and in the pathology of muscle wasting. Many diseases are associated with an abnormal UPP and
negatively affect cell cycle and division, the cellular response to stress and to extracellular
modulators, morphogenesis of neuronal networks, modulation of cell surface receptors, ion
channels, the secretory pathway, DNA repair and biogenesis of organelles.

[0005] Aberrations in the process have recently been implicated in the pathogenesis of several
diseases, both inherited and acquired. These diseases fall into two major groups: (a) those that
result from loss of function with the resultant stabilization of certain proteins, and (b) those that
result from gain of function, i.e. abnormal or accelerated degradation of the protein target.

[0006] The UPP is used to induce selective protein degradation, including use of fusion proteins
to artificially ubiquitinate target proteins and synthetic small-molecule probes to induce
proteasome-dependent degradation. Bifunctional compounds composed of a target protein-binding
ligand and an E3 ubiquitin ligase ligand, induced proteasome-mediated degradation of selected
proteins via their recruitment to E3 ubiquitin ligase and subsequent ubiquitination. These drug-like
molecules offer the possibility of temporal control over protein expression. Such compounds are
capable of inducing the inactivation of a protein of interest upon addition to cells or administration
to an animal or human, and could be useful as biochemical reagents and lead to a new paradigm for
the treatment of diseases by removing pathogenic or oncogenic proteins (Crews C, Chemistry &
Biology, 2010, 17(6):551-555; Schnnekloth JS Jr., Chembiochem, 2005, 6(1):40-46).

[0007] An ongoing need exists in the art for effective treatments for disease, especially
hyperplasias and cancers, such as multiple myeloma. However, non-specific effects, and the
inability to target and modulate certain classes of proteins altogether, such as transcription factors,
remain as obstacles to the development of effective anti-cancer agents. As such, small molecule
therapeutic agents that leverage E3 ligase mediated protein degradation to target cancer-associated
proteins such as interleukin-1 receptor-associated kinases (“IRAK”) hold promise as therapeutic
agents. Accordingly, there remains a need to find bifunctional compounds that are IRAK degraders

useful as therapeutic agents.

SUMMARY OFFHEINVENTON

[0007a] In an aspect of the present disclosure, there is provided a compound of formula I:




Caac

I

or a pharmaceutically acceptable salt thereof, wherein:

IRAK is an IRAK binding moiety capable of binding to IRAK4, said compound of formula [ is a

compound of formula [-vv-2:

H. _R*
o N
1
Ren x L—{ LBM
|
H | = _R?
N N
1
L H i
I-vv-2,

or a pharmaceutically acceptable salt thereof, wherein:

R!is:

(a) Co-3 hydroxyalkyl substituted with zero to 4 R'® wherein R'?is independently selected
from F, Cl, —OH, —CHF>, —CN, —CF3, —OCHS3, and cyclopropyl;

(b)  Cisalkyl substituted with —O(Cisalkyl) and zero to 4 R'*wherein R!?is
independently selected from F, Cl, —OH, —CHF,, —CN, —CF3, and cyclopropyl;

(c) Ca-s alkyl substituted with zero to 7 R' wherein R'?is independently selected from F,
Cl, —OH, —CHF,, —CF3;, —CN—OCH3, cyclopropyl, and —OP(O)(OH)»;

(d)  —(CH»)-sNHC(O)(Cj-s alkyl), —(CH»),CH(CH3)NHC(O)(Ci-salkyl), —
(CH»)>CH(CH3)NHC(O)(CH2)o-1INH(Cj-6 alkyl), or —
(CH2),CH(CH3)NHC(O)(CH2)o-1N(C-4 alkyl)o;

(e) cyclohexyl substituted with zero to 2 substituents independently selected from —
OH, —OCH3;, Ci¢alkyl, Cishydroxyalkyl, —C(O)NH>, —C(O)NH(C;.3 alkyl), —
C(O)NH(Cj-¢hydroxyalkyl), —C(O)NH(Cs.¢cycloalkyl), —C(O)NH(Cs.fluoro
cycloalkyl), —NHC(O)(Cisalkyl), —NHC(O)O(Cj3 alkyl), —NHS(O),CH3, —
S(O)NH>, —S(O)(C-3 alkyl), —S(Ci3 alkyl), thiazolyl, methyl pyrazolyl, and C;.

3 alkyl substituted with —OH and cyclopropyl;
() —(CHz)2(phenyl) wherein said phenyl is substituted with —C(O)NH,, —
C(O)NH(C;-3 alkyl), or —S(O);NH>: or

2a



(2)

piperidinyl substituted with —C(O)(C;-3 alky]):

R?is phenyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazolyl, thiazolyl, or triazolyl, each substituted

with zero to 2 substituents independently selected from F, Cl, —OH, —CN, Cisalkyl, —

CH,C(O)OCH3, —O(Cisalkyl), —NH,, —NH(C;-3alkyl), —NH(cyclopropyl), —

C(O)NH>, —NHC(O)(Cj-3 alkyl), —NH(tetrahydropyranyl), hydroxypyrrolidinyl, =0, —

O(piperidinyl), and pyridinyl; and

R3is:

(a)

Ci.6alkyl substituted with zero to 4 substituents independently selected from F, —

(b)

OH, —CHs3, —CF3, and Cs-¢cycloalkyl:

Cs-6 cycloalkyl substituted with zero to 2 substituents independently selected from F,

(c)

—OH., C,.;3 hydroxyalkyl, —CH3, —CF>;H, —NH>, and —C(O)OCH>CH3;

oxetanyl, tetrahydropyranyl, or fluoro tetrahydropyranyl;

(d)

phenyl substituted with zero to 2 substituents independently selected from —OH, —

(e)

CN., —O(C;-3 alkyl), C;-3 hydroxyalkyl, —C(O)NH>, —S(O);NH>, —NHS(0O)2(C;-

3 alkyl), pyrazolyl, imidazolyl, and methyl tetrazolyl; or

\
N
§_</ | o K@:)
5 OH, ,
H,C

L is a covalent bond or a bivalent, saturated or unsaturated, straight or branched C;-50_hydrocarbon

chain, wherein 0-6 methylene units of L are independently replaced by -Cy-, -O-. -NR-, -S-. -

OC(0)-, -C(0)O-, -C(O)-, -S(O)-, -S(O)2-, -NRS(O)2-, -S(O)2NR-, -NRC(O)-, -C(O)NR-, -

OC(O)NR-, -NRC(0)O-,

eroane‘ z{ovq% “sj(vok; Tifj[ %
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Hyn
CH; O
n

or , wherein:

each —Cv— is independently an optionally substituted bivalent ring selected from phenylenyl, an 8-

10 membered bicyclic arylenyl, a 4-7 membered saturated or partially unsaturated

carbocyclylenyl, a 4-7 membered saturated or partially unsaturated spiro carbocyclylenyl, an

8-10 membered bicyclic saturated or partially unsaturated carbocyclylenyl, a 4-7 membered

saturated or partially unsaturated heterocyclylenyl having 1-2 heteroatoms independently

selected from nitrogen, oxygen, and sulfur, a 4-7 membered saturated or partially

unsaturated spiro heterocyclylenyl having 1-2 heteroatoms independently selected from

nitrogen, oxygen, and sulfur, an 8-10 membered bicyclic saturated or partially unsaturated

heterocyclylenyl having 1-2 heteroatoms independently selected from nitrogen, oxygen, and

sulfur, a 5-6 membered heteroarylenyl having 1-4 heteroatoms independently selected from

nitrogen, oxygen, and sulfur, or an 8-10 membered bicyclic heteroarylenyl having 1-5

heteroatoms independently selected from nitrogen, oxygen, or sulfur:; and

each of n is independently 1, 2.3.4.5,6.7.8.9, or 10;

each R is independently hydrogen, or an optionally substituted group selected from Ci-¢ aliphatic,

phenyl., a 4-7 membered saturated or partially unsaturated heterocyclic having 1-2 heteroatoms

independently selected from nitrogen, oxygen, and sulfur, and a 5-6 membered heteroaryl ring

having 1-4 heteroatoms independently selected from nitrogen, oxygen, and sulfur; and

LBM is a ligase binding moiety selected from a cereblon E3 ubiquitin ligase binding moiety and a

VHL E3 ubiquitin ligase binding moiety.

[0007b] In another aspect of the present disclosure, there is provided a compound of formula
I:

L

1

or a pharmaceutically acceptable salt thereof, wherein:

IRAK is an IRAK binding moiety capable of binding to IRAK4. said compound of formula I is a

compound of formula I-hhh-1:




I-hhh-1,

or a pharmaceutically acceptable salt thereof, wherein:

HET is a heteroaryl selected from pyrazolyl, indolyl, pyrrolo[2.3-b]pyridinyl, pyrrolo[2.3-

d]pyrimidinyl,

pyrazolo[3.4-blpyridinyl, pyrazolo[3.4-d]pyrimidinyl, 2.3-dihydro-1H-

pyrrolo[2.3-blpyridinyl, imidazo[4.5-blpyridinyl, and purinyl, wherein said heteroaryl is

substituted with R, and Ry,

R.is H, F, Cl. Br, —CN, —OH, Cj-4alkyl, Ci-4 fluoroalkyl, C;-shydroxyalkyl, C;-4 alkoxy, —NHo>,

—NH(C4alkyl), —N(Cj-4alkyl),, —NH(C-4 hydroxvalkyl), —NH(C-4 fluoroalkyl), —

NH(C-6 hydroxy-fluoroalkyl), —C(O)NH,, —CH>NHC(O)(C;-¢ alkyl), —CH>NHC(O)(C;-

chydroxvalkvl),

—CHNHC(O)NH(Ci¢ alkyl), —CH,NHC(O)NHCHy(phenyl), —

CHoNHC(OIN(Ci-4 alkyD)o,

—CH,NHC(0)O(Ci-4 alkyl), —CHoNHC(O)(Cs-6 cycloalkyl),

—CH,>NHC(O)(tetrahydrofuranyl),

—CH;NHC(O)CH2(C3-6 cycloalkyl), —

CHoNHC(O)CHoy(tetrahydropyranyl), —CHoNHC(O)CHa(phenyl), —NHC(O)(Ci-4 alkyl),

pyrrolidinyl, hydroxypyrrolidinyl, or pyridazinyl;

Rpis H or —NH>:

Riis:

(1) Cisalkyl, Ci.¢fluoroalkyl, Ci.shydroxyalkyl, C;ghydroxy-fluoroalkyl, —(Cj.
s alkylenyl)O(Ci-4 alkyl), —(Ci.6 alkylenyl)O(Cjafluoroalkyl), —(Ci-
¢ fluoroalkylenyl)O(Ci-4 alkyl), —(Ci-sfluoroalkylenyl)O(C:.4 deuteroalkyl), —(Ci.
6 fluoroalkylenyl)O(C;-4fluoroalkyl), —(C1-4 fluoroalkylenyl)C(Cs.
s cycloalkyl)>(OH), —(Ci-4alkyleny)NHC(O)(C;-4 alkylenyl)OC(O)(C;-3 alkyl), —
(Ci-salkyleny)NHS(O)2(Ci-s alkyl), —(Cialkylenyl)P(O)(Ci-4 alkoxy),, —(Ci-
¢ fluoroalkylenyl)NH(C;-4 alkyl), ——(Cjalkyleny)C(O)NH(Ci4alkyl), —(Ci-
¢ fluoroalkylenyl)C(O)NH(C;-4 alkyl), —(Ci-efluoroalkylenyl)C(O)NH(C;-
4 hydroxyalkyl), or —(Cj-¢fluoroalkylenyl)OP(O)(OH)y;

(i1) —(Ciz alkylenyl)Rx, —(Ci3 fluoroalkylenyl)Rx, —(Ci3alkyleny)C(O)Rx, —(Ci-
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Ryis:

(iii)

3 alkyleny])C(O)NHRy, —(Ci-3fluoroalkyleny)C(O)Rx, or —

CH,CF=(tetrahydropyranyl), wherein Rxis a cyclic group selected from Cs-

6 cycloalkyl, tetrazolyl, 1.1-dioxidotetrahydrothiophenyl, 1.1-

dioxidothiomorpholinyl, oxadiazolyl, piperidinyl, piperazinyl, pyrrolidinyl, oxetanyl,

tetrahydrofuranyl, tetrahydropyranyl, pyridinyl, imidazolyl, morpholinyl. phenyl,

and triazinyl, wherein each cyclic group is substituted with zero to 3 substituents
independently selected from F, —OH, —CHj3;, —C(CH2)»OH, —OCH;, —
C(O)CH2CN, —S(0),CHs, —S(O)NH,, —NHC(O)CH3, —N(S(0O),CH3);, —
CH>CHb»(acetamidophenyl), —CH,>CHz(methoxyphenyl), —

CH,CH(sulfamoylphenyl), oxetanyl, benzyl, and morpholinyl;

Cs-scycloalkyl or Cs6cycloalkenyl, each substituted with zero to 3 substituents

(iv)

independently selected from F, —OH, —CN, C.3alkyl, C;.3 alkoxy, —S(C;.3 alkyl),
—NO2, —S(0)(Cj-3 alkyl), Cishydroxyalkyl, —C(C;.3 alkyl)(OH)(C3-¢ cycloalkyl),
—CH>C(O)NH(Cj3 alkyl), —NHC(O)(C;-3 alkyl), —NHC(O)(C;-shydroxyalkyl), —
C(O)NH(C1-3 alkyl), —C(O)NH(C;.3 deuteroalkyl), —C(O)NH(C3.¢ cycloalkyl), —
NHC(O)O(Ci3 alkyl), —NHS(O)(Ci-3alkyl), pyridinyl, imidazolyl, pyrazolyl,

methylimidazolyl, methylpyrazolyl, and thiazolyl:

tetrahydropyranyl, piperidinyl., pyrazolyl, phenyl. pyridinyl, or pyrimidinyl, each

(v)

substituted with zero to 1 substituent selected from —OH., Cisalkyl, Ci.
3 fluoroalkyl, Ci-4hydroxvalkyl, Ci-salkoxy, —C(O)(Ci-4 alkyl), —S(0O)»(C;-4 alkyl),
—S(0)>NH(C-4 alkyl), —NH(C;3 alkyl), —N(C;.3 alky])>, —O(C;-3 alkyleny])N(C;.

