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DESCRIPTION

Description

Field of the Disclosure

[0001] The present invention relates to compounds that modulate Bruton's tyrosine kinase
(BTK). In particular, the present invention relates to compounds that have a degrading effect
on BTK, pharmaceutical compositions comprising the compounds and uses therefor.

Background of the Disclosure

[0002] Signaling through the B-cell receptor (BCR) can lead to a range of biological outputs
depending upon, in part, the developmental stage of the B-cell. Faulty signaling through the
BCR can cause dysregulation of the B-cell function and/or the formation of auto-antibodies
which may lead to the auto-immune and/or inflammatory diseases. Therapeutics, such as
Rituxan, which deplete B-cells are effective in the treatment of inflammatory diseases such as
rheumatoid arthritis.

[0003] BTK is a Tec family non-receptor protein kinase, expressed in most hematopoietic cells
such as B cells, mast cells, and macrophages but not in T cells, natural killer cells, and plasma
cells. See, Smith, C. I. et al. J Immunology, 152 (2), 557-65 (1994). BTK is a crucial part of the
BCR and FcR signaling pathway, and the targeted inhibition of BTK is a novel approach for
treating many different human diseases such as B-cell malignancies, autoimmune disease,
and inflammatory disorders. See, e.g., Uckun, Fatih M. et al, Anti-Cancer Agents in Med Chem.
7(6):624-632 (2007); Shinohara et al, Cell 132(5):794-806 (2008); Pan, Z., Drug News &
Perspectives, 21(7):357-362 (2008); Gilfillan et al, Immuno. Rev. 228(1):149-169 (2009); Davis
RE et al, Nature, 463:88-92 (2010). BTK plays a role in the development and activation of B
cells and has been implicated in multiple signaling pathways across a wide range of immune-
mediated diseases. BTK activity has been implicated in the pathogenesis of several disorders
and conditions, such as B cell-related hematological cancers (e.g., non-Hodgkin lymphoma
and B cell chronic lymphocytic leukemia) and autoimmune diseases (e.g., rheumatoid arthritis,
Sjogren's syndrome, pemphigus, inflammatory bowel disease, lupus, and asthma).

[0004] Jaime-Figuerora et al. Bioorg. Med. Chem. Lett. 2019, 30, pages 1-13 discloses the
design, synthesis and biological evaluation of BTK degraders. WO02020/252397 A1 discloses
small molecule proteolysis-targeting chimeras (PROTACs) and such compounds for use as
BTK degraders. WO2018/039310 A1 discloses amino-pyrrolopyrimidinone compounds for use



DK/EP 4039688 T3

in treating conditions in which BTK plays a role. WO02017/046604 A1 discloses
pyrazolopyrimidine derivatives as BTK inhibitors for the treatment of cancer. EP3138842 A1
discloses polyfluorinated compounds acting as BTK inhibitors. WO2018/009017 A1 discloses
4-aminopyrazolo[3,4-d]pyrimidinylazabicyclo derivatives for use as BTK inhibitors.

SUMMARY OF THE DISCLOSURE

[0005] The present disclosure is directed towards compounds as defined in claim 1, and
pharmaceutically acceptable salts thereof.

[0006] Also disclosed herein is a compound of claim 1 or pharmaceutically acceptable salt
thereof, or a pharmaceutical composition comprising a compound of clam 1 or a
pharmaceutically acceptable salt thereof for use in a method of treating a condition which is
modulated by Bruton's tyrosine kinase (BTK) in a subject in need thereof, wherein the condition
modulated by BTK may be chosen from cancer, immunological disease, autoimmune diseases,
and inflammatory diseases.

[0007] In at least one embodiment, a therapeutically effective amount of a pharmaceutical
composition of the present disclosure may be administered to a subject suffering from a
condition modulated by BTK. The condition modulated by BTK is chosen from cancer,
immunological disease, autoimmune diseases, and inflammatory disorders. The condition is
chosen from B-cell malignancy, B-cell lymphoma, diffuse large B cell lymphoma, chronic
lymphocyte leukemia, non-Hodgkin lymphoma, mantle cell lymphoma, follicular lymphoma,
hairy cell leukemia B-cell non-Hodgkin lymphoma, Waldenstrém's macroglobulinemia, multiple
myeloma, bone cancer, bone metastasis, arthritis, multiple sclerosis osteoporosis, irritable
bowel syndrome, inflammatory bowel disease, Crohn's disease, lupus, Sjogren's syndrome,
and disorders associated with renal transplant.

BRIEF DESCRIPTION OF THE FIGURES

[0008] The foregoing summary, as well as the following detailed description of the disclosure,
will be better understood when read in conjunction with the appended drawings. For the
purpose of illustrating the present disclosure, the attached drawings illustrate some, but not all,
alternative embodiments. It should be understood, however, that the disclosure is not limited to
the precise arrangements and instrumentalities shown. These figures, which are incorporated
into and constitute part of the specification, assist in explaining the principles of the disclosures.

Figure 1 illustrates the BTK degradative activity of compounds 49 and 51 and reference
compounds 13, 25, 34, 42, 48, and 78 in a RAMOS cell line 6 hours after administration.

Figure 2 illustrates the BTK degradative activity of compounds 53, 54, 93, and 96 in a RAMOS
cell line 6 hours after administration.
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DETAILED DESCRIPTION OF THE DISCLOSURE

Definitions

[0009] A dash ("-") that is not between two letters or symbols is used to indicate a point of
attachment for a substituent. For example, -CN is attached through the carbon atom.

[0010] When a range of values is listed, it is intended to encompass each value and sub-range
within the range. For example, "C¢-Cg alkyl" is intended to encompass Cq, C,, C3, Cy4, Cs, Cg,

C1-6: C1-5, C1.4, C1.3, C12, Co.6, C2-5, Co4, Co3, C3.6, C3.5, C3.4, C4-6, C4.5, and Cs¢ alkyl.

[0011] The term "acyl" as used herein refers to R-C(O)- groups such as, but not limited to,
(alkyl)-C(O)-, (alkenyl)-C(O)-, (alkynyl)-C(O)-, (aryl)-C(O)-, (cycloalkyl)-C(O)-, (heteroaryl)-
C(0O)-, and (heterocyclyl)-C(O)-, wherein the group is attached to the parent molecular
structure through the carbonyl functionality. In some embodiments, it is a Cq_.q¢ acyl radical

which refers to the total number of chain or ring atoms of the, for example, alkyl, alkenyl,
alkynyl, aryl, cycloalkyl, or heteroaryl, portion plus the carbonyl carbon of acyl. For example, a
Cy-acyl has three other ring or chain atoms plus carbonyl.

[0012] The term "alkenyl" as used herein refers to an unsaturated straight or branched
hydrocarbon having at least one carbon-carbon double bond, such as a straight or branched
group of 2-8 carbon atoms, referred to herein as (C,-Cg)alkenyl. Exemplary alkenyl groups

include, but are not limited to, vinyl, allyl, butenyl, pentenyl, hexenyl, butadienyl, pentadienyl,
hexadienyl, 2-ethylhexenyl, 2-propyl-2-butenyl, and 4-(2-methyl-3 -butene)-pentenyl.

[0013] The term "alkyl" as used herein refers to a saturated straight or branched hydrocarbon,
such as a straight or branched group of 1-8 carbon atoms, referred to herein as Ci-s alkyl.
Exemplary alkyl groups include, but are not limited to, methyl, ethyl, propyl, isopropyl, 2-
methyl-1-propyl, 2-methyl-2-propyl, 2-methyl-1-butyl, 3 methyl-1-butyl, 2-methyl-3-butyl, 2,2-
dimethyl-1-propyl, 2-methyl-1-pentyl, 3 methyl-1-pentyl, 4-methyl-1-pentyl, 2-methyl-2-pentyl,
3-methyl-2-pentyl, 4 methyl-2-pentyl, 2,2-dimethyl-1-butyl, 3,3-dimethyl-1-butyl, 2-ethyl-1-butyl,
butyl, isobutyl, t-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl. In some
embodiments, "alkyl" is a straight-chain hydrocarbon. In some embodiments, "alkyl" is a
branched hydrocarbon.

[0014] The term "alkoxy" means a straight or branched chain saturated hydrocarbon
containing 1-12 carbon atoms containing a terminal "O" in the chain, e.g., - O(alkyl). Examples
of alkoxy groups include, without limitation, methoxy, ethoxy, propoxy, butoxy, t-butoxy, or
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pentoxy groups.

[0015] The term "alkylene" as used herein referes to a divalent alkyl radical. Representative
examples of C4_1g alkylene include, but are not limited to, methylene, ethylene, n-propylene,
iso-propylene, n-butylene, sec-butylene, iso-butylene, tert-butylene, n-pentylene, isopentylene,
neopentylene, n-hexylene, 3-methylhexylene, 2,2-dimethylpentylene, 2,3-dimethylpentylene, n-
heptylene, n-octylene, n-nonylene and n-decylene.

[0016] The term "alkynyl" as used herein refers to an unsaturated straight or branched
hydrocarbon having at least one carbon-carbon triple bond, such as a straight or branched
group of 2-8 carbon atoms, referred to herein as (Co-Cg)alkynyl. Exemplary alkynyl groups
include, but are not limited to, ethynyl, propynyl, butynyl, pentynyl, hexynyl, methylpropynyl, 4-
methyl-1-butynyl, 4-propyl-2-pentynyl, and 4-butyl-2-hexynyl.

[0017] The term "aryl" as used herein refers to a mono-, bi-, or other multi carbocyclic,
aromatic ring system with 5 to 14 ring atoms. The aryl group can optionally be fused to one or
more rings selected from aryls, cycloalkyls, heteroaryls, and heterocyclyls. The aryl groups of
this present disclosure can be substituted with groups selected from alkoxy, aryloxy, alkyl,
alkenyl, alkynyl, amide, amino, aryl, arylalkyl, carbamate, carboxy, cyano, cycloalkyl, ester,
ether, formyl, halogen, haloalkyl, heteroaryl, heterocyclyl, hydroxyl, ketone, nitro, phosphate,
sulfide, sulfinyl, sulfonyl, sulfonic acid, sulfonamide, and thioketone. Exemplary aryl groups
include, but are not limited to, phenyl, tolyl, anthracenyl, fluorenyl, indenyl, azulenyl, and
naphthyl, as well as benzo-fused carbocyclic moieties such as 5,6,7,8-tetrahydronaphthyl.
Exemplary aryl groups also include but are not limited to a monocyclic aromatic ring system,
wherein the ring comprises 6 carbon atoms, referred to herein as "Cg-aryl.”

[0018] The term "cyano" as used herein refers to -CN.

[0019] The term "cycloalkyl" as used herein refers to a saturated or unsaturated cyclic, bicyclic,
or bridged bicyclic hydrocarbon group of 3-16 carbons, or 3-8 carbons, referred to herein as "
(C3-Cg)cycloalkyl," derived from a cycloalkane. Exemplary cycloalkyl groups include, but are

not limited to, cyclohexanes, cyclohexenes, cyclopentanes, and cyclopentenes. Cycloalkyl
groups may be substituted with alkoxy, aryloxy, alkyl, alkenyl, alkynyl, amide, amino, aryl,
arylalkyl, carbamate, carboxy, cyano, cycloalkyl, ester, ether, formyl, halogen, haloalkyl,
heteroaryl, heterocyclyl, hydroxyl, ketone, nitro, phosphate, sulfide, sulfinyl, sulfonyl, sulfonic
acid, sulfonamide and thioketone. Cycloalkyl groups can be fused to other cycloalkyl (saturated
or partially unsaturated), aryl, or heterocyclyl groups, to form a bicycle, tetracycle, etc. The
term "cycloalkyl" also includes bridged and spiro-fused cyclic structures which may or may not
contain heteroatoms.

[0020] The terms "halo" or "halogen" as used herein refer to -F, -Cl, -Br, and/or -1.

[0021] "Haloalkyl" means an alkyl group substituted with one or more halogens. Examples of
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haloalkyl groups include, but are not limited to, trifluoromethyl, difluoromethyl, pentafluoroethyl,
trichloromethyl, etc.

[0022] The term "heteroaryl" as used herein refers to a mono-, bi-, or multi-cyclic, aromatic
ring system containing one or more heteroatoms, for example 1 3 heteroatoms, such as
nitrogen, oxygen, and sulfur. Heteroaryls can be substituted with one or more substituents
including alkoxy, aryloxy, alkyl, alkenyl, alkynyl, amide, amino, aryl, arylalkyl, carbamate,
carboxy, cyano, cycloalkyl, ester, ether, formyl, halogen, haloalkyl, heteroaryl, heterocyclyl,
hydroxyl, ketone, nitro, phosphate, sulfide, sulfinyl, sulfonyl, sulfonic acid, sulfonamide and
thioketone. Heteroaryls can also be fused to non-aromatic rings. Exemplary heteroaryl groups
include, but are not limited to, a monocyclic aromatic ring, wherein the ring comprises 2-5
carbon atoms and 1-3 heteroatoms, referred to herein as "(C>-Cs)heteroaryl.” lllustrative

examples of heteroaryl groups include, but are not limited to, pyridinyl, pyridazinyl, pyrimidyl,
pyrazyl, triazinyl, pyrrolyl, pyrazolyl, imidazolyl, (1,2,3)- and (1,2,4)-triazolyl, pyrazinyl,
pyrimidilyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, furyl, phenyl, isoxazolyl, and oxazolyl.
Exemplary heteroaryl groups also include, but are not limited to, a bicyclic aromatic ring,
wherein the ring comprises 5-14 carbon atoms and 1-3 heteroatoms, referred to herein as "
(C5-Cqg)heteroaryl.” Representative examples of heteroaryl include, but not limited to,
indazolyl, indolyl, azaindolyl, indolinyl, benzotriazolyl, benzoxadiazolyl, imidazolyl, cinnolinyl,
imidazopyridyl, pyrazolopyridyl, pyrrolopyridyl, quinolinyl, isoquinolinyl, quinazolinyl,
quinazolinonyl, indolinonyl, isoindolinonyl,  tetrahydronaphthyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and the like.

[0023] The terms "heterocycle,” "heterocyclyl,” or "heterocyclic" as used herein each refer to a
saturated or unsaturated 3- to 18-membered ring containing one, two, three, or four
heteroatoms independently selected from nitrogen, oxygen, phosphorus, and sulfur.
Heterocycles can be aromatic (heteroaryls) or non-aromatic. Heterocycles can be substituted
with one or more substituents including alkoxy, aryloxy, alkyl, alkenyl, alkynyl, amide, amino,
aryl, arylalkyl, carbamate, carboxy, cyano, cycloalkyl, ester, ether, formyl, halogen, haloalkyl,
heteroaryl, heterocyclyl, hydroxyl, ketone, nitro, phosphate, sulfide, sulfinyl, sulfonyl, sulfonic
acid, sulfonamide and thioketone. Heterocycles also include bicyclic, tricyclic, and tetracyclic
groups in which any of the above heterocyclic rings is fused to one or two rings independently
selected from aryls, cycloalkyls, and heterocycles. Exemplary heterocycles include acridinyl,
benzimidazolyl, benzofuryl, benzothiazolyl, benzothienyl, benzoxazolyl, biotinyl, cinnolinyl,
dihydrofuryl, dihydroindolyl, dihydropyranyl, dihydrothienyl, dithiazolyl, furyl, homopiperidinyl,
imidazolidinyl, imidazolinyl, imidazolyl, indolyl, isoquinolyl, isothiazolidinyl, isothiazolyl,
isoxazolidinyl, isoxazolyl, morpholinyl, oxadiazolyl, oxazolidinyl, oxazolyl, piperazinyl,
piperidinyl, pyranyl, pyrazolidinyl, pyrazinyl, pyrazolyl, pyrazolinyl, pyridazinyl, pyridyl,
pyrimidinyl, pyrimidyl, pyrrolidinyl, pyrrolidin-2-onyl, pyrrolinyl, pyrrolyl, quinolinyl, quinoxaloyl,
tetrahydrofuryl, tetrahydroisoquinolyl, tetrahydropyranyl, tetrahydroquinolyl, tetrazolyl,
thiadiazolyl, thiazolidinyl, thiazolyl, thienyl, thiomorpholinyl, thiopyranyl, and triazolyl.

[0024] The terms "hydroxy" and "hydroxyl" as used herein refer to -OH.
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[0025] "Spirocycloalkyl" or "spirocyclyl” means carbogenic bicyclic ring systems with both rings
connected through a single atom. The rings can be different in size and nature, or identical in
size and nature. Examples include spiropentane, spriohexane, spiroheptane, spirooctane,
spirononane, or spirodecane. One or both of the rings in a spirocycle can be fused to another
ring carbocyclic, heterocyclic, aromatic, or heteroaromatic ring. A (Cs_qp)spirocycloalkyl is a

spirocycle containing between 3 and 12 carbon atoms.

[0026] "Spiroheterocycloalkyl” or "spiroheterocyclyl" means a spirocycle wherein at least one of
the rings is a heterocycle one or more of the carbon atoms can be substituted with a
heteroatom (e.g., one or more of the carbon atoms can be substituted with a heteroatom in at
least one of the rings). One or both of the rings in a spiroheterocycle can be fused to another
ring carbocyclic, heterocyclic, aromatic, or heteroaromatic ring.

[0027] "Isomers" means compounds having the same number and kind of atoms, and hence
the same molecular weight, but differing with respect to the arrangement or configuration of
the atoms in space.

[0028] "Sterecisomer” or "optical isomer” mean a stable isomer that has at least one chiral
atom or restricted rotation giving rise to perpendicular dissymmetric planes (e.g., certain
biphenyls, allenes, and spiro compounds) and can rotate plane-polarized light. Asymmetric
centers and other chemical structures may exist in the compounds of the disclosure which may
give rise to stereoisomerism. The compounds of the disclosure and their salts may include
asymmetric carbon atoms and may therefore exist as single sterecisomers, racemates, and as
mixtures of enantiomers and diastereomers. Typically, such compounds will be prepared as a
racemic mixture. If desired, however, such compounds can be prepared or isolated as pure
stereoisomers, i.e., as individual enantiomers or diastereomers, or as stereoisomer-enriched
mixtures. As discussed in more detail below, individual stereocisomers of compounds are
prepared by synthesis from optically active starting materials containing the desired chiral
centers or by preparation of mixtures of enantiomeric products followed by separation or
resolution, such as conversion to a mixture of diastereomers followed by separation or
recrystallization, chromatographic techniques, use of chiral resolving agents, or direct
separation of the enantiomers on chiral chromatographic columns. Starting compounds of
particular stereochemistry are either commercially available or are made by the methods
described below and resolved by techniques well-known in the art.

[0029] It is well-known in the art that the biological and pharmacological activity of a compound
is sensitive to the stereochemistry of the compound. Thus, for example, enantiomers often
exhibit strikingly different biological activity including differences in pharmacokinetic properties,
including metabolism, protein binding, and the like, and pharmacological properties, including
the type of activity displayed, the degree of activity, toxicity, and the like. Thus, one skilled in
the art will appreciate that one enantiomer may be more active or may exhibit beneficial effects
when enriched relative to the other enantiomer or when separated from the other enantiomer.
Additionally, one skilled in the art would know how to separate, enrich, or selectively prepare
the enantiomers of the compounds of the disclosure from this disclosure and the knowledge of
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the prior art.

[0030] Thus, although the racemic form of drug may be used, it is often less effective than
administering an equal amount of enantiomerically pure drug; indeed, in some cases, one
enantiomer may be pharmacologically inactive and would merely serve as a simple diluent. For
example, although ibuprofen had been previously administered as a racemate, it has been
shown that only the S-isomer of ibuprofen is effective as an antiinflammatory agent (in the case
of ibuprofen, however, although the R-isomer is inactive, it is converted in vivo to the S-isomer,
thus, the rapidity of action of the racemic form of the drug is less than that of the pure S-
isomer). Furthermore, the pharmacological activities of enantiomers may have distinct
biological activity. For example, S-penicillamine is a therapeutic agent for chronic arthritis, while
R-penicillamine is toxic. Indeed, some purified enantiomers have advantages over the
racemates, as it has been reported that purified individual isomers have faster transdermal
penetration rates compared to the racemic mixture. See U.S. Pat. Nos. 5,114,946 and
4,818,541.

[0031] Individual sterecisomers of compounds of the present disclosure can be prepared
synthetically from commercially available starting materials that contain asymmetric or
stereogenic centers, or by preparation of racemic mixtures followed by resolution methods well
known to those of ordinary skill in the art. These methods of resolution are exemplified by: (1)
attachment of a mixture of enantiomers to a chiral auxiliary, separation of the resulting mixture
of diastereomers by recrystallization or chromatography and liberation of the optically pure
product from the auxiliary; (2) salt formation employing an optically active resolving agent; or
(3) direct separation of the mixture of optical enantiomers on chiral chromatographic columns.
Stereoisomeric mixtures can also be resolved into their component sterecisomers by well-
known methods, such as chiral-phase gas chromatography, chiral-phase high performance
liquid chromatography, crystallizing the compound as a chiral salt complex, or crystallizing the
compound in a chiral solvent. Sterecisomers can also be obtained from stereomerically-pure
intermediates, reagents, and catalysts by well-known asymmetric synthetic methods.

[0032] Thus, if one enantiomer is pharmacologically more active, less toxic, or has a preferred
disposition in the body than the other enantiomer, it would be therapeutically more beneficial to
administer that enantiomer preferentially. In this way, the patient undergoing treatment would
be exposed to a lower total dose of the drug and to a lower dose of an enantiomer that is
possibly toxic or an inhibitor of the other enantiomer.

[0033] The term "pharmaceutically acceptable carrier" as used herein refers to any and all
solvents, dispersion media, coatings, isotonic and absorption delaying agents, and the like, that
are compatible with pharmaceutical administration. The use of such media and agents for
pharmaceutically active substances is well known in the art. The compositions may also
contain other active compounds providing supplemental, additional, or enhanced therapeutic
functions.

[0034] The term "pharmaceutically acceptable composition” as used herein refers to a
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composition comprising at least one compound as disclosed herein formulated together with
one or more pharmaceutically acceptable carriers.

[0035] The term "pharmaceutically acceptable salt(s)" refers to salts of acidic or basic groups
that may be present in compounds used in the present compositions. Compounds included in
the present compositions that are basic in nature are capable of forming a wide variety of salts
with various inorganic and organic acids. The acids that may be used to prepare
pharmaceutically acceptable acid addition salts of such basic compounds are those that form
non-toxic acid addition salts, i.e., salts containing pharmacologically acceptable anions,
including but not limited to sulfate, citrate, matate, acetate, oxalate, chloride, bromide, iodide,
nitrate, sulfate, bisulfate, phosphate, acid phosphate, isonicotinate, acetate, lactate, salicylate,
citrate, tartrate, oleate, tannate, pantothenate, bitartrate, ascorbate, succinate, maleate,
gentisinate, fumarate, gluconate, glucaronate, saccharate, formate, benzoate, glutamate,
methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulfonate and pamoate (i.e.,
1,1'-methylene-bis-(2-hydroxy-3-naphthoate)) salts. Compounds included in the present
compositions that include an amino moiety may form pharmaceutically acceptable salts with
various amino acids, in addition to the acids mentioned above. Compounds included in the
present compositions, that are acidic in nature are capable of forming base salts with various
pharmacologically acceptable cations. Examples of such salts include alkali metal or alkaline
earth metal salts and, particularly, calcium, magnesium, sodium, lithium, zinc, potassium, and
iron salts.

[0036] As used herein, nomenclature for compounds including organic compounds, can be
given using common names, I[UPAC, IUBMB, or CAS recommendations for nomenclature. One
of skill in the art can readily ascertain the structure of a compound if given a name, either by
systemic reduction of compound structure using naming conventions, or by commercially

available software, such as CHEMDRAW™ (Cambridgesoft Corporation, U.S.A.). Chemical

names were generated using PerkinElmer ChemDraw® Professional, version 17.

[0037] As used herein, "cancer” refers to diseases, disorders, and conditions that involve
abnormal cell growth with the potential to invade or spread to other parts of the body.
Exemplary cancers include, but are not limited to, breast cancer, lung cancer, ovarian cancer,
endometrial cancer, prostate cancer, and esophageal cancer.

[0038] As used herein, the term "subject” refers to an animal. Typically, the animal is a
mammal. A subject also refers to for example, primates (e.g., humans, male or female), cows,
sheep, goats, horses, dogs, cats, rabbits, rats, mice, fish, birds and the like. In certain
embodiments, the subject is a primate. In yet other embodiments, the subject is a human.

[0039] As used herein, the term "inhibit," "inhibition," or "inhibiting" refers to the reduction or
suppression of a given condition, symptom, or disorder, or disease, or a significant decrease in

the baseline activity of a biological activity or process.

[0040] As used herein, the term "treat,” "treating,” or "treatment" of any disease or disorder
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refers in one embodiment, to ameliorating the disease or disorder (i.e., slowing or arresting or
reducing the development of the disease or at least one of the clinical symptoms thereof). In
another embodiment "treat,” "treating,” or "treatment” refers to alleviating or ameliorating at
least one physical parameter including those which may not be discernible by the patient. In
yet another embodiment, "treat,” "treating,” or "treatment" refers to modulating the disease or
disorder, either physically (e.g., through stabilization of a discernible symptom), physiologically,
(e.g., through stabilization of a physical parameter), or both. In yet another embodiment,
"treat," "treating,” or "treatment” refers to preventing or delaying the onset or development or
progression of the disease or disorder.

[0041] As used herein, a subject is "in need of" a treatment if such subject would benefit
biologically, medically or in quality of life from such treatment.

Compounds

[0042] Provided herein is a compound, or pharmaceutically acceptable salt thereof, chosen
from Compounds 49 to 70 and 81 to 104 listed in Table 1.
Table 1. Exemplary Compounds and Reference Compounds of the Present Disclosure

Compound {Chemical Structure and IUPAC Nomenclature
No.
1
)
“ OH MN e O
N N O N
S Ty
S5-((7-(4-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[ 2, 3-
d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-2-yl)piperazin-1-
yhheptyl)oxy)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione
2
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o 2] \?4,0
= A
QSG \ff NCN@_,J‘:L

= [¥]

-
5-(4-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2, 3-
d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-2-yl)piperazin-1-
yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

3
Ot“j
Ci o) a f? - O
- :3;9«:” AN}\\@)\GJM © ©
5-((6-(4-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
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Compound { Chemical Structure and IUPAC Nomenclature
No.

d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-2-yl)piperazin-1-
yhhexyl)oxy)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

@0/ .

5-(3-(4 ?J((
d]pyrimidin-

yl)propoxy)-

R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
-4-yl)amino)piperidine-1-carbonyl)pyridin-2-yl)piperazin-1-
-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

o, ¢
Lre
]
H Ww sy /\ 4
NO V] 4 = [&]
= N/ T
N \\"/
A

5-(2-(4-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-2-yl)piperazin-1-
yl)ethoxy)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

5—((5—(4—(5—((R) -3- ((5 (2-chloro-4- phenoxybenzoyl) -/H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-2-yl)piperazin-1-
ylpentyl)oxy)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

-
=9

Ciw Q o rx\N/@’j{ mmo

H S NJ\/\/\/"‘\/’ ©

SRS
5-(4-(6-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2, 3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-6-oxohexyl)piperazin-1-yl)-2-
(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

o
O e 'Nj\ —1}“ ‘(O o
“ HN N N
j NH
o
0

N-‘=‘-"'

5-(4-(7-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2, 3-
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Compound { Chemical Structure and IUPAC Nomenclature
No.

d]pyrimidin-4-yl)amino)piperidin-1-yl)-7-oxoheptyl)piperazin-1-yl)-2-
(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

%O#f ““@[é}.%‘;o

5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrlmldln 4 yI)amlno)plperldlne 1-carbonyl)pyridin-2-
yl)methyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-
dione

10

5-(4-((1-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-2-yl)piperidin-4-
yl)methyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-
dione

11

WN
5-(4-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2, 3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-5-oxopentyl)piperazin-1-yl)-2-
(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

12

) T\

N, IE;NN‘O‘\/\/\/\/
5-(4-(7-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino)piperidin-1-yl)heptyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3-dione

13

O
(S)-3-(5-(4-(6-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
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Compound { Chemical Structure and IUPAC Nomenclature
No.
d]pyrimidin-4-yl)amino)piperidin-1-yl)-6-oxohexyl)piperazin-1-yl)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione
14
O
N o}
C( © Q LM&
%
(S)—3—(5—(4—(5—((R) -3-((5-(2-chloro-4-phenoxybenzoyl)-/H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-5-oxopentyl)piperazin-1-yl)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione
15
o O
5-(4-(6-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2, 3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)hexyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione
16
(S)—3—(5—(4—(6—((R)—3—((5—(2—chIoro—4—phenoxybenzoy|)—7H—pyrrolo[2,3—
d]pyrimidin-4-yl)amino)piperidin-1-yl)-6-oxohexyl)piperazin-1-yl)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione
17
9 WY
- Qe
‘ L/ HN—<:) N9
ot &{H
. \NA )
3-(5-(4-(7-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)piperidin-1 -yl)-7-oxoheptyl)piperazin-1 -yl)-1 -
oxoisoindolin-2-yl)piperidine-2,6-dione
18
O
f/‘/"”‘m”% 5 ?Aﬁl/f\rg:
H Ay o}
N M a
NJNC
5-(4-(6-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino)piperidin-1-yl)hexyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3-dione
19
H
KNYN‘mx
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Compound { Chemical Structure and IUPAC Nomenclature

Wﬁuﬂiﬁif

5-(4-(4-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2, 3-
d]pyrlmldln -4- yI)amlno)plperldln 1-yl)-4-oxobutyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione

20

H

\K%
4 ‘ ‘CM”@; o
(S)-3-(5-(4-(4-((R)-3~((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2, 3-

d]pyrimidin-4-yl)amino)piperidin-1-yl)-4-oxobutyl)piperazin-1-yl)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione

21

N,

[
2N

5 i HN
o Tl sats Q
O
(S)-3-(5-(4-(7-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]
pyrimidin-4-ylyamino)piperidin-1-yl)-7-oxoheptyl)piperazin-1-yl)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione

ZzX

7
I~

22
i

N
o
- HN
O i \O‘rr’\/“\/\,’::” Mif

S5-(4-(7-(4-((5-(2- chloro 4- phenoxybenzoyl)—?H—pyrrolo[2,3—d]pyrimidin—
4-yl)amino)piperidin-1-yl)-7-oxoheptyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione

23

N

5-(4-(4-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino)piperidin-1-yl)-4-oxobutyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione

HN

24

Jir CW LA

N, /U\
NH
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Compound { Chemical Structure and IUPAC Nomenclature
No.
& Y
(S)-3-(5-(4-(4-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-4-oxobutyl)piperazin-1-yl)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione
25
Y
% §j& 0 Q
== gy NH
OQSOJEN(\QJ w m"“'t}:o
C} \é}(\/\/u\v)
(S)-3-(5-(4-(5-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-5-oxopentyl)piperazin-1-yl)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione
26
5—(4—(3—(\4—((5—(2—chIoro—4—phenoxybenzoy|)—7H—pyrrolo[2,3—d]pyrimidin—
4-yl)amino)piperidin-1-yl)propyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3-dione
27
N
5-(4-(4-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino)piperidin-1-yl)butyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3-dione
28
5-(4-(6-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino)piperidin-1-yl)-6-oxohexyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione
29
i Q\/ﬁ‘ -
Q i/ 0HN NWN@NQ{’O o
Vo o]
HN—, = 0
5-(4-(7-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)heptyl)piperazin-1-yl)-2-(2,6-
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Compound { Chemical Structure and IUPAC Nomenclature
No.
dioxopiperidin-3-yl)isoindoline-1,3-dione
30
sas g
@ X
[s} O
5—(4—(5—((R) 3 ((5 (2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)pentyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione
31
e
o G, H
Ct ﬁv&

N\»;“ \CW
5—(4—(5—(4—((5—(2—chIoro—4—phenoxybenzoy|)—7H—pyrrolo[2,3—d]pyrimidin—
4-yl)amino)piperidin-1-yl)-5-oxopentyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione

32
R
NSS!
o] HN
S0l b
(S)-3-(5-(4-((1-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)piperidin-4-
yl)methyl)piperazin-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione
33
0 22 NH
Yl A , J\\/}\(/«N“{»ﬁo
FeiacacVeng
5-(4-((1-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)piperidin-4-
yl)methyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-
dione
34
o G Y
jsegty
N o
N\/‘\/\/N\/j
5-(4-(5-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino)piperidin-1-yl)pentyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3-dione



DK/EP 4039688 T3

Compound { Chemical Structure and IUPAC Nomenclature

s 3% ﬂ

35
N/’N

4—(9—(4—((5—(2 chloro 4- phenoxybenzoyl) 7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)piperidin-1-yl)-9-oxonon-1-yn-1-yl)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3-dione

36

gﬁfﬂa

4-( 2 chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-
yI)amlno)plperldln 1-yl)-7-oxohept-1-yn-1-yl)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3-dione

37

O RgerTOay,

-(2-chloro-4- phenoxybenzoyl) -/ H-pyrrolo[2,3-
d]pyrlmldln 4 yI)amlno)plperldln 1-yl)-2-oxoethyl)cyclobutyl)piperazin-
1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

38

. 8] tx =/ \
i ) ==
U Cﬁiﬁi

& 7N o Oy
HN ) e}
H

&
4-(8-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)piperidin-1-yl)-8-oxooct-1-yn-1-yl)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3 -dione

39

g%«N wﬂa

5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-
4 yI)amlno)plperldln 1-yI)-9-oxonon-1-yn-1-yl)-1-oxoisoindolin-2-
yl)piperidine-2,6-dione

40
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Compound { Chemical Structure and IUPAC Nomenclature
No.

T

s}
3-(4-(8-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino)piperidin-1-yl)-8-oxooct-1-yn-1-yl)-1-oxoisoindolin-2-
yl)piperidine-2,6-dione

41

3-(4-(7-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino)piperidin-1-yl)-7-oxohept-1-yn-1-yl)-1-oxoisoindolin-2-
yl)piperidine-2,6-dione

42

(S)-3-(5-(4-(3-(2-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2, 3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-2-oxoethyl)cyclobutyl)piperazin-
1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione

43

1y Q > e

BN ; s }”‘j\j
QZD (ODO

5-(4- ((R) -3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-

d]pyri m|d|n 4-ylyamino)piperidin-1-yl)-2-oxoethyl)cyclobutyl)piperazin-
1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

44
Moy

HIN LN
s
@% SO0 1
QL ¥ Save S W
6 1\/&0
5-(4-(2-(1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-yl)amino)-2-fluorophenyl)piperidin-4-yl)ethyl)piperazin-1-
yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

45
HNM(\N::\

@@iﬁ Q’}f SavsE &

(S)-3-(5-(4-(2-(1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
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Compound { Chemical Structure and IUPAC Nomenclature
No.

d]pyrimidin-4-yl)amino)-2-fluorophenyl)piperidin-4-yl)ethyl)piperazin-1-
yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione

46

Q@%QQV

5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrlmldln 4 yI)am|no)—2—f|uorophenyl)plperld|n—4 yl)methyl)piperazin-
1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione

47

@Q%QOJ\N%%

5-(4-((1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)-2-fluorophenyl)piperidin-4-yl)methyl)piperazin-
1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

48

%«@*‘C L

5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrlmldln 4 yI)amlno)plperldln 1-yl)-2-oxoethyl)azetidin-1-
ylpiperidin-1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

49

F Ny
Jg ot &
a
—0 g N{L@nﬁ:\'\ NGO
N NH
HNY S qo
(S)-N-(4-(4-amino-1 -(4-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1 -
oxoisoindolin-5-yl)piperazin-1-yl)methyl)piperidin-1-yl)-3-

fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide

50

F

7
gy -
N
° D @'/NO/\D 7 9,
P~ N »
HaN ”N " o
2! ‘;‘}J b

N-(4-(4-amino-1-(4-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1,3-
dioxoisoindolin-5-yl)piperazin-1-yl)methyl)piperidin-1-yl)-3-
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Compound { Chemical Structure and IUPAC Nomenclature
No.
fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide
51 ]
7 “F
o o /@:,UNA:{, .
/E:N . }: N’hé‘NHC
HoN \NJ“‘ &
(S)-N-(4-(4-amino-1-(4-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-6-fluoro-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)piperidin-1-yl)-3-
fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide
52
F AW
Qﬁ ~ ey
~d H N o
0 & NP
N ("H/(NH
HN \N,’f (Y
o]
(S)-N-(4-(4-amino-1-(1-(5-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)piperidin-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide
53
N
\\\/N
F O
&, o
—~0 a\_@/’[\ii C:NH
0 N (8]

HoN “N/“
(S)-N-(4-(4-amino-1-(1-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)phenyl)piperidin-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

54
; g»G\Q\f
N O
,,O; ;NH ,N*N/D NS
© \—@_}AN Q\JH
NS b
(S)-N-(4-(4-amino-1-(1-(5-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)azetidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide
55
N"K\N
HZN /.«@ v@ ,@0
-
O N N o N
e P
O
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Compound { Chemical Structure and IUPAC Nomenclature
No.

N-(4-(4-amino-1-(1-(5-(4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)pentanoyl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

56

N N

SAhe o
@m ot

O
N-(4-(4-amino-1-((S)-1-(5-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)pyrrolidin-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide

57
070
C

Gt %

(8]
N-(4-(4-amino-1-((R)-1-(5-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)pyrrolidin-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide

58

N-(4-(4-amino-1-(1-(6-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyridin-3-yl)pyrrolidin-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide

59

N
2SN e
—0 NH e\ Ney N Nog
HaN~™, J (=}
(S)-N=(4-(4-amino-1-(6-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-

oxoisoindolin-5-yl)piperazin-1-yl)methyl)piperidin-1-yl)pyridin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

60

A T T
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Compound { Chemical Structure and IUPAC Nomenclature

No. T
N kwk;
q N‘N@ N OO
QNH

O

N-(4-(4-amino-1-(1-(4-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)phenyl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

61

“*N

—Y F« M
ey %

(S)-N-(4-(4-amino-1-(1-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)phenyl)azetidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

62

AN

HoN—7
SN \CN \Q\fm
Oy Nt ! N, f
~0
Q D

F
(S)-N-(4-(4-amino-1-(1-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)benzoyl)azetidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

63

F

HM

3%@55""

{yﬁ

4-(4-amino-1-( 4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
ox0|somdoI|n 5—y|)p|perazm 1-yl)methyl)benzoyl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

64

2 o
NN\GN/(DK/\/—\/NGN ’@j‘"”@o

Nosh

N-(4-(4-amino-1-(1-(6-(4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
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Compound { Chemical Structure and IUPAC Nomenclature
No.

oxoisoindolin-5-yl)piperazin-1-yl)hexanoyl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

65

F

4-(4- amlno 1 4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
ox0|somdoI|n 5—y|)p|perazm 1-y)methyl)pyrrolidin-1-yl)-3-
fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide

66

N

N,

N
N-(4-(4-amino-1-(6-(3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)pyridin-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide

67

o
%@7\ oy,

N-(4-(4-amino-1-(4-(6-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin- 5—y|)p|perazm 1-yl)methyl)-3-azabicyclo[3.1.0]hexan-3-
yl)-3-fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide
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F

g :
N @“@:\
HoN— N
2 NJ

N-(4-(4-amino-1-(4-((1R,58,6s)-6 4 (2-((S)-2,6-dioxopiperidin-3-
yl)-1-oxoisoindolin- 5—y|)p|perazm 1—y|)methy|) 3—
azabicyclo[3.1.0]hexan-3-yl)-3-fluorophenyl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

69
F

7
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Compound { Chemical Structure and IUPAC Nomenclature

No.
=/ H
HoN .;;:,73\[ 4 4]
N-(4-(4-amino-1-(4-((1R,58,6r)-6-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)-3-azabicyclo[3.1.0]hexan-3-

yl)-3-fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide

70

2

% (
Hoh \N"",;N

(S)-N-(4-(4-amino-1 -(4-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1 -

oxoisoindolin-5-yl)piperazin-1-yl)methyl)piperidin-1-yl)-3-

fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)picolinamide

71

O
1-(5-(4-(6-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[ 2, 3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-6-oxohexyl)piperazine-1-
carbonyl)-2-methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione

72

1-(5-(4-(5-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[ 2, 3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-5-oxopentyl)piperazine-1-
carbonyl)-2-methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione

73

1-(5-(4-(2-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[ 2, 3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-2-oxoethyl)-[1,4'-bipiperidine]-1'-
carbonyl)-2-methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione

74
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Compound { Chemical Structure and IUPAC Nomenclature

No.
M el

1-(5-(4-((1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)-2-fluorophenyl)piperidin-4-
yl)methyl)piperazine-1-carbonyl)-2-methoxyphenyl)dihydropyrimidine-
2,4(1H,3H)-dione

75

@QT Qm e

5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrlmldln 4 yI)am|no)—2—f|uorophenyl)plperld|n—4 yl)methyl)-1,4-
diazepane-1 -carbonyl)-2-methoxyphenyl)dihydropyrimidine-
2,4(1H,3H)-dione

76

1-(5-(4-(2-(1 —(4—((5—(2—chIoro—4—phenoxybenzoy|)—7H—pyrrolo[2,3—
d]pyrimidin-4-yl)amino)-2-fluorophenyl)piperidin-4-yl)ethyl)piperazine-
1-carbonyl)-2-methoxyphenyl)dinydropyrimidine-2,4(1H,3H)-dione

77

@L

o

@ (@@?j

(R)—1—(5 3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2, 3-
d]pyrlmldln 4 yI)amlno)plperldln 1-yl)-2-oxoethyl)-[1,4'-bipiperidine]-1'-
carbonyl)-2-methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione

78

1-(5-(4-(7-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[ 2, 3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-7-oxoheptyl)piperazine-1-
carbonyl)-2-methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione
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Compound { Chemical Structure and IUPAC Nomenclature
No.

79

i

p—

4-((5 (2 -chloro-4- phenoxybenzoyl) -/ H-pyrrolo[2,3-
d]pyrlmldln -4-yl)amino)piperidine-1-carbonyl)benzyl)-1,4-diazepane-1-
carbonyl)-2-methoxyphenyl)dihydropyrimidine-2,4(1 H,3H)—dione

80

R
,{QQ/

] ~\/

1-(5-(4-(4-(4-(( 2 chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4- yI)amlno)plperldlne 1-carbonyl)benzyl)piperazine-1-
carbonyl)-2-methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione

81
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N

st
0 T,
J* :
Hoh s;qu/
N-(4-(4-amino-1-(4-((R)-3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-6-fluoro-
1-oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)-3-
fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)picolinamide
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‘%@ o

4-(4- amlno 1-( 3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-6-fluoro-
1 ox0|somdoI|n 5 yI)plperazm 1—y|)methy|)pyrroI|d|n 1-yI)-3-
fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)picolinamide
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Nm/

N-(4-(4-amino-1-(1-(1'-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-
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Compound { Chemical Structure and IUPAC Nomenclature
No.

5-y)-[1,3'-biazetidin]-3-yl)piperidin-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluoro-2-methoxybenzamide

84

OO

& N
Nt
N-(4-(4-amino-1-(1'-(1-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-
5-yhazetidin-3-yl)-{1,4'-bipiperidin]-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluoro-2-methoxybenzamide

85

F

5.

