CLAIMS

1. A compound of Formula I:

[ Warhead H Tether

wherein
Scaffold is
a) a radical resulting from the removal of a hydrogen of a ligand capable of

binding to, or in proximity to, a substrate-binding site or cofactor-binding site of a

protein containing a lysine residue in, or in proximity to, the substrate-binding site or

cofactor-binding site; or

b) a truncated pharmacophore, such that the Scaffold is capable of binding to,
or in proximity to, the substrate-binding site or cofactor-binding site;

wherein the Scaffold contains a phenyl moiety;

Warhead is an organic moiety optionally containing one or more heteroatoms selected
from O, N, and S; the organic moiety having a molecular weight of about 14 daltons to about
200 daltons; Warhead being capable of covalently binding to lysine; and Warhead being
attached to Scaffold through a Tether connected to the phenyl moiety of the Scaffold;

Tether is null, a bond, or a bivalent C;-Cis saturated, unsaturated, straight, branched,
cyclic, bicyclie, or tricyclic hydrocarbon moiety; wherein optionally one or more methylene
units of the hydrocarbon chain are independently replaced by -NR -, -O-, -C(O)-, -S-, -SO-, -
SO;-, -C(=8)-, or C(=NR)-; optionally one or more hydrogens are independently replaced by

heteroatoms; and optionally one or more methine groups of the C;-Cys-alkyl, when present,

]
Arae

are independently replaced by ‘%‘N‘g‘;

xis 0, 1, or 2;

yis 1, 2, or 3; and

R, is hydrogen or C;-Cg alkyl,

with the proviso that the compound of Formula I is not
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wortmannin:

MeO-ACO,,,

known analogues of wortmannin that covalently modify lysine through substantially

the same mechanism as wortmannin;
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C(Ojalkyl

OH
o] A
X _© o]
O \ alkene o alkene
AN \alky] m

o ; ; and

3

any mechanism-based irreversible inhibitors.

2. The compound of claim 1, wherein

the compound of Formula I is a compound of Formula XI:

Rz3
R72
R77\
R76R75 R74
R7o j\)\ /C ]
Reg
Xi
wherein

p is an integer from 0 to 4, u is an integer from 1 to 4;
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B¢ and By are each independently CR; or N;

Reo 1s hydrogen, C-Cs alkyl, halogen, amino, nitro, or -NH(CO)NR75R 7o;

Ry is hydrogen, C;-Cg alkyl, halogen, amino, nitro;

R7, R71, R72, R73, Rys, Rys, Ros, Ry, R7g, and Ryg are each independently hydrogen
or C-Cg alkyl; Ry is hydrogen or C;-Cy alkyl; wherein one or more methylene groups of the
C;-Cs alkyl can be replaced by -NR;-, -O-, -C(O)-, -S-, -SO-, -SO;-, or -C(=S)-; one or more

{
e

methine groups of the C;-Cs alkyl, when present, can be independently replaced by ‘§‘N-§-;
optionally R7g, and Ry¢ taken together form a 4- to 8-membered carbocyclic or
heterocyclic ring;-o¢
T is Tether; and
Ry is Warhead.

3. The compound of claim 2, wherein the compound of Formula XI is a compound of

Formula XI-a, XI-b, or XI-¢;

0O O 0 o)
R77\,/\1/U>(U\N/\L R77\N/U>(U\N
R R7sR7s " ! iR, H
76 NH Ry R75R74 NH -Rwh
ney¥e neye!
= NN ~Run /ﬁ\ R
H H H ¢
[R69] R7o
Xl'a p Xl'b
0] O
Ro7<
L
Rsg R75R74 NH
//L NS
NN \
H
| Res|
Xl-¢c p
wherein

Ry 1s -F, -Cl, -Br, or —1;
T is Tether; and
-431 -



Ry 1s Warhead.
4. The compound of claim 3, wherein the compound of Formula XI-a, XI-b or XI-c is

a compound of Formula XI-d, XI-e, XI-f, XI-g, XI-h, XI-i, or XI-j:
3 1
WO wORWL
R70 \ﬁ R R70 AN N
PG 18
N*N 10 NN