3 alkyl),, —CHo(morpholinyl), azetidinyl, oxetanyl, tetrahydropyranyl, morpholinyl,

piperazinyl, piperidinyl, methylpiperazinyl, methoxypiperidinyl, pyridinyl,

pyrimidinyl, methvylsulfonyl azetidinyl, and —C(O)(methylsulfonyl azetidinyl); or

pyrrolo[2.3-c]pyridinyl,  bicyclo[2.2.1]heptan-1-0l, tetrahydrobenzo[d]thiazol-2-

(1)

amine, or 1.3-diazaspiro[4.5]decane-2.4-dione; and

Ci7alkyl or Crealkenyl, each substituted with zero to three substituents

independently selected from F, —OH, and —CN: —(C;-4 alkylenyl)O(C;-4 alkyl), —
(Ci-4 alkyleny])O(C -4 fluoroalkyl), —(Ci.¢alkylenyl)NHo, —(Cy.
¢ alkyvleny)S(O)(Ciz alkyl), —(Ci-¢fluoroalkyleny)NH(C;3alkyl), or —(C;i-




6 alkyleny )NHC(O)(C;-afluoroalkyl);

(11) —(Cj-4alkylenyl)Ry wherein Ryis Cs.scycloalkyl, azetidinyl, oxetanyl, oxazolyl,

pyridinyl, tetrahydropyranyl, or morpholinyl, each substituted with zero to 2

substituents independently selected from F, —OH. and C;-3 alkyl;

(ii1)  Csscycloalkyl, azetidinyl, oxetanyl, furanyl, tetrahydrofuranyl. pyrrolidinyl,

piperidinyl, or tetrahydropyranyl, each substituted with zero to 3 substituents
independently selected from F, —OH, Cjsalkyl, C;3hydroxyalkyl, —C(O)(C;-
3 alkyl), —C(O)(C1-3 fluoroalkyl), —C(O)(Ci.3 cyanoalkyl), —C(O)O(C;.3 alkyl), —
C(O)NH», —C(O)NH(Cj-3alkyl), —C(O)(difluorophenyl), —NH>, —NH(C;.
salkyl), —NH(Cj.; fluoroalkyl), —NH(oxetanyl), —NHC(O)(Cisalkyl), —
NHC(O)(Ci.3 fluoroalkyl), —NHC(O)(Cs.6 cycloalkyl), —NHC(O)(fluorophenyl),

—S(0)(Ci-3 alkyl), imidazolyl, phenyl, pyrimidinyl, fluoropyrimidinyl,

chloropyrimidinyl, and methoxypyrimidinyl:

(iv) adamantanyl, hydroxyadamantanvyl, benzo[d]imidazolyl, benzo[d]oxazolyl,

benzol|d]triazolyl, benzothiazolyl, bicyclo[1.1.1]pentanyl, or hydroxy-

bicyclo[2.2.1Theptanyl; or

(v) phenyl, pyrazolyl, thiazolyl, thiadiazolyl, or indazolyl, each substituted with 0 to 2

substituents independently selected from F, Cl., —OH, —CN. Ci4alkyl, C;.

4 hvdroxvalkyl, Ci.4fluoroalkyl, Ci.scvanoalkyl, Ci-;3alkoxy, Cs-¢cycloalkyl, —(C;-
3 alkyleny])O(Ci-zalkyl), —(Ci-zalkyleny])O(Ci-3 fluoroalkyl), —C(O)NH,, —
C(O)NH(Ci-3alkyl), —NHC(O)(Ci3alkyl), —NHC(O)S(O)(Cjsalkyl), —

S(O»NH>, —S(0)2(Ci-3 alkyl), pyrazolyl, methyl pyrazolyl, imidazolyl, triazolyl,

methyl tetrazolyl, ethyl tetrazolyl, phenvyl, pyrimidinyl, fluoropyrimidinyl, and

tetrahydropyranvl:

L is a covalent bond or a bivalent, saturated or unsaturated, straight or branched C;-50_hydrocarbon

chain, wherein 0-6 methylene units of L are independently replaced by -Cy-, -O-, -NR-, -S-.
-OC(0)-, -C(O)O-, -C(0)-, -S(0)-, -S(0O)2-, -NRS(O)»-, -S(O)2NR-, -NRC(O)-, -C(O)NR-, -

zjﬁoArne‘ | %Jovlrne‘ | zj(vok; |
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each —Cv— is independently an optionally substituted bivalent ring selected from phenylenyl, an 8-

, wherein:

10 membered bicyclic arylenyl. a 4-7 membered saturated or partially unsaturated

carbocyclylenyl, a 4-7 membered saturated or partially unsaturated spiro carbocyclylenyl, an

8-10 membered bicyclic saturated or partially unsaturated carbocyclylenyl, a 4-7 membered

saturated or partially unsaturated heterocyclylenyl having 1-2 heteroatoms independently

selected from nitrogen, oxygen, and sulfur, a 4-7 membered saturated or partially

unsaturated spiro heterocyclylenyl having 1-2 heteroatoms independently selected from

nitrogen, oxygen, and sulfur, an 8-10 membered bicyclic saturated or partially unsaturated

heterocyclylenyl having 1-2 heteroatoms independently selected from nitrogen, oxygen, and

sulfur, a 5-6 membered heteroarylenyl having 1-4 heteroatoms independently selected from

nitrogen, oxygen, and sulfur, or an 8-10 membered bicyclic heteroarylenyl having 1-5

heteroatoms independently selected from nitrogen, oxygen, or sulfur: and

each of n is independently 1, 2. 3.4,5.6.7.8.9, or 10;

each R is independently hydrogen, or an optionally substituted group selected from C;.¢ aliphatic,

phenyl, a 4-7 membered saturated or partially unsaturated heterocyclic having 1-2

heteroatoms independently selected from nitrogen, oxygen, and sulfur, and a 5-6 membered

heteroaryl ring having 1-4 heteroatoms independently selected from nitrogen, oxygen, and

sulfur;

LBM is a ligase binding moiety selected from a cereblon E3 ubiquitin ligase binding moiety and a

VHL E3 ubiquitin ligase binding moiety.

[0007¢] In a further aspect of the present disclosure, there is provided a pharmaceutical

composition comprising a compound disclosed herein, and a pharmaceutically acceptable carrier,

adjuvant, or vehicle.

[0008] The present application relates novel bifunctional compounds, which function to recruit

IRAK kinases to E3 Ubiquitin Ligase for degradation, and methods of preparation and uses



thereof. In particular, the present disclosure provides bifunctional compounds, which find utility as
modulators of targeted ubiquitination of IRAK kinases, which are then degraded and/or otherwise
inhibited by the bifunctional compounds as described herein. An advantage of the compounds
provided herein is that a broad range of pharmacological activities is possible, consistent with the
degradation/inhibition of IRAK kinases. In addition, the description provides methods of using an
effective amount of the compounds as described herein for the treatment or amelioration of a
disease condition, such as cancer, e.g., multiple myeloma.

[0009] The present application further relates to targeted degradation of IRAK kinases through
the use of bifunctional molecules, including bifunctional molecules that link a cereblon-binding
moiety to a ligand that binds IRAK kinasses.

[0010] It has now been found that compounds of this—inventionthe present disclosure, and

pharmaceutically acceptable compositions thereof, are effective as degraders of IRAK kinases.

Such compounds have the general formula I:

o

|
or a pharmaceutically acceptable salt thereof, wherein each variable is as defined and described
herein.
[0011] Compounds of the present inventiendisclosure, and pharmaceutically acceptable
compositions thereof, are useful for treating a variety of diseases, disorders or conditions, associated
with regulation of signaling pathways implicating IRAK kinases. Such diseases, disorders, or
conditions include those described herein.

[0012] Compounds provided by this-+rventionthe present disclosure are also useful for the study

of IRAK enzymes in biological and pathological phenomena; the study of intracellular signal
transduction pathways occurring in bodily tissues; and the comparative evaluation of new IRAK
inhibitors or IRAK degraders or other regulators of kinases, signaling pathways, and cytokine levels

in Vitro or in vivo.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
1. General Description of Certain Embodiments of the Invention:
[0013] Compounds of the present invention, and compositions thereof, are useful as degraders

and/or inhibitors of one or more IRAK protein kinases. In some embodiments, a provided

3



We claim:

1.

CLAIMS

A compound of formula I:

e

|

or a pharmaceutically acceptable salt thereof, wherein:

IRAK is an IRAK binding moiety capable of binding to ene-or-mere-of IRAK-H—2—-3-6r-4,

said compound of formula I is a compound of formula [-vv-2::

Ll

U

I-vv-2,

or a pharmaceutically acceptable salt thereof, wherein:

R!is:

(a)

C».3 hydroxyalkyl substituted with zero to 4 R'*wherein R'*is independently

(b)

selected from F, Cl, —OH, —CHF,, —CN, —CF3;, —OCH3, and cyclopropyl:
Cisalkyl substituted with —O(Ci.3alkyl) and zero to 4 R'*wherein R'?is

(c)

independently selected from F, Cl, —OH, —CHF,, —CN., —CF3, and

cyclopropyl;

Ca.g alkyl substituted with zero to 7 R'* wherein R'?is independently selected from

(d)

F. Cl, —OH., —CHF,, —CF3, —CN—QOCH3, cyclopropyl, and —OP(O)(OH)»:
—(CH2)2-4aNHC(O)(C -6 alkyl), —(CH»)>CH(CH3)NHC(O)(C;-salkyl), —

(e)

(CH2)>CH(CH3)NHC(O)(CH2)o-1INH(C-6 alkyl), or —
(CH2)CH(CH3)NHC(O)(CH2)o-1N(Ci-4 alkyl)s;

cyclohexyl substituted with zero to 2 substituents independently selected from —

OH, —OCHs3, Cisalkyl, Cishydroxyalkyl, —C(O)NH,, —C(O)NH(C;-3 alkyl),
—C(O)NH(C-6hydroxvyalkyl), —C(O)NH(C3-6 cycloalkyl), —C(O)NH(Cs.
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¢ fluoro  cycloalkyl), —NHC(O)(C;-3alkyl), —NHC(O)O(C;-3alkyl), —
NHS(0);CHs, —S(O);NH>, —S(0)2(C;-3 alkyl), —S(C;-3 alkyl), thiazolyl. methyl

pyrazolyl, and C;-3 alkyl substituted with —OH and cyclopropyl;
(H —(CH»)2(phenyl) wherein said phenyl is substituted with —C(O)NH,, —

C(O)NH(C;-3 alkyl), or —S(O);NH>: or
(2) piperidinyl substituted with —C(O)(C;-3 alky]):

R%is phenyl, pyridinyl, pyridazinyl, pyrimidinyl, pyrazolyl, thiazolyl, or triazolyl, each

R3is:

substituted with zero to 2 substituents independently selected from F, Cl, —OH, —CN,
Cisalkyl, —CH>C(O)YOCHs3, —O(Cisalkyl), —NH»,, —NH(Cjzalkyl), —
NH(cyclopropyl), —C(O)NH>, —NHC(O)(C;-3alkyl), —NH(tetrahydropyranyl),

hydroxypyrrolidinyl, =0, —O(piperidinyl), and pvyridinyl; and

(a) Ci-6 alkyl substituted with zero to 4 substituents independently selected from F, —
OH, —CHs3, —CF3, and Cs-¢cycloalkyl:

(b) Cs-¢ cycloalkyl substituted with zero to 2 substituents independently selected from

F, —OH, C;.3 hydroxyalkyl, —CH3, —CF>H, —NH>, and —C(O)OCH,CHs;

(c) oxetanyl. tetrahydropyranyl. or fluoro tetrahydropyranyl:

(d) phenyl substituted with zero to 2 substituents independently selected from —OH,
—CN, —O(Cjsalkyl), Cishydroxyalkyl, —C(O)NH,, —S(O)NH,, —
NHS(0)2(C;-3 alkyl), pyrazolyl, imidazolyl, and methyl tetrazolvyl: or

N\
N
§_</ | o, \\/©:S>
5 OH, ,
H,C
§—< > §—< >—OH '1{ Z X\/
(e) ; , or -

L is a covalent bond or a bivalent, saturated or unsaturated, straight or branched Cj.s5o

hydrocarbon chain, wherein 0-6 methylene units of L are independently replaced by -Cy-, -O-, -

NR-, -S-, -OC(0)-, -C(0)O-, -C(O)-, -S(O)-, -S(O)-, -NRS(O)-, -S(O)oNR-, -NRC(O)-, -
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;‘%NT’% 5 ' ‘&g
©  CH, CH; O

N wherein:

each —Cvy— is independently an optionally substituted bivalent ring selected from phenylenyl, an

8-10 membered bicyclic arylenyl, a 4-7 membered saturated or partially unsaturated

carbocyclylenyl, a 4-7 membered saturated or partially unsaturated spiro carbocyclylenyl,

an 8-10 membered bicyclic saturated or partially unsaturated carbocyclylenyl, a 4-7

membered saturated or partially unsaturated heterocyclylenyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, and sulfur, a 4-7 membered saturated or

partially unsaturated spiro heterocyclylenyl having 1-2 heteroatoms independently

selected from nitrogen, oxygen, and sulfur, an 8-10 membered bicyclic saturated or

partially unsaturated heterocyclylenyl having 1-2 heteroatoms independently selected

from nitrogen, oxygen, and sulfur, a 5-6 membered heteroarylenyl having 1-4

heteroatoms independently selected from nitrogen, oxygen, and sulfur, or an 8-10

membered bicyclic heteroarylenyl having 1-5 heteroatoms independently selected from

nitrogen, oxygen, or sulfur; and

each of n is independently 1, 2.3.4.5.6.7.8.9, or 10;

each R is independently hydrogen, or an optionally substituted group selected from Ci-6

aliphatic, phenyl, a 4-7 membered saturated or partially unsaturated heterocyclic having 1-2

heteroatoms independently selected from nitrogen, oxyeen, and sulfur, and a 5-6 membered

heteroaryl ring having 1-4 heteroatoms independently selected from nitrogen, oxygen, and

sulfurmeicty that connects IRAK to LBM; and

LBM is a ligase binding moiety selected from a cereblon E3 ubiquitin ligase binding moiety and

a VHL E3 ubiquitin ligase binding moiety.
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~-SOMNRYOR,—OC(OR—OC(O)NR; 2—OF
—NRIS(O)R;
. =
(Rz)m (R?).,
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; o o 73 R®
(R~ B) R
_N Y § S/ %
R4
o Pt herein