Nb/\ N

\%@ >~O

4-(4- amlno -1-( (2 (2, 6 -dioxopiperidin-3-yl)-1-
ox0|somdoI|n 5—y|)p|perazm 1-yl)methyl)azetidin-1-yl)-3-
fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide

86

(S)-N-(4-(4-amino-1-(1-(1-(2-(4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)ethyl)azetidin-3-yl)piperidin-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

87 J?
\©}4 Oy &Ej

N-(4-(4- amlno 1-(1-(1-(2-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-
dioxoisoindolin- 5—y|)p|perazm 1-yhethyl)azetidin- 3—y|)p|per|d|n—4—
yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide

88

e
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Compound { Chemical Structure and IUPAC Nomenclature
No.

i

\O%O@ ool

Trans-N-( 4 -amino-1-(1-(3-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-
dlox0|somdolln 5—y|)p|perazm 1-yl)cyclobutyl)piperidin-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

89

F
\:/5;
. e
o7 TNH O

st S s
’ 2
7 i“kMCN-—O_NCNv
Hah: ;f"w,N
Cis-N-(4-(4-amino-1-(1-(3-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-
dioxoisoindolin-5-yl)piperazin-1-yl)cyclobutyl)piperidin-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

I

90

F
S,
o l M
o7 "NH Ohﬂjc
N
KQ;:@—W 5
(o}
Holowd
3
NJN

Trans-N-(4-(4-amino-1-(1-((1S,3r)-3-(4-(2-((S)-2,6-dioxopiperidin-3-
yl)-1-oxoisoindolin-5-yl)piperazin-1-yl)cyclobutyl)piperidin-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide
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F
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o } H
o7 NH Oﬁ/:jo
, - N
Nw
4 OO,
HoNeef,

Nt/
Cis-N-(4-(4-amino-1-(1-(3-(4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)cyclobutyl)piperidin-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

92

F f?"N o
N
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N
HaN NH
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Compound
No.

Chemical Structure and IUPAC Nomenclature

N-(4-(4-amino-1-(1-(5-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)pyrrolidin-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide

93

F

ff Ty
—0 NH
d k@y
TN
HNR g

N-(4-(4-amino-1-(6-((R)-3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)pyridin-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide

94

F N o]
~N N O
oS N
o 18
-, N
o N o N o
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zN‘N S

HyN \NJN
N-(4-(4-amino-1-(6-((S)-3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)pyridin-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide
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. @ffu@@@

Hal NJ
N-(4-(4-amino-1-(4-((R)-3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)-3-
fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide

96

5, g,
%@

4-(4-amino-1-( -3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
ox0|somdoI|n 5—y|)p|perazm 1—y|)methy|)pyrroI|d|n 1-yl)-3-
fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
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Compound { Chemical Structure and IUPAC Nomenclature
No.

methoxybenzamide

97

F

N
T U
7y
X 0
— d NH ,N"N N,. O
N NH
HNS

O
(S)-N-(4-(4-amino-1-(6-(3-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)azetidin-1-yl)pyridin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

98

/
o
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@l‘@@ Poal

(S)-N-(4-(4-amino-1-( (2 (2,6-dioxopiperidin-3-yl)-3-
oxoisoindolin- 5—y|)p|perazm 1-y)methyl)piperidin-1-yl)-3-
fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide
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%@ Yot

HaN \'_’/
(S)-N-(4-(4-amino-1-(4-(3-((4-(2-(2,6-dioxopiperidin-3-yl)-3-
ox0|somdoI|n -5-yl)piperazin-1-yl)methyl)azetidin-1-yl)-3-

fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide
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~
(S)-N-(4-(4-amino-1-(1-(2-(4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)ethyl)piperidin-4-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide
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Compound { Chemical Structure and IUPAC Nomenclature

No. Y%L f\,,ﬂ\/g( 5

4 -amino-1-(1-(2-(4-(2-(2,6-dioxopiperidin-3-yl)-3-
ox0|somdoI|n 5—y|)p|perazm 1-yhethyl)piperidin-4-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

102

g O
/@ e d}q%

!\ \’\1 = o

4-(4-amino-1-( (2 (2,6-dioxopiperidin-3-yl)-1-
ox0|somdoI|n 5—y|)p|perazm 1-yl)methyl)piperidin-1-yl)phenyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

103

8. g
o g

N-(4-(4-amino-1-(4-(4-((1-(2-(2,6- dloxoplperldln -3-yl)-1,3-
dioxoisoindolin-5-yl)azetidin-3-yl)methyl)piperazin- 1—y|)pheny|)—1H—
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

104

a0
ot TRy,
Q% . oy

8]
(S)-N-(4-(4-amino-1-(4-(3-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)azetidin-1-yl)phenyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

105
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i NH Ny N,
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= N C(EH
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6]
5-(4-((1-(4-(4-amino-3-(4-((5-fluoro-2-
methoxybenzamido)methyl)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
ylphenyl)azetidin-3-yl)methyl)piperazin-1-yl)-N-(2, 6-dioxopiperidin-3-
yl)picolinamide
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Compound { Chemical Structure and IUPAC Nomenclature
No.

NS N
5-(4-((1-(4-(4-amino-3-(4-((5-fluoro-2-
methoxybenzamido)methyl)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)-2-fluorophenyl)azetidin-3-yl)methyl)piperazin-1-yl)-N-(2,6-
dioxopiperidin-3-yl)picolinamide

&7V
Q“@:;13 Ret

G
6-(4-((1-(4-(4-amino-3-(4-((5-fluoro-2-
methoxybenzamido)methyl)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)-2-fluorophenyl)azetidin-3-yl)methyl)piperazin-1-yl)-N-(2,6-
dioxopiperidin-3-yl)nicotinamide

F N
T O~
)8 Q\fo
—d NH Ney N
& o
N &QH
NS

[¢]
N-(4-(4-amino-1-(4-(3-((4-(4-((2,6-dioxopiperidin-3-
yl)carbamoyl)phenyl)piperazin-1-yl)methyl)azetidin-1-yl)phenyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

£, mog”Wg

[]
5-(4-((1 -(4-(4-amino-3—(4—((5—fluoro—2-
methoxybenzamido)methyl)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)-2-fluorophenyl)piperidin-4-yl)methyl)piperazin-1-yl)-N-(2,6-
dioxopiperidin-3-yl)picolinamide

107
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Pharmaceutical Compositions

[0043] Pharmaceutical compositions of the present disclosure comprise at least one
compound of claim 1 or a pharmaceutically acceptable salt thereof formulated together with
one or more pharmaceutically acceptable carriers. These formulations include those suitable
for oral, rectal, topical, buccal and parenteral (e.g., subcutaneous, intramuscular, intradermal,
or intravenous) administration. The most suitable form of administration in any given case will
depend on the degree and severity of the condition being treated and on the nature of the
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particular compound being used.

[0044] Formulations suitable for oral administration may be presented in discrete units, such
as capsules, cachets, lozenges, or tablets, each containing a predetermined amount of a
compound of the present disclosure as powder or granules; as a solution or a suspension in an
aqueous or non-aqueous liquid; or as an oil-in-water or water-in-oil emulsion. As indicated,
such formulations may be prepared by any suitable method of pharmacy which includes the
step of bringing into association at least one compound of the present disclosure as the active
compound and a carrier or excipient (which may constitute one or more accessory
ingredients). The carrier must be acceptable in the sense of being compatible with the other
ingredients of the formulation and must not be deleterious to the recipient. The carrier may be
a solid or a liquid, or both, and may be formulated with at least one compound described
herein as the active compound in a unit-dose formulation, for example, a tablet, which may
contain from about 0.05% to about 95% by weight of the at least one active compound. Other
pharmacologically active substances may also be present including other compounds. The
formulations of the present disclosure may be prepared by any of the well-known techniques of
pharmacy consisting essentially of admixing the components.

[0045] For solid compositions, conventional nontoxic solid carriers include, for example,
pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium saccharin,
talc, cellulose, glucose, sucrose, magnesium carbonate, and the like. Liquid pharmacologically
administrable compositions can, for example, be prepared by, for example, dissolving or
dispersing, at least one active compound of the present disclosure as described herein and
optional pharmaceutical adjuvants in an excipient, such as, for example, water, saline,
aqueous dextrose, glycerol, ethanol, and the like, to thereby form a solution or suspension. In
general, suitable formulations may be prepared by uniformly and intimately admixing the at
least one active compound of the present disclosure with a liquid or finely divided solid carrier,
or both, and then, if necessary, shaping the product. For example, a tablet may be prepared by
compressing or molding a powder or granules of at least one compound of the present
disclosure, which may be optionally combined with one or more accessory ingredients.
Compressed tablets may be prepared by compressing, in a suitable machine, at least one
compound of the present disclosure in a free-flowing form, such as a powder or granules,
which may be optionally mixed with a binder, lubricant, inert diluent and/or surface
active/dispersing agent(s). Molded tablets may be made by molding, in a suitable machine,
where the powdered form of at least one compound of the present disclosure is moistened with
an inert liquid diluent.

[0046] Formulations suitable for buccal (sub-lingual) administration include lozenges
comprising at least one compound of the present disclosure in a flavored base, usually sucrose
and acacia or tragacanth, and pastilles comprising the at least one compound in an inert base
such as gelatin and glycerin or sucrose and acacia.

[0047] Formulations of the present disclosure suitable for parenteral administration comprise
sterile aqueous preparations of at least one compound of claim 1 or a pharmaceutically
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acceptable salt thereof, which are approximately isotonic with the blood of the intended
recipient. These preparations are administered intravenously, although administration may also
be effected by means of subcutaneous, intramuscular, or intradermal injection. Such
preparations may conveniently be prepared by admixing at least one compound described
herein with water and rendering the resulting solution sterile and isotonic with the blood.
Injectable compositions according to the present disclosure may contain from about 0.1 to
about 5% w/w of the active compound.

[0048] Formulations suitable for rectal administration are presented as unit-dose
suppositories. These may be prepared by admixing at least one compound as described
herein with one or more conventional solid carriers, for example, cocoa butter, and then
shaping the resulting mixture.

[0049] Formulations suitable for topical application to the skin may take the form of an
ointment, cream, lotion, paste, gel, spray, aerosol, or oil. Carriers and excipients which may be
used include Vaseline, lanoline, polyethylene glycols, alcohols, and combinations of two or
more thereof. The active compound (i.e., at least one compound of claim 1 or a
pharmaceutically acceptable salt thereof) is generally present at a concentration of from about
0.1% to about 15% w/w of the composition, for example, from about 0.5 to about 2%.

[0050] The amount of active compound administered may be dependent on the subject being
treated, the subject's weight, the manner of administration and the judgment of the prescribing
physician. For example, a dosing schedule may involve the daily or semi-daily administration of
the encapsulated compound at a perceived dosage of about 1 ug to about 1000 mg. In
another embodiment, intermittent administration, such as on a monthly or yearly basis, of a
dose of the encapsulated compound may be employed. Encapsulation facilitates access to the
site of action and allows the administration of the active ingredients simultaneously, in theory
producing a synergistic effect. In accordance with standard dosing regimens, physicians will
readily determine optimum dosages and will be able to readily modify administration to achieve
such dosages.

[0051] A therapeutically effective amount of a compound or composition disclosed herein can
be measured by the therapeutic effectiveness of the compound. The dosages, however, may
be varied depending upon the requirements of the patient, the severity of the condition being
treated, and the compound being used. In one embodiment, the therapeutically effective
amount of a disclosed compound is sufficient to establish a maximal plasma concentration.
Preliminary doses as, for example, determined according to animal tests, and the scaling of
dosages for human administration is performed according to art-accepted practices.

[0052] Toxicity and therapeutic efficacy can be determined by standard pharmaceutical
procedures in cell cultures or experimental animals, e.g., for determining the LDsq (the dose

lethal to 50% of the population) and the EDsq (the dose therapeutically effective in 50% of the

population). The dose ratio between toxic and therapeutic effects is the therapeutic index and it
can be expressed as the ratio LD5g/ED5g. Compositions that exhibit large therapeutic indices
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are preferable.

[0053] Data obtained from the cell culture assays or animal studies can be used in formulating
a range of dosage for use in humans. Therapeutically effective dosages achieved in one
animal model may be converted for use in another animal, including humans, using conversion
factors known in the art (see, e.g., Freireich et al., Cancer Chemother. Reports 50(4):219-244

(1966) and the following Table for Equivalent Surface Area Dosage Factors).
Table 2. Equivalent Sarface Area Dosage Factors.

To: Mouse Rat Monkey Dog Human
From: (20 g) (150 g) (3.5 ke) (8 kg) (60 kg
Mouse 1 1/2 1/4 1/6 /12
Rat 2 1 172 1/4 177
Monkey 4 2 1 3/5 173
Dog 6 4 3/5 1 172
Human 12 7 3 2 1

[0054] The dosage of such compounds lies preferably within a range of circulating
concentrations that include the ED5q with little or no toxicity. The dosage may vary within this
range depending upon the dosage form employed and the route of administration utilized.
Generally, a therapeutically effective amount may vary with the subject's age, condition, and
gender, as well as the severity of the medical condition in the subject. The dosage may be
determined by a physician and adjusted, as necessary, to suit observed effects of the
treatment.

Uses

[0055] In some embodiments, a compound of claim 1 or a pharmaceutically acceptable salt
thereof, is provided for use in treating a condition which is modulated by BTK in a subject in
need thereof. The condition modulated by BTK is chosen from cancer, immmunological disease,
autoimmune diseases, and inflammatory diseases.

[0056] The disease may be an inflammatory disease such as arthritis, kidney disease, or
cancer, such as leukemia and lymphoma, for example chronic lymphocytic leukemia (CLL),
multiple myeloma, and small lymphocytic lymphoma (SLL), and B-cell non-Hodgkin lymphoma.

[0057] The disease may be an autoimmune disease. In some embodiments, the disease is
rheumatoid arthritis. In some embodiments, the autoimmune disease is lupus.
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[0058] In one embodiment, the subject in need is suffering from a heteroimmune condition or
disease, e.g., graft versus host disease, transplantation, transfusion, anaphylaxis, allergy, type
| hypersensitivity, allergic conjunctivitis, allergic rhinitis, or atopic dermatitis.

[0059] In some embodiments, the subject in need is suffering from an inflammatory disease,
e.g., asthma, appendicitis, blepharitis, bronchiolitis, bronchitis, bursitis, cervicitis, cholangitis,
cholecystitis, colitis, conjunctivitis.

[0060] In some embodiments, the subject in need is suffering from a cancer. In one
embodiment, the cancer is a B-cell proliferative disorder, e.g., diffuse large B cell lymphoma,
follicular lymphoma, lymphoma, chronic lymphocytic leukemia, B-cell prolymphocytic leukemia,
lymphoplamascytic lymphoma, Waldenstrém macroglobulinemia, splenic marginal zone
lymphoma, plasma cell myeloma, plasmacytoma, extranodal marginal zone B cell lymphoma,
nodal marginal zone B cell lymphoma, mantle cell ymphoma, mediastinal (thymic) large B cell
lymphoma, intravascular large B cell lymphoma, primary effusion lymphoma, burkitt
lymphoma/leukemia, or lymphomatoid granulomatosis. In some embodiments, the condition is
chosen from B-cell malignancy, B-cell lymphoma, diffuse large B cell lymphoma, chronic
lymphocyte leukemia, non-Hodgkin lymphoma, mantle cell lymphoma, follicular lymphoma,
hairy cell leukemia B-cell non-Hodgkin lymphoma, marginal zone lymphoma, Waldenstrém's
macroglobulinemia, multiple myeloma, bone cancer, bone metastasis, arthritis, multiple
sclerosis, osteoporosis, irritable bowel syndrome, inflammatory bowel disease, Crohn's
disease, lupus, Sjogren's syndrome, and disorders associated with renal transplant. In some
embodiments, the condition is mantle cell ymphoma. In some embodiments, the condition is
chronic lymphocytic leukemia and small lymphocytic lymphoma. In some embodiments, the
condition is Waldenstrém's macroglobulinemia. In some embodiments, the condition is
marginal zone lymphoma.

[0061] In some embodiments, the subject in need is suffering from a heteroimmune condition
or disease, e.g., graft versus host disease (GVHD). In some embodiments, the GVHD is acute
GVHD. In some embodiments, the GVHD is chronic GVHD.

[0062] In some embodiments, a compound of claim 1 or a pharmaceutically acceptable salt
thereof, is administered as a pharmaceutical composition.

[0063] The concentration and route of administration to the patient will vary depending on the
condition to be treated.

[0064] In one embodiment, a compound of claim 1, or a pharmaceutically acceptable salt
thereof is administered in combination with another therapeutic agent. In one embodiment,
these therapeutic agents comprise chemotherapeutic agents, steroids, immunotherapeutic
agents, targeted therapies, antibody drug conjugates, B cell receptor pathway inhibitors,
antibodies, B cell receptor signaling inhibitors, PI3K inhibitors, IAP inhibitors, mTOR inhibitors,
radio immunotherapeutics, DNA damaging agents, proteosome inhibitors, histone deacetylase
inhibitors, protein kinase inhibitors, hedgehog inhibitors, Hsp90 inhibitors, telomerase
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inhibitors, Jak1/2 inhibitors, protease inhibitors, BCL2 inhibitors, PKC inhibitors and PARP
inhibitors. In some embodiments, these therapeutic agents are chlorambucil, ifosphamide,
doxorubicin, mesalazine, thalidomide, lenalidomide, temsirolimus, everolimus, fludarabine,
fostamatinib, paclitaxel, docetaxel, ofatumumab, rituximab, dexamethasone, prednisone, CAL-
101  (Idelalisib), ibritumomab, tositumomab, bortezomib, pentostatin, endostatin,
bendamustine, cyclophosphamide, vincristine, Venetoclax and lenalidomide.

[0065] One skilled in the art will recognize that, both in vivo and in vitro trials using suitable,
known and generally accepted cell and/or animal models are predictive of the ability of a test
compound to treat or prevent a given disorder.

[0066] One skilled in the art will further recognize that human clinical trials including first-in-
human, dose ranging and efficacy trials, in healthy patients and/or those suffering from a given
disorder, may be completed according to methods well known in the clinical and medical arts.

Examples

[0067] The examples and preparations provided below further illustrate and exemplify the
compounds as disclosed herein and methods of preparing such compounds. It is to be
understood that the scope of the present disclosure is not limited in any way by the scope of
the following examples and preparations.

[0068] The chemical entities described herein can be synthesized according to one or more
illustrative schemes herein and/or techniques well known in the art. Unless specified to the
contrary, the reactions described herein take place at atmospheric pressure, generally within a
temperature range from about -10° C to about 200° C. Further, except as otherwise specified,
reaction times and conditions are intended to be approximate, e.g., taking place at about
atmospheric pressure within a temperature range of about -10° C to about 200° C over a
period that can be, for example, about 1 to about 24 hours; reactions left to run overnight in
some embodiments can average a period of about 16 hours.

[0069] Isolation and purification of the chemical entities and intermediates described herein
can be effected, if desired, by any suitable separation or purification procedure such as, for
example, filtration, extraction, crystallization, column chromatography, thin-layer
chromatography or thick-layer chromatography, or a combination of these procedures. See,
e.g., Carey et al. Advanced Organic Chemistry, 3rd Ed., 1990 New York: Plenum Press; Mundy
et al., Name Reaction and Reagents in Organic Synthesis, 2nd Ed., 2005 Hoboken, NJ: J.
Wiley & Sons. Specific illustrations of suitable separation and isolation procedures are given by
reference to the examples hereinbelow. However, other equivalent separation or isolation
procedures can also be used.

[0070] In all of the methods, it is well understood that protecting groups for sensitive or
reactive groups may be employed where necessary, in accordance with general principles of
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chemistry. Protecting groups are manipulated according to standard methods of organic
synthesis (T.W. Greene and P.G.M. Wuts (1999) Protective Groups in Organic Synthesis, 3rd
Ed., John Wiley & Sons). These groups may be removed at a convenient stage of the
compound synthesis using methods that are readily apparent to those skilled in the art.

[0071] When desired, the (R)- and (S)-isomers of the nonlimiting exemplary compounds, if
present, can be resolved by methods known to those skilled in the art, for example, by
formation of diastereoisomeric salts or complexes which can be separated, e.g., by
crystallization; via formation of diastereoisomeric derivatives which can be separated, e.g., by
crystallization, gas-liquid or liquid chromatography; selective reaction of one enantiomer with
an enantiomer-specific reagent, e.g., enzymatic oxidation or reduction, followed by separation
of the modified and unmodified enantiomers; or gas-liquid or liquid chromatography in a chiral
environment, e.g., on a chiral support, such as silica with a bound chiral ligand or in the
presence of a chiral solvent. Alternatively, a specific enantiomer can be synthesized by
asymmetric synthesis using optically active reagents, substrates, catalysts or solvents, or by
converting one enantiomer to the other by asymmetric transformation.

[0072] The compounds described herein can be optionally contacted with a pharmaceutically
acceptable acid to form the corresponding acid addition salts. Also, the compounds described
herein can be optionally contacted with a pharmaceutically acceptable base to form the
corresponding basic addition salts.

[0073] In some embodiments, disclosed compounds can generally be synthesized by an
appropriate combination of generally well-known synthetic methods. Techniques useful in
synthesizing these chemical entities are both readily apparent and accessible to those of skill in
the relevant art, based on the instant disclosure. Many of the optionally substituted starting
compounds and other reactants are commercially available, e.g., from Millipore Sigma or can
be readily prepared by those skilled in the art using commonly employed synthetic
methodology.

[0074] The discussion below is offered to illustrate certain of the diverse methods available for
use in making the disclosed compounds and is not intended to limit the scope of reactions or
reaction sequences that can be used in preparing the compounds provided herein. The skilled
artisan will understand that standard atom valencies apply to all compounds disclosed herein in
genus or named compound for unless otherwise specified.

[0075] The following abbreviations have the definitions set forth below:
1. ACN:  jAcetonitrile

2. DCM: {Dichloromethane

3. DIEA: {Diisopropylethylamine

4. DMF: Dimethylformamide

5. EA: Ethyl acetate

6. EDCI:  {1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide
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7. FA: Formic acid

8. HATU: {1-[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-
oxide hexafluorophosphate

9. HPLC: {High pressure liquid chromatography

10. Liquid chromatography/Mass spectroscopy

LC/MS:

11. NMM: {N-Methylmorpholine

12. NMR: {Nuclear magnetic resonance

13. PE: Petroleum ether

14. TEA: {Triethylamine

15. TFA: {Trifluoroacetic acid

16. THF: {Tetrahydrofuran

17. TLC: {Thin layer chromatography

18. TsCl:  {p-Toluenesulfonyl chloride

General Synthetic Schemes

[0076] The claimed compounds and reference compounds can be prepared according to the
following schemes. The following schemes represent the general methods used in preparing
these compounds. However, the synthesis of these compounds is not limited to these
representative methods, as they can also be prepared through various other methods by those

skilled in the art of synthetic chemistry.
Scheme 1: Method for the preparation of reference compounds 1, 3,4,5 and 6
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Scheme 2: Method for the preparation of reference compound 2
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Scheme 3: Method for the preparation of reference compounds 7, 8, 11, and 19
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Scheme 4: Method for the preparation of reference compounds 14, 16, 17 and 20
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Scheme 5: Method for the preparation of reference compounds 9 and 10
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Scheme 6: Method for the preparation of reference compounds 12 and 18

Boo
N

BocN NH
M‘ Q 2 HCHdioxane
b e mas e
Q N DIEA, 1-PrOH @\ w @\

Intermediate B

1BX

9]
H
Intermediate G ¢
g M o ————— ' "
Ty DMSO Br R O \'f"')\/{l\ N’@ ﬁc'
$TAB, DCE TN b oM

8]
Intermediate B
e ——
DIEA. DMSO o o o
s}
SacVsall
NogzN
~ N \/}
N
\/%\}E/
n=0ip6

[0077] The following reference compounds were prepared according to Scheme 3: reference
compounds 22, 23, 28 and 31.

[0078] The following reference compounds were prepared according to Scheme 4: reference
compounds 13, 21, 24, and 25.

[0079] The following reference compounds were prepared according to Scheme 6: reference

compounds 15, 26, 27, 29, 30, and 34.
Scheme 7; Method for the preparation of reference compound 32
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[0080] Reference compound 33 can be prepared using a similar method as described in the

synthesis of reference compound 32.
Scheme 8: Method for the preparation of reference compounds 35, 36, and 38
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[0081] Reference compounds 39, 40 and 41 can be prepared using methods as described in

Scheme 8.
Scheme 9: Method for the preparation of reference compounds 37 and 48
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[0082] Reference compounds 42 and 43 can be synthesized using similar methods as

described in Scheme 9.
Scheme 10: Method for the preparation of reference compound 44
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[0083] Reference compounds 45, 46 and 47 can be synthesized using similar methods as
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described in the preparation of reference compound 44.
Scheme 11: Method for the preparation of compounds 49, 50, 51, 59, and 70
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[0084] Compounds 65, 66, 67, 68, 69, 81, 82 and 85 can be synthesized using similar
methods as described in Scheme 11.
Scheme 12: Method for the preparation of compounds 52, 53, 54, 56, 57, 58, 60 and

61
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Scheme 13: Method for the preparation of reference compounds 71,72, 78 and 80
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[0085] Reference compound 79 can be synthesized with a similar method as described in
Scheme 13.
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Scheme 14: Method for the preparation of reference compounds 73 and 74
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[0086] Reference compounds 75, 76 and 77 can be prepared using similar methods as
described in Scheme 14.

Scheme 15: Method for the preparation of compounds 83 and 84
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Scheme 17: Method for the preparation of compounds 88-91 and 100-101
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[0087] Compound 93, 94, 95, 96, 97, 98, 99, 102, 103 and 104 can be prepared using similar

methods as described in Scheme 11.
Scheme 18; Method for the preparation of reference compounds 105-108
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[0088] Reference compound 109 can be synthesized using a similar method as described in
Scheme 18.

Preparation of Intermediates

Preparation of (R)-(2-chloro-4-phenoxyphenyl)(4-(piperidin-3-ylamino)-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)methanone (Intermediate A)



DK/EP 4039688 T3

[0089]
EERY g,*ig.rﬁ E;j,mm

o oH a )f ¥ 3 .
4 - g O/ E (Y I Boe
—— ) e
F i Cap0s, DMF oy ol n-Bdi, THF o @ DIES, -ProH

Ny M

H
g o n’
S B
f o o HOdiozane
! P ot MH
S o £t 2 b (j’ o
Box 7

o
7 ¢
N7 e Q

Intermediate A

Step 1: Preparation of methyl 2-chloro-4-phenoxybenzoate

[0090] The mixture of methyl 2-chloro-4-fluorobenzoate (20 g, 106.1 mmol), phenol (13 g,
137.9mmol) and cesium carbonate (51.83 g, 156.1 mmol) in N,N-dimethylformamide (200 mL)
was stirred for 16 h at 90 ° C. The mixture was extracted with EtOAc (200 mL x 3). The organic
layer was washed with a saturated NaCl solution, dried over sodium sulfate. After filtration, the
filtrate was concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane:ethyl acetate=50:1—5:1) to give methyl 2-chloro-4-
phenoxybenzoate (18g, 64.5%).

Step 2: Preparation of (2-chloro-4-phenoxyphenyl)(4-chloro-7H-pyrrolo[2,3-d]pyrimidin-
5-yl)methanone

[0091] 5-Bromo-4-chloro-7h-pyrrole [2,3-d] pyrimidine (1 g, 4.3mmol) was dissolved in
tetrahydrofuran (25 mL) and to this was added dropwise slowly n-BulLi (2.5 M in Hexane, 2 eq)
at -78 °C under Ar. The mixture was stirred for 1 hour at -78 °C followed by addition of the
solution of methyl 2-chloro-4-phenoxybenzoate(1.1 eq) dropwise. The mixture was stirred for 2
hr was at -78 °C. The reaction was quenched with 1N HCI and extracted with EtOAc. The
organic layer was washed with brine and dried over sodium sulfate. After filtration, the filtrate
was concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane: ethyl acetate=9:1 to 1:1) to give (2-chloro-4-phenoxyphenyl)(4-

chloro-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (650 mg). LCMS: (ES+): m/z 383.02 [M]".

Step 3: Preparation of tert-butyl (R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carboxylate

[0092] In a 20 mL microwave tube was charged with (2-chloro-4-phenoxyphenyl)(4-chloro-7H-
pyrrolo[2,3-d]pyrimidin-5-yl)methanone (1g, 2.6 mmol), DIEA (3 eq) and tert-butyl (R)-3-
aminopiperidine-1-carboxylate (1.2 eq) and isopropanol (12 mL). The mixture was heated for
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1.5 hr at 160 °C under microwave irradiation. After cooling to room temperature, the reaction
was extracted with EtOAc (40 mLx4) and the organic layer was washed with brine and dried
over sodium sulfate. After filtration, the filtrate was concentrated at reduced pressure. The
residue was recrystallized with 25% EtOAc in petroleum ether to give tert-butyl (R)-3-((5-(2-
chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidine-1-carboxylate (1.1

g). LCMS: (ES+): m/z 547.2 [M]*.

Step 4: Preparation of (R)-(2-chloro-4-phenoxyphenyl)(4-(piperidin-3-ylamino)-7H-
pyrrolo[2,3-d]pyrimidin-5-yl)methanone

[0093] To a solution of tert-butyl (R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carboxylate (11 g, 20.07 mmol) in 250 mL dioxane was
added 4N HCI in dioxane (50 mL). The mixture reaction was stirred for 2.0 hr at room
temperature. The mixture was concentrated to dry under vacuum. The residue was triturated
with DCM to give crude product (9 g). The solid was purified further by reverse phase
chromatography to give 7.8 g TFA salt.

1H NMR (400 MHz, DMSO-d6) & 12.91 (br, 1H), 8.91-8.81 (m, 3H), 8.31 (s, 1H), 7.70 (s, 1H),
7.58 (d, J=8.4 Hz, 1H), 7.49 (t, J= 7.6 Hz, 2H), 7.27 (t, J = 7.6 Hz, 1H), 7.20 - 7.05 (m, 3H),
7.05(d, J=6.7 Hz, 1H), 4.44 (s, 1H), 3.56 (br, 1H), 3.25 (br, 1H), 3.02 - 2.97 (m, 2H), 2.15 (br,

1H), 1.98 (br, 1H), 1.82 - 1.77 (m, 2H). LCMS: (ES+): m/z 448.2 [M]*.

Preparation of (2-chloro-4-phenoxyphenyl)(4-(piperidin-4-ylamino)-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)methanone hydrochloride (Intermediate B)
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Step 1: Preparation of tert-butyld-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carboxylate

[0095] A 20 mL microwave tube was charged with (2-chloro-4-phenoxyphenyl)(4-chloro-7H-
pyrrolo[2,3-d]pyrimidin-5-yl)methanone (4.4 g, 11.45 mmol), DIEA (3 eq), 4-aminoperidine-1-
tert-butyl carboxylate (1.2 eq) and isopropanol (12 ml). The mixture was heated for 1.5 hr at
160 °C under microwave irradiation. After cooling to room temperature, the reaction was
extracted with EtOAc (40 mLx4) and the organic layer was washed with brine and dried over
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sodium sulfate. After filtration, the filtrate was concentrated at reduced pressure. The residue
was recrystallized with 25% EtOAc in petroleum ether to give tert-butyl4-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidine-1-carboxylate (5 g). LCMS:

(ES+): miz 547.2 [M]*.

Step 2: Preparation of (2-chloro-4-phenoxyphenyl)(4-(piperidin-4-ylamino)-7H-
pyrrolo[2,3-d]pyrimidin-5-yl)methanone hydrochloride

[0096] To a solution of tert-butyl-4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carboxylate (10 g, 18.3 mmol) in 250 mL dioxane was
added 4N HCI in dioxane (50 mL). The mixture reaction was stirred for 2.0 hr at room
temperature. The mixture was concentrated to dryness under vacuum. The residue was
triturated with DCM to give (2-chloro-4-phenoxyphenyl)(4-(piperidin-4-ylamino)-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)methanone hydrochloride (8 g).

"H NMR (400 MHz, MeOD) 6 8.47 (s, 1H), 7.85 (s, 1H), 7.57 (d, J = 7.9 Hz, 1H), 7.47 (t, J =
7.8 Hz, 2H), 7.27 (t, J=7.4 Hz, 1H), 7.18 - 7.10 (m, 3H), 7.04 (d, J = 6.7 Hz, 1H), 4.44 (s, 1H),

3.57 (br, 2H), 3.34 (br, 2H), 2.47 (br, 2H), 2.06 (br, 2H). LCMS: (ES+): m/z 448.2 [M]*.

Preparation of 2-(2,6-dioxopiperidin-3-yl)-5-(piperazin-1-yl)isoindoline-1,3-dione
(Intermediate C)
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[0098] Intermediate 2-1 was prepared according to the above scheme as a hydrochloride salt
using a similar method described in the literature. LC/MS 343.1 [M+H]*; '"H-NMR (400 MHz,
CD30OD) & ppm 7.76 (d, J = 8.36 Hz, 1 H), 7.47 (s, 1 H), 7.35 (dd, J = 8.36, 1.54 Hz, 1 H), 5.09

(br dd, J = 12.8, 5.40 Hz, 1 H), 3.67 - 3.74 (m, 4 H), 3.37 - 3.42 (m, 4 H), 2.63 - 2.94 (m, 3 H),
2.07 -2.17 (m, 1 H).

Synthesis of (S)-3-(1-ox0-5-(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione
benzenesulfonic acid (Intermediate D)
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[0100] To a solution of (S)-tert-butyl 4-(2-(1-amino-5-tert-butoxy-1,5-dioxopentan-2-yl)-1-
oxoisoindolin-5-yl)piperazine-1-carboxylate (5.8 g, 12 mol) in acetonitrile (90 mL) was added
benzenesulfonic acid (3.64 g, 23 mol). The mixture was stirred at 85 °C for 12 h. LC/MS
showed the reaction was complete. The mixture was concentrated in vacuum. The residue was
triturated with ethyl acetate to afford (S)-3-(1-oxo0-5-(piperazin-1-yl)isoindolin-2-yl)piperidine-
2,6-dione benzenesulfonate (5.2 g, 93%) as off-white solid. LC/MS 329.1 [M+1]*; 'TH NMR (400
MHz, DMSO-d6) 6 1.95-1.99 (m, 1H), 2.36-2.41 (m, 1H), 2.58-2.62 (d, 1H), 2.88-2.91 (m, 1H),
3.26 (s, 4H), 3.49-3.52 (m, 4H), 4.21-4.38 (dd, 2H), 5.05-5.10 (dd, 1H), 7.12-7.16 (m, 2H),
7.30-7.358 (m, 3H), 7.58-7.62 (m, 3H), 8.72 (s, 2H).

Synthesis of N-(4-(4-amino-1-(4-(4-(dimethoxymethyl)piperidin-1-yl)-3-fluorophenyl)-1H-
pyrazolo[3,4-d] pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Intermediate E)
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Step 1: Preparation of N-(4-bromobenzyl)-5-fluoro-2-methoxybenzamide
[0102] A solution of 5-fluoro-2-methoxy-benzoic acid (30 g, 176 mmol, 1.0 eq), O-(7-

azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (80.5 g, 212 mmol,
1.2 eq) and N, N-diisopropylethylamine (45.6 g, 353 mmol, 2 eq) in N, N-dimethylformamide
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(300 mL) was stirred at 25°C for 30 min. Then (4-bromophenyl)methanamine (32.8 g, 176
mmol, 1.0 eq) was added into the solution and the mixture was stirred at 25°C for 12 h. The
solution was poured into water (500 mL), extracted with ethyl acetate (500 mL x 3). The
combined organic phase was washed with brine (500 mL), dried with anhydrous sodium
sulfate, filtered and concentrated. The residue was purified by silica gel chromatography with
20% - 30% ethyl acetate in petroleum ether as eluent to afford desired compound (56 g, 94%

yield) as a white solid. THNMR (400 MHz, CDClg): & 8.26 (br s, 1H), 7.94 (g, J = 2.0 Hz, 1H),
7.45 (d, J= 7.6 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 7.16 - 7.12 (m, 1H), 6.94 - 6.91 (m, 1H), 4.61
(d, J = 6.0 Hz, 2H), 3.91 (s, 3H).

Step 2: Preparation of 5-fluoro-2-methoxy-N-[[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)phenyl] methyl] benzamide

[0103] To a solution of N-[(4-bromophenyl)methyl]-5-fluoro-2-methoxybenzamide (46 g, 136
mmol, 1.0 eq) and 4,4,5 5-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-
dioxaborolane (51.8 g, 204 mmol, 1.5 eq) in dioxane (500 mL) was added potassium acetate
(26.7 g, 272 mmol, 2. 0 eq) and 1,1-bis(diphenylphosphino)ferrocene]dichloropalladium(ll)
(9.95 g, 13.6 mmol, 0.1 eq). The suspension was degassed under vacuum and purged with
nitrogen for three times. The mixture was stirred under nitrogen at 90°C for 12 h. The solution
was poured into water (2 L), extracted with ethyl acetate (1 L x 3). The combined organic
phase was washed with brine (2 L), dried with anhydrous sodium sulfate, filtered and
concentrated. The combined crude product was purified by silica gel chromatography with 20%
- 30% ethyl acetate in petroleum ether as eluent. The crude product was triturated with
petroleum ether (200 mL), filtered and the filter cake was dried under vacuum to afford the

desired compound (50 g, 79% yield) as a white solid. LC/MS: 386.2 [M+H]*.

[0104] Step 3: Preparation of N-(4-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-
2-methoxybenzamideA  mixture of  5-fluoro-2-methoxy-N-[[4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)phenyllmethyllbenzamide (10.0 g, 26.0 mmol, 1.0 eq), 3-iodo-1H-
pyrazolo[3,4-d]pyrimidin-4-amine (6.78 g, 26.0 mmol, 1.0 eq), 1,1-
bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (3.80 g, 5.19 mmol, 0.2 eq), potassium
phosphate (16.5 g, 77.9 mmol, 3.0 eq) in dioxane (200 mL) and water (40 mL) was degassed
and purged with nitrogen for three times, and then the mixture was stirred at 110 °C for 60 hr
under nitrogen atmosphere. The reaction mixture was partitioned between ethyl acetate (1 L)
and water (1 L). The organic phase was separated, washed with brine (1 L), dried over
anhydrous sodium sulfate, filtered and concentrated. The residue was ftriturated with
acetonitrile (50 mL) then ethyl acetate (50 mL), the solid was collected and dried under
vacuum to afford the desired compound (6.0 g, 59% yield) as a light yellow solid. LC/MS: 393.1

[M+H]*. "H NMR (400 MHz, DMSO-dg): & 13.59 (s, 1H), 8.86 (t, J = 6.0 Hz, 1H), 8.22 (s, 1H),

7.64 (d, J = 8.0 Hz, 2H), 7.57 - 7.47 (m, 3H), 7.37 - 7.31 (m, 1H), 7.19 (dd, J = 4.4, 9.2 Hz,
1H), 4.59 (d, J = 6.0 Hz, 2H), 3.90 (s, 3H).
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Step 4: Preparation of N-[[4-[4-amino-1-[4-[4-(dimethoxymethyl)-1-piperidyl]-3-
fluorophenyl] pyrazolo [3,4-d]pyrimidin-3 -yl] phenyl] methyl] -5 -fluoro-2-methoxy-
benzamide

[0105] To a solution of N-[[4-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yl)phenyllmethyl]-5-
fluoro-2-methoxy-benzamide (12.0 g, 30.6 mmol, 1.0 eq) and 4-(dimethoxymethyl)-1-(2-fluoro-
4-iodo-phenyl)piperidine (11.6 g, 30.6 mmol, 1.0 eq) in dimethyl sulfoxide (150 mL) were
added copper iodide (3.24 g, 17.0 mmol, 0.55 eq), 2-(dimethylamino)acetic acid (3.50 g, 33.98
mmol, 1.1 eq) and sodium carbonate (7.20 g, 68.0 mmol, 2.2 eq). The suspension was
degassed under vacuum and purged with nitrogen for three times. The mixture was stirred
under nitrogen at 110 °C for 12 h. The solution was partitioned between ethyl acetate (800 mL)
and water (2.0 L). The separated aqueous layer was extracted with ethyl acetate (700 mL x 3).
The combined organic layers were washed with brine (500 mL), dried over anhydrous sodium
sulfate, filtered and concentrated to give crude product (15 g). The crude product was
dissolved in ethyl acetate (420 mL) with refluxing. Then the solution was cooled to ambient
temperature along with little precipitate formed and the mixture was kept in refrigerator (~5 °C)
for 48 h. The solution was filtered and the filter cake was washed with cold ethyl acetate (20
mL) to give the pure product (5.28 g). The mother liquid was concentrated and the residue was
re-crystallized from ethyl acetate (100 mL) to give another crop of pure product (1.7 g) (total
6.98 g, 36% yield) as a gray solid. LC/MS: 644.2 [M+H]*. THNMR (400 MHz, CDCl3): & 8.47 (s,
1H), 8.38 (t, J = 5.2 Hz, 1H), 7.99 (dd, J = 3.2, 9.2 Hz, 1H), 7.97 - 7.93 (m, 1H), 7.92 (s, 1H),
7.75(d, J=8.0 Hz, 2H), 7.56 (d, J = 8.0 Hz, 2H), 7.22 - 7.14 (m, 1H), 7.08 (t, J = 8.8 Hz, 1H),
6.97 (dd, J=4.4, 8.8 Hz, 1H), 5.60 (br s, 2H), 4.78 (d, J=6.0 Hz, 2H), 4.12 (d, J = 7.2 Hz, 1H),
3.97 (s, 3H), 3.53 (d, J = 12.0 Hz, 2H), 3.39 (s, 6H), 2.69 (t, J = 11.6 Hz, 2H), 1.88 (d, J=12.0
Hz, 2H), 1.82 - 1.73 (m, 1H), 1.64 - 1.48 (m, 2H).

Preparation of (S)-3-(6-fluoro-1-oxo-5-(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-
dione benzenesulfonic acid (Intermediate F)
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Step 1: Preparation of methyl 2-bromo-4,5-difluorobenzoate
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[0107] Thionyl chloride (13 g, 0.11 mol) was added slowly to a mixture of 2-bromo-4,5-
difluorobenzoic acid (20 g, 0.084 mol) in MeOH (60 mL) at 10°C, then stirred at 80°C for 3 h.
TLC showed the reaction was completed. The mixture was cooled to room temperature,
concentrated then partitioned between ethyl acetate and water. The organic layer was washed
with saturated Na,CO3 and brine twice, dried over Na,SO4 and concentrated to afford a crude

desired product (21 g, yield: 100%) which was used for the next step without further
purification.

Step 2: Preparation of tert-butyl 4-(5-bromo-2-fluoro-4-(methoxycarbonyl)phenyl)
piperazine-1 -carboxylate

[0108] A mixture of methyl 2-bromo-4,5-difluorobenzoate (21 g, 0.084 mol), tert-butyl
piperazine-1-carboxylate (23.4 g, 0.125 mol) and KyCOs3 (17.3 g, 0.125 mol) in N,N-

dimethylacetamide (60 mL) was stirred at 80 °C for 16 h. TLC showed the reaction was
completed. The mixture was added to water (200 mL) and stirred for 10 min. EtOAc (200 mL)
was added. The mixture was partitioned between ethyl acetate and water. The organic layer
was washed with water, brine, dried over Na,SO,4 and concentrated to afford the title desired

product (31.6 g, yield: 90%).

Step 3: Preparation of tert-butyl 4-(5-cyano-2-fluoro-4-(methoxycarbonyl)phenyl)
piperazine-1 -carboxylate

[0109] A mixture of tert-butyl 4-(5-bromo-2-fluoro-4-(methoxycarbonyl)phenyl)piperazine-1-
carboxylate (30.6 g, 0.073 mol) and CuCN (9.8 g, 0.11 mol) in DMF (120 mL) was stirred at
100°C for 16 h. TLC showed the reaction was completed. The mixture was cooled to room
temperature. Ethyl acetate (200 mL) and ammonium hydroxide (200 mL) was added and
stirred for 30 min. The mixture was filtered. The organic layer was washed with water, dried
over Na,SO4 and concentrated to afford a crude product (25.4 g). The crude material was

taken into petrol ether (100 mL) at reflux. The mixture was filtered and dried in oven 50°C to
afford the title compound (21.5 g, yield: 81%).

