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SUMMARY 

 Described herein are irreversible inhibitors of menin-MLL interaction. Also described 

herein are specific heterocyclic irreversible inhibitors of menin-MLL or MLL fusion proteins 

interaction.  

 Also described herein are methods for synthesizing such irreversible inhibitors, methods 

for using such irreversible inhibitors in the treatment of diseases (including diseases wherein 

inhibition of menin-MLL interaction provides therapeutic benefit to a patient having the disease). 

Further described are pharmaceutical compositions that include an inhibitor of menin-MLL 

interaction. Specifically, described herein are compounds and methods of use thereof to inhibit 

interaction of menin with MLL oncoproteins (e.g., MLL1, MLL2, MLL-fusion oncoproteins). 

 Specifically described herein are irreversible inhibitors of menin-MLL interaction that 

form a covalent bond with a cysteine residue on menin.  Further described herein are irreversible 

inhibitors of menin-MLL interaction that form a covalent bond with a Cys329 residue on menin. 

Also described are pharmaceutical formulations that include an irreversible inhibitor of menin. 

 Thus, in some examples, the present disclosure provides methods for preventing, treating 

or ameliorating in a mammal a disease or condition that is causally related to the aberrant activity 

of a menin-MLL interaction in vivo, which comprises administering to the mammal an effective 

disease-treating or condition-treating amount of a compound according to Formula (I) having the 

structure: 

 

or a pharmaceutically acceptable salt thereof, 

wherein: 

A is C or N;  

Cy is substituted or unsubstituted 
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two R groups on the same nitrogen are taken together with their intervening atoms to form a 4-7 

membered saturated, partially unsaturated, or heteroaryl ring having 0-3 heteroatoms, in addition 

to the nitrogen, independently selected from nitrogen, oxygen, or sulfur; 

R5a is H, C1-6 alkyl, C1-6 haloalkyl, halo, or CN;  

each R6a and R6b is independently H or C1-6 alkyl; or R6a and R6b are joined together to form a 

bond;  

R6c is H or substituted or unsubstituted C1-6 alkyl; 

m is 1, 2, or 3; and n is 1, 2, 3, or 4. 

 The present disclosure provides a compound according to Formula (I) having the 

structure: 

 

or a pharmaceutically acceptable salt thereof, 

wherein: 

A is C or N;  

Cy is substituted or unsubstituted 

; 

Q is N, –N(H)-, -O-, or –S-;  

Z is –CR5a= or –N=; 

X is –NR3a-, –C(R3b)2-, or –O-; 

Y is a single bond, –NR3a-, –C(R3b)2-, or –O-; 

W is -C(O)-, -S(O)-, or -S(O)2-; 
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one of R1 and R2 is Cy2-N(H)C(O)-C(R6a)=C(R6b)(R6c), or CH2-Cy2-N(H)C(O)-

C(R6a)=C(R6b)(R6c); and other is H, C1-6 alkyl, C1-6 haloalkyl, halo, or CN; 

Cy2 is an optionally substituted group selected from phenyl, pyridyl, or a 4-7 membered 

heterocycloalkyl ring having 1-2 heteroatoms independently selected from nitrogen, oxygen, or 

sulfur;  

each R3a, and R3b is independenly H or C1-6 alkyl;  

each R4a  and R4b  is independently H, halo, CN, OR, -N(R)2, –C(O)N(R)2, -

NRC(O)R, -SO2R, -C(O)R, -CO2R, or an optionally substituted group selected from C1-6 alkyl, 

C3-7 cycloalkyl, a 4-7 membered heterocycloalkyl ring having 1-2 heteroatoms independently 

selected from nitrogen, oxygen, or sulfur, phenyl, an 8-10 membered bicyclic aryl ring,  and a 5-

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

oxygen, or sulfur;  

each R is independently H, or an optionally substituted group selected from C1-6 aliphatic, 

phenyl, an 8-10 membered bicyclic aryl ring, a 4-7 membered saturated or partially unsaturated 

heterocyclic ring having 1-2 heteroatoms independently selected from nitrogen, oxygen, or 

sulfur, and a 5-6 membered heteroaryl ring having 1-4 heteroatoms independently selected from 

nitrogen, oxygen, or sulfur, or: 

two R groups on the same nitrogen are taken together with their intervening atoms to form a 4-7 

membered saturated, partially unsaturated, or heteroaryl ring having 0-3 heteroatoms, in addition 

to the nitrogen, independently selected from nitrogen, oxygen, or sulfur; 

R5a is H, C1-6 alkyl, C1-6 haloalkyl, halo, or CN;  

each R6a and R6b is independently H or C1-6 alkyl; or R6a and R6b are joined together to form a 

bond;  

R6c is H or substituted or unsubstituted C1-6 alkyl; 

m is 1, 2, or 3; and n is 1, 2, 3, or 4.  

[0011a] In one aspect, the present disclosure refers to a compound according to formula (I): 
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or a pharmaceutically acceptable salt or a stereoisomer thereof, 

wherein: 

A is N;  

Cy is  

; 

X is –NR3a-, –C(R3b)2-, or –O-; 

Y is a single bond, –NR3a-, –C(R3b)2-, or –O-; 

W is -C(O)-, -S(O)-, or -S(O)2-; 

(i) R1 is H, halo, CN, C1-6 alkyl, or C1-6 haloalkyl; and 

      R2 is CH2-Cy2-NHC(O)-C(R6a)=C(R6b)(R6c) or Cy2-NHC(O)-C(R6a)=C(R6b)(R6c); or 

(ii) R1 is CH2-Cy2-NHC(O)-C(R6a)=C(R6b)(R6c) or Cy2-NHC(O)-C(R6a)=C(R6b)(R6c); and 

 R2 is H, halo, CN, C1-6 alkyl, or C1-6 haloalkyl; 

Cy2 is an optionally substituted 4-7 membered heterocycloalkyl ring, phenyl, or pyridyl, 

wherein the 4- to 7-membered heterocycloalkyl ring has 1 or 2 heteroatoms independently 

selected from group consisting of nitrogen, oxygen, and sulfur;  

each R3a is independently H or C1-6 alkyl; 

each R3b is independently H or C1-6 alkyl;   

each R4a  is independently H, halo, CN, C1-6 alkyl, C(O)R, C(O)N(R)2, C(O)OR, N(R)2, 