R3 i 9 2 9 QD_GPS%;
each—R*—is—independently —hydrogen,— R®—halegen,— CN,— NQO»,— OR—SR;
NRo——S(0RR——S(0)NRe, SR —CE(OR——CE(0)0R—CONR;
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NRo——S(O0)R——S(0pNR: -S(OR——C(OR——C(O)OR—C(O)NR;
-CONRYOR,—OCOIR—OCONR:—NERIE(OYOR—NRICOIR—NRYC(ONR—or
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X3is-a-bivalentmeietyselectedfrom—CHo—or—SHRo)—
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each—of R*—andR*—is—independentlyhydrogen,—R°halogen, —CN;—NO>;—OR—SR;
NRo——S(0) RS0 NRe, SR —C(OR——C(0)OR——C(ONR:;
~COMNRFOR—OE(O)R—OE(OINR:—NRIE(OFOR—NRIC(OIR—NRIS(ONR o —or
NRISO)R:
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LE 2—-SO:R+-SO:RR-SONRR’;
-SO:NRR 6{=0)—NRSO:R —RSONRR i—C{=0)—C{=0)R;—OC(=0)R—
CEOINRR—NRG(=0)R —NRG(=0)R C{=0};—OR—NRR i—SR;—N3-C{(=0)OR'—
O(ERRIC(=0IR: -O(CRR ¥NR C(=0)R: -O(CRR }NR SO.R; -OC(=OINRR -
NR'G(=0)OR:-and-substituted-or-unsubstituted-C1-Ce-aliphatic-atkyl:

wherein-R —R'—and-R -are—individuatly—selectedfrom—hydrogen—substity
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z-3
s call bl salt 4  wherel
WAis—CRPR*—C=0,—C=S,—C=CH>—S0;—S{0}—P(O)Oalky—P(OYNHalkyl—POIN{atkyo;

P{O)alky-P{O)OHP{O)NH.;
W-is—CRPR%—C=0,—C=S;—C=CHo—S0:—S(0);—P(O)Oalky—P{O)NHalky/—P(O)N(alorh:;
P(O)alkyl-P(O)YOH-P(ONH,:
~NR?-CH, CHR? C(R%),,0-and-S:

R! is selected from:

0 o
=g R
HN R™ 0 R™ o R™ 0 Rl o
HN HNH N GH M RQM
R12 R oC H R® RS o RS RS
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R® R —R® R —R* _and—R* —are—independently—selected—from—hydrogen—alkyl—aliphatic;
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72. The compound according to claim 21, wherein the cereblon E3 ubiquitin ligase binding
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(R )n e (RS)p
A A L LBM

Y-isN-orC—R*

Rtis—selected—from—C salkyl—Cosalkenyl—Co salkynyl—Cs seyeloalkyl—3-—to—6-membered
saturated-heterocych—halo,—CN—GR™)=NR(OR™);—CR™)=NR*)—C(O)R*;
—C{0)R™*—CLOIN(R M or—NO21—NR ™ —NR™ICOIR™ —N(R™)C(O)R™—
NRYCOINR o NIR™)S(O)R*—OR ' —OC{OIR*—OC{OIN(R)—SR™
—S{OYR*—S(O)R*—S(OIN(R*)2-and—S(O)N(R*)-wherein-said-Cycalkyd-Co-
saltkenyl, Cosalkynyl, Csscycloalkyl, and 3- to 6-membered saturated heterocyclyl are
optionally-substituted-with-one-ormore-R':—or-two-RY substituents,—togetherwith-their
terventng-atoms—form-a-C... .cycloatkyl-or-a-saturated-5--to-7-membered-heteroeyche
inc_wherein-said-Cs scycloalicl I bored.| licri

tonally: substituted wit 55,
R'**in each-occurrence-is-independently selected-from-H—GCysalkyl-Co salkenyl-Co salkynyl3-to
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NO:—NR o —NRHCLOIR™*—N(R'YC(O)2R105——NR™ Y CIOINR o —
S(O)2RM —S(OIN(R'*5-and—S(O)NR™);
R¥*in each-occurrence-is-independently-selected-from-H-and-Cosalkyl-wherein-said-Cysatkyl-is

G@;i%a; NR(QR%G) G(nga)—NéRg’a) G(Q)R%a G(Q)leéa G(Q)N(R-léa)g_
NQ&—N(R%&)%—N@%&}G(@}R%&’—N@%&}G@%R%&’—N@%&}G@N@@%—
NR¥)SIO),R¥I2 ORI OC(O)R?:__ OC(OIN(RI?),  SR¥*__ g(O)RI_
S{O)R™—S(OIN(R*)2r-and—S(0)2NR™)z;

R¥%*in each-oceurrence-is-independently-selected-from-H-and-C1 salkyl-wherein-said-C, salkyl-is

onal . . "
R?isselected-from-H-Cyealkyl-Co salkenyl-Ca calkynyh-3—to-7-membered-carbocychyl-3—to-7-
membeFed hEtGFGG{‘th hale GN G(Rf&a) NREQR%) G(Rga) NER2 2a

—C{O)R* —C{OIN(R*)or—NOZ—NR*)or—NR*ICIO)R* —N(R*)C(O)R* —
N(R%)G(Q)N(Rza)z PI(R%)S{Q),@RQ‘* QRza’ QG(Q) Rza’ QG(Q)N(R%)Q, SRza;
%@R%%@}zR%%@}N@%)zﬁnd%@zN@%ﬁrwhe@ﬁ%%%ﬂr@z

R%m%eh%mp%mepmd%%%w—emuw—e%mw—@
B e T T
CRPY=NR(OR*™),—CR*H=NR*)—C(O)R**—C(O)R**—C(OINR**Yor—
N-Q;_z, N(R%a)g, P|(R293}G€9}R293, M(RQOa}Gég)gRZGa’ PI(RQ%)G(Q)PI(RQ%)Q,—
N{R%)S(Q)ngga—@Rzga 0C(0) R0 laYalla\Y) |(R2%)24R%a S(O) R2___
S{O).R?**?___S(OYN{R?%),—and—S{O)N(R?),wherein-said-Cycalky-Co satkeny-Co.
g&l@ﬂﬂ—@y@d@ﬂkﬂ—md%#mmem@mlm%%m%bmﬂem

ronallv and indenandan N a¥a RV, alalalaWa n--.,
C y—c 1o viv v, v \/ o v o\ o o o y
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RZOa—'m each-occurrenceis 'IIquEEEH dent lected f H | Cos I |, | . id e .

ionallysubstitutedwith R%: )

R is selected-from-halo-and— OR?%

R%%js selected-from-H-and-Cy salkyl;

R¥*is—selected—from—C qalky—Cosalkenyl—Co satkynyl—Cs seyeloalkyl—3—to—6-membered
saturated-heterocyehd—halo—CN—C(R¥)=NR(OR*) —C(R*=NR*) —C{O)R*;
—C{O)R*— CLOIN(R™¥)o,—NO2—N(R*¥)o,— N(R*¥)C(O)R¥— N(R*HC(O)R* —
NR*)CIOIN(R®) o N(R*)S(O):R*—OR* — OC(O)R* — OC{OIN(R*)2,—SR*,
—S(O)R*—S(0)R™ —S(OIN(R™)2,-and —S(O)2N(R*) wherein-said-C1-satkyl Co-

N\

CR™I=NRIOR™). —CR™H=NIR™).—C(OIRT™,—C(O)R¥ . COIN(R™™),,—
NO>—NR* Y NRHCLOIR T —INRPHYC(O)R* M —NR¥ICIOINR o
N{R%)S(Q}QR%, QRQ’Q&, QG(Q) nga’ QG(Q)N(RQ’%)Q, Snga,

S(O)R¥*S(O)R¥ —SIOIN(R®),and—S(O)N(R3?),wherein-said-CysalkylCo.
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Y-is-N-orC-R*

Ris—selected—from—Cycalkyl—Co calkenyh—Cosatkymyl—hale—CN—C(R*)=NR(OR"),—
CRM=N(R™), -C(O)R™-C(O)R"™-CLOIN(R™ )2 -NO2 -N(R™)2, -N(R®)C(O)R", -
NRMC(O)R*—NRYCIOINR 2 NIRS(0):R* —OR* —OC(OIR*—OC{OINRY,;
-SR"__S{O)R® -S{0).R®,—S(OIN(R")2—and—S(O)N{R") o wherein-said-C1galkyl—Co.
salkenyland-Co salkynylare-optionaHy-substituted-with-one-or-mere RY:

R“%%W%mem%m%wau@m%w—m

lllllllllll 4:'9

R@W%mwmmﬁmmﬁmaw%m#w—e@%%@%
CROY=NR')—C(OIR'*—C(O)R P ——CLOINR or—NO:—NR o —
NRMYCOIR A —NRYCO)R A -NRYCLOINIR ™o —N{R ) S(O) R * —OR ™ —
OC(O)R™,—OC(OIN(R 2SR —S(O)R™*—S(0)oR ™™, —S(OIN(R™ )2 —and—
S{O)N{R*2;

R'%in each-oceurrence-is-independenthyselected-from-H-and-Cisalloyh-wherein-said-Ci-gatkyHs

onallv substituted wit halo:

R-is-selectedfrom-H-Ci-satkyhGCo-s 2-satkynyl3-—to7-membered-carboeyelyl3-to7-
WWW#MQG@%FNR@R%FG@%%N@%PG@}R%
CLOPR™ . -C{OIN(R™s—-NO»— -N{R™): - -N(RIC(OIR ™ -NRC(O)R -
NRPBCOINR™,—NRP)S(0)R*? —OR*, —0OC(O)R* —OC(OIN(R?),—SR?
S@}R%é@) R%%%)z%%@z%%)z—wm@ﬁ%&%, in-said-Cy eatkyh-Cocatkenyh

GGR%)—N@”&)—G@}R%&—G@%R%—G@}N@%ﬁ—N%—N@%)@—
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NR™YC(OIR™, -N(R™C(O)sR™. -N(R™IC(OIN(R™)2, -N(R™)S(O).R™" -OR™™, -
%@2%%}2%%%2-5&%—92-@%@%@%

oceleciad o Oy paderComnatcenyr—Comcallom O soveloalled 2 Lo Bmemberedcataraled
heterocychyl—halo,—CN—C(R3*)=NR{OR*), -C(R*)=N(R%*), -C{O)R%* - C(O),R*
CLOINR*Y2—NO2:—N{R ¥ NR¥HICLOIR* —NR¥)C(O)2 R%—N@%}G@}N%R%)z—-
NR*)S{0)2R*—OR* —OC(O)R™;—OC(OIN(R™2—SR* —S(OIR*—S(0)R™;—
S@}N(R%)zr&nd—é(g)zm%ﬁ%em%—@%&”@r@%mkeﬂﬂf@ygﬂwfeg

—GQR%G)—N{R%&) G(Q)RQ’Q& C{O)R%. G(@)N(nga)g—-N-Qg N(R3),
N(RP)CO)R™™, -N(R)C(O)R™, -N(R™ICIOIN(R™ ).~ N(R™)S(O)R -ORY -
OC(O)R**—OC(OINR¥ o —SR**—S{O)R¥*—S(0)2R** ——S(OIN(R**)or—and —
S(O)N(R*™)2,—wherein—said—Coealkyl—Cocatkenyl,—Cosalkynyl,—3-6—membered
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N" Nier

OH-Cy alkyhand—CH.CHF:

B —H-F-Ci—OH—CNCy s alky-Cys fluoroalkyl-Cy s cyyanoalky-Cis hydroxyalkyl-Cs
h¥dHP6PﬂH9H*Hky¥4@z4a”6¥64—€ﬁéaﬁﬂﬂeﬂW%4———€3Fh%kﬂ4kwﬁr——{€**ﬁ%¥4R¢QY
GHz%@H}GHz@%m%BheHW,—GHng(NHz}GHzM,—@HzGHz@)H,—
{CH2)1-:0{C1 s atkyl;——CHCH{OH)CH0(Craatkyl;——CHC(ONCrs atkyl)y——
CHoGLOINRyRy——(CH2)1 sNRyC(ONC 12 atkyl)——CHC(0)O(C s atkyh—C(OMNH;;
—CHNRyG{ONH2——(CH2)1 :NRyG{O)O(C 12 atkyl)—(CRyRy )1 s0G(0)CHNRyRy;
—CHCHLS(0)2CH s CH2S{0)Crz atky)—CHo s(phenyly, — or  —
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F,—CN, —OH, —NRyRy, Crsalkyl, Cisfluoroalkyl, Coshydroxyalkyl, —CH(phenyl),
—O(Crsalkyly———C(OKCrs alkyhy——C(ONCus dedteroalkyly——C{O}C.-

A 3 L
<Y
i

Fhh-1
Xa.
~ AL
TN
= L
NN N LBM
8] 21—12
Fhh-2
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I L LBM
N
Rh

R¥is— R halogen—halealkyl—OR—SR—CN—NO»—SO.R—SOR—C{O)R——
COR—C(OMNR)2—NRE(OIR—NRE(OIN(R)2r—NRSOR-F—N(R)2;

R%is-absent—R;-halogen—-haloalkyl, —OR—SR —CN. — NGO, —SO,R—SOR, —C{O)R;
—COR—C{OIN(R)2—NRE{OIR—NRE(OIN(R)2—NRSO2R-0F—N(R)e;
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COR—C(OIN{R)—NRE(OIR—NRC{OIN{R)2,—NRSOR-0r—N{R)o;
R%is-absent— R -halogen—haloatky—OR—SR— CN,—NO»—SO.R— SOR,—C(O)R;

Re
Rs
1 h
I\ N/ X L LBM
1 (Ray
N T
R "Ry
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N X L LBM
N
R "R»

Ryis-absent-halo-or-Ou{C1-Ca)akkyl:

Rsis-selected-from-C1-C4 atkyl-and-Co-C, alkenyl which-are-optionalhy-substituted-with-one-or
more substituents selected from Ry;

Reis-absent-halo-or-O(Ci-Ca)atkyk:

Rads-hale;-ox6;-OH-Oux(C1-Cajatkyl-CRs-S0(C1-Cujalkyl-or-heteroeyelyl-said-heteroeyelyl
{C1-Coalkyl; and

Ry is-independently selected-from-OH -haleOp{C1-Cylalkyland-CN:-or

)

1952



4
—J. = R
‘\G ¥f 3
0] Rg
NH m L LBM

(R1 )n

1-kk-1
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NH R2 /m L LBM
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/.
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R/ N N(R4)2

Bode—mdonnndonl opineindl pron 100 calerperndbne o cenepe el sl noes

optionally—substituted—with{C,-C, , , , 1-Ca)alkyl—methylpiperidine;
${0)2RC{O}N(Ru)2-0r-C(O)YO{C1-Cajatkyk:
R, is—absentorH-and-Rsis—independently—selectedfrom:(C1-C.)alkyl—pyranyl—eyclopentyl;
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NH L LBM

