-
3231} and chimeric and humanized variants thereof, mabs against the ¢P33 antigen;
mabs against the EphAZ antigen: mAbs against the CD70 anfigen, such as 1F6 wADb
and 2F2 mAb and chimeric and humanized variants thercof, and mAbs against the
CID30 antigen, such as ACT0 (Bowen et al,, 1993, J. Immunol. 151:5896-5506; Wahi et
al., 2002, Cancer Res. 62(131:3736-42) and chimeric and humanized varnants thereof
Many other internalizing antibodies that bind to tumor associated antigens can be used
and have been reviewed (see, e¢.g., Franke et al,, 2000, Cancer Biother. Radiopharm.
15:459 76, Murray, 2000, Semin. Oncol. 27:64 70; Breitling et al, Recombinant
Auntibodies, John Wiley, and Sons, New York, 1998}

The antibody also can be an sntibody that binds to an antigen that i
present on a target cell or target cell population. For example, transmembrane
polypeptides and other markers can be specifically expressed on the surface of one or
more particular type(s) of target cells {c.g., a cancer cell} as compared to on one or
more normal (e.g., a non-cancerous cell{s}). Often, such markers are more abundantly
expressed on the surface of the target cells, or exhibit greater iromunogenicity, as
compared to those on the surface of the normal cells. The identification of such cell
surface antigen polypeptides has given rise to the ability to specifically target cells for
destruction via antibody-based therapies. Thus, in some embodiments, the antibodies
include, but are not limited to, antibodies against tumor-associated antigens {TAA).
Such tumor-associated antigens are knowu in the art, and can prepared for use iu
generating antibodies using methods and information which are well known in the art.

See also EP2552957, WO/2012/116453, WO/2012/032080. Sece alse
Zybody™, htip//www.zyngenia.com/technology html.  Sec also human heavy chain-
only antibodies technology, http//www.crescendobiologics.cony. See also

WOZ010001251, yeast  based  human  antibody  yeast-based  platform


http://www.zyngenia.com/technology.html
http://www.crescendobiologics.com/
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http://www.adimab.com/science-and-technology/technology-overview/, mAbLogix™
platform http:/fwww.dna.convtechnology, monoclonal  disocvery  platform
http://www .igenica.convtechnology/, WO2009/157771, EP2560993, WO2013004842,
WO2(12166560.
Linker Moiety (L)

The subject corpositions optionally further include a Linker motety (L)
(L} is a bifunctional compound which can be used to link a (D) and a (T) to form a
conjugate composition, T-L-D. Such conjugates allow the selective delivery of drugs to
target cells (e.g., tumor cells). (L)s include a divalent substituent such as an alkyldiyl,
an aryldiyl, a heteroaryldiyl, moicties such as: ~-{(CR,,O(CRy ), repeating units of
alkvloxy {e.g., polyethyvienoxy, PEG, polymethyleseoxyy and alkylamino (s.g.,
polyethylencamino, Jetfamine™); and diacid ester and amides ncluding succinate,
succinamide, diglycolate, malonate, and caproamide.

The subject compositions can be prepared using a (L} usit having a
reactive site for binding to the (D) and (T}, In some emboediments, (L) has a reactive
site which has an clectrophilic group that is reactive to a nucleophilic group present on
(T)y. Usefol nucleophilic groups on (T) include but are not livatied to sulthydryl,
hydroxyl and amino groups. The heteroatom of the nucleophilic group of {T) is
reactive to an electrophilic group on (L) and forms a covalent bond to (L), Useful
electrophilic groups include, but are not limited to maleimide and haloacetamide
groups. The nucleophilic group on (T} provides a convenient site for attachment to (L),

In another embodiment, (L) has a reactive site which has a nucleophilic
group that is rcactive to an electrophilic group present on {T). Usetul electrophilic
groups on {1} include, but are not limited to, aldehyde and ketoune carbonyl groups. The
heteroatom of a nucleophilic group of (1) can react with an electrophilic group on (T)
and form a covalent bond to (T). Useful nucleophilic groups on (L) include, but are not
timited to, hydrazide, oxiwe, amino, hydrazine, thiosermicarbazone, hydrazine
carboxylate, and arylhydrazide. The clectrophilic group on (T) provides a convenient

site for attachment to (L)

N
L2
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Carboxylic acid functional groups and chioroformate functional groups
are also useful reactive sites for (L) because they can react with amino groups of a (D)
to form an amide linkage. Also useful as a reactive site is & carbonate functional group

on {L}, such as but not limited to p-nifrophenyl carbonate, which can react with an

(7

araino group of a (D) to form a carbamate linkage.

It will be appreciated that any linker moieties taught in the prior art, and
particularly those taught for use in the countext of drug delivery, may be used in the
current invention.  Without limiting the scope of the preceding statement, in one

another

e

erabodiroent, (1) comprises a linker moiety disclosed in WO 2012/113847. I
10 crobodiment, (L) cornprises a linker moicty disclosed i U.S. 8,288,352, In another
embodiment, (L} comprises a linker moiety disclosed in U.S. 5,028,697, In another
embodiment, (L} comprises a linker motety disclosed in U8, 5,006,652, In another

cmbodiment, (L) comprises a linker moiety disclosed in U.S. 5,094,849, In another

pg

erabodiment, (L) coraprises a linker moiety disclosed in U.S. 5,053,394, {n another

[
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erabodiracnt, (L} coraprises a linker moicty disclosed in US. 5,122,368, In another
embodiment, (L} comprises a linker moicty disclosed in U.S. 5,387,578, In another
embodiment, (L) comprises a linker wotety disclosed 1o U.S. 5,547,667, In another
cmbodiment, (L) comprises a hinker moiety disclosed m U.S. 5,622,929, In another
embodinent, (L.} comprises a linker moiety disclosed in U.S. 5,708,146, In another
'

20 erobodiraent, (L) coroprises a linker moicty disclosed in U.S. 6,468,522, In another

embeodiment, (L} comprises a linker moiety disclosed in U.S. 6,103,236, In another
embodiment, (L} comprises a linker motety disclosed in U8, 6,638,509, In another
cmbodiment, (L) comprises a linker moicty disclosed in U.S. 6,214,345, In another

erubodiment, (L) coraprises a linker moiety disclosed in U8, 6,759,509, in another

N2
¢

erobodiraent, (L) comprises a linker moiety disclosed in WO 2007/103288. In another

s’

embediment, (L) comprises a linker moicty disclosed in WO 2008/083312. In ancther
embodiment, (L) comprises a hoker motety disclosed m WO 2003/068144. To another
cmbodiment, (L) comprises a linker motety disclosed in WO 2004/016801. In another
cembodiment, (L) comprises a linker moiety disclosed in WO 2009/134976. In another

another

e

30 ewbodiment, (L) comprses a linker moiety disclosed in W0 2009/134952. I

66
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embodiment, (L) comprises a linker moiety disclosed in WO 2009/134977. In another
embediment, (L} comprises a linker moiety disclosed in WO 2002/08180. In another
cmbodiment, (L) comprises a linker moiety disclosed in WO 2004/043493. In another

erobodiraent, (L) comprises a linker moicty disclosed in WO 2007/018431. In another

vy

(7

erabodiracnt, (L) comprises a linker moicty disclosed in WO 2003/026577. In another
embodiment, {1.) comprises a linker motety disclosed in WO 2005/077098. Io another
embodiment, (1) comprises a linker motety disclosed in WO 2005/082023. v another
embodiment, (L) comprises a linker moiety disclosed in WO 2007/01 1968, In another

erabodiroent, (1) comprises a linker moiety disclosed tn WO 2007/0386538. In another

el

10 ernbodiment, (L) comprises a linker moicty disclosed in WO 2007/059404. In another
embodiment, (1) comprises a linker motety disclosed in WO 2006/110476. o another
embodiment, (L) comprises a hoker motety disclosed in WO 2005/112919. To another
cembodiment, (L) comprises a linker moiety disclosed in WO 2008/103693. In another

erabodiment, (L) coraprises a linker moiety disclosed in U.S. 6,756,037, {n another

[
(52

erabodiracnt, (L} coraprises a linker moicty disclosed in U.S. 7,087,229, In another
erabeodiment, (L} comprises a linker moiety disclosed in US, 7,122,189, In another
embodiment, (L) comprises a linker motety disclosed in U.S, 7,332,164, In another
cmbodiment, (L) comprises a linker moiety disclosed in U.S. 5,556,623, In another
embodirent, (L.} comprises a linker moiety disclosed in U.S. 5,643,573, In another
20 embodiment, (L) coraprises a Hoker moiety disclosed i U8, 5,665,358,

Linkers (L} comprising a scif-immolative component may also be used.
For example, see U.S. Pat. No. 6,214,345, An example of a self-immolative component
is p-anincbenzylcarbamoyl (PABC).

Commercially available linkers may be used in the invention. For

N2
¢

exaraple, the commercially available cleavable hoker sulfosuccinimidyl 6-[37(2-
pyridyldithio)-propionamido} hexanoate {(sulfo-LC-SPDP: Thermo Pierce Cat# 216350)
and Nou-cleavable linker succhurmdyt  4-[N-waleimidomethylicyclobexane-1-
carboxylate (SMCC: Thermo Picrce Cat# 22360) may be used, as demonstrated herein.
Sece also, WOR012171020, WO2Z010138719, the range of commercially

30 avalable linkers, for example, from Concortis hitp://www.concortis.com/home.  See

~3

()
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also Kim et al, BIOCONJUGATE CHEMISTRY, 21 (8): 1513-1519 AUG 2010, See

also EP2326349. Sce also copper fiee click chemistry linkers, Angew. Chem. Int. Ed,,
2010, 49, p. 9422-9425, ChemBioChem, 2011, 12, p.  1309-1312,
http//www synaffir.com/technology/.

Do Moiety (DY)

(D) is a compound having the structure (1), ({a) or {Ib) as described
berein. It will be recognized by the artisan of reasonable skill that compounds of
structure (1), (1a} or (Ib) may be appropriately modified to facilitate a conjugation
reaction with (L), or if (L} i3 not present, with {T), and formation of a conjugate (T)-
{(L3-{D) or (TH-(D). Any point of attachment on (D) may be used. In onc embodiment,
the C-terminus of {I) forms the point of attachment in a (Ti-(L)-(D) conjugate. In
another embodiment, the N-terminuos of (B3} forms the point of attachmwent in a {(Ti-{L})-
(D} conjugate. In another embodiment, a side chain of (D) forms the point of
attachment in a (T)(L~(D) conjugate.

Nevel Conjugates Comprising Microtubule Disrupting Peptide Toxins

In one embodiment of the present disclosure, conjugates comprising
wmicrotubule distupting peptide toxins covalently hnked in the conjugate through the
side chain of the N-terminal amino acid arc provided. In one embodiment, the
microtubule disrupting peptide toxin is hemiasterlin or an analog thereof and the toxin
is covalently linked in the conjugate through the indole moicty within the side chain of
the N-terminal amino acid of the toxin peptide. In another embediment, the
microtubule disrupting peptide toxin is HTI-286 or an analog thereof and the toxin is
covalently linked in the conjugate through the phenyl group within the side chain of the
N-terminal amino acid of the toxin peptide. In one embodiment, the microtubule

disrupting peptide toxin is a coropound having structure (1), (Ja) or (Ib) as disclosed

bt
herein.

The subject corupositions have anti-mitotic activity and the following
structure:

{(THL-(PT)
(V113
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wherein (T} is a targeting moiety as described herein, (L) is an optional
linker as described herein, and (PT) 18 a microtubule disrupting peptide toxin that
covalently linked to (L} through the side chain of the N-terminal amino acid of (PT), or

if (L) is not present, {PT) is covalently linked to (T) through the side chain of the N-

5 terminal amino acid of (PT).

In one embodiment, (T) is an antibody.  Accordingly, in one
embodiment, antibody-drug conjugates (ADCs) comprising microtubule disrapting
peptide toxins that are linked to the conjugate through the side chain of the N-terminal
aroino acid are provided.

19 In one embodiment, {T)-{L}-{PT) has the tollowing structure:
Ry Re 0 R Re
}Ls—‘»’(\tﬁ N N
Y
N_ Ry O
Ry R

wherein,

15 Ry and Ry are independently selected from the group consisting oft H

and a saturated or unsaturated moiety having a hincar, branched, or non-aromatic cyclic
sskeleton containing one to ten carbon atoms, and the carbon atoms are optionally
substituted with: -OH, -1, -Br, -Cl, -F, -CN, -COxH, -CHO, ~-COSH, or -NO»;

Rz and R4 are independently selected from the group consisting oft H, R,

28 ArR-, or R; and R, are joined to form aring;

Ray 18 selected from the group consisting oft H, R7, ArR-, Ar-R-Ar, R-
Ar-Ar, Ar-Ar-R-, and Ar, wherein each R and cach Ar may be substituted, and zero to
ten heteroatoms may replace carbon atoms in the chain, for example O or S or N may

be incorporated into the carbon chain; in one cmbodiment, wherein R’ is

ﬁ”\{\x"\otb

R 18 selected from the group consisting of: H, R, and ArR-;

N2
ey

, wherein ms an integer from onge to fifteen;
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Ry and Rg are independently selected from the group counsisting oft H,
R, and ArR-; and

Rx, 1s selected from:

O O O O
T o |l
E WimCmNm?Qstq,_‘ WYMCMNM§MR14
) Lo S AN O . or O
wherein,

Z is defined as a moiety selected from the group consisting oft ~-OH, -

OR; -SH; -8R; -NHy; -NRCH(RYCOOH; and -NHCH(R;)COOH, wherein Ry, is a

10 moiety having the formula: R, or -(CHLNR R 3, wherein n=1-4 and Ry, and R;s are
imdependently selected from the group consisting oft H; R; and -C(NH)YNH),

Y is defined as a moiety selected from the group consisting of: a linear,

saturated or unsaturated, one to six carbon alkyl group, optionally substituted with R,

ArR—, or X; and,

EJ‘:

X 1s defined as a moiety selected from the group consisting of) —OH, —
OR, =0, =8, —(hCR, —SH, —SR, —SOCR, —NH,, —NHR, —N(R);, —NHCOR,
—NRCOR, —1, —Br, —Cl, ~—F, —CN, —COH, —COR, —CHO, —COR, —
CONH;, —CONHR, —CON(R});, —COSH, —COSR, —NO», —SO:H, —SOR, and
—ShR;

¢ R4 18 selected from the group consisting of optionally substituted alioyl,
optionaily substituted alkvlarmno, optiovally substitated  cycloatkyl, optionally
substituted aryl, optionally substituted heterocyclyl and optionaily substituted
heteroaryls, CORyy, -CSRys -OR,y and -NHR,, wherein each Rpy is, independently,
alkyl optionally substituted with halogen, -OH or -SH,

R is defined as a saturated or unsaturated moicty having a linear,
branched, or non-aromatic cychic skeleton contaimng one to ten carbon atoms, zero to
four nitrogen ators, zero to four oxygen atoms, and zero to four sulfur atoms, and the
carbon atoms are optionally substitited with: =0, =8, OH, -OR g, -0,CRyy, -SH, -8Ry,
-SOCRy,, -NHy, -NHR g, -N{Rjo), -NHCOR g, -NRwCORy, -, -Br, -Cl, -F, -CN, -
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COuH, -CORy, -CHO, -CORje, ~-CONH,, -CONHRy, -CON(Rih, -COSH, -
COSRyg, -NOy, -SO:H, -S0OR 0, -50:R 0, wherein Ry 18 a linear, branched or cyclic,
ong to ten carbon saturated or unsaturated altkyl group;
the ring formed by joining Rs and Ry is a three to seven member non-
5 aromatic cyclic skeleton within the definition of R,
Y is defined as a moiety selected from the group cousisting of: a lincar,
saturated or unsaturated, one to six carbon alkyl group, optionally substituted with R,
ArR—, or X; and,
X s defined as a mooiety selected from the group counsisting of: —OH, —
10 OR, =0, =5, —0,CR, —SH, —SR, —SOCR, —NH;, —NHR, —N{R};, —NHCOR,
»»»»»» NRCOR, -1, —8r, —Cl, —F, —(N, —COH, —COR, —(CHO, —COR, —
CONH,, —CONHR, —CON(R},, —COSH, —COSR, —NO,, —SO:H, —SOR, and
------- SOLR;

or a stercoisoruer, prodrug or pharmacentically acceptable salt thereof.

[
(52

In one cmbodiment, Ar is an aromatic ring sclected from the group

consisting of: phenyl, naphthyl, anthracyl, pyrrolyl.

In one embodiment, Ry is:
O

Pt O WV A VA VAR ,

20 wherein Z and Y are defined as above.

In one embodiment, Ri» is:

wherein 7 and R4 are defined as above.

|3
L7}

In one embodiment, Ry, is:
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RO e e """'R»§4

(@l O el ]

wherein v and Rys are defined as above,

In another embodiment, (T3-(L)}-(PT) has the following structure:

(94

wherein,
Riys is selected from the group consisting of optionally substituted alkyl,
10 optiopally substituted alkylamino, optionally substituted cycloalkyl, optionally

substituted aryl, optionally substituted heterocyelyl and optionally substituted

heteroaryl;
Rys is selected from the group consisting of H and Cgalkyl;
Ry7 is selected from the group consisting of H and C alkyl;
15 Ris and R are independently selected from the group consisting of H,

Cyqalkyl and -SH, with the proviso that both the Rys and Rsg substituents cannot be H;

Rs; is selected from:

O O O
o) Wimgmmmgmm wvvmcgimgmg Ry
zwé“i,mvmn; o) or C
26
wherein,
Z is defined as a moiety selected from the group consisting of: ~OH, -
OR; -SH; -8K; -NH,;, -NRCH(R,YCOOH; and -NHCH(R,)COOH, wherein Ry, is a
moiety having the formula: R, or {CH2LNR R 5, wherein n=1-4 and R,; and Ry are
25 independently sclected from the group consisting oft Hy R; and -CONH}NH,),
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R is defined as a saturated or unsaturated motety having a lincar,
branched, or non-aromatic ¢yclic skeleton containing one to ten carbon atoms, zero o
four nitrogen atoms, zero to four oxygen atoms, and zero to four sulfur atoms, and the
carbon atoms are optionally substituted with: =0, =S, OH, -ORyq, ~0:CR 0, -SH, -SRys,
5 -SOCRM;,, “NH'],, -NHRH;-,, 'N(R;g)g, -NHCORJG, "NR;@,COR}O, "L mBi‘, -Cl, -F,, “CN;, -
COLH, ~ChRy, -CHO, -COR g, -CONH,, -CONHR 5, -CON(R 10}z, ~COSH, -COSR0,
NGy, -SO:H, -S0R g, -SO,R 55, wherein R;p is a lincar, branched or cyclic, one to ten

carbon saturated or unsaturated alkyl group;
the ring formed by joining Rz and Ry is a three to seven wmember nou-

10 aromatic cyclic skeleton within the definition of R,
Y is defined as a moiety selected from the group cousisting of: a lincar,
saturated or unsaturated, one to six carbon alkyl group, optionally substituted with R,
ArR—, or X and,

X s defined as a moiety selected from the group consisting oft —OH, —

15 OR, =0, =5, —0,CR, —SH, —SR, —S0CR, —NH;, —NHR, —N{R};, —NHCOR,
—NRCOR, —1, —Br, —Cl, —F, —CN, —COH, —COR, —CHO, —COR, —
CONH,, —CONHR, —CON(R});, —COSH, —COSR, —NO,, —SO:H, —SOR, and
------- SOQR;

or a stercoisomer, prodrug or pharmaceutically acceptable salt thereof.
20

In another erobodiment, {T)-(L)-{PT) has the following structure:
25

wherein,
Rys is selected from the group consisting of optionally substituted alkyl,
optionally substituted alkylaroino, optionally substituted cycloalkyl, optionally

7
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substitited aryl, optionally substituted heterocyclyl and optionally  substituted

heteroaryl;
Ris is selected from the group consisting of H and C s alkyl;
Ri7 is selected from the group consisting of H and Csalkyl;
5 Rz and Ry are independently selected from the group consisting of H,

{1 ¢ alkyl and -SH, with the proviso that both the Rys and Rsy substituents cannot be H;

Rgg is:
O
i
Z~~C—Y
10
wherein,

7 is as defined above,
R is defiued as a saturated or unsatuorated moiety having a linear,
branched, or non-aromatic cyclic skeleton containing one to ten carbon atoms, zero to
15 four nitrogen atoms, zero to four oxygen atoms, and zero to four sulfur atoms, and the
carbon atoms are optionally substituted with: =0, =8, OH, -OR,q, -0,CR;0, -SH, -8Ry,
-SOCR0, ~-NHp, -NHRyq, -N{Rjoh, -NHCOR 5, -NRCORy, -1, -Br, -Cl, -F, -CN, -
COH, -COR g, -CHO, -COR g, -CONH,, -CONHR 5, -CON(R 5}, -COSH, -COSR 0,
NGy, -80:H, -SORyy, -80R s, wherein Ry 18 a linear, branched or cyclic, one to ten
20 carbon saturated or unsaturated alkyl group;
the ring formed by joining Rs and Ry is a three to seven merober non-
aromatic cyclic skeleton within the definition of R,
Y is defined as a motety selected from the group consisting of! a Hoear,
saturated or unsaturated, one to six carboun alkyl group, optionally substituted with R,
25 ArR-—, or X; and,
X is defined as a moiety selected from the group consisting oft —OH, —
OR, =0, =S, —O,CR, —SH, —SR, —SOCR, —NH,, —NHR, —N(R);, —NHCOR,
—NRCOR, —I, —Br, —Cl, —F, —CN, —CO,H, —CO,R, —CHO, —COR, —
CONH,;, —CONHR, —CON(R),, —COSH, —COSR, —NQO,;, —50;H, —S0R, and
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or a sterepisomer, prodrug or pharmaceutically acceptable salt thercof,

In another embodiment, (T)-(L)-(PT) has the following structure:

PR
Rim Rys

wherein,
Rys is selected from the group consisting of optionally substituted alkyl,
optionally substituted alkylamino, optionally substituted cycloalkyl, optionally
substituted aryl, optionally substituted heterocyclyl, optionally substituted heteroaryl, -
COR24, -CSRug, ~ORz4 -8Ry, and -NHR,4 wherein each Ryy is, independently, alkyl
optionally substituted with halogen, -OH or -SH;
Rys is selected from the group consisting of optionaily substituted alkyl,
optionally substituted alkylamino, optionally substituted cycloalkyl, optionally
substituted aryl, optionally substituted heterocyclyl and optionally substituted
heteroaryl;
Rys 18 sclected from the group consisting of H and Cyg atkyl;
Ry7 is selected from the group consisting of H and Cy ¢ alkyl;
Rig and Ryp are jndependently selected from the group consisting of H,
(s alkyl and -SH, with the proviso that both the R g and R substituents cannot be H;
or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.

In another embodiment, {T)-(L3+(PT) has the following structure:

Rag
=
. i N ’
T mLmRMN \/\\H*Oh
Ri7" "Ryg A

wherein,

-3
5y
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Rig is selected from the group consisting of optionally substituted alkyl,

optionally substituted alkylamino, optionally substituted cvcloalkyl, optionally

substituted aryl, optionally substituted heterocyelyl, optionally substituted heteroaryl, -

CORy4, -CSRuy, -OR24 -8Ry, and -NHR,4 wherein cach Ryy is, independently, alkyl
optionally substituied with halogen, -OH or -SH;

Rys is selected from the group consisting of optionally substituted alkyl,
optionally substituted alkylamino, optionally substituted cycloalkyl, optionally
substituted aryl, optionally substituted heterocyclyl and optionally substituted
heteroaryl;

Ryg 1s selected from the group consisting of H and Cgalkyl:

Ry7 is selected from the group consisting of H and Cy ¢ alkyi;

Ris and Ry are jndependently selected from the group consisting of H,
Cysalkyl and -SH, with the proviso that both the Ryg and Ry substituents cannot be H;

or a stercoisoruer, prodrug or pharmacentically acceptable salt thereof.

In another embodiment, {T)-(L-(PT) has the following structure:

O if E O
e
N\ O /:\\ E

H

o

wherein,

Rys is selected from the group consisting of optionally substituted alkyl,
optionally substituted alkylamino, optionally substituted cyclealkyl, optionally
substituted aryl, optionally substituted heterocyclyl and optionally substituted
heteroarvl;

or a stereoisoruer, prodrug or pharmaceatically acceptable salt thereof.

In another embodiment, {T)-(L)}-(PT) has the following structure:
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wherein,

R is defined as a saturated or unsaturated moicty having a linear,
branched, or non-aromatic cyclic skeleton containing one to ten carbon atoms, zero to
four nitrogen atorns, zero to four oxygen atoms, and zero to four sulfur atoms, and the
carbon atoms are optionally substituted with: =, =8, OH, -OR, (TR, -SH, -5Ry,
-SOCR 0, -NH;, -NHR,, -N{Rjo)s, -WHCOR 4, -NR\CORy, -1, -Br, -Ci, -F, -CN, -
COyH, -CORyy, -CHO, -CORy, -CONH,, -CONHRyy, -CON{R )2, -COSH, -CO8Ryy,
N3z, -SO3H, -SOR g, -SO:R 16, wherein Ryg 18 a linear, branched or cyclic, one to ten
carbon saturated or unsaturated alkyl group,

or a sterepisomer, prodrug or pharmaceutically acceptable salt thereof.

In avother evabodiment, (T-{L)-{PT) bas the following structure:

wherein,

R 18 defined as a saturated or unsaturated moeicty having a lingar,
branched, or non-aromatic cyclic skeleton containing one to ten carbon atoms, zero to
four nitrogen atorus, zero to four oxygen atoms, and zero to four sulfur atoms, and the
carbon atoms are optionally substituted with: =0, =8, OH, -OR,, -0,CRyq, -SH, -8Ry,
-SOCR 0, -NHz, -NHR g, -N{Rj0)z, -WHCOR 6, -NRiCOR, -1, -Br, ~Ci, -F, -CN, -
COH, -COuRyy, -CHO, -COR 5, -CONH,, -CONHRy, -CON(R 4}z, ~-COSH, -COSR g,
NG, -80O3H, -SOR g, -SO:R 16, wherein Ry is a linear, branched or cyclic, one (o ten
carbon saturated or unsaturated alkyl group,

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.

In a further embodiment of the invention, (PT) is a hemisterlin analog,
such as those disclosed in US 7,579,323, which is hereby incorporated by reference in

its entirety for all purposes.
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In synthesizing conjugates, including ADCs, comprising microtubule

disrupting peptide toxins, peptide linkage through the side chain of the N-terminal

aming acid holds several advantages. As demonstrated herein, the side chains of such

peptide toxins are ammenable to chemical modifications and manipulations that

facilitate formation of covalently linked conjugates without compromising potency. As

demonstrated herein, such conjugates are potent cytotoxic compositions capable of
delivering peptide toxin payloads.

Administration

For the purposes of administration, the compounds of the present
disclosure may be administered as a raw chemical or may be formulated as
pharmaceutical compositions. Pharmaceutical compositions of the present disclosure
comprise a compound of structure (1), (Ia) or (Ib) and a pharmaceutically acceptabie
carrier, diluent or excipient. The compound of structure (1), (Ia) or (Ib) is present in the
composition in an amount which is effective to treat a particular disease or condition of
mterest - ¢.g., in an amount sufficient to freat cancer or turmnour cell growth, and
preferably with acceptable toxicity to the patient. The activity of compounds of
structure (1), (Ia) or (Ib) can be determined by one skilled iu the art, for exanple, as
described in the Examples below. Appropriate concentrations and dosages can be
readily determined by one skilled in the art.

Administration of the compounds of the disclosure, or their
pharmaccutically acceptable salts, in pure form or in an appropriate pharmaceutical
composition, can be carried out via any of the accepted modes of administration of
agents for serving similar utilities. The pharmaceutical compositions of the disclosure
can be prepared by combining a compound of the disclosure with an appropriate
pharmaceutically acceptable carvier, diluent or excipient, and may be formulated into
preparations in solid, semi-solid, liquid or gasecus forms, such as tablets, capsuies,
powders, granules, ointruents, solufions, supposifories, injections, inhalauts, gels,
microspheres, and acrosols.  Typical routes of administering such pharmaccutical
compositions include, without limitation, oral, topical, transdermal, inhalation,

parenteral, sublingual, buccal, rectal, vaginal, and intranasal. The terma parenteral as
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used herein includes subcutancous injections, intravenous, intramuscular, intrasterpal

injection or infusion techniques. Pharmaceutical compositions of the disclosure are
formulated so as to allow the active ingredients contained therein to be bicavailabic
apon administration of the cowmposition fo a patient.  Coropositions that will be
administered to a subject or patient take the form of one or more dosage units, where
for example, a tablet may be a single dosage unit, and a container of a compound of the
disclosure in acrosol form may hold a plurality of dosage units.  Actual methods of
preparing such dosage forms are known, or will be apparent, to those skilled in this art;
for example, see Remington: The Science and Practice of Pharmacy, 20th Edition
{Philadelphia College of Pharmacy and Science, 2000). The composition to be
administered will, in any event, contain a therapeutically effective amount of a
compound of the disclosure, or a pharroaceutically acceptable salt thereof, for treatrment
of a disease or condition of interest in accordance with the teachings of this disclosure.

A pharmaceutical composition of the disclosure may be in the form of a
solid or hquid. In one aspect, the carrier(s) are particulate, so that the compositions are,
for example, in tablet or powder form. The camrier(s} may be liguid, with the
compositions being, for example, an oral syrup, mjectable liquid or an aerosel, which is
useful in, for example, inhalatory administration.

When intended for oral administration, pharmaceutical compositions of
the present disclosure typically are cither solid or liguid forrn, where semi-solid,
semi-liquid, suspension and gel forms are included within the forms considered herein
as either solid or liguid.

As a sohid composition for oral admunistration, the pharmaceutical
compositions may be formulated into a powder, granule, compressed tablet, pill,
capsule, chewing gum, wafer or the like form. Such a solid composition will typically
contain one or more inert diluents or edible carriers. In addition, one or more of the
tollowing ray be present: binders such as carboxyroethyleellulose, ethyl cellulose,
microcrystalline cellulose, gum tragacanth or gelating oxcipients such as starch, lactose
or dextrins, disintegrating agents such as alginic acid, sodium alginate, Primogel, com

starch and the like, Inbricants such as magnesiom stearate or Sterotex; glidants such as

79



WO 2014/144871 PCT/US2014/029463

collpidal silicon dioxide; sweetening agents such as sucrose or saccharin; a flavering
agent such as peppernunt, methyl salicylate or orange flavoring; and a coloring agent.

When the pharmaceutical composition is in the form of a capsule, for
example, a gelatin capsule, it may contain, in addition to roaterials of the above type, a

5 liquid carrier such as polyethylene glycol or oil.

Pharmaceutical compositions of the disclosure may be in the form of a
liquid, for example, an elixir, syrup, solution, emulsion or saspension. The liquid may
be for oral administration or for delivery by injection, as two examples. When intended
for oral administration, pharmaceutical compositions of the disclosure typicaily contain,

10 in addition to the present compounds, one or more of a sweetening agent, preservatives,
dye/colorant and flavor enhancer. In a composition intended to be administered by
injection, one or more of a surfactant, preservative, wetting agent, dispersing agent,
suspending agent, buffer, stabilizer and isotonic agent may be inchuded.

Liguid pharmaceutical compositions of the disclosure, whether they be

[
(52

solutions, suspensions or other hike form, may include one or more of the following
adjuvants: sterile diluents such as water for injection, saline solution, preferably
physiological saline, Ringer’s solution, isotonic sodwum chloride, fixed oils sach as
synthetic mono or diglycerides which may serve as the solvent or suspending medium,
polyethylene glyeols, glycerin, propylene glycol or other solvents; antibacterial agents
20 such as benzyl alechol or methyl paraben; antioxidants such as ascorbic acid or sodium
bisulfite; chelating agents such as cthylenediaminetetraacetic acid; buffers such as
acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium
chloride or dextrose. Parenteral preparations can be enclosed in ampoules, disposabic
syringes or multiple dose vials made of glass or plastic. Physiological saline is a

preferred adjovant. An injectable pharsaceutical composition is preferably sterile.

N2
¢

A liquid pharmaceutical composition of the disclosure intended for
either parenteral or oral admimstration should contain an amount of a compound of the
disclosure such that a suitable dosage will be obtained.

Pharmaceutical compositions of the disclosure may be intended for

3¢ topical admunistration, 1o which case the carrier rmoay suitably comprise a solution,
v - R
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emulsion, ointment or gel base. The base, for example, may comprise one or more of

the following: petrolatum, lanolin, polyethylene glycols, bee wax, mineral oil, diluents

such as water and alcohol, and emulsifiers and stabilizers. Thickening agents may be

present in a pharmaceutical composition for topical admimstration. If infended for

5 transdermal admunistration, the composition may include a transdermal patch or
tontophoresis device.

Pharmaceutical compositions of the disclosure may be intended for
rectal administration, in the form, for example, of a suppository, which will melt in the
rectum and release the drug. Compositions for rectal admunistration roay contain an

10 oleaginous basc as a suitable nonirritating excipient.  Such bases include, without
fimitation, lanclin, cocos butter and polyethylene glycol.

Pharmaceutical compositions of the disclosure may include various
materials, which modify the physical form of a solid or liquid dosage unit. For

example, the composition may include materials that form a coating shell around the

[
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active ingredients. The materials that form the coating shell are typically inert, and may
be sclected from, for example, sugar, shellac, and other enteric coating agents.
Alernatively, the active ingredients may be encased in a gelatin capsule.
Pharmaceutical compositions of the disclosure may be prepared
dosage units that can be administered as an aerosol. The term aerosol is used to denote
20 a varicty of systems ranging from those of colloidal nature to systems consisting of
pressurized packages. Delivery may be by a hguefied or compressed gas or by a
suitable pump system that dispenses the active ingredients. Acrosols of compounds of
the disclosure roay be delivered in single phase, bi-phasic, or tri-phasic systeras in order

to deliver the active ingredient(s}). Delivery of the aerosol includes the vecessary

<

N2
¢

container, activators, valves, subcontainers, and the like, which together may form a kit.
One skilled in the art, without undue experimentation may determine preferred aerosols.

The pharmaceutical compositions of the disclosure may be prepared by
methodology well known in the pharmaceutical art.  For example, a pharmaccutical
composition intended to be administered by injection can be prepared by combining a

30 compound of the disclosure with sterile, distilled water so as to form a solution. A
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surfactant may be added to facilitate the formation of a homogencous solution or

suspension.  Surfactants arc compounds that non-covalently interact with the
compound of the disclosure so as to facilitate dissolution or homogeneous suspension of
the compound in the aqueous delivery system.

The compounds of the disclosure, or their pharmaceutically acceptable
salts, are administered in a therapeutically effective amount, which will vary depending
upon a variety of factors including the activity of the specific compound emploved; the
metabolic stability and length of action of the compound; the age, body weight, general
health, sex, and dict of the patient; the mode and time of administration; the rate of
excretion; the drug combination; the severity of the particular disorder or condition; and
the subject undergoing therapy.

Compounds of the disclosure, or pharmaceutically acceptable derivatives
thereof, may also be administered simultancously with, prior to, or after administration
of one or more other therapeutic agents. Such combination therapy includes
adrmimistration of a single pharmacentical dosage formulation which contains 8
compound of the disclosure and onc or more additional active agents, as well as
adminisiration of the compound of the disclosure and cach active agent in its own
separate pharmaccutical dosage formulation. For example, a compound of the
disclosure and the other active agent can be administered to the patient together in a
single oral dosage composition such as a tablet or capsule, or cach agent administered
in separate oral dosage formulations. Where separate dosage formulations are used, the
compounds of the disclosure and one or more additional active ageots can be
administered at cssentially the same time, fe., concurrently, or at separately staggered
times, ie., sequentially; combination therapy is understood to include all these
regiroens.

It is understoed that in the present description, combinations of
substituents and/or variables of the depicied formulac are permussible only if such
contributions result in stable compounds.

It will also be appreciated by those skilled in the art that in the synthetic

processes described herewn the functional groups of miermediate compounds may need
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to be protected by suitable protecting groups. Such functional groups include hydroxy,

amino, mercapto and carboxylic acid. As described above, suitable protecting groups
for hydroxy inchade trialkylsilyl or diarylalkylsilyl (for example, ~butyldimethyisilyl, ¢-
butyldiphenylsilyl or trimethylsilyl), tetrahydropyranyl, benzyl, and the like, and
suttable protecting groups for amino, amidine and guanidine include -butoxycarbonyl,
benzyloxycarbonyl, and the like. Suitable protecting groups for mercapto include
-C{O)-R” (where R” is alkyl, aryl or arylalkyly, p-methoxybenzyl, trity]l and the like.
Suitable protecting groups for carboxylic acid inclade alkyl, aryl or arylalkyl esters.
Protecting groups may be added or removed ju accordance with standard techniques,
which arc known to one skilled in the art and as described herein. The use of protecting
groups is described in detail in Green, T.W. and P.G.M. Wutz, Protective Groups in
Organic Synthesis (1999), 3rd Ed., Wiley. As one of skill 1 the art would appreciate,
the protecting group may also be a polymer resin such as a Wang resin, Rink resin or a
2-chlorotrityl-chloride resin.

It will also be appreciated by those skilied in the art, although a protecied
derivative of compounds of this disclosure may not possess pharmacological activity as
such, they may be administered to a mammal and thereafier metabolized in the body to
form compounds of the disclosure which are pharmacologically active. Such derivatives
may therefore be described as “prodrugs”.  All prodrugs of compounds of this
disclosure are included within the scope of the present disclosure.

Furthermore, compounds of the disclosure which exist in free base or
acid form can be converted to their pharmaceutically acceptable salts by treatment with
the appropriate morganic or organic base or acid by racthods known to one skilled in
the art. Salts of the compounds of the disclosure can be converted to their free base or
acid form by standard techuiques.

The following Examples illustrate various methods of nking
compounds of this disclosure, i.e., compound of structures (1), (Ia), (Ib), (VD), and (Vi)
It 13 understood that once skilled in the art may be able to make these corpounds by
similar methods or by combining other methods known to one skilled in the art. It is

also understood that one skilled in the art would be able to make, in a similar manner as

o0
(29
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described below, other compounds of structure (1), {(fa), {Ib), (V1) or (VII} not
spectfically illustrated below by using the sppropriate starting components and
modifying the parameters of the synthesis as needed. In general, starting components

may be obtained from sources such as Sigma Aldrich, Lancaster Synthesis, Inc.,

v

(7

Maybridge, Matrix Scientific, TCI, and Fluorochemn USA, etc. or synthesized according
to sources known to those skilied in the art {see, for exarple, Advanced Organic
Chemistry: Reactions, Mechanisms, and Stracture, Sth edition (Wiley, December
20001} or prepared as described herein.