NRC(O)R, OR, S(O)2R, C3-7 cycloalkyl, a 4- to 7-membered heterocycloalkyl ring, phenyl, an 8- 

to 10-membered bicyclic aryl ring,  or a 5- or 6-membered heteroaryl ring, wherein the 4- to 7-

membered heterocycloalkyl ring has 1 or 2 heteroatoms independently selected from the group 

consisting of nitrogen, oxygen, and sulfur, the 5- or 6-membered heteroaryl ring has 1, 2, 3, or 4 

wherein
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heteroatoms independently selected from the group consisting of nitrogen, oxygen, and sulfur; 

each R4b  is independently H, halo, CN, C1-6 alkyl, C(O)R, C(O)N(R)2, C(O)OR, N(R)2, 

NRC(O)R, OR, S(O)2R, C3-7 cycloalkyl, a 4- to 7-membered heterocycloalkyl ring, phenyl, an 8- 

to 10-membered bicyclic aryl ring,  or a 5- or 6-membered heteroaryl ring, wherein the 4- to 7-

membered heterocycloalkyl ring has 1 or 2 heteroatoms independently selected from the group 

consisting of nitrogen, oxygen, and sulfur, the 5- or 6-membered heteroaryl ring has 1, 2, 3, or 4 

heteroatoms independently selected from the group consisting of nitrogen, oxygen, and sulfur; 

each R is independently H, C1-6 aliphatic, a saturated or partially unsaturated 4- to 7-

membered heterocyclic ring, phenyl, an 8- to 10-membered bicyclic aryl ring, or a 5- or 6-

membered heteroaryl ring, wherein the saturated or partially unsaturated 4- to 7-membered 

heterocyclic has 1 or 2 heteroatoms independently selected from the group consisting of nitrogen, 

oxygen, and sulfur; and the 5- or 6-membered heteroaryl ring has 1, 2, 3, or 4 heteroatoms 

independently selected from the group consisting of nitrogen, oxygen, and sulfur; 

or: 

two geminal R groups together with the nitrogen atom to which they are attached form a 

saturated, or partially unsaturated 4- to 7-membered heterocyclic ring, or a 5- or 6-membered 

heteroaryl ring, wherein the 4- to 7-membered heterocyclic ring or the 5- or 6-membered 

heteroaryl has 0, 1, 2, or 3 additional heteroatoms, independently selected from the group 

consisting of nitrogen, oxygen, and sulfur; 

R6a is H or C1-6 alkyl;  

R6b is H or C1-6 alkyl; or 

R6a and R6b, joined together, form a single bond;  

R6c is H or unsubstituted C1-6 alkyl; or each of R6a, and R6b is H, and R6c is C1-C6 alkyl, 

wherein the C1-6 alkyl is optionally substituted with N(CH3)2; 

R7 is  

(i) independently a 4- to 7-membered heterocycloalkyl ring, phenyl, an 8- to -10-membered 

bicyclic aryl ring,  or 5- or 6-membered heteroaryl ring, wherein the 4- to 7- membered 

heterocycloalkyl independently has 1 or 2 heteroatoms independently selected from the 

group consisting of  nitrogen, oxygen, and  sulfur; 
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(ii) a 4- to 7-membered heterocycloalkyl ring having 1 or 2 heteroatoms independently 

selected from the group consisting of nitrogen, oxygen, and sulfur, and substituted 

with Me, Et, or i-Pr; 

(iii) pyridyl substituted with halo, hydroxyl, CN, substituted or unsubstituted C1-6alkyl, 

amino, or alkoxy; 

(iv)  pyridyl substituted with Me, Et, i-Pr, OH, Cl, F, CF3, CN, or NH2; or 

(v) imidazoyl substituted with Me, Et, i-Pr, Cl, F, CF3, or CN; 

m is 1, 2, or 3; and  

n is 1, 2, 3, or 4. 

In some examples, the present disclosure provides a compound according to Formula 

(XXI): 
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or a pharmaceutically acceptable salt thereof, 

wherein A, Cy, Cy2, R4b, R6a, R6b, R6c, m, and n are as described for formula (I); and each R8 and 

R9 is independently H, C1-6 alkyl, C1-6 haloalkyl, halo, or CN. 

 In some examples, X is –N(H)- and Y is –NH-, -C(H)2- or O. In some examples, each of 

X and Y is –N(H)-. 

 In some examples, W is -S(O)-, or -S(O)2-. In a particular example, W is -C(O)-. 

 In some examples, –X-W-Y- is –N(H)-C(O)-N(H)-, –N(H)-C(O)-CH2-, –CH2-C(O)-

N(H)-, –N(H)-S(O)-N(H)-, –N(H)-S(O)-CH2-, –CH2-S(O)-N(H)-, –N(H)-S(O)2-N(H)-, –N(H)-

S(O)2-CH2-, –CH2-S(O)2-N(H)-, or –N(H)-C(O)-. 

 In some examples, the compound is according to formula (IIa), (IIb), (IIc) or (IId): 

      

 

or a pharmaceutically acceptable salt thereof. 

 In some examples, R2 is H, Me, Et, i-Pr, CF3, F, Cl, OMe, OEt, or CN. 

 In some examples, the compound is according to formula (XV): 
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or a pharmaceutically acceptable salt thereof. 

 In some examples, the compound is according to formula (XVI):  

 

or a pharmaceutically acceptable salt thereof. 

In some examples, the compound is according to formula (XVII): 

 

or a pharmaceutically acceptable salt thereof. 

 In some examples, the active site is a cavity in which the compound or the moiety binds 

to the MLL site on the menin. In some examples, the active site is MEN1 at the MLL binding 

site.  

 In some examples, the the disease or condition is an autoimmune disease, a 

heteroimmune disease, a cancer, mastocytosis, osteoporosis or bone resorption disorder, or an 

inflammatory disease. 

 In some examples, the compounds of the disclosure may also serve as an anti-tumor 

agents through off-target activity by impacting other protein-protein interactions as well as 

kinases. 

[0022a] In another aspect, the present disclosure refers to a pharmaceutical composition 

comprising a therapeutically effective amount of a compound provided herein; or a 

pharmaceutically acceptable salt or stereoisomer thereof. 