-1
i i Lor] w
Riis independently selected from: (Ci1-Ca)alkyl, (Cs-Cs)cycloalkyl, heterocyclyl, CFs, CHF:,

selected-from-Ra:
Rais-independently selected from (Ci-Ca)alkyl (Cs-Ce)eycloalkyl, CRs;, CHF,, OH, halo and
NH., said alkyl optionally substituted with (C3-Cs)cycloatkyl and CFs:and
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Ryis 1-Gaalkyl-er
7,
N~
p NTOS
e = -R
hl'l 3
O™ N\ Re L LBM
c

CHa3andOCH,:
Rois-H-and-Rsis-independently-selected-from:{C.-Ceslalkyh{Cs-Cg)eycloalkyl-and-heterocychyl
eaeh%pﬂe#ﬂ%ubsﬂ%d%%r%&%mem*ﬂe—@H—MR@g—%me#ph%M—%Rﬁnd

Rais independently selected from (Ci-Ca)alkyl, (Cs-Cs)eycloalkyl, CFs, CHF2, OH, halo and
NHo—said-alky-optionally-substituted-with-{Cs-Cojeyeloatkyl-or CRaand

Ry isindependenthy-selected-from-H-and{C1-Ca)alkylor

o
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Inn-1
) ) Lord w
Riis independently selected from: (Ci1-Ca)alkyl, (Cz-Cs)cycloalkyl, heterocyclyl, CFs, CHF;,

selected-fromRa;

Rais independently selected from (Ci-Ca)alkyl, (Cs-Cs)eycloalkyl, CFs, CHF2, OH, halo and
NH:. said alkyl optionally substituted with (Cs-Cs)cycloalkyl and CF3; and

Ry isindependenthy-selected-from-H-and{C1-Cajalkylor

&
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T-00-1
) ) Lord w
Riis independently selected from: (Ci1-Ca)alkyl, (Cz-Cs)cycloalkyl, heterocyclyl, CFs, CHF;,

selected-fromRa;

Rais independently selected from (Ci-Ca)alkyl, (Cs-Cs)eycloalkyl, CFs, CHF2, OH, halo and
NH:. said alkyl optionally substituted with (Cs-Cs)cycloalkyl and CF3; and

Ry isindependenthy-selected-from-H-and{C1-Cajalkylor

)
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N anresen he nortion-of-the ring ed-to-the nvrimidinerina-and-# zg;gp4;x
eae#R*&nd—Rﬂ&mdependerMy—Rz—h&MQenaeN—NQzAQR—-SRaN@az—é@)zR—
S(0)2N(R)z; ; 5 —CLOMNRIOR—NR)S(O)OR—
NRICOINR)» —Gy—ep—N@S@} lis—selected—from—one—of -thefollowing
formutae:

(CHz2)14 'NR; (CHo)1g R
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-NRISLOIN(R)2—C{OINRIOR—N(R)S(O)OR—N(R)S(O)2MN(R)or—N{R)S(O)oR—0r—an
optionathy-substituted-group-selected-from-C -s-aliphaticphenyl-4-7-membered-saturated

R*-is-hydrogen—R*—CN—NG; : 2—-C{OYOR—C{OIR—NR)2—NHAT—
OR0r-S{O)N{R)2;
Re-is-hydrogen,—R*—CN;—NO.—halogen—C(OIN(R)2—C(OYOR—C(OIR—N(R)—NH[AH—
OR;0r-S{O)N{R):
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R*is hydrogen, -R*, -CN, -NOz, halogen, -C{O)N(R)z, -C(O)OR, -C(O)R, -N(R)z, -NH[AI], -
OR0r-S{O):N{R)2;
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Adis

. - 7.

1 : : : : -11 c (_O) R -11 — 1 :
NRHG@Q}Q—R*—NRHS&@QR*GI’—NR“RH

R*%%MWM%QHW%WWM&@
6 G0 eycloatkylsubstituted—with-0-3-R®—Cg 10 aryl
substituted—with-0-3-R* 3 -5-10 membered—heterocycle—containing—1-4—heteroatoms
sdeeted#mm—hk@—%dé%ubsﬁuﬁd—m%h—@%—R%—e%ée—membemd—hemmaM

Rﬁs%yéﬁ%en—%e%gepgw—mg—%g)@ab (CH2)SR®; /PHQ)FG(Q}Rb
—(CH2)/C{O)OR ——{CH2)OC(O)R ——(CHNR™ R ——{(CH2) C{OINRM R ——
{CH2)NR CLOIR——(CH2)NRC{O)OR —NRG{OINR'R ,A»’(%NR“R“,—
NRPS(O),R°—S{O)R*—S(O)2R%-C1¢ abkyl-substituted-with-0-2 R*-C1.s haloatka—
{CH,)-3-14-membered—carbocyclesubstituted-with-0-3-R* —or—(CHo)-5-7-membered

{CH2}OR?; 2 rSRb—GGHz)rGGQ}Rb—GGHz)rG@}QRb—QGHz) —

NRPGLOINRH¥ R S(0),NRHRY¥, — NRPS(0),R*—S{O)R*—S{0O).R*—C1 g alkyl
1964
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substituted-with-0-2-R*-C1.s haloatkyl—(CH2)-3-14-membered-carboeycle-substituted
" 3 GHy) bered._| I I 1 | -
carbon-atoms-aned-1-4-heteroatoms selected-from-N.- O and-S{O), substituted-with-0-2-R*:
R%is-Cy g alkyl-substituted-with-0-3-R%* G, ¢ haloalkyl,-C, ¢ atkenyl-substituted-with-0-3-R% G,
o-alkynyl-substituted-with-0-3-R3%* G 19 eycloalkyl-substituted-with-0-3-R%, G 1o aryl
betituted_wit 5 bered._| Il - |

R%w%ydﬂ%%@%g@m—mgg—(%g)mb (CH2),SR"; fr*ug)Fe(@}Rb

—(CH2)C{O)OR ——{(CH2)OC(O)R ——(CHNR R ——(CH2) C{OINRM R ——
{CH2)NR CLOIR——(CH2)NRC{O)OR —NRG(OINR'R A(@ENRHRH,—
NRPS(O),R—S(O)R"—S(0)2R",-Cug alkyl substituted with-0-2 R -Cy shaloalkyl,—
{CH2)-3-14-membered-carboeyecle-substituted-with-0-1-R? —or—(CHo)-5-7-membered

from N, O, and S(O), substituted with 0-1 R*;
R*and-R>are-independently-selected—from-hydrogen—Cis. aueyl—subsmu%ed—\m%h—e—i—Rf—éGH )-

GN,—Ngz—GGHz)rQRb—GGHz)rSRb—GGHz)rG@}Rb—(GHz%G(@}QRb
(CH2)0C(O)R?, — (CH2)NR™R™,
(CH2)NR® ¢, NR'C(O)NR"R %(@pNRHRH—NRBS(@BRGA(@?%RG-
S(O)aR®~Co alkyh-substituted-with-0-2 R®_Cy shaloatiyl—(CHs)-3-14_membered
G&FbGGyGl-G—SH-bSt—I-tH-FGd—WI-t—h—Q—%—R —or—(CH:}-5-7-membered-heterocycle-or-heteroaryl:

S{Q}QSHbSH{H%edwﬂhQ—S—Ra—pmwded—R&&nd—RZ&F&nePbethW
R**at-each-oceurrence—is-independentlyhydrogen—R°—C1 4 allkyl-substituted-with-0-1 R, CHo-

phenyl-substituted-with 0-3-R%-or —(CH)-5-7-membered-heterocyele comprising carbon

atoms-and-1-4-heteroatoms-selected-from-N-O-and-S(O), substituted-with-0-3-R%or
R*and-along—with-another R*—RY—or R?on-the—samenitrogen—atom—may—join—to—form—an
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R¥*ishydrogen,—F—Ch—Br,—OCFs—CFRs—CHF;; - CN—NO2—{CH2)ORP—{(CHo),SR?——
(CHCOIRY (CH)C(O)OR" (CH)OCOR" (CHNR''R',
{CH2)C{OINR R —(CHNR GOIR ——{(CH2)NR C{O)OR—NR GIOINRMR™:
S H{ORNR'R NR'S(O}R'. S(OJR" S(O)R", Cisalkyl substituted with 0-1 R’
Cyshaloalkyl—(CHo)-3-14—membered—carboeycle,—or—{CHo)-5-7—membered

from-N-O-and-S(O},;-or two-R" on-adjacent or the-same-carbon-atem-form-a-cyche acetal
of the formula—O—(CH)—O—or— O CFo— O wherein-n-is-selected-from-1-of
2

R is-hydrogen; R®-C1.¢ alkyl-substituted-with-0-2 R%Cy shaloatkyl-Ca s cycloalkyl-substituted
With-6-2- R"-0r (CH.),-phenyl substititad with-G-3-R™

RCis-C1¢ alkyl substituted-with-0-1 Rf-Ca s eyeloatikylor {CH.)-phenyl substituted with 0-3 R":

R¥is—hydregen—F—Ch—Br—OCFs—CFaCN;—NOz——OR®—{CH2) C{O)RS—NR°RS,—
NREC{O)OR® Gy ¢ alkyl-or (CH,)-phenyl substituted-with-0-3R';

R®is-selected-from-hydrogen—Cys alkyl-Cs s eycloalkyl—and(CH.)-phenyl-substituted-with 0-3
Rf:

RFis-hydrogen;-hale, NHo-OH;-0r O(Cy galkyl):

@

Rdl-,_ p R3
N

A L (R®)
| 3 L LBM
Z~. _R?
N~ "N

I
Rs
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B e

\ (ol onallv substi ¥ ;

) 2.

R—is—hydrogen—R.—halogen,—eyano,—nitro,—OR—C(=0)—R*—C(=0)0—R%;
CI=ONRT—R' - —5(=0)—R'. —NR"C=0}R. —NR'C=ONRIRY, —
NR¥C(=0)0—R.— NR¥S(=0),R*or—NR*R:

RYisCys alkyl-substituted-with-0-4-R* G4 ¢ haloalkyl-Co.s altkenyl-substituted-with-0-3-R*_GC,.
o atkynylsubstituted—with-0-3-R* —Cs 1oeycloatkylsubstituted—with—0-3-R* —GCg 19 aryl
substituted ith-0-3 Rla, 5-10 | | | .. 14 |

I g N_C | c beti it 1a

1a.

R*is-hydrogen;=0;F—ClBr-OCE;~CN;-NO;—(CH2)OR—(CH,) SR’ —(CH.),C(O)R"
~ (CH2)C(O)OR®, — {CH)OC(O)R*, — (CH2):NR™R™, — (CH2)C(O)NR™R™,
(CH2)NR*C(O)R®, — (CH2)NR’C(O)OR®, — NR*C(O)NR™R*™, — S(O)NR™R™,
NRPS(0),R*—S(CIR*—S(O)oR°-C1s alkyl-substituted-with-0-2-R*—C1 ¢ haloakos—
(CHy)-3-14 membered carbocycle substituted with 0-3 R*, or —(CH)-5-7 membered

A hatarn aYaa aal\\ aNA

R%*3

indepen dently-selected from hydrogen, =0, hale, OCEs CN, NOg——

{CH2HOR ——(CH2)SR ——(CH)C(OIR ——(CH2):C(OYOR —(CH)OC(OIR —
{CHYNRYR™—(CH)C(OINRMR Y —{(CH2)NR C{O)R—(CH.)NRC(O)OR";
NRPGIO)NRMRY — S(O),NRHRM — NRUS(O)R’,—S(O)R®—S(O)R"—C1 5 alkyl
substituted-with-0-2-R*-C1 s haleatkyl—(CH2)-3-14-membered-carboeycle—substituted
with—0-1-R*—or—{(CH,)-5-7-membered—heterocycle—orheteroaryl —each—comprising
carbon-atoms-and-1-4-heteroatoms-selected from-N;-0,-and-S(O), substituted-with-0-2 R™:
R¥is-Cy ¢ alkyl-substituted-with-0-3-R* G, s haloalkyl-C, ¢ alkenyl-substituted with 0-3-R%._C,_
o-atkynyl-substituted-with-0-3-R,-Ca 1oeycloalkyl substituted-with-0-3-R¥ Ce o aryl
ituted_witl 5 bered.| vl . I
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R¥* fS—hyd*Gg%Eb—@—F—@FBF@GFs—GN—N@z—QGHg)r@Rb—QGHQ)éRb—GGHQ}FGGQ}Rb
—(CH2):C{O)OR ——{CH2HOC(OR ——(CHNR R ——(CH) C(OINRMRY——
{CH2NR G(OIR ——(CH)NR C{O)OR —NR CLOINRMRM™ —S(O)NRHR " —
NR"S(0)R", —S(O)R®, —S(O):R", Cisalkyl substituted with 0-2 R* Cushaloalkyl, —
{CH,)-3-14-membered-carboeycle substituted-with-0-1-R* —or —(CH,}-5-7-membered

EN—NO:——(CH2)OR ——(CH2): SR ——{CH2){C{O)R* ——(CH2):C(O)OR";
(CH2)IOC(O)R”, — (CH2)NR™'R™, —(CH2).C(O)NR™R™, —(CH
(CH2)NR'C(O)OR®, — NR’C(O)NR™R", — S(O);NR"R™, — NR’S(O)R", — S(O)R",
S(O)aR°— G alkyh-substituted-with-0-2 R®Cy shaloatiyl—(CHz)-3-14-membered
carbocycle substituted with 0-3 R, or ~ (CH2)-5-7 membered heterocycle or heteroaryl,

S{O), substituted-with-0-3-R% provided-R%and-R*are-not-both-hydrogen:
R*-at-each-oceurrence-is-independentlyhydrogen,—R®-Ca s alkyl-substituted-with-0-1 R, CHo-

phenyl-substituted-with-0-3-R—or—(CH.)-5-7-membered-heterocycle-comprising-carbon

atoms-and-1-4-heteroatoms-selected-from-N-O-and-S{O), substituted-with-0-3-R%-or
R**and-along-with—another R*R* —or R?on-the samenitrogen—atom—may—jointoforman

il substituted o

R?is—hydrogen, F,Cl,Br, OCFs, CFs, CHF., CN,NOs,— (CH2)OR"— (CH.)SR",
{CH2)C(O)R ———(CH2)C{OYOR ———{(CH2)OC{OIR ———(CHa)NRH R ——
{CHHC(OINRMRY —(CH)NR COIR——(CH2)NR C{O)OR—NRCOINRYR
—S{O)NR*R¥* —NRPS(0),R*—S{O)R® A{Q}zRG—G;_@alkyl—subsmu%ed—\Aﬂ%h—O—i
R'—C ¢ haloalkyl——(CHo)-3-14—membered—carboeyele—or—(CHo)-5-7—membered
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from N, O, and S(O),; or two R on adjacent or the same carbon atom form a cyclic acetal
of the-formula—O——(CH2)»—O—or—O—CF>— O wherein-n-is-selected-from-1-or
Z;
RPis-hydrogen—R°—Cy ¢ alkyl-substituted-with-0-2 R Gy s haloalkyl—Ca s eycloalkyl-substituted
with-0-2-R“-6r(CH2)-phenyl-substituted-with-0-3R%
RCis-Cy.¢ alkyl substituted-with-0-1 R -Ca s cycloatkyl-or (CH.)-phenyl substituted-with-0-3 R
R¥is—hydregen—F—Ch—Br—OCFs—CFa—CN,—NOz——OR®—{CH2)C{O)RS—NR°RS,—
NRG{OYOR -Gy s alkyl-or-{CH2)~pheryl-substituted-with-0-3 R
Reis-selected-from-hydrogen;-C1.6 alkyl-Ca.s cycloalkyl—and-{CH,)-phenyl-substituted-with-0-3

R
RFis-hydrogen-halo NH.-OH-0r-O(Cysakkyd):
(<5
rR* _R?
X N -~ N -
r— | (RS
s | ‘/:I\ L LBM
N/ "Ir R?
Rs
T-uu-1
) 7.