H R7 0 0
Xl-d Re
Ry RsRs
(0] (0]
Q
HQNJ><U\N
H 0 HoN N
NH Oo H " RsR4Rs Ny
RSy TN N R T N ¢
| Py RS ° YN hig
NT N 2 RyR4 | L
H N N 6 0
Xi-f R
Q 6 Xk
0 Rs ’
00 R
HoN N Rs 0
H/\L R; HoN H/\L j\ Re
/N\
NH Ry NH 77N 5
Ruo SN Rro~ Ng
] N o Rao I /NL RsR4R3
//K J\ Ras N/ N NH R
N H ” N Re2 H )\ %0 Ry
Rga . 0" N Reo2
Rg7 Rea Xl
Xkh Rsg Res Rez Rss3
Reo R, Raa
o o 85
2 H/\L
NH
nePel:
Vz /f‘\l O
N)\N T
H o Rs
. R3
Xl Rs
wherein

Rz, Rs, R4, Rs, Re, Ry, Rgo, Rsi, Rsz, Rss, Rsa, Rgs, Rgs, and Rgy are each
independently hydrogen or C;-C¢ alkyl; R; is hydrogen or C;-Cg alkyl;
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one or more methylene groups of the C;-Cs alkyl can be replaced by -NR;-, -O-, |
-C(0)-, -S-, -SO-, -SO,-, or -C(=S)-;

one or more methine groups of the C;-Cs alkyl, when present, can be

i
nrnnn

|
independently replaced by ‘§—N"§'.
5. The compound of claim 4, wherein

a) the compound of Formula XI-d, XI-e, XI-f, XI-g, XI-h, XI-i, or XI-j is a compound of
Formula XI-k, XI-1, XI-m, XI-n, XI-o, XI-p, or XI-q;
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o 0 o 0

H N)%N H N)%N
2 H/\L ) H/\L
NH
Br Q RsR
| N 0 o Rz R, 34
PN N Re /ujﬁ Rs

N N H Ry Rs N

0]

6
H
R3R4 R83R89 O

1** Q . Ri % Ti J@LH

Rg
R, R7
Rg
R3 R4 RS
Xkm X
n
o 0 (0] 0
HoN N

H N/U><U\N 2 w /\L
2 H/\L H

NH ns 8] 8R'7:{

8 O
By O(RS 0 Rs Rgg Rg
| ! )\ Rg
N/)\N N)kH'N Ra R R7
R,R 2
H H RgR 2me n5 Rs R; R A
4 5
o 9 Xl-o Xi-p

2 H/\L

NH

ey oW
f

Xgis CHy, NH, O, or S;

wherein

Rgs and Rgg are each independently hydrogen or C,-C¢ alkyl; R; is hydrogen or
C;-Cs alkyl;

one or more methylene groups of the C;-C¢ alkyl can be replaced by -NR;-, -O-,
-C(0)-, -S-, -SO-, -SO;-, or -C(=S)-;
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one or more methine groups of the C;-Cs alkyl, when present, can be

1
A

|
independently replaced by _g_N_g_; and
ns is an integer from 0 to 3; or
b) the compound of Formula XI-d, XI-e, XI-f, XI-g, XI-h, XI-i, or XI-j is a compound of

Formula XI-r, XI-s, XI-t, Xl-u, XI-v, XI-w, or XI-x:
o 0 o 0 e
H/\LNH /\LNH 2 H/\LNH
Br\ﬁ Bra >y Bre A Re 0
2O D Y
o 0 NN L;R N)\ﬁ Xe/\IOTN R

Xir O
Xi-t

Rs 4 )
X-u Xiv Xiw
0 0
H
/INH
BF\EKN =
SUSN
H
Rs o
R4 R5
Xl-x ;
or
c) the compound of Formula XI-d, XI-e, XI-f, XI-g, XI-h, XI-i, or XI-j is a compound of
Formula XI-y, XI-z, XI-aa, or XI-bb:
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N
H
R 0
Rs R, Ry Xl-z o
Xl-y
0 o. Re @ 9
ol
HoN H/i o Ry - H/\L
NH 0 Rs NH Rg
Ry e
B A Xe -1 Br ‘\N Xe N
L A R0
NN NN Rs 0
H R4 Rg
Xl-aa Xibb RsRe R7

or
d) the compound of Formula XI-d, XI-e, XI-f, XI-g, XI-h, XI-i, or XI-j is a compound of