Step 4: Preparation of tert-butyl 4-(2-fluoro-5-formyl-4-(methoxycarbonyl)phenyl)
piperazine-1 -carboxylate

[0110] To a solution of pyridine (39.1 g, 495 mmol), water (20 mL), acetic acid (26.4 g, 440
mmol) was added tert-butyl 4-(5-cyano-2-fluoro-4-(methoxycarbonyl)phenyl)piperazine-1-
carboxylate (20 g, 55 mmol) and Raney-nickel (85% in water, 10 g) at room temperature. The
resulting mixture was heated to 60 °C. Sodium hypophosphite (29.2 g in 50 mL water) was
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added dropwise into the mixture. The mixture was stirred for 16 h at 60 °C. TLC showed the
reaction not completed. The mixture was further stirred for 10 h. The mixture was cooled to
room temperature. Ethyl acetate and water was added. The mixture was filtered. The organic
layer was washed with water, 1N HCI and brine, dried over Na,SO,4 and concentrated under

reduced pressure to afford a crude product (20.8 g, crude). The resulting residue was purified
by silica-gel pad to afford desired product (8.7 g, yield: 43%).

Step 5: Preparation of tert-butyl (S)-4-(2-(1-amino-5-(tert-butoxy)-1,5-dioxopentan-2-
yl)-6-fluoro-1-oxoisoindolin-5-yl)piperazine-1-carboxylate

[0111] To a solution of tert-butyl 4-(2-fluoro-5-formyl-4-(methoxycarbonyl)phenyl)piperazine-1-
carboxylate (8.15 g, 22 mmol) in methanol (50 mL) was added tert-butyl (S)-4,5-diamino-5-
oxopentanoate (5.4 g, 27 mmol) at room temperature. Acetic acid (1.98 g, 33 mmol) was
added at 0°C. Sodium cyanoborohydride (2.76 g, 44 mmol) was added slowly. The mixture
was stirred at room temperature for 16 hours. TLC showed the reaction was completed. The
mixture was concentrated and partitioned between ethyl acetate and water. The organic layer
was washed with saturated citric acid, brine, dried over Na>SO4 and concentrated under

reduced pressure to afford a crude. The crude was purified by silica-gel pad to afford the
desired product (8 g, yield: 69%).

Step 6: Preparation of (S)-3-(6-fluoro-1-oxo-5-(piperazin-1-yl)isoindolin-2-yl)piperidine-
2,6-dione benzenesulfonic acid

[0112] To a solution of tert-butyl (S)-4-(2-(1-amino-5-(tert-butoxy)-1,5-dioxopentan-2-yl)-6-
fluoro-1-oxoisoindolin-5-yl)piperazine-1-carboxylate (6.7 g, 13 mmol) in acetonitrile (67 mL)
was added benzenesulfonic acid (4.3 g, 26 mmol). The mixture was stirred at 80°C for 16 h.
LC/MS showed the reaction was complete. The mixture was cooled to room temperature. The
mixture was filtered and dried to afford the desired product (5.6 g, 86%) as off-white solid. 1H
NMR (400 MHz, DMSO-d6) & 10.99 (s, 1H), 8.73 (br s, 2H), 7.60 (m, 2H), 7.49 (d, 1H), 7.32
(m, 4H), 5.08 (dd, J =13.2 and 5.2 Hz, 1H), 4.38 (d J = 17.2 Hz, 1H), 4.27 (d, J = 17.2 Hz, 1H),

3.30 (brs, 8H), 2.91 (m, 1H), 2.67 (m, 1H), 2.50 (m, 1H), 1.98 (m, 1H); LC/MS 347.3 [M+H]*

Examples and Reference Examples

Reference Example 1: Preparation of 5-((7-(4-(5-((R)-3-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo [2,3-d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-
2-yl)piperazin-1-yl)heptyl)oxy)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione
(Reference Compound 1)
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Step 1: Preparation of 2-(2,6-dioxopiperidin-3-yl)-5-hydroxyisoindoline-1,3-dione

[0114] To a solution of 3-aminopiperidine-2,6-dione HCI salt (4.1 g, 24.7 mmol) in acetic acid
(45 mL) was added sodium acetate (4.1 g, 49.4 mmol) and the mixture was stirred at 25 ° C
for 1 hr. 4-Hydroxyphthalic acid (3.0g, 16.5 mmol) was added into the mixture and heated to
120 ° C for 11 hr. The mixture was concentrated and then poured into water (20 mL). The
suspension was filtered. The crude product was purified by column chromatography
(dichloromethane: methanol=50: 1 to 10: 1) to afford 2-(2,6-dioxo-3-piperidyl)- 5-hydroxy-
isoindoline-1,3-dione (3.9 g, 14.3 mmol, 86% yield) as a colorless solid.

Step 2: Preparation of tert-butyl 6-(piperazin-1-yl)nicotinate

[0115] To a solution of tert-butyl 6-chloronicotinate (8.52 g, 40 mmol) in tertbutanol (100 mL)
was added piperazine (17.2 g, 200 mmol) and the mixture was heated to 60 °C for 6 hr. The
mixture was concentrated under vacuum and the crude product was purified by column
chromatography to give the titled compound (10 g, 95%) as a colorless solid. LCMS:

m/z=264.2 [M]*.

Step 3: Preparation of tert-butyl 6-(4-(7-hydroxyheptyl)piperazin-1-yl)nicotinate

[0116] To a solution of tert-butyl 6-(piperazin-1-yl)nicotinate (526 mg, 2 mmol), 7-
bromoheptan-1-ol (468 mg, 2.4 mmol) in CH3CN (5 mL) was added K,COsz at room
temperature and the reaction mixture was stirred at 85 ° C for 4 hr. The mixture was diluted
with EtOAc and filtered through a celite pad. The filtrate was concentrated to afford tert-butyl 6-
(4-(7-hydroxyheptyl)piperazin-1-yl)nicotinate (630 mg, 83%) as a light yellow solid. LCMS:
m/z=378.3 [M]*.

Step 4: Preparation of tert-butyl 6-(4-(7-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-
5-yl)oxy)heptyl)piperazin-1-yl)nicotinate
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[0117] To a solution of tert-butyl 6-(4-(7-hydroxyheptyl)piperazin-1-yl)nicotinate (377 mg, 1
mmol) in dry THF (3 mL) was added 2-(2,6-dioxopiperidin-3-yl)-5- hydroxyisoindoline-1,3-
dione (383.6 mg, 1.4 mmol), PPh3 (524 mg, 2.0 mmol) at 25 ° C under nitrogen. DIAD (404
mg, 2.0 mmol) was added to the mixture at room temperature. The resulting mixture was
stirred at 45 ° C for 2 hours. After cooling to r.t. the reaction was quenched with H,O (10 mL)
and extracted with EtOAc (10 mLx2). The combined organic layers were washed with brine (20
mLx5), dried over anhydrous sodium sulfate and concentrated. The residue was purified with
prep-TLC to afford the desired product (80 mg, 12.6%) as a white solid. LCMS: m/z=634.3

[M+1]".

Step 5: Preparation of 6-(4-(7-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)oxy)heptyl)piperazin-1-yl)nicotinic acid

[0118] A solution of tert-butyl 6-(4-(7-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yloxy)heptyl)piperazin-1-yl)nicotinate (80 mg, 0.13 mmol) in TFA/DCM (6.0 mL, 1:5) was
stirred at room temperature for 3 hr. The reaction mixture was concentrated by rotary
evaporation to obtain the titled product (70 mg), which was used in the next step without

further purification. LCMS: m/z=578.3 [M+1]".

Step 6: Preparation of 5-((7-(4-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-2-yl)piperazin-1-yl)heptyl)oxy)-2-
(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

[0119] To a solution of 6-(4-(7-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yloxy)heptyl)piperazin-1-yl)nicotinic acid (58 mg, 0.1 mmol), (R)-(2-chloro-4-phenoxyphenyl)
(4-(piperidin-3-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (54 mg, 0.12 mmol) and
DIEA (51.6 mg, 0.4 mmol) in DMF (3 mL) was added HATU (57 mg, 0.15 mmol) at room
temperature. The reaction was stirred at room temperature until LCMS showed the reaction is
complete. The mixture solution was quenched with ice water and extracted with DCM (10 mL x
3). The organic layer was washed with water and brine, dried over NasSQy, filtered and the

solvent was removed by rotary evaporation. The residue was purified by Pre-TLC to obtain the
titled product (21 mg, 20.8%) as a white solid. LCMS: m/z=1007.4 [M+H]".
THNMR (400 MHz, CDCl3-d): 89.05 (s, 1H), 8.36-8.30 (m, 2H), 7.77-7.65 (m, 2H), 7.41-7.31

(m, 5H), 7.23-7.16 (m, 2H), 7.10-7.07 (m, 3H), 6.95-6.93 (M, 1H), 6.50-6.48 (m, 1H), 4.96-4.95
(m, 1H), 4.38 (s, 1H), 4.08 (s, 3H), 3.90 (s, 1H), 3.58-3.44 (m, 6H), 2.91-2.74 (m, 3H), 2.52 (m,
4H), 2.36 (s, 2H), 2.19-2.01 (m, 4H), 1.18-1.75 (m, 5H), 1.51-1.36 (m, 8H).

Reference Example 2: Preparation of 5-(4-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-



DK/EP 4039688 T3

pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-2-yl)piperazin-1-yl)-2-
(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 2)
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Step 1: Preparation of 2-(2,6-dioxopiperidin-3-yl)-5-fluoroisoindoline-1,3-dione

[0121] To a solution of 5-fluoroisobenzofuran-1,3-dione (2 g, 12.05 mmol) in acetic acid (30
mL) was added sodium acetate (1.98 g, 24.08 mmol) and 3-aminopiperidine-2,6-dione
hydrochloride (1.98 g, 12.05 mmol). The mixture was stirred at 120 °C for 18 hrs. The reaction
mixture was concentrated under reduced pressure. The residue was poured into water (60
mL) and stirred for 10 mins. The solid was collected by filtration and washed with water (2 x 20
mL) and dried under vacuum to afford the titted compound (2.8 g, 94 %) as a white solid.

Step 2: Preparation of tert-butyl 6-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)piperazin-1 -yl)nicotinate

[0122] 2-(2,6-Dioxopiperidin-3-yl)-5-fluoroisoindoline-1,3-dione (200 mg, 0.724 mmol), tert-
butyl 6-(piperazin-1-yl)nicotinate (158 mg, 0.603 mmol) and Ko,CO3 (167 mg, 1.207 mmol) was
suspended in DMF in a 20 mL microwave tube. The mixture was irradiated with microwave at
120 °C for 1hr. The mixture was extracted with EtOAc (30mLx3) and washed with brine (20
mLx2). The combined organic phases was dried over Na;SO, and concentrated under
vacuum. The residue was purified by Prep-TLC to give tert-butyl 6-(4-(2-(2,6-dioxopiperidin-3-
y)-1,3-dioxoisoindolin-5-yl)piperazin-1-yl)nicotinate (200 mg)

Step 3: Preparation of 6-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)piperazin-1-yl)nicotinic acid

[0123] tert-Butyl 6-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-yl)piperazin-1-
yhnicotinate (180 mg, 0.346 mol) was dissolved in 4N HCl/dioxane and the mixture was stirred
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at room temperature for 1hr. After concentration under vacuum, the titled compound (130 mg)
was obtained as a yellow solid and used as is in the next step.

Step 4: Preparation of 5-(4-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-2-yl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione

[0124] To a solution of 6-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-yl)piperazin-1-
yhnicotinic acid (130 mg 0.281 mmol) in DMF (5 mL) was added (R)-(2-chloro-4-
phenoxyphenyl)(4-(piperidin-3-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (163 mg,
0.337 mmol), HATU (128 mg 0.337 mmol) and DIEA(145 mg 1.12 mmol). The mixture was
stirred at r.t. for 3 hrs and then extracted with ethyl acetate. The combined organic phases was
washed with aqueous sodium chloride solution. After concentration under vacuum, the residue
was purified by prep-HPLC to afford the titled compound (16.8 mg) as a yellow solid. LCMS:

(ES*): m/z 893.3 [M+1]*.
THNMR (400 MHz, CDCls): 5: 12.71 (s, 1H), 11.06 (s, 1H) , 8.87 (s, 1H), 8.17 (m, 2H) , 7.82 (d,

J=13.6Hz, 1H),7.77-7.10 (m, 12H) 7.05 (br, 1H), 6,68 (br,1H, 5.08-5.06 (m, 1H) , 4,25 (br, 1H),
3,79-3.51 (m, 14H), 2.93-2.89 (m, 1H), 2.13-21.85 (m, 5H)

Reference Example 3: Preparation of 5-((6-(4-(5-((R)-3-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo [2,3-d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-
2-yl)piperazin-1-yl)hexyl)oxy)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione
(Reference Compound 3)
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[0126] Reference Compound 3 was prepared with the same procedure as described for
Reference Compound 1 by replacing 7-bromoheptan-1-ol with 6-bromohexan-1-ol in step 3.

LCMS: m/z=993.4 [M]".

THNMR (400 MHz, CDCls-d): 59.04 (s, 1H), 8.36-8.30 (m, 2H), 7.77-7.65 (m, 2H), 7.41-7.32
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(m, 5H), 7.22-7.18 (m, 2H), 7.10-7.07 (m, 3H), 6.95-6.93 (m, 1H), 6.54-6.50 (m, 1H), 4.96-4.95
(m, 1H), 4.37 (s, 1H), 4.10-4.06 (m, 4H), 3.57-3.42 (m, 6H), 2.90-2.78 (m, 3H), 2.49 (s, 4H),
2.35 (s, 2H), 2.18-2.15 (m, 2H), 2.00 (s, 3H), 1.83-1.51 (m, 10H).

Reference Example 4: Preparation of 5-(3-(4-(5-((R)-3-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo [2,3-d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-
2-yl)piperazin-1-yl)propoxy)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference
Compound 4)
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[0128] Reference Compound 4 was prepared by the same procedure as described for
Reference Compound 1 by replacing 7-bromoheptan-1-ol with 3-bromopropan-1-ol in step 3.

LCMS: m/z=951.3 [M]".

THNMR (400 MHz, CDCl5-d): 58.98-8.89 (m, 1H), 8.46-8.32 (m, 2H), 7.81-7.68 (m, 2H), 7.41-
7.39 (m, 3H), 7.29-7.20 (m, 3H), 7.09-7.07 (m, 3H), 6.95-6.93 (m, 1H), 6.54-6.47 (m, 1H),
4.96-4.93 (m, 1H), 4.35-4.13 (m, 4H), 3.74-3.73 (m, 1H), 3.57 (s, 3H), 3.35-3.32 (m, 1H), 2.91-
2.73 (m, 4H), 2.47 (s, 3H), 2.38-2.17 (m, 5H), 1.89-1.59 (m, 9H).

Reference Example 5: Preparation of 5-(2-(4-(5-((R)-3-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-
2-yl)piperazin-1-yl)ethoxy)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference
Compound 5)
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Step 1: Preparation of tert-butyl 6-(4-(2-hydroxyethyl)piperazin-1-yl)nicotinate

[0130] To a solution of tert-butyl 6-(piperazin-1-yl) nicotinate (800 mg, 3.04 mmol) in 20 mL
acetonitrile was added 2-bromoethanol (452 mg 3.65 mmol) and KyCO3 (839 mg 6.08 mmol).

The mixture was stirred at 85°C for 12 hrs. The mixture was diluted with ethyl acetate, and
then filtered. The filtrated was concentrated to give tert-butyl 6-(4-(2-hydroxyethyl)piperazin-1-

yl)nicotinate (760 mg, 78.9%) which was used as is in the next step. LCMS: 308.2 [M+H]*.

Step 2: Preparation of tert-butyl 6-(4-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-
5-yl)oxy)ethyl)piperazin-1-yl)nicotinate

[0131] To a solution of tert-butyl 6-(4-(2-hydroxyethyl)piperazin-1-yl)nicotinate(760 mg 2.47
mmol) in THF (10 mL) was added 2-(2,6-dioxopiperidin-3-yl)-5-hydroxyisoindoline-1,3-dione
(813 mg, 2.97 mmol) and PPh3(1.01 g, 2.97 mmol) followed by DIAD (748 mg 3.70 mmol). The
reaction was stirred at room temperature overnight. The reaction mixture was concentrated in
vacuum. The residue was dissolved in ethyl acetate and wash with aqueous sodium chloride
solution. The organics phase was concentrated to dryness and the residue was purified by
silica gel column chromatography (DCM/MeOH=20/1) to give tert-butyl 6-(4-(2-((2-(2,6-
dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-yl)oxy)ethyl)piperazin-1-yl)nicotinate (130 mg,

87.1%). LCMS: 564.3 [M+H]".

Step 3: Preparation of 6-(4-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)oxy)ethyl)piperazin-1-yl)nicotinic acid

[0132] The solution of tert-butyl 6-(4-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yloxy)ethyl)piperazin-1-yl)nicotinate (130 mg, 0.23 mol) in DCM/TFA(3:1) was stirred at room
temperature for 1hr. After concentration under vacuum, 6-(4-(2-((2-(2,6-dioxopiperidin-3-
yl)-1,3-dioxoisoindolin-5-yl)oxy)ethyl)piperazin-1-yl)nicotinic acid (120 mg) was obtained as a

yellow oil and used as is in the next step. LCMS: 508.1 [M+H]*.
Step 4: Preparation of 5-(2-(4-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-

d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-2-yl)piperazin-1-yl)ethoxy)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione
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[0133] To a solution of 6-(4-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yhoxy)ethyl)piperazin-1-yl)nicotinic acid (120 mg 0.236 mmol) in DMF (30 mL) was added (R)-
(2-chloro-4-phenoxyphenyl)(4-(piperidin-3-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone
(137 mg, 0.283 mmol), HATU (90 mg 0.283 mmol) and DIEA(121 mg 0.944 mmol). The
mixture was stirred at r.t. for 3 hrs and then extracted with ethyl acetate. The combined organic
phases was washed with aqueous sodium chloride solution. After concentration under vacuum,
the residue was purified by prep-HPLC to afford the titled compound (19 mg, 9%) as a yellow

solid. LC-MS: (ES*): m/z 940.3 [M+1]*.

THNMR (400 MHz, CDCly): &: 8.99 (s, 1H), 8.35 < s, 1H) ,8.29 (s, 1H) 7.77 (d, J=8.4Hz, 1H),
7.65 (s, 1H) 7.49-7.39 (m, 4H),7.30 (s, 1H) ,7.29-7.10 (s, 2H) 7.07-7.07 (m, 2H), 6.95 (d,
J=1.6Hz, 1H), 6.47 (s, 1H), 5.36-5.34 (m, 1H),4.97-4.94 (m, 1H), 4.31 (s, 2H),4.15-4.06 (m,
1H), 3.57 (s, 6H) ,2.86(s, 4H), 2.63 (s, 4H), 2.25-2.12 (m, 2H), 2.08-2.01 (m, 2H) ,1.92(s,
1H),1.85(s, 1H)

Reference Example 6: Preparation of 5-((5-(4-(5-((R)-3-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo [2,3-d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-
2-yl)piperazin-1-yl)pentyl)oxy)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione
(Reference Compound 6)
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Reference Compound 6 was prepared by the same procedure as described for Reference
Compound 1 by replacing 7-bromoheptan-1-ol with 5-bromopentan-1-ol in step 3.

LCMS: m/z=979.4 [M]*.

THNMR (400 MHz, CDCls-d): 59.06 (s, 1H), 8.36-8.30 (m, 2H), 7.77-7.64 (m, 2H), 7.43-7.38
(m, 3H), 7.33-7.31 (M, 2H), 7.23-7.15 (m, 2H), 7.10-7.06 (m, 3H), 6.95-6.93(m, 1H), 6.51-6.48
(m, 1H), 4.97-4.93 (m, 1H), 4.38 (s, 1H), 4.12-4.07 (m, 3H), 3.56-3.47 (m, 6H), 2.90-2.73 (m,
3H), 2.49(s, 4H), 2.36-2.35 (m, 2H), 2.19-2.01 (m, 4H),1.88-1.50 (m, 10H).

Reference Example 7: Preparation of 5-(4-(6-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-6-oxohexyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 7)
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Step 1: Preparation of (R)-6-bromo-1-(3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino-yl)hexan-1-one

[0136] The mixture of 6-bromohexanoyl chloride (45 mg, 0.21 mmol), (R)-(2-chloro-4-
phenoxyphenyl)(4-(piperidin-3-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (94 mg,
0.21 mmol) and DIEA (136 mg, 1 mmol) in DCM (5 mL) was stirred for 1 hour at room
temperature. The reaction mixture was quenched by adding water (5mL). The organic phase
was collected and concentrated in vacuum to give a crude product. The crude product was
purified by Prep-TLC (DCM / MeOH = 10:1) to give the desired product as a white solid (150

mg, 98 %) LC/MS: 624.5 [M+H] *.

Step 2: Preparation of 5-(4-(6-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-6-oxohexyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-
3-yl)isoindoline-1,3-dione

[0137] The mixture of (R)-6-bromo-1-(3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)hexan-1-one (150 mg, 0.20 mmol), 2-(2,6-dioxopiperidin-
3-yl)-5-(piperazin-1-yl)isoindoline-1,3-dione (90.9 mg, 0.24 mmol), K,CO3 (165.9 mg, 1.2
mmol) and Kl (7.9 mg, 0.05 mmol) in DMF (3 mL) was stirred at 60 °C for 16 hours. The
reaction mixture was filtered, and the solution was concentrated in vacuum. The residue was
purified by Prep-TLC (DCM / MeOH = 10:1) to give the desired product as a white solid (37

mg, 19.8 %) LC/MS: 885.5 [M+H] *.

H NMR (400 MHz, DMSO) & 12.78 (br, 1H), 11.11 (s, 1H), 8.92 - 8.89 (m, 1H), 8.30 - 8.25 (m,
1H), 7.71 - 7.61 (m, 2H), 7.59 - 7.52 (m, 1H), 7.51 - 7.39 (m, 2H), 7.37 (s, 1H), 7.32 - 7.23 (m,
2H), 7.22 - 7. 12 (m, 3H), 7.07 - 6.96 (m, 1H), 5.09 (dd, J = 12.9, 5.3 Hz, 1H), 4.31 - 4.13 (m,
1H), 3.89 - 3.71 (m, 1H), 3.67 - 3.37 (m, 6H), 2.96 - 2.81 (m, 1H), 2.70 - 2.54 (m, 2H), 2.49 -
2.17 (m, 5H), 2.03 (d, J = 4.9 Hz, 2H), 1.95 - 1.67 (m, 3H), 1.65 - 1.41 (m, 4H), 1.39 - 1.02 (m,
5H), 1.00 - 0.70 (m, 1H).
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Reference Example 8: Preparation of 5-(4-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)pentyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 8)
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Step 1: Preparation of (R)-7-bromo-1-(3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyri midin-4-yl)amino)piperidin-1-yl)heptan-1-one

[0139] To a solution of 7-bromoheptanoyl chloride (60 mg, 0.26 mmol) in DCM (5 mL) was
added (R)-(2-chloro-4-phenoxyphenyl)(4-(piperidin-3-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-
yl)methanone (145.8 mg, 0.26 mmol) and N,N-diisopropylethylamine (335.4 mg, 2.6 mmol).
The reaction mixture was stirred at room temperature overnight. The mixture was evaporated
under vacuum and purified by Prep-TLC with MeOH : DCM = 1:10 to give the titled compound

(45 mg, 27 %) as a white oil. LC/MS: 639.6 [M+H]*.

Step 2: Preparation of 5-(4-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)pentyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3-dione

[0140] To a solution of (R)-7-bromo-1-(3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)heptan-1-one (45 mg, 0.07 mmol) and 2-(2,6-
dioxopiperidin-3-yl)-5-(piperazin-1-yl)isoindoline-1,3-dione (23 mg, 0.06 mmol) in acetonitrile
stirred at room temperature was added N,N-Diisopropylethylamine (27.09 mg, 0.21 mmol) and
KI (1.2 mg, 0.007 mmol). The reaction mixture was stirred at room temperature overnight. The
mixture was evaporated in vacuum and purified by Prep-TLC with MeOH : DCM = 1:10 to give

the title compound (32 mg, 50.8 %). LC/MS: 899.3 [M+H]".

H NMR (400 MHz, DMSO) & 12.81 (br, 1H), 11.10 (s, 1H), 8.95 - 8.85 (m, 1H), 8.32 - 8.25 (m,
1H), 7.70 - 7.61 (m, 2H), 7.59 - 7.53 (m, 1H), 7.51 - 7.49 (m, 2H), 7.40 - 7.25 (m, 3H), 7.24 -
7.15 (m, 3H), 7.12 - 7.03 (m, 1H), 5.14 - 5.07 (m, 1H), 4.27 - 4.16 (m, 1H), 3.82 - 3.74 (m, 1H),
3.62 - 3.41 (m, 4H), 3.29 - 3.27 (m, 2H), 2.95 - 2.85 (m, 1H), 2.70 - 2.62 (m, 2H), 2.45 - 212
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(m, 5H),

2.08 - 1.98 (m, 2H), 1.90 - 1.70 (m, 3H), 1.65 - 1.40 (m, 4H), 1.31 - 1.10 (m, 7H), 0.95 - 0.82
(m, 1H).

Reference Example 9: 5-(4-((5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo [2,3-d]
pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-2-yl)methyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 9)
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Step 1: Preparation of tert-butyl 6-methylnicotinate

[0142] To a solution of 6-methylnicotinic acid (5.2 g, 37.9 mmol) in toluene (150 mL) was
added DMAP (520 mg, 3.79 mmol) and BoczO (12.37g, 56.9 mmol). The mixture was stirred at
110 °C for 12 hours. After cooling to room temperature, the mixture was diluted with ethyl
acetate and extracted with aqueous sodium chloride solution. The combined organic phase
was concentrated under vacuum and the residue was purified by silica gel column
chromatography (eluting with 3% EtOAc in petroleum ether) to give the titled product (5.09 g,

69%). LCMS: m/z 194.2 [M+1]*.

Step 2: Preparation of tert-butyl 6-(bromomethyl)nicotinate

[0143] To a solution of tert-butyl 6-methylnicotinate (590 mg, 3.05 mmol) in carbon
tetrachloride (10 mL) was added NBS (440 mg, 2.48 mmol) and AIBN (59 mg 0.3 mmol). The
mixture was stirred at 70 °C for 12hr and then diluted with ethyl acetate. After extraction with
aqueous sodium chloride solution, the combined organic phase was concentrated under
vacuum. The residue was purified by silica gel column chromatography (eluting with 3% EtOAc
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in petroleum ether) to give the titled product (320 mg, 38.5%)

Step 3: Preparation of tert-butyl 6-((4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)piperazin-1-yl)methyl)nicotinate

[0144] To a solution of 2-(2,6-dioxopiperidin-3-yl)-5-(piperazin-1-yl)isoindoline-1,3-dione (520
mg, 1.52 mmol) in CH3CN (10 mL) was added DIEA (770mg 5.96 mmol) and the mixture was
stirred at room temperature for 20 min. tert-Butyl 6-(bromomethyl)nicotinate (316 mg, 1.16
mmol) was added to the reaction mixture and stirred at room temperature for 12 hrs. The
reaction was quenched with water and extracted with EtOAc (100 mLx3). The combined
organic phase was washed with brine and dried over Nay,SO4. After filtration, the organic
solvent was removed under vacuum. The residue was purified by column chromatography
(DCM/MeOH=50/1) to afford tert-butyl 6-((4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-

yl) piperazin-1-yl)methyl)nicotinate (480 mg, 59% ). LCMS: m/z 534.3 [M+1]".

Step 4: Preparation of 6-((4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)piperazin-1-yl)methyl)nicotinic acid

[0145] tert-Butyl 6-((4-(2-(2,6-dioxopiperidin-3-yl) -1,3-dioxoisoindolin-5-yl) piperazin-1-
ylymethyl) nicotinate (480 mg, 0.9 mmol) was dissolved in 4N HCl/dioxane (30mL) and stirred
at room temperature for 5 hours. The mixture was concentrated under vacuum to afford the
titted product (470mg) which was used in the next step without further purification. LCMS:

(ES*): m/z 478.2 [M+1]*.

Step 5: Preparation of 5-(4-((5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-2-yl)methyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione

[0146] To a solution of 6-((4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-yl)piperazin-1-
ylymethyl)nicotinic acid (220 mg, 0.46 mmol) in DMF (5 mL) was added (R)-(2-chloro-4-
phenoxyphenyl)(4-(piperidin-3-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (240 mg,
536 mmol), HOBT (120 mg 0.88 mmol), EDCI (170 mg 0.89 mmol) and DIEA (350 mg, 2.713
mmol). The mixture was stirred at room temperature for 12 hrs. The mixture was diluted with
water and extracted with EtOAc (100mLx3). The combined organic phase was washed with
brine and dried over Na>;SO4. After filtration, the solvent was removed by rotary evaporation

and the residue was purified by prep-HPLC to afford the titled product (27 mg, 6%) as a yellow
solid. LCMS: m/z 454.2 [M+1]*.

THNMR (400 MHz, CDCls): 5: 8.91(s, 1H), 8.34 (s, 1H) 8.68 (d, J=8.4Hz, 1H) 8.20 (d, J=8Hz,
1H) 7.85-7.61 (m, 2H) 7.45-7.35 (m, 5H) 7.31 (s, 2H) 7.29-7.11(m, 2H) 7.10(s, 1H) 7.09-7.01
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(m, 3H) 6.96 (d, J=8.0Hz, 1H) 5.98-5.91 (m, 1H) 4.21 (s, 1H) 4.1 (s, 1H) 4.12-3.89 (m, 1H)
3.72 (s, 3H) 3.35 (s, 6H) 2.92-2.71(m, 4H) 2.55 (s, 3H) 2.27-2.15(m, 1H) 2.14-2.09(m, 3H)

Reference Example 10: Preparation of 5-(4-((1-(5-((R)-3-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-
2-yl)piperidin-4-yl)methyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-
dione (Reference Compound 10)
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Step 1: Preparation of tert-butyl 4-((4-(2- (2,6-dioxopiperidin-3-yl) -1,3-dioxoisoindolin-
5-yl) piperazin-1-yl)methyl)piperidine-1-carboxylate

[0148] To a solution of 2-(2,6-dioxopiperidin-3-yl)-5-(piperazin-1-yl)isoindoline-1,3-dione (540
mg, 1.578 mmol) in DCM (20 mL) was added tert-butyl 4-formylpiperidine-1-carboxylate
(350mg, 1.643mmol) and sodium triacetoxyboronhydride (990 mg, 4.691mmol). The mixture
was stirred at room temperature overnight. The reaction mixture was extracted with ethyl
acetate (40 mL x 4 ) and washed with aqueous sodium chloride solution. The organic phase
was concentrated under vacuum and the residue was purified by column chromatography with

DCM/MeOH 100:1 to 50:1 to give the titled compound (469 mg, 55.1%) LCMS: (ES*): m/z 440
[M+1-Boc] *.

Step 2: Preparation of 2-(2,6-dioxopiperidin-3-yl)-5-(4-(piperidin-4-ylmethyl)piperazin-1-
yl)isoindoline-1,3-dione

[0149] tert-Butyl 4-((4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-yl)piperazin-1-yl)
methyl)piperidine-1-carboxylate (400mg, 0.74mmol) was dissolved in HCl/dioxane (10mL) and
the mixture was stirred at room temperature for 1.5 hr. The solid was collected by filtration to

give the titled compound (450 mg) as a HCl salt. LCMS: 440.2 [M+H]*.
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Step 3: Preparation of tert-butyl 6-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-
5-yl) piperazin-1-yl)methyl)piperidin-1-yl)nicotinate

[0150] To a solution of 2-(2,6-dioxopiperidin-3-yl)-5-(4-(piperidin-4-ylmethyl) piperazin-1-
yhisoindoline-1,3-dione(350 mg, 0.797mmol) in DMSO (20mL) was added tert-butyl 6-
chloronicotinate (169 mg, 0.793 mmol), L-Proline (70 mg, 10%, K;CO3 (220mg, 1.59mmol)

and Cul (35 mg, 10%). The mixture was stirred at 90 °C for 12 hr. The mixture was extracted
with EtOAc (50 mL x 4) and the organic phase was washed with aqueous sodium chloride (40
mL x 3). The organic phase was concentrated under vacuum and the residue was purified by
column chromatography (DCM/MeOH 20:1) to give the titled compound (280 mg, 71.4%) as a

yellow oil. LCMS: (ES*): m/z 617.3 [M+H] *.

Step 4: Preparation of 6-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)piperazin-1-yl)methyl)piperidin-1-yl)nicotinic acid

[0151] tert-Butyl 6-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-yl)piperazin-1-yl)
methyl)piperidin-1-yl)nicotinate (280 mg, 0.133 mmol) was dissolved in DCM (6 mL) and TFA
(2 mL). The mixture was stirred at room temperature for 2 hrs. After evaporation of the solvent
under vacuum, the residue was dissolved in DCE and then concentrated to dry under vacuum.
The residue was azeotroped with DCE three times to give the titled compound (340 mg) as a

light yellow oil. LCMS: (ES*): m/z 562.2 [M+1]*.

Step 5: Preparation of 5-(4-((1-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)pyridin-2-yl)piperidin-4-
yl)methyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

[0152] To a solution of 6-(4-((4-(2-(2,6-dioxopiperidin-3-yl) -1,3-dioxoisoindolin-5-yl) piperazin-
1-ylymethyl)piperidin-1-yl)nicotinic acid (110 mg, 0.196 mmol) in DMF (20 mL) was added (R)-
(2-chloro-4-phenoxyphenyl)(4-(piperidin-3-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone
(70 mg,0.156 mmol) and DIEA (300 mg,2.34 mmol) followed by the addition of HATU (89 mg,
0.234 mmol) at room temperature. The mixture was stirred at room temperature for 2 hr. After
extraction with EtOAc (30 mL x 4) and washed with brine (20 mL x3), the organic phase was
concentrated under vacuum. The residue was purified by pre-HPLC to give the titled product

(18.8 mg) as a yellow solid. LCMS: (ES*): m/z 992.3[M+1] *,
THNMR (400 MHz, CDClg): 8: 10.20 (s, 1H), 8.34 (s, 1H), 8.18 (s, 1H), 8.06 (s, 1H), 7.77 (d,
J=8.4Hz, 1H), 7.22-7.12 (m, 5H), 7.11-6.19 (m, 2H), 5.35-5.33 (m, 1H), 4.97-4.93 (m, 1H),

4.51-4.21(m, 3H), 3.91-3.85(m, 3H), 3.76 (s, 5H), 3.41-3.03(m, 8H), 2.91-2.71 (m, 4H), 1.71-
1.59 (m, 1H), 1.54(d, J=6.8Hz, 4H), 1.45 (s, 2H).
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Reference Example 11: Preparation of 5-(4-(5-((R)-3-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d] pyrimidin-4-yl)amino)piperidin-1-yl)-5-
oxopentyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference
Compound 11)
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Step 1: Preparation of tert-butyl 5-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)piperazin-1-yl)pentanoate

[0154] To a solution of tert-butyl 5-bromopentanoate (47 mg, 0.2 mmol) in ACN (10 mL) was
added 2-(2,6-dioxopiperidin-3-yl)-5-(piperazin-1-yl)isoindoline-1,3-dione (75.7 mg, 0.2 mmol)
and N, N-diisopropylethylamine (38.7 mg, 0.3 mmol). The reaction mixture was stirred at 60 °C
overnight. The mixture was evaporated under vacuum and purified by Prep-TLC with MeOH:
DCM = 1:10 to give the titled compound (60 mg, 60.1 %) as a yellow solid. LC/MS: 498.8

[M+H]*.

Step 2: Preparation of 5-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)piperazin-1-yl)pentanoic acid

[0155] To a solution of tert-butyl 5-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)piperazin-1-yl)pentanoate (40 mg, 0.08 mmol) in DCM (10 mL) was added TFA (2 mL). The
reaction was stirred at room temperature for 4 hours. The solution was concentrated in

vacuum to give a crude product (35 mg, yield: 100%) as a yellow solid. LC/MS: 442.7 [M+H] *.

Step 3: Preparation of 5-(4-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-5-oxopentyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-
3-yl)isoindoline-1,3-dione

[0156] To a solution of 5-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-yl)piperazin-1-
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yl)pentanoic acid (35 mg, 0.08 mmol) and (R)-(2-chloro-4-phenoxyphenyl)(4-(piperidin-3-
ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (44.88 mg, 0.08 mmol) in DMF (10 mL)
stirred under nitrogen at room temperature was added HATU (36.48 mg, 0.096 mmol) and
DIEA (15.48 mg, 0.12 mmol). The reaction mixture was stirred at room temperature overnight.
The solvent was removed under vacuum to give a crude product. The crude product was
purified by Prep-TLC with MeOH: DCM = 1:10 to give the title compound (40 mg, 57.4 %).

LC/MS: 871.3 [M+H]*. "H NMR (400 MHz, DMSO) & 12.84 (br, 1H), 11.12 (s, 1H), 9.57 - 9.51
(m, 1H), 8.96 - 8.90 (m, 1H), 8.38 - 8.35 (m, 1H), 7.77 (d, J = 8.5 Hz, 1H), 7.68 (d, J = 9.7 Hz,
1H), 7.57 (dd, J = 8.5, 3.0 Hz, 1H), 7.51 - 7.46 (m, 2H), 7.38 - 7.15 (m, 5H), 7.08 - 7.01 (m,
1H), 5.14 - 5.06 (m, 1H), 4.26 - 4.16 (m, 3H), 3.99 - 3.85 (m, 2H), 3.56 - 3.52 (m, 2H), 3.27 -
3.03 (m, 5H), 2.94 - 2.84 (m, 1H), 2.69 - 2.54 (m, 3H), 2.45 - 2.41 (m, 1H), 2.37 - 2.31 (m, 1H),
2.10 - 1.99 (m, 2H), 1.80 - 1.50 (m, 6H), 1.30 - 1.23 (m, 2H), 0.90 - 0.80 (M, 1H).

Reference Example 12: Preparation of 5-(4-(7-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d] pyrimidin-4-yl)amino)piperidin-1-yl)heptyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 12)
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Step 1: Preparation of 7-bromoheptanal

[0158] To a solution of 7-bromoheptan-1-ol (1 g, 5.52 mmol) in DMSO (30 mL) was added IBX
(1.8 g, 6.62 mmol) and the mixture was stirred at room temperature for 12 hrs. The mixture
was diluted with water (30 mL) and filtered. The filtrate was extracted with EtOAc. The
combined organic phase was washed with aqueous sodium bicarbonate solution and brine.
After drying over NaSOy4, the solvent was concentrated under vacuum to give 7-

bromoheptanal (780 mg, 4.062 mmol) as a yellow oil

Step 2: Preparation of 5-(4-(7-bromoheptyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-yl)
isoindoline-1,3-dione

[0159] To a solution of 2-(2,6-dioxopiperidin-3-yl)-5-(piperazin-1-yl)isoindoline-1,3-dione (260
mg, 0.76 mmol) in DCM (20 mL) was added 7-bromoheptanal (161 mg, 0.83 mmol) at 0 °C
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and the mixture was stirred for 30 min followed by addition of Na(OAc)3sBH (483 mg, 2.28

mmol). After stirring at room temperature for 12 hrs, the mixture was extracted with ethyl
acetate and washed with sodium chloride solution. The combined organic phase was dried
over Na,SO4 and concentrated under vacuum to give 5-(4-(7-bromoheptyl)piperazin-1-yl)-2-

(2,6-dioxopiperidin-3-yl) isoindoline-1,3-dione (410 mg, 89%) as a yellow solid. LCMS: m/z 519
[M+1]*.

Step 3: Preparation of 5-(4-(7-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)piperidin-1-yl)heptyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3-dione

[0160] To a solution of 5- (4- (7-bromoheptyl) piperazin-1-yl) -2- (2,6-dioxopiperidin-3-yl)
isoindoline-1,3-dione (410 mg, 0.75 mmol) in DMSO (10mL) was added (2-chloro-4-
phenoxyphenyl)(4-(piperidin-4-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (472 mg
0.97 mmol) and DIEA (483 mg, 3.75 mmol). The mixture was stirred at 70 °C for 12 hr and
filtered. The filtrate was extracted with ethyl acetate and washed with brine. The organic phase
was dried over Na,SO4 and concentrated under vacuum. The residue was purified by pre-

HPLC to afford desired product (42.8 mg, 6%) as a yellow solid. LCMS: m/z 443[M+1]2*.

THNMR (400 MHz, DMSO): &: 12.85 (s, 1H), 11.09 (s, 1H), 8.81 (d, J=7.2Hz, 1H) 8.29 (s, 1H),
7.77 (d, J=8.4Hz, 1H) 7.68 (s, 1H), 7.58 (d, J=8.4Hz, 1H), 7.53-7.45 (m, 3H),7.39 (s, 1H), 7.29-
7.21 (m, 1H) 7.18(d, J=8.8Hz, 3H), 7.05(d, J=2.4Hz, 1H), 5.12-5.10 (m, 2H), 4.32 (s, 1H), 4.22
(s, 2H), 3.59-3.48(m, 4H), 3.21-3.09 (m, 8H), 2.95-2.81(m, 1H), 2.69-2.52 (m, 2H), 2.36 (d,
J=14.0Hz, 1H), 2.15 (s, 2H), 2.05-2.01 (m, 1H), 2.71 (s, 4H), 1.34 (s, 6H), 1.23 (s, 2H)

Reference Example 13: (S)-3-(5-(4-(6-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-6-oxohexyl)piperazin-1-yl)-1-oxoisoindolin-2-
yl)piperidine-2,6-dione (Reference Compound 13)
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Step 1: Preparation of 6-bromo-1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimi din-4-yl)amino)piperidin-1-yl)hexan-1-one
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[0162] To a solution of (2-chloro-4-phenoxyphenyl)(4-(piperidin-4-ylamino)-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)methanone (90 mg, 0.2 mmol) in DCM (5 mL) stirred under argon was added
6-bromohexanoyl chloride (43 mg, 0.2 mmol) and DIEA (130 mg, 1.0 mmol) at room
temperature. The reaction mixture was stirred at room temperature for 16 hours. The mixture
was concentrated under vacuum and purified by Prep-TLC (DCM/MeOH= 10:1) to give the

titted compound (120 mg, 96 %) as a white solid. LC/MS: 623.6 [M+H]*.

Step 2: Preparation of (S)-3-(5-(4-(6-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-6-oxohexyl)piperazin-1-yl)-1-oxoisoindolin-2-
yl)piperidine-2,6-dione

[0163] To a solution of 6-bromo-1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyri
midin-4-yl)amino)piperidin-1-yl)hexan-1-one (110 mg, 0.18 mmol) in ACN (2 mL) stirred under
argon at room temperature was added (S)-3-(1-oxo0-5-(piperazin-1-yl)isoindolin-2-yl)piperidine-
2,6-dione (88 mg, 0.18 mmol), DIEA (116 mg, 0.9 mmol) and potassium iodide (6.0 mg, 0.04
mmol). The reaction mixture was stirred at 25 °C for 16 hours. The crude product was
concentrated under vacuum and purified by Prep-TLC (DCM/MeOH= 10:1) to give the titled

compound (13 mg, 8.3%). LC/MS: 872.5 [M+H]".