The following exampies are provided for purposes of illusiration, not

10 limitation.
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General Procedure 1 — Trifluoroacetamide installation
To a stirred suspension of the amine in 1d-dioxane was added

trifluorcacetic anhydride (1.1 cquivalents). The reaction mixture transitioned from a

suspension to a solution and back to a suspeunsion again. The progress of the rea

cti

Ol

was monitored by TLC and/or HPLC-MS for completion. Once the starting material

was fully consumed, the reaction was diluted with hexanes or diethyl ether, filtered on a

Buchner funnel and the resulting solids were dried under reduced pressure to give the

pure trifluoroacetamide.
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General Procedure 2 — DCC/DMAP mediated N-acyl sulfonamide
formation

To a stirred solution of the acid in dichloromethane was added a solation

of the sulfonamide (1.3 cquivalents, in dichloromethane, N N-dimcthylformamide, or a

5 mixture thereof, as necessary). Dicyclohexylcarbodiimide (1.2 equivalents) was added
and subsequently N N-dimethylaminopynidine (1.2 equivalents). Reaction course was
montitored by HPLC-MS (typically 16 h) and excess by-products could be precipitated

by the addition of dicthyl ether. Solids were removed by filtration and washed with 1:1
diethyl ether/dichloromethanc. The combined organic layers were concentrated, and the

18 residue was purified by silica gel chromatography or optionally prep-HPLC to give the

desired N-acyl sulfonamide.

General Procedure 3 — General saponification

To a solution of the trifluorcacetamide or ester containing counstruct in

u—
£

1, 4-dioxanc or methanol was added lithiumn hydroxide (10 cquivalents) and water (10%
v/v). The reaction was allowed to stir at room temperature or optionally heated to 50° C.
Reaction course was monttored by HPLC-MS. Upon completion, velatiles were
removed under reduced pressure, the aqueous layer was pH adjusted if necessary and
washed successively with dichloromethane or cthyl acetate. The organic phases were
20 pooled, dried over MgSQ0,, filtered and concentrated. The reaction product was either

used “as 18" or purified by silica gel chromatography as necessary.

General Procedure 4 - HATU mediated pepiide bond formation

To a stirred solution of the carboxylic acid in a minimal amount of

N2
¢

dichioromethane or N N-dimethylformamide or mixture thereof, at 0°C was added
HATU (cquivalents) and N N-disopropylethylamine (4 equivalents). Stirring was
continued for a brief induction period (5-20 minutes) at which time the reaction was
charged with a solution of the amine in dichloromethane. The reaction was allowed to
warm to room temperature and monitored for progress by HPLC-MS. Upon
30 completion, volatiles were removed under reduced pressure and the residual matenial
was purified by silica gel chromatography or reverse phase HPLC to furnish amide in

adequate purity.
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General Procedure 7 — Boc group removal
To a solution of the Boc-protecied coustruct in dichloromethane was
added 10% v/v trifluoroacctic acid. Reaction course was monitored by HPLC-MS.
5 Upon completion, all volatiles were removed under reduced pressure. The residual
material was purified either by reverse phase HPLC, silica gel chromatography or

precipitation from a mixture of cold methanol/dichloromethane/diethyl ether.

General Procedure 8 - Pd-Catalyzed Suzuki Cross Coupling
10 A suspension of aryl bromide, aryi {or alkenyl) boronic acid (1.5 eq),
Pd{OAc) (10 mol %), 2-(di-tert-butylphosphinobiphenyl (20 mol %), and KiPO; (3
eq) inn THF was stirred under N, at ambient temperature for 16 h {or 50 °C for 2 h). The
resulting brown reaction mixture was dilute with ether and washed with 14/ Na(OH (3x).
The aqueous washes were combined and extracted with cther (2x). The organics were
15 combined, dried over MgSQy, filtered, concentrated in vacuo and purified via silica gel
colomn chromatography (cluted with MeOH/CHLCh mixtures) to afford the cross-

coupled product.

General Procedure 9 - Cu-Catalyzed Ullman Cross Coupling (methoxy

20 insigflation)
A mixture of aryl bromide, CuBr {20 mol %), NaOMe (20 ¢q, 4.9¥ in
MeOH), and EtQAc (1.5 eq) was stured under Ny at 95 °C for 16 b, The resulting
mixture was diluted with HyO and poured into cold (8 °C) stirring 1M citric acid. After
stirring for 10 min, the mixture was extracted with EtOAc (4x). The organics were
25  combined, washed with HoO (2x} and brine (Ix), dried over MgS5Q0,, filtered and
concentrated in vacwo. The product was used in the next step without further

purification.

General Procedure 18 — Vinylogous amine ester synthesis

8K
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The procedure for Weinreb amide svnthesis, reduction and subsequent
olephination theroot as described by Nieman J. AL et al. J. Nat. Prod. 2003, 66, 183~
199 was ermployed to the desired commercially available amino acids with vo

modifications.

General Procedure 11 — Establivhment of Boc-t-Leucine-(Me)-
vinplopoeus amine acid

The vinylogous amino ester was deprotected and coupled to Boc-t-
leucine according to procedures described by Nieman I AL et al. J. Nat. Prod. 2003, 66,

10 183-199 with no modifications.

General Procedure 12 - Sulfonamide formation from aliy! halide
To a suspension of the desired abloy! halide in 2:1 HoO/EtOH was added
sodium sulfite (1.2 equiv). The resulting mixture was hested to reflux for 6-24h. The
15 reaction was then cooled to room temperature, the solvents were removed at reduced
pressure to remove ethanol and the prodact was precipitated. The sodium alkylsulfonate
were filtered, collected and dried in vacuo. These solids were then suspended in
dichloromethane and phosphorous pentachloride (2 equiv) was added with stirring. The
resulting suspension was heated to reflux for 2h and allowed to cool to room
20 temperature. The reactions were then cooled to 0°C and water was added dropwise to
consume excess phosphorous peotachloride. The mixture was transferred fo a
separatory funnel and the organic phase was washed with brine, dried over MgSQ;,
filtered and concentrated to give the desired sulfonyl chioride. The thusly derived
chloride was subsequently dissolved in THF and added dropwise to a stirred agucous
25  solution of concentrated ammonium hydroxide at 0°C. Upon completion of the addition,
the reaction was concentrated under reduced pressure and diluted with water and ethyl
acetate. The organic phase was washed with brine, dried over MgS80,, filtered and

concentrated to give the desired sulfonamide in sufficient purity for further use.

30 General Procedure 13 — Sulfonamide formation from substituted aevi
CHMPpONnEs

89
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To a stitred mixture of the desired aryl substituted compound in

chloroform was added chlorosuifonic acid (4 equivy. The reaction was heated to 70°C

for 1h and allowed to cool to rooro temperature. Thiony! chloride (2 equiv) was added
and the reaction was again heated to 70°C for th. The contents of the reaction vessel

5 were concentrated under reduced pressure to give an oil which was subsequently twice
dissolved in toluene and coucentrated under reduced pressure to remove residual acid.
The remaining material was dissolved in THF and added dropwise to a concentrated,
stirred solution of ammonium hydroxide at ¢°C. Once the addition was complete, the
reaction was concentrated under reduced pressure and the residuec was partitioned

I3 between ethyl acetate and water. The organic phase was washed with brine, dried over
MgSOy, filtered and concentrated to give the desired phenylsulfonamide in adequate

purity for further use.

General Procedure 14 — Sulfomamide formation
15 The procedures used to generate the desired sulfamamides were adapted

frovo Winum, J.-Y. er al., Org Lets, 2601, 3(14), 2241-2243

Generad Procedare 15 — Preparation of MC-VC-PABC-Toxins
The appropriate intermcdiate amine or aniline was taken up m DMF
20 {~90 mp/ml), and to this was added I-hydroxybenzotriazole hydrate (0.3 eq), then
commercially  obtaimed MOC-VC-PABC-PNP  (4-{({R)-2-{{R)-2-(6-(2,5-diox0-2.5-
dihydro-1H-pyrrol-1-yhhexanamido )-3-methylbutanamido}-5-
ureidopentanamido)benzyl 4-nitrophenyl carbonate) (1.3 eq) as described in Firestone,
et al. US6214345 was added followed by pyridine (25 eq). The reaction was covered to
25  protect from light and stirred at ambient temperature for 24 to 48 h. The reaction
mixtare could be purified by concentrating the mixture and performing flash
chromatography directly on the crude, or alternatively, it could be diluted with DMSO
1o an appropriate volume and injected directly onto a preparatory HPLC to give the pure

MC-VC-PABC-R construct.

90
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All sulfonarides and sulfamamides or prescursors to the materials used

in the procedures below were purchased commercially and manipulated, if necessary,

such that they were suitable for use. Specifically, General Procedures 1, 12, 13 and 14
were craployed to manipulate commercially available starting materials unless

5 otherwise noted below. Sulfamamide analogs of the N-acyl sulfonamide containing
compounds disclosed herein may be synthesized by the artisan of reasonable skill based

on the teachings herein and knowledge in the art, and are included within the scope of

the invention.

10 REPRESENTATIVE COMPOUNDS

Example ]

O
//\\\//\\ 12
Br 6’3 “NH,

-~

[¥2]

3-bromopropane-1-sulfonarmide

To a stirred sturry of potassiurg bromide (1.904g) in water (2.8 mL) was
added 1,3-propanesultone. The reaction was heated to 60°C with stirring for ih and
allowed to cool to room temperature. Ethanol (~45 mbL) was added with stirring and a
20 precipitate formed. The suspension was filtered on a Buchner funnel and the solids were
collected and dried at high vacuum over night to give potassium 3-bromopropane-1-

sulfonate (2.90 g, 12.0ramol) as a white solid.
The above solid was added to a round bottors flask equipped with a stir

bar. Phosphorous pentachloride (3.22¢, 1.3 equiv) was added in a single charge and the

N2
it

flask was gently shaken to mix the selids. A gas was observed to form and the solids
became slightly molten. A singular drop of water was added to the mixture and a
vigorous evelution of gas was observed, with more significant melting of the reaction
mixture. The flask was submerged in an oil bath at 70°C and the molien mixture
manipulated to attempt to make it as uniform as possible. After 10 minutes of heating,
3¢ the flask was allowed to cool to room temperature and was charged with ice {(~60 mL}
91
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and diethyl ether (~80 mL)} and stirred vigorously. The bhiphasic mixture was
transterred to a scparatory funnel, the organic layer washed with brine, then dried over
MgS8Q,, filtered and concentrated to a total volume of ~25mlL. The ethereal layer was
added to a 100 L round bottom flask, a stir bar was added and the flask was cooled to
0oC in an ice bath. Ammonia (NHsOH, 28% aq, SmL ) was added with vigorous stirring
and an emulsion formed. After the emulsion had subsided, brine (~20 mL} and diethyl
cther (~20 mL) were added and the mixture transferred to a separatory funnel The
organic phase was scparated, dried over MgS8QO,s and concentrated to give the titie
corapound as a stiff syrup that solidified on standing (0.782¢g).
'H NMR (400MHz, DMSO-d6) 8 {(ppm) =224 {p, 2H, J = 6.5 Hz), 3.12
(t, 2H, 1= 6.5 Hz}, 3.66 (1, 2H, } = 6.5 Hz), 6.91 (3, 2H).

Exampie 2

3-(tritylthioypropane-1-sulfonarmde

To a stirred solution of triphenylmethancthiol (0.276g) i N N-dimethyl
formamide at ¢°C was added sodium hydride (0.04g, 1 equiv). After effervescence had
ceased, 3-bromopropance-1-sulfonarde (0.100g, 0.5 equiv) was added as a solid wm a
single portion and the reaction was allowed to warm to room temperature. Progress of
the reaction was monitored by HPLC-MS and TLC (40% EtQOAc in hexanes). After 2h,
the reaction was quenched with water (~0.5 mL) and concentrated on a rotovap at high-
vacuum. The resulting o1l was partitioned between cthyl acetate and brine, transferred
to a separatory funnel and the organic phase was washed with brive, dried over MgS80Q;,
concentrated and purified by flash chromatography (5-50% EtQAc in hexanes) to give

the title compound {(0.135g) as a white crystailine sohid.
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'H NMR (400MHz, CD30D) 8 (ppm) = 1.77-1.85 (m, 2H), 2.35 (¢, 2H,
J=6.5Hz), 2.95-2.99 (¢, 2H, J = 6.5 Hz), 7.22-7.33 (m, 9H), 7.40-7.45 (m, 6H)

Exampled
5
O G
AN~
| = N 7S on
2= BocN._ O A
(65,95,128,E)-9-tert-butyl-12-isopropyl-2,2,5,1 1, 14-pentamethyt-4.7, 10-trioxo-6-2-
phenyipropan-2-yi)-3-oxa-5,8, | I-triazapentadec-13-en-15-o1¢ acid
19 Symhesized as per Nieman J. A et al. ] Nat. Prod. 2003, 66, 183-199.
Exampie 4
0 \/ a
PN
= { \ ’ SH
R N j\
1s

(8,E)}-N-(3-mercaptopropylsulfonyi)-2,5-dimethyl-4-((5)-N,3, 3-trimethyl-2-({8)-3-
methyl-2-(methylamine -3-phenylbutanamido jbutanamidohex-Z-enamide {Compound

A

Exaraple 4 was syunthesized from Examples 2 and 3 according to General

20 Procedures 2 and 7 with the inclusion of tri-isoproypsitane (Zequivy to Procedure 9.

'H NMR (400MHz, CD30D) & (ppm) = 0.88 (3H, d, J = 6.2 Hz), 0.94
(3H, d, I = 6.2 Hz), 1.08 (s, 9H), 1.40 (s, 3H), 1.4% (s, 3H), 1.94 (d, 3H, J = 1.29 Hz),

2.03-2.16 {m, 3H}, 241 (s, 3H), 2.67 (1, 2H, T = 9.76 Hz), 3.16 (5, 3H), 3.46-3.50 (m,

2H), 4.08 (brs, 1H), 4.94 (5, 1H), 5.07 (1, 18, J = 10.0 Hz), 6.59 (d, 1H, J = 9.5 Hz),

25 7.32-7.37 (m, 1H), 7.41-7.48 {m, 2H), 7.50-7.57 (mm, 2FD).

Mcthods described above were used to generate the following analogous

compounds.

Nel
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Example §

St

HoNL S. S
//3\’\/(\\/‘ /\\/ NHQ

o 0

2,2 -disulfanediyldicthanesulfonamide
Synthesized as described by Lemaire, H. and Rieger, M in J. Org.

Chen., 1961, 1330-1331.

Example 6

©\<NHK s ]\\( :t S

(8, E)-N-(2~-mercaptocthylsulfonyl)-2,5-dimethyl-4-((8)-N.3,3~trimethyl-2~((S -3~
methyl-2-{methylamine }-3-phenylbutanamido jbutanamido Yhex-2-enarmde (Compound
B

To a solution of (68,95,125,E)-O-tert-butyl-12-isopropyl-2,2,5,11,14-
pentamethyl-4,7, 10-trioxo-6-(2-phenylpropan-2-y1)-3-oxa-5,8,1 I -triazapentadec-13-cn-
15-pic acid (0.138g, 2.4 equiv) in dichloromethane (4 ml) was added 2,2
disulfancdiyldicthancsulfonarnide (0.028g), di-isopropylcarboditmide (0.044 mlL, 2.4
cquiv} and N, N-dimethvipyridine (0.034g, 2.8 cquiv). Stirring was continucd for 16h at
which point TLC analysis (5% MeOH {(with 5% AcOH) in 70/30 CHyCly/Hexanes)
indicated complete consumption of the disulfancedisulfonamide. The reaction was
dituted with hexanes (~5 ml), filtered to remove solids, concentrated and the resultant
otl purified by flash chromatography.

The chromatographically purified materials was then dissolved in
dichloromethane (3 ml}, a stir bar was added, then trifluorcacetic acid (0.6 mL) and
tri-isopropylsilane (0.20 ml). The mixture imwuediately went yellow, with the colour
fading over 5 minotes and conversion of the material to the desired product was

94
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monitored by HPLC-MS. Upon complete conversion, the reaction was concentrated to
dryness and the residue purified by flash chromatography (0-15% MeOH (containing
5% AcOH) in 80/20 CH,Cly/hexanes). HPLC-MS showed this isolate to be a mixture
of free thiol and disalfide.
'H NMR (400MHz, CD30D) 8 (ppm) = 0.88 (3H, d, T = 6.2 Hz),
(3H, d, § = 6.2 Hz), 1.07 (s, OH), 1.40 (s, 3H), 1.47 (s, 3H), 1.91-2.05 {m, 5H), 2.32 (s,
3H), 2.67 (¢, 2H, § = 9.76 Hz), 3.07-3.18 (w, 5H}, 3.52-3.59 (m, 2H), 3.85 (s, 1H)HH
4.08 (brs, 1H}y, 4.93 (s, 1H), 5.09 (¢, 1H, J = 10.0 Hz), 6.76 {d, 1H, J = 9.5 Hz), 7.29-
735 {(m, 1H), 7.39-7.46 (m, 2H), 7.49-7.5s (m, 2H). CroHugN4Os8) caled. [M+H] =

@
D

3

598.15 amu; found m/z = 598.16.

Example 7

4-(tritylthiomethylbenzenesulfonamide

To a stirred solution of triphenyimethanethiol (0.276g, Zequivy in NN-
dimcthylformamide (3 mL) at 0°C was added sodium hydride (60% w/w dispersion in
wmineral oil, 0.04g, 2 equiv). When the effervescence had ceased, 4-
{bromorncthyDbenzenesulfonamide (0.125g, T equiv) was added 0 a single portion and
the reaction was allowed to warm to room temperature. HPLC-MS at 20 minutes
indicated that conversion was complete. The reaction was quenched with acetic acid
{(~0.2 mL), concentrated to dryness i vacuo and the subsequent residue partitioned
between ethyl acetate and brine. The organic layer was separated, dried over Mg8Q,,
filtered, concentrated and purified by flash chromatography (0-50% ethyl acetate n
hexanes). Fractions containing the desired material were concentrated to dryness to

furnish the desired compound as a colourless solid (8.200g}.

9
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'H NMR. (400MHz, DMSO-d6) 8 (ppm) = 3.3% (s, 2H), 7.24-7.35 (m,
TH), 7.36-7.44 (m, 12H), 7.67-7.73 (m, 2H)

Exarmpic 8

AN o
/i | 1 O >
P N at f:k ,ovS
B ~ N ! \\\]/ NS
Ao T H

(8,E)-N-{4-{mercaptomethyDphenylsulfonyl}-2, 5-dimethyl-4-{({5}-N,3,3-
trimethyl-2-((S)-3-methyl-2-(uethylamino)-3-phenylbutanamido ybutanamidohex-2-
enamide {Compound ).

Title compound prepared from Examples 3 and 7 according to General

Procedures 2 and 7

'H NMR (400MHz, CD30D) § (ppm) = 0.88 (d, 3H, J = 6.2 Hz), 0.91
{(d, 3H, =62 Hz), 1L.06 (s, OH), 1.38 (s, 3H), 1.47 (5, 3H), 1.86 (s, 3H}, 1.99-2.05 (m,
1H), 241 (5, 3H), 2.67 (1, ZH, J = 9.76 Hz}, 3.14 (s, 3H), 3.80 (5, 2H), HH 4.10 (br s,
IH), 4.93 (5, UH), 5.00 (1, TH, I = 10.0 Hz), 6.54 (d, 1H, J = 9.5 Hz), 7.30-7.51 (1, SH),
7.52-7.58 {m, ZH), 7.90-7.97 (m, 2H} CiHsoNaOsS; caled. [MHH] = 659.25 amu;
found m/z = 659.37.

Example &

P2
oY 9o LT
| » VR

/WN N N '\E/S\}\
:' i H H v
O N

(8,E)-2,5-dimethyl-N-tosyl-4-((S3-N,3,3-trimethyl-2-{ (8 )-3-methyl-2-{methylamino)}-3-
phenyibutanamidothutanaroidothex-2-enavoide (Compound D)
Title compound was prepared from Example 3 and tosylsulfonamide

using Geperal Procedures 2 and 7.
96
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'H NMR (400MHz, CD30D) & (ppm) = 0.8%-0.94 (m, 6H), 1.06 (s,
OFF), 1.35 (s, 3H), 1.45 (s, 3H), 1.86 (s, 3H), 2.02-2.11 (m, 1H), 2.4 (s, 3H), 2.51 (s,
3H), 3.17 (s, 3H), HH 4.35 (s, 1H), 4.89-4.99 (m, 2H), 6.48 (d, 1H, I = 9.5 Hz), 7.30-
743 (m, 4H), 7.43-7.50 (m, 2H), 7.51-7.57 (m, 2H). CyqHsoNaOsS caled. [M+H]" =

5 627.15 amu; found m/z = 62731,
Example 10
O ; i O O, 0
><(LLN NN
' OHN Ho % A H
10

(§,E)-2,5-dimethyl-N-{methylsulfony-4-((8)-N,3,3-trimethy - 2-((8)-3-methyl-2-
(methylamino}-3-phenylbutanamidobutanamido thex-2-enamide (Compound £)
Title compound was prepared from Example 3 and methanesulfonamide

using General Procedures 2 and 7.

is "H NMR (400MHz, CD30OD) 8 (ppm) = 0.87-0.98 GH(m, 6H), 1.09 (s,
OH), 1.40 (s, 3H), 149 (s, 3H), 1.97 (s, 3H), 2.03-2.13 (m, 1H), 2.52 (s, 3H), 2.67 {4,
2H, J =976 Hz), 3.18 (s, 3H}, 3.31 (5, 3H), 4.38 (s, 1H}, 4.94 (d, 1H, I = 8.2 Hz}, 5.07
(t, 1H, § = 10.0 Hzy, 6.54 (d, 1H, I = 9.5 Hz), 7.30-7.40 (m, 1H}, 7.40-7.51 (m, 2H),

7.51-7.59 {m, 2H). C2eHisN4Os8 caled. [M+H] = 551.30 amu; found m/z = 551.34.

oY o
: * N =
B Y Y‘\KLOH
= HN O AL

25 {5,E)-2,5-dimethyl-4-((8)-N,3,3-trimethyl-2-((S)-3-methyl-2-(methylaroino 3-3-

phenyibutananmido jbutanaraidohex-2-enoic acid (Compound F)
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The title compound was synthesized using methods as described by

Nieman et al. in J. Nat. Prod. 2003, 66, 183-199.

SO
'
M

Chernical Formula: CyaHs4N,055
Exact Mass: 554.38

(12)
(8. E}-N-{mesitylsulfouy!)-2,5-dimethyi-4-{{8)-N.3,3-trimethyl-2~({(S)-3-

Q\\ %
N7
H

Q/\

methyl-2-{methylamino}-3-phenylbutanamidojbutanamidohex-2-enamide
10 Title compound was prepared from Example 3 and mesitylsulfonamide
asing General Procedures 2 and 7.
{H NMR {400 MHz, Methanol-d4) 8 7.60 - 7.55 {m, 2H}, 7.47 (m, 2
7.37 {w, 1H), 7.03 (s, 2H), 6.50 (d, J = 6 He, 1H}, 5.06 — 4.91 (1, 3H), 4.34 (s, 1H),
3.17 (s, 3H), 2.68 (s, 6H), 2.51 (5, 3H), 2.31 (s, 3H), 2.07 {m, 6.6 Hz, 2H), 1.87 (s, 3H),
148 (s, 3H), 1.36 (s, 3H), 1.09-1.04 (m, J = 16.8 Hz, 10H), 0.92 (1, I = 6.3 Hz, 6H).
C36HSANAOSS caled vo/z = 654,38 found [M+H}H+ = 655.03

i

Example 13

Q O

5 3 [ 0.0

Chemical Formula: CayH47FaN,OgS
30 Exact Mass: 696.32

C
E
O
).

{13}
(8,E)-2,5-dimethyl-N-(4-(triflusromethoxy phenyisulfonyl}-4-((8)-N, 3, 3-trimethyl-2-

({S)-3-methyi-2-(racthylaraino }-3-phenyibutanamidobutanamidothex-2-enamide

9%
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Title compound was prepared from Example 3 and 4-
trifluoromethoxyphenylsulfonamide using General Procedures 2 and 7.
1H NMR (400 MHz, Methanol-d4) 8 8.16 {dd, J =8.7, 1 4 Hz, 1H), 7.69
=728 {m, 4H}, 6.52 (d, =92 Hz, 1H), 5.02 - 4.95 (m, 1H}, 4.92 (s, OH}, 4.35 (5, 1H]},
5 317 (s, 1H), 2.51 (s, 1H), 2.05(ddd, J =159, 10.9, 3.7 Hz, 1H), 1.87 (s, I1H), 147 (s,
1H), 1.36 (s, 1H), 1.07 (5, 4H), 0.91 (1, J = 6.1 Hz, 3H).
C34H4TF3NAOES caled w/z = 696.32 found [M+H]+ = 697.26

10
Chemical Formula: CyghsgNg0s8
Exact Mass: 826.35
{14
(S, E)}-N-{(benzylsulfonyi)}-2 3-dimethyl-4-({83-N,3,3-trimethy{-2-((8)-3-
methyl-2-(racthylamine }-3-phenylbutanarido)butanamide thex-2-cnamide
15 Title compound was prepared from Example 3 and benzylsulfonamide

using General Procedures 2 and 7
1H NMR (400 MHz, Mcthanol-d4) 8 7.56 (d, J=7.9 He, 2H), 747 (t. ]
= 7.3 Hz, 2H), 7.38 (brs, 6H), 6.39 (d, J = 9.4 Hz, 1H), 5.06 (t, J = 10.0 Hz, 1H), 4.93
(s, 1H), 4.75 (s, 2H), 436 (s, 1H), 3.13 (5, 3H), 2.51 (5, 3H), 2.06-1.95 (im, 4H), 1.48 (s,
20 3H), 1.39(s, 3H), 1.09 (s, 9H), 0.90 (1, J = 6.2 Hz, 6H).
C34H47F3NAO6S caled o/z = 626.35 found [M+H}+ = 626,99

o

Hxample 15

99



WO 2014/144871 PCT/US2014/029463

Chemical Formula: CyoHggN40O58
Exact Mass: 738.48

{(15)
(8,E)-2,5-dimethyl-N-{(2,4,6-triisopropylphenylsuifonyl 3-4-({(53-N,3,3-

trimethyl-2-({S)-3~-methyi-2-(methylamino 3-3-phenyibutanamido Ybutanamido Yhex-2-

(7

enamide

Title compound was prepared from Example 3 and 2,4,6-tri-
wsopropylphenylsulfonamide using General Procedures 2 and 7.

1H NMR (400 MHz, Mcthanol-d4) 8 7.61 - 7.53 (m, 2H), 747 (1, J =78
Hz, 2H), 7.41 - 7.33 (m, 1H), 7.27 (s, 2H), 6.50 (dd, J = 9.6, 1.8 Hz, 1H}, 5.05(t, I =
10 100 Hz, 1H), 4.92 (s, 1H), 443 —4.26 {m, 3H), 3.16 (5, 3H), 294 (dd, I = 14.3, 7.4 Hz,
1H), 2.51 (s, 3H), 2.07 — 1.99 (m, ZH), 1.90 {d, ] = 1.4 Hz, 3H), 1.48 (s, 4H), 1.39 (s,
3H), 1.33 - 1.22 (m, 18H), 1.11 €5, 2H), 1.06 (s, 9H), 0.91 (1, J = 6.0 Hz, 7H).

C42HO66N40OS5S caled mv/z = 738.48 found [M+H} = 73810

[
(92

Example 16

= . NH O~

Chemical Formula: CayHggNgOsS
Exact Mass: 668.40

{18
(8,E)}-N-{4-tert-butylphenylsulfonyt}-2,5-dimethyi-4-((8)-N,3,3-
20 trimethyl-2-{(S)-3-methyi-2-(methylamivo -3-phenylbutanamido ybutanamido Yhex-2-

enamide

100



WO 2014/144871 PCT/US2014/029463

Title compound was prepared from Example 3 and 4-
tertbutylphenylsulfonarmide using General Procedures 2 and 7.
1H NMR {400 MHz, Mcthanol-d43 8 7.98 {d, I =8.6 Hz, 2H), 7.64 (d, J
= 8.6 He, 2H)Y, 7.55(d, J = 7.9 He, 2H), 7.47 (1, J= 7.7 He, 3H), 7.37 (t, J= 7.1 He,

5 1H), 648 (dd, J=9.6, L8 He, 1H), 499 (t, I = 10.0 Hz, 1H), 4.92 (s, 1H), 4.35 (s, 1H),
316 (s, 3H), 2.51 (s, 3H), 1.87(d, J = 1.4 Hz, 3H), 1.47 (s, 3H), 1.38 (s, 10H}, 1.06 (s,
9H), 0.91 (¢, I = 6.2 Hz, 7TH).

C42H66N4A0SS caled m/z = 668 .40 found [M+H]+ = 669.28

10 Example 17

Q.
| U‘\S"’Q
l NS N ™y
N R P
Ci

Chemical Formula: CaaHsCINGG:S
Exact Mass: 646.30

(17
(8, E}-N-{4-chlorophenyisulfony}-2,5-dimethyl-4-({S)-N,3,3-trumethyl-
1S 2-{{8)-3-rocthyl-2-(methylamino}-3-phenylbutanamidoybutanamido thex-2-enamide
Title  compound was prepared from  Example 3 and 4-
chilorophenylsulfonamide using General Procedures 2 and 7.
TH NMR (400 MHz, Methanol-d4) 8 8.03 {d, J = 8.7 Hz, 2H), 7.60 {d, J
= 8.7 Hz, 2H), 7.57 - 7.51 (m, 2H), 747 (dd, J = 8.6, 6.9 Hz, 2H), 742 — 7.32 (m, 1H),
20 6.50(dd, J=92, 1.7 Hz, 1H), 496 (dd, J =109, 9.1 Hz, 2H), 4.92 (s, 1H), 4.35 (s, 1H),
337 (s, 3H), 2.51 (s, 3H3, 2.14 - 2,03 {(m, 1H), 2.01 5, TH), 1.87 {d, I = 1.4 Hz, 3H),
146 (s, 3H), 1.36 (s, 3H), 1.07 (s, OH), 0.91 (dd, = 6.5, 4.6 He, TH).
C33H47CINAOSS caled m/z = 646.30 found [M+H}+ = 647.20

25 Example 18

101
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] | O
o .0
©><E/H\N,/ N . \/JJ\\N:\S‘{“ ,CN
J H z
= N D~ H \©

Chemical Formula: CaaHs7Ns0s8
Exact Mass: 637.33

{18)
(S,E}-N-(3-cyanophenylsulfonyl)-2,5-dimethyl-4-({$)-N,3,3-trimethyl-2-
({S)-3-methyl-2-(methylamino}-3-phenyibutanamido jbutanarnido jhex-2-enamide
5 Title compound was prepared from  Example 3 and  3-
cyanophenylsulfonamide using General Procedures 2 and 7.
TH NMR (400 MHz, Mcthanol-d4) & 838 (s, 1H), §.31 (dt, I =8.0, 1.5
Hz, 1H), 8.02 — 7.92 (m, 1H), 7.75 (£, ) = 7.9 Hz, 1H), 7.53 (d, 1 = 1.2 Hz, 1H), 7.4%
{dd, J = 8.6, 6.9 Hz, 2H), 743 - 7.33 {m, 1H), 6.55{dd, 1 =93, 1.7 He, 1H), 493 (d, ]
10 =54Hz 2H), 435 (s, 1H), 3.18 {5, 3H), 2.51 (s, 3H), 215~ 198 (m, 2H), 1 .87 (d, J =
1.4 He, 3H), 145 (s, 3H), 132 (s, 3H), 1.07 (s, 9H), 0.92 (dd, J = 6.6, 3.9 Hz, TH).
C34H47NS0S5S caled m/z = 637.33 found [M+H}+ = 638.00

O 4 0]
E‘E\E\,/ /E”KQ‘\Q”O %
Y Y
~NH O A H

Chernical Formula: CazHerNz07S
15 Exact Mass: 657.32

{19}

(8,E)-2,5-dimethyl-N-(Z-nitrophenylsulfonyl}-4-((8}-N,3,3-trimethyl-2-
({S)-3-methyi-2-(methylanino}-3-phenyibutanamido)butanamidohex-2-enamide

Title  compound was prepared  from  Example 3 and  2-

20 nitrophenylsulfonamide using General Procedures 2 and 7.

TH NMR (400 MHz, Methanol-d4) 6 8.36 — 827 {m, 1H), 782 (dd, J =
5.9, 3.8 Hz, 3H), 7.61 -~ 7.51 (m, 2H), 747 (dd, J = 8.6, 6.9 Hz, 2H), 7.42 - 731 {m,
IH), 6.63 (dd, J = 9.5, 1.7 Hz, 1H), 5.03 (¢, J = 10.0 Hz, 1H), 4.93 {s, 1H}, 4.36 (5, 1H},

102
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3VR (s, 3Hy, 2.51 (s, 3H), 2,12 - 2.03 (o, 1H), 1.88 (d, J = 1.4 Hz, 3H}, 1.48 (s, 3H),
37 (s, 3H), 1.06 (s, 9H}, 0.97 — 0.86 {m, 6H).
C34H4TNSOSS caled m/z = 657.32 found [MAH+= 65821

Example 20
/ I
/([:)L ?Eg l‘z\\ :“.\\ P NO 2

Chemical Formula: CsaMagNgOgS
Exact Mass: 687.33

(26)
(8,E}N-{4-methoxy-2Z-unitrophenyisulfonyl}-2,S-dimethyl-4-((§)-N,3,3-
trimethyl-2-((S)-3-methyl-2-(methylamino )-3-phenylbutanamido Youtanamido yhex-2-
enamide
Title compound Was prepared from Example 3 aund 2-nitro-4-
methoxyphenylsulfonamide using General Procedures 2 and 7
TH NMR (400 MHz, Methanol-dd) 8 8.24 (4, | = 8.9 Hz, 1H), 7.59 -
St {m, 2H), 747 (t, J = 7.6 Hz, 2H), 7.44 — 7.25 (m, 4H), 6.60 (dd, 1 = 9.2, 1.7 Hz,
1H), 5.03 (t, J=10.0 Hz, 1H}, 4.93 (s, 1H), 4.36 (5, 1H), 3.97 (s, 3H), 3.18 (s, 3H), 2.51
s, 3H)Y, 213 = 2.02 (o, 1H), 189 (d, J= 1.4 He, 3H), 1.48 (s, 3H), 138 (s, 3H), 111 (s,
2H), 1.06 (s, 9H}, 0.99 - 0.88 {m, 6H).
S34HAONSORS caled ro/z = 687.33 found [M+H}+ = 689.23

Example 21

Chemical Formula: CyqHzeMN508
Exact Mass: 700.33

103
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2h
4-{N-({S,Ey-2,5-dimethvl-4-({8)-N, 3,3-trimethyi-2-((8)-3-methyl-2-
(methylamineo}-3-phenylbutanamido Ybutanamide thex-2-enoylisulfamoyl}-3-
nitrobenzamide
5 Titie compound was prepared from Example 3 and  3-nitro-4-

sulfamoylbenzamide using General Procedures 2 and 7.
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= 8.0 Hz, 2H), 7.59 — 7.51 {(m, 2H), 7.47 (¢, I = 7.6 Hz, 2H), 7.37 (, I = 7.3 Hz, 1H),
6.70 — 6.57 (r, 1H), 5.04 (1, J = 10.0 Hz, 1H), 4.94 (s, 1H), 4.37 {5, 1H), 3.17 (s, 3H),

10 2.52 (s, 3H), 2.05 (ddd, J = 10.3, 7.4, 5.5 Hz, 1H), 1.87 (d, = 1.4 Hz, 3H), 1.4% (s, 3H),
1.38 (s, 3H), 1.06 (s, 9H), 0.92 (dd, } = 14.7, 6.8 Hz, 6H).
C34H4RNG6OSS caled myz = 700.33 found [M+H]+ = 701 .28
15

ﬁ -~ \ﬁ//\\\\;\;
k\f/{;;\\ 0/”

Chemical Formuia: CagHsoN,0s8
Exacl Mass: 642.35

{22)
(S, E}-N-{4-methoxyphenylsulfonyl}-2,5-dimethyl-4-(($)-N,3,3~
trimethy-2-((8)-3-methyl-2-(methylamino)-3-phenylbutanamido)butanamidoyhex-2-
20 cnamide
Title  compound was  prepared from  Example 3 and 4-
methoxyphenylsulfonamide using General Procedures 2 and 7.
IH NMR (400 MHz, Mcthanol-d4) 8 7.97 (d, J = 9.0 Hz, ZH), 7.54 {d. J
=75 Hz, 2H), 746 (1, } = 7.6 Hz, 2H), 7.36 (t, } = 7.2 Hz, 1H), 7.06 (d, J = 9.0 Hz,
25 2H), 648(dd, J =93, 19 Hz, 1H), 497 (1, J =99 Hz, 1H), 492 (s, 1H), 422 (s, 1H),
3.89 (s, 3H), 3.15 {s, 3H}, 2.46 {5, 3H), 2.10 - 1.99 (m, 2H), 186 {d, I = 1.4 Hz, 3H),
146 (s, 3H), 1.36 (s, 3H), 1.06 (5, OH}, 0.94 — 0.84 (1, 6H).
104
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C34H5ON406S caled m/z = 642.35 found [M+H - = 643 31

Example 23

\.r,
o8
\/\])J\ O
PN

O/\

CF

IZ

Chemical Formuta: CagHaaFaNgOgS
Exact Mass: 723.33

23)
(S,E)-2,5-dimethyl-N-(4-(2,2 2-triflucroacctamidojphenylsulfonyl}-4-
{{8)-N,3 3~trimethy-2-({ 8)-3~-methyl-2-{methylamino)-3-
phenylbutanamido ybutanamidohex-2-enarnide
Title compound was prepared from Example 3 and 2,2,2-triftuoro-N-(4-
sulfamoylphenyljacctarnide using General Procedures 2 and 7.
TH NMR {400 MHz, Mecthanol-dd) § 806 (d, J =89 Hz, 2H), 788 {(d, J
8.9 Hz, 2H), 7.52 (d, J = 7.1 Hz, 2H), 749 — 7.40 (m, 3H), 7.35 (dd, ] = 8.1, 6.1 Hz,
IH}, 6.47 (dd, ¥ =92, 1.8 Hz, 1H), 433 (s, 1H}, 3.15 (s, 3H), 248 (s, 3H), 2.13 - 1.96

(m, 2H), 1.85 (d, J = 1.4 Hz, 3H), 1.43 (s, 3H), 1.33 (5, 3H), 1.04 (s, 9H), 0.89 (dd. I =
6.8, 4.7 Hz, 6H).
“35HARFINSO6S caled m/z = 723.33 found [M+H]+ = 724.08

Example 24

Chernical Formuia: Ca3H aNs0sS
Exact Mass: 627.35

(24
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(S.E}-N-{(4-aminophenyisulfonyl}-2,5-dimethyl-4-({5)-N,3 3-trimethyl-
2-({5)-3-methyl-2-(methylamino)-3-phenylbutanamidoybutanarmdoyhex-2-enamide
Title compound was prepared from Example 3 and 2,2,2-trifluoro-N-{(4-
sulfamoylphenylacetanide using General Procedures 2, 3 and 7

5 'H NMR (400 MHz, Methanol-d;) 8 7.71 {(d, J = 8.8 Hz, 2H), 7.55 (d, J
= 7.6 Hz, 2H), 747 (d, /= 6.9 Hz, 2H), 737 (t, J = 6.8 Hz, 1H), 6.67 {d, J = 8.8 Hz,
2H), 6.44 (dd, 7 =92, 1.6 Hz, 1H), 497 {t, /= 9.7 Hz, 1H), 4.92 (s, 1H), 436 (s, 1H},
3.16 (s, 3H3, 2.51 (s, 3H), 2.16 - 2.00 {m, 1H), 1.87 (d, J = 1.4 Hz, 3H), 1.46 (5, 3H),

137 (s, 3H), 1.07 (5, OH), 0.92 (d, /= 6.4 Hz, 3H), 0.91 (d, J= 6.3 Hz, 3H).