Formula XI-ce, XI-dd, XI-ee, or XI-ff:

Rs Rg
0O O o) F[{%
HN)%N o
? H/\L 0 Ry
NH N-Rz
BF\KQN 0 D
2N PN
N~ N N
H H H
Xl-cc Xl-dd
Re 0 Re 4
O N 3
NH Ry NH O
R
Br\(gN 55 Br $\N R, . O
X 2D X XD
NT N N~ "N N~ "N N
H H H H H H
Xl-ee XI-ff
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6. The compound of claim 3, wherein the compound of Formula XI is selected from the

group consisting of:
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7. A compound of any one of claims 2 or 3 for use in treating:

a) an XIAP-mediated disorder wherein the compound irreversibly inhibits XIAP by
covalently modifying a lysine residue conserved at an equivalent position of K297 of XIAP;
b) a PDPKI-mediated disorder wherein the compound irreversibly inhibits PDPK1 by
covalently modifying a lysine residue conserved at an equivalent position of K169 or K173 or
K86 of PDPK1;

c) an HCV protease-mediated disorder wherein the compound irreversibly inhibits HCV
protease by covalently modifying a lysine residue conserved at an equivalent position of
K136 of HCV-protease subtype of NS3/4A; or

d) a PI3K-mediated disorder wherein the compound irreversibly inhibits PI3K by covalently
modifying a lysine residue conserved at an equivalent position of K777 or K802 or K890 of

PI3K.

8. Use of a compound of any one of claims 2 or 3 in the manufacture of a medicament for
treating:

a) an XIAP-mediated disorder wherein the compound irreversibly inhibits XIAP by
covalently modifying a lysine residue conserved at an equivalent position of K297 of XIAP;
b) a PDPKI-mediated disorder wherein the compound irreversibly inhibits PDPK1 by
covalently modifying a lysine residue conserved at an equivalent position of K169 or K173 or
K86 of PDPK1;

c) an HCV protease-mediated disorder wherein the compound irreversibly inhibits HCV
protease by covalently modifying a lysine residue conserved at an equivalent position of
K136 of HCV-protease subtype of NS3/4A; or

d) a PI3K-mediated disorder wherein the compound irreversibly inhibits PI3K by covalently
modifying a lysine residue conserved at an equivalent position of K777 or K802 or K890 of

PI3K.

9. The use of claim 8, wherein the XIAP-mediated disorder is selected from the group

consisting of proliferative disorder and an autoimmune disease.
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10. The use of claim 8, wherein the PDPK1-mediated disorder is selected from the group
consisting of cancer, uterine fibroids, benign prostatic hyperplasia, familial adenomatosis
polyposis, neurofibromatosis, atherosclerosis, pulmonary fibrosis, arthritis, psoriasis,
glomerulonephritis, restenosis following angioplasty or vascular surgery, hypertrophic scar
formation, an inflammatory bowel disease, transplantation rejection, endotoxic shock, and a

fungal infection.

1. The use of claim 8, wherein the HCV protease-mediated disorder is hepatitis C.

12. The use of claim 8, wherein the PI3K-mediated disorder is selected from the group
consisting of cancer, neurofibromatosis, ocular angiogenesis, stroke, diabetes, hepatomegaly,
cardiovascular disease, Alzheimer's disease, cystic fibrosis, viral diseases, autoimmune
diseases, atherosclerosis, restenosis, psoriasis, allergic disorders, inflammation, neurological
disorders, angiogenic disorders, a hormone-related disease, conditions associated with organ
transplantation, immunodeficiency disorders, destructive bone disorders, proliferative
disorders, infectious diseases, conditions associated with cell death, thrombin-induced
platelet aggregation, chronic myelogenous leukemia (CML), liver disease, pathologic

immune conditions involving T cell activation, and CNS disorders.