TH NMR (400 MHz, DMSO) & 12.80 (s, 1H), 10.97 (s, 1H), 10.49 (br, 1H), 8.84 (d, J = 7.4 Hz,
1H), 8.27 (s, 1H), 7.65 (s, 1H), 7.59 (d, J = 8.5 Hz, 2H), 7.49 (t, J = 7.9 Hz, 2H), 7.26 (t, J = 7.4
Hz, 1H), 7.22 - 7.19 (m, 2H), 7.18 - 7.15 (m, 1H), 7.07 - 7.00 (m, 1H), 5.07 (dd, J = 13.2, 5.0
Hz, 1H), 4.42 - 4.30 (m, 2H), 4.27 - 4.13 (m, 2H), 4.05 - 3.96 (m, 1H), 3.90 - 3.82 (m, 1H), 3.62
- 3.54 (m, 1H), 3.30 - 3.20 (m, 2H), 3.19 - 2.97 (m, 4H), 2.95 - 2.86 (m, 1H), 2.69 - 2.56 (m,
1H), 2.47 - 2.31 (m, 4H), 2.13 - 2.01 (m, 2H), 2.00 - 1.92 (m, 1H), 1.82 - 1.65 (m, 2H), 1.64
-1.45 (m, 4H), 1.43 - 1.32 (m, 3H), 1.30 - 1.17 (m, 3H).

Reference Example 14: (S)-3-(5-(4-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-5-oxopentyl)piperazin-1-yl)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione (Reference Compound 14)
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Step 1: Preparation of tert-butyl (S)-5-(4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)pentanoate

[0165] To a solution of tert-butyl 5-bromopentanoate (50 mg, 0.21 mmol) in MeCN (5 mL)
stired at room temperature was added (S)-3-(1-oxo-5-(piperazin-1-yl)isoindolin-2-
yl)piperidine-2,6-dione (103 mg, 0.21 mmol), Kl (35 mg, 0.21 mmol) and DIEA (109 mg, 0.84
mmol). The reaction mixture was stirred at 60 °C for 12 hours. The mixture was cooled to room
temperature, poured into water (45 mL), and extracted with EtOAc (50 mLx2). The combined
organic layer was washed with brine, dried over Na;SOy4, and concentrated in vacuum to give a

crude product. The crude product was purified by flash chromatography (MeOH/DCM= 1:10) to
give the desired product (100 mg, yield = 98.4%) as a yellow solid. LC/MS : 484.9 [M+H]*.

Step 2: Preparation of (S)-5-(4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)pentanoic acid

[0166] A solution of tert-butyl (S)-5-(4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)pentanoate (100 mg, 0.20 mmol) in TFA/DCM (1:5, 12 mL) was stirred at
room temperature for 2 hours. The mixture was concentrated in vacuum to give a crude

product (100 mg, crude). LC/MS : 428.8 [M+H]".

Step 3: Preparation of (S)-3-(5-(4-(5-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-5-oxopentyl)piperazin-1-yl)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione

[0167] To a solution of (S)-5-(4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-yl)piperazin-1-
yl)pentanoic acid (100 mg, 0.20 mmol) in DMF (5 mL) was added HATU (94 mg, 0.25 mmol),
DIEA (107 mg, 0.828 mmol) and (R)-(2-chloro-4-phenoxyphenyl)(4-(piperidin-3-ylamino)-7H-
pyrrolo[2,3-d]pyrimidin-5-yl)methanone (116 mg, 0.187 mmol) at room temperature. The
reaction mixture was stirred at room temperature for 2 hours. The mixture was poured into
water (45 mL) and extracted with EtOAc (50 mLx2). The combined organic layer was washed
with brine, dried over Na»>SOy, and concentrated in vacuum to give a crude product. The crude

product was purified by Prep-TLC (MeOH/DCM= 1:10) to give the desired product (25 mg,
yield = 14.5 % with two steps). LC/MS : 857.6 [M+H]*.

H NMR (400 MHz, DMSO) & 12.83 (br, 1H), 10.97 (s, 1H), 8.95 - 8.85 (m, 1H), 8.37 - 8.25 (m,
1H), 7.71 - 7.63 (m, 1H), 7.60 - 7.53 (m, 3H), 7.48 (t, J = 7.6 Hz, 2H), 7.25 (t, J = 7.6 Hz, 1H),
7.24 - 7.16 (m, 3H), 7.15 - 7.06 (m, 2H), 7.04 (dd, J = 8.4, 2.4 Hz, 1H), 5.09 - 5.04 (m, 1H),
4.40 - 4.30 (m, 1H), 4.28 - 4.15 (m, 2H), 3.95 - 3.75 (m, 1H), 3.65 - 3.41 (m, 5H), 3.22 - 3.10
(m, 2H), 2.98 - 2.85 (m, 2H), 2.60 - 2.52 (m, 2H), 2.47 - 2.28 (m, 3H), 2.28 - 2.15 (m, 1H), 2.09
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- 1.94 (m, 2H), 1.88 - 1.70 (m, 2H), 1.65 - 1.40 (m, 4H), 1.31 (t, J = 7.2 Hz, 2H), 1.26 - 1.21 (m,
1H).

Reference Example 15: 5-(4-(6-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo [2,3-d]
pyrimidin-4-yl)amino)piperidin-1-yl)hexyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3-dione (Reference Compound 15)

[0168]
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Step 1: Preparation of (R)-(2-chloro-4-phenoxyphenyl)(4-((1-(6,6-

dimethoxyhexyl)piperidin-3-yl)amino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone

[0169] A suspension of 6-bromo-1,1-dimethoxyhexane (21 mg, 0.09 mmol), (R)-(2-chloro-4-
phenoxyphenyl)(4-(piperidin-3-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (50 mg,
0.09 mmol), Kl (15 mg, 0.09 mmol) and DIEA (24 mg, 0.18 mmol) in DMF (2 mL) was stirred at
25 °C for 16 hours. The solvent was removed in vacuum. The residue was purified by
chromatography eluted with DCM/MeOH = 20:1 to afford the product (50 mg, 94 %) as a

yellow solid. LC/MS: 592.3 [M+H]".

Step 2: Preparation of (R)-6-(3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1 -yl)hexanal

[0170] A solution of (R)-(2-chloro-4-phenoxyphenyl)(4-((1-(6,6-dimethoxypentyl)piperidin-3-
yl)amino) -7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (50 mg, 0.08 mmol) in ACN (2 mL) was
added TsOH (14 mg, 0.08 mmol) and HOAc (14 mg, 0.08 mmol). The reaction mixture was
stirred at 25 °C for & hours. The mixture was concentrated under vacuum. The residue was
dissolved with EtOAc (10 mL) and washed with saturated NaHCOs solution. The organic phase
was dried over Na>SO4 and concentrated in vacuum to afford the titled product (35 mg, 80 %)

as a yellow solid. LC/MS: 546.2 [M+H]*.

Step 3: Preparation of 5-(4-(6-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)hexyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-
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yl)isoindoline-1,3-dione

[0171] A solution of (R)-6-(3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino) piperidin-1-yl)hexanal (35 mg, 0.07 mmol), EtsN (14 mg, 0.14 mmol) and 2-(2,6-
dioxopiperidin-3-yl)-5-(piperazin-1-yl)isoindoline-1,3-dione (27 mg, 0.07 mmol) in DCM (5 mL)
was stirred at 25 °C for 10 minutes. The mixture was cooled to 0 °C and NaBH(OAc)3 (22 mg,
0.11 mmol) was added portion wise. The mixture was stirred at 25 °C for 16 hours. The solvent

was removed under vacuum and the residue was purified by chromatography eluted with
DCM/MeOH =20:1 to afford the titled product (15 mg, 24 %) as a yellow solid. LC/MS: 872.3

[M+H]*.

TH NMR (400 MHz, DMSO) & 12.79 (br, 1H), 10.97 (s, 1H), 10.60 (br, 1H), 8.83 (d, J = 7.5 Hz,
1H), 8.27 (s, 1H), 7.64 (s, 1H), 7.60 - 7.46 (m, 3H), 7.26 (t, J = 7.4 Hz, 1H), 7.23 - 7.06 (m,
4H), 7.04 - 7.01 (m, 1H), 5.09 - 5.04 (m, 1H), 4.42 - 4.13 (m, 4H), 4.09 - 3.93 (m, 1H), 3.92 -
3.78 (m, 1H), 3.72 - 3.41 (m, 2H), 3.29 - 3.17 (m, 3H), 3.14 - 2.85 (m, 4H), 2.77 - 2.52 (m, 4H),
2.42 - 2.30 (m, 3H), 2.13 - 1.60 (m, 3H), 1.77 - 1.65 (m, 1H), 1.58 - 1.45 (m, 3H), 1.41 - 1.19
(m, 5H).

Reference Example 16: Preparation of (S)-3-(5-(4-(6-((R)-3-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)Jamino)piperidin-1-yl)-6-
oxohexyl)piperazin-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione (Reference
Compound 16)

[0172]

Step 1: Preparation of (R)-6-bromo-1-(3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)hexan-1-one

[0173] To a mixture of (R)-(2-chloro-4-phenoxyphenyl)(4-(piperidin-3-ylamino)-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)methanone (113 mg, 0.20 mmol) and DIEA (77.8 mg, 0.60 mmol) in DCM (10
mL) was added 6-bromohexanoyl chloride (42.8 mg, 0.20 mmol) at 0 °C. The mixture was
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stirred at room temperature for 5 hours. The mixture was concentrated in vacuum. The crude
product was purified by silica gel chromatography with 4-8% MeOH in DCM to afford the

desired compound (80 mg, 64 %). LC/MS: 623.5[M+H]*.

Step 2: Preparation of (S)-3-(5-(4-(6-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-6-oxohexyl)piperazin-1-yl)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione

[0174] A mixture of (R)-6-bromo-1-(3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)hexan-1-one (50 mg, 0.08 mmol), (S)-3-(1-0x0-5-
(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione (38.8 mg, 0.08 mmol), DIEA(20 mg, 0.16
mmol) and Nal (1.2 mg, 0.008 mmol) in ACN (9 mL) was stirred at 90 °C for 18 hours under N,
atmosphere. The mixture was concentrated in vacuum. The residue was purified by silica gel
chromatography with 5-10% MeOH in DCM to afford the desired compound (38 mg, 70%).

LC/MS: 871.4[M+H]*.

H NMR (400 MHz, DMSO) & 12.75 (br, 1H), 10.96 (s, 1H), 8.91 (d, J = 6.8 Hz, 1H), 8.30 -
8.26 (m, 1H), 7.68 - 7.59 (m, 1H), 7.56 - 7.46 (m, 4H), 7.32 - 7.24 (m, 1H), 7.21 - 7.13 (m, 3H),
7.10 - 7.02 (m, 3H), 5.08 - 5.03 (M, 1H), 4.37 - 4.29 (m, 1H), 4.25 - 4.16 (m, 2H), 3.82 - 3.70
(m, 1H), 3.65 - 3.39 (m, 3H), 3.28 - 3.15 (m, 2H), 2.95 - 2.83 (m, 2H), 2.72 - 2.65 (m, 1H), 2.63
- 2.59 (m, 1H), 2.57 - 2.55 (m, 1H), 2.49 - 2.40 (m, 2H), 2.37 - 2.31 (m, 1H), 2.28 - 2.15 (m,
2H), 2.03-1.95 (m, 2H), 1.81 - 1.71 (m, 2H), 1.63 - 1.32 (m, 4H), 1.30 - 1.18 (m, 3H), 1.15 -
1.08 (s, 2H), 0.90 - 0.84 (m, 1H).

Reference Example 17: 3-(5-(4-(7-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-7-oxoheptyl)piperazin-1-yl)-1-oxoisoindolin-2-
yl)piperidine-2,6-dione (Reference Compound 17)

[0175]

Step 1: Preparation of (R)-7-bromo-1-(3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyri midin-4-yl)amino)piperidin-1-yl)heptan-1-one
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[0176] To a mixture of (R)-(2-chloro-4-phenoxyphenyl)(4-(piperidin-3-ylamino)-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)methanone (113 mg, 0.20 mmol) and DIEA (77.8 mg, 0.60 mmol) in DCM (10
mL) was added 7-bromoheptanoyl chloride (45.7 mg, 0.20 mmol) at 0 °C. The mixture was
stirred at room temperature for 5 hours. The mixture was concentrated in vacuum. The crude
product was purified by silica gel chromatography with 4 - 8% MeOH in DCM to afford the

desired compound (80 mg, 63 %). LC/MS: 637 .4[M+H]".

Step 2: Preparation of 3-(5-(4-(7-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d] pyrimidin-4-yl)amino)piperidin-1 -yl)-7-oxoheptyl)piperazin-1 -yl)-1 - oxoisoindolin-2-
yl)piperidine-2,6-dione

[0177] A mixture of (R)-7-bromo-1-(3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)heptan-1-one (50 mg, 0.08 mmol), (S)-3-(1-0x0-5-
(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione (38.8mg, 0.08 mmol), DIEA(20 mg, 0.16
mmol) and Nal (1.2 mg, 0.008 mmol) in ACN (9 mL) was stirred at 90 °C for 18 hours under N»
atmosphere. The mixture was concentrated in vacuum. The residue was purified by silica gel
chromatography with 5-10% MeOH in DCM to afford the desired compound (22 mg, 98 %
purity, 30 % yield). Chiral chromatography analysis indicated partial racemization. LC/MS:

885.5[M+HJ*.

H NMR (400 MHz, DMSO) & 12.75 (br, 1H), 10.96 (s, 1H), 8.92 - 8.86 (m, 1H), 8.32 - 8.25 (m,
1H), 7.72 - 7.60 (m, 1H), 7.57 - 7.46 (m, 4H), 7.32 - 7.20 (m, 1H), 7.21 - 7.15 (m, 3H), 7.08 -
7.02 (m, 3H), 5.06 (dd, J = 13.3, 5.1 Hz, 1H), 4.37 - 4.30 (m, 1H), 4.28 - 4.15 (m, 2H), 3.77 (d,
J =13.2 Hz, 1H), 3.61 - 3.45 (m, 3H), 3.29 - 3.21 (m, 2H), 3.02 - 2.79 (M, 2H), 2.69 - 2.55 (m,
2H), 2.40 - 2.29 (m, 3H), 2.25 - 2.12 (m, 2H), 2.07 - 1.91 (m, 3H), 1.88 - 1.73 (m, 2H), 1.63 -
1.55 (m, 1H), 1.50 - 1.32 (m, 4H), 1.28 - 1.23 (m, 3H), 1.17 - 1.08 (m, 3H), 0.89 - 0.78 (M, 1H).

Reference Example 18: Preparation of 5-(4-(6-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)hexyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 18)
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[0179] Reference Compound 18 was prepared analogously with the procedure described for
Reference Compound 12. LCMS: m/z 436.8 [M+1]21,

THNMR (400 MHz, DMSO): &: 12.91 (s, 1H), 11.12 (s, 1H), 8.81 (d, J=6.8Hz, 1H),8.31 (s, 1H),
7.77(d, J/=8.8Hz, 1H) 7.72 (s, 1H),7.61 (s, 1H),7.51-7.48 (m, 3H),7.31 (s, 1H),7.15 (s, 1H),7.13
(s, 3H),7.05(d, J=2Hz, 1H),5.19-5.15 (m, 1H),4.35 (s, 1H),4.21 (s, 2H),3.61 (s, 6H),3.19 (s,
7H),2.91-2.87 (m, 1H),2.71-2.69 (m, 1H),2.50 (d, J=1.6Hz, 2H),2.12-2.08 (m, 2H),1.71(s,
4H),1.35(s, 4H),1.22(s, 3H)

Reference Example 19: 5-(4-(4-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-4-oxobutyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-
3-yl)isoindoline-1,3-dione (Reference Compound 19)

[0180]

[0181] Reference Compound 19 was prepared analogously with the procedure described for
Reference Compound 14.

[0182] LC/MS: 857.5 [M+H]*.

[0183] "H NMR (400 MHz, DMSO) & 12.81 (br, 1H), 11.10 (s, 1H), 8.92 - 8.83 (m, 1H), 8.32 -
8.19 (m, 1H), 7.84 - 7.55 (m, 3H), 7.54 - 7.40 (m, 2H), 7.39 - 6.97 (m, 6H), 5.17 - 5.02 (m, 1H),
4.37 - 4.05 (m, 2H), 3.97 - 3.75 (m, 1H), 3.72 - 3.33 (m, 6H), 3.27 - 2.81 (m, 4H), 2.73 - 2.54
(m, 2H), 2.47 - 2.09 (m, 5H), 2.06 - 1.97 (m, 2H), 1.93 - 1.45 (m, 5H), 1.35 - 1.15 (m, 1H).

Reference Example 20: (S)-3-(5-(4-(4-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-4-oxobutyl)piperazin-1-yl)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione Reference Compound 20)
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[0185] Reference Compound 20 was prepared analogously with the procedure described for
Reference Compound 14.

[0186] LC/MS: 843.6 [M+H]".

[0187] "H NMR (400 MHz, DMSO) & 12.90 - 12.75 (m, 1H), 10.97 (s, 1H), 10.47 (br, 1H), 8.93
- 8.81 (m, 1H), 8.35 - 8.24 (m, 1H), 7.73 - 7.43 (m, 5H), 7.29 - 7.08 (m, 5H), 7.07 - 7.00 (m,
1H), 5.13 - 5.03 (m, 1H), 4.42 - 4.15 (m, 3H), 4.03 - 3.85 (m, 2H), 3.78 - 3.38 (m, 5H), 3.29 -
3.01 (m, 5H), 2.96 - 2.86 (m, 1H), 2.64 - 2.56 (M, 1H), 2.47 - 2.32 (m, 3H), 2.06 - 1.91 (m, 3H),
1.83 - 1.46 (M, 4H), 1.28 - 1.18 (m, 1H), 0.96 - 0.75 (m, 1H).

Reference Example 21: Preparation of (S)-3-(5-(4-(7-(4-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-7-
oxoheptyl)piperazin-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione (Reference
Compound 21)

[0188]

Step 1: Preparation of (S)-3-(5-(4-(7-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-7-oxoheptyl)piperazin-1-yl)-1-oxoisoindolin-2-
yl)piperidine-2,6-dione

[0189] To a solution of 7-bromo-1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl) amino)piperidin-1-yl)heptan-1-one (80 mg, 0.13 mmol) in DMF(5 mL) stirred
under argon was added (S)-3-(1-oxo0-5-(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione (63
mg, 0.13 mmol), DIEA (50 mg, 0.39 mmol) and potassium iodide (20 mg, 0.13 mmol) at room
temperature. The reaction mixture was stirred at 70 °C for 15 hours. The crude product was
concentrated under vacuum and purified by Prep-TLC (DCM/MeOH=10:1) to give the titled

compound (30 mg, 26.0%). LC/MS: 886.3 [M+H]*.

TH NMR (400 MHz, DMSO) & 12.79 (s, 1H), 10.97 (s, 1H), 10.25 (br, 1H), 8.83 (d, J = 7.3 Hz,
1H), 8.27 (s, 1H), 7.64 (s, 1H), 7.60 - 7.46 (m, 3H), 7.26 (t, J = 7.4 Hz, 1H), 7.22 - 7.01 (m,
5H), 5.06 (dd, J = 13.4, 5.1 Hz, 1H), 4.38 - 4.15 (m, 4H), 4.08 - 3.92 (m, 1H), 3.90 - 3.77 (m,
1H), 3.75 - 3.50 (m, 2H), 3.45 - 3.35 (m, 1H), 3.32 - 3.18 (m, 3H), 3.14 - 2.85 (m, 4H), 2.75 -
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2.53 (m, 5H), 2.42 - 2.31 (m, 3H), 2.15 - 1.95 (m, 3H), 1.77 - 1.62 (m, 1H), 1.57 - 1.47 (m, 3H),
1.45 - 1.27 (m, 5H).

Reference Example 22: Preparation of 5-(4-(7-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-7-oxoheptyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 22)
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[0191] Reference Compound 22 was prepared analogously with the procedure described for
Reference Compound 13.

[0192] LC/MS: 901.2 [M+H]*.

[0193] "H NMR (400 MHz, DMSO) & = 12.87 (br, 1H), 11.10 (s, 1H), 8.83 (d, J=7.4, 1H), 8.26
(s, 1H), 7.78 - 7.67 (m, 1H), 7.65 - 7.56 (m, 2H), 7.50 - 7.45 (m, 2H), 7.35 - 7.23 (m, 2H), 7.22
- 7.14 (m, 3H), 7.06 - 7.01 (m, 1H), 5.15 - 5.05 (m, 1H), 4.38 - 4.30(m, 1H), 4.28 - 4.12 (m,
2H), 3.89 - 3.80 (m, 1H), 3.65 - 3.40 (m, 3H), 3.29 - 3.23 (m, 2H), 3.17 - 2.82 (m, 5H), 2.65 -
2.54 (m, 2H), 2.39 - 2.32 (m, 2H), 2.12 - 1.99 (m, 3H), 1.80 - 1.68 (m,1H), 1.60 - 1.44 (m, 4H),
1.40 - 1.20 (m, 7H), 0.94 - 0.73 (m, 1H).

Reference Example 23: Preparation of 5-(4-(4-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-4-oxobutyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 23)
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[0195] Reference Compound 23 was prepared analogously with the procedure described for
Reference Compound 11.

[0196] LC/MS: 857.3 [M+H]".

[0197] 'H NMR (400 MHz, DMSO) & 12.79 (br, 1H), 11.10 (s, 1H), 8.84 (d, J = 7.2 Hz, 1H),
8.27 (s, 1H), 7.72 (brs, 1H), 7.64 (s, 1H), 7.58 (d, J = 8.5 Hz, 1H), 7.49 (t, J = 7.9 Hz, 2H), 7.46
- 7.35 (m, 1H), 7.34 - 7.23 (m, 2H), 7.23 - 7.15 (m, 3H), 7.08 - 7.00 (m, 1H), 5.14 - 5.03 (m,
1H), 4.40 - 4.31 (m, 1H), 4.28 - 4.07 (m, 2H), 3.93 - 3.81 (m, 1H), 3.70 - 3.39 (m, 3H), 3.10 -
2.85 (m, 3H), 2.71 - 2.56 (M, 2H), 2.36 - 2.32 (M, 1H), 2.14 - 1.97 (m, 4H), 1.94 - 1.75 (m, 2H),
1.68 - 1.48 (M, 2H), 1.48 - 1.15 (m, 4H), 1.06 - 0.74 (m, 2H).

Reference Example 24; Preparation of (S)-3-(5-(4-(4-(4-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)Jamino)piperidin-1-yl)-4-
oxobutyl)piperazin-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione (Reference
Compound 24)

[0198]

MH o N TEA s 2 (\# ”

c@d.qg Ak ﬂj_;@f;wx ,,,,,, - LTy Y
o ¢

[0199] Reference Compound 24 was prepared analogously with the procedure described for
Reference Compound 14.

[0200] LC/MS: 843.4 [M+H]*.

[0201] 'H NMR (400 MHz, DMSO) & 12.81 (br, 1H), 10.96 (s, 1H), 8.84 (d, J = 7.3 Hz, 1H),
8.73 (s, 0.5H), 8.51 (d, J = 8.4 Hz, 0.5H), 8.27 (s, 1H), 7.64 (s, 1H), 7.59 (d, J = 8.5 Hz, 1H),
7.54 (d, J = 8.4 Hz, 1H), 7.50 - 7.46 (m, 2H), 7.26 (t, J = 7.4 Hz, 1H), 7.23 - 7.15 (m, 3H), 7.14
- 7.06 (m, 2H), 7.03 (dd, J = 8.5, 2.3 Hz, 1H), 5.10 - 5.05 (m, 1H), 4.39 - 4.30 (m, 2H), 4.25 -
417 (m, 2H), 3.89 - 3.82 (m, 1H), 3.50 - 3.32 (M, 4H), 3.06 - 3.00 (m, 1H), 2.94 - 2.88 (m, 3H),
2.76 - 2.66 (m, 2H), 2.62 - 2.56 (m, 1H), 2.47 - 2.33 (m, 3H), 2.18 - 1.92 (m, 4H), 1.89 - 1.80
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(m, 2H), 1.59 - 1.52 (m, 1H), 1.47 - 1.34 (m, 2H).

Reference Example 25; Preparation of (S)-3-(5-(4-(5-(4-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)Jamino)piperidin-1-yl)-5-
oxopentyl)piperazin-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione (Reference
Compound 25)
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Step 1: Preparation of tert-butyl (S)-5-(4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)pentanoate

[0203] To a solution of tert-butyl 5-bromopentanoate (200 mg, 0.84 mmol), (S)-3-(1-0x0-5-
(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione (410.37 mg, 0.84 mmol) and DIEA (326.87
mg, 2.53 mmol) in MeCN (20 mL) was added Kl (14.00 mg, 0.084 mmol) at room temperature.
The reaction mixture was stirred at 60 °C for 12 hours. The reaction mixture was evaporated in
vacuum to give a crude product. The crude was purified by silica-gel column with DCM/MeOH

(50/1-10/1) to afford the product (250 mg, 61 %) as a yellow solid. LC/MS: 484.7 [M+H]".

Step 2: Preparation of (S)-5-(4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)pentanoic acid

[0204] tert-Butyl (S)-5-(4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-yl)piperazin-1-
yl)pentanoate (250 mg, 0.52 mmol) was dissolved in DCM (10 mL) and TFA (2 mL). The
reaction mixture was stirred at 25 °C for 5 hours. The mixture was concentrated to afford the

product (200 mg, 78 %) as a brown solid. LC/MS: 428.8 [M+H]*.

Step 3: Preparation of (S)-3-(5-(4-(5-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-5-oxopentyl)piperazin-1-yl)-1-oxoisoindolin-2-
yl)piperidine-2,6-dione
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[0205] To a solution of (S)-5-(4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-yl)piperazin-1-
yl)pentanoic acid (50 mg, 0.10 mmol), HATU (53.24 mg, 0.14 mmol) and DIEA (45.23 mg, 0.35
mmol) in DCM (15 mL) was stirred for 10 minutes. (2-chloro-4-phenoxyphenyl)(4-(piperidin-4-
ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (53.24 mg, 0.14 mmol) was added. The
mixture was stirred at 25 °C for 2 hours. The solvent was removed and the residue was
purified by silica-gel column (DCM/MeOH=20/1) to afford the product (35 mg, 0.04 mmol, 40
%) as a yellow solid.

LC/MS: 858.3 [M+H]*.

TH NMR (400 MHz, DMSO) & 12.78 (s, 1H), 10.96 (s, 1H), 10.13 (br, 1H), 8.84 (d, J = 7.4 Hz,
1H), 8.27 (s, 1H), 7.64 (s, 1H), 7.60 - 7.46 (m, 3H), 7.26 (t, J = 7.4 Hz, 1H), 7.23 - 6.97 (m,
5H), 5.06 - 5.01 (M, 1H), 4.48 - 4.12 (m, 4H), 4.061 - 3.81 (m, 2H), 3.66 - 3.49 (m, 1H), 3.34 -
3.11 (m, 5H), 3.10 - 2.76 (m, 3H), 2.67 - 2.52 (m, 3H), 2.50 - 2.24 (m, 6H), 2.17 - 2.08 (m, 2H),
2.01-1.87 (m, 1H), 1.74 - 1.46 (m, 4H), 1.43 - 1.31 (m, 1H).

Reference Example 26: Preparation of 5-(4-(3-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)propyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 26)
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[0207] Reference Compound 26 was prepared analogously with the procedure described for
Reference Compound 15.

[0208] LC/MS: 830.5 [M+H]".

[0209] 'H NMR (400 MHz, DMSO) & 12.87 (s, 1H), 11.11 (s, 1H), 8.81 (s, 1H), 8.29 (s, 1H),
7.70 (s, 1H), 7.64 - 7.56 (m, 1H), 7.53 - 7.45 (m, 2H), 7.40 - 7.35 (m, 1H), 7.30 - 7.23 (m, 2H),
7.22 - 717 (m, 2H), 7.15 - 7.10 (m, 1H), 7.07 - 7.00 (m, 1H), 5.17 - 5.05 (m, 1H), 4.42 - 4.16
(m, 2H), 3.72 - 3.41 (m, 7H), 3.27 - 3.07 (m, 6H), 2.97 - 2.82 (m, 1H), 2.73 - 2.53 (m, 3H), 2.37
-2.21 (m, 3H), 2.12 - 1.85 (m, 4H), 1.04 - 0.72 (m, 2H).
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Reference Example 27: Preparation of 5-(4-(4-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)butyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 27)
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[0211] Reference Compound 27 was prepared analogously with the procedure described for
Reference Compound 15.

[0212] LC/MS: 844.4 [M+H]*.

[0213] 'H NMR (400 MHz, DMSO) & 12.97 (s, 1H), 11.11 (s, 1H), 8.86 (s, 1H), 8.30 (s, 1H),
7.80 - 7.59 (m, 2H), 7.54 - 7.43 (m, 3H), 7.39 - 7.29 (m, 3H), 7.26 - 7.16 (m, 3H), 5.21 - 4.98
(m, 1H), 4.35-4.13 (m, 2H), 3.72 - 3.35 (m, 9H), 3.27 - 3.18 (m, 4H), 3.01 - 2.93 (m, 1H), 2.80 -
2.51 (m, 4H), 2.41 - 2.19 (m, 4H), 2.08 - 1.79 (m, 4H), 0.96 - 0.69 (m, 2H).

Reference Example 28: Preparation of 5-(4-(6-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo [2,3-d] pyrimidin-4-yl)amino)piperidin-1-yl)-6-oxoheayl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 28)

[0214]

o
o M
P B\/\/\/ﬁ\ /'< L o
7o & o 5 R TFA
%Nf/\w)w\@ ﬁ\ )I\//\\/\VN o
S X o DMSO, DIPEA o

N
i Y M \Q\éa HN/C
Hc/k\,\/t@w@:f \&i L/ & %Ii}v
0

HATL

¢
VY N N
/ﬂw’”’{g&*y
~




DK/EP 4039688 T3

Reference Compound 28 was prepared analogously with the procedure described for
Reference Compound 11.

[0215] LCMS: m/z=886.3 [M+1]*.

[0216] THNMR (400 MHz, CDClg): & 11.06 (s, 1H), 8.85 (s, 1H), 8.229 (s, 1H), 7.69-7.67 (m,
1H), 7.58-7.56 (m, 1H), 7.51-7.49 (m, 2H), 7.32 (s, 1H), 7.28-7.21 (s, 2H), 7.19-7.15 (m, 3H),
7.01-6.99 (s, 1H), 6.65 (s, 1H), 5.32 (s, 2H), 5.11-5.08 (m, 1H), 4.35 (s, 1H), 4.19 (s, 1H), 3.91-
3.88 (m, 2H), 2.68 (s, 1H), 2.39-2.31 (m, 5H), 2.09-1.99 (m, 8H), 1.60-1.42 (m, 8H), 0.85 (s,
4H).

Reference Example 29: 5-(4-(7-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)heptyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3-dione (Reference Compound 29)
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[0218] Reference Compound 29 was prepared analogously with the procedure described for
Reference Compound 15.

[0219] LC/MS: 886.3 [M+H]*.

[0220] "H NMR (400 MHz, DMSO) & 12.89 (br, 1H), 11.10 (s, 1H), 8.79 (s, 1H), 8.31 (s, 1H),
7.77 - 7.65 (m, 2H), 7.58 (d, J = 8.5 Hz, 1H), 7.54 - 7.45 (m, 2H), 7.44 - 7.32 (m, 1H), 7.30 -
7.17 (m, 4H), 7.04 (dd, J = 8.5, 2.4 Hz, 1H), 5.09 (dd, J = 12.8, 5.3 Hz, 1H), 4.64 - 4.46 (m,
1H), 4.30 - 4.12 (m, 1H), 3.81 - 3.65 (m, 1H), 3.57 - 3.38 (m, 4H), 3.17 - 3.02 (m, 3H), 2.98 -
2.79 (m, 3H), 2.71 - 2.53 (m, 3H), 2.46 - 2.21 (m, 3H), 2.20 - 1.86 (m, 5H), 1.81 - 1.42 (m, 6H),
1.40 - 1.27 (m, 6H).

Reference Example 30: Preparation of 5-(4-(5-((R)-3-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)pentyl)piperazin-
1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 30)



DK/EP 4039688 T3

[0221]

g@‘f o~ Cr mon sae e
Pl %@ Sae

wied
0 i "
A»?\;» rna(c;m,sn % /,/’f »@Q‘d\%‘;%
» N
HRd :

N”J
i

4 N
.

[0222] Reference Compound 30 was prepared analogously with the procedure described for
Reference Compound 15.

[0223] LC/MS: 857.4 [M+H]".

[0224] "H NMR (400 MHz, DMSO) & 12.87 (br, 1H), 11.10 (s, 1H), 8.82 (br, 1H), 8.30 (s, 1H),
7.75 - 7.65 (m, 2H), 7.58 (d, J = 8.5 Hz, 1H), 7.52 - 7.46 (m, 2H), 7.41 - 7.31 (m, 1H), 7.29 -
7.16 (m, 4H), 7.07 - 7.01 (m, 1H), 5.13 - 5.06 (m, 1H), 4.59 - 4.45 (m, 1H), 3.61 - 3.43 (m, 5H),
3.07 - 2.77 (m, 5H), 2.72 - 2.55 (m, 4H), 2.45 - 2.25 (m, 3H), 2.15 - 1.87 (m, 4H), 1.80 - 1.46
(m, 6H), 1.42 -1.17 (m, 4H).

Reference Example 31: Preparation of 5-(4-(5-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-5-oxopentyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 31)
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Reference Compound 31 was prepared analogously with the procedure described for

Reference Compound 14.

[0226] LCMS: m/z=872.3 [M+1]*.

[0227] THNMR (400 MHz, DMSO): &: 12.91 (s, 1H), 11.09 (s, 1H), 9.71 (s, 1H), 9.01-8.98 (m,
1H), 8.31 (s, 1H), 7.81-7.79 (m, 1H), 7.70 (s, 1H), 7.60 (s, 1H), 7.59-7.49 (m, 3H), 7.45-7.35
(m, 1H), 7.21 (s, 1H), 7.19-7.16 (m, 2H), 7.02 (s, 1H), 5.19-5.09 (m, 1H), 4.31 (s, 2H), 3.89(s,
2H), 3.61(s, 1H), 3.39-2.91 (m, 8H), 2.92-2.85 (m, 1H), 2.69-2.59 (m, 1H), 2.45-2.35 (s, 1H),
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2.21-2.01 (s, 3H), 1.75 (s, 2H), 1.62-1.52 (m, 3H), 1.49-1.32(m, 1H), 1.25 (s, 1H).

Reference Example 32: Preparation of (S)-3-(5-(4-((1-((R)-3-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidine-1-
carbonyl)piperidin-4-yl)methyl)piperazin-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione
(Reference Compound 32)

[0228]

D:?t_g-:f\:(:% \’{\-”w I’y C‘J{qjo‘w
o RO o - TP

(’M\g/ .
Boy e L
QO ONH 5

Step 1: Preparation of benzyl (S)-4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)piperidine-1-carboxylate

[0229] To a solution benzyl 4-formylpiperidine-1-carboxylate (60 mg, 0.24 mmol) in DCM (10
mL) stirred under argon at room temperature was added (S)-3-(1-oxo-5-(piperazin-1-
yDhisoindolin-2-yl)piperidine-2,6-dione (117 mg, 0.24 mmol), MgSO,4 (288 mg, 2.4 mmol) and
TEA (49 mg, 0.48 mmol). The reaction mixture was stirred at room temperature for 30 minutes
followed by addition of sodium triacetoxyborohydride (127 mg, 0.6 mmol). The reaction mixture
was stirred at room temperature for 1 hour. The solid was filtered off and washed with DCM (5
mLx3). The combined solution was concentrated in vacuum to give a crude product. The crude
product was purified by Prep-TLC with PE: EA = 1: 1 to give the titled product (100 mg, 74%)

as a white solid. LC/MS: 560.8 [M+H] *

Step 2: Preparation of (S)-3-(1-oxo0-5-(4-(piperidin-4-ylmethyl)piperazin-1-yl)isoindolin-
2-yl)piperidine-2,6-dione

[0230] A solution of benzyl (S)-4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-yl)piperazin-
1-yl)methyl)piperidine-1-carboxylate (100 mg, 0.18 mmol) in TFA (4 mL) was stirred at 70 °C
overnight. The mixture was concentrated in vacuum to give a crude product (136 mg) as a

yellow solid which was used in the next step without further purification. LC/MS: 426 .8[M+H]*.

Step 3: Preparation of (8)-3-(5-(4-((1-((R)-3-((5-(2-chloro-4-phenoxybenzoyl)-7H-
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pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidine-1 -carbonyl)piperidin-4-
yl)methyl)piperazin-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione

[0231] To a solution of (R)-(2-chloro-4-phenoxyphenyl)(4-(piperidin-3-ylamino)-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)methanone (90 mg, 0.16 mmol) in DCM (5 mL) stirred under argon was added
triphosgene (14 mg, 0.05 mmol) and DIEA (124 mg, 0.96 mmol) at room temperature. The
reaction mixture was stirred at room temperature for 1 hour. The solution was concentrated in
vacuum. The residue was dissolved with DCM (5 mL). (S)-3-(1-oxo0-5-(4-(piperidin-4-
yimethyl)piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione (136 mg) and DIEA (124 mg, 0.96
mmol) was added. The reaction mixture was stirred at room temperature for 2 hours. The
reaction was quenched by adding water (2 mL) and the organic phase was separated. The
organic phase was dried over Na;SO4 and concentrated in vacuum to give a crude product.

The crude product was purified by Prep-TLC with DCM / MeOH = 10 :1 to give the product (30
mg, 20 %) as a white solid. LC/MS: 898.4 [M+H]*.

TH NMR (400 MHz, DMSO) & 12.81 (br, 1H), 10.97 (s, 1H), 8.90 (br, 1H), 8.29 (s, 1H), 7.64 (s,
1H), 7.62 - 7.44 (m, 4H), 7.29 - 7.15 (m, 4H), 7.13 - 7.01 (m, 2H), 5.07 (dd, J = 13.3, 5.1 Hz,
1H), 4.38 - 4.18 (m, 3H), 4.00 - 3.87 (m, 1H), 3.75 - 3.50 (m, 4H), 3.30 - 3.20 (m, 2H), 3.17 -
3.05 (m, 3H), 2.95 - 2.88 (m, 1H), 2.73 - 2.53 (M, 4H), 2.46 - 2.34 (m, 2H), 2.06 - 1.85 (m, 4H),
1.79 - 1.45 (m, 5H), 1.37 - 1.17 (m, 3H), 1.10 - 0.80 (m, 3H).

Reference Example 33: Preparation of 5-(4-((1-((R)-3-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidine-1-
carbonyl)piperidin-4-yl)methyl)piperazin-1-yl)-2-((S)-2,6-dioxopiperidin-3-yl)isoindoline-
1,3-dione (Reference Compound 33)
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[0233] Reference Compound 33 was prepared analogously with the procedure described for
Reference Compound 32.

[0234] LC/MS: 913.2[M+H]*.
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[0235] 'H NMR (400 MHz, DMSO) & 12.79 (s, 1H), 11.11 (s, 1H), 8.90 (s, 1H), 8.28 (s, 1H),
7.76 - 7.62 (m, 2H), 7.57 (d, J = 8.5 Hz, 1H), 7.51 - 7.44 (m, 2H), 7.40 - 7.31 (m, 1H), 7.30 -
7.15 (m, 4H), 7.12 - 7.00 (m, 1H), 5.14 - 5.05 (m, 1H), 4.35 - 4.12 (m, 2H), 3.68 - 3.40 (m, 6H),
3.02 - 2.84 (m, 5H), 2.70 - 2.61 (m, 2H), 2.59 - 2.54 (m, 1H), 2.46 - 2.33 (m, 2H), 2.19 - 1.84
(m, 5H), 1.72 - 1.48 (m, 4H), 1.33 - 1.14 (m, 3H), 0.99 - 0.72 (m, 3H).

Reference Example 34: Preparation of 5-(4-(5-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo [2,3-d] pyrimidin-4-yl)amino)piperidin-1-yl)pentyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 34)
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Step 1: Preparation of 5-(4-(5,5-dimethoxypentyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3-dione

[0237] To the solution of 5-bromo-1,1-dimethoxypentane (250 mg, 1.19 mmol) in DMSO (10
mL) was added 2-(2,6-dioxopiperidin-3-yl)-5-(piperazin-1-yl)isoindoline-1,3-dione (340 mg,
0.994 mmol) and DIEA (350 mg 2.71 mmol). The mixture was stirred at 70 °C for 12hrs and
extracted with ethyl acetate. The combined organic phase was washed with aqueous sodium
chloride solution and then dried over Na;SO4. The solvent was removed under vacuum and
the residue was purified by Prep-TLC (DCM/MeOH =10/1) to give the desired product (135 mg,
24%) as a yellow solid.

Step 2: Preparation of 5-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)piperazin-1-yl)pentanal

[0238] 5-(4-(5,5-dimethoxypentyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-
dione (360 mg, 0.762 mmol) was dissolved in 2N HCl/dioxane (10 mL) and the reaction
mixture was stirred at room temperature for 3hrs. The mixture was adjusted to pH 8-9 with
aqueous NaHCO3 solution and then extracted with EtOAc (40 mL x3). The organic layer was

washed with water and brine and dried over Nay;SO,4. The solvent was removed by rotary
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evaporation and the residue was purified by Prep-TLC (DCM/MeOH = 20/1) to afford 5-(4-(2-
(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-yl)piperazin-1-yl)pentanal (240 mg, 70%).

Step 3: Preparation of 5-(4-(5-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)pentyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3-dione

[0239] To a solution of (2-chloro-4-phenoxyphenyl)(4-(piperidin-4-ylamino)-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)methanone (220 mg 0.492 mmol) in DCM (3 mL) was added potassium
acetate (72.3 mg 0.738 mmol). The mixture was stirred for 30 min. A solution of 5-(4-(2-(2,6-
dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-yl)piperazin-1-yl)pentanal (210 mg, 0.492 mmol) and
AcOH (44.28mg, 0.738mmol) in DCM(5 mL) was added. After stirring for 30 min, sodium
triacetoxyborohydride (312 mg 1.476 mmol) was added and the mixture was stirred at room
temperature overnight. The mixture was extracted with EtOAc (30 mL x3). The organic layer
was washed with water and brine and dried over Na;SO4. The solvent was removed by rotary

evaporation and the residue was purified by prep-HPLC to give 5-(4-(5-(4-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)pentyl)piperazin-1-yl)-2-
(2,6-dioxopiperidin-3-ylisoindoline-1,3-dione (43.1 mg, 9.7%) as a white solid. LCMS: m/z
=860.3 [M+H]".

1H NMR (400 MHz, DMSO) & 12.87 (s, 1H), 11.09 (s, 1H),10.11 (s, 1H), 9.52 (s, 1H), 8.82 (d, J
= 6.4 Hz, 1H), 8.29 (s, 1H), 7.69-7.59 (m, 1H) 7.58 (s, 1H), 7.56 (s, 1H), 7.50-7.48 (m, 2H),
7.45-7.44 (m, 1H), 7.42-7.40 (m, 1H), 7.25-7.23(m, 2H), 7.09-7.01 (s, 1H), 5.12-5.07 (m, 2H),
4.26-4.23 (m, 4H), 3.61 (s, 4H), 3.61-3.58(m, 2H), 3.21-3.12 (s, 9H), 2.99-2.81 (m, 2H), 2.69-
2.52 (m, 2H), 2.40 (d, J = 2.4 Hz, 2H), 2.15(s, 1H), 2.09-1.98 (m, 2H), 1.35 (s, 2H).