 In some examples, the present disclosure provides pharmaceutical compositions 

comprising a therapeutically effective amount of a compound of Formula (I) and a 

pharmaceutically acceptable excipient. In some examples, the pharmaceutical composition 
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comprising the compound of Formula (I) is formulated for a route of administration selected 

from oral administration, parenteral administration, buccal administration, nasal administration, 

topical administration, or rectal administration. In some examples, the present disclosure 

provides methods for treating an autoimmune disease or condition comprising administering to a 

patient in need a therapeutically effective amount of a compound of Formula (I). In some 

examplesthe autoimmune disease is selected from rheumatoid arthritis or lupus.  In some 

examples, the present disclosure provides a method for treating a heteroimmune disease or 

condition comprising administering to a patient in need a therapeutically effective amount of a 

compound of Formula (I).  In some examplesthe present disclosure provides a method for 

treating a cancer comprising administering to a patient in need a therapeutically effective amount 

of a compound of Formula (I). In some examples, the cancer is a myeloid line of blood cells. In 

some examples, the cancer is a lymphoid line of blood cell.  In some examples, the cancer is a B-

cell proliferative disorder. In some examples, the cancer is a lymphoid line of blood cells. 

 In some examples the myeloid line of blood cells is acute myeloid leukemia.  In some 

examples the lymphoid line of blood cells is acute lymphoblastic leukemia. In some examples the 

B-cell proliferative disorder is diffuse large B cell lymphoma, follicular lymphoma or chronic 

lymphocytic leukemia.  In some examples the cancer (soft tissue) is glioblastoma and pancreatic 

cancer.  In some examples the cancer is renal cell carcinoma. 

 In some examples, the present disclosure provides a method for treating mastocytosis 

comprising administering to a patient in need a therapeutically effective amount of a compound 

of Formula (I). 

 In some examples, the present disclosure provides a method for treating osteoporosis or 

bone resorption disorders comprising administering to a patient in need a therapeutically 

effective amount of a compound of Formula (I). 

 In some examples, the present disclosure provides a method for treating an inflammatory 

disease or condition comprising administering to a patient in need a therapeutically effective 

amount of a compound of Formula (I). 

 Any combination of the groups described above for the various variables is contemplated 

herein. It is understood that substituents and substitution patterns on the compounds provided 
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herein can be selected by one of ordinary skill in the art to provide compounds that are 

chemically stable and that can be synthesized by techniques known in the art, as well as those set 

forth herein. 

 In some examples, the present disclosure provides pharmaceutical compositions, which 

include a therapeutically effective amount of at least one of any of the compounds herein, or a 

pharmaceutically acceptable salt, pharmaceutically active metabolite, pharmaceutically 

acceptable prodrug, or pharmaceutically acceptable solvate. In certain examples, compositions 

provided herein further include a pharmaceutically acceptable diluent, excipient and/or binder. 

 Pharmaceutical compositions formulated for administration by an appropriate route and 

means containing effective concentrations of one or more of the compounds provided herein, or 

pharmaceutically effective derivatives thereof, that deliver amounts effective for the treatment, 

prevention, or amelioration of one or more symptoms of dieases, disorders or conditions that are 

modulated or otherwise affected by Menin-MLL activity, or in which Menin-MLL activity is 

implicated, are provided. The effective amounts and concentrations are effective for ameliorating 

any of the symptoms of any of the diseases, disorders or conditions disclosed herein. 

 In certain examples, provided herein is a pharmaceutical composition containing: i) a 

physiologically acceptable carrier, diluent, and/or excipient; and ii) one or more compounds 

provided herein. 

 In some examples, provided herein are methods for treating a patient by administering a 

compound provided herein.  In some examples, provided herein is a method of inhibiting the 

activity of Menin-MLL, or of treating a disease, disorder, or condition, which would benefit from 

inhibition of Menin-MLL activity, in a patient, which includes administering to the patient a 

therapeutically effective amount of at least one of any of the compounds herein, or 

pharmaceutically acceptable salt, pharmaceutically active metabolite, pharmaceutically 

acceptable prodrug, or pharmaceutically acceptable solvate. 

 In some examples, provided herein is the use of a compound disclosed herein for 

inhibiting Menin-MLL activity or for the treatment of a disease, disorder, or condition, which 

would benefit from inhibition of Menin-MLL activity. 

[0033a] In another aspect, the present disclosure refers to  use of any one of the compounds 

provided herein, or a pharmaceutical composition provided herein, in the manufacture of a 

medicament for inhibiting menin-MLL activity in a patient in need thereof, wherein the patient 

has an autoimmune disease or an autoimmune condition.
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[0033b] In another aspect, the present disclosure refers to use of any one of the compounds 

provided herein, or a pharmaceutical composition provided herein, in the manufacture of a 

medicament for the treatment of cancer. 

[0033c] In another aspect, the present disclosure refers to any one of the compounds provided 

herein, or a pharmaceutical composition provided herein, for use in treating an autoimmune 

disease or an autoimmune condition. 

[0033d] In another aspect, the present disclosure refers to any one of the compounds provided 

herein, or a pharmaceutical composition provided herein, for use in treating cancer. 

[0033e] In another aspect, the present disclosure refers to any one of the compounds provided 

herein, or a pharmaceutical composition provided herein, for use in inhibiting menin-MLL 

activity in a patient in need thereof. 

[0033f] In another aspect, the present disclosure refers to any one of the compounds provided 

herein, or a pharmaceutical composition provided herein, for use in inhibiting menin activity in a 

patient in need thereof. 

[0034] In some examples, compounds provided herein are administered to a human. 
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 In some examples, compounds provided herein are orally administered. 

 In some examples, compounds provided herein are used for the formulation of a 

medicament for the inhibition of Menin-MLL activity. In some examples, compounds provided 

herein are used for the formulation of a medicament for the inhibition of Menin-MLL activity. 

 Articles of manufacture including packaging material, a compound or composition or 

pharmaceutically acceptable derivative thereof provided herein, which is effective for inhibiting 

the activity of Menin-MLL, within the packaging material, and a label that indicates that the 

compound or composition, or pharmaceutically acceptable salt, pharmaceutically active 

metabolite, pharmaceutically acceptable prodrug, or pharmaceutically acceptable solvate thereof, 

is used for inhibiting the activity of Menin-MLL, are provided. 