13. The compound of claim 3, wherein the compound of Formula XI is selected from

the group consisting of:

0 0 o 0
HN NH, HN NH,
HN HN
0
Br Br
NN 0 Y 0 S
| | H
= S Y N
N N N o N~ N N
H H H H
o)
X1-21 X1-22
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o) 0 0O 0
HN/JL;7<:H\\NH2 HN/MT7<:H\NH2
HN HN
Br Br 0
Y o) Y o) S
| | H
= Z N
N N N N N N
H H H H
S 0
0

Xi-23 X1-24

O O 0] 0]

HN/JE7<ju\NH2 HN/Jj7<:u\NH2
HN HN
Br Br
\\[jL*N 0 | NN o s
)\ © /k /U\/ﬂ °
N“ON N N~ TN N
H H H H
0

XI-25 XI-26

O 0] 0O 0]

HN HN
Br Br
' Y 0 | Y 0
)\ )\ N
N N N o N N N
H H H H
g 0
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XI1-27 XI-28

HN/lS(LNHZ HN/M><U\NH2
HN HN
Br Br
) ° TK J @
/k o) )\ o)
NT N N N
H H H H
o) 0
X1-29 X1-30
0 0] O. 0
HN/U><“\NH2 HN%NHz
HN HN

0
Br Br
N o Y 0 0
| )\ /U\/H | )\ )K/H
= P N O
N N N

XI-31 XI-32
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HN HN
Br B
IA P, O "
)\ 0 /I\ /u\/\n/H
N N N N N
H H H H
0
N
O&O
X1-33 XI-34

AN Br
5 0 t A 0
.
S /k
| Y g N :
N/ N
H 0] 8]

XI-35 XI-36
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HN H 0 b
NS
| Nﬂfl\\ //[::::]// Q N// H \\/J§§o
0
O
X1-43 XI-44
O
HN HN
NAN N 0 N)\N N
H S H
0O
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XI-49 X1-50
0 e} 0o 0
/r\u/u><lkNH2 J/\N/U><U\N

XI-51 XI-52
o} 0] 0O e
N NH; J/\ MJ%NHz
HN HN
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b M H H
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CLAIMS

1. A compound of Formula I:

Warhead Tether Scaffold rhead

wherein
Scaffold is
a) a radical resulting from the removal of a hydrggen of a ligand capable of

binding to, or in proximity to, a substrate-binding site/or cofactor-binding site of a

protein containing a lysine residue in, or in proximity to, the substrate-binding site or

cofactor-binding site; or
b) a truncated pharmacophore, such thaf the Scaffold is capable of binding to,
or in proximity to, the substrate-binding site/0r cofactor-binding site;

Warhead is an organic moiety optionally/Containing one or more heteroatoms selected
from O, N, and S; the organic moiety ha{fing 4 molecular weight of about 14 daltons to about
200 daltons; Warhead being capable of govalently binding to lysine; and Warhead being
attached to Scaffold through Tether;

Tether is null, a bond, or a bivalent C;-C;s saturated, unsaturated, straight, branched,
cyclic, bicyclic, or tricyclic hydrgearbon moiety; wherein optionally one or more methylene
units of the hydrocarbon chain/are independently replaced by -NR;-, -O-, -C(O)-, -S-, -SO-, -
SO,-, -C(=8S)-, or C(=NR,){ optionally one or more hydrogens are independently replaced by

heteroatoms; and optiondlly one or more methine groups of the C;-C;s alkyl, when present,

3
Anane

are independently réplaced by —g—’{j_g_;
x1is 0, 1,01 2;
yis 1,2, or 3; and
R, As hydrogen or C;-Cg alkyl,
ith the proviso that the compound of Formula I is not

wortmannin:
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the same mechanism as wortmannin:
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C(O)alky!

O akene

any mechanism-based irreversible inhibifors.