Reference Example 35: Preparation of 4-(9-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-9-oxonon-1-yn-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 35)
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Step 1: Preparation of non-8-ynoic acid

[0241] To a solution of lithium acetylide-ethylenediamine complex (2.20 g, 21.5 mmol, 90%) in
DMSO (5 mL) was added 7-bromoheptanoic acid (1.50 g, 7.17 mmol) in DMSO (7 mL)
dropwise at 0 °C. The solution was stirred at room temperature for 2 hours. The reaction
mixture was poured into ice/water, acidified with 1N HCI and extracted with DCM. The organic
layer was dried over Na;SO4 and concentrated in vacuum. The residue was purified by flash

column chromatography (10 ~ 30% of EA in PE) to yield the titled compound (713 mg, 64%) as

a clear oil. LC/MS: 155.1 [M+H]*. "H NMR (400 MHz, CDCl3) & 2.38 (t, J = 7.5 Hz, 2H), 2.21
(td, J = 7.0, 2.6 Hz, 2H), 1.96 (t, J = 2.6 Hz, 1H), 1.71 - 1.63 (m, 2H), 1.60 -1.52 (m, 2H), 1.49 -
1.38 (m, 4H).

Step 2: Preparation of tert-butyl non-8-ynoate

[0242] To a solution of non-8-ynoic acid (900 mg, 5.84 mmol), anhydrous N, N-
dimethylformamide (85 mg, 1.17 mmol) in anhydrous DCM (20 mL) stirred under Ar at room
temperature was added oxalyl chloride (1.5 g, 11.68 mmol) dropwise. The reaction mixture
was stirred at room temperature for 1 hour. The mixture was evaporated under vacuum and
the residue was dissolved in anhydrous THF (20 mL). The solution was cooled to 0 °C and t-
BuOK (1.3 g, 11.68 mmol) was added portion wise. The mixture was stirred at room
temperature for 1 hour. The reaction was quenched by adding ice-water and extracted with
EtzO. The organic layer was dried over Na,SO4 and evaporated in vacuum. The residue was

purified by flash chromatography with PE/EA=10:1 to yield the titled compound (657 mg, 53%)
as a clear oil. LC/MS: 232.9 [M+Na]*.

H NMR (400 MHz, CDCl3) 8 2.26 - 2.17 (m, 4H), 1.96 (t, J = 2.6 Hz, 1H), 1.65 - 1.52 (m, 4H),
1.46 (s, 9H), 1.45 - 1.30 (m, 4H).

Step 3: Preparation of tert-butyl 9-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)
non-8-ynoate

[0243] A suspension of tert-butyl non-8-ynoate (63 mg, 0.3 mmol), 4-bromo-2-(2,6-
dioxopiperidin-3-yl)isoindole-1,3-dione (50 mg, 0.15 mmol), Copper(l) iodide (6.3 mg, 0.033
mmol), bis(triphenyl phosphine)palladium(ll) chloride (11 mg, 0.017 mmol) and Et3N (2 mL) in
THF (5mL) was stirred at 70 °C under Ar atmosphere for 10 hours. The mixture was cooled to
room temperature and filtered. The filtrate was evaporated under vacuum. The residue was
purified by prep-TLC with PE/EA=1:1 to give the titled compound (48 mg, 68 %) as white solid.

LC/MS: 488.7 [M+Na]*.
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Step 4: Preparation of 9-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl) non-8-
ynoic acid

[0244] A solution of tert-butyl 9-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl) non-8-
ynoate (30 mg, 0.06 mmol) in TFA (1 mL) and DCM (3 mL) was stirred at room temperature
for 2 hours. The mixture was evaporated under vacuum to give crude product (33 mg) which

was used in the next step without further purification. LC/MS: 432.7 [M+Na]®.

Step 5: Preparation of 4-(9-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)piperidin-1-yl)-9-oxonon-1-yn-1-yl)-2-(2,6-dioxopiperidin-3-
yl)isoindoline-1,3-dione

[0245] A mixture of 9-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl) non-8-ynoic acid (33
mg, 80 % purity, 0.06 mmol), (2-chloro-4-phenoxyphenyl)(4-(piperidin-4-ylamino)-7H-
pyrrolo[2,3-d]pyrimidin-5-yl)methanone (31 mg, 0.070 mmol), HATU (40 mg, 0.11 mmol), N, N-
diisopropylethylamine (27 mg, 0.21 mmol) and DMF (5 mL) was stirred at room temperature
for 2 hours. The mixture was concentrated under vacuum and purified by prep-TLC with
DCM/MeOH=10:1 to give the titled compound (16.1 mg, 29%) as white solid. LC/MS: 839.5

[M+H]*.

H NMR (400 MHz, DMSO) & 12.78 (br, 1H), 11.15 (br, 1H), 8.83 (s, 1H), 8.26 (s, 1H), 7.88 -
7.80 (m, 3H), 7.65 - 7/62 (m, 1H), 7.59 (d, J = 8.0 Hz, 1H), 7.49 (, J = 7.7 Hz, 2H), 7.29 - 7.17
(m, 4H), 7.03 (d, J = 7.6 Hz, 1H), 5.18 - 5.12 (m, 1H), 4.35 - 4.06 (m, 2H), 3.91 - 3.76 (m, 1H),
3.05 - 2.85 (m, 2H), 2.70 - 2.57 (m, 2H), 2.37 - 2.35 (m, 2H), 2.30 - 2.20 (m, 3H), 1.63 - 1.48
(m, 8H), 1.36 - 1.25 (m, 5H).

Reference Example 36: Preparation of 4-(7-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-7-oxohept-1-yn-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 36)
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[0247] Reference Compound 36 was prepared analogously with the procedure described for
Reference Compound 35.

[0248] LC/MS: 811.4 [M+H]*.

[0249] 'H NMR (400 MHz, DMSO) & 12.78 (br, 1H), 11.16 (s, 1H), 8.82 (d, J = 6.5 Hz, 1H),
8.26 (s, 1H), 7.91 - 7.87 (m, 3H), 7.64 (s, 1H), 7.58 (d, J = 8.3 Hz, 1H), 7.49 (t, J = 7.3 Hz, 2H),
7.30 - 7.25 (m, 1H), 7.28 - 7.22 (m, 3H), 7.07 - 7.02 (m, 1H), 5.18 - 5.11 (m, 1H), 4.39 - 4.14
(m, 2H), 3.90 - 3.80 (m, 1H), 3.07 - 2.81 (m, 2H), 2.70 - 2.58 (m, 2H), 2.43 - 2.31 (m, 2H), 2.15
-2.02 (m, 3H), 1.78 - 1.61 (m, 4H), 1.60 - 1.30 (m, 3H), 1.30 - 1.03 (m, 2H).

Reference Example 37: Preparation of 5-(4-(3-(2-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-2-oxoethyl)cyclobutyl)piperazin-1-
yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 37)
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Step 1: Preparation of 3-(2-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-2-oxoethyl)cyclobutan-1-one

Hi

[0251] To a solution of (3-oxocyclobutyl)acetic acid (250 mg, 1.95 mmol) in DMF (10 ml)
stirred at room temperature was added HATU (890 mg, 2.34 mmol), DIEA (756 mg, 5.85
mmol) and (2-chloro-4-phenoxyphenyl)(4-(piperidin-4-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-
yl)methanone (944 mg, 1.95 mmol). The reaction mixture was stirred at room temperature for
12 hours. The mixture was poured into water (40 mL) and extracted with EtOAc (50 mLx 2).
The combined organic layer was washed with brine, dried over Na;SO4 and concentrated in

vacuum to give a crude product. The crude product was purified by flash chromatography
(DCM/MeOH= 10: 1) to give the desired product (1 g, 91.79 %) as a yellow solid. LC/MS: 558.0

[M+H] *.
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Step 2: Preparation of 5-(4-(3-(2-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-2-oxoethyl)cyclobutyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione

[0252] To a solution of 3-{2-[4-({5-[(2-chloro-4-phenoxyphenyl)carbonyl]-7H-pyrrolo[2,3-
d]pyrimidin-4-yl}amino)piperidin-1-yl]-2-oxoethyl} cyclobutan-1-one (1 g, 1.79 mmol) in
MeOH/DMF/AcOH (8 mL, 4 mL, 0.5 mL) stirred at room temperature was added 2-(2,6-
dioxopiperidin-3-yl)-5-(piperazin-1-yl)isoindoline-1,3-dione (678 mg, 1.79 mmol) and NaBH3CN
(169 mg, 2.685 mmol). The reaction mixture was stirred at 60 °C for 1 hour. The mixture was
concentrated in vacuum to give a crude product. The crude product was purified by flash
chromatography (DCM/MeOH= 10:1) to give the desired product (290 mg, 18.44%) as a yellow

solid. LC/MS: 884.1 [M+H]*.

H NMR (400 MHz, DMSO) & 12.76 (s, 1H), 11.09 (s, 1H), 10.1 (br, 1H), 8.83 (d, J= 7.2 Hz,
1H), 8.26 (s, 1H), 7.85 - 7.72 (m, 1H), 7.64 (s, 1H), 7.58 (d, J= 8.4 Hz, 1H), 7.48 (t, J= 8.4 Hz,
2H), 7.35 - 7.30 (m, 1H), 7.26 (t, J= 7.6 Hz, 2H), 7.2-7.16 (m, 3H), 7.03 (dd, J= 8.4, 2.4 Hz,
1H), 5.18 - 5.05 (m, 1H), 4.40 - 4.30 (m, 1H), 4.19 - 4.13 (m, 1H), 3.86 - 3.82 (m, 1H), 3.48 -
3.39 (m, 3H), 3.29 - 3.25 (m, 2H), 3.05 - 2.80 (M, 4H), 2.64 - 2.53 (m, 3H), 2.43 - 2.30 (M, 4H),
2.27 -2.21 (m, 2H), 2.18 - 1.95 (m, 4H), 1.61 - 1.48 (m, 2H), 1.40 - 1.35 (m, 1H).

Reference Example 38: Preparation of 4-(8-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-8-oxooct-1-yn-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 38)
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[0254] Reference Compound 38 was prepared analogously with the procedure described for
Reference Compound 35.

[0255] LC/MS: 825.5 [M+H] *

[0256] 'H NMR (400 MHz, DMSO) & 12.77 (br, 1H), 11.15 (s, 1H), 8.83 (d, J = 7.3 Hz, 1H),



DK/EP 4039688 T3

8.26 (s, 1H), 7.87 - 7.81 (m, 3H), 7.63 (s, 1H), 7.58 (d, J = 8.5 Hz, 1H), 7.52 - 7.46 (m, 2H),
7.26 (t, J = 7.4 Hz, 1H), 7.22 - 7.17 (m, 3H), 7.02 (dd, J = 8.5, 2.3 Hz, 1H), 5.15 (dd, J = 12.9,
5.3 Hz, 1H), 4.35 -4.20 (m, 1H), 4.18 -4.13 (m, 1H), 3.85 (d, J = 14.3 Hz, 1H), 3.32 - 3.26 (m,
1H), 3.05 - 2.98 (m, 1H), 2.92 - 2.84 (m, 1H), 2.63 - 2.53 (m, 3H), 2.42 - 2.32 (m, 3H), 2.09 -
2.01 (m, 3H), 1.64 - 1.51 (m, 6H), 1.44 - 1.29 (m, 2H).

Reference Example 39: Preparation of 3-(4-(9-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo [2,3-d] pyrimidin-4-yl)amino)piperi-din-1-yl)-9-oxonon-1-yn-1-yl)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione (Reference Compound 39)
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[0258] Reference Compound 39 was prepared analogously with the procedure described for
Reference Compound 35.

[0259] LC/MS: 825.5 [M+H]".

[0260] H NMR (400 MHz, DMSO) & 12.76 (br, 1H), 11.00 (br, 1H), 9.00 - 8.75 (m, 1H), 8.26
(br, 1H), 7.72 - 7.46 (m, 7H), 7.35 - 7.16 (m, 4H), 7.12 - 7.04 (m, 1H), 5.23 - 5.10 (m, 1H), 4.51
- 4.42 (m, 1H), 4.39 - 4.27 (m, 2H), 4.22 - 412 (m, 1H), 3.89 - 3.77 (m, 1H), 3.01 - 2.88 (m,
2H), 2.76 - 2.65 (m, 2H), 2.38 - 2.33 (M, 2H), 2.04 (s, 3H), 1.70 - 1.30 (m, 13H).

Reference Example 40: Preparation of 3-(4-(8-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino) piperidin-1-yl)-8-oxooct-1-yn-1-yl)-1-oxoisoindolin-
2-yl)piperidine-2,6-dione (Reference Compound 40)
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[0262] Reference Compound 40 was prepared analogously with the procedure described for
Reference Compound 35.

[0263] LC/MS: 811.5 [M+H]*.

[0264] 'H NMR (400 MHz, DMSO) & 12.76 (br, 1H), 11.00 (s, 1H), 8.82 (d, J = 7.4 Hz, 1H),
8.26 (s, 1H), 7.70 (d, J = 7.0 Hz, 1H), 7.64 (t, J = 3.4 Hz, 2H), 7.58 (d, J = 8.5 Hz, 1H), 7.54 -
7.43 (m, 3H), 7.28 - 7.24 (m, 1H), 7.20 - 7.18 (m, 2H), 7.02 (dd, J = 8.5, 2.4 Hz, 1H), 5.19 -
5.10 (m, 1H), 4.53 - 4.45 (m, 1H), 4.39 - 4.25 (m, 2H), 4.20 - 4.15 (m, 1H), 3.90 -3.81 (m, 1H),
3.29 - 3.25 (m, 1H), 3.04 - 2.85 (m, 3H), 2.70 - 2.66 (m, 1H), 2.62 - 2.54 (m, 2H), 2.40 - 2.33
(m, 2H), 2.10 - 1.98 (m, 3H), 1.63 - 1.36 (m, 8H), 1.29 - 1.21 (m, 1H).

Reference Example 41: Preparation of 3-(4-(7-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-7-oxohept-1-yn-1-yl)-1-oxoisoindolin-
2-yl)piperidine-2,6-dione (Reference Compound 41)

[0265]

[0266] Reference Compound 41 was prepared analogously with the procedure described for
Reference Compound 35.

[0267] LC/MS: 798.3[M+H]*.

[0268] "H NMR (400 MHz, DMSO) & 12.79 (s, 1H), 11.1-10.9(m, 1H), 8.82 (d, J = 7.6 Hz, 1H),
8.26 (s, 1H), 7.70 (d, J = 6.8 Hz, 1H), 7.63 (t, J = 3.6 Hz, 2H), 7.58 (d, J = 8.4 Hz, 1H), 7.54 -
7.43 (m, 3H), 7.30-7.23 (m, 1H), 7.23 - 7.14 (m, 3H), 7.02 (dd, J = 8.4, 2.4 Hz, 1H), 5.15 (dd, J
= 13.2, 4.6 Hz, 1H), 4.50-4.45 (m, 1H), 4.35-4.28 (m, 2H), 4.20-4.10 (m ,1H), 3.89-3.80 (m,
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1H), 3.65-3.57 (m, 1H), 3.33-3.25 (m, 1H), 3.15-3.08 (m, 1H), 3.02 - 2.87 (m, 2H), 2.62 - 2.53
(m, 2H), 2.42 (t, J = 7.2 Hz, 2H), 2.09 - 1.97 (m, 3H), 1.72 - 1.60 (m, 3H), 1.55-1.46 (m, 1H),
1.41-1.31 (m, 2H).

Reference Example 42 : Preparation of (S)-3-(5-(4-(3-(2-(4-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)Jamino)piperidin-1-yl)-2-
oxoethyl)cyclobutyl)piperazin-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione
(Reference Compound 42)
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Step 1: Preparation of 3-(2-diazoacetyl)cyclobutan-1-one

[0270] To a solution of 3-oxocyclobutane-1-carboxylic acid (2 g, 17.54 mmol) in DCM (10 mL)
was added SOCI; (3.84 mL). The reaction mixture was stirred at 20 °C for 2 hours. The
mixture was evaporated to dryness under reduced pressure. To a solution of the residue in
THF (5 mL) and acetonitrile (5 mL) was added (diazomethyl)trimethylsilane (2 M in hexane,
17.5 mL). The reaction mixture was stirred at 20 °C for overnight and then evaporated under
vacuum to give a crude product. The crude product was purified by column chromatography
(silica gel, PE/EA = 2:1) to afford the title compound (1.6 g, 52.8 % yield) as a yellow oil.
LC/MS: 139.1 [M+H] +.

Step 2: Preparation of 2-(3-oxocyclobutyl)acetic acid

[0271] To a solution of 3-(2-diazoacetyl)cyclobutan-1-one (1.6 g, 9.27 mmol) in THF (30 mL)
and water (15 mL) was added AgNO3 (1.87 g, 11.12 mmol). The reaction mixture was stirred

at room temperature for overnight then evaporated in vacuum to remove THF. The aqueous
phase was extracted with EA (20 mL x 3). The combined organic layer was dried over Na;SOy4

and evaporated under vacuum to afford the title compound (1.0 g, 76.4 % vyield) as a yellow oil.
LC/MS: 127.1 [M-H]".
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Step 3: Preparation of 3-(2-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-2-oxoethyl)cyclobutan-1-one

[0272] A solution of 2-(3-oxocyclobutyl)acetic acid (50 mg, 90 % purity, 0.35 mmol), (2-chloro-
4-phenoxyphenyl)(4-(piperidin-4-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone  (207.8
mg, 0.43 mmol), HATU (177.9 mg, 0.47mmol), N, N-diisopropylethylamine (75.6 mg, 0.59mmol)
and DMF (10 mL) was stirred at room temperature for 4 hours. The mixture was evaporated in
vacuum and purified by prep-TLC with MeOH: DCM (1:10 ) to give the title compound (100 mg,

51%). LC/MS: 557.6 [M+H] *.

Step 4: Preparation of (S)-3-(5-(4-(3-(2-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-2-oxoethyl)cyclobutyl)piperazin-1-
yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione

[0273] A solution of 3-(2-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)
amino)piperidin-1-yl)-2-oxoethyl)cyclobutan-1-one (100 mg, 0.18 mmol), (S)-3-(1-0x0-5-
(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione  (87.5 mg, 0.18 mmol) and sodium
cyanoborohydride (21.6 mg, 0.36 mmol) in DMF/MeOH/HOAc (16 mL, 5:10:1) was stirred at
room temperature for overnight. The mixture was evaporated in vacuum and purified by prep-
TLC with MeOH: DCM = 1:10 to give the title compound (40 mg, 25.6%). LC/MS: 869.5 [M+H]

+

H NMR (400 MHz, DMSO) & 12.77 (s, 1H), 10.96 (s, 1H), 8.83 (d, J = 7.5 Hz, 1H), 8.26 (s,
1H), 7.64 (s, 1H), 7.58 (d, J = 8.5 Hz, 1H), 7.51 - 7.46 (m, 2H), 7.26 (t, J = 7.4 Hz, 1H), 7.21 -
7.16 (m, 3H), 7.08 - 7.01 (m, 2H), 5.06 (d, J = 12.7 Hz, 1H), 4.37 - 4.13 (m, 4H), 4.00 (s, 1H),
3.87 - 3.79 (m, 1H), 3.71-3.34 (m, 2H), 3.31 - 3.13 (m, 4H), 3.06 - 2.85 (m, 3H), 2.80 - 2.52
(m, 2H), 2.49 - 2.46 (m, 1H), 2.37 (s, 4H), 2.23 (s, 2H), 2.13 - 1.89 (m, 5H), 1.51 (br, 2H), 1.41
- 1.34 (m, 1H), 1.24 (s, 1H).

Reference Example 43: Preparation of 5-(4-(3-(2-((R)-3-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)Jamino)piperidin-1-yl)-2-
oxoethyl)cyclobutyl)piperazin-1-yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione
(Reference Compound 43)

[0274] Reference Compound 43 was prepared using the same method as described in the
preparation of Reference Compound 42. LC/MS: 884.4 [M+H] + 1H NMR (400 MHz, DMSO) ©
12.81 - 12.75 (m, 1H), 11.09 (s, 1H), 8.92 - 8.86 (m, 1H), 8.33 - 8.25 (m, 1H), 7.67 - 7.63 (m,
2H), 7.59 - 7.42 (m, 3H), 7.35 - 7.30 (m, 1H), 7.29 - 7.11 (m, 5H), 7.07 - 7.01 (m, 1H), 5.10 -
5.06 (m, 1H), 4.28 - 4.20 (m, 1H), 3.79 - 3.35 (m, 8H), 2.94 - 2.84 (m, 1H), 2.68 - 2.55 (m, 3H),
246 -2.08 (m, 9H), 2.05-1.80 (m, 3H), 1.78 - 1.72 (m, 3H), 1.27 - 1.20 (M, 1H).



DK/EP 4039688 T3

Reference Example 44: Preparation of 5-(4-(2-(1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)-2-fluorophenyl)piperidin-4-yl)ethyl)piperazin-1-yl)-2-
(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 44)
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Step 1: Preparation of 2-(1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)-2-fluorophenyl)piperidin-4-yl)acetaldehyde

[0276] A solution of (2-chloro-4-phenoxyphenyl)(4-((4-(4-(2,2-dimethoxyethyl)piperidin-1-yl)-3-
fluorophenyl)amino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (250 mg, 0.4 mmol) in THF/
H>SO4 (10% aq) (30 mL, THF/ HoSO4= 1/1) was stirred at 70 °C for 1 hour. The reaction
mixture was adjusted to pH=10 with sodium hydroxide solution (2 M) and extracted with EtOAc
(15 mLx3). The organic phase was dried over sodium sulfate and concentrated in vacuum to

give the desired product (200 mg, 82%) as a yellow solid. LC/MS:583.[M+1]*.

Step 2: Preparation of 5-(4-(2-(1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)-2-fluorophenyl)piperidin-4-yl)ethyl)piperazin-1-yl)-2-(2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione

[0277] A solution of 2-(1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-2-fluorophenyl)piperidin-4-yl)acetaldehyde (100 mg, 0.17 mmol), 2-(2,6-
dioxopiperidin-3-yl)-5-(piperazin-1-yl)isoindoline-1,3-dione (64 mg, 0.17 mmol), TEA (52 mg,
0.51 mmol) and MgSO4 (408 mg, 3.4mmol) in DCM (20 mL) was stirred under nitrogen at
room temperature for 30 minutes. Sodium triacetoxyborohydride (72 mg, 0.34 mmol) was
added at 0 °C portion wise. The reaction mixture was stirred at room temperature for 2 hours.
The reaction mixture was filtered and extracted with water. The organic phase was
concentrated under vacuum to give a crude product. The crude product was purified by Prep-
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TLC (MeOH: DCM =1:10) to give the desired product (50 mg, 32%) as a yellow solid. LC/MS:
910.4[M+1]*.

"H NMR (400 MHz, DMSO) & 13.06 (br, 1H), 11.12 (d, J = 18.0 Hz, 2H), 8.46 (s, 1H), 8.11 -
8.02 (m, 1H), 7.84 (s, 1H), 7.74 - 7.61 (m, 2H), 7.54 - 7.45 (m, 2H), 7.38 - 7.18 (m, 6H), 7.14 -
7.02 (m, 2H), 5.08 (dd, J = 12.8, 5.3 Hz, 1H), 3.52 - 3.37 (m, 2H), 3.36 - 3.28 (m, 7H), 2.95 -
2.82 (m, 1H), 2.71 - 2.53 (m, 4H), 2.45 - 2.27 (m, 3H), 2.04 - 1.97 (m, 1H), 1.85 - 1.73 (m, 2H),
1.55-1.3.0 (m, 5H), 1.28 - 1.20 (m, 1H).

Reference Example 45; Preparation of (S)-3-(5-(4-(2-(1-(4-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)Jamino)-2-fluorophenyl)piperidin-4-
yl)ethyl)piperazin-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione (Reference Compound
45)

[0278]

Na((}!%c, BH

[0279] A solution of 2-(1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-2-fluorophenyl)piperidin-4-yl)acetaldehyde (100 mg, 0.17 mmol), (S)-3-(1-0x0-5-
(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione (83 mg, 0.17 mmol), TEA (52 mg, 0.51
mmol) and MgSO, (408 mg, 3.4 mmol) in DCM (20 mL) was stirred under nitrogen at room
temperature for 30 minutes. Sodium triacetoxy borohydride (72 mg, 0.34 mmol) was added at
0 °C portion wise. The reaction mixture was stirred at room temperature for 2 hours. The
reaction mixture was filtered. The organic layer was washed with water and concentrated
under vacuum to give a crude product. The crude product was purified by Prep-TLC (MeOH:
DCM =1:10) to give the desired product (30 mg, 17.6 %) as a yellow solid. LC/MS:

896.4[M+1]*.

TH NMR (400 MHz, DMSO) & 13.06 (br, 1H), 11.14 (s, 1H), 10.96 (s, 1H), 8.46 (s, 1H), 8.05
(dd, J = 15.0, 2.1 Hz, 1H), 7.84 (s, 1H), 7.64 (d, J = 8.5 Hz, 1H), 7.65 - 7.39 (m, 3H), 7.35 -
7.18 (m, 5H), 7.12 - 7.02 (m, 4H), 5.06 (dd, J = 13.2, 5.0 Hz, 1H), 4.39 - 4.19 (m, 2H), 3.35 -
3.25 (m, 7H), 2.94 - 2.85 (m, 1H), 2.70 - 2.53 (m, 4H), 2.49 - 2.25 (m, 4H), 1.95 - 1.85 (m, 1H),
1.80 - 1.75 (m, 2H), 1.62 - 1.30 (m, 5H), 1.25 - 1.15(m,1H).

Reference Example 46: Preparation of (S)-3-(5-(4-((1-(4-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)Jamino)-2-fluorophenyl)piperidin-4-
yl)methyl)piperazin-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione (Reference
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Compound 46)

[0280]

Step 1: Preparation of 1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino)-2-fluorophenyl)piperidine-4-carbaldehyde

[0281] A solution of (2-chloro-4-phenoxyphenyl)(4-((4-(4-(dimethoxymethyl)piperidin-1-yl)-3-
fluorophenyl)amino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (200 mg, 0.32 mmol) in
THF/H>SO4 (10% aq) (20 mL, 1:1) was stirred at 70 °C for 1 hour. The reaction mixture was
adjusted to pH=10 with sodium hydroxide solution (2 M), extracted with EtOAc (100 mL). The
organic phase was dried over sodium sulfate and evaporated in vacuo to give the desired

product (150 mg, 82 % vyield) as a yellow solid. LC/MS: 570.1 [M+1]*.

Step 2: Preparation of (S)-3-(5-(4-((1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)-2-fluorophenyl)piperidin-4-yl)methyl)piperazin-1-yl)-1-
oxoisoindolin-2-yl)piperidine-2,6-dione

[0282] A solution of 1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-2-fluorophenyl)piperidine-4-carbaldehyde (70 mg, 0.12 mmol), (S)-3-(1-0x0-5-
(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione (60 mg, 0.12 mmol), TEA (24 mg, 0.24
mmol) and MgSO4 (289 mg, 2.4 mmol) in DCM (10 mL) was stirred under nitrogen at room
temperature for 30 minutes. To the solution was added sodium triacetoxyborohydride (64 mg,
0.3 mmol) at 0 °C portion-wise. The reaction mixture was stirred at room temperature for 2
hours. The reaction mixture was filtered. The organic layer was washed with water, extracted
with DCM (50 mL) to give the crude product which was purified by Prep-TLC (PE:EA = 5:1) to

give the desired product (20 mg, 19 % yield) as a yellow solid. LC/MS: 882.0[M+1]*

H NMR (400 MHz, DMSO) & 13.05 (br, 1H), 11.14 (s, 1H), 10.96 (s, 1H), 8.46 (s, 1H), 8.04 (d,
J =16.6 Hz, 1H), 7.84 (s, 1H), 7.65 (d, J = 8.5 Hz, 1H), 7.59 - 7.46 (m, 3H), 7.39 - 7.14 (m,
5H), 7.11 - 7.03 (m, 3H), 5.05 (dd, J = 13.4, 5.1 Hz, 1H), 4.34 (d, J = 17.0 Hz, 1H), 4.21 (d, J =
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16.9 Hz, 1H), 3.30 - 3.27 (m, 6H), 2.96 - 2.86 (m, 1H), 2.71 - 2.53 (M, 4H), 2.46 - 2.31 (m, 3H),
2.26 (d, J = 6.5 Hz, 2H), 2.02 - 1.92 (m, 1H), 1.88 - 1.78 (m, 2H), 1.76 - 1.62 (m, 2H), 1.38 -
1.19 (m, 3H)

Reference Example 47: Preparation of 5-(4-((1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)-2-fluorophenyl)piperidin-4-yl)methyl)piperazin-1-
yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 47)

[0283]

M. M (NQ

f " b 5 2 fH Q
i /@ . o=l Nm NaiOAGHBH g%_ ﬁ
o % [ T
boJ i 0, Ve
i © (\,m

[0284] A solution of 1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-2-fluorophenyl)piperidine-4-carbaldehyde (70 mg, 0.12 mmol) , 2-(2,6-
dioxopiperidin-3-yl)-5-(piperazin-1-yl)isoindoline-1,3-dione (45 mg, 0.12 mmol), TEA (24 mg,
0.24 mmol) and MgSO4 (289 mg, 2.4 mmol) in DCM (10 mL) was stirred under nitrogen at
room temperature for 30 minutes. Sodium triacetoxyborohydride (64 mg, 0.3 mmol) was added
at 0 °C portion wise. The reaction mixture was stirred at room temperature for 2 hours. The
reaction mixture was filtered. The organic layer was washed with water and concentrated in
vacuum to give a crude product. The crude product was purified by Prep-TLC (MeOH: DCM =

1:10) to give the desired product (20 mg, 18%) as a yellow solid. LC/MS: 898.1[M+1]*.

H NMR (400 MHz, DMSO) & 13.05 (s, 1H), 11.14 (s, 1H), 11.09 (s, 1H), 8.46 (s, 1H), 8.08 -
8.01 (m, 1H), 7.84 (s, 1H), 7.72 - 7.61 (m, 2H), 7.54 - 7.45 (m, 2H), 7.37 - 7.18 (m, 6H), 7.13 -
7.02 (m, 2H), 5.08 (dd, J = 13.0, 5.4 Hz, 1H), 3.50 - 3.41 (m, 3H), 3.33 - 3.29 (m, 2H), 2.93 -
2.84 (m, 1H), 2.75 - 2.58 (m, 3H), 2.57 - 2.52 (m, 2H), 2.47 - 2.30 (m, 2H), 2.29 - 2.20 (m, 2H),
210-1.92 (m, 2H), 1.90 - 1.64 (m, 4H), 1.39 - 1.22 (m, 3H).

Reference Example 48: Preparation of 5-(4-(3-(2-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-2-oxoethyl)azetidin-1-yl)piperidin-1-
yl)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (Reference Compound 48)

[0285]
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Step 1: Preparation of benzyl 4-(3-(2-(tert-butoxy)-2-oxoethyl)azetidin-1-yl)piperidine-1-
carboxylate

[0286] To a solution of tert-butyl 2-(azetidin-3-yl)acetate (200 mg, 0.96 mmol) in DCM (5 mL)
stirred at room temperature was added EtsN (194 mg, 1.92 mmol), MgSO4 (300 mg) and [3-(4-

oxopiperidin-1-yl)phenyllmethyl formate (224 mg, 0.96 mmol). The mixture was stirred at room
temperature for 30 minutes before NaBH(OAc)3; (406 mg, 1.92 mmol) was added slowly (0.5

eq per 30 minutes). The reaction mixture was stirred at room temperature for 1 hour. The
mixture was filtered and the filtrate was concentrated under pressure. The residue was purified
by flash chromatography (MeOH/DCM= 1: 10) to give the desired product (255 mg, 68.37%)

as a colorless oil. LC/MS: 388.8 [M+H]*.

Step 2: Preparation of tert-butyl 2-(1-(piperidin-4-yl)azetidin-3-yl)acetate

[0287] To a solution of tert-butyl 2-[1-(1-{3-[(formyloxy)methyl]phenyl}piperidin-4-yl)azetidin-3-
yl] acetate (255 mg, 0.66 mmol) in MeOH (5 mL) stirred at room temperature was added Pd/C
(70 mg, 0.66 mmol). The reaction mixture was stirred at room temperature under H» for 3

hours. The mixture was filtered and the filirate was concentrated under pressure to give the
desired product (160 mg, yield = 95.3%) as a white solid. LC/MS: 255.1 [M+H]*.

Step 3: Preparation of tert-butyl 2-(1-(1-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-
5-yl) piperidin-4-yl)azetidin-3-yl)acetate

[0288] To a solution of 2-(2,6-dioxopiperidin-3-yl)-5-fluoroisoindole-1,3-dione (140 mg, 0.55
mmol) in NMP (5 mL) stirred at room temperature was added tert-butyl 2-[1-(piperidin-4-
ylazetidin-3-yllacetate (140 mg, 0.55 mmol) and DIEA (142 mg, 1.1 mmol). The reaction
mixture was stirred at 90 °C for 12 hours. The mixture was poured into water (25 mL) and
extracted with EtOAc (30 mL x 2). The combined organic layer was washed with brine, dried
over Na,SO4 and concentrated in vacuum to give a crude product. The crude product was

purified by flash chromatography (MeOH/DCM= 1: 10) to give the desired product (70 mg,
yield = 25.4 %) as a yellow solid. LC/MS: 510.8 [M+H]*.

Step 4: Preparation of 2-(1-(1-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
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yl)piperidin-4-yl)azetidin-3-yl)acetic acid

[0289] A solution of tert-butyl 2-(1-{1-[2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindol-5-
yl]piperidin-4-yl}azetidin-3-yl)acetate (70 mg, 0.14 mmol) in TFA/DCM(1:5, 6 mL) was stirred at
room temperature for 2 hour. The solution was concentrated in vacuum to give the crude

product (80 mg, crude). LC/MS: 455.1 [M+H]".

Step 5: Preparation of 5-(4-(3-(2-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]
pyrimidin-4-yl)amino)pip eridin-1-yl)-2-oxo ethyl)azetidin-1-yl)pip eridin-1-yl)-2-(2, 6-
dioxopiperidin-3-yl)isoindoline-1,3-dione

[0290] To a solution of (1-{1-[2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindol-5-yl]piperidin-4-
yl}aze tidine-3-yl)acetic acid (70 mg, crude, 0.14 mmol) in DMF (5 ml) stirred at room
temperature was added HOBt (22 mg, 0.156 mmol), EDCI (30 mg, 0.156 mmol), NMM (53 mg,
0.52 mmol) and N-{5-[(2-chloro-4-phenoxyphenyl)carbonyl]-7H-pyrrolo[2,3-d]pyrimidin-4-
yl}piperidin-4-amine hydrochloride (63 mg, 0.14 mmol). The reaction mixture was stirred at
room temperature for 12 hours. The mixture was poured into water (25 mL) and extracted with
EtOAc (30 mLx2). The combined organic layer was washed with brine, dried over Na,SO,4 and

concentrated in vacuum to give a crude product. The crude product was purified by Prep-TLC
(MeOH/DCM= 1:10) to get the desired product (30 mg, yield = 24.2 %) as a yellow solid.

LC/MS: 884.1 [M+H]*.

H NMR (400 MHz, DMSO) & 12.75 (br, 1H), 11.09 (s, 1H), 8.83 (d, J= 7.2 Hz, 1H), 8.26 (s,
1H), 7.66-7.61 (m, 2H), 7.58 (d, J= 8.8 Hz, 1H), 7.47 (t, J= 8.0 Hz, 2H), 7.30 (s, 1H), 7.28 -
7.14 (m, 5H), 7.02 (dd, J= 8.8, 2.4 Hz, 1H), 5.09 - 5.04 (m, 1H), 4.40 - 4.30 (m, 1H), 4.18 -
4.13 (m, 1H), 3.95 - 3.73 (m, 3H), 3.13 - 3.05 (m, 2H), 3.03 - 2.95 (m, 1H), 2.94 - 2.86 (M, 1H),
2.84 - 2.73 (m, 2H), 2.70 - 2.65 (m, 2H), 2.62 - 2.54 (m, 2H), 2.34 - 2.21 (m, 2H), 2.10 - 1.95
(m, 4H), 1.74 - 1.64 (m, 2H), 1.58 - 1.45 (m, 2H), 1.43 - 1.30 (m, 2H), 1.22 - 1.15 (m, 2H).

Example 49: Preparation of (S)-N-(4-(4-amino-1-(4-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)piperidin-1-yl)-3-fluorophenyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 49)
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Step 1: Preparation of N-(4-bromobenzyl)-5-fluoro-2-methoxybenzamide

[0292] A solution of 5-fluoro-2-methoxy-benzoic acid (30 g, 176 mmol, 1.0 eq), O-(7-
azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (80.5 g, 212 mmol,
1.2 eq) and N,N diisopropylethylamine (45.6 g, 353 mmol, 2 eq) in N,N-dimethylformamide
(300 mL) was stirred at 25°C for 30 min. (4-Bromophenyl)methanamine (32.8 g, 176 mmol, 1.0
eq) was added into the solution and the mixture was stirred at 25°C for 12 h. The solution was
poured into water (500 mL), extracted with ethyl acetate (500 mL x 3). The combined organic
phase was washed with brine (500 mL), dried over anhydrous sodium sulfate, filtered and
concentrated. The residue was purified by silica gel chromatography with 20% - 30% ethyl
acetate in petroleum ether as eluent to afford desired compound (56 g, 94% vyield) as a white

solid. THNMR (400 MHz, CDCl5): & 8.26 (br s, 1H), 7.94 (q, J = 2.0 Hz, 1H), 7.45 (d, J = 7.6 Hz,

2H), 7.22 (d, J = 8.0 Hz, 2H), 7.16 - 7.12 (m, 1H), 6.94 - 6.91 (m, 1H), 4.61 (d, J = 6.0 Hz, 2H),
3.91 (s, 3H).

Step 2: Preparation of 5-fluoro-2-methoxy-N-[[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)phenyl]lmethyl]benzamide

[0293] To a solution of N-[(4-bromophenyl)methyl]-5-fluoro-2-methoxybenzamide (46 g, 136
mmol, 1.0 eq) and 4,4,55-tetramethyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3,2-
dioxaborolane (51.8 g, 204 mmol, 1.5 eq) in dioxane (500 mL) was added potassium acetate
(26.7 g, 272 mmol, 2.0 eq) and 1,1-bis(diphenylphosphino) ferrocene]dichloropalladium(ll)
(9.95 g, 13.6 mmol, 0.1 eq). The suspension was degassed under vacuum and purged with
nitrogen for three times. The mixture was stirred under nitrogen at 90°C for 12 h. The solution
was poured into water (2 L), extracted wit ethyl acetate (1 L x 3). The combined organic phase
was washed with brine (2 L), dried with anhydrous sodium sulfate, filtered and concentrated.
The combined crude product was purified by silica gel chromatography with 20% - 30% ethyl
acetate in petroleum ether as eluent. The crude product was triturated with petroleum ether
(200 mL), filtered and the filter cake was dried under vacuum to afford the desired compound

(50 g, 79% yield) as a white solid. LC/MS: 386.2 [M+H]*.

Step 3: Preparation of N-(4-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-
2-methoxybenzamide
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[0294] A mixture of 5-fluoro-2-methoxy-N-[[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)phenyllmethyllbenzamide (10.0 g, 26.0 mmol, 1.0 eq), 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-
amine (6.78 g, 26.0 mmol, 1.0 eq), 1,1-bis(diphenylphosphino)ferrocene]dichloropalladium(ll)
(3.80 g, 5.19 mmol, 0.2 eq), potassium phosphate (16.5 g, 77.9 mmol, 3.0 eq) in dioxane (200
mL) and water (40 mL) was degassed and purged with nitrogen for three times, and the
mixture was stirred at 110 °C for 60 hr under nitrogen atmosphere. The reaction mixture was
partitioned between ethyl acetate (1 L) and water (1 L). The organic phase was separated,
washed with brine (1 L), dried over anhydrous sodium sulfate, filtered and concentrated. The
residue was ftriturated with acetonitrile (50 mL) and ethyl acetate (50 mL) sequentially. The
solid was collected and dried under vacuum to afford the desired compound (6.0 g, 59% yield)

as a light yellow solid. LC/MS: 393.1 [M+H]*. 'TH NMR (400 MHz, DMSO-dg): 8 13.59 (s, 1H),
8.86 (t, J = 6.0 Hz, 1H), 8.22 (s, 1H), 7.64 (d, J = 8.0 Hz, 2H), 7.57 - 7.47 (m, 3H), 7.37 - 7.31
(m, 1H), 7.19 (dd, J = 4.4, 9.2 Hz, 1H), 4.59 (d, J = 6.0 Hz, 2H), 3.90 (s, 3H).

Step 4: Preparation of N [[4-[4-amino-1-[4-[4-(dimethoxymethyl)-1-piperidyl]-3-
fluorophenyl] pyrazolo [3,4-d]pyrimidin-3 -yl] phenyl] methyl] -5 -fluoro-2-methoxy-
benzamide

[0295] To a solution of N-[[4-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yl)phenyllmethyl]-5-
fluoro-2-methoxy-benzamide (12.0 g, 30.6 mmol, 1.0 eq) and 4-(dimethoxymethyl)-1-(2-fluoro-
4-iodo-phenyl)piperidine (11.6 g, 30.6 mmol, 1.0 eq) in dimethyl sulfoxide (150 mL) were
added copper iodide (3.24 g, 17.0 mmol, 0.55 eq), 2-(dimethylamino)acetic acid (3.50 g, 33.98
mmol, 1.1 eq) and sodium carbonate (7.20 g, 68.0 mmol, 2.2 eq). The suspension was
degassed under vacuum and purged with nitrogen for three times. The mixture was stirred
under nitrogen at 110 °C for 12 h. The reaction mixture was partitioned between ethyl acetate
(800 mL) and water (2.0 L). The aqueous layer was extracted with ethyl acetate (700 mL x 3).
The combined organic layers were washed with brine (500 mL), dried over anhydrous sodium
sulfate, filtered and concentrated to give crude product (15 g). The crude product was
dissolved in ethyl acetate (420 mL) with refluxing and the solution was cooled to ambient
temperature and then kept in refrigerator (~5 °C) for 48 h. The suspension was filtered and the
wet cake was washed with cold ethyl acetate (20 mL) to give pure product (5.28 g). The
mother liquid was concentrated and the residue was re-crystallized from ethyl acetate (100
mL) to give another crop of pure product (1.7 g) (total 6.98 g, 36% yield) as a gray solid.
LC/MS: 644.2 [M+H]*. THNMR (400 MHz, CDCl3): 5 8.47 (s, 1H), 8.38 (t, J = 5.2 Hz, 1H), 7.99
(dd, J=3.2,9.2 Hz, 1H), 7.97 - 7.93 (m, 1H), 7.92 (s, 1H), 7.75 (d, J = 8.0 Hz, 2H), 7.56 (d, J =
8.0 Hz, 2H), 7.22 - 7.14 (m, 1H), 7.08 (t, J = 8.8 Hz, 1H), 6.97 (dd, J = 4.4, 8.8 Hz, 1H), 5.60
(brs, 2H), 4.78 (d, J = 6.0 Hz, 2H), 4.12 (d, J = 7.2 Hz, 1H), 3.97 (s, 3H), 3.53 (d, J = 12.0 Hz,
2H), 3.39 (s, 6H), 2.69 (t, J= 11.6 Hz, 2H), 1.88 (d, J =12.0 Hz, 2H), 1.82 - 1.73 (m, 1H), 1.64
-1.48 (m, 2H).