 In some examples, provided herein is a method for inhibiting Menin-MLL activity in a 

subject in need thereof by administering to the subject thereof a composition containing a 

therapeutically effective amount of at least one compound having the structure of Formula (I). In 

some examples, the subject in need is suffering from an autoimmune disease, e.g., inflammatory 

bowel disease, arthritis, lupus, rheumatoid arthritis, psoriatic arthritis, osteoarthritis, Still’s 

disease, juvenile arthritis, diabetes, myasthenia gravis, Hashimoto's thyroiditis, Ord's thyroiditis, 

Graves' disease Sjögren's syndrome, multiple sclerosis, Guillain-Barré syndrome, acute 

disseminated encephalomyelitis, Addison's disease, opsoclonus-myoclonus syndrome, 

ankylosing spondylitis, antiphospholipid antibody syndrome, aplastic anemia, autoimmune 

hepatitis, coeliac disease, Goodpasture's syndrome, idiopathic thrombocytopenic purpura, optic 

neuritis, scleroderma, primary biliary cirrhosis, Reiter's syndrome, Takayasu's arteritis, temporal 

arteritis, warm autoimmune hemolytic anemia, Wegener's granulomatosis, psoriasis, alopecia 

universalis, Behçet's disease, chronic fatigue, dysautonomia, endometriosis, interstitial cystitis, 

neuromyotonia, scleroderma, or vulvodynia.  

 In some examples, the subject in need is suffering from a heteroimmune condition or 

disease, e.g., graft versus host disease, transplantation, transfusion, anaphylaxis, allergy, type I 

hypersensitivity, allergic conjunctivitis, allergic rhinitis, or atopic dermatitis. 

 In certain examples, the subject in need is suffering from an inflammatory disease, e.g., 

asthma, appendicitis, blepharitis, bronchiolitis, bronchitis, bursitis, cervicitis, cholangitis, 
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cholecystitis, colitis, conjunctivitis, cystitis, dacryoadenitis, dermatitis, dermatomyositis, 

encephalitis, endocarditis, endometritis, enteritis, enterocolitis, epicondylitis, epididymitis, 

fasciitis, fibrositis, gastritis, gastroenteritis, hepatitis, hidradenitis suppurativa, laryngitis, 

mastitis, meningitis, myelitis myocarditis, myositis, nephritis, oophoritis, orchitis, osteitis, otitis, 

pancreatitis, parotitis, pericarditis, peritonitis, pharyngitis, pleuritis, phlebitis, pneumonitis, 

pneumonia, proctitis, prostatitis, pyelonephritis, rhinitis, salpingitis, sinusitis, stomatitis, 

synovitis, tendonitis, tonsillitis, uveitis, vaginitis, vasculitis, or vulvitis. 

 In some examples, the subject in need is suffering from a cancer. In some examples, the 

cancer is a B-cell proliferative disorder, e.g., diffuse large B cell lymphoma, follicular 

lymphoma, chronic lymphocytic lymphoma, chronic lymphocytic leukemia, B-cell 

prolymphocytic leukemia, lymphoplasmacytic lymphoma/Waldenström macroglobulinemia, 

splenic marginal zone lymphoma, plasma cell myeloma, plasmacytoma, extranodal marginal 

zone B cell lymphoma, nodal marginal zone B cell lymphoma, mantle cell lymphoma, 

mediastinal (thymic) large B cell lymphoma, intravascular large B cell lymphoma, primary 

effusion lymphoma, burkitt lymphoma/leukemia, or lymphomatoid granulomatosis. In some 

examples, where the subject is suffering from a cancer, an anti-cancer agent is administered to 

the subject in addition to one of the above-mentioned compounds.  

 In some examples, the subject in need is suffering from a thromboembolic disorder, e.g., 

myocardial infarct, angina pectoris, reocclusion after angioplasty, restenosis after angioplasty, 

reocclusion after aortocoronary bypass, restenosis after aortocoronary bypass, stroke, transitory 

ischemia, a peripheral arterial occlusive disorder, pulmonary embolism, or deep venous 

thrombosis. 

 In some examples, provided herein is a method for treating an autoimmune disease by 

administering to a subject in need thereof a composition containing a therapeutically effective 

amount of at least one compound having the structure of Formula (I)-(XVII). In some examples, 

the autoimmune disease is arthritis. In some examples, the autoimmune disease is lupus. In some 

examples, the autoimmune disease is inflammatory bowel disease (including Crohn’s disease and 

ulcerative colitis), rheumatoid arthritis, psoriatic arthritis, osteoarthritis, Still’s disease, juvenile 

arthritis, lupus, diabetes, myasthenia gravis, Hashimoto's thyroiditis, Ord's thyroiditis, Graves' 

disease Sjögren's syndrome, multiple sclerosis, Guillain- 
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Barré syndrome, acute disseminated encephalomyelitis, Addison's disease, opsoclonus-

myoclonus syndrome, ankylosing spondylitis, antiphospholipid antibody syndrome, aplastic 

anemia, autoimmune hepatitis, coeliac disease, Goodpasture's syndrome, idiopathic 

thrombocytopenic purpura, optic neuritis, scleroderma, primary biliary cirrhosis, Reiter's 

syndrome, Takayasu's arteritis, temporal arteritis, warm autoimmune hemolytic anemia, 

Wegener's granulomatosis, psoriasis, alopecia universalis, Behçet's disease, chronic fatigue, 

dysautonomia, endometriosis, interstitial cystitis, neuromyotonia, scleroderma, or vulvodynia. 

 In some examples, provided herein is a method for treating a heteroimmune condition or 

disease by administering to a subject in need thereof a composition containing a therapeutically 

effective amount of at least one compound having the structure Formula (I)-(XVII).  In some 

examples, the heteroimmune condition or disease is graft versus host disease, transplantation, 

transfusion, anaphylaxis, allergy, type I hypersensitivity, allergic conjunctivitis, allergic rhinitis, 

or atopic dermatitis. 