10 C33H49N50SS caled ro/z = 627.35 found [M+H}+ = 62835

Chemical Formula: CaaHagNsG:S
Exact Mass: 612.33

15 {25}
(8,E)}2,5-dimethyl-N-{phenvisulfonyl}-4-((5}-N.3,3~trimethy}-2-({8}3-3-
methyl-2-(racthylamine }-3-phenylbutanaraidobutanamide thex-2-cnamide
Title compound was prepared from Example 3 and phenylsulfonamide
using General Procedures 2, and 7.
20 1H NMR (400 MHz, Methanol-d4) & 8.06 — 7.95 {(m, 2H), 7.63 ~ 7.40
(m, 8H}, 7.40 — 7.30 (m, 1H}), 6.53 (dd, J = 9.3, 1.6 Hz, 1H), 5.05 - 4.95 (m, 1H), 422
(s, 1H), 3.14 (s, 3H), 2.45 (s, 3H), 2.09 — 195 (m, 1H), 1.85{d, J = 1.4 Hz, 3H}, 1.46 (s,
3H), 1.36 (s, 3H), 1.06 (s, 9H), 0.89 (dd, J = 11.9, 6.5 Hz, 7TH).
C33H48N4O3S caled m/z = 612.33 found [M+H}+ = 613,06

Example 26
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Chemical Formula: C34HgoFN50:S
Exact Mass: 859.35

(26}
(8, E}-N-{N-(2-fluorobenzyDsulfarooy -2, 5-dimethyl-4-((S)-N,3,3-
trimethyl-2-({8}-3-methyl-2-{methylamino}-3-phenylbutanamido jbutanamidohex-2-

enamide

(9]

2-fluorobenzylsulfarnamide was prepared from 2-fluorobenzylamine
according to General Procedure 14; the title compound was prepared from Example 3
and 2-fluorobenzylsulfamamide using General Procedures 2 and 7

1H NMR (400 MHz, Methanol-d4) 6 7.63 — 741 (m, 6H), 741 - 7.26

10 (m, 3H), 714 (td, J =75, 1.2 He, 1H), 7.07 (ddd, } = 9.5, 82, 1.1 Hz, 1H}, 6.37(dd, J =

94, 1.7 He, 1H), 5.07 — 4.97 (m, 1H}, 4.37 (s, 1H), 4.33 (s, 2H), 3.15 (5, 3H), 2.51 (5,
3H), 2.10 - 1.97 (m, 1H), 183 {d, J = 1.4 Hz, 3H), 1.49 (s, 3H), 1.39 (s, 3H), 1.09 (s,
OH), 0.97 — 0.84 (m, 6H).

C34HSOFNSO0SS caled m/z = 659.35 found [M+H}+ = 660.28

15
Example 27
| T o0
] i \\Q//
~\g" \i ;\E.’\‘ \Ny"’\\“
o AL T L
Chemical Formuia: CaoHsaNsQ:8
Exact Mass: 619.38
(27
20 (8,E}-2,5-dimethyl-N-(piperidin-1-ylsulfonyl}-4-({5)-N,3.3-trimethyl-2

({8)-3-methyl-2-(methylamino)-3-phenyibutanamido}butanamido thex-2-enaride
Piperidine-1-sulfonamide was synthesized from piperidine according to
General Procedure 14; the title compound was prepared from Example 3 and

piperidine-1-sulfonamide using General Procedures 2 and 7.
197



WO 2014/144871 PCT/US2014/029463

1H NMR (400 MHz, Methanol-d4) § 7.55 (d, § = 1.2 Hz, 1H), 7.47 (1. ]

=7.6 Hz, 3H), 7.42 — 7.29 {m, 1H), 6.48 (dd, I = 9.7, 1.8 Hz, 1H), 5.05 (t, 1= 10.0 Hz,
1H), 4.39 (s, 1H), 3.18 (s, 3H), 2.52 (s, 3H), 2.07 (d, J = 10.5 Hz, 1H), 1.96 (d, J= 1.4
Fiz, 3H), 161 (ddd, § = 20.0, 10.3, 5.4 Hz, 9F), 1.49 (s, 4H), 1.39 (s, 3H), 1.09 (s, 9H),

5 0.99-0.84 (in, 9H).
C32HSINSOSS caled m/z = 619.38 found [M+H]+ = 620.3%
Example 28

O E E Q o 0
| ] N

<Ry x<(J\N' N\/’ %N,S o

E = /,NH H O //:'\\ | H E P

Cherical Formula: CayyHsgNL.O5S8
10 Exact Mass: 820.35

{(28)
(8,E)2,5-dimethyl-N-{o-tolyisulfony}-4-((8)-N,3,3-trimethyi-2-((S)-3-
methyl-2-(tacthylamine }-3-phenylbutanarmido butanamido thex-2-cnamide
Title compound was prepared from Example 3 and 2-toluencsulfonamide
1S using General Procedures 2 and 7.
1H NMR (400 MHz, Methanol-d4) 4 8.10 (dd, I =8.0, 1.4 Hz, 1H), 7.60
=733 (m, 11H), 6.52(dd, J = 9.6, 1.7 Hz, 1H), 5.04 - 4.90 (m, 2H), 4.35 (5, 1H), 3.18
(s, 3H), 2.67 (s, 3H), 2.51 (s, 3H), 2.15 - 2.03 (m, 2H), 2.01 (s, 1H), 187 {d, J = 1.4 Hg,
3H), 146 (s, 3H), 1.35 (s, 3H), 1.07 (5, 9H), 0.92 (t, J = 6.3 Hz, 6H).
20 C34HSONAOSS caled m/z = 626.35 found [M+H}+ = 627.05

Example 29
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Chemical Formular CaaMerBrNgGsS
Exact Mass: 630.25

{29}
(8,E)-N-{4-bromophenylsulfonyl)-2,5-dimethyl-4-((S)-N,3,3-trimethyl-
2-{{8})-3-methyl-2-(methylamino}-3-phenylbutanamidoybutanamidohex-2-cnamide
5 Title  compound was prepared  from  Example 3 and 4
bromophenylsulfonamide using General Procedures 2 and 7.
TH NMR (400 Miz, Methanol-d4) 6 7.95 (4, I = 8.3 Hz, 2H), 7.76 (d, ]
= 8.0 Hz, 2H), 7.55 (4, J = 7.5 Hz, 2H), 7.47 (dd, J = 8.6, 6.9 Hz, 2H), 7.41 - 7.29 {m,
THy, 6.51(d, J=9.0Hz, 1H), 4.35 (3, 1H), 3.16 (s, 3H), 2.50 (s, 3H}, 2.06 (dt, J = 10.7,
10 63 Hz, 1H), 1.87 (s, 3H), 1.46 (5, 3H), 1.36 (s, 3H), 1.07 (5, 9H), 0.91 (dd, J = 6.9, 49
Hz, SH).
C33H47BrN4OSS caled m/z = 690.25 found [M+H = 691.17, 69318

15
OE\S"’G
i ﬁ P
O /\ /,
Chemical Formula: C57HgaN, 08
Exact Mass: 662.35
{36}
(S,E)-2,5-dimethyl-N-(naphthalen-2-visulfonyD-4-({5)-N,3,3-trimethyi-
2-({S)-3-methyl-2-(methylamino)-3-phenylbutanamidoybutanamidohex-2-cnamide
29 Title compound was prepared from Example 3 and 2-

naphthylsulfonaraide using General Procedures 2 and 7.
1H NMR (400 MHz, Mecthanol-dd) § 8.69 — 8.62 (m, 1H), 847(d, J =
8.2 Hz, 1H), 8.14 — 7.95 {m, SH), 7.71 (dddd, J = 184, 8.2, 6.9, 1.4 He, 2H}, 7.57 -
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7.50 (m, 2H), 746 (dd, J = 8.6, 6.9 Hz, 2H}, 742 - 733 (m, 1H}, 6,50 (dd, 1 =93, 1.5
Hz, 1H), 4.92 - 4.87 (1, 1H), 434 (5, 1H), 3.16 (5, 3H), 2.50 (s, 3H), 2.13 - 199 (m,
iH3, 1.85(d, J= 1.4 Hz, 3H), 1.44 (5, 3H), 1.34 (s, 3H}, 1.04 (s, 9H), 0.90 {dd, ] = 6.6,
4.0 Hz, 6H).
5 C37THSON40SS caled m/z = 662,35 found [M+H}+ = 66332

O
® i ™
L /NH = o)
OMe
Chemical Formula: CasHgoN4O78
Exact Mass: 670.34
(31}
10 methyl 4-(N~((5,E)-2 5~dumethyi-4-({S)-N,3,3-trimethy-2-((85)-3-

methyl-2-{methylamino)-3-phenylbutanamido)butanamido thex-2-
enoyisulfamoyhbenzoate

Title  compound was prepared  from  Example 3 and  4-
carboxymethylphenylsulfonamide using General Procedures 2 and 7.

15 1H NMR (400 MHz, Mecthanol-d4) 8 8.24 — 810 (m, 4H), 7.58 — 7.50
{m, 2H), 7.47 (dd, J = 8.6, 6.9 Hz, 2H), 741 — 7.33 (m, 1H), 6.52 (dd, I =9.2, 1.6 Hz,
1H), 4.35 (s, 1H), 3.97 (5, 3H), 3.18 (5, 3H), 2.50 (s, 3H), 2.15 - 2.00 (m, 1H), 1.86 (4, ]
= 1.4 He, 3H}, 1.45 (5, 3H), 1.35 (s, 3H), 1.07 (s, OH), 0.91 (dd, } = 6.7, 3.8 Hz, 6H).

C3SHSON4OTS caled nv/z = 670.34 found [M+H+= 67110

Example 32
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Chemical Formula: CagHegFsNsO53
Exact Masa: 709.35

32)
(8,E)-2,5-dimethyl-N-(N-(2-(trifluoromethybenzylisulfamoyl}-4-{{8}-
N,3,3-trimethyl-2-((5)-3-methyl-2-(methylamino)-3-
5 phenylbutanamido jbutanamidohex-Z-enamide
Title  compound was  prepared from  Example 3 and  2-
trifluoromcthylbenzylsulfonamide using General Procedures 2 and 7.
iH NMR {400 MHz, Methanol-dd) & 7.78 {d, J = 7.9 Hz, 1H), 7.74 —
7.67 (m, 1H), 7.64 (dd, 1 = 8.1, 6.7 He, 1H), 7.60 - 7.52 {m, 2H), 7.48 (dd, 1= 8.5, 6.8
10 Hz, 4H), 7.42 - 733 (m, 1H), 6.48 - 6.40 (m, 1H), 5.11 - 5.02 (m, 1H), 445 (5, ZH),
437 (s, THy, 3.17 (s, 3H), 2.52 (s, 3H}, 211 - 1.99 {m, 2H3, 1.92 (d, § = 1.4 Hz, 3H),

1.49 (s, 3H), 1.40 (s, 3H}, 1.09 (s, OH), 0.92 (dd, = 9.3, 6.7 Hz, 6H).
C3SHEOF3NSOSE caled m/z = 709.35 found [MHH+=710.02
15 Examople 33
> .
E 0,0
N~ Xy o5
: 7N )
G AL H \(/

Chemical Formula: CyaH5aN4058
Exact Mass: 820.40

{33)
(48,E-N-{hexan-Z-yisulfonyl)-2,5-dimethyl-4-({S)-N,3 3-trimethyl-2-
20 ({(S)-3-methyi-2-(racthylaraino}-3-phenylbutanarmidobutanamidothex-2-cnamide
Title compound was prepared from Example 3 and hexance-2-

sulfonamide using General Procedures 2 and 7.

1t
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TH NMR (400 MHz, Methanol-dd) 3 7.56 — 7.48 (m, 2H), 7.42 (t, J =
7.8 Hz, 2H), 7.31 (t, J = 7.3 Hz, 1H), 6.58 — 6.50 (m, 1H), 5.05 (1, J = 10.0 Hz, 1H),
4.92 (s, 1H), 3.84 (s, 1H), 3.65 (dt, I = 10.8, 43 Hz, 1H), 3.14 (s, 3H), 2.32 (s, 3H),
209 — 1.96 (m, 2H), 1.93 (d, I = 1.4 Hz, 31D, 161 — 1.27 (m, 3H), 1.06 (s, 9, 0.98 —
0.90 (m, 6H), 0.87 (d, J = 6.5 Hz, 3H).
C33HSENA05S caled m/z = 620.40 found [M+H}+ = 621.55

Example 34

Chemical Formula: CagHsoNaOgS
Exact Mass: 594.35

(34)

(8. E}-N-{2-methoxyethylsulfonyl -2, 5-dimethyl-4-((S}-N,3,3~trimethyi-
2-{{8)-3-racthyl-2-(methylamino}-3-phenylbutanamido Ybutanamido jhex-2-cnamide

Title compound  was  prepared from  Example 3 and  2-
methoxyethanesulfonamide using General Procedures 2 and 7.

TH NMR (400 MHz, Methanol-d4) 6 7.56 (d, J= 7.8 Hz, 2H), 7.47 (1, J
=76 Hz, 2H), 737 (t, } =73 Hz, 1H), 651 (d, J =94 Hz, 1H}, 507 (¢, J = 10.0 Hz,
iH), 4.95 (s, 1H), 433 (s, 1H), 3.82 (¢, F =58 Hz, 2H), 3.70 (g, J 2 Hz, 2H), 3.18
(s, 3H), 2.50 (s, 3H), 2.18 - 2.00 (m, 1H), 1.95 (d, } = 1.4 Hz, 3H), 1.49 (s, 3H), 1.39 (5,
3H), 1.09 (s, 9D, 0.93 (dd, T = 14.8, 6.6 He, 6H).

C30H50N4068 caled m/z = 594.35 found [M+H}+ = 595.44

Exaraple 33

1z
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Chemical Formula: CagHgaNyOs5
Exact Mass: 818.38

(35)
(8,E)}-N-{cyclopentyimethylsulfonyl}-2,5-dimethyl-4-((8)-N,3,3-

2~ 9~

trimethyl-2-({S)-3~-methyi-2-(methylamino 3-3-phenylbutanamido Ybutanamido Yhex-2-

(7

enamide

Title  compound  was  prepared from  Example 3 and
cyclopentylmethanesulfonamide using General Procedures 2 and 7.

1H NMR (400 MHz, Methanol-d4) § 7.61 — 7.52 (m, 2H}, 748 (dd, J =
86,69 Hz, 2H), 738 (, J =74 Hz, 1H), 6.54(dd, =94, 1.7 Hz, 1H}, 5.06 (1, = 10.0
10 Hez, 1H), 4.94 (s, 1H), 4.37 (s, 1H}, 3.52(dd, J = 7.0, 5.4 Hz, 3H), 3.18 (s, 3H), 2.52 (s,
3H), 2.35 (p, J = 8.1 Hz, 1H), 2.16 ~ 1.89 {m, 6H), 1.77 — 1.53 (m, 4H), 1.49 (s, 3H),
145 - 1.26 (m, 5H), 1.09 (5, 9H), 0.93(dd, ] = 11.3, 6.7 Hz, 6H).

C33HS4N4OS5S caled vz = 618.38 found [M+H}H=619.54

15 Example 36
Q
=Y OMe
NG /\\\\/’J _NBoc
{36)
20 (S)-methyl 2-{tert-butoxycarbonyl{methyamino)-3-(4d-cyanophenyl}-3-

methylbutanoate
To a mixture of the methyl ester of Example 3% {0.06g, 0.15mmol),
tris{dibenzyhidencacctone)dipalladium(0) (0.0142, 0.01 Sramol}, L
Bis(diphenylphosphinoierrocene (0.02g, 0.25 equiv), magnesium acetate (0.013g,
25 (.06mmel}, zine dust {0.004g, 0.06mmol) and zinc cyanide (0.0264g, 0.225mmol)
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under a bath of nitrogen was added N N-dimethylformamide/water (0.8/0.08m1). The
regetion was sparged with nitrogen gas, then the vial was sealed and immersed in an
oil bath at 105°C. The reaction was allowed to stir overnight and allowed to cool to
room temperature. HPLC-MS analysis indicated good conversion to the desived
product. The reaction was concentrated at reduced pressure, suspended in CH,CL and
the resulting suspension purified by silica gel chromatography (15-25% EiJAc in
Hexanes) to yield the final compound as a colourless ol (0.036g, 69%).
1H NMR (400 MHz, Chloroform-d} 8 7.69 — 7.35 {m, 4H), 5.24 (s, 1H),
3.54 (s, 3H), 2.74 (8, 3H), 1.51 {5, 3H), 1.45 - 1.25 (1, 12H).

Example 37

& \/\%/u\m

BocHN \/\/ _-NBoc
(37,

{S)-methyl 2-{tert-butoxycarbonyli{methyhamino}-3-(4-{{tert-
butoxycarbonylamineymethyljphenyi}-3-methylbutancate

To a solution of the benzonitrile (0.300g, 0.87mmol) in methanol/acetic
acid (10:1, 9 mL) in a shaker vessel was added palladium black. The flask was charged

with hydrogen gas at 6(}psi and the shaker turned on for 24h. At that time, the vessel

the St,i,spension filtered through a celite pad. The filtrate was concentrated to a slightly
yellow oil and re-dissolved in dichiororethane (Smb). t-butyl dicarbouvate (0.524¢, 2.0
cquiv) and tricthylamine (0.846mL, 5 equiv) were added to the solution at §°C with
stirring. The reaction was allowed to stir for 3b at which time HPLC-MS indicated
complcte consumption of the amine. The recaction was concentrated under reduced
pressure and purified by silica gel chromatography (diethyl ether in hexanes, 15-30%)

to yield the title compound as a colourless 01l ($.232g, 60%).
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TH NMR (400 MHz, Chloroform-d) 8 738 {(dd, J = 16.6, 8.0 Hz, 2H},
7.234(d, =77 Hz, 2H), 527 (5, 1H), 4.31 {5, ZH), 3.61 {s, 3H), 2.78 (5, 3H), 1.50-
1.61 (m,6Hy, 1.47{(d, J=152 Hz, I18H).

Example 3%

,i:it] ;;i:OH

{38
(8)-3-(4-bromopheny}-2-(tert-butoxycarbonyl{methyljaming 3-3-
10 methylbutavoic acid
To a stired schlution of (S)}methyl  3-(4-bromophenyi)-2-(tert-
butoxycarbonyl{methylamine)-3-methylbutanoate (8.710g, 1.77mmol} in 1,4 dioxane
{4 raly was added water (ImL) (2mL) and lithium hydroxide monohydrate {0.367¢,
8. 9mmol). The reaction was heated to 50°C and monitored by HPLC for completion.
1S The reaction was cooled to room temperature, acidified to pH 3 with 1M citric acid and
concentrated to near dryness under reduced pressure. The residue was taken up in
~20ml. ethyl acetate, washed with brine, dried over MgS0y, filtered and concentrated to
give analytically pure material that was used without further manipulation.
1H NMR (400 MHz, Chloroform-d) 8 7.44 (d, J = 8.3 Hz, 2H), 7.33 (d,
20 J=8.3Hz 2H), 5.18 (s, 1H}, 2.71 (s, 3H)}, 1.60 — 1.42 (m, 1SH).

Example 39

25 {39}
{8)-3-(4-azidophenyl)-2-(tert-butoxycarbonyl{(methyljamino }-3-

methylbutanoic acid

i15
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To an open pressure tube containing a magnetic stir bar was added
Example 38 (0.690¢g, 1.8mmol), copper(l) iodide (0.034g, 0.18mmol}, sodium azide
(0.350g, 5.4mmol}, N1,N2-dimethylethane-1,2-diamine (0.029mL, 0.27mmol}, sodium
ascorbate {(0.036g, 0.18mmol), sodium hydroxide (0.072g, 1.8mmol), cthanol (6mk)
5 and water (1ral). The suspension was sparged with nitrogen gas, the vessel was scaled
and immersed in an oil bath at 105°C with vigorous stirring. The course of reaction was
mounitored by HPLC-MS over the course of 24h at which time hitle starting material
remained. The reaction was diluted with ethyl acetate (~20mL) and washed with brined.
The aqueous layer was extracted 2x with ~20 mL ethyl acetate. The organic layers were
10 combined, dried over MgSQy, filtered and concentrated under reduced pressure. The
residue was purified by silica gel chromatography (20-65% EtOAc {containing 2%v/v

AcOH) in hexanes) to give the title corapound as a colouriess o1t (0.475g, 75%;.
1H NMR (400 MHz, Chloroform-d} & 7.44 (d, J = 8.6 Hz, ZH), 6.99 (dd,

J=9.0, 34 Hz, 2H), 524 {s, 1H), 2.7 {5, 3H), 1.63 — 1.38 {m, 18H}.

15
Example 40
Cherical Formula: CasMgoNs0538
Exact Mass: 651.35
{483}
20 (8. E}-N-{benzyisulfonyl}-4-((S)-2-({S)-3~(4-cyanophenyi}-3-methyl-2-

(methylamino}butanamide -N,3,3-trimethylbutanamido)-2,5-dimethythex-2-enamide
Title compound was prepared from Example 36 and (8,E}4-((8)-2-
arnino-N, 3, 3-trimethyibutanamido -N-{benzylsulfonyi}-2,5-dimethylhex-2-cnamide
using General Procedures 3, 4 and 7.
25 "H NMR (400 MHz, Methanol-dy) 8 7.83 (d, J = 8.2 Hz, 2H), 7.73 (d. J
=84 Hz, 2H), 738 (d, /= 2.6 Hz, SH), 639 (dd, /=92, 1.8 Hz, I1H), 5.04 {t, /= 10.1
16
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Hz, 1H), 4.91 (s, 1H), 4.75 (s, 2H), 4.34 (s, 1H), 3.12 (s, 3H), 2.54 (s, 3H), 2.05 - 1.97
(m, 2H), 1.95 (d, J= 1.5 Hz, 3H), 1.52 (s, 3H), 141 (s, 3H), 1.09 (s, 9H), 0.91 (dd, J =

11.2, 4.8 Hz, 6H).
C:,ﬁi.qujOsS caled m/z = 651.35 found U\’E”{j =652 .4

5
Example 41
]
(41}
10 (S,E3-4-{{8)-2(8)-3~{4-(aminomethy!iphenyl }-3-methyi-2-

{mcthylaminoYbutanamido}-N,3, 3-irimcthylbutanamido }-N-(benzylsultonyl)-2,5-

dimethylhex-Z-enamide
Title compound was prepared from Example 37 and (5,E»4-((8)-2-

arnino-N,3,3-trimethylbutanamido }-N-(benzyisulfonyl)-2,5-dimethylhex-2-cnamide
15 using General Procedures 3, 4 and 7.
1H NMR (400 MHz, Mcthanol-d4) 8 7.63 (t, I =88 Hz, 2H), 7.54 (d, ]
= 8.3 Hz, 2H), 7.49 — 7.43 (m, 3H}, 7.39 (m, 2H), 6.39(d, } =94 Hz, 1H}, 5.05-4.97
(m, 1H), 4.75 (s, 2H), 4.35 (s, 3H), 4.16 (s, 2H), 3.14 (s, 3H), 2.54 (s, 3H), 2.03 {(m,
1H), 1.95 {s, 3H), 1.51 (s, 3H), 1.39 (s, 3H), 1.31 (s, 3H), 1.09 (5, 9H), 0.98 — 0.81 (m,

20 6H).

Chermical Formula: CasHagN7058
Exact Mass: 667.35

i17
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42
(8, E}4-((3)-2-((5)-3-{4-azidophenyly-3-methyl-2-
(methylaminoYbutanamido }-N,3,3-trimethylbutanamido }-N-(benzylsulfonyl)-2,5-
dimethythex-2-enamide
Titic compound was prepared from Exarnple 39 and (S,E)-4-((8)-2-
amino-N,3,3-trimethyibutanamido}-N-{(benzyisulfonyl)-2,5-dimethylhex-2-enamide
using General Procedures 4 and 7.

CagHioN-0sS caled nv/z = 667.35 amu; found [M+H] = 668.4

Example 43
o~ E 0 ~
N\_/\\\,/u\;_ji\{%‘?o
o _A_ | H )
7N

Chemical Formula: CaaHgNsQsS
Exact Mass: 641.36

{43)

(8, E}-4-((8)-2-{{ S}-3~(4-aminophenyl)}-3-methyi-2-
(macthylamineYoutanamido}-N,3, 3-trimethylbutanamido -N-{benzylsultonyl)-2,5-
dimethythex-Z-enamide

To a stirred solution of Boc protected Example 42 (0.035g, 0.046mmaol)
it ethanol (1.6 mL} and water (0.5 mL) was added zine dust {(0.015g, 0.23 mumol) and
ammonium chloride (8.025g, 046mmol). After Th HPLC-MS indicated complete
consumption of the starting material, The reaction was quenched with ammonium
hydroxide (~0.1mbL) and diluted with ethyl actetate (Smb). The reaction was filtered,
the solids washed with ethyl acetate (SmL) and the biphasic filtrate transferred to a
separatory funnel. The aqueous phase was washed twice with ethyl acetate (Sml) and
the organic phases were combined, washed with brine, dried over MgS80y, filtered and
concentrated. The reaction product was purified by silica gel chromatography (5-15%
MeOH mn CH,CL) to afford the Boc protected intermediate as a colouless glass (6.027g,

i18
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66%3. The intermediate was deprotected according to General Procedure 7 to give the

title compound.
Ca4Hs NsO5S caled nvz = 641.36 amu; found [M+H] = 642.4

Example 44

5
Y { E 9 . O
N WFIWN\/\)\%
E:;;r o g AP H \I:::]
Chemical Formula: CaaksaN 08
Exact Mass: §18.33
{44}
(S,E}-N-(cyclohexylsulfonyl}-2,5-dimethyi-4-({8}-N,3,3-trimethyl-2-
10 {({8)-3-methyl-2-(methylamine}-3-phenyibutanamidobutanaroido thex-2-enaride
Title  compound was  prepared from  Example 3 and
cyclohexylsulfonamide using General Procedures 2 and 7.
ITH NMR (400 MHz, Mcthanol-d4) & 7.61 — 7.52 (ra, 2H), 747 (dd, J =
8.6,6.9Hz, 2H), 7.36 (1, = 7.5 Hz, 1H), 6.61 - 6.50 (m, 1H}, 5.11 -4.99 {(m, 1H), 4.94
1S (s, 1H), 4.28 {s, 1H}, 3.59 — 3.51 {m, 1H), 3.18 (s, 3H), 2.48 (s, 3H), 2.20 — 2.00 (m,
4H), 1.97 - 187 (mm, 6H), 1.78 - 1.69 {m, 1H), 1.60 {td, J = 14.2, 10.9 Hz, 2H}, 1.48 (s,
3Hy, 144 - 1.23 (m, 6H), 1.09 (5, 9H), .93 (dd, J = 13.7, 6.6 Hz, 7TH).
{C33HA4N40SS caled vo/z = 618,38 found [M+H}H = 619.47
20 Example 45
oy o

Chemical Formula: CaaHaegNsOs5
Exact Mass: 627.35
{45)
19
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{(S,E)-2,5-dimethyl-N-{pyridin-3-yimethylsuifonyh-4-((5)-N,3,3-
trimethyl-2-((8)-3-rmcthyl-2-(methylamino)-3-phenylbutanamido Ybutanamido thex-2-
cnamide
Title compound was prepared from Example 3 and pyridio-3-
5 yimcthanesulfonamide using General Procedures 2 and 7.
TH NMR (400 MHz, Methanol-d4) 6 8.55 (d, J= 1.7 Hz, 1H), 848 ¢dd, !
=50, 1.6 He, TH), 789 (d, I = 8.0 Hz, OH), 7.55 (d, J = 7.6 Hz, 2H), 7.50 - 7.39 (m,
2Hy, 7.35 (s, 1H), 6.52 (dd, J = 9.6, 2.0 Hz, 1H), 5.05 (5, OH), 4.94 (s, 1H)}, 4.64 (5, 2H),
419 (s, TH), 311 (s, 3H), 2.45 (s, 3H)y, 1.91 (d, J = 1.5 Hz, 3H), 148 (5, 3H), 1.39 (s,
10 3H), 1.07 (s, 8H), 0.892(dd, 1= 15.1, 6.5 Hz, 6H).
C33HS4N403S caled m/z = 627.35 found [M+H]+ = 628.35

Example 46

I o,
ﬂm\T&J\Nf N\//:\\Y
o oo AL

(o4

{46)
4-(N-{(8,E)-2,5-dimethyl-4-({(S3-N, 3, 3-trimethyl-2-((8)-3-methyl-2-

-

(methylamino}-3-phenyibutanamido thutanarmdoYhex-2-cnoylsulfamoylybenzoic acid
Title compound was prepared from Example 3 and methyl 4-
28 sulfamoyibenzoate using General Procedures 2, 3 and 7.
1H NMR (400 MHz, Mcthanol-d4) 6 8.25 - 807 (m, 4H), 754 (d. I =
7.8 Hz, 2H}, 747 (1, ) =76 He, 2H), 737 (t, I =73 Hz, 1H}, 6.55{d, I = 9.3 Hz, 1H},
408 (t, J =99 Hz, 1H), 492 (s, 1H), 436 (s, 1H), 3.16 (5, 3H}, 2.51 (s, 3H}, 2.06 (g, J
=00,7.7 Hz, 1H}, 1.88 (s, 3H), 146 (s, 3H}, 1.36 (s, 3H), 1.06 (s, OH}, 0.91 (, J = 6.0
25 Hz, 6H)

Example 47
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Chemical Formuila: CagHagFaNzGsS
Exact Mass: 723.33
Molecular Weight: 723.85

{47}
(8,532, 5-dimethvi-N-{3-(2,2, 2-trifluoroacetamidoe phenylsultonyl)-4-
{{S)-N,3,3-trimethyl-2-{(5)-3-methyl-2-(methylamine}-3-phenyibutanamido)
S butanamidothex-2-enamide
Title compound was prepared from Example 3 and 2,2, 2-trifluoro-N-(3-
sulfamoviphenylacetamide using General Procedures 2 and 7.
'H NMR (400 MHz, Methanoi-dy) 8 8.49 {p, /=22 Hz, 1H), 7.90 (did,
J=00,48, 2.9 Hz, 2H), 7.64 - 7.56 {m, 1H}, 7.53 (1, /=54, 43, 1. € Hz, 2H), 7.51 -
10 7.42 (m, 2H), 741 — 72% {m, 1H), 6.56 — 6.3% {m, 1H), 4.97 (s, 1H), 4.90 (d, J =
Hz, 1H), 4.35 (s, 1H), 3.16 {d, J = 15.5 Hz, 3H), 2.49 (d, J = 14.2 Hz, 3H), 2.14 - 2.01
(m, TH3, 1.89 — 183 (m, 3H), 1.57 - 1.28 {m, 6H}, 1.14 ~ 0.94 {m, 9H), 0.95 - 0.85 {m,
&H).
BCONMR (101 MHz, Methanol-ds) & 172.26, 168.81, 167.10, 167.00,
15 14495, 141.82, 138.82, 13847, 13531, 13071, 130.38, 12801, 12736, 126.65,
12632, 121.39, 71.20, 66,92, 57.87, 57.78, 42.05, 35.83, 34.15, 32.66, 30.84, 29.79,
26.95,21.39, 19.84, 19.82, 15.45, 14.03.
PFNMR (377 MHz, Methanol-d;) 0 -76.96, -77.07.
CysHasFaNsO6S caled m/z = 723,33 amu; found [M+HT = 72430, [M+ I\d] = T746.30

:~J

L

20

Exaraple 48
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i & i C%Séa NH
YN
_NH A s

Chemical Formula: CasHioMsO58
Exact Mass: 827.35

{48)
(S,E)-N-(3-aminophenylsulfonyl)-2,5-dimethyl-4-({S)-N, 3.3 -trimethyl-
2-((8)3-nethyl-2-(methylamino)}-3-phenylbutanamidoeYbutanamido jhex-2-enamide
5 Title compound was prepared from Example 3 and 2,2, 2-trifluoro-N-(3-
sulfamoylphenyljacetamide using General Procedures 2, 3 and 7.
'H NMR (400 MHz, Methanol-dg) 8 7.55 (d, J = 7.5 Hz, 2H), 7.51 - 7.45
(m, 2H}, 7.43 - 7.20 (m, 4H}, 6.97 (d, /= &.1 Hz, 1H), 648 (d, /=94 Hz, 1H), 502 ~
4.89 {m, 2H), 4.36 (s, 1H), 3.17 {s, 3H), 2.50 (5, 3H), 2.14 - 2.00 (m, 1H), 1.88 (4, J
10 1.4 Hz 3H), 1.46 (s, 3H), 1.35 (s, 3H), 1.07 (s, 9H), 0.92 (d, /= 6.3 Hz, 3H), 0.90 (s,
3H).
C33HaoNsOsS caled. vz = 627.35 found [M+H]" = 628.36

Example 49

15
0 \49
E N
\\V/ -
Chemical Formula: CaoHy7NsUsS
Exact Mass: 813.33
{49}
(8,E3-2,S-dirsethyl-N-{pyridin-3-ylsulfouy }-4-({S)-N,3,3-trimethyl-2-
({8 3-3-methyl-Z-(methylamino }-3-phenylbutanamido }butanamidoYhex-Z-enamide

260 Title compound was prepared from Example 3 and pyridine-3-

sulfonamide using General Procedures 2, and 7.

"H NMR (400 MHz, Methanol-d;) § 9.18 (x IH}, 8.80 (s, 1H), 8.46 (dt,
J=R2 T8 He, TH), 7.65(dd, J =81, 4.9 Hz, 1H), 7.54 (4, J =73 Hz, 2H), 747 {t, J
7.8 Hz, 2H), 7.37 (¢, /=73 Hz, 1H), 6.54 (d, /=93 Hz, 1H), 5.01 — 4.88 (m, 2H), 436
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(s, TH), 3.18 (s, 3, 2.51 (s, 3H), 2.15 — 2.01 {m, 1H), 1.86 (d, /= 1.4 Hz, 3H), 1.46
(s, 3H), 1.33 (s, 3H), 1.07 (s, SH), 0.92 (4, J = 3.3 Hz, 3H), 0.91 (d, /= 3.5 Hz, 3H).
ngH;giNs()sS caled. m/z =613.33 found H\’H"HT =614.23

5 Example 50
|
NP B
R N_x \\:/\\rk\i\i,» »\q,s
E H = H Y,
4 _NH O AL

Chemical Formula: CaqHagN1GsS8,
Exact Mass: 618.29

(58
(S.E}-2,5-dimethyl-N-(thiophen-2-ylsulfouy -4-((§)-N,3,3-trimethyi-2-
10 ((S)-3-methyl-2-(methylamine}-3-phenyibutanamido pbutanarnido thex-2-enarnide
Title compound was prepared from Example 3 and thiophene-2-
sulfonamide using General Procedures 2, and 7.
'H NMR (400 MHz, Methanol-ds) 8 7.93 — 7.82 (m, 2H), 7.55 (d, J=8.3
Hz, 1H), 748 (. J = 7.8 Hz, 2H), 7.37 (t, /=72 Hz, 1H}), 7.15 {dd, J = 5.0, 3.8 Hz,
1S 1H), 6.51(d, /=91 Hz, 1H), 5.02 - 493 (m, 2H), 436 (5, I1H), 3.18 {5, 3H), 2.51 (s,
3H3, 2,15 - 201 (m, 1H), 1.89 (d, /= 1.4 Hz, 3H), 1.46 (5, 3H), 1.34 (5, 3H), 1.08 (5,
OH), 0.93 (d, J =48 Hz, 3H), 0.91 (d, J= 4.7 Hz, 3H).
C3HysN4O5sS; caled. mvz = 618.29 found [M+H] = 619.24

20 Exarople 51

Chemical Formula: CaaHagNOsS
Exact Mass: 628.33

(51)
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(5, E3-N-{4-bydroxyphenyisulfonyi}-2,5-dimethyl-4-({5)-N,3,3-
trimethyl-2-((8)-3-rmcthyl-2-(methylamino)-3-phenylbutanamido Ybutanamido thex-2-
cnamide

Title compound was prepared from Example 3 and  4-{tert-

5 butyldiracthylsilvloxybenzenesulfonamide using General Procedures 2, and 7.

'H NMR {400 MHz, Methanol-d;) & 7.89 (d, J = 8.8 Hz, 2H), 7.55 (d, J
=70 Hz, 1H), 747 {, J = 7.6 Hz, 2H), 7.37 {t, J = 7.3 Hz, 1H), 6.91 {d, J = 8.9 Hz,
2H), 6.46 (d, /=92 Hz, 1H), 497 (d, /=102 Hz, 1H), 4.92 (s, 1H), 433 (s, 1H), 3.16
(s, 3H), 2.50 (s, 3H), 2.11 = 2.00 (m, 1H), 1.7 (d, /= 1.4 Hz, 3H), 1.46 (5, 3H}, 1.36 (s,

10 3H), 1.07 (s, 9H), 0.92(d. /=65 Hz, 4H), 0.89 (d, J=6.7 Hz, 3H).