R_i_S_Rl halegen Eyane Ritro a) R1 GE_Q) Rl GE_Q)Q Rl GE_QHEIRH—R%
NRUS(=0),—R*-or—NR™—R%;
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RY¥is-Cy s alkyl-substituted-with-0-4-R** G, s haloalkyl-Cos atkenyl-substituted-with-0-3-R*?_Co.
s-alkynyl-substituted with-0-3-R*,Cy 1oeycloatkyl-substituted with-0-3-R*',Cg 10 aryl
substituted—with0-3-R* 3 5-10 membered—heterocycle—containing—1-4—heteroatoms
selected—from—N—O—and—S—substituted—with-0-3 R™, 2 5-10membered—heteroaryl

Rﬁfs—hydﬂageﬂ—g—F—@l—Br—Qng—GN—Ngz—(GHg)pgRb (CH2):SRP—(CH}C(O)R;
—(CHHC(OYOR ——{CH)OC(OIR ——{(CH)NR MR ——{(CH:)C{OINR R ——
{CH2)NR CLOIR——{CHNR C{O)OR —NR GIOINRM R —S(O)NRMR——
NRPS{O),R%—S{O)R*—S{O),R%-Cy ¢ alkyl-substituted-with-0-2 R* G ¢ haloalkyl—
(GHz)ps%memberedﬁpbeeyele—a*bsuw%edAth%R Lol bl mneeseeed

{CH2)OR ——(CH2) SR — ”“z)rQ{G}Rb—GGHz);GGQ)@Rb—GGHz)@G@}Rb

(CH)YMNRYR*—(CH.)C(OINR
NRGOINRMR™—S(0), NR“R“—NR%@BR‘;A@}R 4,(@;2426_@1_@&”@4
substituted-with-0-2-R% -Gy ¢ halealkyl,—(CH.)-3-14-membered-carboeycle-substituted
with-0-1R*—or—(CH.)-5-7—membered—heterocycle—or—heteroaryl—each—comprising
eodbop e el medpecalopne codecloness L eel Ce e il 0 s
R3is-Cy ¢ alkyl-substituted-with-0-3-R%.Cy_¢ haloalkyl-Co.s alkenyl-substituted-with-0-3-R% G,
s alkynyl-substituted—with-0-3-R%.—C4 1oeyeloatar—substituted—with—0-3-R%Cg 1g aryl
. . n | . |
MMMM% y 7 : : ga_%a%_]?g_mem'bered_kw

R M ishvdrooer =04 CLBe OCE; - CN-NO.- —(CH: rQRb—(GHz)rSRb—QGHg)
%@Hz)reéeaeRb,—eeHz>reeee}Rb,—€eHz>rNRﬂR“,—eeHz)re€9}NRﬂRﬂ,—
{CH2)NR CLOIR ——(CH)NR C{O)OR —NRCIOINR VR —S{O)NRMRM——
NRPS(0),R*—S(O)R°—S{0)2R°C1 ¢ akkyl-substituted-with-0-2- R*—C1 ¢ haloakkyh—
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{CH2)-3-14-membered—carbocycle—substituted-with-0-1 - R* —or—(CH,)-5-7-membered

GN—NQz—GGHz)@Rb—GGHz)rSRb—GGHz%Gé@}Rb—GGHz%G@}ORb
(CH2)
(CH2)NR C{O)OR T NRCLOINRMR™ —S(O)NRR™ —NR"S(0);R—S(OIR"
—S{O)2R°—C1 ¢ atkylsubstituted-with-0-2 R*C1 ¢ haloallad—(CHo),-3-14-membered
carbocycle-substituted-with-0-3-R-or —(CH.)-5-7-membered-heterocycle-or-heteroaryl,

R*is R4 Cl-Br-OCF;-CF3-CHF2 - CN-NO2—(CH,)ORP —(CH) SR’ —(CH,)C{O}R>—
{CH2HC(OYOR ——(CH)OC(OIR ——(CH2)NR ™R ——(CH) C{OINRH R ——
{CH2NR C(OYR" ——(CH)NR C{O)OR —NR CLOINR™R™ —S(O)NRH R —
NRPS(O):R°—S{O)R%— S{O).R*-C1 ¢ alkyl-substituted-with-0-1 R*-C1 ¢ haloalkyl—
(CH2)-3-14 membered carbocycle, or  (CH2)-5-7 membered heterocycle comprising
%ﬂ%ﬁﬂ%ﬁ%@#&dﬁ%%%%@pm

— z)n—Q—

—oF—0—CF—O—whereinnis-selectedfrom-1-or2:
R%isR°-C1¢ alkoyl-substituted-with-0-2 R9-C. g haloatkyl-Cs seycloaliayl-substituted-with-0-2 RY.
or-{CH2) i i 4
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R%is-Cy¢ alkyl substituted-with-0-1 R _Cs ¢ eyeloalkyl-or(CH.)-phenyl-substituted-with -3 R':

R%is—hydrogen,—F—Cl—Br,—OCFs—CFa—CN—NOz;—OR®—{CH2)C{O)R*—NR°R®;
NRCC(O)OR-Cy 6 alkyl-or-(CHo)-phenyl-substituted with 0-3 R';

R* ts-selected-from-hydrogen,-C . alkyl-C. eyeloatkyl—and-(CH.)-phenyl-substituted-with-0-3
R:

Rfis-hydrogen-halo NHo - OH-or-O(Cy catkyl):

)
R* _R?
0o "N
R,
N RS L LBM
Ho
Z~. _R?
N
R5
-1
H. _R?
0O °N
i
RN |-\ L LBM
|
H = _R?
N
H
T2
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Rtis:

{e)——GCag alkyl-substituted-with-zero-to-7-R**wherein R™is-independently-selected-from
FCl—OH—CHF.—CF:—CEN—OCH —eyeloprapyland—OR(CHOH)

{e)——(CH2)2 s NHE(OKC 16 alkph—(CH2)2 CH{CH)NHC(OKCrsatkph———
{CH2)2CH{CH)NHC(ONCH2)o1NH(C1 s alkylh); oF

(CH2)2 3 2)o-1N(C s akkeyl)o;

OH——OCH:—Cusalkyl—Cashydroxyalkyh——C{OINH—C(OINH(C1a alkyh);
—C{OYNH(Cychydroxyalkyl)——C{O)NH(Cs 6 eyeloatkyl)——C{OMNH(Cs
s fluero—eyeloatkyly——NHE(OK Gz alkyh,—NHC(O}O(Crs atkyh)——
NH%(@ngs%@zNHzé@z@%M%@%&&”%—mﬂ%@M—mW

Gz atkyb——CHG{O)OCH;—O(Crsatkyh——NHo——NH{Ci s alkyl)——

e o e o T e L
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R*and—R*are—independently—a—hydrogen—atom—or—a—substituent—or—R3and—R*in—combination
onally £ ionally substituted ring:

RS and—R® are—independently—a_hydrogen—atom—or—asubstituent—or—R5and—R®in—combination
onally £ ionally-substitutedring:

Xis CR'RY NR¥, O or S;

1974
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R . . ;
R : - oallv substittod with R19 i or bicvelic L
R2is; - -€;€€)9%4}{;:-é;e(99%4%4-}%9——-€;€€99¥4¥4-}%99-(9}4——-€;€(99¥4¥4-}%99—(9}%9——-(;((99¥4{}%9);——-E;((99¥4¥4-

R‘*) %%OW%MQNH;%QNH—RL&%N&%W%

OH-R¥-OR*—R¥*-(merpholin-4-yv1)—phenyl—oxadiazelyl,—or—tetrazolyl —optionally

] . 1 .] FO7 ] . ]. ] ]. F%. FO_RQO ;}1 ] ] . 1 .]
RY-OR":-

R% is; *{ RO A

ffyfaaﬂf£¢¥——43{€9)¥4{¥%9};—‘4%99-egfeleeﬂ%eyL—‘4%9Q4qe{efx)e5xﬂfﬁ}Hfy4——-}%99—fﬂqe;gy}-;{99-(;}{_e¥
a—R-"-OR" wherein—the—eyeloalkyl inR> heteroeyeloalkyl—phenyl-and pyridyl R
halogen; -CLOYOR’—C(O)-R°—OH,—OR’ —S(0),-R° —-O-halegeno-lower—ala,—ORY-
(morpholin-4-y);—R*-OH, -R¥*-OR’ merphelin-4-yl-or—R%"-(merphelin-4-y1)-may be

substituted:

}%miﬁay4*%ﬂ*%ﬁﬂﬁe{ﬁ+h£&%eﬁ%£Rﬁﬁ4ﬁx%+eﬂﬁaL4¥%4Hﬁegeﬁ—hakﬁgﬁﬁ*&yﬁe%aﬂqﬂ—eyekﬁﬂky¥
—QRG = 99, 9}1 R OO_QRQ
RY-is optionally-amino-substituted;

R i : :

ROO

&)

(R}m@(
\(I ’%N\_.J L LBM

(R,
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KXo oFr X3 isN:

1979




LBM

1980



—_ L LBM
0T
R1 N n

pontebier o bodeeo Dedo s e e b S O el
NHNHRA N(RHRP—C,1-Ce-alkoxy—which—is—optionaly—mono—or—polysubstituted—by
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hydroxy;-eyano-C(=0)OH-C(=0)OR?-C,-Cs-alkyl-Cs-Cs-cycloalkyl-and-C.-Cs-atkoxy;

hydroxy—eyane,—C1-Cs-alkyl—C1-Cs-alkoxy—heteroeycloaltkyl—C(=0)0—C;-Cs-alkyl
sresi=0—C -Co-ablod:
R°represents Ci-Ce-altkyl-or Cs-Cag-cycloalkyl:
— orR*andR*™ with tha ni an

group-consisting-of-hydroxy-halogen;-eyane,and-Ci-Ce-atkyk
R represents-hydroxy-halogen-cyano;Ci-Ca-atkyl-or-C1-Ca-atkoxy;
Rrepresents-hydrogen-Ci-Ce-alkyl-or-Cs-Cio-eycloalkyl:
R?represents-hydrogen,-C1-Cs-alky-or-C3-Cs-cycloalkyl:

R represents—hydrogenhalogen—eyanoC(=0)R*-NH NHR N(RYR’ NEHHC(=0)R* 6+ Cs-
Ce-alkyl;
—where C--Cg-a

@FG}QRafSFQ)z—Gé-@éﬁ”M,—NHz,—NHRa,—N{Ra)Rb,—G;—Gg—&lkG*y,—Gg-Gg-
eyeloalkexy;

—where-C1-Ce-atkoxy-and-Cs-Ce-cyeloatkoxy-may-optionally-be-meono—or-polysubstituted
by identi : icals:




Gg-alke*y&nelre;-@g-aueyl—whe#e

1984



or R*represents C(=OIRE C(=0)NHz, C=OINIDRA CEOINRHRE. C=0)OR?, NH2, NHR?,
NRYRY— NHIC(=OIR?— N(RHC(=O)R®— N(H)C(=O)NHo N C(=OINHR?,
NHBHCEONRIRY NRICE=OINH:, NRICEOINHRT NRHICE=OINR R,
NEH)C(=0)OR? N(RHC(=0)OR-NO2 NEH)S(=OIR? - N(R)S(=OIR* N(H)S(=O)zR":
NRHS(=0),R*— N=S(=O)RIR’- OC(=O)R*— OC(=0)NHz— OC(=OINHR?;
OC(=ONRIR®— SH.— SR® S(=OJR*— S(=0)R?*— S(=0),NH2— S(=0)NHR";
S{=0)NRHYR" B S(=0H=N—RHR";

Rrepresenis-halogen—erane—C -Co-ellod-C-Co-alleny - Co-Co-alloypnl - C-C r-eyelonliep—3—o
10-membered-heteroeyeloatkyl-aryl-heteroaryh-C(=O0)R*-C(=O0)NHo S(=ON(DHRY
C=O)NRIR®—C(=0)OR*—NHz— NHR*N(RHR® NEH)C(=O)R*—NRIC(=O)R:
NAHYCE=0)NHo— NAHYCE=0INHRY, — NEHHCEONRHRY— NRHC(=0)NHy;
NERYSEOINHRE—NIRHSEONRIR —NEHE(=0)OR —NRHC(=0)OR*—NOx;
NS (=O)R?—N(RS(=OYR?NEH)S(=0)2R* NRHS(=0),R*_N=S(=0})R?)R"._OH
C1-Cs-alkoxy;— OC(=0)R*—OC(=0)NHz - OC(=0)NHR* -OC(=0N(RR’—SH,-SR%
S=OIR-S(=0)2R%-S(=0)2NH2: S(=0).NHR S(=0)2N(RHR" or S(=OH=NRHR";

nrepresents0-or-1;