 In some examples, provided herein is a method for treating an inflammatory disease by 

administering to a subject in need thereof a composition containing a therapeutically effective 

amount of at least one compound having the structure of Formula (I)-(XVII).  In some examples, 

the inflammatory disease is asthma, inflammatory bowel disease (including Crohn’s disease and 

ulcerative colitis), appendicitis, blepharitis, bronchiolitis, bronchitis, bursitis, cervicitis, 

cholangitis, cholecystitis, colitis, conjunctivitis, cystitis, dacryoadenitis, dermatitis, 

dermatomyositis, encephalitis, endocarditis, endometritis, enteritis, enterocolitis, epicondylitis, 

epididymitis, fasciitis, fibrositis, gastritis, gastroenteritis, hepatitis, hidradenitis suppurativa, 

laryngitis, mastitis, meningitis, myelitis myocarditis, myositis, nephritis, oophoritis, orchitis, 

osteitis, otitis, pancreatitis, parotitis, pericarditis, peritonitis, pharyngitis, pleuritis, phlebitis, 

pneumonitis, pneumonia, proctitis, prostatitis, pyelonephritis, rhinitis, salpingitis, sinusitis, 

stomatitis, synovitis, tendonitis, tonsillitis, uveitis, vaginitis, vasculitis, or vulvitis. 

 In some examples, provided herein is a method for treating a cancer by administering to 

a subject in need thereof a composition containing a therapeutically effective amount of at least 

one compound having the structure of Formula (I)-(XVII).  In some examples, the cancer is a B-

cell proliferative disorder, e.g., diffuse large B cell lymphoma, follicular lymphoma, chronic 

lymphocytic lymphoma, chronic lymphocytic leukemia, B-cell
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prolymphocytic leukemia, lymphoplasmacytic lymphoma/Waldenström macroglobulinemia, 

splenic marginal zone lymphoma, plasma cell myeloma, plasmacytoma, extranodal marginal 

zone B cell lymphoma, nodal marginal zone B cell lymphoma, mantle cell lymphoma, 

mediastinal (thymic) large B cell lymphoma, intravascular large B cell lymphoma, primary 

effusion lymphoma, burkitt lymphoma/leukemia, or lymphomatoid granulomatosis. In some 

examples, where the subject is suffering from a cancer, an anti-cancer agent is administered to 

the subject in addition to one of the above-mentioned compounds.  

 In some examples, provided herein is a method for treating a thromboembolic disorder 

by administering to a subject in need thereof a composition containing a therapeutically effective 

amount of at least one compound having the structure of Formula (I)-(XVII). In some examples, 

the thromboembolic disorder is myocardial infarct, angina pectoris, reocclusion after angioplasty, 

restenosis after angioplasty, reocclusion after aortocoronary bypass, restenosis after 

aortocoronary bypass, stroke, transitory ischemia, a peripheral arterial occlusive disorder, 

pulmonary embolism, or deep venous thrombosis. 

 In some examples are methods for treating inflammation comprising administering to 

the mammal at least once an effective amount of at least one compound having the structure of 

Formula (I)-(XVII). 

 In some examples, the present disclosure provides methods for the treatment of cancer 

comprising administering to the mammal at least once an effective amount of at least one 

compound having the structure of Formula (I)-(XVII).  The type of cancer may include, but is 

not limited to, pancreatic cancer and other solid or hematological tumors. 

 In some examples, the present disclosure provides methods for treating respiratory 

diseases comprising administering to the mammal at least once an effective amount of at least 

one compound having the structure Formula (I)-(XVII).  In some examples, the respiratory 

disease is asthma. In some examples, the respiratory disease includes, but is not limited to, adult 

respiratory distress syndrome and allergic (extrinsic) asthma, non-allergic (intrinsic) asthma, 

acute severe asthma, chronic asthma, clinical asthma, nocturnal asthma, allergen-induced asthma, 

aspirin-sensitive asthma, exercise-induced asthma, isocapnic hyperventilation, child-onset 

asthma, adult-onset asthma, cough-variant asthma, occupational asthma, steroid-resistant asthma, 

and seasonal asthma.  
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 In some examples, the present disclosure provides methods for preventing rheumatoid 

arthritis and osteoarthritis comprising administering to the mammal at least once an effective 

amount of at least one compound having the structure of Formula (I)-(XVII). 

 In some examples, the present disclosure provides methods for treating inflammatory 

responses of the skin comprising administering to the mammal at least once an effective amount 

of at least one compound having the structure of Formula (I)-(XVII).  Such inflammatory 

responses of the skin include, by way of example, dermatitis, contact dermatitis, eczema, 

urticaria, rosacea, and scarring. In another example are methods for reducing psoriatic lesions in 

the skin, joints, or other tissues or organs, comprising administering to the mammal an effective 

amount of a first compound having the structure of Formula (I)-(XVII) 

 In certain examples, the present disclosure discloses methods for treating the following 

diseases or conditions comprising administering to the mammal a compound of the disclosure. In 

some examples, the disease or condition is ALL (Acute Lymphoblastic Lymphoma), DLBCL 

(Diffuse Large B-Cell Lymphoma), FL (Follicular Lymphoma), RCC (Renal Cell Carcinoma), 

Childhoon Medulloblastoma, Glioblastoma, Pancreatic tumor or cancer, Liver cancer 

(Hepatocellular Carcinoma), Prostate Cancer (Myc), Triple Negative Breast (Myc), AML (Acute 

Myeloid Leukemia), or MDS (Myelo Dyslplastic Syndrome). In some examples, the disease or 

condition is Early-onset Dystonia. In yet some examples, the disease or condition is Kabuki 

Syndrome.  

 In some examples, the disease or condition is p53 driven tumor. 

p53  Driven tumors and Menin/MLL1 

 RUNX2 signaling pathway is one of survival signals specific to p53 defective cancer 

cells. RUNX2 recruits the Menin/MLL1 epigenetic complex to induce the expression of MYC. 

Using small molecule irreversible inhibitors of the Menin/MLL1 complex, targeting 

RUNX2/Menin/MLL1/MYC axis is a feasible strategy for killing p53 defective cancer cells 

(Shih, et al., A RUNX2-Mediated Epigenetic Regulation of the Survival of p53 Defective Cancer 

Cells. PLOS Genetics, https://doi.org/10.1371/journal.pgen.1005884, 2016). 

 In some examples, the disease or condition is MYC driven tumor. 