CaaHasN4O6S caled. nv/z = 628.33 found {M+H] = 629.38

Example 32

G

(52}

N

4-~(iritylthiomethyhbevzounitrile
Tritylmercaptan (1.48 g, 5.36 mumol, 1.05 eq) in THF (5 mL) was added
dropwise to a stirred suspeunsion of sodium hydride (60% dispersion in mineral oil, 214
20 mg, 536 mmol, 105 eq) in THF {§ rl)} under Ny at 0°C. Afier 15 min, 4-
{bromomethyhbenzonitrile (1.00g, 5.10 mmol, 1.0 eq) in THF (5 mL) was added and
the reaction was allowed to come to rt. After 1 b, TLC indicated complete conversion of
starting material. The reaction was quenched by adding saturated ammoninm chloride,

then some dHO. The mixture was extracted three times with ether, washed with

| o
L7}

saturated brine, dried over sodium sulfate, and concentrated to a viscous yellow oil.
Purification by flash chromatography gave the title compound (1.76 g, 88%) as a light
white powder.

"H NMR {400 MHz, Chioroform-d) 3 7.52 (d, J= 8.2 Hz, 2H), 7.47 (d, J
=71 Hz, 6H), 733 (1, J =75 Hz, 6H), 726 (1, /=72 Hz, 3H), 7.19 (d, J = 8.2 Hz,
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2H), 3.40 (s, 2H). m/z caled. for Co7Hp NS = 391,14, Found [M+Na] = 414.13. R, =
0.32 {10% EtOAc/Hex).

~ X

& NH,
Trig. Ay
{33)
1-(4-(ritylthiomethyDphenylhcyclopropanamine
4-(tritytthiomethyhybenzonitrile (1.47 g, 3.75 mumol, 1.0 eq) was taken up
10 in 40 mL THF, ander N; atmosphere, then cooled to -78°C. To this solution was added
Ti{O-iPry (1.21 mL, 4.13 mrool, 1.1 eq}, then ethylmagnesium bromide (3 M, 2.75 mL,
8.26 mmol, 2.2 eq) was added dropwise over 5 min. The dry-ice bath was removed,
allowing the solation to reach rt. After 45 miu at of, BFy EHO (0.93 voll, 7.51 mmol, 2.0
eq) was added to the now very dark reaction mixture. After stirring for an additional 2.5
IS5 b, the reaction was quenched with § ml of 2 M HCI, followed by pH adjustment to
strong base with about 15 mb 2 M NaOH. Sorne water was added to the mixture, then it
was extracted three times with 75 mbL EiOAc, washed once with dH,0O, once with
saturated brine, dried over sodium sulfate, and concenirated to a clear oil. The matenal
was purified by tlash chromatography to afford the title compound (680 mg, 36%) as a
20 clear oil.
'H NMR (400 MHz, Chloroform-d) 8 7.49 (d, .7 = 7.8 Hz, 6H), 7.33 (1, J
=7.7 He, 6H), 726 {t, ./ = 7.2 Hz, 3H), 720 (d, /= €2 Hz, 2H), 7.11 {d, ./ = 8.2 Hz,
2H), 3.32 (s, 2H), 1.06 (dd, J = 7.9, 5.0 Hz, 2H), 0.95 (dd, J = 7.9, 4.7 Hz, 2H). m/z
caled. for CueHy NS = 421.19. Found [M+H] = 422.19. Ry = 0.21 (50% EtOAc/Hex).
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Eh)
2,2, 2-trifluoro-N-{1-{4-(tritylthiomethyhphenyheyclopropvhacetarnide
To a stirred solution of 1-(4-(tritylthiomethyljphenyljcyclopropanamine
(680 mg, 1.61 munol, 1.0 eq) in CHChL was added trifluorcacetic anhydride (0.448 mi,
5 322 muool, 2.0 eqg) and triethylamine (0.45 mL, 3.22 mmol, 2.0 eq). After two hours,
TLC and HPLC indicated complete conversion of starting material. The reaction was
quenched by the addition of 3 mi NaHCO;, then some dH,O was added, and the
mixture was extracted three times with CH,Cl. The combined organics were washed
with saturated brine, dried over sodium sulfate, and concentrated to a yellow foam,
10 giving the title compound (715 mg, 86%) in sufficient purity to move to the next step.
"H NMR (400 MHz, Chloroform-d) & 7.48 (d, J = 7.7 Hz, 6H), 7.32(t, J
=76 Hz, 6H), 725 (1, /= 7.2 Hz, 3H), 7.19(d, J = 8.2 Hz, 2H), 7.10 (d, J = 8.3 Hz,
2H}, 6.83 (s, 1H), 3.31 (s, 2H), 140 — 1.24 (m, 4H). m/z caled. for CuHpFsNOS =
517.17. Found [M+Na] = 540.25. Ry = 0.71 (50% FtOAc/Hex).

15
Example 55
]
“ \XNJJ\CFS
TN
{(55)
28 2,2, 2-triftuoro-N-(1-(4-{mercaptomethyliphenyljcyclopropyllacetarnide

2,2, 2~trifluoro-N-{1-{(4-(tritylthiomethyhiphenyheyclopropylacetamide
(715 mg, 1.38 mmol, 1.0 eq) in 5 mL CH,ClL was treated with 2.5 mL TFA. After |
wmin, TIPSH (0.42 mL, 2.1 marool, 1.5 eq) was added, causing the yellow color to fade.

After 30 mun, TLC indicated the reaction to be complete. The mixture was

[\
(v

concentrated, then co-evaporated once with CH,Ch and twice with toluene. The residue
was purified by flash chromatography to afford the title compound (261 mg, 69%) as a
white solid. 'H NMR (400 MHz, Chloroform-d) 8 7.35 ~ 7.23 (m, 4H), 6.87 (s, 1H),
374 (d, J = 7.6 Hz, 2HD), 1.77 (4, J = 7.6 Hz, 1H), 1.36 (s, 4H). Ry = 0.47 (20%
EtQAc/Hex).
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Example 56

i
O\\S’?O E\-
HoNT ™~

5 (56

2,2, 2-trifluoro-N-{ 1-{(4-(sulfamoylmethylphenylicyclopropyljacetamide.

To a stirred sohution of 2,2, 2-trifluore-N-{1-{4-
{mercaptomethyDphenyljeyclopropyhacetamide (220 mg, 0.799 mmol, 1.0 eq) m
acetonitrile were added dH,0 {0.029 wl, 1.6 mmeol, 2.0 ¢q), tetrabutylamumonium

19 chloride (110 mg, 9.40 romol, 8.5 eq), then N-chlorosuccinimide (320 vog, 2.40 mmol,
3.0 eg). After 20 minutes, no starting material was visible by TLC. After 90 min,
concentrated NH4OH (0.18 mL, 3.2 mmol, 4.0 eq) was added. After 10 minutes, 1 mL
of NH.Cl was added, and the mixture was extracted three times with EtOAc. The
combined organics were washed twice with dH,O, once with saturated brine, dried over

1S sodium sulfate, and concentrated to a clear oil. The residue was purified by flash
chromatography to afford the title compound (192 mg, 74%) as a white solid.

'H NMR (400 MHz, DMSO-de) 6 1021 (s, 1H), 7.31 (d, J = 8.2 Hz,
2H), 7.16 {(d, /= 8.3 Hz, 2H), 6.85 (s, 2H), 423 (s, 2H), 1.27 (dt, /= 6.1, 2.3 Hz, 4H).
Re=0.26 (50% EtOAc/Hex).

29

Exaraple 57

I
| O 0 K//’\EXN CF5
\\S’f H ii H
N
z H

Chemical Formuia: C39H54F3N5063
Exact Mass: 777.37

(57
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{S,E)-2,5-dimethyl-N-(4~(1 —(f2,2,‘2~
trifluoroacctamido jeyclopropyhbenzyisubfony-4-((S)-N,3, 3-trirncthyl-2-((S)
methyl-Z-(methylamine}-3-phenylbutanamido }butanamido Yhex-2-cnamide
Title corapound was prepared from Example 3 and Example 56 usiong
5 General Procedures 2, and 7.
'H NMR (400 MHz, Methanol-dy) 8 7.56 (d, J = &.4 Hz, 2H), 748 (t, J =
7.7 He, 2H), 7.37 {t, J = 74 Hz, 1H), 7.32 (d, J = 8.5 Hz, ZH}, 7.28 (d, J= 8.5 Hz, 2H),
6.37 (d,.J=9.6 Hz, 1H), 5.07 (1, /= 10.0 Hz, 1H}, 4.94 (s, 1H), 4.72 (5, 2H), 4.37 (s,
TH), 3,83 (s, 3H), 2.52 (s, 3H), 2.08 — 1.96 (m, 1H), 1.96 {4, J = 1.5 Hz, 3H), 1.49 (s,
10 3H), 140 (s, 3H), 1.35 - 1.27 (m, 4H), 110 (5, 9H), 092 (d, /=7.1 Hz, 3H), 0.89 (d, J
= 6.8 Hz, 3H).
B NMR (101 MHz, MeOD) § 170.93, 168.81, 165.64, 143.58, 142.24,
136.87, 134.19, 130.64, 129.00, 127.63, 127.53, 125.95, 125,61, 69.90, 57.10, 57.02,
56.39, 40.73, 34.55, 34.25, 32.80, 30.60, 29.33, 28.39, 2557, 20.11, 18.38, 18.34,

15 1621, 16.15, 14.04, 12.85.

CaoHsaF2N:OsS caled. m/z = 777.37 found [M+H] = 778.553

Example 58
| A\>g
X > /U\N Moo ” N S/f\x\\/!'
oo A :
Chemical Formula: CarHgsNgUsS
26 Exact Mass: £81.39
(58)

(8. E}-N-(4-(1-aminocyclopropyhibenzylsulfonyl)-2,S-dimethyl-4~(
N,3,3-trimethyl-2-(( S)~Smmethyi&{mﬁthylaming)%~ph<—:nyIbuta.namidﬂ)bu.‘(anamido}
hex-2-enamide

25 Title compound was prepared from Example 3 and Example 56 using

General Procedures 2, 3 and 7.
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(7

19

(9]

20

"H NMR. (400 MHz, Methanol-ds) 8 7.56 (d, ./ = 8.7 Hz, 2H), 7.51 (s,
4HY, 7.47 (t, J="7.6Hz, 2H), 7.37 (t, J="7.3 Hz, 1H), 6.49 (d, J = 9.5 Hz, 1H), 5.07 (,
J=10.0 Hz, 1H), 4.94 (s, 1H), 4.81 (d, J = 14.0 Hz, 1H), 4.77 (d, / = 13.8 Hz, 1H),
439 (s, TH), 3.16 s, 3H), 2.52 (s, 3H), 2.11 = 1.99 (m, 1H), 1.97 (d, J = 1.5 Hz, 3H),
149 (s, 8H), 1.45 — 1.41 (m, 2H), 1.40 (s, 3H), 1.34 — 1.26 (m, 2H), 1.10 (s, 9H), 0.93
(d,./= 6.2 Hz, 3H), 0.90 (d, ./ = 6.3 Hz, 3H).

O NMR (101 Mz, MeOD) 8 170.94, 169.00, 165.69, 143.57, 137.54,
137.12, 134.38, 131.43, 129.66, 128.98, 127.51, 125.98, 69.85, 65.51, 57.68, 57.15,
56.39, 40.72, 36.16, 34.51, 32.80, 30.68, 20.42, 28.40, 25.61, 20.14, 18.42, 18.39,
14.05, 12.86, 11.80.

Ca7HssNsOsS caled. nv/z = 681.39 found [M+H] = 682.49

Example 39

2N,

{59)

1-phenylecyclopropanamine

The title compound was prepared as described wn Bertus, P., Szymomak,
L4 Org. Chem., 20603, 68, 7133-7136 from benzonitrile (1.0 mL, 9.7 mmol) to give
270 mg (21%).

"H NMR {400 MHz, Chioroform-4) & 7.44 — 7.28 (m, 4H), 7.27 - 7.15
(m, IH), 1.18 — 106 (m, 2H), 1.07 - 095 (m, 2H). R = 028 (5% (5%
NHOH/MeGHYCH,Cl).

Example 68

=
E H
% ,N\F/CFS
o
(68}
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2,2 2-triftuoro-N-( 1 -phenylcyclopropyl)acetamide
To a stitred solution of 1-phenyleyclopropanamine (270 mg, 2.03
mmaol, 1.0 eq) in dioxane (5 mL}, was added triffuorcacctic anhydride (0.310 mL, 2.23
mmol, 1.1 eq). After 5 min, TLC indicated corplete conversion of starting roaterial.
5 The mixture was concentrated, then coevaporated once with CH,Cl and once with
toluene to yield the title compound {453 mg, 97%} as a flaky white powder.
'H NMR. (400 MHz, Chioroform-d} 8 7.47 — 7.15 (m, 5H), 6.88 (s, 1H),
1.65 (s, 4H). m/z caled. for CyHpFaNO = 229.07. Found [M+H] = 230.14. Ry = 0.82
(5% (5% NHOH/MeOHYCH,Cl)

10

Example 61

N
HaN™7 1
e N._.CF,
)
{61}

13 2,2, Z-rifluore-N-(1-{4-sulfamoylphenyljcyclopropyliacetamide

To stirred chlorosulfonic acid (0.78 mL, 11.8 mmol, 6.0 eq) at 9°C, was

added sohid 2,2, 2-trifluoro-N-(1-phenylcyclopropyDacetamide (450 mg, 1.96 mumol,

1.0 eq) portionwise, keeping the temperature low. After complete addition, the mixture

was heated to SO0°C. After 10 minutes, gas evolution ceased, and the reaction was

20 allowed to cool. The mixture was added slowly to a beaker of ice, being mindful of
splattering. The solid that was left in the ice was filtered off. This solid was dried in
vacuo and then taken up in THF (4 mL). Concentrated NH4OH (0.44 mL, 7.85 mumol,

4.0 eq) was added, turning the solution green-black. After 2 min, TLC indicated

coraplete consumption of the sulfonyichloride intermediate. 2M HCI was added unti]

[N
£

the color faded, then the mixture was extracted three times with EtOQAc, washed once
with saturated NaHCQOs, once with saturated brine, dried over sodium sulfate, and
concentrated to a flaky solid. The crude material was purificd by flash chromatography

to yield the title compound (235 mg, 39%) as a white solid.
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'H NMR (400 MHz, DMSO-ds) 8 1028 (s, 1H), 7.76 (d, J = 8.5 Haz,

2H), 7.32 (d, J= 8.1 Hz, 2H), 7.31 (s, 2H), 1.42 — 1.35 {m, 2H), 1.35 - 1.27 {(m, 2H).

m/z caled. for Cp HyFaNo0:8 = 308.04. Found [M+H] = 309.07. Ry = 0.27 (50%
EtOAc/Hex).

Example 62

Chemical Formula: Caehg FaNgOgS
Exact Mass: 763.30

{62)

10 (8.E)-2,5-diroethyl-N-(4-(1-(2,2, 2-trifluoroacetarmdoyeyclopropyl)
phenvisutfonyl}-4-((S)-N,3,3-trimethyl-2-((S)-3-methyl-2-(methylamino }-3-
phenyibutanarido)butanamido)hex-2-enamide

Title compound was prepared from Exarple 3 and Example 61 using
General Procedures 2 and 7.

15 "H NMR (400 Mz, Methanol-dy) 8 .00 (d, J = 8.6 Hz, 2FD, 7.55(d, J
= 7.6 Hz, 2H), 748 (t,./ = 7.7 Hz, ZH}, 748 - 7.33 (m, 4H)}, 647 {dd, /= 9.4, 1.6 Hz,
TH3, S.00 ¢t J= 100 Hz, TH), 4.92 (s, 1H), 4.35 (s, TH), 3.15 (s, 3H), 2.51 {5, 3H), 2.11
—2.00 (m, 1H), 1.86 (d, /= 1.4 Hz, 3H), 1.47 (d, /= 6.2 Hz, 3H), 1.45 (s, 2H), 1.43 (s,
ZH), 1.38 (s, 3H), 1.06 (s, 9H), 0.91 (d, /= 6.1 Hz, 3H)}, 0.89 (4, /= 6.2 Hz, 3H).

20 Ca7HsoFaNsO68 caled. miz = 763.36 found [M+H] = 764.45

Example 63
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/(j\ tﬂ \, \\ :;»
@ /\{ C&Nﬂ
Chemical Formula: CagHgaNgOs3
Exact Mass: 667.38
{63)
(S,E}-N-{4-(1-aminocyclopropylphenylsulfonyl -2, 5-dimethyl-4-((S}-
N,3,3-trimethyl-2-((8)-3-methyl-2-{methylamino)}-3-phenylbutanamide)  butanamido)
S hex-2-cnamide
Title compound was prepared from Example 3 and 2.2,2-trifluoro-N-{1-
{(4-sulfamoyiphenyleyclopropybacetamide nsing Geoeral Procedures 2, 3 and 7.
"H NMR {400 MHz, Methanol-d4) 8 .13 (d, /=85 Hz 2H)}, 766 (d,.J
= K.6 Hz, 2H), 7.55 {(d, /= 7.2 Hz, 2H), 747 {t, /= 7.6 Hz, ZH), 7.37 (t, /= 7.2 Hz,
10 1H), 6.30(dd, J=94, 1.7 Hz, 1H), 5.02 (t, /= 10.0 Hz, 1H), 493 {(d, /= 4.9 Hz, IH),
438 (s, TH), 3,16 (s, 3H), 2.51 (s, 3H), 2,12 - 1.99 {m, 1H), 1.84 (d, /= 1.4 Hz, 3H),
151 — 146 (o, SH), 1.46 — 1.42 (m, 2H), 1.38 (s, 3H), 1.67 (s, 9H), 8.91 (dd, J = 6.7,
1.7 Hz, 6H).
C6Hs3NsOsS caled. m/z = 66738 found [M+H] = 668.40

15
Example 64
7
: \\ //O i
/ \’/\T N [
NH A H
Chemical Formuiar CagMgpNyOgS
Exact Mass: 640.37
(64
20 (8.E3-2,5-diroethyl-N-(2-methyibenzylsutfouyl)-4-{($)-N,3, 3-trimethyl-

2-{(8)-3-macthyl-2-(methylamino)-3-phenylbutanamido)butanamidoyhex-2-enamide
Title compound was  prepared from  Example 3 and  2-

methyibenzylsulfonamide using General Procedures 2 and 7.
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" NMR (400 MHz, ].\\/if.fthanﬂi“iﬁig) 8 7.61 ~7.52 (m, 2H), 748 {t, ./ =

7.6 He, 2ZH), 737 {t, J= 7.3 Hz, 1H), 7.30 — 7.23 (m, 3H), 7.22 — 7.14 (m, 1H), 6.48

(dd, /=93, 1.7 Hz, 1H)}, 508 (t, /= 10.0 Hz, EH), 4.94 (s, 1H), 4.81 (s, 2H), 4.34 (5,
TH), 3,15 {s, 3H}, 2.51 (s, 3H), 2.48 (s, 3H), 2.08 — 2.00 (o, 1H), 1.98 {d, /= 1.1 Hz,

5 3H), 149 (s, 3H), 1.40 (s, 3H), 110 (s, 9H}, 0.93 (d, /= 6.6 Hz, 3H), 0981 {d, /=66
Hz, 3H).
CasHsaN4OsS caled. my/z = 640.37 found [M+H] = 641 .41
Example 63
10
LL IT ?\ o (T
\ d \/\v’
L .
Chemical Formula: CgqHaaNzG;8
Exact Mass: 671.24
{65)
(8,E)-2,5-dimethyl-N-{4-nitrobenzylsulfonyl}-4-((5)-N,3,3-trirncthyl-2-
({8)-3-methyl-2-(roethylamino}-3-phenylbutanarmdoYbutanamidoYhex-2-enamide
15 Title compound was prepared from Example 3 and  4-

sifrobenzyisulfonamide using General Procedures 2 and 7.
'H NMR (400 MHz, Mothanol-ds) 8 8.18 (d, J = 8.7 Hz, 2H), 7.64 (d. J
= 8.7 Hz, 2H), 7.52 (d, J = 7.5 Hg, 2H), 742 (¢, /= 7.7 Hz, 2H), 7.31 (t, /= 7.3 Hz,
IH), 6.55(d, /=94 Hz, 1H), 5.04 (¢, J = 10.0 Hz, 1H), 4.92 (s, 1H), 4.63 (s, 2H), 3.08
20 (s, 3H), 2.32 (s, 3H), 195 (dt, J= 114, 6.6 Hz, 4H), 1.89 (d, /= 1.4 Hz, 3H), 1.46 (s,
3H), 1.38 (s, 3H), 1.05 (s, 9H), 0.89 (d, /= 6.5 Hz, 3H}, 0.85 (d, ./ = 6.5 Hz, 3H}.
CaatlioNs05S caled, my/z = 671.34 found [M+H] = 672.36

|30
Ay
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! cl
BN
, | L oP [
~N N\/\\\H\stm/
le H H
_oINH O A

Chemical Formula: CuuMHugCINGO5S
Exact Mass: 660.31

{66)
(8,E)}-N-{4-chlorobenzylsulfonyl)-2,5-dimethyl-4-({S})-N,3,3-trimethyl-
2-({S)-3-methyl-2-(methylamino}-3-phenyibutanamido ybutanamidolhex-2-coamide
5 Title compound was prepared from Example 3 and 4-
chlorobenzylsulfonamide using General Procedures 2 and 7.
"H NMR (400 MHz, Mcthanol-dy) & 7.56 (d, /=79 Hz 2H), 748 (¢, /=
7.6 Hz, 2H), 7.44 - 7.34 {m, 5H), 6.30 (d, J = 9.5 Hz, 1H)}, 5.06 (t, /= 10.0 Hz, 1H),
494 (s, 1H), 4.75 (s, 2H}, 4.35 (s, 1H), 3.13 (s, 3H), 2.51 (5, 3H), 2.06 — 1.95 (m, 1H),
10 1.954(d, /=14 Hz, 3H), 1.49 (5, 3H), 1.39 (s, 3H), 1.09 (s, 9H), 091 {d, /= 6.1 Hz,
3H), 0.89 (d, /= 5.9 Hz, 3H).
CgHyoCINGOsS caled. mv/z = 660.31 found [M+H] =661.32

15
O
/&\ \\ //
Xﬂ ‘\. \\ N y
pH /4
Chemical Formula: CasHgpN 08
Exact Mass: 840.37
{67)
(8,E)2,5-dimethyl-N-{phenethylsulfonyl }-4-((8)-N,3,3-trimethyl-2-((S)-
3-methyi-2-(methylamino }-3-phenylbutanamido ybutavamidoYhex~-2-coamide

20 Title compound  was  prepared from  Example 3 and

horoobenzyisulfonarnide using General Procedures 2 and 7,

"H NMR (400 MHz, Mcthanol-dy) & 7.56 {(d,J=T706Hz 2H), 748 (t, /=
7.5 Hz, 2H), 738 (t, J = 7.4 Hz, 1H), 7.34 ~ 7.28 (m, 2H), 7.28 ~ 7.20 (m, 3H), 6.47

i34
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(dd, /=
"‘ZH)’ 3.78 (td, N

2.14 —

9.2, 1.7 Hz, TH),

201 (m, 1H), 1.89

PCT/US2014/029463

503 (t,J=10.0 Hz, 1H), 4.94 (s, 1H), 436 (d, J = 2.3 Hz,

{d, /=14 Hz, 3H), 1.49 (s, 3H3, 1.39

0.94 (d, J=6.6 Hz, 3H), 091 {d, J = 6.6 Hz, 3H).
CsHeyNLO58 caled. miz = 640.37 found [M+H] = 641.36

L i.( i
1 iR N i N\ExiﬁT/i\H SN

~  _NH

(S,E}-N-{(4-bromobenzyisulfonyl}-2,5-dimethyl-4-({(5}-N
2-({(8)-3-voethyl-2-(methylamino)-3

Example 68

i
o S o0 “’;

\\,{,

PN

Chemical Formula: CagH gBrN4OsS
Exact Mass: 704.26

{68)

3H),

Br

Title compound was prepared from  Example

bromobenzylsulfonamide using General Procedures 2 and 7.

Hz, 2

"H NMR (400 MHz, Methanol-dy) & 7.60 — 7.51 {(m, 4H)
Y, 7.39 (s, 1H), 7.31 (d, J = 8.3 Hz, 2H), 6.38 (d, J =

10.0 Hz, 1H), 4.93 (s, 1), 4.74 (s, 2H), 4.36 (s, 1H), 3.13 (s, 3H),

1.98 (m, 1H), 1.95 (d, J= 1.4 Hz, 3H), 1.4
H), 0.89{d, /= 6.3 Hz, 3H)
Cz4§§4QBEN4OJS

= 0.1 Hz,

caled. m/z = 704.26 found [M+H] =

i35

25248

Ve

705.23

=7.5,4.1 Hz, 2H), 3.17 (s, 3H), 3.12 (t, J= 7.8 Hz, 2H), 2.51 (s, 3H),

1.09 (s, SH),

[,3,3-trimethyl-

-phenyltbutavamidobutanamido thex-2-enamide

3 and 4-

TAS (L. J=7.7
9.3 Hz, 1H), 5.06 (t,.J =

3H), 2.03 -

19 (s, 3H), 1.39 (s, 3H), 1.09 (s, 9HD, 0.91 (d, J



WO 2014/144871 PCT/US2014/029463

w8
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Chemical Formula: CagHaNz0O:8
Exact Mass: 651.35

{69}
(8,E)-N-{4-cyanobenzyisuifonyl)-2, 5-dimethyl-4-({8}-N,3,3-trimethyl-2-
{{S)-3-methyi-2-(racthylaraino}-3-phenylbutanaridobutanamidojhex-2-cnamide
5 Title compound was prepared  from  Example 3 and  4-
cyanobenzylsulfonamide using General Procedures 2 and 7.
"H NMR (400 MHz, Methanol-ds) 6 7.77 {d, /=83 Hzg 2H)}, 764 753
(m, 4H), 748 (t, /= 7.7 Hz, 2H), 738 (t, /= 7.3 Hz, 1H), 6.41 (dd, ./ =93, 1.7 Hz,
TH), 5.05 ¢, J= 100 Hz, TH), 4.94 (s, 1H), 4.87 (s, 2H), 4.36 (s, TH), 3.14 (s, 3H}, 2.52
10 (s,3H), 2.06 - 1.98 (m, 1H), 1.95(d, /= 1.4 Hz, 3H}, 1.49 (s, 3H)}, 1.39 (s, 3H}, 1.09 (5,
9H), 0.91 (d, /=4.0 Hz, 3H), 0.90 (d, /= 4.0 Hz, 3H).
CasHaoNs0sS caled. m/z = 651.35 found [M+H]' = 652.3%

Hxample 70

15
| -
SEP L IE
L wm Mo Al
Chemical Formula: CagHigNsO:8
Exact Mass: 671.34
{70}
(8,E)-2,5-dimethyl-N-(3-nitrobenzylsulfonyl-4-((5)-N,3, 3-triracthyl-2-
({S)-3-methyi-2-{methylanino}-3-phenyibutanamido)butanamidothex-2-enamide
20 Title  compound was  prepared  from  Example 3 and  3-

nitrobenzyisulfonamide using General Procedures 2 and 7.
"H NMR {400 MHz, Methanol-ds} 8 8.29 {4, J = 8.0 Hz, 1H), 8.26 (s,
IH), 7.83 (d, /=78 Hz, 1H), 7.67 (t, /=8.0 Hz, 1H), 7.56 (d, /=72 Hz, 2H), 748 {1,

136
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J=7.7 Hz, 2H), 7.38 (1, = 7.3 Hz, 1H), 643 (dd, /= 94, 1.7 Hz, 1H), 5.05 (1, / =
10.0 Hz, 1H), 4.93 (s, 2H), 4.93 (s, 1H), 4.36 (s, 1H), 3.13 (s, 3H), 2.52 (s, 3H), 2.08 —
1.98 (ny, 1H), 1.96 (d, J= 1.4 Hz, 3H), 1.48 (s, 3H), 1.39 (s, 3H), 1.07 (s, 9H), 0.89 (d, J
= 6.6 Hz, 3H), 0.88 {d, /= 6.6 Hz, 3H).
CaHioNsO5S caled. mvz = 671.34 found [M+H] = 672.39

e O

Chemical Formuia: CagHggNyOsS
Exact Mass: 682.41

{71}
(S, E}N-{(4-tert-butytbenzylsulfony-2,5-dimethyi-4-((S)-N,3,3-
trimethy-2-((5)-3-methyi-2-{(methylamine }-3-phenylbutanamidoYbutanamido thex-2-
cnamide

Title compound was prepared from  Example 3 and 4+t
butylbenzylsulfonamide using General Procedures 2 and 7.

"H NMR (400 MHz, Methanol-dy) 8 7.56 (d, J = 7.6 Hz, 2H), 7.48 (t, J =
7.7 Hz, 2H), 743 (d, J= 82 Hz, 2H), 738 (t,J = 7.3 Hz, 1H}, 730 (d, J = R.2 Hz, 2H),
639 (dd, /=94, 1.6 Hz, 1H), 5.07 (t, /= 10.0 Hz, 1H), 4.93 (s, 1H), 4.72 (s, 2H}, 4.37
(s, 1H}, 3.13 (s, 3H), 2.52 (5, 3H), 2.06 - 1.98 {m, 1H), 1 .96 (d, /= 1.4 Hz, 3H)}, 1.49 (5,
3H), 1.39 (s, 3H), 1.33 (s, OH), 110 (s, OH), 0.92 (d, /= 6.6 Hz, 3H), 083 (d, /=65
Hez, 3H).

CagHssN4O:S caled. m/z = 682.41 found [M+H] = 683.47

Example 72

137
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jxﬁ*tr \r @

NO;

Chemical Formula: CayH gNs0:8
Exact Mass: 671.24

{72}
S.E3-2,5-dimethyl-N-(2-nitrobenzylsulfonyl}-4-({§3-N,3,3-trirnethyi-2-
Y )y 3

({(83-3-methyi-2-(methylamino}-3-phenyibutanamido jbutanamido Yhex-2-enamide

(9]

Title compound  was  prepared from  Example 3 and  2-
nitrobenzyisulfonamide using General Procedures 2 and 7.

"H NMR (400 MHz, Methanol-dg) 3 8.03 (dd, /= 8.0, 1.4 Hz, 1H), 7.72
(td, ./ =75, 1.5 Hz, 1H), 7.65 (td, /= 7.7, 1.6 Hz, 1H), 7.60 {(dd, J = 7.6, 1.6 Hz, 1H},
7.56(d, J=T2Hz 2H), 748 (1, /=77 Hz, 2H), 738 (t, /=73 Hz, 1H), 643 (dd, /=
10 94, 1.6Hz, 1H), 5331 {d, /=142 Hz, 1H}, 326 (d, /= 153 Hz, 1H), 5.06 (1, /= 10.0
Hz, 1H), 4.94 (s, 1H), 4.37 (s, 1H), 3.15 (5, 3H), 2.52 (s, 3H), 2.08 - 1.98 (1, 1H), 1.96
(d, /= 1.4 Hz, 3H), 1.49 (s, 3H), 1.3% (s, 3H), 1.10 (5, OH), 0.92 (d, J = 6.6 Hz, 3H},
(.90 (d, J= 6.6 Hz, 3H).

CaaHuNs05S caled. m/z = 671.34 found [M+H]' = 672.39

15
o | £ 0.0
Tﬁ\\\\><£)\ N NNJ\N,&;\, ~
H z H
= _NH O A Pz NO,
Chemical Formula: CasHsNz078
Exact Mass: 685.35
{73}
20 (8,E)-2,5-dimethyl-N-{(4-nitrophencthylsulfony}-4-{{8)-N,3,3-trimethyl-

2-({S-3-methyl-2-{methylamino)}-3-phenylbutanamido ybutanamido Yhex-2-cnamide
Title compound was prepared from Examwple 3 and  4-miro-

hornobenzylsulfonarmide using General Procedures 2 and 7,
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TH NMR (400 MHz, Methanol-d4) & 8.19 (d, J = 8.7 Hz, 2H), 7.58 -
7.51 (m, 4H), 747 (t, J=7.6 Hz, 2H), 737 (t, J =73 Hz, 1H), 647 (dd, J =95, 1.7
Hz, 1H), 5.00 {t, J = 10.0 Hz, 1H), 4.93 (s, 1H), 4.36 (s, 1H), 3.91 (dd, J = 14.9, 8.5 Hz,
1H), 3.84 (dd, J = 12.9, 8.5 Hz, 1H), 3.28 (t, J = 7.5 Hz, 2H), 3.16 (s, 3H}, 2.51 (s, 3H),
5 212198 (m, IH), 1.87 (d, J = 1.4 He, 3H), 148 (5, 3H), 1.39 (s, 3H), 1.08 (s, 9H},
3.91 {d, J = 6.6 Hz, 3H)}, 0.91 (d, J= 6.6 Hz, 3H).
C35HSINSOTS caled. w/z = 68535 found [M+H}H =6

]
[
L2
[« ]

10
"\‘1319 O
NN Y oM
AN o

Chemical Formuia: CasH,CIN,O,5
Exact Mass: 704.30
Molscular Weight: 705.30

{74)
methyl  4-chloro-3-(N-({S,£)-2,5-dimethyl-4-({5}-N,3,3-trimethyl-2-((5)-
3-roethyl-2-{methylamino)-3-phenylbutanamidoYbutanamido jhex-2-
15 cnoylsulfamoyiibenzoate
Title compound was prepared from Example 3 and methyl 4-chloro-3-
sulfamoylbenzoate using General Procedures 2 and 7.
'H NMR (400 MHz, L?\/i'etitmanoi—da\:) 3 8.80¢d,./=2.1 Hz, 1H), 820 (dd, J
=R3,2.1 He, 1H), 7.71 (d, J {z, 1H), 7.59 - 7.52 (m, 2H), 747 (4, J = 7.7 Hz,
20 2H), 740 - 732 (m, 1H), 6.63 - 6.56 (mm, 1H), 5.02 (t, /= 10.0 Hz, 1H), 4.37 (s, I1H),
3.98 (s, 3H), 3R (s, 3H), 2.51 (s, 3H), 2.13 - 2.00 {m, 1H), 1.86 (d, /= 1.4 Hz, 3H),
147 (s, 3H), 1.37 (s, 3H), 1.06 (5, OH}, 0.96 — 0.87 (1, 6H).
BCONMR (101 MHz, Methanol-ds) 8 170.87, 165.65, 164.87, 143.61,

137.01, 136,04, 134.29, 133,23, 131.81, 129,16, 128.98, 128 88, 127.50, 125 9%, 69.81,
25 65.53, 57.39, 56.35, 56.15, 5537, 5186, 40.70, 34.51, 32.77, 30.80, 2939, 28.44,
26.18, 25.56, 20.06, 18.40, 14.06, 12.74.
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CasHupCINGD-S caled myz = 704.30 amu; found [MHHT = 705.25,

[M+Na]" = 727.25

O
PN .
Qo F N° CF;
‘\‘gl - i H
HZN“' Ry

{7%)
2,2, 2-trifluoro-N-{4-(sutfamoyimethylbenzylacetamide
The title compound was synthesized from commercially available (4-
19 {aminomethyhphenyhmethanesulfonamide and TFAA using General Procedure 1.
'H NMR (400 MHz, Acctone-de) & 9.05 (s, 1H), 7.48 — 7.40 {m, 2H),
7.40 - 7.32 (m, 2H), 6.17 (s, 1H), 4.56 (d, /= 6.1 Hz, 2H), 4.35 (5, 2H)

Example 76
15

o o0 NT TCF
N E H
\\/'/\\ \EIS\V/ N

Chemical Formuia: Oa7H5FaNsOs8
Exact Mass: 751.36
Molecular Weight: 751.9C

{76)
(8,£)-2 5-dimethyl-N-(4-((2,2, 2-trifluoroacetamido methyl)
enzylsulfonyl)-4-{(5}-V,3,3-trimethyl-2-((5)-3-methyl-2-(methylarnine}-3-
20 phenylbutanamido tbutanamido Yhex-2-enarmide
Title cormpound was prepared from Example 3 and Example 75 usivg
General Procedures 2 and 7.
HNMR {400 MHz, Methanol-d43 8 7.57 - 749 (m, 2H}, 745 (t,./ = 7.5

Hz, 2H), 7.33 (p, J = 8.8, 7.9 Hz, SH), 6.37 (d, 7 = 9.7 Hz, 1H), 5.09 — 5.00 {ro, 1H),
140
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4
L FLOEAE AN, L

469 (s, 2Hy 444 (s, ZH), 430 (s, THy, 310 (5, 3HL 2

(v
i

(d.J = 17.5 Hz, 3H), 2.02 -
[R7 (rm, 4HD), 1.46 (s, 3H). 1.37 (s, 3H), 107 (s, 9H). 0.95

Pp NMR (377 MHz, Methanol-dy) 8 -76.94, .77 24.
CoHaFMNOWS caled w/z = 75136 amu; found [M+H] = 75246

3 [M+Na] =774.38

(8. EpRN-(d-{aminomethylbenzylsulfony -2 5-dimethy-4-((8)-N, 3,3~

trimethyl-2-{{S-3-methyl-2-(mothvliaming 3-3-phenvibutanamide shutanamido Yhox-2-

crarnide

Prepared from Exaraple 3 and Exarapic 75 using General Proccdures 2, 3

{s and7

"H NMR (400 MHz, Methanol-dy) 6 7.60 — 7.54 (m, 2H), 7.54 ~ 7.50 {m
4HY. 747 (4, J = %1 Hz, 2H),

V737t =74 Hz, 1H), 6.49 (dd, J= 9.5

tl
. RS He THY,

143 He, TH), 4.79 (4, /= 139 Hz,

Hj, 4328 {5, TH) 406 €5, 2H), 316 (s, 3HD, 252 (s, 3H), 2,10 = 2.00 (m, THD, 1.97 (d.

20 J= 14 Hz 3H 149 (5, 3H), 140 (5, 3H

3 110 (s, 9H), 23 {d, /= 6.9 Hz, 3H), 0.9]
{d,./=7.0Hz, 3H}.

CasHs: MOS8 caled. m/z = 655.4; found [M+HT - 3, [M+2H]

Example 78
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{78
2,2, 2-trifluoro-N-{(4-(sulfamoylmethyphenyhacetamide
The title compound was synthesized from commercially available (4-
aroinophenymethanesulfonamide and TFAA using General Procedure 1.
5 'H NMR (400 MHz, DMSO-ds) & 11.31 (s, 1H), 7.79 — 7.51 (m, 2H),
7.51-7.23 (m, 2H), 6.85 (5, 2H}, 4.27 (s, 2H).