(1)
R?a RTb
R7C
R7d
5
. /R d ( Q I3 q
—N an
\ N z
RS (wi
4 8d
RSa 'R
RSb RSC

R°represents-hydrogen—GC1-Cs-alkyl-or-Cs-Cio-cyeloalkyl-where



https://patentimages.storage.googleapis.com/f2/da/31/046d98d4cc2ca8/US20160311833A1-20161027-C00527.png

G%@}QH%@}QRafs%@z—G;-GQMfN(Ra}RbfGrGr&lke*y—&Hd—Gg-Gg-

radicals-from-the-group-consisting-of-halegen.eyano, Ci-Ca-altkyl-and-C--Cu-alkexy.-or

C1-Ca-atkoxys-S(=0)oNH2-S(=0)NHR*and-S(=0)N{RHR":
R*represents-hydrogen-halogen, N(RHR-C1-Cs-atkyl-0rC3-Cao-cycloatkyl-where-C1-Ce-alkyd

a B
=S vaw, = A®. V) i =S 5 o 5 T

atod-NRHRP-C1-Cs-alkoxy-Cs-Cs-cycloatkyl-and-heterocycloalkyl:

halogen—eyano,—C(=0)OH;-C(=0)OR?-S(=0),—C1-Ce-alkylN{R¥)RP G, -Cy-alkoxy;
Ca-Ce-cycloalkyland-heterocyceloatkyl:
or-R™and-R™ together-with-the-carbon-atom—form-Cs-Ce-cycloalkyl-which-may-optionally-be

hydroxy, halogen, cyano and Ci-Cs-alkyl,
or-R™and-R™ togetherrepresent-an-oxo-group:
R*“represents-hydrogen-halogenN{RHR’-C1-Ce-alkyl-or- Cs-Cro-cycloalkyl-where

C1-Ce-atph - N(RHRP-C1-Cs-atkoxy-Cs-Cs-cycloatkyl-and-heterocycloalkyl:
R represents-hydrogen-halogen-or-Ci-Ce-atkyl-where

1986



Rgl*rep;esems—hyd%en—halegen%;—ee-alkW—wheFe

M%M%Wﬁm%mgeewm

hydroxy;-halogencyano-and-Ci-Cs-alkylk;
R&%en%shydmgen#mmen—N{Ra}Rb—Gi—GﬁueyLepeg—GmﬁydemkH—whem

Rgﬂep;esems—hydmgen—halegenepe;—ee-akyl—whepe
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srepresents 0, L or 2,

Zrepresents a-group selected-from C(=0) CR'RY-NRY 0. S.S(=0) and S(=0)z;

R%represents-hydrogen-orCi-Ce-alkyl;

R¥%represents—hydrogen,—halogen,—eyane,—C(=O)R* —C(=0)OH,—C(=0)YOR* —C(=0)NH,;
CEONAIRY —C=ONRYR —NH)C=0IR:—NRY)C(=0)R:—S(=0)2R* —hydroxy;
N{Ra)Rbaner;-Gg-aJrl—eyl—where

Ces-alkoxy, where

halooen 2P EANA
ad1rog 5 -

S@;%;@g-ﬂkﬂ%%@%g—@gﬂ&l@%@;—&ﬂk@%g—@gﬁﬁb&”@*ﬁ




NHR® N(RHRP,-C1-Ca-atkyl-Cs-Ce-cyeloatkyl-and-C1-Ca-atkoxy:

—orR%and R*®together with-the-carbon-atom-form-C;-Cs-cycloalkyl-or-a-4-to-6-membered
heteroeyclewhere

— the Cs-Cecycloa

bestose s bodocnn comne Ol Ll L el s s cp s
R}LF% pres ents hf rdre sen; GE_QBR a’ c E_Q) OR a’ c E—QB¥ I {2, GE_Q)NE} BP‘ a, @E_Q)NER a)-Rb;
S{=0)2R*-S(=0)N{R*)R"6r-C1-Cs-alkyl-where

C=OPaR %%%a}Rb—SH@z—Gléeﬁ“M—N@a}Rb—Gs—Gs%%“M—%-@r
atkoxy-and-C+-Cr-eycloalkoxywhere
- C3-Cs-cycloalkyl, Ci-Cs-alkoxy and Cz-Cg-cycloalkoxy may optionally be mono- or

- orrepresents Co-Ce-alkenyl or Co-Ce-alkynyl,
- or represents aryl, 5- to 10-membered heteroaryl, aryl-C.-Cs-alkyl or 5- or 6-membered
heteroaryl-C;-Ca-alkyl, where

Cooaded T Cocvepallosl and © o Cen i o

(bb)

1989



R’ L LBM

Ra/ \ ) /RB
R ""--...________Rs

R%is-chosenfrom-C(OINRY: - NR* _and-O-orR%is-absentprovided-that if R*is-absent-thenR%is
ahscnt

1990
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Rais HF-ClL-Br—CN;—OH-Cy s altkylC14 fluoroalkyl-Co shydroxyalkeyl-Co s atkexy—
NHz, —NH(Ciaalkyl),  —N(Ciaalkyl),,  —NH(C.4hydroxyalkyl), —NH(Ci-

CHoNHCE{ONHCH (pheryl),——GCHNHG(OIN(C 14 atkyhe——CHNHG(O)O(C1
B e T L e e e —
CHNECOICEC s eyelontkerh—— CH-NECOLC = Holrabyedropyrayl———
CHNHG(O)CH (phenyl—NHG(OK G alkyly—pyrrolidinyl—hydroxypyrrotidinyl—or
idazinyl:
RyisHor—NH.:
Ryis:

{)——(Cy 3 alkylenyR—(C1 3 fluorealkylenyDNR.—(C1 salkylenyNCLOR—(Cs.
sakkylenyhCLOINHR 4@%%@%%% or

C(CH:):0H,  OCHs;,  C(O)CH.CN,  S{0).CHz, S(O)2NHo,

e e T T e

1992



el e besenion s DL D el aendobnn L coeniane ol o
LH—Cn o eyeloallopo—Co . pyeloalkony—eashsubsiiniedp th—zeroto-3-substivenis
independently—selectedfrom—F—OH,—CN;-Ci3 13atkoxy—S(C1
&M—Ngz%(@z@%&%%—@MWm*y&kyl—%&&&lW%@%&
seyeloatkyl);——CHCLOINH(C1 3 atkyl);—NHE(OKC 13 atkyl)—NHE(OKC1
shydroxyatkyl)——C{OINH(C1 s atkyl)——C(OYNH(C 1z deuteroalkylyy——
CLOMNH(Ca s eyeloatkyl——NHC(O)O{Crs atkyl)—NHS(O)Cosatkyl);

substituted—with—zero—to—1—substituent—selectedfrom—OH,—C 3 alkyl—C.
sfluoroalkyl,  Ciahydroxyalkyl, Cisalkoxy, — C(O)Cizalkyl), — S(O)(Ci-
M@N%H&M—N%%M—N&%Mz—%

—(CrsaliylenyhO(Cas W%%—@%WGWI}NH —C
s alkyleryh)S(0)o(C s alkyhy—(CusHuoroatkyleryhNH(C s alkyl—er——Cu-
sahaylenyhNHC(OK G sHuoroalkyly;

1993



independently-selected—fromF,— OH,Cy salkylCy.s hydroxyalkyl— C(OXC,.
salkyh);—C{ONCus flueroalkyl)—C{O}Cys eyanoalkyl)—C(O)O{Cizalkyl);
—C(ONH;—C{OINH(C1s atkyl)—C{O)difluorophenyl—NH—NH(C.
aatkyh——NH(C1s fluereatkyl—NH({exetanyh—NHC(ONCoaalkyh——

substituents independently selected from F, Cl, —OH, —CN, C-_salkyl, Ci.
B e e e e e T e
(G atkylenyhO(Craatkyy—(C1s atkylenyhO(C s Huoreatkyl,—C(O)NH:;
—G@}NH@H&”WB—NHG@%G%&”%—NHG@)S@z@%&”%—
S(O)2NH2—S{0)(C12-

N
g \\E/’N\ _
=7 _\‘, RS L LBM
\Y""
H4
il
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substituted—C,1-Ce alkenyl—an—optionally—substituted—C1-Cq alkynyl—CO-R%—SO3RS;
SO,R%and-SO.NR'R®:

WMWFWFQR@W%%%;Q@MW

substituted-C1-Cg atkyryl-CO.R%-SOsR%-and-SONR'R:

1995



Q—E-R’
IPI_-N
N
R’ L LBM
1 N\
R; N
N
4 \
R H
it

O-denotes Aror Het:

E denotes — (CH»)mCO -, (CH»)mSO», — (CH2)g . (CH2)mNHCO — or a single bond;

RYdenotes H-OH-NH—C1-Ce-alky-OC1-Cs-alkyh-C1-Cs-alkyh-Co-Ce-atkeny-Co-Ce-atkyny:
Cye,—Hal—Heth ;- O-Het* - CO-Het*  NH-Het};, CO—Ar O Ar-Ar - NH—Af
€@H2)qHeﬁ'—GQNH—(GHﬁquﬁ’—GQNH‘Heﬁ—GeH@q@‘Heﬁ—QGHQqQ—AF&T
—(CH)eAr —CONH—(CH)eAr — CONH—Ar — CONHG;-Ce-cycloatky——
{CH2)qHak——(CH2)qCye—CFs——(CH2)sNH—(CHo)-Het s——(CH2)NH—(CH2)e—AF;
WM}Q@M&Q@M}@éM—GQ@@M—GQ@@M—Gs-
Ce-eveloalkyl-may-be-substituted-by-1-to-3-groups-independenth, ed-from-OC1-Ca-
e

R?denotesH-C1-Ce-alkyl-C,-Ce-alkenyl-Co-Cs-atkynylHal-CFspreferably H:

1996



R&dene;es—Het*—Ar*—NRaRb—eeeH—(eHz)qHﬁ*—éeHz)qAF*—éeHﬁqNRaR —
{EH},CO0H—BC -C:-a
replaced-by-OH-orCF3;

R*denotesH-C1-Ce-alkyl-Co-Cs-alkenylHal:

R* denotes H, linear, branched or eyclic C1-Ce-alkyl;

Rb’elenetes—H,—Hetb ’_A¥b’_gg4=+e;b,—GQ—A$bra—Gg-Gg-eyelealkyl—epa—HneaPepranehed

Hetb—Aﬂ—NHg—NéG;Q@%LMg—NH{G?G@-ﬂM—N(G;@@-&W%@g—GyQG&H%
NH{(C3-Ce-eyeloatkyh)-O(C1-Ce-atkyh)-CN-OH CFsHak

Hal, Ci-Ce-alkyl, — (CH»)»OC-Cs-alkyl, CN, OH, NO,, CFs — (CH»)»COOH,
{G-Hg)mGOQGrGe-aJ-k—yl—

—QGFS—NQQ—GN—BGFﬂHOFG&HéW—H&J—GFg—QGFg—N@;—GN—
perfluoroatkyl, hnear or branched C--Cg-alkyl, cycloaltkyl, —OH, —OC,-Cs-alkyl, —
COC;-Ce-alkyh—NH— COH—COOH,—CONH2-a-group-R? such-as—CH.0{Cs-

G@—QIWB%QQN-RQRFGI%@AGg—Gg&”(—yB—




Hal, —CFs, —OCFs, —NO;, —CN, perfluoroalkyl, linear or branched Ci-Cgs-alkyl, Cs-
Ci-eyeloalikyl —OH, —0OC -Co-atkyl —NH. . —N(C - -Cy-alkyl),.—COH. —COOH, —
CONHo——COC;-Ce-akkyph—NHCO(C3-Ceeyeloatkyl)—a—group—R°—SO.NR*R%or
592693:966%4%

##H———GF3——49@F3——4N€h———€%¥4¥¥ﬂHGH%HK¥L——£N4———€K%r€%%HKH———N#&———
COH.—COOH,—CONH,—or-by-a-linear—or-branched-C1-Cs-alkyl-wherein—1-to-3
hydrogen-atoms—may-be—replaced-by-NHo—N{C1-Ce-atky o NH(C1-Ce-alky - N(C1-Ce-
alky)(Cs-Cys-cycloalkyl), NH(Cs-Cs-cycloatkyl), O(C1-Cs-alkyl), CN, OH, CF3, Hal, Cs-

N(C1-Ce-atkyh)or—NH(C1-Ce-atkyl)—N(C1-Ce-atkyh {C3-Ce-eyecloatkyly—NH(Cs-Ce-
eyeloali)—O(C:-Cs-atkh}—CN.—OH—CF;Hal—Cs-Co-cycloatkyl—orby—a4-to-8-

branched-C1-Ce-alkyl—eyeloaliot— OH.—— OC;-Cs-alkyl— COC,-Ce-alkyph— NH,—
COH,—COOH— CONH—a-group-R"such-as— CH.O(C1-Ce-alky)—SONR°Ror

SO,(C--Csalkyl): or

1998



NH L LBM

JT- 6 - -
R , , 1.5 atlkyBRY; , ;

the—group—econsisting—of—halo—eyano—R*—Cs s eyeloalkyl—C1 s aminoeatky—C..
3 : 4 NRR>—NR*COR’*—NR*SO,R°—SO,NR*R°—CONR*R®%and
G@NR“R"’;

‘RQ_IS al yll |IEEEIeaI VI, 93-8— y %&”WI)Ré, i i ; 5

F?%—{NQﬂ—4983&geyek%&kyB7—éG=49¥9Rfr—8€h#¥§—éX}ﬂQﬂ—44RﬂQﬂ—é%Qﬂ#Rﬂannd
NR*SO;R:

R¥is—halo—eyane—exe—hydroxyl—imino—hydroxyimine,—R*—OR"—Ca seycloalkr—SOmR"
SORRNRRE o1 ({C=0)NR*R®-NRYCOIR -SONR*R% and-NR*SO,RS:

4- Qroln a Aala ala ) ala A 0
R 1-6-0 .,‘,' HE—+4 \f O0BHORAHH Y H3 H O \A/ a

1999



NH L LBM

consisting-of-C14 alkyl-Ca s eyeloatkylphenyl-CFa-heteroeyelyl-halogen—COOR® —
N—H—Rg, SRg, QRg, S92R81 GQRg, NI |GQR8, and GQN' |R8, oF ”‘heﬂ Y iS
— NR?_R?and-R%together with-the-nitrogen-to-which-they-are-attached-optionalhyform