MYC Driven tumors and Menin/MLL1 
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 MYC is documented to be involved broadly in many cancers, in which its expression is 

estimated to be elevated or deregulated in up to 70% of human cancers. High levels of MYC 

expression have been linked to aggressive human prostate cancer and triple negative breast 

cancer (Gurel et al., Mod Pathol. 2008 Sep; 21(9):1156-67; Palaskas et al., Cancer Res. 2011 

Aug 1; 71(15):5164-74). Experimental models of Myc-mediated tumorigenesis suggest that 

established tumors are addicted to Myc and that deregulated expression of Myc result in an 

addiction not only to Myc but also to nutrients. These Myc-induced changes provide a unique 

opportunity for new therapeutic strategies. Notwithstanding the fact that normal proliferating 

cells (stem cell compartments and immune cells) also use MYC for renewal, many studies have 

focused on targeting Myc for cancer therapeutics. Strategies have emerged to inhibit MYC 

expression, to interrupt Myc-Max dimerization, to inhibit Myc-Max DNA binding, and to 

interfere with key Myc target genes (Dang et al. Cell. 2012, 149(1): 22–35).  

 Menin’s role in tumor suppression is cell-specific, Menin disruption in the liver or 

haematopoetic system does not result in tumors. Important to measure the concentration of the 

drug in endocrine tissue, liver tissue, bone marrow, and Haematopoetic. 

 In any of the aforementioned examples are some examplesin which administration is 

enteral, parenteral, or both, and wherein (a) an effective amount of a provided compound is 

systemically administered to the mammal; (b) an effective amount of a provided compound is 

administered orally to the mammal; (c) an effective amount of a provided compound is 

intravenously administered to the mammal; (d) an effective amount of a provided compound is 

administered by inhalation; (e) an effective amount of a provided compound is is administered by 

nasal administration; or (f) an effective amount of a provided compound is is administered by 

injection to the mammal; (g) an effective amount of a provided compound is is administered 

topically (dermal) to the mammal; (h) an effective amount of a provided compound is is 

administered by ophthalmic administration; or (i) an effective amount of a provided compound is 

is administered rectally to the mammal. 

 In any of the aforementioned examples are some examples comprising single 

administrations of an effective amount of a provided compound is, including some examples in 

which (i) a provided compound is administered once; (ii) a provided compound is 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3345192/#R77
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3345192/#R151
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3345192/#R151
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administered to the mammal multiple times over the span of one day; (iii) continually; or (iv) 

continuously.  

 In any of the aforementioned examples are some examplescomprising multiple 

administrations of an effective amount of a provided compound, including some examplesin 

which (i) a provided compound is administered in a single dose; (ii) the time between multiple 

administrations is every 6 hours; (iii) a provided compound is administered to the mammal every 

8 hours. In some examples, the method comprises a drug holiday, wherein the administration of 

the compound is temporarily suspended or the dose of the compound being administered is 

temporarily reduced; at the end of the drug holiday, dosing of the compound is resumed. The 

length of the drug holiday can vary from 2 days to 1 year. 

 In any of the aforementioned examples involving the treatment of proliferative disorders, 

including cancer, are some examplescomprising administering at least one additional agent 

selected from the group consisting of alemtuzumab, arsenic trioxide, asparaginase (pegylated or 

non-), bevacizumab, cetuximab, platinum-based compounds such as cisplatin, cladribine, 

daunorubicin/doxorubicin/idarubicin, irinotecan, fludarabine, 5-fluorouracil, gemtuzumab, 

methotrexate, Paclitaxel™, taxol, temozolomide, thioguanine, or classes of drugs including 

hormones (an antiestrogen, an antiandrogen, or gonadotropin releasing hormone analogues, 

interferons such as alpha interferon, nitrogen mustards such as busulfan or melphalan or 

mechlorethamine, retinoids such as tretinoin, topoisomerase irreversible inhibitors such as 

irinotecan or topotecan, tyrosine kinase irreversible inhibitors such as gefinitinib or imatinib, or 

agents to treat signs or symptoms induced by such therapy including allopurinol, filgrastim, 

granisetron/ondansetron/palonosetron, dronabinol. 

 In some examples, the compounds of Formula (I)-(XLIIIc) are irreversible inhibitors of 

Menin-MLL activity.  In certain examples, such irreversible inhibitors have an IC50 below 10 

microM in enzyme assay.  In some examples, a menin-MLL inhibitor has an IC50 of less than 1 

microM, and in some examples, less than 0.25 microM. 

 Other objects, features and advantages of the methods and compositions described herein 

will become apparent from the following detailed description. It should be understood, however, 

that the detailed description and the specific examples, while indicating specific examples, are 

given by way of illustration only, since various changes and modifications within the spirit 
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WHAT IS CLAIMED IS: 

 

1. A compound according to formula (I): 

X
W

Y

Cy
(R4a)n

(I)

A

R1

R2

(R4b)m
 

or a pharmaceutically acceptable salt or a stereoisomer thereof, 

wherein: 

A is N;  

Cy is  

 

; 

 

wherein 

 

X is –NR3a-, –C(R3b)2-, or –O-; 

Y is a single bond, –NR3a-, –C(R3b)2-, or –O-; 

W is -C(O)-, -S(O)-, or -S(O)2-; 

(i) R1 is H, halo, CN, C1-6 alkyl, or C1-6 haloalkyl; and 

      R2 is CH2-Cy2-NHC(O)-C(R6a)=C(R6b)(R6c) or Cy2-NHC(O)-C(R6a)=C(R6b)(R6c); or 

(ii) R1 is CH2-Cy2-NHC(O)-C(R6a)=C(R6b)(R6c) or Cy2-NHC(O)-C(R6a)=C(R6b)(R6c); and 

      R2 is H, halo, CN, C1-6 alkyl, or C1-6 haloalkyl;  

 Cy2 is an optionally substituted 4-7 membered heterocycloalkyl ring, phenyl, or pyridyl, 

wherein the 4- to 7-membered heterocycloalkyl ring has 1 or 2 heteroatoms independently 

selected from group consisting of nitrogen, oxygen, and sulfur;  

 each R3a is independently H or C1-6 alkyl; 
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 each R3b is independently H or C1-6 alkyl;   

 each R4a  is independently H, halo, CN, C1-6 alkyl, C(O)R, C(O)N(R)2, C(O)OR, N(R)2, 