Example 79

H
N CFj
/ N /EL\ N i !: O
ﬂ SN . g R ﬁ,ﬁb 2
e _NH o A

Chemical Formula: CagMsgFaNsQeS
Exact Mass: 737.34
Molecular Weight: 737.87

10
{79}
{S.£)-2,5-dimethyi-N-(4-(2,2,2-trifluorcacctamido benzyisulfonyl)-4-
({(S)-N.3,3~trimethyl-2-((5)-3-methyl-2-(wethylarino -3-phenyibutanamido)
butanamidoYhex-2-cnamide
s Title compound was prepared from Example 3 and Example 78 using

General Procedares 2 and 7.

'H NMR (400 MHz, Mcthanol-ds) 3 7.68 (d, J = 8.6 Hz, 2H), 7.54 (d, J
=71 Hz, 2H), 745 (t, /= T7.6 Hz, 2H), 7.37 {(dd, /= 10.6, 5.0 Hz, 3H}, 634 (d, /=94
Hz, 1H), 5.04 (1, /= 10.1 Hz, 2H), 4.74 (5, 2H), 435 {s, 1H), 3.10 (s, 3H), 2.49 (s, 3H),

20 202 - 194 (o, TH), 1.93 (d, /= 1.4 Hz, 3H), 1.46 (5, 3H), 1.37 (s, 3H), 1.06 (s, 9H},

(.88 (d, J= 6.3 He, 3H), 0.86 (s, 3H).

P NMR (377 MHz, Methanol-d.) 8 -76.97, -77.05.

CsHsoFiNsOeS caled m/z = 737.34 amu; found [M+H] = 738.3%,

[M+Na] = 760.35

142
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NH,
O

o \é/ E A\)OE\G\,
N\ o I :S"
TN
2~ NH O .~
{80)

(S,E)-N-{4-amincbenzylsulfonyl}-2,5-dimethyi-4-({8)-N,3,3-trimethyl-2-

E

=
P [

RSS

peeed

({8)-3-methyl-2-(methylamino)-3-phenylbutanamidoYbutanamide thex-2-enarnide

Title compound was prepared from Example 3 and Example 78 using
General Procedures 2, 3 and 7

"H NMR (400 Mz, Methanol-ds) 8 7.56 (d, .7 = 7.6 Hz, 2H), 748 (1, J =
7.7Hz, 2H), 737 {t, /= 7.3 Hz, 1H), 720 (d, /= 8.5 Hz, ZH), 6.87 (d, /= 8.5 Hz, 2H},
6.39 {(d, /=94 Hz, 1H), 5.07 (t, J = 10.0 Hz, 1H), 4.95 (5, 1H), 4.64 (5, 2H), 4.38 (s,
1H), 3.14 (s, 3H), 2.52 (s, 3H), 2.07 — 1.98 (m, 1H), 1.96 (4, J = 1.4 Hz, 3H), 1.49 (s,
3Hy, 1.39 (s, 3H), 1.10 (s, 9H), 092 (d, /= 6.7 Hz, 3H), 0.90 (d, /= 6.4 Hz, 3H).

O34Hs NsOsS caled. m/z = 641 4; found [M+H] = 642.3.

Exanple 81

{81

4-(azidomethylbenzenesulfonamide

To a stirred sohution of 4-(bromomethylbenzencsulfonamide (0.50 ¢) in
N N-dimethylformaride {ImL} was added sodium azide (.20 g). The suspension was
heated to 50°C for 3 hours at which points the solvent was removed under reduced
pressure. The residue was partitioned between ethyl acetate and water. The organic
phase was washed with brine, dried over wmagnesium sulfate, filtered and conceutrated
to dryness to give the title compound as a syrup that solidified on standing.

"H NMR (400 MHz, Chloroform-d) 8 8.06 — 7.91 {m, 2H), 7.58 - 7.44
{(m, 2H}), 4.96 {5, 2H}), 4.48 (s, 2H).

143
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Example 82

HN e
\—Q—gogmz

{82)

4-(aminomethylbenzencsulfonarmide

(7

To a solution of 4-(azidomethylibenzenesulfonamide (0.354g) in

methanol (10 mL) i a round bottom flask equipped with a magnetic stivrer was added

10% Pd/C (~0.85g). The flask was evacuated of gases at reduced pressure and charged

with hydrogen. This evacuation and charge was repeated three times at which poiot the

10 suspension was left to stir overmight. At 16h, TLC anslysis indicated coruplete
consumption of the starting material. The reaction was dilnted with methano] (40 mL3,
celite was added and the mixture was filtered through a fritied glass funnel. The
resulting solution was concentrated to dryness. 'H NMR suggested that the material was

sufficiently clean at this stage for further use without purification.

15 'H NMR (400 MHz, DMSO-de} 8 7.77 (m, 2H), 7.53 (m, 2H), 5.76 (s,
2H), 3.76 (d, /= 11.9 Hz, 2H).
Example 83
H N’E&O =
oo ﬁm,ch
20 G
83)
2,2 2-trifluoro-N-{4-sulfamoylbenzyljacetamide
The title compound was synthesized by reaction of 4-
(aminomethyi}benzenesulfonamide with TFAA according to General Procedure 1, with
25 & 'H NMR spectrum that was complicated by rotamers.

'H NMR (400 MHz, DMSO-ds) 8 7.91 — 7.75 (m, 2H), 7.55 — 7.31 (m.
4D, 4.72 (m, 2FD, 4.47 (d, J = 6.0 Hz, 1H), 3.18 (s, 2H).

144
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Example 84

S 0o
u\ \'\é’/
“?““*jf’ N =
//Li\\ H ! L QYCP}
o

Chernical Formuia: CyghsaFaNsOsS
Exact Mass: 737.34
Molecular Weight: 737.87

{84

(S, £3-2,5-dimethyl-N-{4-({2,2,2-trifluoroacetamido)ymethyl}
phenylsulfonyl}-4-((53-N,3,3-trimethyl-2-((S}-3-methyl-2-(methylamino}-3-
phenylbutanamidojbutanamido thex-2-enamide

Title compound was prepared from Example 3 and Example 83 using
General Procedures 2 and 7.

'H NMR (400 MHz, Methanol-ds) 8 8.02 (d, J = 8.5 Hz, 2H), 7.58 - 7.42
(m, 7H), 735 {t, /=73 Hz, 1H), 646 (d, /=835 Hz, 1H), 497 {d, /= 10.4 Hz, IH),
4.54 (s, 2H), 4.33 (5, 1H), 3.14 (s, 3H), 248 (5, 3H), 211 - 197 (m, 1H), 183 {d, /=
1.4 Hz, 3H), 1.53 (s, 1H), 1.44 (s, 3H), 1.34 (5, 3H), 1.04 (s, 9H), 0.82 (d, /= 3.9 Hz,
3H}, 0.88 (d, /=4.1 Hz, 3H).

YE NMR (377 MHz, Methanol-d;) 8 -76.94, ~77.26.

CisHsoFNs06S caled m/z = 73734 amu; found [M+H] = 7
[MtNa] = 760.4]

~J
I
0
o
2

Example 83

4

\fi\y o
N

2 D 0.0
F,N\g><i§/i\N, .,N\?/qﬁT/i\N,s _
i H = i"i l N E_ i
H Py ™y, 2

N
'\\\_{/// /N’
Chemical Formuia: CaaHsNsG:8
Exact Mass: 641.36

=

{83)

i45
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{8, E}-N-{4-{aminomethylphenylsulfonyi)}-2,5-dimethyl-4-((8§)-N,3,3-
trimethyl-2-((8)-3-rmcthyl-2-(methylamino)-3-phenylbutanamido Ybutanamido thex-2-
cnamide
Prepared from Exarople 3 and Exarople 83 using General Procedures 2, 3
5 and7
1 NMR {400 MHz, Methanol-ds) 0 813 {d, /= 8.3 Hz, 2H), 768 (d,.J
= 8.3 He, 2H), 7.55 (d, J = 7.6 He, 2H), 747 (t, J = 7.7 Hz, 2H), 7.37 (t, J = 7.3 Hz,
1Hy, 6.51 (dd, /=92, 1.8 Hz, 1H), 5.01 {t, /= 10.0 Hz, 1H), 4.37 (s, 1H), 4.24 (3, ZH),
37 (s, 3HY, 2.51 (s, 3H), 2,13 = 1.97 (m, 1H), 184 (d, J = 1.4 Hz, 3H), 1.47 (s, 3H),
10 137 (s,3H), 1.07 (s, 9H), 0.91(dd, /= 6.7, 2.0 Hz, TH).
CaaHsiNSOS caled m/z = 641.36 amu; found [M+H] = 642.4

Example 86
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” \\-//\ Nz‘ \\
z H
~TN

Chamical Formula: CaqHaoBrN4OsS5
Exact Mass: 704.20
Molecular Weight: 705.75

15
{86)
(5,£-N-(benzylsulfonyl}-4-{{8}-2-({S)-3-(4-bromophenyl}-3-methyl-2-
{rocthylarainoYbutanamide)-V,3, 3-trimethylbutanamido)-2, 5-dimethylhex-2-enamide
Title compound was prepared from Example 38 and (8,E)}-4-((S)-2-
20 amino-N,3,3-trimethyibutanamido}-N-(benzylsulfonyl)-2,5-dimethylhex-2-enamide
asing General Procedures 4 and 7.
"H NMR (400 MHz, Methanol-dy) 8 7.62 {t, J = 9.2 Hz, 2H), 7.50 - 7.43
(o, 2H), 738 (d, J = 2.2 Hz, 5H), 6.38 (dd, /=95, 1.8 He, 1H}, 5.05 (¢, J = 10.0 Hz,
IH}, 4.92 (s, 1H), 4.75(d, J= 2.2 Hz, 2H), 4.30 (s, 1H}, 3.12 (s, 3H), 2.53 {5, 3H}, 2.06
- 197 {m, 1H), 1.95{(d. ./ = 1.5 Hz, 3H), 1.47 {s, 3H), 1.39 (5, 3H), 1.09 {s, OH}, 0.94
0.86 {m, 6H).

N2
St

146



WO 2014/144871 PCT/US2014/029463

CaHpBrNLO:S caled miz = 704.26 amu; found [M+H] = 705.29,

Example 87

™ o e E
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Chamical Formuia: CuoHeeNy G S
G Exact Mass: 744.39
Molscular Weight: 744 .98

{87)

SE 4 SF2-((S)-3-(4-acetylbiphenyi-d-y13-3-methyl-2-

=

{methylaminobutanamido )N 3, 3-trimethyibutanamido )} N-(benzylsulfonyip-2,5-
10 dimethylhex-2-cnamide
Title compound was prepared according t General Procedure 8 from
Boc protected Example 86 and 4-acetylphenylboronic acid.
'H NMR (400 MHz, Methanol-ds) & 8.15 — 8.08 (m, 2H), 7.86 — 7.76 (m,
4H), 7.66 (dd, /= 147, 8.4 Hz, 2H), 738 (4, /= 4.9 Hz, SH), 6.39 (d, /= 9.3 Hz, 1H),

ES5 303 ¢, 7= 101 Ha, 11, 494 (5, T, 475 (d, J = 4. 1 Hz, 2H), 437 (4, J = 16,1 He

Eow

Hy 303 4d J=34 Hz 3H), 267 (s, 3HL 2.53 {d. ./ = 1 1.6 Hz, 3H), 2.01 (s, {H}y 1.96
J .

{d, /= F5 Hz, 3H), 134 (¢, /= 3.7 Hz, 3H) 144 (s, 3H), 1.09¢d, /= 2.7 Hz, 0H )L 0.96
— .83 {(m, 6H}.
CaoHsNyGes caled m/z = 74439 amu;, found [M+H] = 74542

20 [M+Nal =767.36

Fxamplo KB
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i Chemical Formula: G41HzgNJO:8
Exact Mass: 732.39
Molecular Weight: 732.87

{8%)

(8,£)-N-(benzylsulfonyl}-4-({5}-2-{{8}3-(4~methoxybiphenyl-4-yi)-3-
miethyl-2-{methylamino)butanamido }-¥,3, 3-trimethylbutanamido}-2, S-dimethylhex-2-
cnamide

Title compound was prepared according to General Procedure § from
Boc protected Example 86 and 4-vocthoxyphenylboronic acid.

"H NMR (400 MHz, Methanol-ds) 8 7.74 — 7.53 (m, 6H), 7.38 (d, J=4.7
Hz, 5H), 7.08 - 6.99 {m, 2H), 6.43 - 635 {(m, 1H), 5.06 (s, TH}, 494 (5, 1H), 475 (d, J
=4.1 Hz, 2H), 438 (s, [H), 3.86 (s, 3H), 3.13 (s, 3H), 2.54 (5, 3H), 199 (d, /= 11.0
Hz, 1H), 1.96 (d, /= 1.5 Hz, 3H), 1.51 {5, 3H), 1.43 (s, 3H), 1.09 (s, OH), 0.96 ~ 0.85
{m, ./ = 6.0, 5.1 Hz, 6H).

CaHsgN,O6S caled m/z = 73239 amu; found [M+H] = 73341,
[M+Na] = 755.40

Example 89

Chemical Formula: CyoHg N, 053
Exact Mass: 702.38
Molecular Weight: 702.95

(8%)
(5,£-N-(benzylsulfonyl)-4-((S)-2-({5)-3-(biphenyl-4-yi}-3-methyl-2-

{macthylarminobutanamido}-V,3, 3-trimethylbutanamido}-2, S-dimethylhex-2-enarmide

i48
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Title compound was prepared according to General Procedure 8 from
Boc protected Example 86 and phenylboronic acid.

'H NMR (400 MHz, Methanol-d;) 5 7.86 ~ 7.51 {m, 6H), 748 (t, /= 7.6
Hz, 2H), 7.43 — 7.33 {(m, 6H), 6.39 (d, J = 9.5 Hz, 1H), 5.06 (1, /= 10.1 Hz, 1H), 4.94
5 (s, 1H), 4.75(d, J =33 Hz, 2H), 437 (d, J = 144 Hz, I1H), 3.13 (d, /= 3.7 Hz, 3H},
2.55(d, J =45 Hz, 3H), 2.06 — 1.97 {m, 1H), 1.96 {d, /= 1.5 Hz, 3H), 1.52 (s, 3H),

144 (d, J=4.5 Hz, 3H), 1.09 (d, J = 5.6 Hz, 9H}, 0.96 — 0.83 (m, 6H).
CagHsaMNOsS caled m/z = 702.38 amu; found [M+HT = 703.40,

[M+Na] = 725.45

10
Example 99
- 2
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e Chemical Formula: Cy3HggN4Os8
Exact Mass: 742.41
Molecular Weight: 743.01
(58
15 (5,£-N-(benzylsulfonyl)-2,5-dimethyl-4-({(5)-¥,3, 3-trimethyl-2-({5)-3-

methyl-2-{methylamino)-3-(4-(4-methylstyryliphenyl jbutanamidoutanamido thex-2-
enamide
Title compound was prepared according to General Procedure 8 from
Boc protected Example 86 and {E)-4-methylstyrylboronic acid.
20 'H NMR {400 MHz, Methanol-d;) 8 7.65 (d, J = 8.2 Hz, 2H), 7.54 (d, J
=R.2 Hz, 2H)}, 747 {d, J = 7.8 Hz, 2H), 7.38 (3, SH), 7.26 - 7.11 {(m, 4H), 639 (d, /=
9.3 Hz, TH), 5.06 (1, /= 10.0 Hz, 1H), 497 - 4.91 (ro, 1H), 476 (s, 2H), 4.36 (s, 1H),
3.12(d, /=89 Hz, 3H), 2.54 (s, 3H), 2.37 (s, 3H), 2.05 - 1.97 {m, 1H), 1.97 - 1.93 {m,
3H), 149 (s, 3H), 141 (s, 3H), 1.09 (d, J= 3.5 Hz, OH), 0.91 (tg, /= 10.8, 4.9 He, 6H).
CaHegNyOsS caled m/z = 74241 amu; found [M+H] = 743.44,
[M+Na] = 765.41

|3
L7}
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Example 91

L /NH

MeQ
Chemical Formuia: CagHiaN4OgS
Exact Mass: 856.38
Molecular Weight: 658.88

{81}

(S, £)3-N-{benzylsulfony!)-4-({5)-2-((§)-3~(4-methoxyphenyD-3-methyl-2-
{methylaminojbutanamido}-V,3,3-trimethylbutanamido)-2, S-dimethylhex-2-cnamide

Title compound was prepared according to General Procedure 9 from
Boc protected Example 86.

Major diastereomer:

'H NMR (400 MHz, Methanol-d) 8 7.44 (dd, /= 12.9, 8.6 Hz, 2H), 7.40
—7.34 {m, 5H), 7.00 {t, /= 8.4 Hz, ZH)}, 638 (d, /= 9.2 Hz, IH), 5.05 (t, /=99 Hz,
1H), 4.93 (s, 1H)Y, 4.75¢d, ./ = 1.8 Hz, 2H), 429 (s, 1H), 3.84 (s, 3H}, 3.12 (5, 3H), 2.51
{3, 3H), 2.04 - 1.98 (m, TH), 1.95(d, J= 1.4 Hz, 3H), 1.45 (s, 3H), 1.37 (s, 3H), 1.09 (s,
OH}, 0.92 — 0.86 (m, 6H).

Minor diastercomer:

'H NMR (400 MHz, Methanol-ds) 8 7.44 (dd, J=12.9, 8.6 Hz, 2H), 7.40
~ 734 {m, 5H), 7.00 {t, /=84 Hz, 2H), 6.38{(d, /=92 Hz, 1H), 499 {t, /= 10.1 Hz,
1H), 4.93 (s, TH)L, 4.75(d, J = 1.8 He, 2H), 426 (s, 1H), 3.82 (s, 3H}, 3.11 (5, 3H}, 247
(s, 3H), 2.04 - 1.98 {m, 1H), 1.92(d, J= 1.4 Hz, 3H), 1.53 (s, 3H), 148 (5, 3H), 0.94 (s,
9H3, 0.92 — 0.86 {m, 6H).

CisHsNyO6S caled m/z = 65636 amu; found [M+H] = 657.3

L

[M+Na] =679.25
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Meo\OX/ﬁ\ VNHOL Q"i,O

Chernical Formula: CagMzoN,08
Exact Mass: 656.36
Molscular Weight: 656.88

(92

(8, £)-N-{benzylsulfony)-4-({S)}-2-({R)-3-(3-mucthoxyphenyl)-3-methyl-
2-{methylaminobutanamido -N,3,3-trimethyibutanamido)-2, S-dimethylhex-2-epamide

Title compound was prepared according to General Procedure 9 from
Boc protected (8,E)-N-{benzylsulfonyh)-4-((8§)-2-((5§)-3-(3-bromophenyl)-3-methyl-2-
{methylammnobutanamido}N,3 3-trivacthylbutanamido)-2,5-dimethythex-2-enamide,
The two diastereomeric products resulted from diastereomertcally impure starting
material and were separable by prep-scale HPLC.

Major diastercomer:

"H NMR (400 MHz, Methanol-ds) 8 7.51 — 7.32 (m, 6H), 7.14 — 7.07 (m,
1H), 7.06 {1, J = 2.2 Hz, 1H}, 6.98 - 6.90 {(m, 1H), 6.38 (dd, J = 9.6, 1.7 Hz, 1H), 499
{t, /=103 Hz, 1H), 493 (s, 1H), 4.75 (d, /= 1.8 Hz, 2H), 432 (5, 1H), 3.85 {5, 3H),
331 (s, 3H), 2,47 {s, 3H), 204 - 196 {m, 1H), 1.93(d, J = 1.4 Hz, 3H), 1.54 (s, 3H),
147 (s, 3H), 0.96 (s, OH), 0.89 (dd, 7 = 6.6, 3.4 Hz, 6H).

Minor diastercomer: refer to Example 93 (immediately following) for
H NMR spectral data

CasHsaNgOeS caled m/z = 65636 amu; found [M+H] = 657.36,
[M+Na] = 679.29

Example 93
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Chamicatl Formula: CagHeaNy0g8

Exact Mass: 658.36
Maolecular Weight: 656.88

WO 2014/144871

(93}
(S, E)-N-{(benzylsulfonyl1-4-({(8)-2-({5}-3-3-methoxyphenyl}-3-methyl-2-
~trimethylbutanamido}-2,S-dimethylhex-2-enamide

3

{(methylamino}butanamido -V,3,
Title compound was prepared according to Example 92 The two

(7

diastercomeric products resulted from diastercomerically impure starting material and

were separable by prep-scale HPLC,
'H NMR (400 MHz, Methanol-dy} 8 7.39 (d, J= 5.5 Hz, 6H), 7.11 (dd, J
= 4.9, 2.8 Hz, 3H), 6.38 (d, /= 9.4 Hz, 1H), 5.06 (d, /= 9.5 Hz, 1H), 4.93 (5, 1H), 4.76
10 (s, 2H), 4.35 (s, 1H), 3.86 (s, 3H}, 3.13 (s, 3H), 2.52 {5, 3H), 2.05 — 1.97 (m, 1H), 1.95
(d,f= 1.6 Hz, 3H), 1.46 (s, 3H), 1.38 (s, 3H), 1.09 (s, 9H), 0.90 (¢, J = 6.6 Hz, 6H).
656.36 amu; found [MH+H] = 657.36,

C‘;s}’?squQ(,S Q-’:ﬂ@d 1‘1’1/2

[M+Na] =679.32

Example 94

G
)Lﬁ
HO ~pne? AN

Chermical Formula: CagHgsNs0O7S
Exact Mass: 888.37
Molecular Weight: 686.80

[
(92

|
N

i NS
\Arl\ Pl

C -

{94)
(8. £y-N-(benzylsulfony)-4-{{5)-2-({5)-3-(4-(2-hydroxyethoxy)phenyl)-
3-racthyi-2-(methylamino Youtanamido }-N, 3, 3-trimethylbutanamido)-2, 5-dimethythex-

20
2-cnamide
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Title compound was prepared as follows: a mixture of Boc protected
Example 86, Cul (10 mol %), 3,4,7 8-tetramethyl-1,10-phenanthroline (20 mol %),
Cs,COs (2.5 eq), and cthylene glycol (%0 eq) was stirred under N, at 130 °C for 20 h.
The resulting mixture was difuted with HyO, carefully acidified with 144 citric acid and
extracted with CH,CL (5x). The organics were combined, washed with brine {1Ix),
dried over MgSQy, filtered, concentrated in vacuo and purified via silica gel column
chromatography (eluted with AcOH/EtOAc/hexanes mixtures) to afford the cross-
coupled product which was subsequently deprotected and purified according to General
Procedure 7.
'H NMR (400 MHz, Methanol-ds) 8 7.46 (d, J= 8.8 Hz, 2H), 7.38 (d, I =
2.5 Hz, 5H), 7.05(d, I =84 Hr, 2H), 6.38{d,J = Hz, 1H), 5.05 (¢, F=10.1 Hz, 1H),
493 (s, 1H), 4.76 (sq 2H), 4.28 (at F=110Hz, 1H), 4.13 -4.04 (m, 2H), 390 (4, I = 4.6
Hz, 2H), 3.12 (d, J = 6.2 Hz, 3H}, 2.50 (d, J = 16.9 Hz, 3H), 2.05 - 1.97 {m, 1H), 1.94
{(d,J=11.0Hz, 3H), 1.56 - 1.34 (m, 6H), 1L.O9 (s, OHL 050 (1, J 4 Hz, 6H).
CagHagNLO95 caled m/z = 68637 armu;, found [M+H]+ = $87.42,
[M+Na] = 709.37

Example 93
23 )
; \/\ *’S\/**\\:/
S O
\\rr*’\//\g /‘\
O Chemical Formula: CagHssN, 07,

Exact Mass: 744.36
Molecular Weight: 745.00

{9%)
S-2-{4-{{H-4-{(5)-1-({{S, F)-2,5-dimethyi-6-030-6-
(benzylsuifonamido thex-4-en-3-yvi}(methyiyamino)-3,3-dimethyl-1-oxobutan-2-
ylamino}-2-methyl-3~(methylamino}-4-oxobutan-2-yl iphenoxyethyl ethanethicate
Title compound was prepared as follows: Tributylphosphine (6 eq) was

added to a cold (0 °C) stirring solution of di~rers-butyl azodicarboxylate (6 cq) in THF.

153
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After 8.5 h, a solution of the Boc protected Example 94 (1 eq) in THF was added,
followed by a solution of AcSH (4.5 eq) in THF. The pale vellow mixture was stirred
at ¢ °C for 1 h then at ambient temperature for 23 h. The resulting mixture was
concentrated in vacuio, dissolved in EtOAc and successively washed with 144 HCT (2x),
5 sat’d NHLCl (Ix) and brine (1x). The organics were dricd over MgSQy, filtered,
concentrated in vacue and purified via silica gel column chromatography (eluted with
AcOH/EtOAc/hexanes mixtures) to afford the Boc-protected thicacetate product
(HPLC/MS — [M+Na] = 867.47).
The thieacetate was dissolved 1 CHoCh and treated with TFA.  After
10 stirring for | h, the reaction mixture was concentrated i vacwo. The yellow/brown
residue was dissolved in minimal amount of CH,Cl,, cooled to § °C and treated with
cther to precipitate out the desired aminothioacetate as an off~-white solid in 18 % yield
over two synthetic steps.
‘H NMR {400 MHz, Mcthanoi-d;) 8 7.46(d, J = 8.7 Hz, 2H), 7.38(d, I =
24 Hz, SH), 7.03(d, J =86 Hz, 2H}, 6.38(d, J = 9.5 Hz, 1H), 5.05 {t, J = 10.0 Hz, 1H),
493 (5, IH)L, 475 (s, 2H),427(d, =114 Hz, 1H,L 414, J=0606Hz 2H), 3281, J=
6.6 Hz, 2H), 3.11 (d, T = 6.6 Hz, 3H), 2.49 (d, I = 15.5 Hz, 3H), 2.38 (3, 3H), 2.05 —
197 (m, 1H), 1.95 (s, 3H), 1.45 (s, 3H), 1.37 (s, 3H), 108 (5, 9H), 0.96 — 0.85 (m, 6H).
C3sHssN(58; caled m/z = 74436 amu, found [M+H] = 745.39,
20 [M+Nal =777.32

[
(52

Chemical Formula: CagHgsNs0gD
Exact Mass: 885.38
Molecular Weight, 685.92

N2
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(8, E34-((5)-2~({S)-3-(4~{ Z-aminocthoxy)pheny-3-methyl-2-
{(ructhylamino jbutanamido)-N,3,3-triracthylbutanarido)}-N-{benzylsulfonyl}-2.5-
dimethylhex-Z-enamide

Title compound was prepared as follows: Ef:N (4 eq) was added to a
cold (0 °C) stirring solution of MsCl (3.7 eq) in CH,ClL. After 2 min, a solution of the
Boc protected Example 94 in CH,CH was added. The pale yellow mixture was stirred
cold for 5 min and theo at ambient tewperature for 72 h. The resulting moixture was
dilute with EtQAc and successively washed with 1M citric acid (Ix), 1M NaHCG: (1x)
and brine (1x). The organics were dried over MgSQOs, filiered and concentrated in
vacuo to afford the mesylated-alcohol (HPLC/MS — [M+Na]™ = 887.42) which was
used in the next step without further purification.

The mesylate was dissolved 1o DMF and treated with NalN; (7 eq). The
resulting suspension was stirred at ambient terperature for 18 b and then at 60 °C for &
h. The reaction mix was diluted with H,0, acidified with 14/ HCI and extracted with
CH,Cl (4x). The corabined organics were dried over MgSQ,, filtered and conceuntrated
in vacus to afford the azido product (HPLC/MS ~ [M+Na] = 834.44) which was used
w the next step without further purification,

The azide was dissolved in THF/HO {(10:1) and treated with
tributylphosphine (3.5 eq). The mixture was stirred at ambient temperature for 21 I and
then concentrated in vacwo.  The resulting residue was disselved in EtOAc and
successively washed with 1A HCL (3x), 147 NaHCO; (3x), HO (2x) and brine (2x).
The organics were dried over MgSQ0y, filtered, concentrated in vacuwo and purified via
sitica gel column chromatography (cluted with MeOH/CH,(Cl, mixtures) to afford the
primary amine as a white solid (HPLC/MS — [M+H] = 786 .45).

The amine was dissolved in CH,Cl, and treated with TFA. After stirring
for 1 h, the reaction mixiure was concentrated /n vacuo. The off-white solid residue
was dissolved in mindmal amount of MeQH, cooled to 0 °C and treated with ether o
precipitate out the desired diamine product as an off-white solid in 6 % yield over four

synthetic steps.



WO 2014/144871 PCT/US2014/029463

19

"H NMR (400 MHz, Methanol-ds) 8 7.50 (d, J = 8.6 Hz, 2H), 7.37 (s,
5Hy, 7.09 (d, =86 Hz, 2H), 641 (4, I =94 Hz, 1H), 5.02 (1, J = 10.0 Hz, 1H), 491
(s, 1H), 4.70 (s, 2H), 4.27 (t, } = 5.0 Hz, ZH), 340 (t, J = 5.0 Hz, 2H), 3.37 (s, iH}, 3.12
(s, 3H), 2.47 (s, 3H), 2.06 — 1.95 {m, 1H), 1.94 (d, J = 1.4 Hz, 3H), 1.45 (5, 3H), 1.37 (s,
3H), 1.08 (s, 9H), 0.89(dd, 1= 9.7, 6.6 Hz, 6H).
CagHssNsQeS caled m/z = 68539 amu; found [M+H] = 686.32,
[M+Nal" = 70827, [(M+2H) 2" = 343.77

CFs

/

Q
\\ N NNy
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Chemical Formula: Cas H43F3N505S
Exact Mass: 723.33
Molecular Weight: 723.85

97

(8 £y2,5-dimethyl-N-{2-(2,2,2-trifluoroacetarnido phenylsuifonyl)-4-
{({S)-N,3,3-trimethyl-2-({§)-3-methyl-2-(methylamino}-3-phenyibutanamido)
butanamidothex-2-enamide

Title compound was prepared from Example 3 an 2.2,2-triftucro-N-(2-
sulfamoylphenylacetamide according to General Procedures 2, and 7.

'H NMR (400 MHz, Methanol-dy) 8 827 (d, J=84 Hz, 1H), 8.05(d, J =
78 He, 1H), 7.67 {1, J=79 Hz, 1H), 7.54 (d, J= K1 Hz, 2H), 748 (1, } = 7.7 He, 2H),
740 (dt, J= 133,74 Hz, 2H), 657 (d, J =92 Hz, 1H), 4.92 (5, ZH), 4.34 (s, 1H}, 3.1
(s, 3H), 2.50 (5, 3H), 2.06 (m, 1H), 1L.87(d, J = 1.3 Hz, 3H), 1.45 (s, 3H), 1.33 (5, 3H),
1.07 (s, 9H), 0.91 (dd, 1 = 6.6, 3.5 Hz, 6H).

YF NMR (377 MHz, Methanol-dy) 8 -76.96, -77.73.

[
~J

CacHasFaNsOsS caled mvz = 72333 amu;, found [M+H] = 723.34,
[M+Na] = 746.23
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Chemical Formula: CqaHioNgO58
Exact Mass: 827.35
Molecular Weight: 627.84

(98}
5 (S, £)-N-{2-aminophenyisulfonyl}-2, S-dimethyl-4-((S3-N,3,3-trimethyi-2-

({S)-3-methyi-2-{methylamino)}-3-phenylbutanamido Ybutanamido jhex-2-enamide
Title compound was prepared from Example 3 an 2,2, 2-trifluoro-N-(2-
sulfamoyliphenyljacetamide according to General Procedures 2, 3 and 7.
"H NMR. (400 MHz, Methanol-ds) 8 7.75 (dd, J = 8.2, 1.5 Hz, 1H), 7.55
10 (d,I=78Hz 2H), 748 (1, J = 7.7 Hz, 2H), 738 (t, I = 7.4 Hz, IH), 7.33 - 7.27 (1,
THy, 681 {d, } = 82 Hz, 1H), 6.69 (£, I = 7.5 Hz, 1H), 649 (dd, I = 9.1, 1.5 Hz, 1H),
497 (t, 1= 101 Hz, 1H), 492 (s, 1H), 435 (5, 1H}, 3.17 (s, 3H), 2.5 (5, 3H}, 2.07 (m,
1H), 1.88 (d, J = 1.4 Hz, 3H), 1.46 (s, 3H), 1.36 (s, 3H), 1.06 (5, OH), 0.92 (t, J = 6.¥
Hz, 6H).
15 CasHiNsOsS caled mvz = 627.35 amu; found [M+H] = 62836,
PMHNa]” = 650.37, [MH2HY2) = 314.76

Example 99

S 1 ag
E N N”\H/N\./\\T N’S\ﬁ/\\w
H z
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i
Chemical Formula: CagHsaNa0sS N

Exact Mass: 688.37
20 Molecular Weight: 688.92

(99}
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(5. £)-N-(biphenyl-4-visulfonyi)-2,5-dimethyl-4-({$)}-N, 3, 3-trimethyl-2-
{{.5)-3-methyl-2-(methylamino)-3-phenylbutanarmido)butanamido jhex-2-cnamide

Title compound was prepared using from Boc protected Example 56

with phenylboronic acid according to General Procedures 8 and 7.
5 "H NMR (400 MHz, Methanol-ds) 8 8.12 (d, J = 8.3 He, 2H), 7.83(d, J =

84 Hz, 2Hy, 7.71(d, J =77 Hz, 2H), 752 (dd, J = 11.6, 76 Hz, 4H), 745 {{, J =73
Hz, 3H), 736 (t, J =72 He, 1H), 6,52 {(d, J =94 Hz, 1H), 496 {, ] = 9.5 Hz, iH}, 492
(s, TH), 4.33 (s, 1H), 3.18 (5, 3H), 2.50 (s, 3H}, 2.14 - 2.03 (m, IH), 1.88 (s, 3H), 1.45
(s, 3H), 135 (s, 3H), 1.07 (5, 9H), 0.92 (1, 1= 6.9 Hz, 6H).

10 CioHoN4OsS caled m/z = 68837 amu; found [M+H] = 689.10,
[M+Na] = 711.32

Example 100

G O

9] ¥
A
)L b A2
L, O H | o
g}m\\“ﬁ

P
Chemical Formula: CagHsaNs0eS TN,

Exact Mass: 703.38
1S Molecular Weight: 703.93

{16()

(5 EY-N-(4-aminobiphenyi-4-yisulfony -2, 5-dimethyl-4-({5)-¥,3,3-
trimethyl-2-{({S$)-3-methyl-2-(methylamine }-3-phenylbutanamido Ybutanamido hex-2-
enamide

20 Title compound was prepared from Boc protected Exaraple 68 with 4-
(tert-butoxycarbonylaminophenylboronic acid according to General Procedures 8 and 7

"H NMR (400 MHz, Methanol-ds) 8 8.05 (d, J = 8.6 Hz, 2H), 7.75(d, I =
8.6 Hz, 2H3), 7.59 - 7.51 (m, 4H), 7.45 (1, J = 7.7 Hz, 2H}, 7.36 {1, } = 7.3 Hz, 1H)}, 6.91
(d, J=R83 Hz 2H), 6.50(d, J = 9.1 Hz, 1H), 498 —4.92 (m, 1H), 491 (s, 1H), 4.34 (s,
1H), 3.18 (s, 3H), 2.50 (s, 3H), 2.13 - 2.03 (m, 1H), 1.88 (d, J = 1.4 Hz, 3H), 1.45 (s,
3H), 1.35 (s, 3H), 1.06 (s, 9H), 0.92 (1, ] = 6.2 Hz, 6H).
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CaHsaNsOsS caled m/z = 703.38 amu found [M+H] = 704.26,
[M+Na] = 726.41, [(M+Q‘.H)/2}2"' =352.77

(161)

(S.E}-N-(4-fluorobenzylsulfonyi}-2, 5-dimethyl-4-({S)-N,3,3-trimethyi-2-
{{S)-3~methyl-2-{methylamino)-3-phenyibutanamidobutanaraido Yhex-2-enarnde

Title compound was prepared from Example 3 and 4-
fluorobenzylsutfonamide according to General Procedures 2 and 7.

1H NMR (400 MHz, Mcthanol-d4) 3 7.60 — 7.52 (m, 2H), 748 {1, J =
7.7 Hz, 2H}, 7.44 —- 734 (m, 3H), 7.18 - 7.05 (m, 2H}, 641 {dd, /= 9.5, 1.7 Hz, IH},
5.06 (i, J = 10.0 Hz, 1H), 4.94 (5, 1H), 4.74 (5, 2H), 4.35 (5, 1H), 3.13 (s, 3H), 2.51 (s,
3H), 2.07 - 197 (mn, 1H), 1.95 (d, /= 1.4 Hz, 3H), 148 (5, 3H), 1.39 (s, 3H), 1.09 (s,
OH3, 8.90 {t, /= 6.3 Hz, 6H).

C34HyoFNGOsS caled m/z= 644.34 found [M+H] = 645.32

S N N ﬁ/S\ o
LA Moo AL \_7/
(102)

(8,E)-2,5-dimethyl-N-{3-(trifleoromethyl}benzylsalfonyl)-4-({5)-N,3,3-
trimethyl-2-((S)-3-methyl-2-(ruethylamino)-3-phenyibutanamido)  butanamidoYhex-2-
enamide

Title compound was prepared from Example 3 and  3-
trifluorobenzylsulfonamide according to General Procedures 2 and 7.
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TH NMR (400 MHz, Methanol-d4) § 7.74 - 7.64 (m, 3H), 7.61 {d, /=
7.7 Hz, 1H), 7.60 — 7.54 {(m, 2H), 748 {t, /= 7.7 Hz, 2H), 7.38 {1, / = 7.3 Hz, 1H),
6.42 (dd, /=94, 1.7 Hz, 1H), 5.06{t, /= 10.0 Hz, 1H)}, 4.93 (5, 1H), 436 (s, 1H}, 3.13
(s, 3H), 2.51 (s, 3H), 2.07 — 1.97 {m, 1H), 1.95(d, /= 1.4 Hz, 3H), 1.4% (s, 3H), 1.39 (s,
3H), 1.08 (s, 9H), 0.89(d, J= 6.5 Hz, 6H).
CasHioF 2 N4Os8 caled nv/z = 694.34 found [MH+H] = 69538

Example 103

OCF;

LA e

(183)
(S,E)-2,5-dimethy-N-(3-(trifluoromethoxybenzylsulfonyD-4-((8)-

N3, 3-trimethyl-2-({S)-3-methyl-2-{methylamino)}-3-phenylbutanamido)
butanamidothex-2-enamide

Title compound was prepared  from  Example 3 and 3
trifluoromethoxybenzylsulfonamide according to General Procedures 2, and 7.