DK/EP 4039688 T3

Step 5: Preparation of N-(4-(4-amino-1-(3-fluoro-4-(4-formylpiperidin-1-yl)phenyl)-1H-
pyrazolo [3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0296] A solution of N-(4-(4-amino-1-(4-(4-(dimethoxymethyl)piperidin-1-yl)-3-
fluorophenyl)-1H-pyra zolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (1.03 g,
1.60 mmol) in THF (20 mL) and HySO4 (2 M, 20 ml) was stirred at 70 °C for 1 hour. The
reaction mixture was diluted with DCM (50 mL), adjusted pH to 8 with aqueous sodium
hydroxide dropwise (2 M). The organic layer was evaporated in vacuo to give the desired

product as yellow solid (900 mg, 96 % yield). LC/MS: 598.1 [M+1]*.

Step 6: Preparation of (S)-N-(4-(4-amino-1-(4-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)piperidin-1-yl)-3-fluorophenyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0297] A solution of  N-(4-(4-amino-1-(3-fluoro-4-(4-formylpiperidin-1-yl)phenyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (900 mg 1.51 mmol),
(8)-3-(1-oxo-5-(piperazin-1-yl)isoindolin-2-yl) piperidine-2,6-dione (1.46 g, 3.02 mmol) and
triethylamine (325 mg, 3.21 mmol) in DCM (60 mL) was stirred in air at room temperature for 1
hour. Sodium triacetoxyborohydride (956 mg, 4.53 mmol) was added to the solution at 0 °C
portion-wise. The reaction mixture was stirred at room temperature overnight and then
partitioned between water (50 mL) and DCM (60 mL). The organic phase was dried over
sodium sulfate and evaporated in vacuo. The crude product was triturated with MeOH to give

the product as a white solid (1.0 g, 1.10 mmol, 73 % yield). LC/MS: 910.4 [M+1]".

H NMR (400 MHz, DMSO) & 10.96 (s, 1H), 8.90 (¢, J = 6.0 Hz, 1H), 8.38 (s, 1H), 8.05 - 7.99
(m, 2H), 7.74 (d, J = 8.1 Hz, 2H), 7.57 - 7.50 (m, 4H), 7.37 - 7.32 (m, 1H), 7.25 - 7.18 (m, 2H),
7.07 (d, J = 8.5 Hz, 2H), 5.05 (dd, J = 13.1, 4.9 Hz, 1H), 4.61 (d, J = 6.0 Hz, 2H), 4.33 (d, J =
17.2 Hz, 1H), 4.20 (d, J = 17.2 Hz, 1H), 3.91 (s, 3H), 3.42 (d, J = 10.4 Hz, 2H), 3.30 (br s, 4H),
2.96 - 2.85 (m, 1H), 2.77 - 2.67 (m, 2H), 2.64 - 2.52 (m, 5H), 2.43 - 2.30 (m, 1H), 2.24 (br d, J
= 6.4 Hz, 2H), 2.01 - 1.66 (m, 4H), 1.38 - 1.25 (m, 2H).

Example 50: Preparation of N-(4-(4-amino-1-(4-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1,3-
dioxoisoindolin-5-yl)piperazin-1-yl)methyl)piperidin-1-yl)-3-fluorophenyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 50)
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[0299] A solution of N-[(4-{4-amino-1-[3-fluoro-4-(4-formylpiperidin-1-yl)phenyl]pyrazolo[3,4-
d]pyrimidin-3-yl}phenyl)methyl]-5-fluoro-2-methoxybenzamide (60 mg, 0.1 mmol), 2-(2,6-
dioxopiperidin-3-yl)-5-(piperazin-1-yl)isoindoline-1,3-dione hydrochloride (57 mg, 0.15 mmol)
and triethylamine (30 mg, 0.3 mmol) in DCM (5.0 mL ) was stirred in air at room temperature.
The reaction mixture was stirred at room temperature for 2 hours. Then sodium
triacetoxyborohydride (53 mg, 0.25 mmol) was added at 0°C portion-wise. The reaction
mixture was stirred at room temperature for 2 hours. The reaction mixture was evaporated in
vacuo to give the crude product. The crude product was purified by Prep-TLC
(DCM:MeOH=10:1) to obtain the desired product as white solid (31.8 mg, 0.034 mmol, 34%

yield). LC/MS: 924 [M+1]*.

TH NMR (400 MHz, DMSO) & = 11.12 (s, 1H), 9.41 (s, 1H), 8.92 (t, J=6.2, 1H), 8.39 (s, 1H),
8.04 (dd, J=14.0, 2.4, 1H), 7.98 (d, J=8.9 Hz, 1H), 7.76 (dd, J=19.5, 8.3 Hz, 3H), 7.53 (dd,
J=9.2, 3.4 Hz, 3H), 7.39 - 7.33 (m, 2H), 7.20 (dd, J=9.2, 4.3 Hz, 2H), 5.11 (dd, J=13.1, 5.1 Hz,
1H), 4.60 (s, 2H), 4.23 (m, 2H), 3.92 (m, 8H), 3.64 (s, 2H), 3.45 (d, J=10.4, 2H), 3.14-3.22 (m,
3H), 2.84-2.95 (m, 2H), 2.78 (t, J=11.6 Hz, 2H), 1.85-2.06 (m, 3H), 1.33-1.47 (m, 2H).

Example 51: Preparation of (S)-N-(4-(4-amino-1-(4-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-6-
fluoro-1-oxoisoindolin-5-yl)piperazin-1-yl)methyl)piperidin-1-yl)-3-fluorophenyl)-1H-
pyrazolo[3,4-d] pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 51)
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[0301] A solution of N-[(4-{4-amino-1-[3-fluoro-4-(4-formylpiperidin-1-yl)phenyl]pyrazolo[3,4-
d]pyrimidin-3-yl}phenyl)methyl]-5-fluoro-2-methoxybenzamide (60 mg, 0.1 mmol), (S)-2-(2,6-
dioxopiperidin-3-yl)-5-fluoro-6-(piperazin-1-yl)isoindoline-1,3-dione benzenesulfonic acid (76
mg, 0.15 mmol) and triethylamine (30 mg, 0.3 mmol) in DCM (5.0 mL) was stirred in air at
room temperature . The reaction mixture was stirred at room temperature for 2 hours. Then
sodium triacetoxyborohydride (53 mg, 0.25 mmol) was added at 0°C portion-wise. The
reaction mixture was stirred at room temperature for 2 hours. The reaction mixture was
evaporated in vacuo to give the crude product. The crude product was purified by Prep-TLC
(DCM:MeOH=10:1) to obtain the desired product as a white solid (29.7 mg, 0.032 mmol, 32%

yield). LC/MS: 927 [M+1]*.
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TH NMR (400 MHz, DMSO) & = 11.01 (s, 1H), 9.45 (s, 1H), 8.92 (s, 1H), 8.40 (s, 1H), 7.95-8.20
(m, 2H), 7.74 (d, J=7.2 Hz, 2H), 7.53 (m, 3H), 7.46 - 7.04 (m, 4H), 5.10 (br d, J=9.0 Hz, 1H),
461 (d, J=4.9 Hz, 2H), 4.34 (m, 3H), 3.92 (m, 5H), 3.46 (m, 3H), 3.15 - 3.35 (m, 6H), 2.85 -
2.96 (m, 2H), 2.70 - 2.79 (m, 3H), 2.11 - 1.69 (m, 6H).

Example 52: Preparation of (S)-N-(4-(4-amino-1-(1-(5-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)piperidin-4-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 52)
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Step 1: Preparation of N-(4-(4-amino-1-(1-(5-formylpyridin-2-yl)piperidin-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0303] To a solution of N-(4-(4-amino-1-(1-(5-formylpyridin-2-yl)piperidin-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (200 mg, 0.42 mmol) in
DMF (10 mL) stirred at room temperature was added 6-bromonicotinaldehyde (156 mg, 0.84
mmol) and KoCO3 (116 mg, 0.84 mmol). The reaction mixture was stirred at 100 °C for 3

hours. The mixture was cooled to room temperature, poured into water (40 mL) and extracted
with EA (50 mL x 2). The combined organic layer was washed with brine, dried over Na»SO,4

and concentrated in vacuum to give a crude product. The crude product was purified by flash
chromatography (DCM/MeOH= 10:1) to give the desired product (100 mg, 41.0%). LC/MS:

581.0 [M+H]*.

Step 2: Preparation of (S)-N-(4-(4-amino-1-(1-(5-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindo lin-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)piperidin-4-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl) benzyl)-5-fluoro-2-methoxybenzamide

[0304] (S)-2-(2,6-dioxopiperidin-3-yl)-5-fluoro-6-(piperazin-1-ylisoindoline-1,3-dione
benzenesulfonic acid (63 mg, 0.13 mmol) and EtzN (13 mg, 0.13 mmol) was added to MeOH
(4 mL). The mixture was stirred at room temperature for 10 minutes. Then N-(4-(4-amino-1-(1-
(5-formylpyridin-2-yl)piperidin-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-

methoxybenzamide (75 mg, 0.13 mmol) in DCM (4 mL), HOAc (155 mg, 2.58 mmol) and
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NaBH3CN (32 mg, 0.52 mmol) were added. The mixture was stirred at room temperature for 2

days. The reaction was quenched by adding water (10 mL) and extracted with EA (15 mL x 3).
The organic layer was concentrated in vacuum. The residue was purified by Prep-HPLC (ACN
(15-30%) in water (0.1 % FA)) to afford the desired product as a white solid. (16 mg, 13 %).

LC/MS: 893 [M+H]*.

TH NMR (400 MHz, DMSO) & 10.98 - 10.91 (m, 1H), 8.89 - 8.82 (m, 1H), 8.26 - 8.25 (m, 1H),
8.07 - 8.02 (m, 1H), 7.62 (d, J = 8.2 Hz, 2H), 7.55 - 7.45 (m, 5H), 7.36 - 7.31 (m, 1H), 7.18 (dd,
J=9.1,4.3 Hz, 1H), 7.05 (d, J = 8.1 Hz, 2H), 6.92 (d, J = 8.9 Hz, 1H), 5.08 - 4.96 (m, 2H), 4.57
(d, J = 6.1 Hz, 2H), 4.49 - 4.46 (m, 2H), 4.33 - 4.28 (m, 1H), 4.22 - 4.18 (m, 1H), 3.89 (s, 3H),
3.41 - 3.39 (m, 2H), 3.29 - 3.25 (M, 5H), 3.08 (t, J = 12.4 Hz, 2H), 2.94 - 2.85 (m, 1H), 2.62 -
2.52 (m, 4H), 2.40 - 2.30 (m, 1H), 2.18 - 2.06 (M, 2H), 2.10 - 1.92 (m, 3H).

Example 53: Preparation of (S)-N-(4-(4-amino-1-(1-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)phenyl)piperidin-4-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 53)
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Step 1: Preparation of tert-butyl 4-(tosyloxy)piperidine-1-carboxylate

[0306] To a solution of tert-butyl 4-hydroxypiperidine-1-carboxylate (2 g, 9.94 mmol) in pyridine
(20 mL) stirred at room temperature was added TsCl (2.27 g, 11.93 mmol). The reaction
mixture was stirred at room temperature for 12 hours. The mixture was poured in water (80
mL) and extracted with EA (100 mL x 2). The combined organic layer was washed with brine,
dried over Na»;SO,4 and concentrated in vacuum to give a crude product. The crude product

was purified by flash chromatography (PE/EtOAc= 3:1) to give the desired product (2.2 g, 62
%). LC/MS: 377.8 [M+Na]*.

Step 2: Preparation of tert-butyl 4-(4-amino-3-(4-((5-fluoro-2-
methoxybenzamido)methyl)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidine-1-
carboxylate
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[0307] To a solution of tert-butyl 4-(tosyloxy)piperidine-1-carboxylate (2.2 g, 6.19 mmol) in
DMF (2 mL) stirred at room temperature was added Cs,CO3 (4.03 g, 12.38 mmol) and N-(4-
(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (2.43 g, 6.19
mmol). The reaction mixture was stirred at 60 °C for 12 hours. The mixture was cooled to room
temperature, poured into water (75 mL) and extracted with EA (100 mL x 2). The combined
organic layer was washed with brine, dried over Na,SO4 and concentrated in vacuum to give a

crude product. The crude product was purified by flash chromatography (DCM/MeOH=10:1) to
give the desired product (2.5 g, 70 %). LC/MS: 575.8 [M+H]".

Step 3: Preparation of N-(4-(4-amino-1-(piperidin-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-3-
yl)benzyl)-5-fluoro-2-methoxybenzamide

[0308] A solution of tert-butyl 4-(4-amino-3-(4-((5-fluoro-2-
methoxybenzamido)methyl)phenyl)-1H-pyrazolo[3,4-d] pyrimidin-1-yl)piperidine-1-carboxylate
(2.5 g, 4.34 mmol) in TFA/DCM (1:5, 30 mL) was stirred at room temperature for 2 hours. The
solution was concentrated in vacuum. The residue was dissolved with DCM (100 mL) and
washed with saturated sodium bicarbonate solution (100 mL % 2). The organic layer was dried
over Na»,SO4 and concentrated in vacuum to give the desired product (1.5 g, 72 %). LC/MS:

476.0 [M+H]*.

Step 4: Preparation of N-(4-(4-amino-1-(1-(4-formylphenyl)piperidin-4-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0309] To a solution of N-({4-[4-amino-1-(piperidin-4-yl)pyrazolo[3,4-d]pyrimidin-3-
yllphenyl}methyl) -5-fluoro-2-methoxybenzamide (700 mg, 1.47 mmol) in DMF (10 mL) stirred
at room temperature was added 4-fluorobenzaldehyde (365 mg, 2.94 mmol) and K,CO3 (406

mg, 2.94 mmol). The reaction mixture was stirred at 100 °C for 3 hours. The mixture was
cooled to room temperature, poured in water (40 mL) and extracted with EA (50 mL x 2). The
combined organic layer was washed with brine, dried over Na,SO4 and concentrated in

vacuum to give a crude product. The crude product was purified by flash chromatography
(DCM/MeOH= 10:1) to give the desired product (300 mg, 35 %). LC/MS: 580.0 [M+H]*.

Step 5: Preparation of (S)-N-(4-(4-amino-1-(1-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindo lin-5-yl)piperazin-1-yl)methyl)phenyl)piperidin-4-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl) -5-fluoro-2-methoxybenzamide

[0310] (S)-2-(2,6-dioxopiperidin-3-yl)-5-fluoro-6-(piperazin-1-ylisoindoline-1,3-dione
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benzenesulfonic acid (71 mg, 0.15 mmol) and EtsN (15 mg, 0.15 mmol) was added into MeOH
(4 mL). The mixture was stirred at room temperature for 10 minutes. Then N-(4-(4-amino-1-(1-
(4-formylphenyl)piperidin-4-yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-

methoxybenzamide (85 mg, 0.15 mmol) in DCM (4 mL), HOAc (176 mg, 2.93 mmol) and
NaBH3CN (37 mg, 0.59 mmol) was added. The solution was stirred at room temperature for 2
days. The reaction was quenched by adding water (10 mL) and extracted with EA (3 x 15 mL).
The organic layer was combined and concentrated in vacuum. The residue was purified by
preparative HPLC [ACN (20-40%) in water (0.1 % FA)] to afford the desired product as a white

solid (26 mg, 19 %). LC/MS: 892 [M+H]*.

TH NMR (400 MHz, DMSO) & 10.95 (s, 1H), 8.87 (t, J = 6.3 Hz, 1H), 8.26 (s, 1H), 7.64 (d, J =
8.1 Hz, 2H), 7.55 - 7.47 (m, 4H), 7.37 - 7.31 (m, 1H), 7.18 (dd, J = 9.1, 4.3 Hz, 3H), 7.10 - 6.94
(m, 4H), 5.09 - 5.03 (m, 1H), 4.93 - 4.89 (m, 1H), 4.58 (d, J = 6.1 Hz, 2H), 4.35 - 4.10 (m, 2H),
3.95 - 3.80 (m, 5H), 3.48 - 3.35 (m, 2H), 3.31 - 3.19 (m, 3H), 3.15 - 2.85 (m, 4H), 2.63 - 2.53
(M, 4H), 2.44 - 2.34 (m, 2H), 2.47 - 2.25 (m, 2H), 2.09 - 1.95 (m, 3H).

Example 54: Preparation of (S)-N-(4-(4-amino-1-(1-(5-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)azetidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 54)

[0311]

“‘Nf TFA
,—NH
. TEA vq,.p
Enﬁac Tt NBao N N % TRADEH @/%
Hf TEA  rgry

08,005
N/ b N/N‘\N
N" vy P
1 o]
intermediate I M,
;\ o B eiad
o
Tamon \f@’f\ NaBER { M o
Py NJ

H H M

Step 1: Preparation of tert-butyl 3-(tosyloxy)azetidine-1-carboxylate

[0312] A solution of tert-butyl 3-hydroxyazetidine-1-carboxylate (1270 mg, 7.33 mmol), Et5N

(1113 mg, 11.00 mmol) and TsCI (1677 mg, 8.80 mmol) in DCM (20 mL) was stirred at room
temperature under N> overnight. The reaction was quenched by adding water (20 mL) and

extracted with DCM (20 mL x 3). The organic phase was washed with brine and concentrated
in vacuum. The residue was purified by flash chromatography (PE/EA = 9/1) to afford the

desired product as a colorless oil (2.4 g, 100%). LC/MS: 328 [M+H]".

Step 2: Preparation of tert-butyl 3-(4-amino-3-(4-((5-fluoro-2-
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methoxybenzamido)methyl)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)azetidine-1-
carboxylate

[0313] A suspension of tert-butyl 3-(tosyloxy)azetidine-1-carboxylate (667 mg, 2.04 mmol), N-
(4-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (800 mg,
2.04 mmol) and Cs,CO3 (1993 mg, 6.12 mmol) in DMF (10 mL) was stirred at 80 °C overnight.
The reaction was quenched by adding water (20 mL) and extracted with EA (20 mL x 3). The
organic layer was washed with brine and concentrated in vacuum. The residue was purified by
flash chromatography (DCM/MeOH = 97/3) to afford the desired product as a light brown solid

(200 mg, 17.9%). LC/MS: 548 [M+H]*.

Step 3: Preparation of N-(4-(4-amino-1-(azetidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-3-
yl)benzyl)-5-fluoro-2-methoxybenzamide

[0314] A solution of tert-butyl 3-(4-amino-3-(4-((5-fluoro-2-
methoxybenzamido)methyl)phenyl)-1H-pyrazolo[3,4-d] pyrimidin-1-yl)azetidine-1-carboxylate
(200 mg, 0.36 mmol) in DCM/TFA (8 mL, 3:1) was stirred at room temperature for 1 hour. The
solution was concentrated in vacuum to afford the desired product as a white solid. (198 mg of

TFA salt, 100%). LC/MS: 448 [M+H]*.

Step 4: Preparation of N-(4-(4-amino-1-(1-(5-formylpyridin-2-yl)azetidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0316] To a solution of N-(4-(4-amino-1-(azetidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-3-
yl)benzyl)-5-fluoro-2-methoxybenzamide (TFA salt, 198 mg, 0.36 mmol) and 6-
bromonicotinaldehyde (136 mg, 0.73 mmol) in DMF (4 mL) was added K>CO3 (151 mg, 1.11
mmol). The mixture was stirred at 80 °C overnight. The reaction was quenched by adding
water (10 mL) and extracted with EA (20 mL x 3). The organic layer was washed with brine
and concentrated in vacuum. The residue was purified by flash chromatography (DCM/MeOH

= 75/15) to afford the desired product as a yellow solid (100 mg, 50 %). LC/MS: 553 [M+H]*.

Step 5: Preparation of (S)-N-(4-(4-amino-1-(1-(5-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)azetidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0316] (S)-2-(2,6-dioxopiperidin-3-yl)-5-fluoro-6-(piperazin-1-ylisoindoline-1,3-dione
benzenesulfonic acid (84 mg, 0.17 mmol) and Et3N (17 mg, 0.17 mmol) was added into MeOH
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(4 mL). The mixture was stirred at room temperature for 10 minutes. Then N-(4-(4-amino-1-(1-
(5-formylpyridin-2-yl)azetidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-

methoxybenzamide (95 mg, 0.17 mmol) in DCM (4 mL), HOAc (206 mg, 3.44 mmol) and
NaBH3CN (65 mg, 1.03 mmol) were added. The mixture was stirred at room temperature for 2

days. The reaction was quenched by adding water (10 mL) and extracted with EA (15 mL x 3).

The organic phase was concentrated in vacuum. The residue was purified by preparative
HPLC [ACN (15-25%) in water (0.1 % FA)] to afford the desired product as a white solid. (13.8

mg, 9.3%). LC/MS: 865 [M+H]*.

TH NMR (400 MHz, DMSO) & 10.95 (s, 1H), 8.87 (t, J = 6.1 Hz, 1H), 8.28 (s, 1H), 8.03 (s, 1H),
7.66 (d, J = 8.1 Hz, 2H), 7.56 - 7.47 (m, 5H), 7.37 - 7.30 (m, 1H), 7.18 (dd, J = 9.2, 4.3 Hz,
1H), 7.04 (d, J = 8.3 Hz, 2H), 6.50 (d, J = 8.4 Hz, 1H), 5.87 (¢, J = 7.5 Hz, 1H), 5.06 - 5.02 (m,
1H), 4.57 (d, J = 6.1 Hz, 2H), 4.55 - 4.37 (m, 4H), 4.35 - 4.17 (m, 2H), 3.89 (s, 3H), 3.42 (s,
2H), 3.29 - 3.05 (m, 5H), 2.98 - 2.89 (m, 1H), 2.65 - 2.55 (m, 4H), 2.37 - 2.33 (m, 1H), 1.97
-1.95 (m, 1H).

Example 55: Preparation of N-(4-(4-amino-1-(1-(5-(4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)pentanoyl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 55)
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Step 1: Preparation of tert-butyl 5-hydroxypentanoate

[0318] To a solution of 5-(tert-butoxy)-5-oxopentanoic acid (3.00 g, 6.96 mmol) in dry THF (60
mL) cooled to 0 °C was added NaBH,4 (630 mg, 16.74 mmol). The solution was stirred until

evolution of H, stopped then BF3.0Et; (2.71 g, 19.13 mmol) was added dropwise. The reaction
was stirred at room temperature for 4 hours. The reaction was quenched by adding H,O (50

mL) at 0 °C. The mixture was extracted with EA (50 mLx3). The combined organic layers were
washed with sat. Na,CO3 solution and brine then concentrated in vacuum to give a crude

product (2.50 g, 90.0 %) as a colorless oil. LC/MS: 197.2 [M+Na]*.

Step 2: Preparation of tert-butyl 5-oxopentanoate
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[0319] To a solution of tert-butyl 5-hydroxypentanoate (500 mg, 2.87 mmol) in DCM (20 mL)
stirred under argon at room temperature was added PDC (1.62 g, 4.30 mmol). The mixture
was stirred at room temperature for 4 hours. The mixture was filtered and the filtration was
collected. The filtrate cake was washed with DCM (20 mL). The combined solution was
concentrated in vacuum. The residue was purified by flash chromatography (0 ~ 65 % EA in

PE) to give the desired product (200 mg, 40.5 %) as a colorless oil. LC/MS: 195.0 [M+Na]".

Step 3: Preparation of tert-butyl (S)-5-(4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)pipe razin-1-yl)pentanoate

[0320] To a solution of tert-butyl 5-oxopentanocate (90 mg, 0.52 mmol), (S)-3-(1-0x0-5-
(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione (254 mg, 0.52 mmol) and NaOAc (51 mg,
0.63 mmol) in MeOH (10 mL) was added NaBH3CN (66 mg, 1.05 mmol). The reaction mixture
was stirred at room temperature for overnight. The reaction mixture was partitioned between
DCM (50 mL) and Water (30 mL). The organic layer was evaporated to give a crude product.
The crude product was purified by flash chromatography (0 ~ 10 % MeOH in DCM) to give the

desired product (200 mg, 79.0 % yield). LC/MS: 484.9 [M+H]*.

Step 4 Preparation of (S)-5-(4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)pentanoic acid

[0321] To a solution of tert-butyl (S)-5-(4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)pentanoate (200 mg, 0.41 mmol) in DCM (3 mL) was added TFA (1 mL). The
mixture was stirred at room temperature for 3 hours. The reaction mixture was concentrated
under vacuum to give the desired product (170 mg, 96.1 % yield) as a light yellow solid.

LC/MS: 428.9 [M+H]*.

Step 5: Preparation of N-(4-(4-amino-1-(1-(5-(4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin -5-yl)piperazin-1-yl)pentanoyl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0322] To a solution of (S)-5-(4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-yl)piperazin-1-
yl)penta noic acid (177 mg, 0.41 mmol), N-(4-(4-amino-1-(pyrrolidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3 -yl)benzyl)-5 -fluoro-2-methoxybenzamide (191 mg, 0.41 mmol) and DIEA (160
mg, 1.24 mmol) in DMF (10 mL) was added HOBT (61 mg, 0.45 mmol) and EDCI (87 mg, 0.45
mmol). The reaction mixture was stirred at room temperature for overnight. The reaction
mixture was partitioned between DCM (50 mL) and Water (30 mL). The organic layer was
evaporated to give a crude product. The crude product was purified by Prep-HPLC (20 ~ 22 %
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ACN in Ho0O (0.1% of FA)) to give the desired product (25 mg, 6.64 % vyield) as a white solid.
LC/MS: 872.6 [M+H]*.

TH NMR (400 MHz, DMSO) & 10.95 (s, 1H), 8.87 (t, J = 5.9 Hz, 1H), 8.87 - 8.26 (m, 1H), 7.63
(dd, J = 7.3, 5.3 Hz, 2H), 7.55 - 7.48 (m, 4H), 7.34 (td, J = 8.7, 3.5 Hz, 1H), 7.18 (dd, J = 9.1,
4.3 Hz, 1H), 7.02 (dd, J = 10.7, 7.8 Hz, 2H), 5.55 - 5.39 (m, 1H), 5.10 - 4.95 (m, 1H), 4.58 (d, J
= 6.0 Hz, 2H), 4.32 (d, J = 15.9 Hz, 1H), 4.19 (d, J = 16.9 Hz, 1H), 4.07 - 3.87 (m, 4H), 3.87 -
3.56 (m, 3H), 3.54 - 3.41 (m, 1H), 3.26 - 3.18 (m, 4H), 2.95 - 2.85 (m, 1H), 2.60 - 2.52 (m, 1H),
2.48 - 2.41 (m, 4H), 2.39 - 2.23 (m, 6H), 2.00 - 1.91 (m, 1H), 1.59 - 1.42 (m, 4H).

Example 56: Preparation of N-(4-(4-amino-1-(1-(6-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyridin-3-yl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 58)
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Step 1: Preparation of tert-butyl 3-(tosyloxy)pyrrolidine-1-carboxylate

[0324] To a solution of tert-butyl (3-hydroxypyrrolidin-1-yl) formate (5 g, 26.6 mmol) in pyridine
(50 mL) was added TsCl (6.1 g, 31.9 mmol) at room temperature. The reaction mixture was
stirred at room temperature for 12 hours. The reaction mixture was diluted with DCM (100 mL)
then washed with water and brine. The organic phase was dried over NaySO, and

concentrated under vacuum to give a crude product. The crude product was purified by flash
chromatography (PE/EA = 3:1) to give the desired product (8 g, 87.9 %) as a white solid.

LC/MS: 364.0 [M+Na]*.

Step 2: Preparation of tert-butyl 3-(4-amino-3-(4-((5-fluoro-2-
methoxybenzamido)methyl)phenyl) -1H-pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidine-1-
carboxylate
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[0325] To a solution of tert-butyl (3-{[(4-methylbenzene)sulfonyl]loxy}pyrrolidin-1-yl) formate (2
g, 5.84 mmol) in DMF (20 mL) stirred at room temperature was added N-[(4-{4-amino-1H-
pyrazolo[3,4-d]pyrimidin-3-yl}phenyl)methyl]-5-fluoro-2-methoxybenzamide (2.3 g, 5.84 mmol)
and Cs,CO3 (3.8 g, 11.68 mmol). The reaction mixture was stirred at 80 °C for 12 hours. The
reaction mixture was poured into water (80 mL) then extracted with EA (100 mLx2). The
combined organic layers were washed with brine (200 mL), dried over Na»SO4 and

concentrated under vacuum to give a crude product. The crude product was purified by flash
chromatography (10% MeOH in DCM) to give the desired product (2.3 g, 70.0 %) as a yellow

solid. LC/MS: 562.0[M+H]".

Step 3: Preparation of N-(4-(4-amino-1-(pyrrolidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-3-
yl)benzyl)-5-fluoro-2-methoxybenzamide

[0326] A solution of tert-butyl-3-(4-amino-3-(4-((5-fluoro-2-
methoxybenzamido)methyl)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)pyrrolidine-1-carboxylate

(2.3 g, 4.09 mmol) in TFA/DCM (24 mL, 5:1) was stirred at room temperature for 2 hours. The
mixture was concentrated under vacuum. The residue was dissolved with saturated sodium
bicarbonate solution (100 mL) then extracted with DCM (100 mLx2). The combined organic
layers were washed with brine (200 mL), dried over Na;SO4 and concentrated under vacuum

to give the desired product (1.2 g, 63.6 %) as a brown solid. LC/MS: 462.0[M+H]"*.

Step 4: Preparation of 5-bromo-2-(dimethoxymethyl)pyridine

[0327] To a solution of 5-bromopyridine-2-carbaldehyde (1 g, 5.37 mmol) in MeOH (10 mL)
stirred at room temperature was added trimethoxymethane (1.71 g, 16.13 mmol) and TsOH
(278 mg, 1.61 mmol). The reaction mixture was stirred at 70 °C for 2 hours. The mixture was
concentrated under vacuum to get a crude product. The crude product was purified by Flash
Chromatography (PE/EA= 10:1) to give the desired product (600 mg, 48.1 %). LC/MS: 232.0

[M+H]*.

Step 5: Preparation of N-(4-(4-amino-1-(1-(6-(dimethoxymethyl)pyridin-3-yl)pyrrolidin-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0328] To a solution of N-({4-[4-amino-1-(pyrrolidin-3-yl)pyrazolo[3,4-d]pyrimidin-3-yl]phenyl}
methyl)-5-fluoro-2-methoxybenzamide (160 mg, 0.35 mmol) in toluene (10 mL) stirred at room
temperature was added 5-bromo-2-(dimethoxymethyl)pyridine (123 mg, 0.53 mmol), BINAP
(130 mg, 0.21 mmol), t-BuONa (67 mg, 0.7 mmol) and Pdy(dba); (96 mg, 0.105 mmol) under
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Ar. The reaction mixture was stirred at 80 °C for 12 hours. The mixture was concentrated
under vacuum to give a crude product. The crude product was purified by Flash
Chromatography (DCM/MeOH= 10:1) to give the desired product (60 mg, 28.2 %). LC/MS:

635.0 [M+H]*.

Step 6: Preparation of N-(4-(4-amino-1-(1-(6-formylpyridin-3-yl)pyrrolidin-3-yl)-1H-
pyrazolo [3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0329] To a solution of N-{[4-(4-amino-1-{1-[5-(dimethoxymethyl)pyridin-2-yl]piperidin-4-yl}pyra
zolo[3,4-d]pyrimidin-3-yl)phenyllmethyl}-5-fluoro-2-methoxybenzamide (55 mg, 0.09 mmol) in
THF (5 mL) stirred at room temperature was added HCI (0.2 mL). The reaction mixture was
stirred at 50 °C for 12 hours. The mixture was poured into H>O (20 mL), adjusted pH to 7-8

with saturated sodium bicarbonate solution, then extracted with EA (20 mLx3). The combined
organic layers were washed with brine (50 mL), dried over Na>SO4 and concentrated under

vacuum to give a crude product. The crude product was purified by Flash Chromatography
(DCM/MeOH= 10:1) to give the desired product (21 mg, 41.1 %). LC/MS: 566.9 [M+H]*.

Step 7: Preparation of N-(4-(4-amino-1-(1-(6-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoind olin-5-yl)piperazin-1-yl)methyl)pyridin-3-yl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0330] To a solution of N-(4-(4-amino-1-(1-(6-formylpyridin-3-yl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (21 mg, 0.03 mmol) in
MeOH/DMF/ HOAc (5 mL, 2:1:0.02) was added TEA (7.5 mg, 0.04 mmol), (S)-3-(1-0x0-5-
(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione (21.66 mg, 0.04 mmol) and NaBH3CN (6.99
mg, 0.11 mmol). The mixture was stirred at 60 °C for 1 hour. The reaction was quenched by
adding water (5 mL) and extracted with DCM (10 mLx2). The organic phase was washed with
brine and dried over Na>SO4. The solvent was removed in vacuum and the residue was

purified by Prep-HPLC (ACN/H»O (0.1%FA), 10 - 40 %) to afford the desired compound (3 mg,
9.2 %). LC/MS: 879.6 [M+H]".

TH NMR (400 MHz, DMSO) & 10.96 (s, 1H), 8.87 (t, J = 6.3 Hz, 1H), 8.39 - 8.27 (m, 2H), 7.91
(s, 1H), 7.62 (d, J = 8.0 Hz, 2H), 7.49 (t, J = 9.8 Hz, 3H), 7.37 - 7.31 (m, 1H), 7.27 - 7.14 (m,
2H), 7.11 - 6.93 (m, 3H), 5.68 - 5.60 (m, 1H), 5.04 (dd, J = 13.1, 5.1 Hz, 1H), 4.57 (d, J = 6.2
Hz, 2H), 4.32 (d, J = 17.4 Hz, 1H), 4.19 (d, J = 17.2 Hz, 1H), 3.94 - 3.82 (m, 4H), 3.69 - 3.64
(m, 2H), 3.53 - 3.50 (m, 4H), 3.29 - 3.25 (m, 3H), 2.94 - 2.86 (m, 1H), 2.68 - 2.52 (M, 6H), 2.42
-2.28 (m, 2H), 1.99 - 1.90 (m, 1H).

Example 57: Preparation of (S)-N-(4-(4-amino-1-(6-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)piperidin-1-yl)pyridin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 59)
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Step 1: Preparation of (1-(5-iodopyridin-2-yl)piperidin-4-yl)methanol

[0332] To a solution of 2-fluoro-5-iodopyridine (2 g, 9.0 mmol) and piperidin-4-ylmethanol (1.2
g,10.8 mmol) in DMF (50 mL) stirred under nitrogen at 25 °C was added potassium carbonate
(3.7 g, 27.0 mmol). The reaction mixture was stirred at 100 °C for 2 hours. The reaction
mixture was evaporated in vacuum to give a crude product which was purified by silica-gel
column (PE: EA = 10:1- 1:1) to give desired product (2 g, 69.8 %) as a white solid. LC/MS:

319.0[M+1]".

Step 2: Preparation of 1-(5-iodopyridin-2-yl)piperidine-4-carbaldehyde

[0333] To a solution of [1-(5-iodopyridin-2-yl)piperidin-4-yllmethanol (1 g, 3.1 mmol) in DCM
(50 mL) stirred under nitrogen at 25 °C was added Dess-Martin periodinane (2.0 g, 4.6 mmol)
in portions. The reaction mixture was stirred at 25 °C for 1 hour. The reaction mixture was
quenched with Na,S,03 (2 M), extracted with DCM (200 mL), dried over sodium sulfate and
evaporated in vacuum to give a crude product. The crude product was purified by silica-gel
column (PE: EA=10: 1-1: 1) to give desired product (0.7 g, 70.9 %) as a white solid.

LC/MS:317.0 [M+1]*.

Step 3: Preparation of 2-(4-(dimethoxymethyl)piperidin-1-yl)-5-iodopyridine

[0334] To a solution of 1-(5-iodopyridin-2-yl)piperidine-4-carbaldehyde (700 mg, 2.2 mmol) in
Trimeth-oxymethane (15 mL) stirred under nitrogen at 25 °C was added TsOH (40 mg, 0.2
mmol). The reaction mixture was stirred at 100 °C for 2 hours. The reaction mixture was
evaporated in vacuum to give a crude product. The crude product was purified by silica-gel
column (PE: EA =10: 1-1: 1) to give desired product (0.6 g, 75.2 %) as a white solid. LC/MS:
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362.9 [M+1]*.

Step 4: Preparation of N-(4-(4-amino-1-(6-(4-(dimethoxymethyl)piperidin-1-yl)pyridin-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0335] To a solution of 2-[4-(dimethoxymethyl)piperidin-1-yl]-5-iodopyridine (100 mg, 0.3
mmol), N-[(4-{4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yl}phenyl)methyl]-5-fluoro-2-
methoxybenzamide (108.3 mg, 0.3 mmol) and N' N'-dimethylcyclohexane-1,2-diamine (39.3
mg, 0.3 mmol) in DMF(10 mL) stirred under nitrogen at 25 °C was added Copper(l) iodide
(52.6 mg, 0.3 mmol) and cesium carbonate (269.8 mg, 0.8 mmol). The reaction mixture was
stirred at 110 °C for 12 hours. The reaction mixture was filtered and evaporated in vacuum to
give a crude product. The crude product was purified by silica-gel column (DCM: MeOH=100: 1

- 10: 1) to give desired product (20 mg, 11.5 %) as a yellow solid. LC/MS: 627.0 [M+1]*.

Step 5: Preparation of N-(4-(4-amino-1-(6-(4-formylpiperidin-1-yl)pyridin-3-yl)-1H-
pyrazolo [3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0336] A solution of N-{[4-(4-amino-1-{6-[4-(dimethoxymethyl)piperidin-1-yl]pyridin-3-
yl}pyrazolo [3,4-d]pyrimidin-3-yl)phenyllmethyl}-5-fluoro-2-methoxybenzamide (15 mg, 0.023
mmol) in THF/H>SO4 (2N) (5 mL, 1:1) was stirred at 70 °C for 1 hour. The mixture was diluted
with EA (100 mL), neutralized with NaOH (2 M), dried over sodium sulfate and evaporated in

vacuum to give desired product (10 mg, 71.9 %) as a yellow solid. LC/MS: 581.0 [M+1]*.

Step 6: Preparation of (S)-N-(4-(4-amino-1-(6-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindo lin-5-yl)piperazin-1-yl)methyl)piperidin-1-yl)pyridin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl) benzyl)-5-fluoro-2-methoxybenzamide

[0337] To a solution of N-[(4-{4-amino-1-[6-(4-formylpiperidin-1-yl)pyridin-3-yl]pyrazolo[3,4-
d]pyrimi din-3-yl}phenyl)methyl]-5-fluoro-2-methoxybenzamide (15 mg,0.025 mmol), (35)-3-[1-
0xo-5-(piperazin-1-yl)-3H-isoindol-2-yl]piperidine-2,6-dione (8.47 mg, 0.025 mmol) and acetic
acid (62 mg, 0.52 mmol) in CH30OH/DMF (2 mL, 1:1) stirred under nitrogen at 60 °C was added
triethylamine (13.05 mg, 0.13 mmol) and NaBH3CN (8.11 mg, 0.13 mmol). The reaction

mixture was stirred at 60 °C for 1 hour. The reaction mixture was concentrated in vacuum. The
residue was dissolved with EA (50 mL) and washed with water (10 mL x 2). The organic phase
was dried over sodium sulphate and evaporated in vacuum to give a crude product. The crude
product was purified by Prep-HPLC to give desired product (5 mg, 21.7 %) as a white solid.

LC/MS: 893.0 [M+1]*.
TH NMR (400 MHz, DMSO) & 10.96 (s, 1H), 8.90 (t, J = 6.1 Hz, 1H), 8.72 (d, J = 2.5 Hz, 1H),
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8.32 (s, 1H), 8.24 (s, 1H), 8.12 (d, J = 9.2 Hz, 1H), 7.73 (d, J = 8.1 Hz, 2H), 7.58 - 7.48 (m,
3H), 7.40 - 7.32 (m, 1H), 7.23 - 7.17 (m, 1H), 7.08 - 6.96 (m, 3H), 6.61 - 6.49 (m, 3H), 5.15 -
5.01 (m, 1H), 4.60 (d, J = 6.1 Hz, 2H), 4.44 - 4.28 (m, 3H), 3.91 (s, 3H), 3.29 - 3.24 (m, 7H),
3.00 - 2.82 (m, 3H), 2.74 - 2.59 (m, 2H), 2.44 - 2.31 (m, 2H), 2.29 - 2.17 (d, J = 6.6 Hz, 2H),
2.02 - 1.73 (m, 4H), 1.34 - 1.05 (m, 2H).

Example 58: Preparation of N-(4-(4-amino-1-(1-(4-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)phenyl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 60)
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Step 1: Preparation of N-(4-(4-amino-1-(1-(4-formylphenyl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d] pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0339] To a solution of N-({4-[4-amino-1-(pyrrolidin-3-yl)pyrazolo[3,4-d]pyrimidin-3-
yllphenyl}methyl) -5-fluoro-2-methoxybenzamide (300 mg, 0.65 mmol) in DMSO (5 mL) stirred
at room temperature was added 4-fluorobenzaldehyde (121 mg, 0.98 mmol) and K>CO3 (180
mg, 1.3 mmol). The reaction mixture was stirred at 80 °C for 12 hours. The reaction mixture
was poured into water (100 mL) and extracted with EA (100 mLx2). The combined organic
layers were washed with water, brine, dried over Na,SO4 then concentrated under vacuum to

give a crude product. The crude product was purified by Flash Chromatography (DCM/MeOH=
10:1) to give the desired product (100 mg, 27.2 %). LC/MS: 566.0 [M+H]".

Step 2: Preparation of N-(4-(4-amino-1-(1-(4-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindo lin-5-yl)piperazin-1-yl)methyl)phenyl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl) -5-fluoro-2-methoxybenzamide

[0340] To a solution of N-[(4-{4-amino-1-[1-(4-formylphenyl)pyrrolidin-3-yl]pyrazolo[3,4-
d]pyrimidin-3-yl}phenyl)methyl]-5-fluoro-2-methoxybenzamide (100 mg, 0.18 mmol) in
MeOH/DMF/HOAc (12 mL, 2: 1: 0.06) stirred at room temperature was added (S)-3-(1-oxo0-5-
(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione (86 mg, 0.18 mmol), EtsN (36 mg, 0.36
mmol)and NaBH3CN (45 mg, 0.72 mmol). The reaction mixture was stirred at 60 °C for 1 hour.
The mixture was concentrated in vacuum, poured into water (50 mL) and extracted with EA
(100 mLx2). The combined organic layers were washed with brine (200 mL), dried over
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Na,SO,4 and concentrated under vacuum to give a crude product. The crude product was

purified by Prep-HPLC to give the desired product (19 mg, 12.2 %). LC/MS: 900.0 [M+Na]*.

H NMR (400 MHz, DMSO) & = 10.95 (s, 1H), 8.86 (t, J= 6.0 Hz 1H), 8.30 (s, 1H), 8.28 (s, 1H),
7.63 (d, J= 8.0 Hz, 2H), 7.52 - 7.47 (m, 5H), 7.36 - 7.31 (m, 1H), 7.18 (dd, J= 9.2, 4.4 Hz, 1H),
7.12 (d, J= 8.4 Hz, 2H), 7.06 - 7.01 (m, 2H), 6.56 (d, J= 8.4 Hz, 2H), 5.65 - 5.60 (m, 1H), 5.04
(dd, J= 13.2, 5.2 Hz, 1H), 4.57 (d, J= 6.0 Hz, 2H), 4.32 (d, J= 16.8 Hz, 1H), 4.19 (d, J= 16.8 Hz,
1H), 3.89 (s, 3H), 3.84 - 3.79 (m, 1H), 3.66 - 3.60 (M, 2H), 3.48 - 3.39 (M, 2H), 3.30 - 3.20 (m,
5H), 2.95 - 2.83 (M, 2H), 2.64 - 2.59 (m, 2H), 2.57 - 2.54 (m, 2H), 2.47 (s, 3H), 1.96 - 1.90 (m,
1H).