NRC(O)R, OR, S(O)2R, C3-7 cycloalkyl, a 4- to 7-membered heterocycloalkyl ring, phenyl, an 8- 

to 10-membered bicyclic aryl ring,  or a 5- or 6-membered heteroaryl ring, wherein the 4- to 7-

membered heterocycloalkyl ring has 1 or 2 heteroatoms independently selected from the group 

consisting of nitrogen, oxygen, and sulfur, the 5- or 6-membered heteroaryl ring has 1, 2, 3, or 4 

heteroatoms independently selected from the group consisting of nitrogen, oxygen, and sulfur; 

 each R4b  is independently H, halo, CN, C1-6 alkyl, C(O)R, C(O)N(R)2, C(O)OR, N(R)2, 

NRC(O)R, OR, S(O)2R, C3-7 cycloalkyl, a 4- to 7-membered heterocycloalkyl ring, phenyl, an 8- 

to 10-membered bicyclic aryl ring,  or a 5- or 6-membered heteroaryl ring, wherein the 4- to 7-

membered heterocycloalkyl ring has 1 or 2 heteroatoms independently selected from the group 

consisting of nitrogen, oxygen, and sulfur, the 5- or 6-membered heteroaryl ring has 1, 2, 3, or 4 

heteroatoms independently selected from the group consisting of nitrogen, oxygen, and sulfur; 

 each R is independently H, C1-6 aliphatic, a saturated or partially unsaturated 4- to 7-

membered heterocyclic ring, phenyl, an 8- to 10-membered bicyclic aryl ring, or a 5- or 6-

membered heteroaryl ring, wherein the saturated or partially unsaturated 4- to 7-membered 

heterocyclic has 1 or 2 heteroatoms independently selected from the group consisting of nitrogen, 

oxygen, and sulfur; and the 5- or 6-membered heteroaryl ring has 1, 2, 3, or 4 heteroatoms 

independently selected from the group consisting of nitrogen, oxygen, and sulfur; 

or: 

 two geminal R groups together with the nitrogen atom to which they are attached form a 

saturated, or partially unsaturated 4- to 7-membered heterocyclic ring, or a 5- or 6-membered 

heteroaryl ring, wherein the 4- to 7-membered heterocyclic ring or the 5- or 6-membered 

heteroaryl has 0, 1, 2, or 3 additional heteroatoms, independently selected from the group 

consisting of nitrogen, oxygen, and sulfur; 

   

 R6a is H or C1-6 alkyl;  

 R6b is H or C1-6 alkyl; or 

 R6a and R6b, joined together, form a single bond;  

 R6c is H or unsubstituted C1-6 alkyl; or each of R6a, and R6b is H, and R6c is C1-C6 alkyl, 

wherein the C1-6 alkyl is optionally substituted with N(CH3)2; 

 R7 is  

(i) independently a 4- to 7-membered heterocycloalkyl ring, phenyl, an 8- to -10-membered 

bicyclic aryl ring,  or 5- or 6-membered heteroaryl ring, wherein the 4- to 7- membered 
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heterocycloalkyl independently has 1 or 2 heteroatoms independently selected from the 

group consisting of  nitrogen, oxygen, and  sulfur, and each 5- or 6-membered heteroaryl 

ring independently has 1, 2, 3, or 4 heteroatoms independently selected from the group 

consisting of nitrogen, oxygen, and sulfur; 

(ii) a 4- to 7-membered heterocycloalkyl ring having 1 or 2 heteroatoms independently 

selected from the group consisting of nitrogen, oxygen, and sulfur, and substituted with 

Me, Et, or i-Pr; 

(iii) pyridyl substituted with halo, hydroxyl, CN, substituted or unsubstituted C1-6alkyl, amino, 

or alkoxy; 

(iv)  pyridyl substituted with Me, Et, i-Pr, OH, Cl, F, CF3, CN, or NH2; or 

(v) imidazoyl substituted with Me, Et, i-Pr, Cl, F, CF3, or CN; 

m is 1, 2, or 3; and  

n is 1, 2, 3, or 4. 

2. The compound according to claim 1, wherein  –XWY- is -CH2C(O)NH-, -

CH2S(O)NH-, -CH2S(O)2NH-, -NHC(O)-, -NHC(O)CH2-, -NHC(O)NH-, -NHS(O)CH2-, -

NHS(O)NH-, -NHS(O)2CH2-, or -NHS(O)2NH-. 

3. The compound according to any one of claims 1-2 or a pharmaceutically acceptable

salt or stereoisomer thereof, 

wherein:  

R7 is pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, imidazoyl, pyridyl, pyrimidinyl, 

pyrrolyl, pyrazolyl, imidazolyl, oxazolyl, triazolyl, thiazolyl, oxadiazolyl, or thiadiazolyl; 

wherein the imidazoyl is optionally substituted with one or more substituents 

independently selected from the group consisting of F, Cl, CN, CH3, CF3, CH2CH3, and 

CH(CH3)2; and 

wherein the pyridyl is optionally substituted with one or more substituents independently 

selected from the group consisting of F, Cl, CN, CH3, CF3, CH2CH3, CH(CH3)2, NH2, and 

OH.  

4. The compound according to any one of claims 1-3, or a pharmaceutically acceptable

salt, or stereoisomer thereof, wherein Cy2 is optionally substituted azetidinyl, pyrrolidinyl, 

piperidinyl, azepinyl, phenyl, or pyridyl. 
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5. The compound according to claim 1, wherein when R1 or R2  is CH2-Cy2-NHC(O)-

C(R6a)=C(R6b)(R6c), the compound of formula (I) is of formula (XXI): 

or a pharmaceutically acceptable salt or stereoisomer thereof, 

wherein:  

R8 is H; and  

R9 is H. 

6. The compound according to claim 1, wherein the compound is according to formula

(IIc) or formula (IId): 

(IIc), or 

(IId); 

or a pharmaceutically acceptable salt or stereoisomer thereof,  

wherein R2 is H, F, Cl, CN, CH3, CH2CH3, CH(CH3)2, or CF3. 
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7. The compound according to claim 1, wherein the compound is according to formula

(IIIc) or formula (IIId): 

(IIIc), 

(IIId), 

or a pharmaceutically acceptable salt or stereoisomer thereof. 