1H NMR (400 MHz, Methanol-d4) 8 7.56 (d, J= 7.8 Hz, 2H), 7.48 (t, J
=7.9 Hz, 3H), 743 - 7.36 (m, 2H), 7.32 (d, /=93 Hz, 2H}, 643 (dd, /=94, 1.7 Hz,
IH), 5.06 (1,7 =100 Hz, 1H), 493 (s, 1H), 482 (5, 2H), 4.35 (5, 1H), 3.13 (5, 3H), 2.51
(s, 3H), 2.07 - 1.97 (m, 1H), 1.95(d, J= 1.4 Hz, 3H), 148 (s, 3H), 1.39 (s, 3H), 108 (s,
9H}, 0.90 (dd, /= 6.6, 4.3 Hz, 6H).

O35 HaoFaN4OS caled mvz = 710.33 found [M+H] = 711.38

Example 104
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{104}
(S,E)}-N-(3 4-dichlorobenzylsulfonyl)-2,5-dimethyl-4-((S)-N.,3, 3-trimacthyl-2-

{{5)-3-methyl-2-(methylamine}-3-phenyibutanamido jbutanamido Yhex-2-enamide

Title corapound was prepared frovo Example 3 and 3,4~
dichlorobenzyisulfonamide according to General Procedures 2, and 7.

TH NMR (400 MHz, Methanol-d4) 6 7.56 (td, /= 5.2, 4.5, 1.9 Hz, 4H),
TA8 (4, /=77 Hz, 2H), 738 {t, J=7.3 He, 1H), 7.33 {dd, /=84, 2.1 Hz, 1H), 6.41
(dd, /=95, 1.8 Hz, 1H), 5.06 (t, /= 10.0 Hz, 1H)},4.93 (s, 1H)}, 4.77 (s, 2H}, 4.36 {5,
TH), 3.14 €5, 3H), 2.52 (s, 3H), 2.07 - 1.97 (m, 1H), 1.95(d, /= 1.4 Hz, 3H), 1.49 (s,
3H), 1.39 (s, 3H), L0 (s, SH), 0.90 (dd, J= 6.6, 4.9 Hz, 6H).
O3HeCLNGOSS caled myv/z = 694.27 found [M+H] = 69532

Example 103

v/\)
Cr NH i o Al
NC
{165)

(S, E}-N-{2-cyanobenzyisulfonyl}-2,5-dimethyl-4-{({(8)-N,3 3-trimethyl-2-
{({5)-3-methyl-2-(methylamino}-3-phenyibutananmido jhutanarnido Yhex-2-enarnide

Title  compound was prepared from Example 3 and 2-
cyanobenzylsalfonamide according to General Procedures 2, and 7.

'H NMR (400 MHz, Methanol-ds) 8 7.81 (dd, J=7.7, 1.3 Hz, 1H), 7.72
(td,./ = 7.7, L3 Hz, 1H), 7.66 (d, /=77 Hz, 1H}), 7.62 - 7.59 {m, 1H), 7.58 — 7.53 {(m,
2HY, 748 (t, =77 Hz, 2H), 738 (t, /=73 Hz, 1H), 6.50 (d, /= 9.4 Hz, 1H), 508
(dd, /= 10.6, 9.3 Hz, 1H), 4.99 (s, 2H}, 495 {5, 1H}, 4.36 (s, 1H), 3.16 (s, 3H), 2.52 (5,
3H), 2.09 — 1.99 (m, 1H), 1.98 (d, J = 1.4 Hz, 3H), 1.49 (5, 3H), 1.39 (5, 3H), 1.10 (s,
OH), 0.94 (d, J=6.6 Hz, 3H), 0.91 (d, /= 6.6 Hz, 3H).

CasH4eNsOsS caled m/z = 651.35 found [M+H] = 652.38

i6l
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Example 106

oy’ SN YT YT N7 -
kfj o o A 3 \—w
Ci
{(166)

[

(S,E)}-N-(3-chlorobenzylsultonyl)-2,5-dimethyl-4-((S)-N, 3. 3-trimethyl-
2-{(S}-3-methyl-2-(methylamino)}-3-phenylbutanamido ybutanamido thex-2-enamide

Title compound was prepared  from  Example 3 and  3-
chlorobenzylsulfonamide according to General Procedures 2, and 7.

1H NMR (400 MHz, Methanol-d4) & 7.58 — 7.53 (m, 2H), 7.48 (1, J =
10 7.6 Hz, 2H), 7.43 — 7.34 (m, 4H), 732 (d, J = 7.5 Hz, 1H), 6.42 (d, /= 9.5 Hz, 1H),
506 (t, J=10.0 Hz, 1H), 4.94 (s, 1H), 4.74 (s, 2H), 4.33 (s, 1H), 3.13 (s, 3H)}, 2.50 (s,
3H), 2.07 — 1.97 (o, 1H), 1.95 (d, ./ = 1.4 Hz, 3H), 1.48 (s, 3H), 1.39 (s, 3H}, 1.0 (s,
OH}, 0.90 (t,/=7.2 Hz, 6H).

C34HaoCINGOsS caled m/z = 660.31 found [M+H] = 661.32

15
Example 107
-~ -
Q ! T o0
‘\\\\X)l\\r e S
L M o A R
= " NH,
{167y
20 (S, E}-N-{4-amino-2-ethylphenylsulfonyi}-2,5-dimethyi-4-{({(8)}-N,3,3-

trimethyi-2-((5)-3-methyi-2-{methylamine)-3-phenylbutanamido)butanamido thex-2-
cnamide
Title compound was prepared from Example 3 and 2-

ethylbenzylsulfonamide according to Geuveral Procedures 2, and 7.

[
(921
e

'H NMR (400 MHz, Methanol-d4) 8 7.79 {d, /=8.7Hz IH), 7.35(d, J
=70 Hz, 2H), 748 {, J = 7.6 Hz, 2H), 7.37{t, /=74 Hz, 1H), 6.57{d, /= 2.3 Hz,
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1H), 6.54 (dd, J = 8.8, 2.4 Hz, 1H), 6.46 (d, /= 9.4 Hz, 1H), 5.01 (& J= 10.0 Hz, 1H),

4.92 (s, 1H), 4.34 (s, 1H), 3.16 (s, 3H), 2.99 — 2.90 (m, 2H), 2.50 (s, 3H), 2.11 - 2.00
(m, 1H), 1.87 (d, J = 1.4 Hz, 3H), 1.47 (s, 3H), 1.38 (s, 3H), 1.22 (t, J = 7.5 Hz, 3H),
1.06 (s, 9H3, 0.91 (dd, 7 = 6.6 Hz, 6H).

5 C3sHs:NsO58 caled m/z = 655.38 found [M+H] = 656.4
Example 108
O
0, 0
N b 8 AOCFs
& 2 1 H |
TN " NH,
10 {168)

(S, E}-N-{4-anino-3-(trifluorornethoxy iphenylsulfonyl)-2,5-dimethyl-4-
((53-N,3,3-trimethyl-2-((5)-3-methyl-2-(methylamine -3-phenyibutanamido )
butanamidohex-2-enamide
Title compound was prepared from Example 3 and 2.2,2-trifluoro-N-(4-
15 sulfameoyi-2-(trifluoromethoxyphenyljacetanide according to General Procedures 2, 3
and 7.
"H NMR (400 MHz, Methanol-ds) 8 7.81 — 7.75 (m, 1H), 7.71 {dd, J =
87,28 Hz, 1H), 7.55{d, /=79 Hz, 2H}, 747 (t, /= 7.6 Hz, ZH), 7.37 {t, /= 7.1 Hz,
TH), 6.89(d, J=87 Hz, TH), 651 —6.42 (m, 1HL 498, /=100 He, IH), 492 (, /=
20 4.1 Hz, 1H), 437 (s, 1H), 3.16 (5, 3H), 2.51 (s, 3H), 2.12 - 2.01 (m, 1H), 188 {d, J =
1.4 Hz, 3H), 1.47 (s, 3H), 1.37 (s, 3H}, 1.07 (s, 9H}, 0.92 {dd, / = 6.6 Hz, 6H).
CagHisFiNsO6S caled m/z = 711.33 found [M+H] =712.4

N2
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(109
(S, E)-N-{4-amino-2,3-dimethyiphenylsulfonyl)-2,5-dimethyl-4-({S)-
N.,3,3-trimethyl-2-({8}-3-methyl-2-(methylamino}-3-phenylbutanamido tbutanamido)
hex-2-enamide
5 Title compound was prepared from Example 3 and 2.2,2-trifluoro-N-(4-
sulfamoyl-2,3-dimethylphenyljacetamide according to General Procedures 2, 3 and 7.
" NMR {400 MHz=, Methanol-dy) &8 7.75 (d, J = 8.8 Hz, 1H), 7.55(d, J
=79 Hz, 2H), 747 (1, /= 7.7 Hz, 2H), 7.37 (1, /= 6.9 Hz, 1H), 6.63 (d, /= &.8 Hz,
1H), 646 (d, /=97 Hz, 1H), 5.00 (t, 7= 10.0 Hz, 1H), 4.93 (5, 1H), 432 (s, 1H), 3.17
10 (s, 3H), 2.54 {s, 3H), 2.49 (s, 3H), 2.09 (s, 3H), 2.08 - 2.02 {m, IH}, 1.87 {d, /= 1.4 Hz,
3H), 147 (s, 3H), 1.37 (5, 3H), 1.07 (5, 9H), 0.92 (dd, /= 6.8, 6.5 Hz, 6H}.
CasHsaNsOsS caled mvz = 655 38 found [M+H] = 656.4

Example 119

15
!
= N ,’N\;f"ﬁ/LN’S -y
E)/fﬁ\}i 6 AL Hol .
(118)
{8,E)-N-{4-amino-35,6,7 &-tetrahydronaphthalen-1-ylsulfonyl)-2,5-
dimethyl-4-((5)-N,3 3-trimethy-2-((8)-3-methyl-2-(methylamino}-3-
20 phenylbutanaroidoYbutanamidoe thex-2-cnamide
Title compound was prepared from Example 3 and 2,2 2-trifluoro-N~(4-
sulfarnoyl-5,6,7 8-tetrahydronaphthalen-1-yljacctamide  according  to General
Procedures 2, 3 and 7.
'H NMR (400 MHz, Methanol-d;} 8 7.74 (d, J = 8.7 Hz, 1H), 7.55 (d, ./
25 =79 Hz 2H), 748 (t, /= 7.6 Hz, 2H), 738 (t, /= 7.2 Hz, 1H), 6.60 (d, /= 8.7 Hz,

1H), 6.46 (d, J = 9.2 Hz, 1H), 5.00 (£, J = 10.0 Hz, 1H), 495 — 4.91 (w, 1H), 436 (s,
1D, 3.17 (s, 3H), 3.10 — 3.05 {m, 2H), 2.51 (s, 3H), 246 {t, /= 6.5 Hz, 2H), 2.10 -
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2.02 {m, 1H), 1.88 (s, 3H}, 1.87 — 1.75 (m, 4H), 1.47 (s, 3H), 1.38 (s, 3H), 1.07 (s,
OH}y, 0.92 (dd, J=7.1 Hz, 6H).
‘CmHssiNs()sS caled mv/z = 681.39 found H\’H"HT =682.4

Example 111

WI \f\ﬁ“m%

(11

(S, E)-N-{4-amino-3-methylphenylsulfonyh-2 5-dimethyi-4-({(8)-N,3,3-
trimethyl-2-((8}-3-methyl-2-{methylamino)-3-phenylbutanamido)butanamido yhex-2-
enamide

Title compound wag prepared from Example 3 and 2,2, 2-trifluoro-N~(2-
methyi-4-sulfamoylphenylacetamide according to General Procedures 2, 3 and 7.

'H NMR {400 MHz, Methanol-dy) 0 7.64 {s, 1H}, 7.61 {dd, J= 8.5, 2.3
Hz, 1H}, 7.57 - 7.51 {m, 2H), 748 (1, /=77 Hz, 2H), 741 - 735 {m, 1H}, 671 (d, /=
8.5 Hz, 1H), 643 (dd. J , 1.6 He, 1H), 496 (1, /= 10.0 Hz, 1H), 4.92 (5, 1H), 4.35
(s, 1H), 3.16 (s, 3H), 2.51 (s, 3H), 2.17 (5, 3H), 2.10 - 2.01 (m, 1H), 1.87 (d, /= 1.4 Hz,
3H), 1.46 (s, 3H), 1.36 (s, 3H), 1.O7 (s, OH), 0.91 {dd, ./ = 6.3 Hz, 6H).

Cagbe NsQsS caled m/z = 641.36 found {]\/,‘i'*k}ﬂ+ =642 4

Example 112

/j><rJ\If“V’\( el

{112)

?
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{8, E)-N-{4-amino-3-fluorophenyisulfonyl)-2, S~-dimethyl-4-({5)-N,3,3-
trimethyl-2-((8)-3-rmcthyl-2-(methylamino)-3-phenylbutanamido Ybutanamido thex-2-
cnamide
Title compound was prepared from Example 3 and 2.2,2-trifluoro-N-(2-
5 fluoro-4-sulfarcoyiphenyllacetamide according to General Procedures 2, 3 and 7.
'H NMR (400 MHz, Methanol-dy) § 7.62 ~ 7.55 (m, 3H), 7.54 (s, 1H),
748 (t, J=T7.7 He, 2H), 737 {t, J = 7.3 Hz, 1H), 6.85 (1,7 = 8.6 Hz, 1H), 645 (d, /=
03 Hz, 1H), 498 (t, /=99 Hz, 1H), 492 (s, 1H), 4.34 (s, 1H), 3.16 (s, 3H), 2.50 (s,
3H), 212 = 2.00 {m, 1H), 1.88 (d, J = 1.4 Hz, 3H), 1.46 (5, 3H), 1.37 (s, 3H), 1.07 (5,
10 9H), 0.91 (dd, /= 6.8 Hz, 6H).
CaaHasFNQsS caled vz = 64534 found [M+F j = 546 .4

Example 113

U\?\ﬁ hesS

1§
{113)
{8,E)-N-{4-armino-3-cthylphenylsulfonyt}-2,5-diracthyl-4-({5)-N,3,3-
trimethyl-2-({S)-3~-methyl-2-(methylamino)-3-phenylbutanamido ybutanamido Yhex-2-
enarmide
20 Title compound was prepared from Example 3 and 2,2, 2-trifluoro-N-(2-
ethyl-4-sulfamoylphenyllacetamide according to General Procedures 2, 3and 7.
'H NMR (400 MHz, Methanolndﬁ 5 7.66(d, J=23Hz iH), 7.61 {dd, J
8.6, 2.3 He, 1H), 7.55¢d, /=76 Hz, 2H), 748 (t,J="7.7 Hz, 2H), 7.37 (t, /= 7.3 Hz,
IH)y, 6,71 {d, J = 85 Hz, 1H), 6.43 (dd, J = 9.3, 1.7 Hz, 1H), 496 (t, /= 9.9 Hz, 1H),
25 492 (s, 1H), 435 (s, 1H), 3.16 (s, 3H), 2.54 (dd, /=74, 22 Hz, 2H), 2.51 (s, 3H), 2.12

1.99 (m, 1H), 187 (d, ./ = 1.4 Hz, 3H), 1.46 (s, 3H), 1.36 (s, 3H), 1.27 (&, /= 7.5 Hz,
3H), 1.07 (s, 9H), 0.91 (dd, J = 6.4 Hz, 6H)
CasHs:Ns0sS caled mv/z = 655.38  found [M+H] = 656.5

i66



19

25

WO 2014/144871 PCT/US2014/029463

Example 114

{114)

(8, E}-N-{4-araino-3-{trifluororacthylphenylsuifonyly-2,5-divnethyl-4-
{({3)3-N,3,3-trimethyl-2-((5)-3-methyl-2-(methylamino}-3-phenylbutanamido)
butanamidothex-2-enamide

Title compound was prepared from Example 3 and 2.2, 2-trifluoro-N-(2-
triftuoromethyl-4-sulfamoyiphenyljacetamide according to General Procedures 2, 3 and
7.

'H NMR {400 MHz, Methanol-ds) 8 8§.04 (5, 1H), 7.87 {(d, / = §.8 Hz,
IHy, 7.55(d, J= 7.6 Hz, 2H), 748 {t, J= 7.3 Hz, 2H), 7.36 (dd, J = 14.5, 7.4 Hz, 1H),
689 {d, /=89 Hz, 1H), 6,47 (d, J = 93 Hz, 1H), 499 (t, /= 10.2 Hz, 1H), 4.92 (5,
1H), 4.33 ¢s, 1H}, 3.16 (s, 3H), 2.50 (s, 3H), 2.11 - 2.00 {m, 1H), 1.88 (5, 3H}, 1.47 {s,
3H), 1.37 (s, 3H), 1.07 (s, 9H), 0.91 (dd, J= 7.0 Hz, 6H).

CaaHuF:NsOs8 caled m/z = 69533 found [M+H] = 696.4

{115y
(S)-T-isopropy -N-{{S)- 1-{{{S,E)-6-(3-mercaptopropylsulfonamide-2,5-
dimethyl-6-oxohex~-4-cu-3-yhi{methybamino)-3,3-dimethyl-1-oxobutan-2-
yhpiperidine-Z-carboxamide
To a solution of (8,E)-ethyl 4-((8)-2-{tert-butoxycarbonylaming -N,3,3-

trimethylbutanamido)}-2,5-dimethylhex-2-encate {§.373g, 0.905mmol} in CHCL (Sml)
167
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was added trifluoroacetic acid {2 mL}. The reaction was monitored by HPLC and upon
complete conversion of the starting roaterial concentrated under reduced pressure. N-
isopropyl-pipecelic acid (0.200g, 1.3 equiv) was dissolved in CH,Cl; (SmL) and stirred
at 0°C, to which was added HBTU (8.450g, 1.3 equiv} and N N-di-isopropyiethylamine
{(0.400uL, 2.5 equiv). After 10 minutes, the above deprotected dipeptide was added as &
solution in CHClL (~1ml). The reaction was monitored by HPLC for complete
consumption of the dipeptide at which time the entire reaction was concentrated ander
educed pressure. The crude reaction mixture was dissolved in CH,Cl, and purified by
silica gel chromatography (1-20% MeOH (5% NH4OH) in CHCly).

The resulting ester was saponified with LiOH i 1,4-dioxane. The
resulting carboxylic acid (0.128g, $.29mmol} was dissgived in CHyCl, (3ml) and to the
stirred solution was added dicyclohexyicarbodiimide (0.084g, 1.4 equiv), NMNN-
dimethylaminopyridine (0.05g, 1.4 equiv) and 3-{tritylthio)propane-1-sulfonamide
(0.174g, 1.5 equiv). The resulting mixture was stirred overnight and monitored for
reaction progress by HPLC-MS. When the reaction was complete, the mixture was
concentrated under reduced pressure and the residue was purified by silica gel
chromatography { 5-30% MeOH 1o CH;CL) to give the S-trityl derivative of the parent
compound as a colourless oil {0.056¢).

HNMR {400 MHz, Methanoi-d 7.44 - 7.35 {(m, 6H), 7.36 - 7.15 {m,
9H), 6.56 (dd, /= 9.1, 1.7 Hz, 1H), 5.03 {dd, J = 10.6, 9.3 Hz, 1H), 4.73 (5, 1H}, 4.05
(dd, /=115, 33 Hz, 1H), 3.51 - 3.37 {m, 2H}, 3.25 - 3.15 (m, 2H), 3.09 (5, 3H), 2.92
(td, J = 12.5,2.9 Hz, 1FD, 2.31 (, J = 7.2 Hz, 2H), 2.18 — 1.70 (m, 15H), 1.61 (ddt, J =
12.8, 8.4, 4.9 Hz, 1H), 1.28 (dd, /= 30.1, 6.7 Hz, 7TH), 1.04 (s, OH), 0.88 (dd, /=373
6.5 Hez, 6H).

Fiually, the trityl protected thiol was dissolved in CHyCL (3 mb) and
triffuorcacetic acid was added (0.6 mL) with tritsopropyl silane {(0.1mL). The reaction
was monitored by HPLC-MS and upon completion, was concentrated to dryness under
reduced pressure. The residue was taken up in CH,CL, (~+0.8mL) with a couple of drops
of cthano! and cooled to 0°C in an ice bath. Cold dicthyl ether (~3mL) was added with

vigorous stirring to generate a white precipitate which was collected by filiration on a
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B2
(32

Buchoer funnel at dried under high vacuum to yield the parent compound as an
amorphous white solid.
'H NMR (400 MHz, Methanol-dy) 8 6.52 (d, J = 9.0 Hz, 1H), 5.06 {dd, J
= 10,7, 8.8 He, 1H), 4.73 (5, 1H)}, 416 - 4.04 (o, 1H), 3.69 — 3.56 (m, 2H), 3.48 (d4, J
=133, 7.2 Hz, 2H), 3.15 (s, 3H), 3.03 - 294 (m, 1H), 2.68 (1, /=69 Hz, 1H), 2.24 -
1.77 {m, 11H), 1.61 (s, 1H), 1.31 (dd, J = 27.2, 6.7 Hz, 6H), 1.06 (s, OH), 0.91 (dd, J =
34.1, 6.6 Hz, 6H).

SH

o '
Z ' N N
Ry : /NH : = O\ ,:,.O
N’S\/’\\/
O

Chamical Formula: CogHagNgGeS,
Exact Mass: 584.29

{116)

S}N-({8)-1-((8)-2-((E3-3-(3-mercaptopropylsulfonamido)-2-methyl-3-
oxoprop-1-enyhpyrrolidin-1-y1}3-3,3-dimethyl- -oxobutan-2-y1)-3-methyl-2-
{methylamino }-3-phenylbutanamide

The title compound was synthesized from Boc-proline and Example 2
according to General Procedures 10, 11, 2, 3, 7 and others frora Nieman J. AL ot al. J.
Nat. Prod. 2003, 66, 183199, The compound was isclated as two diastercoisomers in
an approximately 1:1 ratio.

"H NMR (400 MHz, Mcthanol-ds) 8 7.57 — 7.12 (m, 5H), 6.39 (dd, J =
94, 1.6 Hz, 0.5H), 6.31 (dd, /=82, 1.5 Hz, 0.5H), 4.72 (q, J = 7.5 Hz, 0.5H}, 4.66 —
4.56 (m, 0.5H), 440 (s, 0.5H), 4.28 (d, /= 11.9 Hz, IH}, 3.81 (o, 0.5H), 3.76 - 3.56
(m, 3H), 2.77 - 2.64 {m, ZH), 2.59 (m, 3H}, 2.39 ~ 2.22 {m, 1H}, 2.18 — 1.72 (m, 7TH),
161~ 1.33 (m, 6H), 115 -0.85 {m, 11H).

CroHysNLO5S, caled m/z = 594.35 found [M+H] = 5953
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Example 117

. N
N Y
N L T N
> Y op
,«S\//\\/SH

O° N
H

{117)

(§3-N-({(S3-1-(2-(3-(3~mercaptopropylsulfonamido }-2~-methyi-3-oxoprop-
{-enyDpiperidin-1-y1}-3,3-dimethyl- {-oxobutan-2-y1}-3-methyl-2-(methylamino -3~
phenyibutanamide

The title compound was synthesized from Boc-homoproline and
Example 2 according to General Procedures 10, 11, 2, 3, 7 and others from Nieman J.
A. et al. J. Nat. Prod. 2003, 66, 183-199. The compound was isolated as two
diastereoisomers in an approximately 2:3 ratio.

'H NMR (600 MHz, Methanol-ds 6 7.55 (d, J = 7.8 Hz, TH), 7.46 (m,
3H), 7.38 (m, 1H), 681 (d, J = 8.3 Hz, 0.6H), 6.79 (d, / = 7.8 Hz, 0.4H), 566 (m,
0.6H), 5.12 {m, 0.4H), 5.05 (5, 0.6H), 4.86 (s, 0.4H), 442 (d, ./ = 14.9 Hz, 0.4H), 435
{5, 0.6H), 426 (s, 0.4H), 412 (d, /= 13.8 Hz, 0.6H), 3.64 (d, /= 7.6 Hz, 1H), 3.63{(d, J
= 7.4 Hz, 1H), 3.39 {m, 0.6H), 2.94 (td, /= 13.8, 2.6 Hz, 0.4H), 2.68 {1, /= 6.7 Hz,
2H3, 2.56 (m, 3H), 2.10 (m, 3.5H), 1.97 (s, 1.5H), 1.90-1.70 (m, 7H), 1.65-1.29 {m,
6k}, 1.07 (s, 3.5H), 1.04 (s, 4.5H) ppm

CaoHyvN4O5S; caled. mvz = 608.31; found [M+H] = 609.32

Example 118

HN (9] NN
h g0
O/ N’S\E'E \
nL A s
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(118}

(5)-N-({(S)- 1-(2-(3-(4-(racrcaptorncthylyphenylsulfonamido)-2-methyl-
3-oxoprop- -enyDpiperidin-t-y1}-3,3-dimethyl- 1 -oxobutan-2-y1}-3-methyl-2-
{(methylaminoe)}-3-phenylbutanamide

5 The title compound was synthesized from Boc-homoproline and

Example 7 according to General Procedures 10, 11, 2, 3, 7 and others from Nieman 1

A, et al. J. Nat. Prod. 2003, 66, 183-199. The compound was isolated as two
diastercoisomers in an approximately 2:3 ratio.

'H NMR (600 MHz, Methanol-d;) 8 8.02 (d, J = 8.4 Hz, 0.8H), 8.00 (4,

10 J=835Hz [2H), 758(d, J=8.5Hz, 1H}, 7.54(d, /=85 Hz 2H), 745 (1, /= 8.2 Hz,

2H), 7.40(d, /=72 Hz, 0.6H), 736 (m, 1HL 731 (4, /=71 Hz, 0.4H)}, 6.74 (4, /= 8.2

Hz, TH), 5.59 (m, 0.6H), 5.06 (m, 0.4H), 5.02 (5, 0.6H), 4.84 (5, 0.4H), 439(d, /=125

Hz, 0.4H), 4.34 (s, 0.6H), 420 (s, 0.4H), 4.08 {d, J = 12.0 Hz, 0.6H}, 3.¢3 (5, 1.2H),

3.73 (s, 0.8H), 3.35 (m, 0.6H), 2.93 {td, ./ = 13.6, 3.0 Hz, 0.4H), 2.55 {m, 3H), 2.00 (5,‘,

15 1H), 1.90-1.51 (m, TH), 1.51-1.30 (m, 4H), 1.30 (s, 1H), 1.15 (g, 1H), 1.04 (s, 3.5H
1.01 (s, 4.5H) ppm.

CagH47N40:S, caled. m/z = 656.31; found [M+H] = 657.30

20
Jeh n /u\/N
HN/=
o f“j/N_?’/C’
{119

MC-VC-PABC-77

25 The title compound was prepared by application of general procedures

15 amd 7 from from Boc protected Example 77.
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"H ONMR (400 MHz, Methanol-dy)

L\

S8{d, /=82
L 2H), 7.38 (¢, J = 7.7 Hz, 2H), 7.36 — 7.24 (m, 6H), 7
6.81 (s, 2Hy, 6.57 (d, ./ = 9.1 Hz, 1H), 5.08 (s, 2H), 5.04 (t

t, 7= 10.0 Hz, 1H), 4.91 (s,
), 4.53 (dd, J=9.0, 5.1 Hz, 1H), 4.40 (s, 2H), 4.28 (s, 2H), 4.19 (d, J

J=7.4 Hz, 1H),
3.49 (1, J=7.1 Hz, 2H), 3.26 — 3.11 (m, 2H), 3.07 — 2.93 (m, 3H), 2.30 (t, J = 7.4 Hz,
2H), 2.18 (s, 3H), 2.15 — 2.05 {m, 1H), 1.99 ~ 1.91 (m, 1H), 1.89 (s, 3H), 1.83 -
(r, 1H), 1.72 = 1.53 (m, 7H), 1.4 (s, 3H), 1.37 (s, 3H), 1.35 - 1.2

OH3, 1.00(d, J= 08 Hz, 3H), 0.99(d, /=67 Hz, 3H), 0.88 (d, J

Fiz, 2H), 7.49 (d, J
2 (d, J= 7.8 Hz, 2H),

-1.72
7 {m, 2H}, 1.03 (s,

= 6.5 Hz, 3H), 0.82 (d,
/= 6.6 Hz, 3H).

10 C(§4H91N110}35 Gﬂi{:ﬁ. nl/’z 7 f(}uﬂ{.: I\i"‘H-ﬁ = 17548

Example 120

15
{(12%)
4-{{R)-2-({R)-2-(6-(2,5-dioxo-2,5-dihydro-1 H-pyrrol-1-yl thexanamido)-
3-mucthylbutanarmido)-5-ureidopentanamidoibenzyt 4-(N~{{S.E}-2,5-dimethyl-4-({5)-
N.3,3-trimethyl-2-{{8}-3-methyi-2-(methylamino}-3-
20 phenylbotanarmdoYoutanamido yhex-2-enoyhsulfarmoyhbenzylcarbarate,
MC-VC-PABC-85
The title compound was prepared by application of general procedures
15 and 7 o Boc protected Exarnple 8S.
Co3HeoN 110138 caled. m/z = 1239.6; found [M+H] = 1240.9.
25

Example 121
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The titie compound was preparcd by application of goneral procedures

o .
H

i3 and 7 @ Boc proicc

cample KO

CoabloNg OGS culed. miz = 123960 found M+ H] = 12409

{0 Example 122

~d f; N
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{122}
| MOVO-PABC-4]
The ritie compound was prepared by apphication of General Procodure

i3 1o Example 410

Coablo i WNGOS  caled,

_,

o]
N

i

[
LA
‘s
oy
LN

5, found [M+H] = L

|
A
NN
~f
W

IMH2HT = 62%.20.
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Example 123

~

\\f? |

,bv\
DAY T

Chernical Formula: CagHssNgO55
Dxact Mass: 828.37
Maolecular Weight: 628.87

{123)

{R)-N-{benzylsulfonyl)-2,5-dimethyl-4-((5)-N,3,3-trimacthyl-2-{{5)-3-
methyl-2-(methylaming )-3-phenylbutanamido jbutanamido Yhexanamide

A suspension of the Example 14 and 10 % palladium on carbon (25 mol
% Pd) in glacial acetic acid was stirred under a H atmosphere (1 atin) at ambient
temperature. After 142 h, the reaction suspension was passed through a bed of celite,
vinsed with MeOH (5x) and conceutrated in vacuo. The residual light browu crude film
was dissolved and purified on the preparative HPLC (30-70% MeCN/H,O with 0.1%
TFA) and iyophilized to afford one diastereomer of the reduced product as a pale
yellow solid in 15 % vield

"H NMR (400 MHz, Methanol-d}) 8 7.55 (d, ] = 7.2 Hz, 2H), 7.46 (1, ] =
7.8 He, 2H), 743 = 7.31 {m, 6H), S.01 (5, 1H), 4.79 (d, I = 4.1 Hz, 1H), 465(d, J =
14.1 Hz, IH), 4.35 (s, 1H), 4.24 {s, 1H), 3.07 (s, 3H}, 2.52 {5, 3H), 2.27 (m, 1 = 103,
7.0, 32 He, 1H), 214 (ddd, J = 13.5, 10.6, 2.7 Hz, 2H), 1.78 (4, ] = K.6 Hz, 1H), 1.47
(s, 3H), 1.34 (5, 3H), 1.15 (d, J = 6.9 Hz, 3H), 1.14 (s, OH}, 1.04 (d, J = 6.6 Hz, 3H),
082 (d, J=6.6 Hz, 3H).

CayHsoN4O:S caled m/iz = 628.37 amu; found [M+H] = 629.6, [M+Na]’
=651.6

GENERAL SYNTHETIC SCHEMES FOR (Ti-(L)»-(D)
USING LC-SPDP AND SMOC LINKERS

i74
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% O | ﬁ\ Q R, mAL-SPDP
RZ“E/\j/ %N YN N .
H L H
2 HN_ O AL

mAb

. O W R
/r\‘\li/”\f\/’\N/d\\/\S/f’\R?q]L- E 3 35
f H
O
mAb-SPDP-S-R; -peptide-NHSG:Ry

5 Composition produced using the SPDP linkage method described below.

Note Ry’ is distinct from Ry, as Ry includes Ry7-S.

mAL-SMCC

\\,91

\/”\\f/u\
N

N
mAb/

16 mAL-SMCC-5-R,y -peptide-NHSO,R
Composition produced using the SMCC linkage method described

below. Note R, is distinct from Ry, as Ry includes R,™-S.

G O o0 SPDP-mAb
/ﬁ\ \Sf
N NTTUR,
H

¥

15

O i OO\

k,;;, HN._ d O AL L P TSTTONTSTNTN S g
0

peptide-NHSO,R,-8-SPDP
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Composition produced using the SPDP linkage wethod described

below. Note Ry is distingt from Ry, as Ry includes R,°-S.

.9 Y | 05 o SMCC-mAb
: N S .
: RN %)L\N \ﬁ/ \\." NN N R»]
| H H H
S HNG O A
5
NWA O
% %#PX/N\' . /L\N,S\ g ﬁ\
| : : N N
0 H
/\Z/N\
1 mAb
0
peptide-NHSGR 7 -8-SMCC
Composition produced using the SMCC hnkage racthod described
below. Note Ry s distinct from Ry, as Ry includes Ry-8
10
Example 124
i ; £ 0.0 i‘ H
/\\\.><(l N \./"\Y N7 bv/\v"b\sf"\\,f \\1’/\\/”\\//\“/ \ Ab
P H ER H
& HN C AL
{124y
15
{Compound 4 - SPDP - mAb) produced using the Compound A synthesis
method, above, and the SPDP linkage method described below.
Example 125
20

G
H
Ntﬁ/i‘d\/«\/& 5. /\\/n\ﬁf\’/\/\ﬂ/\!\
\/f ©
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(125)

{Compound 5 - SPDP - mAb) produced using the Compound B synthesis

method, above, and the SPDP linkage method described below,

5
Example 126
o o \I/ ! O 3.0
(YUY YL 8
z i H i H
= HN QAL o SN N N
aN-Zg ~ e g ﬁ \\]/ mAD
O
{126}
18
{Compound C - SPDF - mAb) produced using the Compound C synthesis
method, above, and the SPDP linkage method described below.
Example 127
15
¥ o 0 o
= : - N7 \/\\S i
L Lo 2 H \YA‘N**\/
—
v (7w
N\
, mAb
O
(127

{Compound 8 - SMCC - mdb) produced using the Compound B

20 synthesis method, above, and the SMCC linkage method described below.

Exanple 128
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Q
3
N

-
&Q

{128)

(Compound A - SMCC - mdb) produced using the Compound A

synthesis method, above, and the SMCC linkage method described below,

3
Example 129
NSREPE 'S
/\\_{ N T/ \v/\r O
H {f
P HN._ o \/s; /L\N""
/7/ mAb
{129)
10
{Compound C - SMCC - mAb) produced using the Compound €
synthesis method, above, and the SMCC hinkage method described below,
Example 130
15

(136)

3-methyl-3-(4-bromophenyl)-butanoic acid
To a vigorously stirred sohution of bromobenzene (4.7¢ g, 30.0 mmol}
20 and 3,3-divecthylacryhic acid (1.00 g, 10.0 muvoly in 20 wl. CHLCL cooled to -10°C o

an NHClogy/ice bath, solid AICL was added portion-wise, keeping the internal

i78
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temperature below -5°C. The solution turned yellow, then brown after addition. After
one hour, analysis by LC and TLC indicated complete consumption of the limiting
reagent. The reaction was then quenched by the addition of 1 M citric acid, causing the
brown color to fade to yellow. The resulting sloppy suspension was extracted four tivoes
with 20 mL Et;O, the combined organics washed with NaCliy, dried over NaSOu),
and concentrated in vaecwo with heating to 45°C to remove solvent and residual
bromobenzene. The resulting oil solidified slowly. Recrystallization of the crade sohd
in hexanes afforded the title compound {(1.29 g, 50%) as clusters of white prisms.
'H NMR (400 MHz, Chloroforro-d) 8 {ppmy 7.42 {d, J = 8.6 Hz, 2H),
7.234(d, J= 8.6 Hz, 2H), 2.63 (s, 2H), 1.43 (5, 6H). C1\H;:Br0, caled. [M+H] = 257.02

amu; found m/z = 257.03. Re= 0.21 (20% (2% AcOH/EtDAc)/Hex),

Example 131

Br
{131}
3-methyl-3-(3-bromophenyl}-butancic acid

The title comapound was prepared in the same manner as 3-roethyl-3-
phenyibutanoic acid in Nioman 1 A, ef ol J Nat Prod 2083, 65, 183199, using
bromobenzene in place of benzene as the solvent, and substituting the acid-base workup
with a sitople extraction of the reaction mixture from I M citric acid and three
successive recrystallizations from hexanes. From a crude product enriched in the
desired meto isomer as a 2:1 mixture, the title compound could be obtained as white
stubby necdles in greater than 95% purity.

‘H NMR. (400 MHz, Chloroform-4} 3 (ppm) 7.49 (t, J = 1.9 Hz, 1H),
734(ddd, J=79, 19, 1O Hz, 1H), 729(ddd, /=79, 1.9, LOHz, 1H), 7.18(, /=79
Hz, 1H), 2.64 (5, 2H), 1.44 (s, 6H). C;;H:BrO; caled. [M+H] = 257.02 amu; found
oz = 257.01. Re=0.21 (20% (2% AcOH/EtOAc) Hex).
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)

= § OMe

Br xs L NBoe

5 {132)
{S)-methy! 3-(4-bromophenyl)-Z-(tert-butoxycarbonyi{methyljamino)-3-
methylbutanoate
The title compound was synthesized from Exarapie 130 sccording to the
sequence of procedures described by Nieman et al. for the synthesis of (S)-methy] 2-

18 {tert-butoxycarbonyl{methyDamino)-3-roethyvi-3-phenylbutanoate.