Example 59: Preparation of (S)-N-(4-(4-amino-1-(1-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)phenyl)azetidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 61)
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Step 1: Preparation of N-(4-(4-amino-1-(1-(4-formylphenyl)azetidin-3-yl)-1H-pyrazolo[3,4-
d]py rimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0342] The mixture of N-(4-(4-amino-1-(azetidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-3-
yl)benzyl)-5-fluoro-2-methoxybenzamide (60 mg, 0.13 mmol), 4-fluorobenzaldehyde (25 mg,
0.20 mmol) and K>CO3 (56 mg, 0.41 mmol) in DMSO (5 mL) was stirred at 80 °C for overnight.

The reaction mixture was poured into water (5 mL) and extracted with EA (10 mLx3). The
combined organic layers were washed with water, dried over Na,SO4 and concentrated in

vacuum to give a crude product. The crude product was purified by Pre-TLC with DCM/MeOH
= 10:1 to give the desired product (20 mg, 80 % purity, 21.6 % yield). LC/MS: 552.7 [M+H]".

Step 2: Preparation of (S)-N-(4-(4-amino-1-(1-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindo lin-5-yl)piperazin-1-yl)methyl)phenyl)azetidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0343] To a solution of N-(4-(4-amino-1-(1-(4-formylphenyl)azetidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimi din-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (20 mg, 80 % purity, 0.029 mmol) in
MeOH/ DMF (2: 1, 3 mL) stirred at room temperature was added (S)-3-(1-oxo-5-(piperazin-1-
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yDhisoindolin-2-yl)piperidine-2,6-dione (22 mg, 0.045 mmol) and Et3N (7 mg, 0.069 mmol). The
mixture was stirred at room temperature for 30 minutes then AcOH (0.1 mL) and NaBH3CN (4

mg, 0.064 mmol) was added. The reaction mixture was stirred at 60 °C for 1 hour. The mixture
was concentrated in vacuum. The residue was poured into water (4 ml) and extracted with EA
(8 mLx3). The combined organic layers were washed with brine (10 mL), dried over Na;SOy4

and concentrated in vacuum to give a crude product. The crude product was purified by Prep-

HPLC to give the desired product (8 mg, 31.9 %). LC/MS: 864 [M+H]*.

1H NMR(400 MHz, DMSO) & 10.95 (s, 1H), 8.86 (t, J = 6.1 Hz, 1H), 8.33 - 8.20 (m, 2H), 7.65
(d, J =8.1 Hz, 2H), 7.53 - 7.48 (m, 3H), 7.37 - 7.31 (m, 1H), 7.24 - 7.11 (m, 3H), 7.08 - 6.98
(m, 2H), 6.52 (d, J = 8.5 Hz, 2H), 5.88 - 5.81 (m, 1H), 5.05 - 5.02 (m, 1H), 4.57 (d, J = 6.0 Hz,
2H), 4.42 - 4.16 (m, 6H), 3.89 (s, 3H), 3.42 - 3.36 (m, 4H), 3.28 - 3.25 (m, 5H), 2.97 - 2.83 (m,
2H), 2.69 - 2.54 (m, 2H), 2.41 - 2.31 (m, 2H), 1.98 - 1.92 (m, 1H).

Example 60: Preparation of (S)-N-(4-(4-amino-1-(1-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)benzoyl)azetidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 62)
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Step 1: Preparation of tert-butyl (S)-4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)pi perazin-1-yl)methyl)benzoate

[0345] To a solution of (S)-3-(1-ox0-5-(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione (100
mg, 0.2 mmol) in DMF (10 mL) was added TEA (41.51 mg, 0.4 mmol). The mixture was stirred
under nitrogen at room temperature for 5 minutes. Then tert-butyl-4-formyl benzoate (42.38
mg, 0.2 mmol) and NaBH3CN (38.74 mg, 0.61 mmol) was added. The reaction mixture was

stirred at 60 °C for 1 hour. The reaction was quenched by adding water (20 mL) and extracted
with EA (20 mLx3). The organic phase was washed with brine and dried over Na;SO4. The

solution was concentrated in vacuum and the residue was purified by flash column
chromatography with DCM: MeOH= 10: 1 to afford the desired product (100 mg, 90 % purity,
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86.7 % yield) as a yellow solid. LC/MS: 519.1 [M+H]".

Step 2: Preparation of (S)-4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)benzoic acid

[0346] A solution of tert-butyl (S)-4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)benzoate (100 mg, 90 % purity, 0.17 mmol ) in DCM (3 mL) and TFA
(1 mL) was stirred at room temperature for 2 hours. The mixture was concentrated to give the

title compound (70 mg, 80 % purity, 69.5 % yield) as a yellow oil. LC/MS: 462.8 [M+H]*.

Step 3: Preparation of tert-butyl 3-(4-amino-3-(4-((5-fluoro-2-methoxybenzamido)methyl)
phenyl) -1H-pyrazolo[3,4-d]pyrimidin-1-yl)azetidine-1-carboxylate

[0347] To a solution of N-(4-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-
methoxy benzamide (500 mg, 1.27 mmol) in DMF (10 ml) was added tert-butyl-3-
(tosyloxy)azetidine-1-carboxylate (502 mg, 1.52 mmol) and Cs,CO3 (1.24 g, 3.82 mmol). The
reaction mixture was stirred at 80 °C for 16 hours. The reaction was quenched by adding water
(20 mL) and extracted with DCM (20 mLx2). The organic phase was washed with brine and
dried over Na,SOy4. The solution was concentrated in vacuum and the residue was purified by

flash column chromatography with DCM: MeOH = 10: 1 to afford the desired product (230 mg,
90 % purity, 29.7 %) as a yellow oil. LC/MS: 547.8 [M+H]*.

Step 4: Preparation of N-(4-(4-amino-1-(azetidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-3-
yl)benzyl) -5-fluoro-2-methoxybenzamide

[0348] A solution of tert-butyl 3-(4-amino-3-(4-((5-fluoro-2-methoxybenzamido)methyl)
phenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)azetidine-1-carboxylate (230 mg, 90 % purity, 0.4
mmol) in DCM (8 mL) and TFA (2 mL) was stirred at room temperature for 2 hours. The
solvent was removed in vacuum then dissolved with DCM (20 mL). The mixture was adjusted
to pH around 10 with saturated Na,COj solution. The organic phase was concentrated in

vacuum to give the title compound (100 mg, 60.3 %) as a yellow solid. LC/MS: 448.1 [M+H]".

Step 5: Preparation of (S)-N-(4-(4-amino-1-(1-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)benzoyl)azetidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl) -5-fluoro-2-methoxybenzamide

[0349] To a solution of 4-[(4-{2-[(3S)-2,6-dioxopiperidin-3-yl]-1-0x0-3H-isoindol-5-yl}piperazin-
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1-yl)methyllbenzoic acid (44 mg, 80 % purity, 0.07 mmol) in THF (5 mL) was added N-({4-[4-
amino-1-(azetidin-3-yl)pyrazolo[3,4-d]pyrimidin-3-yl]phenyl}methyl)-5-fluoro-2-methoxybenz

amide (33.9 mg, 0.07 mmol), 1-Hydroxybenzotrizole (15.3 mg, 0.11 mmol), EDCI (21.8 mg,
0.11 mmol) and TEA (22.9 mg, 0.22 mmol). The mixture was stirred at room temperature for 2
hours. The reaction was quenched by adding water (15 mL) and extracted with DCM (10
mLx3). The organic phase was washed with brine and dried over Na;SO,4. The solution was

concentrated in vacuum and the residue was purified by Prep-HPLC (ACN/H5O (0.1%FA), 10 -

40 %) to afford the desired compound (10 mg, 14.3 %) as a white solid. LC/MS: 892.6 [M+H]".

TH NMR (400 MHz, ) 5 10.95 (s, 1H), 8.88 (t, J = 6.0 Hz, 1H), 8.27 (s, 1H), 7.68 - 7.64 (m, 4H),
7.51 - 7.47 (m, 4H), 7.45 - 7.40 (m, 2H), 7.34 (td, J = 8.5, 3.3 Hz, 1H), 7.19 (dd, J = 9.1, 4.3
Hz, 1H), 7.05 (d, J = 8.1 Hz, 2H), 5.80 - 5.71 (m, 1H), 5.05 (dd, J = 13.2, 5.0 Hz, 1H), 4.93 -
4.72 (m, 2H), 4.66 - 4.49 (m, 4H), 4.32 (d, J = 16.9 Hz, 1H), 4.20 (d, J = 16.9 Hz, 1H), 3.90 (s,
3H), 3.59 (s, 2H), 3.32 - 3.25 (m, 4H), 2.96 - 2.84 (m, 1H), 2.68 - 2.56 (m, 4H), 2.44 - 2.29 (m,
2H), 1.99 -1.91 (m, 1H).

Example 61: Preparation of (N-(4-(4-amino-1-(1-(4-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)benzoyl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 63)
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Step 1: Preparation of (N-(4-(4-amino-1-(1-(4-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindol in- 5-yl)piperazin-1-yl)methyl)benzoyl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzy 1)-5-fluoro-2-methoxybenzamide

[0351] To a solution of (S)-4-((4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-yl)piperazin-1-
ylymethyl)benzoic acid (44 mg, 80 % purity, 0.07 mmol) in THF (5 mL) was added N-(4-(4-
amino-1-(pyrrolidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxy

benzamide (34.9 mg, 0.07 mmol), 1-Hydroxybenzotrizole (15.3 mg, 0.11 mmol), EDCI (21.8
mg, 0.11 mmol) and TEA (22.9 mg, 0.22 mmol). The reaction mixture was stirred at room
temperature for 2 hours. The reaction was quenched by adding water (10 mL) and extracted
with DCM (10 mLx2). The organic phase was washed with brine dried over NasSO4. The
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solution was concentrated in vacuum and the residue was purified by Prep-HPLC (ACN/H,O

(0.1% FA), 10 - 40 %) to afford the desired compound (4 mg, 6.3 %). LC/MS: 906.5 [M+H]".

H NMR (400 MHz, DMSO) & 10.96 (s, 1H), 8.94 - 8.86 (m, 1H), 8.25 - 8.12 (m, 1H), 7.75 -
7.28 (m, 11H), 7.25 - 7.15 (m, 1H), 7.10 - 6.97 (m, 2H), 5.62 - 5.35 (m, 1H), 5.05 (d, J = 8.7
Hz, 1H), 4.59 (d, J = 5.6 Hz, 2H), 4.32 (d, J = 16.2 Hz, 1H), 4.19 (d, J = 15.3 Hz, 1H), 4.06 -
3.72 (m, 6H), 3.67 (d, J = 6.4 Hz, 1H), 3.55 (d, J = 16.0 Hz, 2H), 3.32 - 3.18 (m, 4H), 2.90 (t, J
= 12.8 Hz, 1H), 2.69 - 2.53 (m, 4H), 2.48 - 2.43 (m, 2H), 2.41 -2.28 (m, 2H), 2.02 - 1.86 (m,
1H).

Example 62: Preparation of N-(4-(4-amino-1-(1-(6-(4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)hexanoyl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-
3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 64)
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Step 1: Preparation of (S)-6-(4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)hexanoic acid

[0353] A suspension of 6-bromohexanoic acid (100 mg, 0.51 mmol), (S)-3-(1-o0xo-5-(piperazin-
1-yDisoindolin-2-yl)piperidine-2,6-dione (168.3 mg, 0.51 mmol), KoCO3 (212.3 mg, 1.54 mmol)
and Kl (85.1 mg, 0.51 mmol) in DMF (3 mL) was stirred at room temperature for overnight.
The reaction mixture was concentrated in vacuum. The residue was dissolved with EA (50 mL),
washed with water (10 mL), dried over Na»SO4 and evaporated in vacuum to give a crude

product. The crude product was purified by flash column chromatography (DCM/MeOH= 10: 1)
to give the desired product (50 mg, purity = 90 %, yield = 19.8%) as a white solid. LC/MS:

442.9 [M+H]*.

Step 2: Preparation of N-(4-(4-amino-1-(1-(6-(4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin -5-yl)piperazin-1-yl)hexanoyl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-
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3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0354] A solution of (S)-6-(4-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-yl)piperazin-1-
ylhexanoic acid 50 mg, purity = 90 %), N-(4-(4-amino-1-(pyrrolidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (69.9 mg, 0.15 mmol), HATU (86.4 mg,
0.23 mmol) and DIEA (58.7 mg, 0.45 mmol) in DMF (5 mL) was stirred at room temperature
for 4 hours. The reaction mixture was concentrated in vacuum. The residue was dissolved with
EA (50 mL), washed with water (10 mL), dried over Na,SO4 and evaporated in vacuum to give

a crude product. The crude product was purified by Prep-TLC (DCM/MeOH = 10:1) to give the

desired product (8 mg, 12.5 %) as a white solid. LC/MS: 886.1 [M+H]".

1H NMR (400 MHz, DMSO) & 10.92 (s, 1H), 8.84 (t, J = 6.0 Hz, 1H), 8.24 (d, J = 3.8 Hz, 1H),
7.60 (d, J = 8.1 Hz, 2H), 7.52 - 7.45 (m, 4H), 7.33 - 7.28 (m, 1H), 7.17 - 7.14 (m, 1H), 7.10 -
7.02 (m, 2H), 5.51 - 5.34 (m, 1H), 5.06 - 4.97 (m, 1H), 4.54 (d, J = 6.1 Hz, 2H), 4.33 - 4.15 (m,
2H), 4.05 - 3.57 (m, 8H), 3.50 - 3.41 (m, 1H), 3.24 - 3.05 (m, 2H), 2.93 - 2.78 (m, 2H), 2.60 -
248 (m, 3H), 2.45-2.14 (m, 9H), 1.96 - 1.88 (m, 1H), 1.56 - 1.44 (m, 4H), 1.33 - 1.17 (m, 3H).

Example 63: Preparation of N-(4-(4-amino-1-(4-(3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)-3-fluorophenyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 65)

[0355]

5 o (? c;f s

b

k . Wl e
!§ ﬁf @

Ny

d\f @“W“

5 : % (gf s

N
- -
% o
'

Step 1: Preparation of (1-(2-fluoro-4-nitrophenyl)pyrrolidin-3-yl)methanol

[0356] To a solution of 1,2-difluoro-4-nitrobenzene (2 g, 12.57 mmol) in CH3CN (5 mL) was

added pyrrolidin-3-ylmethanol (1.9 g, 13.83 mmol) and DIEA (4.9 g, 37.71 mmol). The reaction
mixture was stirred at 80 °C for 3 hours. The solvent was removed in vacuum. The residue
was purified by flash column chromatography with PE: EA = 1: 1 to afford the desired product

(1.8 g, 59.6 %) as a yellow solid. LC/MS: 241.1 [M+H]*.
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Step 2: Preparation of (1-(4-amino-2-fluorophenyl)pyrrolidin-3-yl)methanol

[0357] To a solution of (1-(2-fluoro-4-nitrophenyl)pyrrolidin-3-yl)ymethanol (1.8 g, 7.49 mmol) in
MeOH (20 mL) was added Pd/C (180 mg, 10%). The reaction mixture was stirred at room
temperature for 2 hours under H, at 1atm. The catalyst was filtered out. The solution was

concentrated in vacuum to afford the desired product (1.3 g, 82.5 %) as a brown oil. LC/MS:
211.1 [M+H]".

Step 3: Preparation of (1-(2-fluoro-4-iodophenyl)pyrrolidin-3-yl)methanol

[0358] To a solution of (1-(4-amino-2-fluorophenyl)pyrrolidin-3-yl)methanol (1.3 g, 6.1 mmol) in
CH4CN (30 mL) was added 1.9 mL con. HCI (1.9 mL), NaNO, (630 mg, 9.13 mmol, dissolved

in 8 mL H,0) at 0 °C. The mixture was stirred at 0 °C for 2 hours then Kl (3.16 g, 19.03 mmol)

was added. The reaction mixture was stirred at room temperature for 17 hours. The reaction
was quenched by adding water (20 mL) and extracted with EA (20 mL x 3). The organic phase
was washed with brine and dried over Na;SO4. The solvent was removed in vacuum. The

residue was purified by flash column chromatography with PE: EA = 3: 1 to afford the desired
product (1.5 g, 75.5 %) as a yellow solid. LC/MS: 321.9 [M+H]".

Step 4: Preparation of 1-(2-fluoro-4-iodophenyl)pyrrolidine-3-carbaldehyde

[0359] To a solution of oxalyl chloride (1.19 g, 9.34 mmol) in DCM (20 mL) was added DMSO
(1.46 g, 18.68 mmol) at -78 °C. The reaction mixture was stirred at - 78°C for 15 minutes then
(1-(2-fluoro-4-iodophenyl)pyrrolidin-3-yl)methanol (1.5 g, 4.67 mmol) was added. The reaction
mixture was stirred at -78 °C for the other 15 minutes. TEA (1.9 g, 18.68 mmol) was added at
-78 °C. The final mixture was stirred at -78 °C for 30 minutes. The reaction mixture was raised
to room temperature and stirred for 1 hour. The reaction was quenched by adding water (20
mL) and extracted with DCM (20 mLx3). The organic phase was washed with brine and dried
over Nas;SOy. The solvent was removed in vacuum. The residue was purified by flash column

chromatography with PE: EA = 1: 1 to afford the desired product (1.2 g, 80.5 %) as a yellow
solid. LC/MS: 319.8 [M+H]*.

Step 5: Preparation of 3-(dimethoxymethyl)-1-(2-fluoro-4-iodophenyl)pyrrolidine

[0360] To a solution of 1-(2-fluoro-4-iodophenyl)pyrrolidine-3-carbaldehyde (1.2 g, 3.76 mmol)
in MeOH (20 mL) was added trimethoxymethane (600 mg, 5.46 mmol) and PTSA (97 mg, 1.36
mmol). The reaction was stirred at 60 °C for 12 hours. The solvent was removed in vacuum.
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The residue was dissolved in EA (20 mL), washed with NaHCOj solution and dried over
Na,SO4. The organic phase was concentrated and purified by flash column chromatography
with PE: EA = 1: 1 to afford the desired product (720 mg, 41.9 %) as a yellow solid. LC/MS:

365.8 [M+H]*.

Step 6: Preparation of N-(4-(4-amino-1-(4-(3-(dimethoxymethyl)pyrrolidin-1-yl)-3-
fluorophen yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0361] To a solution of 3-(dimethoxymethyl)-1-(2-fluoro-4-iodophenyl)pyrrolidine (200 mg, 0.55
mmol) in 1,4-dioxane (5 mL) was added N-(4-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-
yh)benzyl)-5-fluoro-2-methoxybenzamide (429 mg, 1.09 mmol), Cs,CO5 (535 mg, 1.64 mmol),
trans-N,N'-dimethylcyclohexane-1,2-diamine (156 mg, 1.09 mmol) and Cul (104 mg, 0.55
mmol). The reaction mixture was stirred at 100 °C for 17 hours under Ar. The solid was filtered
out and the solution was concentered in vacuum. The residue was purified by Pre-TLC with
DCM: MeOH = 10: 1 to afford the desired product (100 mg, 60 % purity, 17.3 % yield) as a

white solid. LC/MS: 629.9 [M+H]*.

Step 7: Preparation of N-(4-(4-amino-1-(3-fluoro-4-(3-formylpyrrolidin-1-yl)phenyl)-1H-
pyrazo lo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0362] To a solution of N-(4-(4-amino-1-(4-(3-(dimethoxymethyl)pyrrolidin-1-yl)-3-
fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (80 mg,
60 % purity, 0.076 mmol) in THF (2 mL) was added H>SO4 (4 mL , 3 M in water). The reaction
was stirred at 70 °C for 2 hours. The reaction mixture was cooled to 0 °C, neutralized with
NaHCO3; solution and extracted with EA (10 mL x 3). The organic phase was washed with

brine and dried over Na;SOy4. The solution was concentered in vacuum to afford the desired

product (40 mg, crude) as a yellow solid. LC/MS: 584.2 [M+H]".

Step 8: Preparation of N-(4-(4-amino-1-(4-(3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindo lin-5-yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)-3-fluorophenyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0363] To a solution of (S)-3-(1-o0xo0-5-(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione
benzenesulfonic acid (11.26 mg, 0.034 mmol) in DMF (1 mL) and MeOH (1 mL) was added
TEA (0.2 mL). The mixture was stirred at room temperature for 30 minutes. Then N-(4-(4-
amino-1-(3-fluoro-4-(3-formylpyrrolidin-1-yl)phenyl)-1H-pyrazolo[3,4-d] pyrimidin-3-yl)benzyl)-5-
fluoro-2-methoxybenzamide (40 mg, crude), HOAc (0.5 mL) and NaBH3CN (21.55 mg, 0.343

mmol) was added. The reaction mixture was stirred at room temperature for 1 hour. The
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reaction was quenched by adding H>,O (10 mL) and extracted with EA (5 mLx3). The combined
organic phase was washed with brine and dried over Na>SO,4. The solution was concentered in
vacuum and the residue was purified by Pre-TLC with DCM: MeOH = 10: 1 to afford the

desired product (6.9 mg, 10.1 % for two steps) as a white solid. LC/MS: 896.5 [M+H]*.

1H NMR (400 MHz, DMSO) 5 10.96 (s, 1H), 8.90 (t, J = 6 Hz, 1H), 8.35 (s, 1H), 7.93 (d, J =
15.3 Hz, 1H), 7.83 (d, J = 8.8 Hz, 1H), 7.73 (d, J = 8.1 Hz, 2H), 7.56 - 7.50 (m, 3H), 7.38 - 7.31
(m, 1H), 7.23 - 7.16 (m, 1H), 7.12 - 7.04 (m, 2H), 6.88 (t, J = 9.5 Hz, 1H), 5.05 (dd, J = 13.3,
5.0 Hz, 1H), 4.60 (d, J = 6.0 Hz, 2H), 4.36 - 4.17 (m, 2H), 3.91 (s, 2H), 3.57 - 3.49 (m, 1H),
3.48 - 3.40 (m, 2H), 3.31 (s, 3H), 3.22 - 3.15 (m, 1H), 2.93 - 2.83 (m, 1H), 2.66 - 2.53 (m, 4H),
2.45-2.30 (m, 3H), 2.13 - 1.90 (m, 3H), 1.73 - 1.66 (m, 1H), 1.50 - 1.40 (m, 1H), 1.27 - 1.17
(m, 5H).

Example 64: Preparation of N-(4-(4-amino-1-(6-(3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)pyridin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 66)
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Step 1: Preparation of (1-(5-iodopyridin-2-yl)pyrrolidin-3-yl)methanol

[0365] To a solution of 2-fluoro-5-iodopyridine (2 g, 9 mmol) in DMF (20 mL) was added
pyrrolidin-3-ylmethanol (1.09 g, 10.8 mmol) and potassium carbonate (3.73 g, 2.7 mmol). The
reaction mixture was stirred at 100 °C for 2 hours. The reaction was quenched by adding water
(50 mL) and extracted with EA (50 mLx3). The organic phase was washed with brine and dried
over Na,SO4. The solvent was removed in vacuum and the residue was purified by flash

column chromatography with PE: EA = 5: 1 to afford the desired product (2 g, 73.0 %) as a
yellow solid. LC/MS: 304.9 [M+H]".

Step 2: Preparation of 1-(5-iodopyridin-2-yl)pyrrolidine-3-carbaldehyde

[0366] To a solution of [1-(5-iodopyridin-2-yl)pyrrolidin-3-yllmethanol (2 g, 6.6 mmol) in DCM
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(30 mL) stirred under nitrogen at 0 °C was added Dess-Martin periodinane (4.2 g, 9.9 mmol) in
portions. The reaction mixture was stirred at room temperature for 2 hours. The reaction was
quenched by adding water (10 mL). The organic phase was washed with brine and dried over
Na,SO4. The solvent was removed in vacuum to give the title compound (1.5 g, 75.7 % yield)

as a yellow solid. LC/MS: 302.9 [M+H]*.

Step 3: Preparation of 2-(3-(dimethoxymethyl)pyrrolidin-1-yl)-5-iodopyridine

[0367] To a solution of 1-(5-iodopyridin-2-yl)pyrrolidine-3-carbaldehyde (1.5 g, 5.0 mmol) in
trimethoxy methane (20 mL) stirred under nitrogen at 25 °C was added TsOH (90 mg, 0.5
mmol). The reaction was stirred at 100 °C for 2 hours. The reaction mixture was concentrated
in vacuum and the residue was purified by flash column chromatography with PE: EA=5: 1 to

afford the desired product (500 mg, 28.0 %) as a yellow solid. LC/MS: 348.9 [M+H]*.

Step 4: Preparation of N-(4-(4-amino-1-(6-(3-(dimethoxymethyl)pyrrolidin-1-yl)pyridin-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0368] To a solution of 2-(3-(dimethoxymethyl)pyrrolidin-1-yl)-5-iodopyridine (120 mg, 0.34
mmol) in DMF (20 mL) was added N-(4-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-
fluoro-2-methoxybenzamide (135 mg, 0.34 mmol), Cs,CO3 (336.8 mg, 1.03 mmol), Copper(l)

iodide (65.3 mg, 0.34 mmol) and N',N'-Dimethylcyclohexane-1,2-diamine (49.02 mg, 0.34
mmol). The reaction was stirred at 110 °C for 10 hours. The solid was filtered off and washed
with DCM (10 mL x 3). The solution was concentrated in vacuum and the residue was purified
by flash column chromatography with DCM: MeOH = 1:0 ~ 10:1 to afford the desired product

(20 mg, 9.4 %). LC/MS: 613.0 [M+H]".

Step 5: Preparation of N-(4-(4-amino-1-(6-(3-formylpyrrolidin-1-yl)pyridin-3-yl)-1H-
pyrazolo [3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0369] A solution of N-(4-(4-amino-1-(6-(3-(dimethoxymethyl)pyrrolidin-1-yl)pyridin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (15 mg, 0.025 mmol) in
H>SO4/ HYO/THF (1 mL, 1/3/2) was stirred under nitrogen at 70 °C for 1 hour. The mixture was

diluted with EA (50 mL) and neutralized with NaOH (2 N). The organic phase was dried over
Na>SO4. The solvent was removed in vacuum to give the title compound (12 mg, 86.5 %) as a

yellow solid. LC/MS: 567.0 [M+H]".
Step 6: Preparation of N-(4-(4-amino-1-(6-(3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-

oxoisoindo lin-5-yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)pyridin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl) benzyl)-5-fluoro-2-methoxybenzamide
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[0370] To a solution of N-(4-(4-amino-1-(6-(3-formylpyrrolidin-1-yl)pyridin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3 -yl)benzyl)-5 -fluoro-2-methoxybenzamide (12 mg, 0.02 mmol) in
MeOH/DMF/ HOAc (2 mL, 2:1:0.02) was added 2-(2,6-dioxopiperidin-3-yl)-5-(piperazin-1-
yl)isoindole-1,3-dione (7 mg, 0.02 mmol), TEA (21.5 mg, 0.21 mmol) and NaBH3CN ( 6.6 mg,
0.106 mmol). The reaction was stirred at 60 °C for 1 hour. The reaction mixture was cooled to
room temperature then quenched by adding water (5 mL) and extracted with DCM (5 mL x 3).
The organic phase was washed with brine and dried over Na,SO4. The solvent was removed

in vacuum and the residue was purified by silica-gel column (DCM: MeOH = 100:1-10:1) to
afford the desired compound (10 mg, 53.7 %). LC/MS: 878.9 [M+H]*.

H NMR (400 MHz, DMSO) & 10.96 (s, 1H), 8.90 (m, 1H), 8.67 (d, J = 2.7 Hz, 1H), 8.31 (s,
2H), 8.07 (dd, J = 9.0, 2.7 Hz, 1H), 7.72 (d, J = 8.2 Hz, 2H), 7.58 - 7.50 (m, 3H), 7.38 - 7.30
(m, 1H), 7.21 - 7.18 (m, 1H), 7.10 - 7.05 (m, 2H), 6.62 (d, J = 9.1 Hz, 1H), 5.09 - 5.03 (m, 1H),
4.60 (d, J = 6.1 Hz, 2H), 4.33 (d, J = 17.0 Hz, 1H), 4.21 (d, J = 16.9 Hz, 1H), 3.91 (s, 3H), 3.74
- 3.61 (m, 2H), 3.59 - 3.53 (m, 2H), 3.32 - 3.25 (M, 6H), 3.22 - 3.14 (m, 2H), 2.92 - 2.85 (m,
1H), 2.62 - 2.55 (m, 4H), 2.43 - 2.31 (m, 3H), 2.13 - 2.10 (m, 1H), 2.01 - 1.91 (m, 1H), 1.80 -
1.72 (m, 1H).

Reference Example 65: Preparation of 1-(5-(4-(6-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-6-oxohexyl)piperazine-1-carbonyl)-2-
methoxyphenyl) dihydropyrimidine-2,4(1H,3H)-dione (Reference Compound 71)
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Step 1: Preparation of tert-butyl 6-(4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxybenzoyl)piperazin-1 -yl)hexanoate

[0372] To a solution of tert-butyl 6-bromohexanoate (200 mg, 0.8 mmol) in DMF (10 mL) was
added 1-(2-methoxy-5-(piperazine-1-carbonyl)phenyl)dihydropyrimidine-2,4(1H,3H)-dione
(392 mg, 0.88 mmol) and KyCO3 (336 mg, 2.4 mmol). The reaction was stirred at 90 °C for 17
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hours. The solvent was evaporated under vacuum and the residue was purified by flash
column chromatography with PE: EA = 1: 2 to afford the desired product (100 mg, 23%).

LC/MS: 502.8 [M+H] *

Step 2: Preparation of 6-(4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxybenzoyl)piperazin-1-yl)hexanoic acid

[0373] To a solution of tert-butyl 6-(4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxybenzoyl) piperazin-1-yl)hexanoate (100 mg, 0.2 mmol) in DCM (3 mL) was added TFA
(1 mL). The mixture was stirred at room temperature for 2 hours. The solvent was removed

under vacuum to afford the product (80 mg, crude). LC/MS: 446.7 [M+H] *

Step 3: Preparation of 1-(5-(4-(6-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-6-oxohexyl)piperazine-1-carbonyl)-2-
methoxyphenyl)dihydropy rimidine-2,4(1H,3H)-dione

[0374] To a solution of 6-(4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxybenzoyl)piperazin-1-yl)hexanoic acid (80 mg, crude) in DCM (5 mL) was added HATU
(102 mg, 0.27 mmol) and TEA (54 mg, 0.54 mmol). The mixture was stirred at room
temperature for 5 minutes before (2-chloro-4-phenoxyphenyl)(4-(piperidin-4-ylamino)-7H-
pyrrolo[2,3-d]pyrimidin-5-yl)methanone (80 mg, 0.18 mmol,) was added. The mixture was
stirred at room temperature for 2 hours. The mixture was extracted with brine and
concentrated in vacuum to give a crude product. The crude product was purified by Pre-TLC
with DCM: MeOH = 10: 1 to afford the desired product. (19.5 mg, 11% for two steps). LC/MS:

876.1 [M+H] *

1H NMR (400 MHz, CDCI3) & 9.12 (d, J = 7.4 Hz, 1H), 8.37 (s, 1H), 7.46 - 7.37 (m, 5H), 7.33
(s, 1H), 7.23 (t, J = 7.4 Hz, 1H), 7.12 - 7.06 (m, 3H), 7.02 - 6.93 (m, 2H), 4.40 - 4.48 (m, 1H),
4.31 - 4.38 (m, 1H), 3.89 (s, 3H), 3.77 - 3.87 (m, 2H), 3.71 (s, 4H), 3.34 (t, J = 10.7 Hz, 1H),
3.20 - 3.12 (m, 1H), 2.87 - 2.81 (m, 2H), 2.70 - 2.52 (m, 5H), 2.36 (t, J = 7.5 Hz, 2H), 2.11 -
2.21 (m, 2H), 1.53 - 1.75 (m, 8H), 1.40 - 1.25 (m, 2H).

Reference Example 66: Preparation of 1-(5-(4-(5-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-5-oxopentyl)piperazine-1-carbonyl)-2-
methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione (Reference Compound 72)
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Step 1: Preparation of tert-butyl 5-(4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxy benzoyl)piperazin-1-yl)pentanoate

[0376] A solution of tert-butyl 5-bromopentanoate (380 mg, 1.60 mmol), 1-(2-methoxy-5-
(piperazine-1-carbonyl)phenyl)dihydropyrimidine-2,4(1H,3H)-dione (1.07 g, 3.20 mmol), Kx,CO3
(1.11 g, 8.00 mmol), KI (266 mg, 1.60 mmol) in DMF (20 mL) was stirred at room temperature
for 3 hours. The reaction mixture was diluted with water (50 mL) and extracted with EtOAc (50
mL x 3). The combined organic layer was dried over Na;SOy, filtered and evaporated to afford

a crude compound. The crude product was purified by column chromatography (DCM: MeOH
= 10:1) to obtain the desired product as a light yellow solid (130 mg, 17 %). LC/MS: 488.7
[M+H] +.

Step 2: Preparation of 5-(4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxybenzoyl) piperazin-1-yl)pentanoic acid

[0377] A solution of tert-butyl 5-(4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-methoxy
benzoyl)piperazin-1-yl)pentanoate (130 mg, 0.27 mmol) in DCM (12 mL) and TFA (9 mL) was
stirred at room temperature for 2 hours. The mixture was concentrated in vacuum to give the
desired compound as a yellow oil (115 mg, 98 %).

LC/MS: 432.8 [M+H] +

Step 3: Preparation of 1-(5-(4-(5-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-5-oxopentyl)piperazine-1-carbonyl)-2-
methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione

[0378] A solution of 5-(4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-methoxybenzoyl)
piperazin-1-yl)pentanoic acid (115 mg, 0.27 mmol), (2-chloro-4-phenoxyphenyl)(4-(piperidin-4-
ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (133 mg, 0.30 mmol), HATU (154 mg,
0.41 mmol) and N,N-Diisopropylethylamine (174 mg, 1.35 mmol) in MeOH / DMF (2:1, 15 mL)
was stirred at room temperature for 2 hours. The mixture was evaporated in vacuum and
purified by Prep-TLC with MeOH: DCM = 1:10 to give the title compound (40 mg, vield: 17%).
LC/MS: 862.1 [M+H] +. 1H NMR (301 MHz, DMSO) 6 12.74 (s, 1H), 10.33 (s, 1H), 8.80 (s, 1H),
8.24 (d, J=3.6 Hz, 1H), 7.70 - 7.56 (m, 2H), 7.45 (d, J = 7.7 Hz, 2H), 7.38 - 7.29 (m, 2H), 7.28
-7.23 (m, 1H), 7.19 - 7.11 (m, 4H), 7.02 - 6.95 (m, 1H), 4.31 - 414 (m, 3H), 3.90 - 3.75 (m,
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4H), 3.58 - 3.46 (m, 6H), 2.70 - 2. 45 (m, 2H), 2.48 - 2.19 (m, 8H), 2.10 - 1.90 (m, 3H), 1.58 -
1.38 (m, 6H).

Reference Example 67: Preparation of 1-(5-(4-(2-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-2-oxoethyl)-[1,4'-bipiperidine]-1'-
carbonyl)-2-methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione (Reference Compound
73)
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Step 1: Preparation of benzyl 4-(2-(tert-butoxy)-2-oxoethyl)-[1,4'-bipiperidine]-1'-
carboxylate

[0380] To a solution of tert-butyl 2-(piperidin-4-yl)acetate (500 mg, 2.51 mmol), benzyl 4-
oxopiperidine-1-carboxylate (584.8 mg, 2.51 mmol), and TEA (507 mg, 5.02 mmol) in DCM (15
mL) was added MgSO4 (3 g , 25.1 mmol). The reaction mixture was stirred at room

temperature for 1 hour. NaBH(AcO)3 (1.3 g, 6.27 mmol) was added portion-wise in 3 hours.

The reaction mixture was stirred at room temperature overnight. The solid was filtered off and
washed with DCM (20 mL x 2). The solution was concentrated in vacuum to give a crude
product. The crude product was purified by Prep-TLC with MeOH: DCM =1:10 to give the title

compound as a white solid (850 mg, 80 % purity, 65.1 % yield). LC/MS: 417.2 [M+H]".

Step 2: Preparation of tert-butyl 2-([1,4'-bipiperidin]-4-yl)acetate

[0381] To a solution of benzyl 4-(2-(tert-butoxy)-2-oxoethyl)-[1,4'-bipiperidine]-1'-carboxylate
(850 mg, 80 % purity, 1.63 mmol) in dry +-BuOH (20 mL) was added Pd/C (100 mg). The
mixture stirred at 20 °C for overnight under H,. The catalyst was filtered off. The solution was

concentrated in vacuum to afford the title product (320 mg, 90 % purity, 62 % yield) as a white
solid. LC/MS: 227.1 [M-55] *.

Step 3: Preparation of tert-butyl 2-(1'-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
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methoxy benzoyl)-[1,4"-bipiperidin]-4-yl)acetate

[0382] A solution of tert-butyl 2-([1,4'-bipiperidin]-4-yl)acetate (320 mg, 90 % purity, 1.02
mmol), 3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-methoxybenzoic acid (269 mg, 1.02 mmol),
HATU (463.6 mg, 1.22mmol) and N,N-Diisopropylethylamine (197.4 mg, 1.53mmol) in DMF
(15 mL) was stirred at room temperature for 4 h. The mixture was evaporated in vacuo and
purified by prep-TLC with MeOH: DCM = 1:10 to give the title compound (30 mg, 5.5 %) as a

white solid. LC/MS: 529.2 [M+H] .

Step 4: Preparation of 2-(1'-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxybenzoyl)-[1,4'-bipiperidin]-4-yl)acetic acid

[0383] A solution of tert-butyl 2-(1'-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxybenzoyl)-[1,4'-bipiperidin]-4-yl)acetate (30 mg, 0.056 mmol) in DCM (5 mL) and TFA
(2 mL) was stirred at room temperature for 2 hours. The mixture was concentrated in vacuum

to give the title compound (30 mg, 89.3 % purity, 100% yield). LC/MS: 473.1 [M+H] *.

Step 5: Preparation of 1-(5-(4-(2-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)-2-oxoethyl)-[1,4'-bipiperidine]-1'-carbonyl)-2-
methoxyphenyl)di hydropyrimidine-2,4(1H,3H)-dione

[0384] A solution of 2-(1'-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-methoxybenzoyl)-[1,4'-
bipiper idin]-4-yl)acetic acid (30 mg, 0.056 mmol), (2-chloro-4-phenoxyphenyl)(4-(piperidin-4-
ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (27.1 mg, 0.056 mmol), HATU (25.5 mg,
0.067 mmol) and N,N-Diisopropylethylamine (11 mg, 0.084 mmol) in DMF (10 mL) was stirred
at room temperature for 4hours. The mixture was evaporated in vacuum and purified by prep-
TLC with MeOH: DCM =1:10 to give the title compound (15 mg, 29.4 %) as a white solid.

LC/MS: 901.5 [M+H] *.

TH NMR (400 MHz, DMSO) & 12.89 (br, 1H), 10.35 (s, 1H), 9.36 (br, 1H), 9.00 - 8.92 (m, 1H),
8.29 (s, 1H), 7.68 (s, 1H), 7.58 (d, J = 8.5 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 7.42 (d, J = 8.4 Hz,
1H), 7.36 (s, 1H), 7.26 (t, J = 7.3 Hz, 1H), 7.19 (d, J = 8.1 Hz, 3H), 7.03 (d, J = 8.3 Hz, 1H),
4.39 - 4.30 (m, 2H), 4.26 - 4.12 (m, 2H), 3.86 (s, 3H), 3.64 - 3.57 (m, 2H), 3.44 (d, J = 8.7 Hz,
2H), 3.33 - 3.25 (m, 1H), 3.07 - 2.98 (m, 3H), 2.73 - 2.65 (m, 2H), 2.40-2.31 (m, 2H), 2.16 -
1.83 (m, 8H), 1.72 - 1.31 (m, 8H), 1.27 - 1.20 (m, 1H).

Reference Example 68: Preparation of 1-(5-(4-((1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)-2-fluorophenyl)piperidin-4-yl)methyl)piperazine-1-
carbonyl)-2-methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione (Reference Compound
74)
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Step 1: Preparation of 1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-
4-yl)amino)-2-fluorophenyl)piperidine-4-carbaldehyde

[0386] To a solution of (2-chloro-4-phenoxyphenyl)(4-((4-(4-(dimethoxymethyl)piperidin-1-
yl)-3-fluorophenyl)amino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (200 mg, 0.33 mmol) in
THF (5 mL) was added sulfuric acid (2M, 5 mL, 10 mmol). The mixture was stirred at 70 °C for
30 minutes. NaOH (1 M) was added to adjust pH = 9 with and then extracted with ethyl acetate
(20 mLx3). The combined organic layer was washed with brine, dried over Na,SO4 and

concentrated in vacuum to give a crude product (152 mg, 81 %). LC/MS: 569.6 [M+H] *.

Step 2: Preparation of 1-(5-(4-((1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)-2-fluorophenyl)piperidin-4-yl)methyl)piperazine-1-carbonyl)-2-
methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione

[0387] To a solution of 1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-2-fluorophenyl)piperidine-4-carbaldehyde (90 mg, 0.16 mmol), 1-(2-methoxy-5-
(piperazine-1-carbonyl)phenyl)dihydropyrimidine-2,4(1H,3H)-dione hydrochloride (53.1 mg,
0.16 mmol), and TEA (48.5 mg, 0.48 mmol) in DCM (15 mL) was added MgSO,4 (192 mg, 1.6
mmol). The reaction mixture was stirred at room temperature for 1 hour. NaBH(AcO)5 (101.7

mg, 0.48 mmol) was added portion-wise in 3 hours. The reaction mixture was stirred at room
temperature for 5 hours. The reaction mixture was concentrated under vacuum to give a crude
product. The crude product was purified by Prep-TLC with MeOH: DCM =1:10 to give the title

compound (40 mg, 98 % purity, 25 % yield). LC/MS: 885.4 [M+H] *.

TH NMR (301 MHz, DMSO) & 13.04 (s, 1H), 11.12 (s, 1H), 10.35 (s, 1H), 8.44 (s, 1H), 8.02 (d,
J =171 Hz, 1H), 7.83 (s, 1H), 7.63 (d, J = 8.5 Hz, 1H), 7.53 - 7.43 (m, 2H), 7.40 - 7.12 (m,
7H), 7.10 - 6.99 (m, 2H), 3.83 (s, 3H), 3.60 - 3.35 (M, 6H), 3.29 - 3.20 (M, 2H), 2.70 - 2.55 (m,
5H), 2.40 - 2.32 (m, 3H), 2.21 (d, J = 6.4 Hz, 2H), 1.80 (d, J = 12.3 Hz, 2H), 1.70 - 1.62 (m,
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1H), 1.40 - 1.27 (m, 3H).