Q@-@R—g, INT |R8, SRg, QRg, SQ,’;R—g, GQRg, INT |GQR8, and GQN| |R8}
Rtis—selected—from—the—group—ecensisting—of—hydrogen—C110 alkyh—Ca seyeloalkyl—ary:
heteroeyehl—halogen,—COOR* —NHR/— SR — OR’—SO,R"—COR"—

G@QRg, NI |R8, SRg, QRg, SQ,’_IRS, QQRg, INT |GQR8, and CON} |RST

2000



grotp—sonsstng—o S alled—Co s epdlonlled—oheny—Clh—heleroeyebdb—haopen—

G@Q_RB Nl |R8 SRg QRg ngRg GQRS Nl IGQRS and GQP” IRS;
R%is—selected—from—the—group—consisting—of-C110 alkyh—Cs s eyeloalkyl—aryl—heterocyehyl——

GQQRIJ\,QQRZW—GQRIW%%M%%AT&WHMWW

group consisting of C-.zalkyl, Csecycloalkyl, phenyl, CFs, heterocyclyl, halogen, —
QQQR_S N |R8 SRS QRS SQgRg GQRS N |G9R8 and CON} “;28l
%d%m%he—gr%p%en&%ng—eﬂwdmgen—eww—eggeydew_awl—and

satky—Cs seyeloalkyl—phenylCFa—heteroeychl —halogen,—COOR® — NHR® —SR®;
— OR®  SO.,R®_ COR® — NHCOR® and— CONHR®:and
R&j 15 abkyl-and-Coos eyeloalkyl-or
thh)
Y
Ring A
ing | Ny
= R
HN™ "X ";’ 2 L LBM
6? h
|
(Radn
I-mmm-1

2001



substituentsindependently selected-from-Ry:

Ry isselectedfrom:H;-0%0,(C=0).0u(C1-Cip)alky, {C=0).Op-ary}, {C=0).0:{C2-Cig)altkenyl;
{E=01,0:{C-C)atkynyl-CO.H-halo - OH O {C -Cotluoroathv b =01 NR Ry —CN-
(C=0):0u(C3-Cs)eyecloalky—S{0)NRsRs;—SH—S(0)n—{C1-Cio =0),0p-

Ry and—R3 are—independenth—sclected—trom—H—6=04,01.C -Cyn athv b —=01.01aryl—Co-
Cigalkenyl, Cs-Copalkynvl, (C=0).0pheterocyclyl, CO:H, CN, OpCi-Cefluoroalkyl,
{&@bNRgRg—GHG—GN—Q}RgRgé{G)mNRgR@%@)m—(GyG@)aHWL

Shoapdm e poesendap iy colnetacl sl 00 OO0 D a0l O sl
{6=0):Cu{C2-Cro)atkenyl—C=0).04(C2-Cuojatkynryl—COH—Ou{C1-Ce)fluoroatkyl;
(E=0)aN{Ra)2—EN—C=0):0u(Cs-Cajeyeloatkyl—S(O)mN{Ra)er—SH—S{O)m—(Cs-

G@W%Magbﬁmwﬁmﬁlkﬂ%%%%*%—%%—%

R. is—independentlyselected—from—Ry,—OH,{(C1-Ce)alkoxy—halogen—cyclopropyl—CO;H,CN;
O{C=01(C1-Cp)atkyl oxo. and N(R,)z: and

Bpeneopondondreolociod fropp =L ond L0 Do o

.
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O NH o

X-isCHorN:

Ring-A-s{Cs-Cejeyeloalkyl{Cs-Cs ;
one-to-three substituents-independently-selected-from-Ry;

Ryis-seleeted-from:H;-0%0;,(€=0)a06(C1-Crojatky(€=0):Op-aryh(€=0):0p{C2-Cro)atkenyk;
(€=0)0u{Co-Cro)atkynry—COHhale OH—-Ou{C1-Caifluereatkyb€=0).NR:sRs;-CN;
(E=0):0u{Cs-Cs)eycloatkyt—S(0)mNRsRe—SH—S{O)m—(C1-Caojatkyland (€=0).0p-

beti it beti | ¢ R.:
Ry and—R3 sre—independenthy—seleeted—From—H—=03.0,C1-C1p alev b —=03.0arr—Co-
C o atkemrh—Co-C1g atleynh—6=01.0, heteroeyehh—COH—CN—O,C1-C; Huoroalkyh
Out=0nNR:Ry - HO——tN=01R RSO} \NR R SH—S{8), —(€ -Cimalkyl

A ala NN aRY| a a
y i, vamiv v vy, v v

with-one-ormore-substituents-selected from-Ri:
T e e e e L e
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Rsand Rgare independently sclected from: H. oxo. (C=0106(Ci-Cigalkyl. (C=0):04-aryl,

(€=0)aOp(C2-Cro)atkenyl,—(C=0)0u(C2-Cio)alkynyl,—COH;—Ou(C1-Ce)fluoroalkyl;
(E=0)aN{Rs)o;—CN;—C=0)a0(Cs-Cs)eycloatkyl—S{O)m N{Ra)or—SH—S{O)w—(Cs-
Cig)alkeyl-and (C=0).0p |
Rais independently selected from Ry, OH, (C:-Cs)alkoxy, halogen, cyclopropyl, CO:H, CN,
O H=0e -Coyatler—oxo—and DR Jomand
Ry is-independently selected-from-H-and(C1-Ce)alkylor
Gi)
- 0 _
N
ya
0 /IJ\l\H L LBM
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L LBM

; 2)pCON(R5),, OA, Hal, COOH,

COOAA{CH)NHCOA {CH.) Hetl,(CH2)NR2R5, or OH:
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each-R*is-independently —R—halogen—CN—NO2;—OR—CH0R—SRi—N{R)or—

SO2R—SOMN(R)2—SOR—E(O)R—COR—C(OIN(R)2;—C{OIN(R)—OR—

2006



NRC(O)R,—NRC(OIN(R)—Cy—or—NRSO.R;—or-R' i

0 R
R J\ / O
v NP
(CH2)1-4 NRZ (CH2)1_4 R;
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https://patentimages.storage.googleapis.com/7c/3a/5b/5dfdbbebfeff86/US20130231328A1-20130905-C00646.png

OC(0)—, —C(0)0—, —S—, —SO—or —SO,—;

each-R*isH , . o, OR, SR, N(R)2, —SO,R, — SO:N(R),
—SOR,——C{O)R;——COR,——C(OIN(R)2,— NRC(O)R;——NRC(OIN(R):,
SLOMNRIOR—NR)C(O}OR—N(R)S(O)2N(R)o—NRSOR—or—an—optionally
substituted-group-selected-from-C _saliphatic phenyl-4-7-membered saturated-or partiathy
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2,—Q'R,_GH29'R,4'R,—N'€R92,—
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. s —OR, —CH,OR, —SR, —N{R),, —
${0)R—S(0)2N(R)2; ; 25—C(OINR)—
2 Cy-oF—N{R)S(O)R:—orRFis

§ (CHZ)I -4 ; (CHZ)I -4
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NRICLOIN(RY—C{OINRIOR—INRIS(OIOR—NUR)S(O)MN(R)—N(R}S(O)R;
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: 5 —OR—CH:OR—SR—N{R})—
S${0)2R—S(O)oN{R)2; ; 25—C{OINR)—
2 Cy-oF—N{R)S(O)R:—orRFis

% QCHz)l 4 NK, % (CHZ)I 4
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each—R*is—independently—R? halogen—CN—NO,—OR—SR—NR»—S{O).R—

:—GLOINR)OR——
2—Cy-oF—N{R)S(O).R-or-RYis-selectedfrom-one-of the

/ o / o

N N
A\ )L \ )J\
(CHy)y 4 NR, (CHy) 4 R;

S{O)NR;
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eaehe#Rg*and—Ré“i&mdependemsthydrege%F-E{Rﬁ —R*or
Rg_a-ﬂd—Rg_ e ae OgetA a o0—atom a

each-R*is-independently-halogen,—CN;—NOz—OR,— SR, NR2;—S{0)2R,—S(O)NR2,
—S{OIR——E(O)R—C(O)OR—C{OINR—NR)SH{OIR—MN(RIS(OINR:——
SOMNRIOR—MNR)CLO)OR—NRIS(O)oNR—MN(R)S(O)R—or—an—optionatly
s&b&ﬂ%@d—g&*p%%m#&@;@mphan%phewl—%membemd%ﬁmd—e#

R¥is-hydrogen—R*—GCN;—NO;—haloger,—C{ONR—C{O)OR—C{O)R—NRo—
NEAL—OR-0r—S(0)NR2;

R*is-hydrogen—R*—CN—NO»—halogen,—C{O}NR;;—C{O)OR— C{OYR—NRo——
NHE[AG—OR-0—S{0)NR2;
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R2
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xl
RS X-?
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Txxx-1

2 - *_9
one Ei:;é, ;QVE:§£'E PI*—QZL
R*B—G;Q@Heﬂ—@g@@k%ﬂ—@g@@kyﬁﬂ—@%R%)m-@—m%meﬁmeyaeaH%;—
(CR¥*R*)r,
(CR*R%*),,
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+34.  The compound of claim +21, wherein L is selected from:
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+45.  The compound of claim 1, wherein said compound is selected from any one of the
following compounds-depicted-in-TFable-t, or a pharmaceutically acceptable salt thereof.

I-# Structure
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156. A pharmaceutical composition comprising a compound according to claim 1, and a

pharmaceutically acceptable carrier, adjuvant, or vehicle.

1+67.  The pharmaceutical composition according to claim +56, further comprising an additional

therapeutic agent.

8. The compound according to claim 1, wherein the cereblon E3 ubiquitin ligase binding
moiety is

X2 R

%
HAT WX, =0
}:3 X -NH
(R9)p,

wherein:

each of X!, X2, and X° is independently a bivalent moiety selected from a covalent bond, —-CH»—,

)

—C(O)=, —C(S)—, or HIL“ $ ;
R! is hydrogen, deuterium, halogen, —CN, —OR, —SR, —S(O)R, —S(0):R, —NR», or an optionally

substituted C;-4 aliphatic;

each R? is hydrogen, —R®, halogen, —CN, —NO», —OR, -
SR, -NRo, -S(O)R, -S(O)2NR> -S(O)R, -C(O)R, -C(O)OR, -
C(O)NR», -C(OON(R)OR, -OC(O)R, -OC(O)NR3, -

N(R)C(O)OR, -N(R)C(O)R, -N(R)C(O)NR, or -N(R)S(O)R;

each R® is independently an optionally substituted group selected from Ci.¢ aliphatic, phenyl, a 4-

7 membered saturated or partially unsaturated heterocyclic ring having 1-2 heteroatoms
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independently selected from nitrogen, oxygen, and sulfur, and a 5-6 membered heteroaryl

ring having 1-4 heteroatoms independently selected from nitrogen, oxygen, and sulfur;

Ring A is a fused ring selected from 6-membered aryl containing 0-2 nitrogen atoms, 5 to 7-

membered partially saturated carbocyclyl, 5 to 7-membered partially saturated

heterocyclyl with 1-2 heteroatoms independently selected from nitrogen, oxygen or sulfur,

or 5-membered heteroaryl with 1-3 heteroatoms independently selected from nitrogen,

oxygen or sulfur;

mis0,1,2.3or4.

9. The compound according to claim 1, wherein the VHL E3 ubiquitin ligase binding

moiety is \

wherein:
each of X* and X is independently a bivalent moiety selected from —CH»—, —C(O)—, —C(S)-, or
(@)

EX; .

each R* is independently hydrogen, —RS  halogen, -CN, -NO, -OR, -
SR, -NRo, -S(O)2R, -S(O)LNR; -S(O)R, -C(O)R, -C(O)OR, -
C(O)NRo, -C(O)N(R)OR, -OC(O)R, -OC(O)NR>, -
N(R)C(O)OR, -N(R)C(O)R, -N(R)C(O)NR», or -N(R)S(O)R;

R’ is hydrogen or Ci. aliphatic:

each R® is independently an optionally substituted group selected from Ci.¢ aliphatic, phenyl, a 4-

7 membered saturated or partially unsaturated heterocyclic ring having 1-2 heteroatoms

independently selected from nitrogen, oxygen, and sulfur, and a 5-6 membered heteroaryl

ring having 1-4 heteroatoms independently selected from nitrogen, oxygen, and sulfur;
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Ring C is a selected from 6-membered aryl containing 0-2 nitrogen atoms or a 5-membered

heteroaryl with 1-3 heteroatoms independently selected from nitrogen, oxygen or sulfur;

and

qis0,1,2.3 or4.