(94

{(133)

{S)-2-{{rert-butoxycarbony{methyhamino)-3-(4-({14-hydroxy-3,6,9,12-
tetraoxatetradecyljoxyphenyl}-3-methylibutanocic acid

To a stirred solution of Example 68 (157 mg, 0.405 wmmol) in
pentacthylene glyeol (1.5 mbL) were added TsCQOs (330 myg, 1.01 mmol), 3.4,7.8-
20 tetramethyl-1,10-phenanthroline (57 mg, ¢.24 mmol), and Cul (23 mg, 0.12 mmol).
Nitrogen was blown into the flask, then it was sealed and beated to 130°C, the solution
guickly turning red to brown to black. After 40 h, the rcaction looked to be nearly
complete by HPLC analysis. Thus, the mixture was allowed to cool to ambient

temperature, diluted with H,O, and transferred to a larger Eclenmeyer with a stir bar.

b2
hn

This mixture was carefully acidified to pH ~ 3 with 1 M citri¢ acid, paying attention not
to allow the foamy mixture to spill over. The mixture was then extracted five times with

CH,Cly, the combined organic oxtracts washed with NaClig, dried over NaySOy), and

180
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concentrated in vacue to yield about 300 mg of crude oil. Purification by flash
chromatography (1-10% MeOH/A2% AcOH/EtOAC)) vielded the title compound {66
mg, 30%) as a clear film which existed as a set of N-Boc rotamers an an approximate
2:1 ratio,
'H NMR {400 MHz, Chioroform-4) 8 (ppm) 7.35 (d, /= 7.8 Hz, 1.3H),
7.30{d, ./ =T.6 He, 8.7H), 6.87 (d, J = 7.1 Hz, 2H), 5.07 (s, 0.7H), 4.93 (5, 0.3H}, 4.14
{rn, 2H), 3.86 (m, 2H), 3.70 (m, 16H), 2.83 (s, TH), 2.72 (s, 2H), 1.54 (s, 3H), 1.49 (s,
3HY, 1.45 (s, OH). CyHasNOy caled. [M+HT = 544.31 anny; found m/z = 544.36. Ry =
0.36 (3% MeOHA2% AcOH/EtQAC)).

Example 134

(134)

{S¥-2-{{tert-buioxycarbonyl{methyhamino)}-3-(4-{2-(2-(2-(2-
hydroxyethoxyethoxyjethoxy jethoxy jphenyl-3-methylbutancic acid

The title compound was prepared according to the above method from
Example 68 (132 mg, 0.341 mmol), CsCO; (278 my, 0.853 mmol}, 3,47, 8-tetramethyl-
1,10-phenanthroline (24 mg, 0.10 mmol), and Cul (16 mg, 0.051 mmol}). Flash
chromatography (1-10% MeOH/A2% AcOH/EtOAC)) gave the title compound (66 mg,
38%) as a clear oil in an approximate 2:1 ratio of N-Boc rotamers.

H NMR (400 MHz, Chloroform-d) ¢ (ppm) 7.34 {d, ./ = 8.4 Hz, 1.3H),
729 (d, /= 8.1 He, 0.7H), 6.85 {d, /= 8.4 Hz, 2H), 5.05 (s, 0.7H), 4.91 (s, 0.3H), 4.13
(t, /=46 Hz 2H} 3.87 - 3.79 {m, 2H), 3.76 - 3.60 {m, 10H), 3.59 (1, /= 4.1 Hz, 2H),
2.80 (s, 1H), 2.69 (s, 2H), 1.53 (s, 3H), 1.4R (8, 3H), 1.44 (s, OH). CosHyNOo caled.
M+H] = 50029 amu; found m/z = 50036, Ry = 046 (5% MeOH/(2%
AcOH/EWCGAC)).

Example 135
181
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HO(L~G }

{13%)

{$3-3-(3~{{ 14-hydroxy-3,6,9,1 2-tetraoxatetradecyljoxy)phenyl}-3-
methyl-2-(mcthylaminoYbutanoic acid

The precursor to the title compound, (5)-3-(3-bromophenyi}-2-{{fest-
butoxycarbonyly{methyDamino}-3-methylbutanoic acid, was prepared from Exarople
131 by following the prodecures in Netrnan er af.

Thus, following the procedures above, from {8)-3-(3-bromophenyl}-2-
{{tert-butoxycarbonyl{methyDamino)-3-methylbutanoic acid (166 mg, 043 mmol),
CsCOs (330 mg, 1.01 mmol), 34,7 8-tetramethyl-1,10-phenanthroline (31 mg, 0.13
wmmol), and Cul (12,3, (.060 mmol) in 1.5 mL peotacthylene glyeol heated to 130°C for
two days, the title compound (73 mg, 31%) was obtained as a clear o1l after flash
chromatography (1-10% MeOH/(2% AcOH/E(AC)) in an approximate 2:1 ratio of N-
Boc rotamers.

"H NMR (400 MHz, Chloroform-d) & (ppm) 7.17 (t. J = 7.8 Hz, 1H),
714 707 (m, 1H), 7.07 - 693 {m, 2H), 6.74 (d, /= 8.0 Hz, TH), 5.11 (5, 0.7H), 4.93
(s, 0.3H), 4.25 -~ 4.03 {m, ZH), 391 - 3.77 (m, 2H), 3.78 - 3.66 (m, 2H), 3.69 - 3.43 (s,
14Hy, 2.72 (s, THY, 2,65 (s, 1H), 1.51 {5, 3H), 1.49 (s, 3H), 1.45 (s, OH). CrHusNGy

caled. [M+H] = 54431 amu; found m/z = 544 .34,

Example 136

ke

T |
ACS{‘N/\Q)Y[\;/ ,’,NBOCH G /:“‘\\
(136)
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(65,985,128, E)-ethyl O-{tert-butyl}-12-isopropyl-2,2,5,11,14-
pentamethyl-4,7,10-trioxo-6-(2-(4-((16-0x0-3.6,9,1 2-tetraoxa-15-
thiaheptadecyloxyiphenyipropan-2-yi}-3-0xa-5,8,1 | -triazapentadec-13-en- 1 5-gate
{(S)-2~{{tert-butoxycarbonyl{methyamino)}-3-(4-((14-bydroxy-3,6,9,12-
tetraoxatetradecyljoxyiphenyl)-3-macthyibutancic acid (65 myg, 0.120 mmol) was
coupled to {(§,&)-ethyl 4-((S)-2-amino-N,3,3-trimethylbutanamido -2, 5-dimethylhex-2-
enoate with HATU and DIPEA following the same stoichiometry and procedure as
described in the general coupling procedures in Nieman e ¢/, to give an intermediate
free alcobol after punfication by flash chrowatography (1-10% MeOH/(2%
AcOH/EtOAC)). Next, to triphenylphosphine (40 mg, 0.15 mmol} in 0.75 mbL THF
under Ny at §°C, di-rerr-butylazodicarboxylate (35 mg, 0.15 mmol) was added in one
portion. After 35 nunutes, a white precipitate crashed out and the reaction becaroe
difficult to stir. To this suspension, a solution of the intermediate alcohol (42 mg, 0.050
mmol) in 0.75 mL THF was added diluting the precipitate enough to restore stirring.
Five minutes later, thicacctic acid (5.7 mg, 0.075 ramol} 1n 0.05 ml THF was added
causing all yellow color to fade from the mixture. After 30 min, the reaction was
allowed to warra to ambient temperature. The precipitate disappeared after another 15
min, and analysis by TLC and LCMS showed nearly complete conversion. After
another 40 minutes, the reaction mixture was concentrated in vacue, then subjected
directly to flash chromatography (40-100% EtOAc/Hex then to 1% MeOH/EtOAC) to
vield the title compound (26 mg, 57%:) as a clear film.
"H NMR (400 MHz, Chloroform-d) 8 {(ppm) 7.43 (d, J = 84 Hz, 1.3H),
731 {d, /J=83 Hz, 0.7H), 6.97 - 6.72 {m, 2H), 6.62 (dd, /=93, 1.6 Hz, 1H), 6.14 (d, J
=96 Hz, TH), 5.22 (s, 0.7H), 5.12 ~ 4.99 (m, 1H), 4.84 (s, 0.3H), 4.69 (d, J =93 Hz,
03H), 4.60 (d, J =89 Hz, 0.7H), 419 (¢, J = 7.2 Hz, 2H), 4.09 (td, 7 = 4.6, 2.3 He,
ZH), 384 (t, /=49 Hz, 2H), 3.77 - 3.70 (m, 2H), 3.70 - 3.61 {m, 10H), 359 (t, /=64
Hz, 2H), 3.07 (1, J = 6.4 He, 2H), 2.97 — 2.91 (m, 3H), 2.84 (s, 3H), 2.32 (s, 3H), 1 .87
(s, 3H), 1.49 (s, 3H), 143 {5, 9H), 1.35 (s, 3H), 130 (t, /=7.1 Hz, 3H), 087 (d, /=66
Hz, 3H), 0.80 (d, J = 16.6 Hz, 3H), 0.77 (s, 9H). C4eH»N20 8 caled. [M+H] = 896.53
arou; found m/z = 896.77. Re= .56 (80% EtOAc/Hex).
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(65,95,128, E-ethyl 9-{rert-butvl}-12-isopropyl-2,2,5,1 1, 14-pentamethyl-
4,7, 10-trioxo-6-(2-(4-({13-0x0-3,6,9-trioxa- 1 2-thiatetradecyDoxy jphenyl jpropan-2-yi)-
3-oxa-5,8,1 I-triazapentadec-13-en-15-oate

The fitle  compound  was  prepared  fromm (5)-2-({fert-
butoxycarbonyl Y methyhamino }-3-(4-(2-(2-(2-(2-hydroxyethoxy jethoxyethoxy)
ethoxyphenyly-3-methylbutanoic acid (66 mg, 0.065 mmol) following the same
procedure described above to give 32 wg {(57%) as a clear film afier flash
chromatography (20-100% EtQAc/Hex}

'H NMR (400 MHz, Chloroform-d) 8 (ppr) 7.44 (d, J = 8.5 Hz, 1.3H),
732(d, J=85Hz 0.7TH)}, 6.95 -6.77 (m, 2H}, 6.62 (dd, /=92, 1.7 Hz, 1H), 6.09(d,J
=91 Hz, 1H), 5.24 (s, 0.7H), 5.13 ~ 4.95 (m, 1H)}, 4.84 {s, 0.3H), 4.69 (d, .J = 9.6 Hz,
0.3H), 460 (d, J = 9.0 He, 0.7H), 419 (g, /= 7.1 Hz, 2H), 4.09 (1d, J = 4.7, 2.4 Hz,
2H3, 3.84¢t, =49 Hz, 2H), 3.72(dd, /= 5.7, 3.2 Hz, ZH), 3.70 - 3.65 (m, 2H), 3.66 -
3.62 {m, 4H), 3.60 (t, J = 6.5 Hz, 2H), 3.09 {, /= 6.5 Hz, 2H}, 2.96 - 2.88 (m, 3H),
2.84 {s, 3H), 2.33 (s, 3H), 1.88 (d, J = 3.5 Hz, 3H), 149 (s, 2H), 143 {d, J = 5.5 He,
TH), 1.35 (s, 2H), 130 ¢t, /= 7.1 Hz, 2H}, 087 (d, /= 6.6 Hz, 3H}, 0.80 (d, /= 159
Hz, 3H), 0.76 (s, 9H). CoaHaNa 048 caled. [MHHT = 852,51 amu; found mv/z = 852.79.
Re=0.60 (60% EtOAc/Hex).

Example 138
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(138)

68,95,128, £)-ethyl 9-(fert-butyl}-12-isopropyl-2,2,5,11, 14-pentamethyl-
, Y54 S Prop) { ¥

4,7, 10-trioxo-6-(2-(3-({16-0x0-3,6,9-trioxa- 1 2-thiatetradecyDoxy jphenyljpropan-2-y1)-

(v

3-oxa-5,8, 1 I-triazapentadec-13-en-15-pate
The title compound was prepared from {3)-3-(3-((14-bhydroxy-3.6,9,12-
tetraoxatetradecyhoxyiphenyl}-3-methyl-2-(methylaminobutanoic acid (73 mg, 0.080
mmol} following the same procedure described above to give 66 mg {(47%) as a clear
film after flash chromatography (20-100% EtOAc/Hex).
10 'H NMR (400 MHz, Chloroform-d} & {(ppm} 7.25 — 6.92 (m, 3H}, 6.78 -
6.70 (m, 1H), 6,62 (d, /=89 Hz, 1H), 612 {(d, /=89 Hz, 1H), 5.26 (s, 0.7H), $.12 -
4.99 (o, 1H), 4.89 (5, 0.3H), 4.74 - 4.56 (., 1H), 4.19(q, /=72 Hz, 1H), 416 - 4.03
(m, 2H), 3.84 (td, J = 5.0, 3.2 Hz, 2H}, 3.77 - 3.61 {m, 14H}, 3.60 {t, J = 6.4 Hz, 2H},
3.09 (t, J=6.5 He, 2H), 2.97 - 2.75 (m, 6H), 2.33 (s, 3H}, 1.91 - 1.83 (m, 3H), 1.52 -
15 135 (m, 16H), 120 (t, /= 7.1 Hz, 3H), 0.87 (d, J = 6.0 Hz, 3H), 0.81 (d, /= 12.9 Hz,
3HDY, 0.77 (s, OH). CacHlNa04:S caled. [MHHT = 896.53 amu; found m/z = 896,68, Ry
=0.61 (75% EtOAc/Hex).

{139)
(8,£)-4-((8)-2-((S)-3-{4-((14-mercapto-3,6,9,12-

-~

tetraoxatetradecyDoxy iphenyl3-3-methyl-2-(methylamino }butanamido)}-N, 3,3~

25 trimethylbutanamido)-2,5-dimethylhex-2-enoic acid disulfide

185
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The title compound was prepared by saponification, then TFA

promoted Boc removal, according to the exact methods described in Nieman er ol

from {65,95,1258,8cthyl  9-(rert-butyl)-12-isopropyl-2,2,5,11, I4-pentamethyl-4,7,10-
triox0-0~(2~{(4-({16~0%0-3,6.9,1 2-tetraoxa-1 5-thiaheptadecyloxyphenyDpropan-2-yi)-

5 3-oxa-3,8,11-triazapentadec-13-en-15-cate (26 myg, 0.029 mmol} to afford the title

compound (16 mg, 90%) as a clear glass after complete reraoval of excess TFA

"H NMR (400 MHz, Methanol~dy) & (ppm) 8.43 (d, J= 8.1 Hz, 1H), 7.47

(d, /=185 Hz, 2H}, 7.08 - 6.94 (m, 2H), 6.80 (dq, /=99, 1.5 Hz, 1H), 5.08 (t, /= 10.1

Hez, TH), 4.94 (d, J = 8.1 Hz, 1H), 432 (s, 1H), 4.21 - 4.12 {m, 2H), 3.93 - 3.81 {m,

10 3H),3.76 (1, J=64Hz, ZH), 3.76 — 3.72 (m, 2H), 3.72 = 3.62 {m, 10H)}, 3.17 (s, 3H)},

2924t J=64Hz, 2H), 2.61 - 2.47 {m, 3H), 2.14 - 2.00 {m, 1H), 1.94 {(d, ./ = 1.5 Hz,

3H), 146 (s, 3H), 1.40 (d, J = 7.7 He, 3H), 1.09 (5, 9H), .94 (d, /= 5.0 Hz, 3H), 0.92

(d, J = 4.8 Hz, 3H). CrH 12N 1e8; caled. [M+HT = 1449.85 amu; found m/z =
1450.49.
15
Example 140
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{148)
20 Compound of Example 139 is reduced according to the methods below

o produce the subject compound.

Example 141
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{S.E3-4-({S)-2-((5)-3-(4-(2-(2-2-(2-mercaptoethoxy)ethoxy)ethoxylethoxyphenyi)-3-
methyl-2-{methylaminobutanaroido)-N, 3, 3-trimethylbutanamido)-2, S-dimethylhex-2-
enoic acid disulfide
The title compound was prepared by sapomification, then TFA promoted
5  Boc removal, according to the exact methods described in Nicman ef al from
(65,985,128, E)-cthyl  9-(rert-butyl}-12-isopropyi-2.2,5,11, 14-pentamethyi-4,7, 1 0-trioxo-
6-{2-(4-{{13-0x0-3,6, 9-trioxa-1 2-thiatetradecyljoxy)phenyhpropan-2-yi)-3-oxa-3,8, 11~
triazapentadec- 1 3-en-15-oate (32 mg, 0.037 mmol) to afford the title compound (29 mg,
R6%) as a clear glass after corplete removal of excess TFA.

10 'H NMR (400 MHz, Methanol-ds) 8 (ppm) 8.39 (d, J = 8.2 Hz, 1H),
7444d, ./ =89 Hz, 2H}.L 701 (d, /=85 Hz, 2H), 6.77(d, /=79 Hz, 1H}, 505 {(t, /=
10.1 Hz, 1H), 492 (d, /=83 Hz, 1H), 4.28 (s, 1H), 4.15(dd, ./ = 5.8, 3.4 Hz, 2H}, 389
- 3.80 (m, 2H), 3.73 {t, /= 6.4 Hz, 2H)}, 3.72 - 3.69 {m, 2H), 3.69 ~ 3.60 (m, 6H), 3.14
(s, 3H), 2,89 (t,./ = 6.4 Hz, 2H), 2.50 (5, 3H), 2.11 — 1.97 (m, 1H}, 1.91 (d, J = 1 4 Hz,

15 3H), 1.43 (S, EH), 1.36 (S, 3H), 1.06 (S, 9H), 0.92 -0.87 (m,, 6H) CroHy e NgOyehy caled.
[M+H] = 1361.80 amu; found m/z = 1362.26.
Example 142
O | 9
! \ \%LN - \V/ﬁ/kOH
. H z
HS A~ o: o HN 0 A
20 4
{142)
Corapound of Example 141 1s reduced according to the methods below
to produce the subject compound.
25 Example 143
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(8,£)-4-((S)»-2-((S)-3-(3-((14d-mercapto-3,6,9,12-
tetraoxatetradecyloxyyphenyl)-3-methyl-2-(methylamino jbutanamido)}-N,3,3-
trimethylbutanamido}-2, 5-dimethylhex-2-enoic acid

The title compound was prepared by saponification, then TFA promoted
Boc removal, according to the exact methods described in Nieman er al from
(65,98, 128, F)-cthyl  9-(rert-butyl}-12-isopropyl-2,2,5,11, 14-pentamethyi-4,7,10-irioxo-
6-(2-(3-({ 1 6-0x0-3,6,9,12-tetraoxa-1 5-thisheptadecyDoxy yphenylypropan-2-y1)-3-oxa-
5,8,11-triazapentadec-13-en-15-cate (56 mg, 0.029 mmol) to afford the title compound
(43 mg, 82%) as an off-white foam after complete reruoval of excess TFA,

'H NMR (400 MHz, Methanol-ds) 8 (ppm) 8.48 (d, /= 8.3 Hz, 1H), 7.47
=729 {m, 1H}, 7.21 - 7.04 (m, 1H}, 6.95 {t, /= 94 Hz, 1H), 6.80{d, ./ = 9.7 Hz, 1H),
508 (/=101 Hz, 1H), 4.97 - 4.94 (m, H-if), 43R (s, 1H), 424 - 4.13 (m, 2H), 3.95 -
3.82 (m, 2H}, 3.80 - 3.58 {m, 14H), 3.17 {s, 3H}, 2.92 (1, /= 6.4 Hz, 2H), 2.53 (s, 3H),
210 =203 (m, 1H), 1.94 {(d, /= 1.4 Hz, 3H), 1.47 (s, 3H), 1.40 (s, 3H), 1.09 (s, 9},
0.93 (dt, J=11.2, 3.4 Hz, 15H). CraH2.Ne01s8; caled. [M+H] = 1449.85 amu; found
nvz = 1450.06.

Example 144
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Compound of Example 143 is reduced according to the methods below

to produce the subject corapound.

(mAb - SPDP - Compound 142) produced using the Compound 142

i

10 synthesis method, above, and the SPDP hinkage mcthod described below,

Example 146
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(mAb - SPDP - Compound 140} produced using the Compound 140

synthesis method, above, and the SPDP linkage method described below.

Example 147
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(mAb - SPDP - Compound 144} produced using the Cornpound 144

synthesis method, above, and the SPDP linkage method described below.

5 Example 148
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{148}
fmAb - SMCC - Compound 148) produced using the Compound 140

10 synthesis method, above, and the SMCC linkage method described below.

Example 149

15 {14%)
{mAb - SMCC - Compound [42) produced using the Compound 142

synthesis method, above, and the SMCC linkage method described below.,

Example 150

190
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{134

imAb - SMCC - Compound [44) produced using the Compound |

5 syothesis method, above, and the SMCOC hivkage method described below,

OTHER EXAMPLES

Example 131
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{i151)
(5.E)-N-{benzylsulfonyh-4-({S)-2-{({S-3-cyelohexyl-3-methyl-2-

{methyviaminobutanamide )N, 3, 3-trimethy tbutanamido)-2 5-dimethyihex-2-cnami

The  ntie compound was  synthosized from  (8)32-(tort-
15 butoxycarbonyl{methylyaming i-3-cyclohexyl-3-mothylbutanoic  acid as preparcd by
Zask eral. , J. Maod. Chom, 2004, 47, (19), 4774-4786 and (S, E}4-({(8)-2-amino-N 3 3-

trimethylbutanamido}-M-(benzylsulfonyl)-2,5-dimethyihex-2-cnamide, preparcd using
¥ ey g

General Procedures 10, 11, 3 and 2 by application of General Procedures 4 and 7

“HONMR (400 Mz, Methanoi-ofi) 8 738 (s, 3H}, 6.37 {(dd, J = 9.4, 1.7
20 Hgz, iH, 500 {0, /= 100 Hz, 1H), 491 s, THY, 475 {5, 2H), 4.01 (s, TH), 310 (s, 3H
260 s, 3HY 2.05 - 1.9F (. 4Hp 191 - 1.67 (m, 68 145 ~ 128 (m, 3H), 1.20 - 1.0

FTH), .95 - 0.75 (m, OH}.
C34H506N4038 caled m/z = 632,40 found [M+H] =633.35

191
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(mAb - MCvcePABC - Compound &85} produced using Example

compound 120, above, and the general MCvcPABC conjugation method described

below.
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5
(mAb - MCvePABC — Compound 77) produced using Example
compound 119, above, and the general MCvePABC conjugation method described
below.
Example 154
10
Oy NH;
_NH

(154)

(mAb - MCycPARC - Compound 80) produced using Example

15 compound 121, above, and the MUvePABC conjugation method described below.

Example 153
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(155)

{mAb - MCvcPABC - Compound 58 produced using Exampic

compound 158 (MCvcPABCSE), below, and the MOvePABC conjugation method

5  described below.

Example 156
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(mdb - MCvcPABC - Compound 41} produced using Example

compound 122, above, and the MCvePABC conjugation method described below.

15
[0 I
mAD i N/
>~ a ™y~ rfpﬂ/\o"\“ /j\ C Y o SWH AN
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& Ho4 i H ! | }\}3 N
“NH
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{157)
28 (mdb - MCvcPABC - Compound 63} produced using Example

compound 159 (MCvcPABCR30), below, and the MCvePABC conjugation method
described below.

Example 158
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{158)
The title compound was prepared by application of General Procedure
5 15 and 7 to Boc protected Exampie 58.

"H NMR (400 MHz, Mothanol-dy) & 7.60 (d, J = 8.1 Hz, 2H), 7.56 (d, J
=78 Hz, 2H), 747 (1, J = 7.6 Hz, 2H), 7.37 (1, /= 7.3 Hz, 1H), 733 (d. /= 8.2 Hz,
2HY, 7.26{d, /=80 Hz, 2H), 7.22 (d,./ = 7.9 Hz, 2ZH}, 6.81 (5, 2H), 6 .37 (d, /= 9.3 Hz,
TH), 5,13 = 5.01 (o, 3H), 4.96 (s, 1H), 4.70 (s, 2H), 4.56 — 451 (m, 1H), 4.38 (s, 1H),

16 423 416 (m, 1H), 3.50(,./=7.1 Hz, ZH), 3.27 - 3.19 (m, 1H), 3.18 - 3.04 (m, 4H),
2.52 (s, 3H), 230 (1, J =74 Hz, 2H}, 2.15 - 2.05 {m, 1H)}, 1.96 {5, 3H), 1.98 ~ 1.8K (m,
iH), 1.83 - 1.73 (m, 1H), 1.64 (dq, J = 23.1, 7.3 Hz, TH), 148 (s, 3H}, 1.39 (5, 3H),
137 - 130 (m, 2H), 1.27 (s, 2H), 1.21 (5, 2H), 1.08 (s, OH), 1.00 (d, ./ = 6.7 Hz, 3H),
0.99 (d, /= 6.8 Hz, 3H), 0.91(d, J= 6.6 Hz, 3H), 0.88 (d, J= 6.5 Hz, 3H).

15 CosHosN 11018 caled. nvz = 1279.7 found [M+H] = 1281.0.

Example 159
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The title compound was prepared by application of General Procedures
5 and 7 to Boc protected Example 63.

CosHo N O3S caled. m/z = 1265.7 found [M+H] = 1266.7

(7

It is understood to those skilled in the art that it may be possible to carry
out the chemical conversions shown in the schemes above with modifications of one or
more parameters. As examples, alternate non-nucleophilic solvents roay be suitable for
the chemistry, such as THF, DMF, Toluene etc. Reaction temperatures may be varied.
Alternate reageuts may be suitable to act as dehiydrating or acid-activating ageunts which
10 are norrually used in amide formation reactions, such as pentafiuorophenyl esters, NHS

esters, EDAC, HBTU, HOBT ctc.

Uther Renresentative Compounds

The following representative compounds may be prepared according to

[
(52

the forecgoing procedures,  As recognized by the artisan of rcagonable slall, the
following compounds are synthetically accessible using the disclosure of WO
2004/026293 to achieve the precursor reactant and appiving General Procedures with

the appropriate sulfonamide.
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EXAMPLE 1:

BIQOLOGICAL ASSAYS

Tables 1-8 summarize the cytotoxic activity of the subject compounds on

cell lines.

using the

Figure 1 suramarizes the data for compunds A, B, C, ©, and E when tested

Hurnan roammary carcinorma cell line HCCI954 or Human T-cell leukemia

cell line Jurkat. Figures 2-6 show the cytotoxicity data plots for individual compounds

A-E, Tables 2-6 suramarize the results of additional cytoloxicity assays.

Cell lines used: Human T-cell leukemia cell hne Jurkat (ATCC: TIB-

152},

HCC1954 (ATCC: CRL. 23383, Human Pancreatic cells lines: AsPC-1 (ATCC:

202
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CRL-1682), BxPC-3 (ATCC: CRL.T6RT), HPAF-II (ATCC: CRL.1997), MiaPa(Ca2
(ATCC: CRL.1420), PANC-1 (ATCC: CRL.1469), Capan-1 (ATCC: HTB-79),
Capan-2 (ATCC: HTB-80) and the Human gastric carcinoma cell line NCI-N87
(ATCC: CRL. 5822);, AML-~193 (ATCC: CRL.9589), CCRF-CEM (ATCC: CCL-119),
DU145 (ATCC: HTB-81), PC-3 (ATCC: CRL.1435), A-431 (ATCC: CRL.1555), HT-
29 (ATCC: HTB-38), A-172 (ATCC: CRL.16203, NCI-H358 (ATCC: CRL.SE0OT),
AS49 (ATCC: CCL-18S), Colo-205 (ATCC: CCL-222), MDA-MB-231 (ATCC: HTB-
26}, OVCAR-3 (ATCC: HTB-161), OV-90 (ATCC: CRL.11732), OEI9 (Sigma:
96071721}, RT112/84 {(Sigma: 85061106).
On the day prior to adding compounds, HCC1954 AsPC-1, BxPC-3,
HPAF-H, MiaPa(Ca2, PANC-1, Capan-1, Capan-2 and NCI-N87 ceils were added to
opaque-walled 96-well tissne culture-treated microtiter plates using complete growth
medium at a density of 2500 cells/100 microlitre (uL} of medium. These adherant cell
lines cells were incubated for one night at 37°C/5% CO; to allow the cells to attach to
the mucrotiter plate surface. On the day that corapounds were added, Jurkat cells are
added to separate 96-well microtiter plates at 2500 cells/100ull using the same growth
medinm as HCC1954, Compound were fivst serially diluted using dimethyl sulfoxide,
and then the prepared dilutions are added to complete growth medium at five-times the
final concentration - compounds were then titrated 1:3, eight steps. A contrel with vo
compound {(growth rcdium alone) was included on each micretiter plate in
sextuplicate. The prepared compounds titrations were added {twenty-five ul/well) in
triplicate. The celis and compound titrations were incubated at 37°C/5% CO, for three
nights. Afier the incubation, cell viability is measured using CellTiter-Glo® reagent by
adding thirty ull of prepared CeliTiter-Glo® to cach assay well. The assay is incubated
for at least twenty minuotes i the dark prior to measuring emitted luminescence using a
microplate luminometer (300ms integration time). The collected relative fuminescence
units (RLU) are converted to % cytotoxricity using the Growth medivm alone control
mentioned above (% Cytotoxicity = 1 - [Well RLU/average medium alone control

RLUJ.
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GraphPad Prism was used for generation of ECsy values using three

parameter non-lincar regression curve fitting,

Table 1: Cvtotoxicity of Compounds

5
HOCi954 cells (HERZ+) Jurkat cells (HERZ-}
ECﬁQ EC-_W bounds E(‘sg EC»’.@ bounds
COMPOUND

{nd) {nhh) {nii} {nM)
A (.86 $.3765 10 1.966 0.78 0.3970 10 1.013
B 8.1 4778 10 13.56 16,5 6221140 17.70
0 (.67 0.373810 1.186 (.57 (0.4088 to 0.80KS

(.04550 10 3.03127 to
D (.061 0.043
0.08050 (.05921

E .79 $.541810 1.140 1.67 1.223 t0 2.268

Table 2: Cviotoxicity of Compounds

HOC1954 Jurkat
- FCo
T el e oI 3
ECs (nM} BL _\,(@1};:/?10(;5 o }ir f;{‘\/?) bounds | R square
Ju ) Sdre | GV (ﬂl\’i\)
3197 ¢ =
A ] 1582105228 | 09158 | 5 "g o ;“ 0.9647
_ - ‘ 3341 to T
3 150t 16.27 7S 50 i 9257
B i3 10500 1627 | 0.9878 | 59 el | 0923
C 13 07970 0 1.977 109493 ] 19 | 120 4ase
» .3 AT L0 N . 3 . 2896 .S ¥
, 0.04550 to ) 0.03127 fo
&) . 34GQ7
D 0.06 008020 09656 | 0.04 | 0i8) 01 09497
. » ~ 1223 1o .,
£ 0.79 0.541% o0 1.140 | 09314 | 1.67 - 0.9518
2.268

10 Table 3: Cytotoxicity of Compounds on Jurkat Cells
Compound ECs {(nM)
A 4.5
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B 59
115 36
C 1.9
1ig 13
D $.033
.67
12 0.630
13 (.038
14 (.007
14 0.015
I3 7.604
16 0.041
17 0,325
I8 1.358
19 0.152
22 0.0621
47 0.261
24 0.670
4% 0.208
23 3.031
28 3.021
29 0121
30 $.100
31 0.094
74 0.087
25 0.050
26 0.105
49 2.5
50 0.171
27 0.157
32 0.265
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76 0.328
79 0.386
84 1.393
80 (.389
51 0.247
57 $.566
58 (.816
34 (.200
97 1.616
44 0.114
43 0.869
42 0.165

Table 4: Cytotoxicity of Compounds on HCC-1954 Cells

Compound ECs (nM)
A 2.1
B 13
1i3 172
C 1.3
D (.06
E 0.79
75 0.241
80 0.2067

Table 5: Cytotoxicity (ECso) of Compounds on Various Tumour Cell Lines (nM)

PCT/US2014/029463

Compound | NCI- AsPC-1 | BxPC-3 | HPAF- | MiaPaCal | PANC- | Capan-1 | Capan-
Ng7 i i 2
1) 0.272 0.1764 0.00635 | 0.177 0.136 0.800 - -
14 0.175 ¢.206 3.0458 9.172 $.204 1.356 2,081 1303
24 - (.5857 0.2704 0.396 0.560 2.18 - -
23 0.402
77 - 15.53 36.5 17.240 94,290 97.190
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63 - 09697 F 0.6973 1 0.826 l 1018

Table 6: Compound Cytotoxicity on Jurkat

Compound ECs (nM)
108 0.017
110 0.031
107 0.043
114 0.056
112 0.064
9% 0.077
109 0.087
91 0.109
04 0.13%
66 0.145
93 0.196
103 0.209
104 0.272
95 0.288
102 .289
97 0.307
68 0.337
45 0.373
92 3.485
72 0.531
67 0.562
33 0.636
88 0.641
108 0.731
108 0.753
35 0.832
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46 -
108 0.017
110 0.031
107 0.043
114 0.0356
1z 0.064
9K 8.077
109 0.087
I 0.12
97 0.307
45 0.373
44 1.479
67 0.562
33 0.636
35 0.832
72 2.684

Table 7. Cytotoxicity on Jurkat

Compound ECs (nM)

107 0.043

108 0.017

109 0.087

110 0.031

i1 0.12

112 0.064

114 0.056

Table 8: Cytotoxicity on Various Cell Lines

Tumaour Cell Line

Compound-14 (ECs)
{n¥}

AMEL-193

3.191
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CCRF-CEM 0.130
DUL43 0.649
pC-3 0.455
A-431 0.191
HT-29 0.167
HCC-1954 0.131
A-172 0.598
NCI-NK7 0.325
Jurkat 0.068
BxP(C-3 0.196
NCE-H358 0.311
Mia PaCa-2 0.332
A549 0.860
Colo-205 ~(.3168
PANC-1 0.759
MDA-MB-231 1.242
AsPC-1 0.334
HPAF-II ~(.3850
OVCAR-3 0.090
OvV-9{ 0.515
OEB19 0.210
RT112/84 0178

Example 2: Exemplary Antibody-Drug Conjugates

Antibody-Drug Conjugates - Exemplayy Linkers

As recognized by the artisan of reasovable skill, the particular hnker
used fo conjugate formation will depend upon the reactive group of the reactant
compound betng used for bond formation. As an example, and within the scope of the
present invention, compounds having thiol motety may be used for conjugate
formation. In some of the present examples, the commercially available cleavable

hoker sulfosucciirmdyl 6-[3°(2-pyridyvidithioy-propionamido] hexanocate (sulfo-LOC-
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SPDP: Thermo Pierce Cat# 21650) and Non-cleavable linker succinimidyl 4-[N-
maleimidomethyljcyclohexane-1-carboxylate (SMCC: Thermo Pierce Catéh 22360)
were utilized for antibody-drug conjugation reactions. The coupling procedure is
performed in two major steps: 1) incorporation of the linkers onto the antibody via
reaction with antibody prmary amine groups (Lysine residues) and the N-
bydroxysuccinimide (NHS) ester moiety of the linkers, and 2} reaction of the
incorporated roaleimide group (SMCC) or 2-pyridyldithio group (LC-SPDP) with thiol-

containing compounds.

Activation of Antibody with Cleavable (LC-SPDP} or Non-Cleavable
(SMCC) Linkers

Agutibody (Herceptin} was diluted into either Potassium Phosphate pH &
(sulfo-LC-SPDP}y or D-PBS (Invitrogen) pH 7.4 (SMCC) to Smg/mb. To the diluted
antibody, freshly dissolved linker was added - using ultra-pure water for sulfo-LC-
SPDP or anhydrous N N-Dimethylacetamide (DMA} for SMCC. 10-14 fold molar-
excesses of SMCC:antibody or sulfo-LC-SPDP antibody result in incorporation of 5-7
linkers/antibody. The linker-antibody “activation” reaction was mcubated at 28°C for 2
hours. Following the incubation, the un-reacted linker was removed from cach
antibody sample using 40kda Zeba Size-exclusion chromatography/desalting columns
{Thermo Picrce Cat#f 87771, or 87772 depending on the scale). During the same
chromatography step the buffer was exchanged in preparation for the next reaction;
cither Phosphate Buffer/EDTA pH 6.5 (LC-SPDP), or Citrate buffer/EDTA pH 3
{(SMCC). The purified preparations were then assayed for total protein content versus
an antibody standard curve using the microplate adapted BCA assay (Thermo Pierce
Cat# 23225). To estimate the extent of linker incorporation a small scale reaction with
excess {~10-fold compared to protein concentration) Cysteine was performed.
Following a 10 munute incubation the wn-reacted Cysteine was detected using 5.5-
Dithio-bis-(2-nitrobenzoic acid) (Ellman’s rcagent, Thermo Pierce Cat# 22582). By

interpolating the concentration from a Cysteine standard curve the linker concentration
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was determined by subtracting the determined value from the known concentration of
Cysteine used.
Reaction of Thiol-Containing Compounds to Linker-Activated Antibody

In the second step of the coupling reaction, the activated-antibody was

utilized by first diluting the preparation to Zmg/mL using either Phosphate
Buffer/EDTA pH 6.5 (LC-SPDP), or Citrate buffer/EDTA pH S (SMCC). Prior to use,
the thiol containing n-acyl sulfonamide compounds or maytansinoid DM 1 were reduced
ustng TCEP-agarose beads to ensure the thiol group was available to react to the
mcorporated linkers.  In brief, compounds were diluted to 5maM using Phosphate
Buffer/EDTA pH 6.5. In instances where aquecus solubility was an issue, a small
volurme of 37% HCE (1:300) was added and this was sufficient to solubilize the
compounds at SmM. TCEP-agarose beads (Thermo Pierce Cat# 77712), were
equilibrated with Phosphate Buffet/EDTA/10% DMA prior to use. The compound
dilutions were rotated with TCEP-agarose beads for at least 0.5 hours, or up to 3 hours.
The reduced compounds were collected by centrifugation over a filter which excluded
the TCEP-agarose. The extent of reduction and thiol concentration was measured using
Ellman’s reagent {compared to a Cysteine standard curve). The reduced thiol-
containing compounds were then added to the activated antibody samples at a molar
excess of ~2-fold compared to the previously determined linker concentrations. In
order to monitor the coupling reaction cffectiveness an "overnight” conjugation control
was prepared by diluting cach compound into Phosphate Buffer/EDTA pH 6.5 or
Citrate buffer/EDTA pH S at the same dilution factor that was used in the conjugation
reaction. The remaining compound stocks were frozen at -80°C. The reactions and
overnight coutrols were incubated at ambient teraperature overnight. The next rooming
the frozen compound stocks were thawed and another control was prepared for each
compound exactly like the “overnight” control — this is the “fresh” control. A small
volurne of ecach conjugation reaction was compared to the overnight and fresh

compound controls using Ellman’s reagent. Non-reacted compound was purified away
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from the ADCs using 40kda Zeba Size-exclusion/desalting columns; during the same
step the buffor was exchanged to D-PBS pH7.4 (Invitrogen).
The purified ADCs were then analysed for: total protein content (BCA

assay, Pierce microBCA protocol), relative affinity for antigen binding {(equilibrium

(7

native binding), and selective cytotoxic killing of HERZ-positive cells (HCC1954)

compared HERZ-negative cells {Jurkat).