2. The compound of claim 1, wherein

the compound of Formula I is a/compound of Formula XI:

0
Ry~
77 N
/T—Rwh
J
[Res]
wherein

p is an integer from 0 to 4, u is an integer from 1 to 4;
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B and By are each independently CR; or N;

Rgo is hydrogen, C;-Cs alkyl, halogen, amino, nitro, or -NH(CO)NR7gR7;
R is hydrogen, C;-Cg alkyl, halogen, amino, nitro;
R7, R71, R72, R73, Ry4, Rys, Rys, R77, Ry, and Ryg are each independently hydrogen

or C;-Cs alkyl; Ry is hydrogen or C;-Cs alkyl; wherein one or more methylene/groups of the

heterocyclic ring;-ex

T is and
R 1s Warhead.
3. The compound of claim 2, wherein the compou
Formula XI-a, XI-b, or XI-¢;
O O
Ryre )S(K
KR 1L
75 74 RssR .
75R74 NH ooRun
~ = R
N 70 AN
AL ¥l
= X = R
N ¢ . N)LN -
H H Ryg
Xl-a P Xl-b

O
R77\l/\l
Rse R75R74
T~
‘ Rwh
| Reo)

p

wherein

70 18 -F, -Cl, -Br, or —I;
T is Tether; and
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Ron 18 Warhead.
4. The compound of claim 3, wherein the compound of Formula XI-a, XI-b or/XI-c is

a compound of Formula XI-d, XI-e, XI-f, XI-g, XI-h, XI-i, or XI-j:
L L
el WL
R70\ﬁ§ R R70 N N
Ak s
N*N 7 . NN
H R7 H

0

O
Xkd R
3
R4 R5R6 ©
O 0
R5 R4 R3 ) n3
ISR e
N O R
(@]
U B 55t
T N o
Rz Ny
RS R4 R3
NH R
2‘\ 80 R81
07 N Ra2
Rer Rg3
Res R, Raa
o o0 &
H N/U><U\N
2 H
R7o
wherein

Ry/ Rs, R4, Rs, R, Ry, Rsgo, Rsi, Rgo, Rss, Rss, Rss, Rgs, and Rgy are each

independey hydrogen or C;-C¢ alkyl; R; is hydrogen or C;-Cg alkyl;
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one or more methylene groups of the C;-Cg alkyl can be replaced by -NR;-, -O-,
-C(0)-, -8-, -SO-, -80;-, or -C(=S)-; -

one or more methine groups of the C;-C¢ alkyl, when present, ¢

i
Anne

_N_g_'

be
independently replaced by t

5. The compound of claim 4, wherein
a) the compound of Formula XI-d, XI-e, XI-f, XI-g, XI-h, XI-i, or XI-j/is a compound of

Formula XI-k, X1I-1, XI-m, XI-n, XI-o, P, or XI-q;




Xi-m

wherein

Cy-Cyg alkyl;
ong’or more methylene groups of the C,-Cs alkyl can be replaced by -NR;-, -O-,
-C(0)-, -S-/-SO-, -SO,-, or -C(=S)-;
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one or more methine groups of the C;-C¢ alkyl, when present, can b

!
Annn

independently replaced by -%—r'v~§~; and
ns is an integer from 0 to 3; or

b) the compound of Formula XI-d, XI-e, XI-f, XI-g, XI-h, XI-i, or XI-j is a coffipound of

Formula XI-r, XI-s, XI-t, XI-u, XI-v, XT-w, or XI-x:

0 0 @ 0 0o 0
HoN N
oy a5
SRl 1 wO
NH
Br F\

NH NH
Br\/k

LA,

Xi-r

or
¢) the compound of Formula XI-d, XI-e, XI-f, XI-g, XI-h, XI-i, or XI-j is a compound of

Formula XI-y, Xl-z, Xl-aa, or XI1-bb:
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or

NH N R,
Br Re Ry 7°
B Y
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H H H
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6. The compound of claim 3, wherein the compound of Formula XI is selected from thg

group consisting of:
o 0 o 0 0
NJ}(L’\NHZ f\N/lS(U\NHz N
H H H
Me W Me Me
HN e HN HN