10. The compound according to claim 1, wherein the VHL E3 ubiquitin ligase binding

<

HM
H 0 ‘:F*"G
¥ f C{
. H.
moiety 1s
11. A compound of formula I:

e

I

or a pharmaceutically acceptable salt thereof, wherein:

IRAK is an IRAK binding moiety capable of binding to IRAK4, said compound of formula I is a

compound of formula I-hhh-1:

Ri
N

I-hhh-1,

I=

or a pharmaceutically acceptable salt thereof, wherein:

HET is a heteroaryl selected from pyrazolyl, indolyl, pvrrolo[2.3-blpyridinyl, pyrrolo[2.,3-

dlpyrimidinyl, pvrazolo[3.4-blpyridinyl, pyrazolo[3.4-d]lpyrimidinyl, 2.3-dihydro-1H-
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pyrrolo[2.3-b]pyridinyl, imidazo[4.5-b]pyridinyl, and purinyl, wherein said heteroaryl is
substituted with R, and Ry;

Rais H, F, Cl, Br, —CN. —OH, Cj.salkyl, Ci4fluoroalkyl, Ci.shydroxyalkyl, C;.4 alkoxy, —

NHo, —NH(Ciasalkyl), —N(Ci4alkyl), —NH(Cj4hydroxyalkyl), —NH(C;.
4 fluoroalkyl), —NH(C;.¢ hydroxy-fluoroalkyl), —C(O)NH,, —CH>NHC(O)(Cj.¢ alkyl),
—CH,NHC(O)(Ci-¢hydroxyalkyl), —CH,NHC(O)NH(Cj.6 alkyl), —
CHNHC(O)NHCH»(phenyl), ~ —CHoNHC(O)N(Ci-4alkyl),, ~ —CH>NHC(O)O(Ci-
salkyl), —CHONHC(O)(Cs.¢cycloalkyl), ——CH>NHC(O)(tetrahydrofuranyl), —
CH>NHC(O)CH2(C3-6 cycloalkyl), —CH>NHC(O)CHs(tetrahydropyranyl), —
CH>NHC(O)CHz(phenyl), —NHC(O)(Ci-4 alkyl), pyrrolidinyl, hydroxypyrrolidinyl, or

pyridazinyl;

Rpis H or —NH>:

Riis:

(1) Cisalkyl, Cifluoroalkyl, Ci-¢hydroxyalkyl., C;.shydroxy-fluoroalkyl, —(C;-

6 alkylenyl)O(Cj-4 alkyl), —(C1-6 alkylenyl)O(Cj-4fluoroalkyl), —(C;-
6 fluoroalkyleny)O(C-4 alkyl), —(Ci-sfluoroalkylenyl)O(Ci.4 deuteroalkyl), —
(C1-6 fluoroalkyleny)O(C;-afluoroalkyl), —(Cj-4 fluoroalkylenyl)C(Cs-

6 cycloalky)>(OH), —(Cji4alkyleny])NHC(O)(Ci-4 alkyleny)OC(O)(C;-3 alkyl),
—(Ci-6alkylenyDNHS(0)2(Ci-4 alkyl), —(Ci-¢alkyleny)P(O)(C;-4 alkoxy)y, —
(Ci-¢ fluoroalkyleny )NH(C -4 alkyl), —(C- alkyleny])C(O)NH(C -4 alkyl), —(C;-

¢ fluoroalkylenyl)C(O)NH(C;-4 alkyl), —(Ci-efluoroalkylenyl) C(O)NH(C;-
4 hydroxyalkyl), or —(Cj.¢fluoroalkylenyl)OP(O)(OH);;

(i1) —(Ci-3 alkylenyl)Rx, —(Cj.3 fluoroalkylenyl)Rx, —(Cj-zalkylenyl)C(O)Rx, —(Ci-
3 alkylenyl)C(O)NHRy, —(Ci-3fluoroalkylenyl)C(O)Ry, or —

CH,CF=(tetrahydropyranyl), wherein Rxis a cyclic group selected from Cs-

6 cycloalkyl, tetrazolyl, 1.1-dioxidotetrahydrothiophenyl, 1,1-

dioxidothiomorpholinyl, oxadiazolyl, piperidinyl, piperazinyl, pyrrolidinyl,

oxetanyl, tetrahydrofuranyl,  tetrahydropvranyl,  pyridinyl, imidazolvl,

morpholinyl, phenyl, and triazinyl, wherein each cyclic group is substituted with

zero to 3 substituents independently selected from F, —OH, —CHj, —
C(CH2),0H, —OCH;3;, —C(O)CH,CN., —S(0)»CHs, —S(O»NH,, —
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Rais:

(iii)

NHC(O)CH3, —N(S(O),CH3), —CH>CHo>(acetamidophenyl), —

CH>CHj(methoxyphenyl), —CH>CHs(sulfamoylphenyl), oxetanyl, benzyl, and

morpholinyl;

Cs.¢cycloalkyl or Ca.6cycloalkenyl, each substituted with zero to 3 substituents

(iv)

independently selected from F, —OH, —CN, Cjzalkyl, C;3alkoxy, —S(C;.
salkyl), —NOz, —S(0)2(C-3 alkyl), Cishydroxyalkyl, —C(C;.3 alkyl)(OH)(Cs-
s cycloalkyl), —CHLoC(O)NH(C;.3 alkyl), —NHC(O)(C;.3 alkyl), —NHC(O)(C:-
shydroxyalkyl), —C(O)NH(Cisalkyl), —C(O)NH(C,.3deuteroalkyl), —
C(O)NH(Cs-6 cycloalkyl), —NHC(O)O(C-3 alkyl), —NHS(0)2(C1-3alkyl),

pyridinyl, imidazolyl, pyrazolyl, methylimidazolyl, methylpyrazolyl, and

thiazolyl:
tetrahydropyranyl, piperidinyl, pyrazolyl, phenvl, pvyridinyl, or pyrimidinyl, each

(v)

substituted with zero to 1 substituent selected from —OH, Cjsalkyl, C;.
s fluoroalkyl, C;.4hydroxyalkyl, Cjsalkoxy, —C(O)(Ci4alkyl), —S(O)(Ci-
salkyl), —S(O)NH(Ci4alkyl), —NH(Ci3alkyl), —N(Cisalkyl),, —O(Ci-
3 alkylenyl)N(Ci-3 alkyl)s, —CH>(morpholinyl), azetidinyl, oxetanyl,

tetrahydropyranyl, morpholinyl, piperazinyl, piperidinyl, methylpiperazinyl,

methoxypiperidinyl, pyridinyl, pyrimidinyl, methylsulfonyl azetidinyl, and —

C(O)(methylsulfonyl azetidinyl); or

pyrrolo[2.3-clpyridinyl, bicyclo[2.2.1]heptan-1-ol, tetrahydrobenzo[d]thiazol-2-

(1)

amine, or 1.3-diazaspiro[4.5]decane-2.4-dione; and

Ci7alkyl or Crealkenyl, each substituted with zero to three substituents

(ii)

independently selected from F, —OH, and —CN; —(Ci4 alkylenyl)O(Ci4 alkyl),
—(Ci-4 alkylenyl)O(Cj 4 fluoroalkyl), —(Ci-¢ alkylenyl)NHb>, —(Ci-
s alkylenyl)S(O)»(Ci3 alkyl), —(Cj-efluoroalkyleny)NH(C;3 alkyl), or —(C;-
6 alkyleny)NHC(O)(Cj-sfluoroalkyl);

—(Ci-4 alkylenyl)Ry wherein Ryis Cs.¢cycloalkyl, azetidinyl, oxetanyl, oxazolyl,

(1i1)

pyridinyl, tetrahydropyranyl, or morpholinyl, each substituted with zero to 2

substituents independently selected from F, —OH, and C;-3 alkyl;

Cs¢cycloalkyl, azetidinyl, oxetanyl, furanyl, tetrahydrofuranvyl, pvrrolidinyl,
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piperidinyl, or tetrahydropyranyl, each substituted with zero to 3 substituents
independently selected from F, —OH, Cjsalkyl, C;.3 hydroxyalkyl, —C(O)(C;-
s alkyl), —C(O)(Ci.3 fluoroalkyl), —C(O)(C1-3 cyanoalkyl), —C(O)O(C;.3 alkyl),
—C(O)NH,, —C(O)NH(C;3 alkyl), —C(O)(difluorophenyl), —NH>, —NH(Ci-
salkyl), —NH(C;.3 fluoroalkyl), —NH(oxetanyl), —NHC(O)(C;3alkyl), —
NHC(O)(C;-3 fluoroalkyl), —NHC(O)(Cs-6 cycloalkyl), —NHC(O)(fluorophenyl),

—S(O)»(Ci-3alkyl), imidazolyl, phenyl, pyrimidinyl, fluoropyrimidinyl,

chloropyrimidinyl, and methoxypyrimidinyl;

(iv) adamantanyl, hydroxyadamantanyl, benzo[d]imidazolyl, benzo[d]oxazolyl,

benzo|d]triazolyl,  benzothiazolyl,  bicyclo[1.1.1]pentanyl, or  hydroxy-

bicyclo[2.2.1Theptanyl; or

(v) phenyl, pyrazolyl, thiazolyl, thiadiazolyl, or indazolyl, each substituted with 0 to 2

substituents independently selected from F, Cl., —OH, —CN. C;4alkyl., C;-

4 hydroxvalkyl, Ci-4fluoroalkyl, Ci-scyanoalkyl, C;-3alkoxy, Cs-¢cycloalkyl, —
(Ci3 alkyleny)O(Cj-zalkyl), —(Ci-3 alkylenyl)O(C-3 fluoroalkyl), —C(O)NHo,
—C(O)NH(C;-3 alkyl), —NHC(O)(Ci-3alkyl), —NHC(O)S(0O)»(C;salkyl), —

S(O)»NH», —S(0)»2(C;-3 alkyl), pyrazolyl. methyl pyrazolyl, imidazolyl, triazolyl,

methyl tetrazolyl, ethyl tetrazolyl, phenyl, pyrimidinyl, fluoropyrimidinyl, and

tetrahydropyranvl:

L is a covalent bond or a bivalent, saturated or unsaturated, straight or branched Ci-so

hydrocarbon chain, wherein 0-6 methylene units of L are independently replaced by -Cy-,

-O-, -NR-, -8-, -OC(0)-, -C(0)O-, -C(0)-, -S(0)-, -S(O)2-, -NRS(O),-, -S(O)>NR-, -

0
oy s
NRC(O)-, -C(O)NR-, -OC(O)NR-, —NRC(0)O-, n. n.

e El e

each —Cv— is independently an optionally substituted bivalent ring selected from phenylenvyl, an

, wherein:

8-10 membered bicyclic arylenyl, a 4-7 membered saturated or partially unsaturated
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carbocyclylenyl, a 4-7 membered saturated or partially unsaturated spiro carbocyclylenvyl,

an 8-10 membered bicyclic saturated or partially unsaturated carbocyclylenyl, a 4-7

membered saturated or partially unsaturated heterocyclylenyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, and sulfur, a 4-7 membered saturated or

partially unsaturated spiro heterocyclylenyl having 1-2 heteroatoms independently

selected from nitrogen, oxygen, and sulfur, an 8-10 membered bicyclic saturated or

partially unsaturated heterocyclylenyl having 1-2 heteroatoms independently selected

from nitrogen, oxygen, and sulfur, a 5-6 membered heteroarylenyl having 1-4

heteroatoms independently selected from nitrogen, oxygen, and sulfur, or an 8-10

membered bicyclic heteroarylenyl having 1-5 heteroatoms independently selected from

nitrogen, oxvygen, or sulfur; and

each of n is independently 1, 2. 3.4,5.6,7.8.9, or 10;

each R is independently hydrogen, or an optionally substituted group selected from Ci-6

aliphatic, phenvyl, a 4-7 membered saturated or partially unsaturated heterocyclic having

1-2 heteroatoms independently selected from nitrogen, oxygen, and sulfur, and a 5-6

membered heteroaryl ring having 1-4 heteroatoms independently selected from nitrogen,

oxygen, and sulfur;

LBM is a ligase binding moiety selected from a cereblon E3 ubiquitin ligase binding moiety and

a VHL E3 ubiquitin ligase binding moiety.

12. The compound according to claim 11, wherein the IRAK4 binding moiety is selected
N

I\ W W

\ Y N \ / N \ 7 N

N N N

N N /N N/N /N N/N /N

| | H | H
HN_. O HN_ O ;"f HN_ O ;f

from: ; ; ;
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13. The compound according to claim 11, wherein the cereblon E3 ubiquitin ligase binding
moiety is
X2 R
%
AL WX, =0
}{3 K 'NH
(R9)p,
wherein:

each of X!, X2, and X° is independently a bivalent moiety selected from a covalent bond, —CH»—,

)

—C(O)—, —C(S)—, or 571“ j ;
R! is hydrogen, deuterium, halogen, —CN, —OR, —SR, —S(O)R, —S(O):R, —NRo, or an optionally

substituted C;-4 aliphatic;

each R? is hydrogen, -R, halogen, —CN, —NO», —OR, -
SR, -NR>, -S(O)R, -S(O)2NR», -S(O)R, -C(O)R, -C(O)OR, —
C(O)NRo, -C(ON(R)OR, -OC(O)R, -OC(O)NR», -

N(R)C(O)OR, -N(R)C(O)R, -N(R)C(O)NR>, or -N(R)S(O):R;

each R® is independently an optionally substituted group selected from Ci.¢ aliphatic, phenvl, a 4-

7 membered saturated or partially unsaturated heterocyclic ring having 1-2 heteroatoms

2069



independently selected from nitrogen, oxygen, and sulfur, and a 5-6 membered heteroaryl

ring having 1-4 heteroatoms independently selected from nitrogen, oxygen, and sulfur;

Ring A is a fused ring selected from 6-membered aryl containing 0-2 nitrogen atoms, 5 to 7-

membered partially saturated carbocyclyl, 5 to 7-membered partially saturated

heterocyclyl with 1-2 heteroatoms independently selected from nitrogen, oxygen or sulfur,

or 5-membered heteroaryl with 1-3 heteroatoms independently selected from nitrogen,

oxygen or sulfur;

mis0,1,2.3or4.

14. The compound according to claim 11, wherein the cereblon E3 ubiquitin ligase binding

moiety is selected from:

o)
N O HN
o) o ©
N 0 O N
of NH N
HN % 151#
o, O \ ,and .

15. The compound according to claim 11, wherein the VHL E3 ubiquitin ligase binding

HM
b
H :

'*rﬁw
R

‘l&kf

moiety is H

wherein:

each of X* and X is independently a bivalent moiety selected from —CH»—, —C(O)—, —C(S)-, or
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each R* is independently hydrogen, RS  halogen, -CN, -NO, -OR, -
SR, -NRo, -S(O)R, -S(O)NR., -S(O)R, -C(O)R, -C(O)OR, —
C(O)NRo, -C(O)N(R)OR, -OC(O)R, -OC(O)NR>, -
N(R)C(O)OR, -N(R)C(O)R, -N(R)C(O)NR», or -N(R)S(O)R;

R’ is hydrogen or C.6 aliphatic:

each R® is independently an optionally substituted group selected from Ci.¢ aliphatic, phenyl, a 4-

7 membered saturated or partially unsaturated heterocyclic ring having 1-2 heteroatoms

independently selected from nitrogen, oxygen, and sulfur, and a 5-6 membered heteroaryl

ring having 1-4 heteroatoms independently selected from nitrogen, oxyegen, and sulfur;

Ring C is a selected from 6-membered aryl containing 0-2 nitrogen atoms or a 5-membered

heteroaryl with 1-3 heteroatoms independently selected from nitrogen, oxygen or sulfur;

and

qis 0,1.2.3 or4.

16. The compound according to claim 11, wherein the VHL E3 ubiquitin ligase binding

¢

HH

(2T
Y fm%
. H.
moiety 18
17. The compound according to claim 11, wherein L is selected from:

H H
H"{[(N\/\/\/O\/\O/\/O\/\/\/N WAO/E
(0] (@]

rﬁf H\/\O/\/O\/\O/\/H O}L‘
) e
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18. The compound according to claim 11, wherein said compound is selected from any one

of the following compounds, or a pharmaceutically acceptable salt thereof.
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19. A pharmaceutical composition comprising a compound according to claim 11, and a

pharmaceutically acceptable carrier, adjuvant, or vehicle.

20. The pharmaceutical composition according to claim 19, further comprising an additional

therapeutic agent.
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