Cyiotoxicity Assav
Tables 9 and 10 summarize the cytotoxic activity of ADCs comprising
10 compounds A, B, or C when tested using the Human manunary carcinoraa cell line
HCC1954 or Human T-cell leukemia cell line Jurkat. Figures 7-9 show cytotoxicity
data plots for individual corapositions as ndicated.
On the day prior to adding test articles, HCC1954 cells were added to

opaque~walled 96-well tissue culture-treated microtiter plates using complete growth

[
(52

medium at a density of 2500 cells/100 microlitre (ul) of medium., The HCC1954 cells
were incubated for one night at 37°C/5% CO, to allow the cells to attach to the
microtiter plate surface. On the day that test articles were added, Jurkat cells are added
to separate 96-well microtiter plates at 2500 cells/100ul using the same growth
medium as HCC1954, To compare the ADC killing to that obtained from the free-
20 compounds, the n-acyl sulfonamide compounds were first serially diluted using
dimethyl! sulfoxide or DMA, and then the prepared dilutions are added to complete
growth medium at five-times the final concentration - compounds were then titrated
1:3, cight steps. To test the ADCs, they were diluted directly in growth medium at five-

times the final concentration - ADCs were then titrated 1.3, eight steps. A control with

N2
¢

no test article present {growth medium alone) was imcluded on cach microtiter plate in
sextuplicate. The prepared compound/ADC titrations were added (twenty-five ul/well)
w triplicate to both the HCC1954 cells and Jurkat cells. The cells and titrations were
incubated at 37°C/5% CO, for three nights. After the incubation, cell viability was
measured using Cell Titer-Glo® reagent by adding thirty vl of prepared CeliTiter-Glo®

30 to each assay well. The assay was incubated for at least twenty minutes wn the dark

213
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prior to measuring emitted luminescence using a wmicroplate luminometer (S00ms

integration time). The collected relative luminescence units (RLU) were converted to
% cytotoxicity using the Growth medium alone control mentioned above (%
Cytotoxicity = T - [Well RLU/average mediuro alone control RLUTY).

The data indicate that the subject compounds are active cytotoxins on
both cell lines used. The LC-SPDP-linked compound comjugates demonstrated potent
killing of HER 2-posttive HCC1954 cells. Jurkat cell killing was observed at high-doses
of ADC due to the presence of B-mercaptoethanol in cell cuture medivm, which resulted

in the release of free compound {(data not shown),
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Analysis  of  Antibodv-Drug  Conjugate {(ADC) by EsiTol  Muass
Spectrometry.
Electrospary ignization time of flight (EsiToF ) mass spectrometer

mstrament ~QStar XL Hybrid quadrupole-TOF LO/MSMS- (AB Sciex) was used to

(7

determine molecular weight of the ADC’s and to evaluate the drug-to-antibody ratio
(BAR;}. The EsiToF MS instrumentt was equiped with clectrospray lonization turbo
spary source. Data acquistion was performoed in the posttive ion mode, and the sample’s
total ion current was acquired over the mass range 2000 m/z t© 4000 m/z using
Avalyst Q8 1.1 software. The 1on source was operated with an lon spray needle voltage
10 of 5.2 KV, and a nebulization (Gas 1) at 25 (arbitary units), curtain gas of 30 (arbitary
units), declustering potential of 150 V and  at temperature of 150°C. The. The ADC
test sample solutions was introduced at Sul./moin into the jon source by direct infusion
via a fused silica capiilary with the help of syringe and syringe pump.

Preparation of the ADC sample for ESI-ToF MS analysis
™
}

[
(52

Al ADC sample were deglycosylated using EndoS(IgGZERO
endoglycosidase  and buffer exchanged with water prior to EsiToF-MS analysis.
Briefly, the onginal ADC sample was run through a 100K MWCO Awmicon
concentrator for buffer exchange in sodinm phosphate buffer. The buffer exchanged
sample wes then treated with 1gGZERO (1 unit/lug of antibody} in sodium phosphate
20 cleavage buffer, containing 150mM NaCl, and incubated for 30 minutes at 37°C. The
resulting deglycosylated ADC was again buffer exchanged with water using a 100K
MWCG  Amicon  concentrator, and  dilated with  §.1% formic  acid in
acetonitrile/water(50/50 v/v9%) to a concentration of 3.0 ug/ul prior to analysis.

Analyses indicated that antibody was loaded with a2 DAR range of

25 between 4-7 (data not shown).
Exampie 3: Exemplary Antibody-Drug Conjugates
Preparation of Autibody-Drag Conjugates from MCvePABC-Toxins,
General Methods:
30 To a solution of antibody (1-10 mg/mL} in 25 mM sodium borate, 25

mM sodium chloride, | mM DTPA (pH 8.0} was added TCEP from a freshly prepared
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stock (1-10 mM) in the same buffer (2.0-3.0 molar equivalents). The solution was

mixed thoroughly and incubated at 37 °C for two hours before cooling on ice. In some
instances the reduced antibody solution was further diluted with either ice-cold
phosphate buffered saline containing 1 M DTPA (final protein concentration 2.0
mg/ml) or ice-cold 25 mM sodium borate, 25 mM sodium chlornide, 1 mM DTPA (pH
8.0), to obtain a solution with a final protein concentration of between 1 and 4 mg/miL.
To the reduced protein solution stored on ice was added the maleimide functionalized
toxin (10-12 molar equivalents) from a 10 mM dmso stock solution. The conjugation
reaction was immediately roixed thoroughly by inversion and conjugation was allowed
to proceed on ice for a period of approximately 1 hour before purification by passage
over Zeba Spin Desalting Columns (40 KDa MWCQO; Peirce) pre-equilibrated with
phosphate buffered salive or 10 voM sodivm citrate, 150 roM sodiura chloride, pH 5.5.
The cluate was pooled, filter sterilized (Steriflip, Millipore}, and stored at 4 °C.

The purified ADCs were analyzed for total protein content (bicinchonic
acid assay, Pierce microBCA protocol, catalogue #23225).  The ADC product was
characterized by reducing and non-reducing PAGE, HPLC-HIC, SEC, and RP-UPLC-
MS. The average DAR and drug disiribution were derived from interpretation of HIC
and LC-MS data with reference to non-reducing PAGE. Average DAR estimates were
normally in the range of 3.5-4.5. Relative affinity of ADCs for antigen binding
{equilibrium native binding) was performed as described (gbove/below). The selective
cytotoxicity of the antibody drug conjupgates was assessed by testing for killing of both
antigen positive and antigen negative cell lines,

Assay of Sclective in vitro Cytotoxicity of Antigen-positive Cells by
Autibody Drug Conjugates:

Selective killing of au antigen positive cell line (including HCC1954,

NCI-N87, HPAF-II and BxPC-3 cell lines) over antigen-negative Jurkat cells was

demonstrated for cach conjugate prepared. Cytotoxieity of exarple ADCs on several
antigen positive ccll lines is sumimarized i the identified Figures and Tables 9-13. In
addition, the conjugates indicated by (*) in Table 11 were tested and showed potent cell

kill activity against a buman breast cancer cell line {(data not shown). Briefly, cells
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were obtained from the ATCC and cultured as described in the product sheet provided.

Cells were sceded at 25000 cells/mL (2500 cells/well)y in Costar 3904 black walled,
flat bottomed 96-well plates. Adherent cell lines cells were incubated for one night at
37°C in a 5% CO; atmosphere to allow the cells to attach to the microtitre plate surface,
while suspension (Jurkat) cells were plated imuediately before use. ADCs were dituted
directly in the appropriate cell growth medium at five-times the desired final
conceniration. These ADCs were then titrated, norsally 1:3, over eight steps. A
control with no test article present (growth medium alone} was included on ecach
microtiter plate 1o sextuplicate. The prepared ADC titrations were added (25 ul/well)
in triplicate to cach cell line assayed. The cells and titrations were incubated at
37°C/5% CO, for three nights (Jurkat) and five nights (all other cell lines). After the
wcubation, cell viability was rocasured using CellTiter-Glo® reagent by adding thirty
ul of prepared CellTiter-Glo® to cach assay well, The mixtures were incubated for at
least twenty minutes in the dark prior to measuring emitted luminescence using a
microplate luminometer (500ms integration time). The collected relative luminescence
units (RLU} were converted to % cytotoxicity using the growth medium alone control
mentioned above (% Cyiotoxicity = 1 - [Well RLU/average medium alone coutrol
RLUY). Data (% Cytotoxicity vs. Concentration of ADC (log10(nM}} were plotted and
were analyzed by non-linear regression methods using GraphPad Prism software v. 5.02
1o obtain EC s, estimates.

Estimation of Drug to Antibody Ratio {DAR):

The average degree of conjugation of toxin-linker to antibody was
assessed by hydrophobic interaction chromatography and high performance liguid
chromatography-mass spectrometry. These techniques are described in Antibody Drug
Conjugates, Methods in Molecular Biology vol. 1045, 2013, pp 275-284. L. Ducry,
Ed., and Asish B. Chakraborty, Scott J. Berger and John C. Gebler, Characterization of
an IgGl Mouvoclonal Antibody and related Sob-structures by LC/ESI-TOF/MS:
Application note, Waters Corporation. March 2007, 720002 107EN.

Method §. Hydrophobic Interaction Chromatography
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Antibody drug conjugates were subjected to hydrophobic interaction
chromatography (HIC) on a TSKgel Butyl-NPR columm (Tosoh Bioscience; 4.6 mm x
35 mm i.d.; 2.5 um particle size} connected to an Agilent 1100 series HPLC. Samples
were injected (5 ul) at or above 4 mg/ml. Where necessary, ADCs were concentrated
prior to injection using PALL Nanosep Omegas centritugal concentration devices (part #
OP010C34). A lincar gradient clution was employed starting at 93% mobile phase
A/S5% mobile phase B, transitioning to 5% wobile phase A/95% mobile phase B over a
period of 12 minutes {mobile phase A: 1.5M ammonium sulfate + 25mM sodinm
phosphate at pH 6.95 and roobile phase B: 25% isopropavol, 75% 25mM sodiurs
phosphate at pH 6.95). Injection of unmodified antibody provided a means of
tdentifying the peak with DAR = (. Austibodies were detected on the basis of
absorbance at 280 nm.

Method 2. Ultra  Performance Liguid Chromatography-Mass

Spectrometry for DAR estimation
eversed phase ultra performance liquid-chromatography tandem ESI-
QToF-mass spectrometry (UPLC-ESI-QToF-MS) was used to characterize antibody
drug conjugates for extent of drag conjugation following reduction with dithiothreitol.
The characterization was performed using Acquity-UPLC (H-class) Bio coupled to 2
Quatro-Premier QToF mass spectrometer with an electrospray ion source {(WATERS
Corporation). UPLC analysis of the reduced ADC sample was performed at 70°C with a
PolymerX 5u PR-1 100A, 50 x 2.0 mm column (Phenomenex, Inc.) and with a mobile
phase composed of Solvent A: Acetouitrile/Water/ Trifluoroacetic acid/Formic acd
{(10/90/0.1/0.1, v/v%), and Solvent B: Acctonitrile/Formic acid  (100/0.1, %v/v).
Components of the reduced ADC sample were eluted with a linear gradient starting at
Solvent A/Solvent B (8(/20 v/v and a flow rate of 8.3ml/min to Solvent A/Solvent B
{40/60, v/v%) over 25min, and then to Solvent AfSelvent B{10/90 v/v%) over 2
minutes before equilibrating back to imtial conditions. The total run time was 30
minutes. The ESI-Tot MS total 1on current (TIC) data was acquired over 500- 4500m/z
range using Massbynx data acquisition software (Waters Corporation).  Sample

coraponent mass data was acquired in the positive ion V-mode , and the ESI source
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was operated at source temperature:  150°C, desolvation temperature: 350°C,
desolvation gas: 800L/hr, sample cone veltage: 60 V, capillary voltage: 3.0 kV,
deselvation gas: nitrogen , and collision gas: argon. The summed TIC mass spectra for

each peak was deconveluted by the MaxEntl algorithm to generate the neutral mass

(7

data of the peak component.
Preparation of Reduced ADC samples for UPLC/ESI-Tof MS analvsis
eduction of the disulfide bonds in the antibody of the ADC { ~ 1 ug/ulL
solution} to generate the light and heavy chains was performed using 20 mM DTT at
60°C for 20 minutes. An injection volume of 5-10 L of the reduced ADC sample was

10 eroployed for UPLC/ESE-ToF-MS analysis.
Exeroplary ADC (PABC) for tllusiration purposes:
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Note that T= Trastuzumab, which is used interchangeably with “Herceptin” herein; VC
= valine-citruline; U= Cetuximab (Erbitux}

Table 11: ADC Cytotoxicity (ECsq, nM)

ADC JIMT-1 NCE-N87 HOC1954
*T-VC-PABC-85 | - - 0.021
*TVC-PABC-77 | 0.046 0.002 0.069
FTVCPABCTT | - - 0.023

CVCPABC- | - -
77
FT-VC-PABCS0 | - - D018
*TVC-PABC-3E | - - 0.030
FTVCPABC63 | - - -

20 Table 12: ADC Cytotoxicity (ECsg, nM)
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ABC AsPC- | Bx¥C- | HFAF | PANC-

) ] - . OE1Y AS49
T-VC- 6.01047
PABC-TT
Cetuximab- | §.00401 | 0.03673 | 0.02657 | 0.1441 0.09405

VC-PABC

=3
~1

Table 13: ADC Cytotoxicity {ECso, nM)

ADC CAPAN-1 | CAPAN-2
T-VC-PABC-77 | 2035 -
C-VC-PABC-77 | - 0.115

Example 4: Efficacy Study of Texins in PC-3 Tumour-bearing Mice

Test articles were administered IV, Dosage was as indicated in Figuwre
14, cach being dosed near maximum tolerated dosage. One injection of test article was
delivered every seven days for four repeats/injections {compound D} or one injection
cvery seven days for three repeats/injections {compound 23}, Vehicle: 6.3% Trehalose,
0.05% Tween20, 20mM Citrate Baffer, pHS.0, 4°C.

Procedure Overview

Thirty six {66) female athymic sude mice, purchased from Harlan
Laboratories at 7-8 weeks of age, were inoculated subcutancously in the back with
5x10° PC-3 tumour cells on experimental day 0. Tumours were measured every
Monday, Wednesday, and Friday., Once tamors reach 150-200 mm® in size
{experimental day 27 to 34), animals were assigned to onc of 4 treatment groups by
counterbalancing the average tumor size across groups. Animals were treated with their
respective corapound as indicated, and tumour rocasures continued every Mouday,
Wednesday, and Friday. Data shows animal results to experimental day 54 or until
tumours reached 800 mm’ in size.

PC-3 Cells

Cell preparation-tissue culture:



WO 2014/144871 PCT/US2014/029463

The PC-3 human prostate adenocarcinoma cell line was obtained from
ATCC {Cat # CRL-1435) in 2002.
Cells were started from a frozen vial of lab stock which were frozen

down from ATCC original vial, tested for mycoplasma negative and kept in {ab liquid

(7

nitrogen tanks. Cell cultures with passage #3 to #10 and s conflucnce of 80-90% were
harvested for in vive studies. Cells were grown in Ham’s F12 medium supplemented
with 2 mM L-ghutamine and 10% FBS at 37°C in 5% CO, environment. Cells were

1

sub-cultured once a week with split ratio 1:3 to 1:6 and expanded. The medinm was
renewed once a week.
19 Cell preparation — harvesting for implantation
Cells were rinsed briefly one time with 2 mbL of fresh Trypsin/EDTA
solution (0.25% trypsin with EDTA 4Na), then the extra trypsin/ EDTA was aspirated.
Then 1.5 mb of Trysin/EDTA was added, the flask was laid horizontally to ensure the

~

cells were covered by trypsio/EDTA. The cells were then incubated at 37°C for a few

[
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minutes. The cells were observed under an inverted microscope to ensure the cell layer
was dispersed, then fresh medium was added, and 30 pl of cell suspension was
samapled and mixed with trypan blue (1:1) and the cells were counted and cell viability
assessed using the Cellometer Auto T4, The cells were centrifuged at 1,000 rpm for 7
min and the supernatant aspirated. The cells were then re-suspend in growth medivm to
20 the appropriate concentration for inoculation. Injection volume was 100 L per animal.

Tumour Cell Implantation — SC Back

Ou Day 0, 5.0 x 10° tumour cells was iraplanted subcutancously into the
back of mice in & volume of 100 ul using a 27/28-gauge necdle under Isofluranc

anesthesia.

N2
(97

Animal Housing

Animals were housed in ventilated cages, 2 to 5 animals per cage, in a
12-hour light/dark cycle. Animals received stenle food and water ad fibinen and
housing and usc of animals was performed in accordance with Canadian Council on
Animal Care guidelines. Animals were handled aseptically, and cages changed once

3G every 10-14 days.
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Data Collection {Tumour size)
Mice were monitored cvery Monday, Wednesday and Friday for
mmour development. Dimensions of established tumours was measured with calipers.

: : i 2 itk the
Turour volumes were calculated according to the equation L x W7 /2 with the length

(7

{mun) being the longer axis of the tumour. Animals were also weighed at the tirac of
turnour measurement. Tumours were allowed to grow to a maximun of 800 mny’,

Institutional Animal Care Commitiee

The methodology used was reviewed and approved by the University of
British Columbia Animal Care Committee (ACC) prior to conducting the studies o
10 ensurc studics were planned in accordance with the Canadian Council on Animal Care
gidelines, During the study the care, housing and use of animals was performed in
accordance with the Canadian Council on Animal Care gnidehines.

Arnalysis Methods

Tumour Volume X Experimental Day Growth Curves

15 Tumour volumes of cach group across the treatment days were plotted.
Growth curves were cuteff for cach group at the time point when the first animal
reached the tumour-size experiraental endpownt (800 ram3), or at the last day of the
study. Any animal that was withdrawn from the study prior to the group growth curve
cutoff was removed entirely from the study.

20 Animal Exclusions

Any animal with ulcerating tumours, necessitating cuthanasia of the
animal, with tumour volume of 700 mm’ or smaller were removed from the study and
did not countribute to the data analysis (except for Days to Recurrence if the final tumour
volume was > 2.0 fold higher than on the treatment day).

25

Example 5: Efficacy Deose Range Finding of Antibody Drug
Conjugates in the NCI-N&7 Tumour Model nsing NOD SCID Gamma Mice

Test articles were administered TV, one treatment only. “T7 refers to
Trastuzumab. Dosage was as indicated in Figure 15, Vehicle: 20mM Seodium Citrate,

30 6.3% Trehalose, 0.02% Tween-20, pH §, 4°C.
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Procedure overview
Seventy six (76) foemale NODV/SCID Gamma mice (NSG), purchased
from The Jackson Laboratory (JAX® Mice) at 7-8 weeks of age, were inoculated

subcutaneously in the lower back with 5x10° NCI-NE7 tumour cells in matrigel on

(7

experimental day 0. Tumours were measured every Monday, Wednesday, and Friday.
Once tumors reach 150-200 mm’ in size {experimental day 27), animals were assigned
to one of 10 treatent groups by counterbalancing the average tumor size across
groups. Animals were treated with their respective compound as indicated, and tumour
measures continued every Monday, Wednesday, and Friday. Data shows animal results
10 to experimental day 50 or until tumours reached 800 ram’ in size.

Cell preparation-tissue cultire

NCI-N87 Cells

NCI-NS87 human gastric carcinoni cells were derived from a liver

metastasis of a well differentiated carcinoma of the stomach taken prior to cytotoxic

[
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therapy. The tumor was passaged as g xenograft in athymic nude mice for three
passages before the cell line was established. NCI-NS7 cells were obtained under MTA
frora the ATCC (Cat # CRL-5822) in 2013 and were tested negative at RADIL for
Mycoplasma and mouse pathogens. (RADML certificate #: 10556-2013)

Cells were started from a frozen vial of lab stock which was frozen down
20 from ATCC original vial and kept in lab liquid nitrogen tanks, Cell cultures with
passage #3 to #10 and a confluence of 80-80% were harvested for in vivo studies. NCI-
NR7 cells were grown in RPMI 1640 mediurs with 1.0 mM L-glutaroine and 10% FBS
at 37°C in 5% CO2 covironment. Cells were subcultured once or twice a week with the
split ratio 1.3 or 1:4 and expanded. The medium was renewed once a week. Cell were

frozen with 5% DMSQO.

N2
¢

Cell preparation — harvesting for implantation

Cells were rinsed briefly one time with Hanks Balanced Salt Solution
without Ca, Mg. Fresh Trypst/EDTA solution (0.25% trypsin with EDTA 4Na) was
added, and the flask laid horizontally to ensure the cells were covered by trypsin/EDA,

30 and theo the extra trypsio/EDTA was aspivated. The cells were wncubated at 37°C for a
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few minutes. Cells were observed under an inverted microscope until cell layer is
dispersed, fresh medium is then added.  Then, 50 pL of cell suspension was collected
and mix with trypan blue (1:1) and the cells counted and assessed for viability on a

haemocytometer, Viability should be >90%,. The cells were centrifuged at 125 RCF
v !

(7

{1000 rpro) for 7 min and the supernatant aspirated off. The cells were resuspended in
cold growth medium to 2 times the desired final concentration (100x10%mL). The
suspension was mixed {on ice) with matrigel (1:1). The resulting cell suspensions
(50x10° cells/mL) was used to deliver 5x10° cells in an injection velume of 100 pL per
arimal. Al equipmeunt comung into contact with wmatrigel {(needles, syringes, pipetie
10 tips) were chilled prior to injection.

Tumowur Cell Implantation — subcutaneous (NCI-NE7)

Prior to inoculation, approximately 2x2 cm area was shaved in the lower
back region of cach mouse and cleaned with alcohol. On Day 0, 5.0 x 10% tumour cells

were implanted subcutaneously into the back of mice in a volume of 100 ul using a
{ 3 i £

[
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27/28-gauge needle under Isoflurane anesthesia,

Animal Housing

Apimals were housed wn ventidated cages, 2 to 5 animals per cage, n a
12-hour light/dark cycle. Animals received sterile food and water ad [ibirum and
housing and use of animals was performed in accordance with Canadian Council on
20 Awmimal Care guidelines. Animals were handled aseptically, and cages changed once
every 1014 days.

Dara Collection (Tumour size)

Mice were monitored every Monday, Wednesday and Friday for tumour
development. Dimensions of established tumours was measured with calipers. Tumour

2~

volumes were calculated according to the equation L x W7 /2 with the length (mm)

N2
¢

being the longer axis of the tumour. Animals were also weighed at the time of tumour
measurement. Tumours were allowed to grow to a maximum of 800 mm’,

Institutional Animal Care Commitiee

The methodology used was reviewed and approved by the University of

3¢ British Coluraobia Animal Care Commitice {ACC) prior to conducting the studies to
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ensure studies were planned in accordance with the Canadian Councit on Animal Care
guidelines. During the study the care, housing and use of animals was performed in
accordance with the Canadian Council on Animal Care guidelines.

Analysis Methods

(7

Tumour Volume X Experimental Day Growth Curves

Tumour volumes of cach group across the treatruent days were plotted.
Growth curves were cutoff for cach group at the time point when the first animal
reached the tamour-size experimental endpoint (800 mm3), or at the last day of the
study. Any animal that was withdrawn from the study prior to the group growth curve
10 cutoff was removed entirely from the study.

Animal Exclusions

Auy animoal with ulcerating turoours, necessitating cuthanasia of the
animal, with tumour volume of 700 mm’ or smaller were removed from the study and

did not contribute to the data analysis (except for Days to Recurrence if the final tumour

[
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volume was > 2.0 fold higher than on the treatment day).

Example 6: Efficacy Comparison of Antibody Drug Conjugates in
the NCI-NE7 Tumour Medel using NOD SCID Gamma Mice
Test articles were administered IV, with one adwministration. Dosages

20 were as indicated in Figure 16, “T7 refers to Trastuzumab, Vcehicle: 20raM Sodium
Citrate, 6.3% Trchalose, 0.02% Tween-20, pH 5, 4°C.
voceditre overview

Twenty-four (24) fomale NOD/SCID Gamma mice (NSG), purchased

from The Jackson Laboratory (JAX® Mice} at 7-8 weeks of age, were inoculated

N2
¢

subcutancously in the lower back with 5x10° NCI-N87 tumour cells in matrigel on
experimental day 0. Tumours were measured every Monday, Wednesday, and Friday.
Once tumors reach 130-200 mro” in size (experimental day 27), animals were assigned
to one of 3 treatment groups by counterbalancing the average tumor size across groups.

Animals were treated with their respective compound as ocutlined, and tumour measures
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continued every Monday, Wednesday, and Friday. Data shows animal results to
experimental day 88 or until tumours reached 800 mm’ in size.
Cell preparation-tissue culture

NCI-NE7 Cells

(7

NCI-N&7 human gastric carcinoma cclls were derived fromn a liver
metastasis of a well differentiated carcinoma of the stomach taken prior to cytotoxic
therapy. The tumor was passaged as a xepograft in athyroie nude mice for three
passages before the cell line was cstablished, NCE-N&7 cells were obtained under MTA
from the ATCC (Cat # CRL-5822) 1v 2013 and were tested negative at RADIL for
10 Mycoplasma and mouse pathogens. (RADIL certificate #: 10556-2013)

Cells were started from a frozen vial of lab stock which was frozen down
frora ATCC original vial and kept 1o lab hquid mitrogen tavks. Cell cultures with
passage #3 to #10 and a confluence of 80-90% were harvested for in vive studies. NCI-
N87 cells were grown in RPMI 1640 medium with 1.0 mM L-ghitamine and 10% FBS

at 37°C in 5% CQ?2 environment. Cells were subculiured once or twice a week with the

[
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split ratio 1:3 or 1:4 and expanded. The medium was renewed once a week. Cell were
frozen with 5% DMSO.
Cell preparation — harvesting for implantation
Cells were rinsed briefly one time with Haoks Balanced Salt Solution
20 without Ca, Mg. Fresh Trypsio/EDTA solution (0.25% trypsin with EDTA 4Na) was
added, and the flask laid horizontally to ensure the cells were covered by trypsin/EDA,
and then the extra trypsin/EDTA was aspirated. The cells were incubated at 37°C fora
few minutes. Cells were observed under an inverted microscope until cell layer is

dispersed, fresh mediurg is then added.  Then, 50 pl of cell suspension was collected

N2
¢

and mix with trypan blue (1:1} and the cells counted and assessed for viability on a
hacmocytometer. Viability should be >90%. The cells were centrifuged at 125 RCF
{1000 rpm) for 7 min and the supernatant aspirated off. The cells were resuspended in

cold growth medium to 2 times the desired final concentration {(100x10%mL). The

5]

suspension was mixed {on ice} with matrigel (1:1). The resulting cell suspension

30 (50x10° cells/ml) was used to deliver 5x10° cefls in an injection volume of 100 pL per

228



WO 2014/144871 PCT/US2014/029463

animal. All equipment coming into contact with matrigel (needles, syringes, pipette
tips) were chilled prior to injection.
Tumour Cell Implantation — subcutancous (NCI-N87)
Prior to inoculation, approximately 2x2 cm area was shaved in the lower
5 back region of cach mouse and cleaned with alcohol. On Day 0, 5.0 x 10° tumour cells
were implanted subcutaneously into the back of mice in a volume of 100 ul using a
27/28-gauge needle under Isoflurane anesthesia.
Animal Housing
Animals were housed in ventilated cages, 2 to 5 anumals per cage, ina
10 12-hour Hght/dark cycle. Animals received sterile food and water ad Fbitum and
bousing and use of avimals was performed in accordance with Canadian Council on
Aniraal Care guidelines. Animals were havdled aseptically, and cages changed once
every 10-14 days,

Data Collection (Tumour size)

15 Mice were monitored every Monday, Wednesday and Friday for tumaour
developraent. Dimensions of established tumours was measured with calipers. Tumour
volumes were calculated according to the equation L x W’ /2 with the length (mm)
being the longer axis of the tumour. Animals were also weighed at the time of tumour
measurement. Tumours were allowed to grow to a maximum of 800 mm’,

20 Institutional Animal Care Committee

The methodology used was reviewed and approved by the University of
British Columbia Animal Care Committee (ACC) prior fo conducting the studies to
cnsure studies were planned in accordance with the Canadian Council on Animal Care
guidelines. During the study the care, housing and use of animals was performed in

25 accordance with the Canadian Council on Antmal Care guidelines.

Analysis Methods

Tumowr Volume X Experimental Day Growth Curves

Tumour volumes of cach group across the treatruent days were plotted.
Growth curves were cutoff for cach group at the time point when the first animal

30 reached the tumour-size experimental codpoint (800 mm3), or at the last day of the
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study. Any animal that was withdrawn from the study prior to the group growth curve
cuteff was removed entirely from the study.

Awnimal Exclusions

Any animal with olcerating tomours, necessitating euthavasia of the

(7

. . o 3 o~
animal, with tumour volume of 700 mun or smaller were removed from the study and
did not contribute to the data analysis {except for Days to Recurrence if the final tumour

volume was > 2.0 fold higher than on the treatment day).

19 All of the U.S. patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and noun-patent publications
referred to in this specification are incorporated herein by refercoce, n their entirety to
the extent not inconsistent with the present description.

From the foregoing it will be appreciated that, although specific

[
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erabodiracnts of the disclosure have becn described hercin for purposes of illustration,
various modifications may be made without deviating from the spirit and scope of the

disclosure. Accordingly, the disclosure is not lirnited except as by the appended claims.



CLAIMS
What is claimed is:

I A compound having the following structure (1):
\\ R1
Ry /\K\HL
Ry

or a stereoisomer, prodrug or pharmaccullcally acceptablc salt thereof, wherein:

R, is selected from the group consisting of optionally substituted alkyl, optionally
substituted alkylamino, optionally substituted cycloalkyl, optionally substituted aryl,
optionally substituted heterocyclyl and optionally substituted heteroaryl;

Rs is selected from the group consisting of optionally substituted alkyl, optionally
substituted alkylamino, optionally substituted cycloalkyl, optionally substituted aryl,
optionally substituted heterocyclyl and optionally substituted heteroaryl;

Rj is selected from the group consisting of H and C, ¢alkyl;

R, is selected from the group consisting of 1 and C;ealkyl; and

Rs is selected from the group consisting of C.salkyl and -SH.

2. The compound according to claim |, wherein each optionally substituted alkyl, optionally
substituted alkylamino, optionally substituted cycloalkyl, optionally substituted aryl,
optionally substituted heterocycly! and optionally substituted heteroaryl is, independently,
optionally substituted with =0, =S, -OH, -OR¢, -O,CRg, -SH, -SR¢, -SOCRg, -NHa, -N3, -
NHRe, -N(R¢)a, -NHCORg, -NRsCORG, -1, -Br, -Cl, -F, -CN, -CO,H, -CO;R¢, -CHO, -CORq,
-CONHas, -CONHRg, -CON(R¢)2, -COSH, -COSR¢, -NO», -SO3H, -SOR; or -SO2R¢, wherein
each R is, independently, alkyl optionally substituted with halogen, -OH or -SH.

3. The compound according to claim 1 or claim 2, wherein each optionally substituted aryl and

optionally substituted heteroaryl is, independently, selected from the group consisting of
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optionally substituted phenyl, optionally substituted naphthyl, optionally substituted

anthracyl, optionally substituted phenanthryl, optionally substituted furyl, optionally

substituted pyrrolyl, optionally substituted thiophenyl, optionally substituted benzofuryl,

optionally substituted benzothiophenyl, optionally substituted quinolinyl, optionally

substituted isoquinolinyl, optionally substituted imidazolyl, optionally substituted thiazolyl,

optionally substituted oxazolyl, and optionally substituted pyridinyl.

The compound according to any one of claims 1 to 3, wherein R; is selected from one of the

following structures (II1), (1V), (V) and (VI):

wherein:

Qis CR;orN;

Zis C(R7)2, NR7. S, or (),

oy

Q\Q//Q

(111

2._.2
Z ; and

V)

wherein in structure (VI), one instance of Z is CR7 or N, and the other instance is

C(R7)2. NR4, S, or O;
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6.

each R is, independently, selected from the group consisting of H, -OH, -ORg, -
0,CRs, -SH, -SRs, -SOCRs, -NHa, -N3, -NHRg, -N(R¢)2, -NHCORg, -NRgCOR, -1, -Br, -Cl, -
F, -CN, -CO;H, -CO;R¢, -CHO, -CORg, -CONH,, -CONHRg, -CON(R¢),, -COSH, -COSRg, -
NO,, -SO3H, -SORg or -SO,R¢, wherein each Rg is, independently, alkyl optionally
substituted with halogen, -OH or -SH.

The compound according to claim 4, wherein R; is selected from the group consisting of:

HN/©F6 ng OQW
@M;@W;cj ;HSOM;Q' .Hoj

b : )

Ny XOO“; ey oo
St o Ty
Yoo

The compound according to claim 5, wherein R; is:
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10.

o

The compound according to any one of claims 1-6, wherein R3, R4 and Rs are each methyl.

The compound according to any one of claims 1-6, wherein Rj; is H, R4 is methyl, and Rs is

methyl.

The compound according to claim 1, which is (S,E)-N-(benzylsulfonyl)-2,5-dimethyl-4-((S)-
N,3,3-trimethyl-2-((S)-3-methyl-2-(methylamino)-3-phenylbutanamido)butanamido)hex-2-

enamide, having the following structure:

0
! l o0
” MN/S
_NH 0 _A_ &

(14)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.

The compound according to claim 1, which is (S,E)-2,5-dimethyl-N-(4-(2,2,2-
trifluoroacetamido)phenylsulfonyl)-4-((S)-N,3,3-trimethyl-2-((S)-3-methyl-2-(methylamino)-

3-phenylbutanamido)butanamido)hex-2-enamide, having the following structure:

2 | ? o0

N~ "CF
H 3

(23)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.
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11.

12.

13.

The compound according to claim I, which is (S,E)-N-(4-aminophenylsulfonyl)-2,5-
dimethyl-4-((S)-N,3,3-trimethyl-2-((S)-3-methyl-2-(methylamino)-3-

phenylbutanamido)butanamido)hex-2-enamide, having the following structure:

0
| ? o, 0
N MN’S
NH O _~~ H

(24)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.

NH,

The compound according to claim 1, which is (S,E)-4-((S)-2-((S)-3-(4-
(aminomethyl)phenyl)-3-methyl-2-(methylamino)butanamido)-N,3,3-trimethylbutanamido)-
N-(benzylsulfonyl)-2,5-dimethylhex-2-enamide, having the following structure:

0]

| 0.0
N N\g/ﬁ/U\N/S
H,N NH H g = H

(41)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.

The compound according to claim 1, which is (S,E)-N-(3-aminophenylsulfonyl)-2,5-
dimethyl-4-((S)-N,3,3-trimethyl-2-((S)-3-methyl-2-(methylamino)-3-

phenylbutanamido)butanamido)hex-2-enamide, having the following structure:

0
| Q o 0
_NH 0 AL H

(48)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.
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14.

15.

16.

The compound according to claim 1, which is (S,E)-N-(4-(1-
aminocyclopropyl)benzylsulfonyl)-2,5-dimethyl-4-((S)-N,3,3-trimethyl-2-((S)-3-methyl-2-

(methylamino)-3-phenylbutanamido)butanamido)hex-2-enamide, having the following

0
| o QQ?S/J:::jjizNHz
L 0 _~ H

(58)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.

structure:

The compound according to claim 1, which is (S,E)-N-(4-(1-
aminocyclopropyl)phenylsulfonyl)-2,5-dimethyl-4-((S)-N,3,3-trimethyl-2-((S)-3-methyl-2-

(methylamino)-3-phenylbutanamido)butanamido)hex-2-enamide, having the following

0
| ? o 0
u Y\‘/U\N/S
gl O .~ : NH,

(63)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.

structure:

The compound according to claim 1, which is (S,E)-N-(4-(aminomethyl)benzylsulfonyl)-2,5-
dimethyl-4-((S)-N,3,3-trimethyl-2-((S)-3-methyl-2-(methylamino)-3-

phenylbutanamido)butanamido)hex-2-enamide, having the following structure:

0
rL O O\\ wNHz
N Mws
e o /:\ :

(77

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.
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17.

18.

19.

20.

The compound according to claim 1, which is (S,E)-N-(4-(aminomethyl)phenylsulfonyl)-2,5-
dimethyl-4-((S)-N,3,3-trimethyl-2-((S)-3-methyl-2-(methylamino)-3-

phenylbutanamido)butanamido)hex-2-enamide, having the following structure:

D
_NH 0 _AL H NH,

(85)

or a stereoisomer, prodrug or pharmaceutically acceptable salt thereof.

A composition having the following structure:
(D-L)-(D)
(1)
wherein (T) is a targeting moiety, (L) is an optional linker, and (D) is a compound according

to any one of claims 1to 9and 11 to 17.

The composition according to claim 18, wherein (L-D) is MC-VC-PABC-77, having the

following structure:

X
0 o] N0 o) 0
N H
]\I‘/N\/\HJ\N/S N)J\:/N N
NH H H H/r S H
HN
0O (@]

aco oo

(119).

The composition according to claim 18, wherein (L-D) is 4-((R)-2-((R)-2-(6-(2,5-diox0-2,5-
dihydro-1H-pyrrol-1-yl)hexanamido)-3-methylbutanamido)-5-ureidopentanamido)benzyl 4-
(N-((S,E)-2,5-dimethyl-4-((S)-N,3,3-trimethyl-2-((S)-3-methyl-2-(methylamino)-3-
phenylbutanamido)butanamido)hex-2-enoyl)sulfamoyl)benzylcarbamate (MC-VC-PABC-

85), having the following structure:
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(120).

21.  The composition according to claim 18, wherein (L-D) is MC-VC-PABC-41, having the

following structure:

T N
~_— B H
0 ™ N 0 0" “NH _NH 0 AL
N
0
NH

(122).

22.  The composition according to claim 18, wherein (L-D) is MC-VC-PABC-58, having the

following structure:

)?\
0O (0] (0] O (@]
N\’ H
I\I‘/NMN/S ”)J\-/N ﬁ
0 AL H J/ 0
HN
(e} (0]

NH H

A

(158).

23.  The composition according to claim 18, wherein (L.-D) is MC-VC-PABC-63, having the

following structure:
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24.  The composition according to claim 18, wherein (T-L-D) is mAb-MC-VC-PABC-58, having

the following structure:
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NH
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wherein mAb is trastuzumab.

25.  The composition according to claim 18, wherein (T-L-D) is mAb-MC-VC-PABC-63, having

the following structure:
o}
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wherein mAb is trastuzumab.

26. A pharmaceutical composition comprising a compound according to any one of claims 1 to
17, a composition according to any one of claims 18 to 25, or a stereoisomer,
pharmaceutically acceptable salt or prodrug thereof, and a pharmaceutically acceptable

carrier, diluent or excipient.
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27.  Use of a compound according to any one of claims 1 to 17, a composition according to any
one of claims 18 to 25, or a pharmaceutical composition according to claim 26, in the

manufacture of a medicament for inhibiting tumor growth in a mammal.
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