Br\EgN o Br\(sN o B'\fsN
| N/)\N’ i N7y N/)\N N /)\N
H 0 H H © H




811X



















Br

s
Iz

XI-53

7. A compound of any one of claims 1 to 3 for use in treating;
a) an XIAP-mediated disorder wherein the compoungd irreversibly inhibits XIAP by
ivalent position of K297 of XIAP;

b) a PDPKl-mediated disorder wherein the compOund irreversibly inhibits PDPK1 by

covalently modifying a lysine residue conserved at an e

covalently modifying a lysine residue conserved at/an equivalent position of K169 or K173 or
K86 of PDPK1;
c) an HCV protease-mediated disorder wherein the compound irreversibly inhibits HCV
protease by covalently modifying a lysige residue conserved at an equivalent position of
K136 of HCV-protease subtype of NS3/4A; or

d) a PI3K-mediated disorder wherein’ the compound irreversibly inhibits PI3K by covalently
modifying a lysine residue conserved at an equivalent position of K777 or K802 or K890 of
PI3K.

8. A method for designihg a ligand that covalently binds a target protein, the method
comprising:
A) providing a structural model of a reversible ligand docked within, or in
proximity to, a ligand-binding site in a target protein;
B) identifying a lysine residue of the target protein in, or in proximity to, the
ligand-bindjig site that is less than about 15A from the reversible ligand when the reversible

ligand is docked in, or in proximity to, the ligand-binding site;
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C) producing at least a structural model of at least one ligand-warhead compound
docked within, or in proximity to, the ligand-binding site wherein the ligand-warhedd
compound comprises the reversible ligand in step B) or a portion thereof, a waphead

comprising a reactive chemical moiety, and optionally a Tether; and

D) identifying a ligand-warhead compound whose structural model Allows the
lysine residue in step B) to readily assume a conformation that brings the side ghain primary
amine group of the lysine residue within bond-forming proximity of the warh€ad electrophile,

wherein the ligand-warhead compound is a compound as defined in ¢ claims 1,

or 2 or 3; and

wherein the method is performed in silico.

9. Use of a compound of any one of claims 1 to 3 in'the mafiufacture of a medicament for
treating: |

a) an XIAP-mediated disorder wherein the compound irreversibly inhibits XIAP by
covalently modifying a lysine residue conserved at an/equivalent position of K297 of XIAP;
b) a PDPKI1-mediated disorder wherein the compound irreversibly inhibits PDPK1 by
covalently modifying a lysine residue conserved/at an equivalent position of K169 or K173 or
K86 of PDPK1;

c) an HCV protease-mediated disorder svherein the compound irreversibly inhibits HCV
protease by covalently modifying a lysine residue conserved at an equivalent position of
K136 of HCV-protease subtype of NS3/4A; or |
d) a PI3K-mediated disorder whefein the compound irreversibly inhibits PI3K by covalently
modifying a lysine residue cogserved at an equivalent position of K777 or K802 or K890 of
PI3K.

10. The use of clgim 9, wherein the XIAP-mediated disorder is selected from the group

consisting of proliferative disorder and an autoimmune disease.

11. The yse of claim 9, wherein the PDPK1-mediated disorder is selected from the group
consisting/ of cancer, uterine fibroids, benign prostatic hyperplasia, familial adenomatosis

polypogis, neurofibromatosis, atherosclerosis, pulmonary fibrosis, arthritis, psoriasis,
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glomerulonephritis, restenosis following angioplasty or vascular surgery, hypertrophic sgar
formation, an inflammatory bowel disease, transplantation rejection, endotoxic shock,
fungal infection.

12. The use of claim 9, wherein the HCV protease-mediated disorder is hepatitis C.

13.  The use of claim 9, wherein the PI3K-mediated disorder is selected/ from the group
consisting of cancer, neurofibromatosis, ocular angiogenesis, stroke, diabétes, hepatomegaly,
cardiovascular disease, Alzheimer's disease, cystic fibrosis, viral diseases, autoimmune
diseases, atherosclerosis, restenosis, psoriasis, allergic disorders, i f/ammation, neurological
disorders, angiogenic disorders, a hormone-related disease, conditions associated with organ
transplantation, immunodeficiency disorders, destructive Mbone disorders, proliferative
disorders, infectious diseases, conditions associated with cell death, thrombin-induced

platelet aggregation, chronic myelogenous leukemia/(CML), liver disease, pathologic

immune conditions involving T cell activation, and CXS disorders. -