8. The compound according to claim 1, wherein the compound is according to formula

(XXIIa) or formula (XXIIb): 

or a pharmaceutically acceptable salt or stereoisomer thereof. 
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9. The compound according to claim 1, wherein the compound is according to formula

(IVa), formula (IVb), formula (XXIIIa), or formula (XXIIIb): 

or a pharmaceutically acceptable salt or stereoisomer thereof, 

wherein p is 0, 1, 2, or 3. 
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10. The compound according to claim 1, wherein the compound is according to formula

(Va), formula (Vb), formula (XXIVa), or formula (XXIVb): 
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or a pharmaceutically acceptable salt or stereoisomer thereof, 

wherein p is 0, 1, 2, or 3. 

11. The compound according to any one of claims 1-10, wherein R7 is pyrrolyl, pyrazolyl,

imidazolyl, oxazolyl, triazolyl, thiazolyl, oxadiazolyl, thiadiazolyl, pyrrolidinyl, piperidinyl, 

piperazinyl, morpholinyl, pyridyl, or pyrimidinyl. 
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12. The compound according to claim 1, wherein the compound is according to formula

(VIa), formula (VIb), formula (XXVa), or formula (XXVb): 
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or a pharmaceutically acceptable salt or stereoisomer thereof, 

wherein p is 0, 1, 2, or 3. 

13. The compound according to claim 1, wherein the compound is according to formula

(VIIa), formula (VIIb), formula (VIIc), formula (VIIIa), formula (VIIIb), formula (VIIIc), 

formula (XXVIa), formula (XXVIb), or formula (XXVIc): 
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H
N

O

N

N

HN

O

R6a R6c

R6b

NHN
N

N

O

H
N

O

N

N

NHN
N

N

O

H
N

O

R6a

R6c

R6b

H
N

O

N

N

NHN
N

N

O

H
N

O

R6a

R6c

R6b

(XXVIa);

(XXVIb); or

(XXVIc),

or a pharmaceutically acceptable salt or stereoisomer thereof. 

14. The compound according to any one of claims 1-13, or a pharmaceutically acceptable

salt or stereoisomer thereof, 

wherein: 

i) R6a is H;

 R6b is H; and 

  R6c is H; or 

ii) R6a is H;

R6b is H; and 

R6c is CH3 or CH2CH3; or 

iii) R6a is H;

 R6b is H; and 

 R6c is CH2N(CH3)2; or 

iv) R6a, and R6b, joined together, form a single bond; and

R6c is CH3. 
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15. The compound according to claim 1, wherein the compound is according to formula

(IXa), formula (IXb), formula (IXc), formula (Xa), formula (Xb), formula (Xc), formula (XIa), 

formula (XIb), formula (XIc), formula (XIIa), formula (XIIb), or formula (XIIc): 
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H
N

H
N

NO

NHN
N

N

O

H
N

H
N

NO

N

HN

O

NHN
N

N

O

N

NH

O

H
N

H
N

NO

NHN
N

N

O N
N
H

O

(XIa);

(XIb);

(XIc);
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or a pharmaceutically acceptable salt or stereoisomer thereof. 
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16. The compound according to claim 1, wherein the compound is according to formula

(XIIIa), formula (XIIIb), formula (XIIIc), formula (XIVa), formula (XIVb), or formula (XIVc): 
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H
N

NO

NHN
N

N

O

H
N

NO

N

HN

O

NHN
N

N

O

N

NH

O

N

N

H
N

NO

N

NHN
N

N

O
N
H

O

N

(XIVa);

(XIVb); or

(XIVc),

or a pharmaceutically acceptable salt or stereoisomer thereof. 
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17. The compound according to claim 1, wherein the compound is according to formula

(XVI), formula (XVII), formula (XXVIIa), formula (XXVIIb), formula (XXVIIc), formula 

(XXVIIIa), formula (XXVIIIb), or formula (XXVIIIc): 

H
N

NH

N
N

N

O

O

N

N
N
H

O

(XVI);
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or a pharmaceutically acceptable salt or stereoisomer thereof. 
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18. The compound according to claim 1, wherein the compound is according to formula

(XXIXa), formula (XXIXb), or formula (XXIXc): 

or a pharmaceutically acceptable salt or stereoisomer thereof. 

19. The compound according to claim 1, wherein the compound is:

Compound 3 
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or a pharmaceutically acceptable salt thereof. 

20. The compound according to claim 1, wherein the compound is:

or a pharmaceutically acceptable salt thereof. 

21. The compound according to claim 1, wherein the compound is:

or a pharmaceutically acceptable salt thereof. 

22. The compound according to claim 1, wherein the compound is:
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or a pharmaceutically acceptable salt thereof. 

23. The compound according to claim 1, wherein the compound is:

or a pharmaceutically acceptable salt or stereoisomer thereof. 

24. A pharmaceutical composition comprising a therapeutically effective amount of a

compound of any one of claims 1-23 or a pharmaceutically acceptable salt or stereoisomer 

thereof. 

25. The pharmaceutical composition of claim 24 that is formulated for a route of

administration selected from oral administration, parenteral administration, buccal 

administration, nasal administration, topical administration, or rectal administration. 

26. Use of any one of the compounds according to claims 1-23, or a pharmaceutical

composition thereof of claim 24 or 25, in the manufacture of a medicament for inhibiting menin-

MLL activity in a patient in need thereof, wherein the patient has an autoimmune disease or an 

autoimmune condition.  

27. Use of any one of the compounds according to claims 1-23, or a pharmaceutical

composition thereof of claim 24 or 25, in the manufacture of a medicament for the treatment of 

cancer. 

28. The use of claim 27, wherein the cancer is a B-cell proliferative disorder.

29. The use of claim 28, wherein the B-cell proliferative disorder is diffuse large B cell

lymphoma, follicular lymphoma, chronic lymphocytic leukemia, lymphoid leukemia, ALL, soft 

tissue tumor, Glioblastoma, pancreatic tumor or renal cell cancer. 
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30. Any one of the compounds according to claims 1-23, or a pharmaceutical composition

thereof of claim 24 or 25, for use in treating an autoimmune disease or an autoimmune condition. 

31. Any one of the compounds according to claims 1-23, or a pharmaceutical composition

thereof of claim 24 or 25, for use in treating cancer. 

32. Any one of the compounds according to claims 1-23, or a pharmaceutical composition

thereof of claim 24 or 25, for use in inhibiting menin-MLL activity in a patient in need thereof. 

33. Any one of the compounds according to claims 1-23, or a pharmaceutical composition

thereof of claim 24 or 25, for use in inhibiting menin activity in a patient in need thereof. 