Reference Example 69: Preparation of 1-(5-(4-((1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)-2-fluorophenyl)piperidin-4-yl)methyl)-1,4-
diazepane-1-carbonyl)-2-methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione
(Reference Compound 75)
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Step 1: Preparation of tert-butyl 4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxyben zoyl)-1,4-diazepane-1-carboxylate

SRet

[0389] To a solution of 3-(2,4-dioxo-1,3-diazinan-1-yl)-4-methoxybenzoic acid (500 mg, 1.89
mmol) in DMF (5 mL) was added HATU (862 mg, 2.268 mmol), DIEA (489 mg, 3.78 mmol) and
tert-butyl (1,4-diazepan-1-yl)formate (380 mg, 1.89 mmol) at room temperature. The reaction
mixture was stirred at room temperature for 12 hours. The mixture was poured into water (45
mL) and extracted with EtOAc (50 mLx2). The combined organic layer was washed with brine,
dried over Na»SOy4, and concentrated in vacuum to get a crude product. The crude product

was purified by flash chromatography (MeOH/DCM= 1: 10) to give the desired product (1 g,
94.7%), LC/MS: 391.2 [M-55] *

Step 2: Preparation of 1-(5-(1,4-diazepane-1-carbonyl)-2-
methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione

[0390] A solution of tert-butyl (4-{[3-(2,4-dioxo-1,3-diazinan-1-yl)-4-
methoxyphenyl]carbonyl}-1,4-diazepan-1-yl)formate (1 g) in TFA/DCM (1:5, 12 mL) was stirred
at room temperature for 2 hours. The solution was concentrated in vacuum. The residue was
dissolved in DCM (50 mL), washed with saturated sodium bicarbonate solution and brine. The
organic layer was dried over Na,SO4 and concentrated in vacuum to give the desired product

(500 mg, 83.0%), LC/MS: 347.1 [M+H]*.
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Step 3: Preparation of 1-(5-(4-((1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)-2-fluorophenyl)piperidin-4-yl)methyl)-1,4-diazepane-1-
carbonyl)-2-methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione

[0391] To a solution of 1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-2-fluorophenyl)piperidine-4-carbaldehyde (80 mg, 0.14 mmol) in DCM (5 mL) was
added 1-(5-(1,4-diazepane-1-carbonyl)-2-methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione
( 97 mg, 0.28 mmol), EtsN (28 mg, 0.28 mmol) and MgSO4 (200 mg, 1.66 mmol) at room
temperature. The mixture was stirred at room temperature for 30 minutes before NaBH(OAC)3

(59 mg, 0.28 mmol) was added portion wise. The reaction mixture was stirred at room
temperature for 1 hour. The mixture was filtered and the filtrate was concentrated in vacuum to
give a crude product. The crude product was purified by Prep-TLC (MeOH/DCM= 1: 10) to give

the desired product (80 mg, 63.5%). LC/MS: 900.1 [M+H]".

H NMR (400 MHz, DMSO) & 13.06 (br, 1H), 11.14 (s, 1H), 10.36 (s, 1H), 8.46 (s, 1H), 8.04 (d,
J=14.8 Hz, 1H), 7.84 (s, 1H), 7.64 (d, J= 8.4 Hz, 1H), 7.49 (t, J= 7.6 Hz, 2H), 7.39 - 7.30 (m,
3H), 7.29 - 7.14 (m, 6H), 7.13 - 7.00 (m, 2H), 3.85 (s, 3H), 3.65 - 3.55 (m, 4H), 3.45 - 3.35 (m,
2H), 3.29 - 3.25 (m, 2H), 2.78 - 2.55 (m, 8H), 2.49 - 2.20 (m, 2H), 1.85 - 1.75 (m, 4H), 1.30 -
1.25 (m, 2H).

Reference Example 70: Preparation of 1-(5-(4-(2-(1-(4-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-yl)Jamino)-2-fluorophenyl)piperidin-4-
yl)ethyl)piperazine-1-carbonyl)-2-methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione
(Reference Compound 76)
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[0393] A solution of 2-(1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-
yl)amino)-2-fluorophenyl)piperidin-4-yl)acetaldehyde (140 mg, 0.24 mmol), 1-(2-methoxy-5-
(piperazine-1-carbonyl)phenyl)dihydropyrimidine-2,4(1H,3H)-dione (80 mg, 0.24 mmol), TEA
(121 mg, 1.2 mmol) and MgSO4 (408 mg, 3.4 mmol) in DCM (20 mL) was stirred under

nitrogen at room temperature for 30 minutes. Sodium triacetoxy borohydride (163 mg, 0.72
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mmol) was added at 0 °C portion wise. The reaction mixture was stirred at room temperature
for 2 hours. The reaction mixture was filtered. The organic layer was washed with water and
concentrated in vacuum to give a crude product. The crude product was purified by Prep-TLC
(MeOH: DCM =1:10) to give the desired product (55 mg, 25%) as a yellow solid. LC/MS:

900.0[M+1]*.

TH NMR (400 MHz, DMSO) & 13.06 (br, 1H), 11.14 (s, 1H), 10.36 (s, 1H), 10.05 (br, 1H), 8.46
(s, 1H), 8.04 (d, J = 14.8 Hz, 1H), 7.84 (s, 1H), 7.64 (d, J = 8.3 Hz, 1H), 7.49 (t, J = 7.7 Hz,
2H), 7.45 - 7.37 (m, 1H), 7.33 (d, J = 8.1 Hz, 1H), 7.30 - 7.24 (m, 1H), 7.23 - 7.11 (m, 3H), 7.09
- 7.04 (m, 1H), 3.86 (s, 2H), 3.67 - 3.56 (m, 2H), 3.52 - 3.39 (M, 2H), 3.38 - 3.24 (m, 4H), 3.22
- 2.96 (M, 2H), 2.91 - 2.56 (m, 4H), 2.45 - 1.88 (m, 5H), 1.85 - 1.45 (m, 4H), 1.42 - 0.87 (m,
5H).

Reference Example 71: Preparation of (R)-1-(5-(4-(2-(3-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyri midin-4-yl)amino)piperidin-1-yl)-2-oxoethyl)-
[1,4'-bipiperidine]-1'-carbonyl)-2-methoxyphenyl) dihydropyrimidine-2,4(1H,3H)-dione
(Reference Compound 77)

[0394]

HO™ TG

Step 1: Preparation of (R)-1-(5-(4-(2-(3-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyri midin-4-yl)amino)piperidin-1-yl)-2-oxoethyl)-[1,4'-bipiperidine]-1'-carbonyl)-2-
methoxyphenyl) dihydropyrimidine-2,4(1H,3H)-dione

[0395] A solution of 2-(1'-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-methoxybenzoyl)-[1,4'-
bipiperi din]-4-yl)acetic acid (70 mg, 0.15 mmol), (R)-(2-chloro-4-phenoxyphenyl)(4-(piperidin-
3-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone (84 mg, 0.15 mmol), HATU (86 mg, 0.23
mmol) and N,N-Diisopropylethylamine (116 mg, 0.9 mmol) in DMF (10 mL) was stirred at room
temperature for 4 hours. The mixture was evaporated in vacuum and purified by Prep-TLC
with MeOH: DCM = 1:10 to give the title compound (14 mg, 10 %) as a white solid. LC/MS:

902.4 [M+H] *

TH NMR (301 MHz, DMSO) & 12.86 (br, 1H), 10.37 (s, 1H), 8.87 (br, 1H), 8.32 - 8.24 (m, 1H),
7.67 - 7.62 (m, 1H), 7.60 - 7.52 (m, 1H), 7.51 - 7.43 (m, 2H), 7.42 - 7.34 (m, 2H), 7.29 - 7.12
(m, 5H), 7.05 - 6.98 (m, 1H), 4.32 - 4.21 (m, 1H), 4.20 - 4.13 (m, 1H), 3.84 (s, 3H), 3.63 - 3.53
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(m, 3H), 3.33 - 3.24 (m, 2H), 3.21 - 3.13 (m, 1H), 3.07 - 3.01 (m, 1H), 2.94 - 2.77 (m, 3H), 2.67
(t, J = 6.4 Hz, 2H), 2.35 - 2.23 (m, 2H), 2.10 - 1.70 (m, 10H), 1.67 - 1.46 (m, 6H), 1.19 - 1.15
(m, 1H).

Reference Example 72: Preparation of 1-(5-(4-(7-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)-7-oxoheptyl)piperazine-1-carbonyl)-2-
methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione (Reference Compound 78)

[0396]

t f"w i wfé\"\/\«/“m
HOW {M? wa @ /;V Diga @g%?

e o

K, DIEA

)‘"’NH "
»94/\\ \_fp @/ % ,/f/ (\:;))/Q/
Step 1: Preparation of 7-bromoheptanoyl chloride

[0397] A solution of 7-bromoheptanoic acid (1 g, 4.8 mmol) in thionyl chloride (20 mL) was
stirred at 70 °C for 5 hours. The reaction mixture was evaporated in vacuum to give the

desired product as a brown oil (1 g, 91 %). LC/MS: 223.0 [M+H]* (treated with MeOH).

Step 2: Preparation of 7-bromo-1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)heptan-1-one

[0398] To a solution of (2-chloro-4-phenoxyphenyl)(4-(piperidin-4-ylamino)-7H-pyrrolo[2,3-
d]pyrimidin-5-yl)methanone (106 mg,0.22 mmol) and N,N-Diisopropylethylamine (142.16 mg,
1.1 mmol) in ACN (10 mL) stirred under nitrogen at room temperature was added 7-
bromoheptanoyl chloride (50 mg, 0.22 mmol). The mixture was stirred at room temperature for
5 hours. The solvent was removed in vacuum. The residue was partitioned between EtOAc
and H,O. The organic phase was dried over sodium sulfate and concentrated in vacuum to

give a crude product. The crude product was purified by silica gel chromatography with
CH>Cl/MeOH (100:1-10:1) to afford the desired compound (60 mg, 41 %) as a yellow solid.

LC/MS: 637.9 [M+H]*. Step 3: Preparaton of 1-(5-(4-(7-(4-((5-(2-chloro-4-
phenoxybenzoyl)-7H-pyrrolo[2,3-d]pyrimidin-4-ylyamino)piperidin-1-yl)-7-oxoheptyl) piperazine-
1-carbonyl)-2-methoxyphenyl)dihydropy rimidine-2,4(1H,3H)-dione
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[0399] To a solution of 7-bromo-1-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)heptan-1-one (60 mg, 0.09 mmol), 1-{2-methoxy-5-
[(piperazin-1-yl)carbonyl] phenyl}-1,3-diazinane (31.20 mg, 0.09 mmol) and N,N-
Diisopropylethylamine (36.33 mg, 0.28 mmol] in ACN (10 mL) stirred under nitrogen at room
temperature was added potassium iodide (3.1 mg, 0.02 mmol). The reaction mixture was
stirred at 70 °C for 5 hours. The solvent was removed and the residue was purified by column
chromatography (DCM/MeOH=50:1-10:1) to afford the product (21.3 mg, 0.024 mmol, 26%) as

a yellow solid. LC/MS: 890.3 [M+H]*.

TH NMR (400 MHz, DMSO) & 12.77 (s, 1H), 10.36 (s, 1H), 8.82 (d, J = 7.4 Hz, 1H), 8.26 (s,
1H), 7.64 (s, 1H), 7.60 - 7.55 (m, 1H), 7.51 - 7.44 (m, 2H), 7.43 - 7.31 (m, 2H), 7.26 (t, J = 7.4
Hz, 1H), 7.23 - 7.11 (m, 4H), 7.05 - 7.00 (m, 1H), 4.38 - 4.33 (m, 1H), 4.19 - 4.12 (m, 1H), 3.93
-3.80 (m, 4H), 3.60 (t, J = 6.6 Hz, 2H), 3.56 - 3.40 (m, 3H), 3.22 - 2.93 (m, 4H), 2.74 - 2.66 (m,
2H), 2.46 - 2.19 (m, 5H), 2.19 - 1.99 (m, 2H), 1.73 - 1.64 (m, 1H), 1.58 - 1.44 (m, 4H), 1.43 -
1.24 (m, TH).

Reference Example 73: Preparation of 1-(5-(4-(4-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)benzyl)-1,4-diazepane-1-
carbonyl)-2-methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione (Reference Compound
79)

[0400]

[PYQEAN

Step 1: Preparation of tert-butyl 4-((4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxy benzoyl)-1,4-diazepan-1-yl)methyl)benzoate

[0401] To a solution of 1-(5-(1,4-diazepane-1-carbonyl)-2-methoxyphenyl)dihydropyrimidine-
2,4(1H, 3H)-dione (80 mg, 023 mmol) in DMF (5 mL) was added tert-butyl 4-
(bromomethyl)benzoate (69 mg, 0.25 mmol) and K,CO4 (64 mg, 0.46 mmol). The reaction was

stirred at 75 °C for 17 hours. The solvent was removed under vacuum and the residue was
purified by Pre-TLC with PE: EA = 1: 1 to afford the desired product (72 mg, 58%). LC/MS:

537.2 [M+H]*.
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Step 2: Preparation of 4-((4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxybenzoyl)-1,4-diazepan-1-yl)methyl)benzoic acid

[0402] To a solution of tert-butyl 4-((4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxybenzoyl)-1,4-diazepan-1-yl)methyl)benzoate (72 mg, 0.13 mmol) in DCM (3 mL) was
added TFA (1 mL). The reaction was stirred at room temperature for 2 hours. The solvent was
removed under vacuum to afford the product (80 mg) which was used in the next step without

further purification. LC/MS: 481.0 [M+H]*.

Step 3: Preparation of 1-(5-(4-(4-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimi din-4-yl)amino)piperidine-1-carbonyl)benzyl)-1,4-diazepane-1-carbonyl)-2-
methoxyphenyl)dihy dropyrimidine-2,4(1H,3H)-dione

[0403] To a solution of 4-((4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxybenzoyl)-1,4-diaze pan-1-yl)methyl)benzoic acid (80 mg, crude) in DCM (5 mL) was
added HATU (114 mg, 0.3 mmol) and DIEA (97 mg, 0.75mmol). The mixture was stirred at
room temperature for 5 minutes and (2-chloro-4-phenoxyphenyl)(4-(piperidin-4-ylamino)-7H-
pyrrolo[2,3-d]pyrimidin-5-yl)methanone (73 mg, 0.15 mmol) was added. The mixture was
stirred at room temperature for 2 hours. The mixture was washed with brine and concentrated
in vacuum to give a crude product. The crude product was purified by Pre-TLC with DCM:

MeOH = 10:1 to afford the desired product. (25 mg, 21% for two steps). LC/MS: 910.1 [M+H]".

H NMR (400 MHz, DMSO) & 12.77 (s, 1H), 10.34 (s, 1H), 8.85 (d, J = 6.8 Hz, 1H), 8.25 (s,
1H), 7.64 (s, 1H), 7.58 (d, J = 8.4 Hz, 1H), 7.48 (t, J = 7.2 Hz, 2H), 7.44 - 7.31 (m, 6H), 7.26 (t,
J =7.6Hz, 1H), 7.23 - 7.17 (m, 3H), 7.16 - 7.11 (m, 1H), 7.03 (d, J = 8.8 Hz, 1H), 4.42 - 4.20
(m, 2H), 3.83 (s, 3H), 3.68 - 3.53 (m, BH), 3.46 (s, 2H), 3.27 - 3.13(m, 2H), 2.75 - 2.60 (M, 4H),
2.59 - 2.53 (m, 1H), 2.23 - 1.92 (m, 3H), 1.86 - 1.66 (m, 3H), 1.60 - 1.48 (m, 2H).

Reference Example 74: Preparation of 1-(5-(4-(4-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-
pyrrolo[2,3-d]pyrimidin-4-yl)amino)piperidine-1-carbonyl)benzyl)piperazine-1-
carbonyl)-2-methoxyphenyl)dihydropyrimidine-2,4(1H,3H)-dione (Reference Compound
80)
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Step 1: Preparation of tert-butyl 4-((4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxy benzoyl)piperazin-1-yl)methyl)benzoate

[0405] A mixture of tert-butyl 4-(bromomethyl)benzoate (150 mg, 0.55 mmol), 1-(2-methoxy-5-
(piperazine-1-carbonyl)phenyl)dihydropyrimidine-2,4(1H,3H)-dione (548 mg, 1.7 mmol) and
DIEA (213 mg, 1.8 mmol) in DCM (20 mL) was stirred at room temperature for 4 hours. The
solvent was removed under vacuum to give a crude product. The crude product was purified
by Pre-TLC to give the product (160 mg, 50%) was obtained as yellow solid. LC/MS: 522.8

[M+H]*.

Step 2: Preparation of 4-((4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxybenzoyl)pi perazin-1-yl)methyl)benzoic acid

[0406] To a solution of tert-butyl 4-((4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxybenzoyl) piperazin-1-yl)methyl)benzoate (160 mg) in DCM (20 mL) was added TFA (6
mL). The mixture was stirred at room temperature for 1 hour. The mixture was concentrated in
vacuum to afford the crude compound (180 mg) which was used in the next step without

further purification. LC/MS: 466.7 [M+H]".

Step 3: Preparation of 1-(5-(4-(4-(4-((5-(2-chloro-4-phenoxybenzoyl)-7H-pyrrolo[2,3-
d]pyrimi din-4-yl)amino)piperidine-1-carbonyl)benzyl)piperazine-1-carbonyl)-2-
methoxyphenyl)dihydro pyrimidine-2,4(1H,3H)-dione

[0407] A solution of 4-((4-(3-(2,4-dioxotetrahydropyrimidin-1(2H)-yl)-4-
methoxybenzoyl)piperazin-1-yl)methyl)benzoic acid (83 mg, purity: 70 %, 0.12 mmol), (2-
chloro-4-phenoxyphenyl)(4-(piperidin-4-ylamino)-7H-pyrrolo[2,3-d]pyrimidin-5-yl)methanone

(60 mg, 0.12 mmol), HATU (57 mg, 0.15 mmol) and DIEA (48 mg, 0.37 MMOL) in DMF (10
mL) stirred at room temperature for 3 hours. The solvent was removed under vacuum to give a
crude product. The crude product was purified by Pre-TLC to give the titled product (24 mg,

22%) as white solid. LC/MS: 895.5 [M+H]".

H NMR (400 MHz, DMSO) & 12.75 (s, 1H), 10.33 (s, 1H), 8.85 (d, J = 7.5 Hz, 1H), 8.26 (s,
1H), 7.63 (s, 1H), 7.58 (d, J = 8.4 Hz, 1H), 7.50 - 7.46 (m, 2H), 7.42 - 7.36 (m, 4H), 7.34 (s,
1H), 7.26 (t, J = 7.4 Hz, 1H), 7.22 - 7.10 (m, 4H), 7.05 - 7.00 (m, 1H), 4.36 - 4.31 (m, 2H), 3.84
(s, 3H), 3.65 - 3.45 (m, 8H), 3.32 (s, 3H), 3.29 - 3.17 (m, 2H), 2.67 (t, J = 6.5 Hz, 2H), 2.46 -
2.37 (m, 3H), 2.15 - 2.00 (m, 2H), 1.62 - 1.52 (m, 2H).

Example 75: Preparation of (S)-N-(4-(4-amino-1-(4-(3-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
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oxoisoindolin-5-yl)piperazin-1-yl)methyl)azetidin-1-yl)-3-fluorophenyl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluo ro-2-methoxybenzamide (Compound 85)
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Step 1: Preparation of (1-(2-fluoro-4-nitrophenyl)azetidin-3-yl)methanol

[0409] The mixture of 1,2-difluoro-4-nitrobenzene (2.0 g, 12.6 mmol), azetidin-3-ylmethanol
(1.3 g, 15.1 mmol) and DIEA (4.9 g, 37.8 mmol) in ACN (15 mL) was stirred at 80 °C for 3
hours. The solvent was removed in vacuum and the residue was purified by flash column
chromatography with PE: EA = 1: 1 to afford the desired product (2.5 g, 88.1 %). LC/MS: 227.0

[M+H]*.

Step 2: Preparation of (1-(4-amino-2-fluorophenyl)azetidin-3-yl)methanol

[0410] To a solution of (1-(2-fluoro-4-nitrophenyl)azetidin-3-yl)methanol (2.5 g, 11.1 mmol) in
MeOH (30 mL) was added Pd/C (0.25 g, 10 %). The mixture was stirred at room temperature
under Hy at 1 atm for overnight. The catalyst was filtered off and the solution was concentrated

in vacuum to give the product (2 g, 91.8 %). LC/MS: 197.1 [M+H]"*.

Step 3: Preparation of (1-(2-fluoro-4-iodophenyl)azetidin-3-yl)methanol

[0411] To a solution of (1-(4-amino-2-fluorophenyl)azetidin-3-yl)methanol (2.0 g, 10.2 mmol) in
ACN (40 mL) and con. HCI (3.5 mL) was added a solution of NaNO» (0.91 g, 13.2 mmol) in

water (4 mL) at 0 °C. The mixture was stirred at 0 °C for 2 hours then a solution of KI (4.3 g,
25.5 mmol) in water (6 mL) was added dropwise. The mixture was stirred at room temperature
overnight. The mixture was diluted with water (15 mL) and extracted with DCM (40 mLx3). The
combined organic layers were concentrated in vacuum and the residue was purified by purified
by flash column chromatography with PE: EA = 2: 1 to afford the desired product (1.0 g, 31.3
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%). LC/MS: 308.0 [M+H]".

Step 4: Preparation of 1-(2-fluoro-4-iodophenyl)azetidine-3-carbaldehyde

[0412] To a solution of (1-(2-fluoro-4-iodophenyl)azetidin-3-yl)ymethanol (1.0 g, 3.3 mmol) in
DCM (10 mL) stirred under nitrogen at 0 °C was added Dess-Martin periodinane (2.1 g, 4.9
mmol) in portions. The reaction mixture was stirred at room temperature for 2 hours. The
reaction was quenched by adding water (10 mL). The organic phase was washed with brine
and dried over Na>SO4. The solvent was removed in vacuum to give the desired product (0.8

g, 78.7 % yield). LC/MS: 306.0 [M+H]*.

Step 5: Preparation of 3-(dimethoxymethyl)-1-(2-fluoro-4-iodophenyl)azetidine

[0413] To a solution of 1-(2-fluoro-4-iodophenyl)azetidine-3-carbaldehyde (800 mg, 2.6 mmol)
in MeOH (10 mL) was added acetyl chloride (310 mg, 3.9 mmol) stirred under nitrogen at 0 °C.
The mixture was stirred at 25 °C for 2 hours. The reaction was quenched by adding TEA (1
mL). The solvent was removed in vacuum and the residue was purified by flash column
chromatography with PE: EA = 5: 1 to afford the desired product (500 mg, 53.8 %). LC/MS:

352.0 [M+H]*.

Step 6: Preparation of N-(4-(4-amino-1-(4-(3-(dimethoxymethyl)azetidin-1-yl)-3-
fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0414] To a solution of 3-(dimethoxymethyl)-1-(2-fluoro-4-iodophenyl)azetidine (400 mg, 1.14
mmol) in DMSO (10 mL) was added N-(4-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-
fluoro-2-methoxybenzamide (636.3 mg, 1.37 mmol), Ko;CO3 (472.3 mg, 3.41 mmol), copper(l)
iodide (119.3 mg, 0.62 mmol) and N,N-dimethylglycine (129.2 mg, 1.25 mmol). The reaction
was stirred at 110 °C for 16 hours. The solid was filtered off and washed with DCM (20 mLx3).
The combined solution was concentrated in vacuum and the residue was purified by flash with
DCM: MeOH = 10: 1 to afford the desired product (200 mg, 80 % purity, 22.8 % yield). LC/MS:

616.2 [M+H]*.

Step 7: Preparation of N-(4-(4-amino-1-(3-fluoro-4-(3-formylazetidin-1-yl)phenyl)-1H-
pyrazolo [3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0416] To a  solution of N-(4-(4-amino-1-(4-(3-(dimethoxymethyl)azetidin-1-yl)-3-
fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (200 mg,
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80 % purity, 0.26 mmol) was added THF: H>yO:H>SO4 (6 mL, 2:3:1). The mixture was stirred at

room temperature for overnight. The solvent was removed in vacuum and the residue was
diluted with DCM (20 mL). The organic phase was washed with saturated NaHCO3 solution,

brine and dried over Na,SO4. The solvent was removed in vacuum. The residue was purified
by silica gel chromatography using PE/ EA = 1:1 to give the desired product (100 mg, 67.5 %).
LC/MS: 570.1 [M+H]*.

Step 8: Preparation of (S)-N-(4-(4-amino-1-(4-(3-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindo lin-5-yl)piperazin-1-yl)methyl)azetidin-1-yl)-3-fluorophenyl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl) benzyl)-5-fluoro-2-methoxybenzamide

[0416] To a solution of N-(4-(4-amino-1-(3-fluoro-4-(3-formylazetidin-1-yl)phenyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (100 mg, 0.17 mmol),
(8)-3-(1-oxo-5-(piperazin-1-yl)isoindolin-2-yl) piperidine-2,6-dione (63.4 mg, 0.19 mmol) and
TEA (88 mg, 0.87 mmol) in MeOH/DMF (6 mL, 2:1) was added AcOH (0.5 mL) and NaBH3CN
(44.1 mg, 0.70 mmol). The mixture was stirred at 60 °C for 1 hour. The reaction mixture was
cooled to room temperature and quenched by adding water (5 mL). The mixture was extracted
with DCM (15 mLx3). The organic phase was washed with brine and dried over Na»>SO4. The

solvent was removed and purified by Prep-HPLC to afford the desired compound (50 mg, 98.7
% purity, 32.9 % yield). LC/MS: 882.3 [M+H]".

TH NMR (400 MHz, DMSO) & 10.96 (s, 1H), 8.90 (¢, J = 6.2 Hz, 1H), 8.35 (s, 1H), 7.93 - 7.89
(m, 1H), 7.85 - 7.83 (m, 1H), 7.73 (d, J = 8.1 Hz, 2H), 7.55 - 7.52 (m, 4H), 7.38 - 7.33 (m, 1H),
7.21-7.18 (m, 1H), 7.10 - 7.06 (m, 2H), 6.72 (t, J = 9.3 Hz, 1H), 5.08 - 5.03 (dd, 1H), 4.60 (d,
J =6.1 Hz, 2H), 4.34 (d, J = 17.2 Hz, 1H), 4.22 (d, J = 17.2 Hz, 1H), 4.12 - 4.10 (m, 2H), 3.91
(s, 3H), 3.69 - 3.63 (M, 2H), 3.32 - 3.27 (m, 3H), 3.04 - 2.85 (m, 3H), 2.68 - 2.55 (M, 6H), 2.39
-2.33 (m, 2H), 1.96 - 1.91 (m, 1H).

Example 76: Preparation of N-(4-(4-amino-1-(1-(5-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 92)
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Step 1: Preparation of N-(4-(4-amino-1-(1-(5-formylpyridin-2-yl)pyrrolidin-3-yl)-1H-
pyrazolo [3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide
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[0418] To a solution of N-({4-[4-amino-1-(pyrrolidin-3-yl)pyrazolo[3,4-d]pyrimidin-3-
yllphenyl}methyl) -5-fluoro-2-methoxybenzamide (200 mg, 0.43 mmol) in DMSO (5 mL) stirred
at room temperature was added 6-bromopyridine-3-carbaldehyde (121 mg, 0.65 mmol) and
K>CO3 (120 mg, 0.86 mmol). The reaction mixture was stirred at 80 °C for 12 hours. The

reaction mixture was poured into water (100 mL) then extracted with EA (100 mLx2). The
combined organic layers were washed with water, brine, dried over Na»,SO4 and concentrated

under vacuum to give a crude product. The crude product was purified by flash column
chromatography (DCM/MeOH= 10:1) to give the desired product (150 mg, 61.1 %). LC/MS:

566.9 [M+H]*.

Step 2: Preparation of N-(4-(4-amino-1-(1-(5-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindo lin-5-yl)piperazin-1-yl)methyl)pyridin-2-yl)pyrrolidin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl) benzyl)-5-fluoro-2-methoxybenzamide

[0419] To a solution of N-(4-(4-amino-1-(1-(5-formylpyridin-2-yl)pyrrolidin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3 -yl)benzyl)-5 -fluoro-2-methoxybenzamide (130 mg, 0.23 mmol) in
MeOH/DMF/ HOAc (12 mL, 2: 1: 0.05,) stirred at room temperature was added EtsN (36 mg,
0.36 mmol), was added (S)-3-(1-oxo0-5-(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione (86
mg, 0.18 mmol) and NaBH3CN (45 mg, 0.72 mmol). The reaction mixture was stirred at 60 °C
for 1 hours. The mixture was concentrated in vacuum then poured into water (50 mL) and
extracted with EA (100 mL x 2). The combined organic layers were washed with brine (200
mL), dried over Na;SO4 and concentrated under vacuum give a crude product. The crude
product was purified by Prep-HPLC to give the desired product (18 mg, 8.9 %). LC/MS: 879.0
[M+H]*.

TH NMR (400 MHz, DMSO) & = 10.94 (s, 1H), 8.85 (t, J= 6.0 Hz, 1H), 8.28 (s, 1H), 8.18 (s,
1H), 7.99 (d, J= 2.0 Hz, 1H), 7.61 (d, J= 8.0 Hz, 2H), 7.53 - 7.45 (m, 5H), 7.36 - 7.31 (m, 1H),
7.18 (dd, J=9.2, 4.4 Hz, 1H), 7.05 (s, 1H), 7.03 (s, 1H), 6.50 (d, J= 8.4 Hz, 2H), 5.62 - 5.57 (m,
1H), 5.04 (dd, J= 13.2, 5.2 Hz, 1H), 4.57 (d, J= 6.0 Hz, 2H), 4.32 (d, J= 16.8 Hz, 1H), 4.19 (d,
J=16.8 Hz, 1H), 4.01 - 3.91 (m, 2H), 3.89 (s, 3H), 3.86 - 3.72 (m, 3H), 3.65 - 3.55 (m, 2H),
3.38 (s, 2H), 3.32 - 3.25 (m, 4H), 2.94 - 2.84 (m, 2H), 2.62 - 2.58 (m, 1H), 2.56 - 2.52 (m, 3H),
1.98 - 1.92 (m, 1H).

Example 77: Preparation of N-(4-(4-amino-1-(6-((R)-3-((4-(2-((S)-2,6-dioxopiperidin-3-
yl)-1-oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)pyridin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 93)

[0420]
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[0421] Compound 93 was prepared analogously with the procedure described for compound
66. LC/MS: 878.8 [M+H]*.

[0422] "H NMR (400 MHz, DMSO) & 10.96 (s, 1H), 8.93 - 8.86 (m, 1H), 8.67 (s, 1H), 8.31 (s,
1H), 8.08 (d, J = 7.6 Hz, 1H), 7.72 (d, J = 7.9 Hz, 2H), 7.59 - 7.49 (m, 4H), 7.38 - 7.32 (m, 1H),
7.20 (dd, J = 9.1, 4.2 Hz, 1H), 7.14 - 7.04 (m, 2H), 6.62 (d, J = 9.0 Hz, 1H), 5.06 (dd, J = 13.0,
4.7 Hz, 1H), 4.60 (d, J = 5.9 Hz, 2H), 4.34 (d, J = 17.2 Hz, 1H), 4.21 (d, J = 16.7 Hz, 1H), 3.91
(s, 3H), 3.71 - 3.50 (m, 3H), 3.49 - 3.36 (m, 3H), 3.27 - 3.15 (m, 2H), 2.89 (d, J = 11.8 Hz, 1H),
2.70 - 2.53 (m, 6H), 2.48 - 2.41 (m, 4H), 2.17 - 2.10 (m, 1H), 1.99 - 1.94 (m, 1H), 1.80 - 1.72
(m, 1H).

Example 78: Preparation of N-(4-(4-amino-1-(6-((S)-3-((4-(2-((S)-2,6-dioxopiperidin-3-
yl)-1-oxoisoindolin-5-yl) piperazin-1-yl)methyl)pyrrolidin-1-yl)pyridin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 94)

[0423]
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Step 1: Preparation of 4-((5-fluoro-2-methoxybenzamido)methyl)benzoic acid

[0424] To a solution of methyl 4-{[(5-fluoro-2-methoxyphenyl)formamido]methyl}benzoate (7.1
g, 22.37 mmol) in THF/water (100 mL, 1:1) stirred at room temperature was added LIiOH-H20
(4.7 g, 111.9 mmol). The reaction mixture was stirred at room temperature for 12 hours. The
mixture was concentrated in vacuum to 50 mL and then acidified with HCI (5 M) until pH= 5-6.
The solid was filtered, washed with water and dried in vacuum to give the desired product (6 g,

88.42%). LC/MS: 304.0 [M+H]*.

TH NMR (400 MHz, DMSO) & = 8.89 (t, J= 6.0 Hz, 1H), 7.91 (d, J= 8.0 Hz, 2H), 7.50 (dd, J=
9.2, 3.2 Hz, 1H), 7.43 (d, J= 8.0 Hz, 2H), 7.37 - 7.31 (m, 1H), 7.18 (dd, J= 9.2, 4.4 Hz, 1H),
4.56 (d, J= 6.0 Hz, 2H), 3.89 (s, 3H).

Step 2: Preparation of 4-((5-fluoro-2-methoxybenzamido)methyl)benzoyl chloride

[0425] To a solution of 4-{[(5-fluoro-2-methoxyphenyl)formamido] methyl}benzoic acid (3.9 g,
12.86 mmol) in DCM (50 mL) stirred at room temperature was added oxalyl chloride (2.2 mL,
25.72 mmol). The reaction mixture was stirred at room temperature for 2 hours. The reaction
mixture was concentrated under vacuum to give the title compound (4.0 g, crude) as a brown
oil.

Step 3: Preparation of N-(4-(2,2-dicyanoacetyl)benzyl)-5-fluoro-2-methoxybenzamide

[0426] To a solution of 4-{[(5-fluoro-2-methoxyphenyl)formamido] methyl}benzoyl chloride (4 g,
crude) and propanedinitrile (960 mg, 14.54 mmol) in acetone (40 mL) stirred at 5 °C was
added NaOH (4 mL, 39.26 mmol, 40 %) slowly. The reaction mixture was stirred at room
temperature for 2 hours. The mixture was diluted with water (40 mL) and added HCI (5 M) was
added to adjust to pH to 2-3. The solid was filtered, washed with water and dried in vacuum to

give the desired product (3.8 g, 84.10 % for two steps) as a white solid. LC/MS: 351.8 [M+H]*.
'H NMR (400 MHz, DMSO) & = 10.89 (s, 1H), 8.86 (t, J= 6.0 Hz, 1H), 7.57 (d, J= 8.0 Hz, 2H),
7.50 (dd, J=9.2, 3.2 Hz, 1H), 7.37 - 7.30 (m, 3H), 7.17 (dd, J=9.2, 4.4 Hz, 1H), 4.52 (d, J=6.0
Hz, 2H), 3.88 (s, 3H).

Step 4: Preparation of N-(4-(2,2-dicyano-1-methoxyvinyl)benzyl)-5-fluoro-2-
methoxybenzamide
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[0427] To a solution of N-{[4-(2,2-dicyanoacetyl)phenyllmethyl}-5-fluoro-2-methoxybenzamide
(3.14 g, 8.94 mmol) in dioxane (40 mL) stirred at room temperature was added NaHCO3 (6.0
g, 71.52 mmol) and dimethyl sulfate (8.45 g, 67.05 mmol). The reaction mixture was stirred at
100 °C for 2.5 hours. The mixture was poured into water (60 mL) and extracted with EtOAc
(100 mLx2). The combined organic layers were washed with brine (200 mL), dried over
Na,SO4 and concentrated under vacuum to give the title compound (3.5 g, crude) as a brown

oil. LC/MS: 366.0 [M+H]*.

Step 5: Preparation of N-(4-(5-amino-4-cyano-1H-pyrazol-3-yl)benzyl)-5-fluoro-2-
methoxybenzamide

[0428] To a solution of N-{[4-(2,2-dicyano-1-methoxyeth-1-en-1-yl)phenyllmethyl}-5-fluoro-2-
methoxybenzamide (6.2 g, crude) in MeOH/Water (20 mL, 2:1) in a sealed tube stirred at room
temperature was added hydrazine (1.4 g, 34.16 mmol, 80 %). The reaction mixture was stirred
at 100 °C for 12 hours. The mixture was poured into water (100 mL) and extracted with EtOAc
(100 mLx2). The combined organic layers were washed with brine (200 mL), dried over
Na>,SO4 and concentrated in vacuum. The residue was purified by flash chromatography
(DCM: MeOH= 10:1) to give the desired product (2.36 g, 36.1 % for two steps). LC/MS: 366.0
[M+H]".

"H NMR (400 MHz, DMSO) 6 = 12.12 (s, 1H), 8.84 (s, 1H), 7.74 (d, J= 7.6 Hz, 2H), 7.51 (dd,
J=9.2,3.2 Hz, 1H), 7.42 - 7.38 (m, 2H), 7.36 - 7.30 (m, 1H), 7.18 (dd, J= 9.2, 4.4 Hz, 1H), 6.46
(s, 1H), 4.53 (d, J=6.0 Hz, 2H), 3.89 (s, 3H).

Step 6: Preparation of N-(4-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-
2-methoxybenzamide

[0429] N-{[4-(5-amino-4-cyano-1H-pyrazol-3-yl)phenyllmethyl}-5-fluoro-2-methoxybenzamide
(2.36 g, 6.46 mmol) in formamide (30 mL) was stirred at 160 °C for 2 hours. The mixture was
poured into water (100 mL) and extracted with EtOAc (100 mLx2). The combined organic
layers were washed with brine (200 mL), dried over Na,SO4 and concentrated in vacuum. The

residue was purified by flash chromatography (DCM: MeOH= 10:1) to give the desired product
(2.1 g, 82.8 %). LC/MS: 393.0 [M+H]*.

Step 7: Preparation of (R)-(1-(5-iodopyridin-2-yl)pyrrolidin-3-yl)methanol

[0430] To a solution of 2-fluoro-5-iodopyridine (3 g, 13.45 mmol) in DMF (30 mL) stirred at
room temperature was added (3R)-pyrrolidin-3-ylmethanol (2.04 g, 20.18 mmol) and K,CO3

(5.6 g, 40.36 mmol). The reaction mixture was stirred at 100 °C for 12 hours. The mixture was
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poured into water (100 mL) and extracted with EtOAc (100 mLx2). The combined organic
layers were washed with brine (200 mL), dried over Na,SO4 and concentrated in vacuum. The

residue was purified by flash chromatography (PE:EtOAc= 3:1) to give the desired product (3.0
g, 73.3%). LC/MS: 304.8 [M+H]".

Step 8: Preparation of (R)-1-(5-iodopyridin-2-yl)pyrrolidine-3-carbaldehyde

[0431] To a solution of oxalyl chloride (2.42 g, 19.07 mmol) in DCM (30 mL) stirred at -78 °C
was added DMSO (3 g, 38.14 mmol) slowly at -78 °C for 15 minutes. Then a solution of
[(BR)-1-(5-iodopyridin-2-yl)pyrrolidin-3-ylJmethanol (2.9 g, 9.54 mmol) in DCM (5 mL) was
added slowly. After 15 minutes Et3N (3.86 g, 38.14 mmol) was added. The reaction mixture
was stirred at -78 °C for 30 minutes then warmed to room temperature and stirred for 1 hour.
The mixture was diluted with DCM (65 mL), washed with brine, dried over Na;SO4 and

concentrated in vacuum to give the title compound (3.0 g, crude) as a brown solid. LC/MS:

302.7 [M+H]*.

Step 9: Preparation of (R)-2-(3-(dimethoxymethyl)pyrrolidin-1-yl)-5-iodopyridine

[0432] To a solution of (3R)-1-(5-iodopyridin-2-yl)pyrrolidine-3-carbaldehyde (3 g, crude) in
MeOH (30 mL) stirred at 0 °C was added Acetyl chloride (1.56 g, 19.86 mmol). The reaction
mixture was stirred at room temperature for 2 hours. The reaction mixture was quenched with
EtsN (2 mL) and concentrated in vacuum. The residue was purified by flash chromatography

(PE:EtOAc= 5:1) to give the desired product (2.6 g, 78.3%). LC/MS: 348.7 [M+H]*.

TH NMR (400 MHz, CDCI3) 5 = 8.28 (d, J= 2.4 Hz, 1H), 7.61 (dd, J= 8.8, 2.4 Hz, 1H), 6.21 (d,
J= 8.8 Hz, 1H), 4.29 (d, J= 7.6 Hz, 1H), 3.59 - 3.51 (m, 2H), 3.42 - 3.34 (m, 7H), 3.25 (dd, J=
10.8, 7.6 Hz, 1H), 2.73 - 2.63 (m, 1H), 2.16 - 2.05 (m, 1H), 1.94 - 1.84 (m, 1H).

Step 10: Preparation of (R)-N-(4-(4-amino-1-(6-(3-(dimethoxymethyl)pyrrolidin-1-
yl)pyridin-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0433] To a solution of (R)-2-(3-(dimethoxymethyl)pyrrolidin-1-yl)-5-iodopyridine (300 mg, 0.86
mmol) in DMSO (10 mL) was added N-(4-(4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-
fluoro-2-methoxybenzamide (337 mg, 0.86 mmol), Na,CO3 (182 mg, 1.72 mmol), copper(l)
iodide (82 mg, 0.43 mmol) and N, N-Dimethylglycine (89 mg, 0.86 mmol) stirred under nitrogen
at 25 °C. The reaction was stirred at 110 °C for 16 hours. The mixture was filtered and washed
with DCM. The solution was concentrated in vacuum and the residue was purified by flash
column chromatography (DCM:MeOH= 10:1) to afford the desired product (460 mg, 87.2 %)

as a yellow solid. LC/MS: 612.7 [M+H]*.
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Step 11: Preparation of (R)-N-(4-(4-amino-1-(6-(3-formylpyrrolidin-1-yl)pyridin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0434] To solution of (R)-N-(4-(4-amino-1-(6-(3-(dimethoxymethyl)pyrrolidin-1-yl)pyridin-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (460 mg, 0.75
mmol) in anhydrous THF (2.5 mL) was added HCI (4 N, 2.5 ml in the dioxane). The reaction
mixture was stirred at room temperature for 4 hours. The solvent was removed in vacuum and
the residue was dissolved with DCM. The organic phase was washed NaHCOs, brine, dried
over Na;SO,4 and concentrated under vacuum to give the title compound (300 mg, crude) as a

yellow solid. LC/MS: 566.8 [M+H]".

Step 12: Preparation of N-(4-(4-amino-1-(6-((S)-3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoiso indolin-5-yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)pyridin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0435] To a solution of (R)-N-(4-(4-amino-1-(6-(3-formylpyrrolidin-1-yl)pyridin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (300 mg, crude) in
MeOH/DMF (12 mL, 2:1) stirred at room temperature was added (S)-3-(1-oxo-5-(piperazin-1-
yDhisoindolin-2-yl)piperidine-2,6-dione (260 mg, 0.53 mmol) and EtsN (107 mg, 1.06 mmol).
The mixture was stirred at room temperature for 30 minutes then AcOH (1 mL) and NaBH3CN

(134 mg, 2.12 mmol) was added. The reaction mixture was stirred under nitrogen at 60 °C for
1 hour. The mixture was diluted with water and extracted with DCM. The organic phase was
washed with brine, dried over NasSO,4 and concentrated in vacuum. The residue was purified

by Prep-HPLC to afford the desired compound (30.5 mg, 6.9 %). LC/MS: 878.8 [M+H]*.

TH NMR (400 MHz, DMSO) & = 10.98 (s, 1H), 8.92 (t, J= 6.0 Hz, 1H), 8.70 (d, J= 2.4 Hz, 1H),
8.37 (s, 1H), 8.18 (d, J= 8.8 Hz, 1H), 7.73 (d, J= 8.0 Hz, 2H), 7.61 (d, J= 8.4 Hz, 1H), 7.57 -
7.50 (m, 3H), 7.39 - 7.33 (m, 1H), 7.23 - 7.15 (m, 3H), 6.71 (d, J= 8.8 Hz, 1H), 5.07 (dd, J=
13.2, 4.8 Hz, 1H), 4.61 (d, J= 6.0 Hz, 2H), 4.37 (d, J=17.2, 1H), 4.25 (d, J=17.2, 1H), 4.10 -
4.02 (m, 2H), 3.91 (s, 3H), 3.41 - 3.37 (m, 2H), 3.27 - 3.22 (m, 4H), 2.95 - 2.85 (m, 2H), 2.77
(d, J= 5.2 Hz, 2H), 2.65 - 2.55 (m, 1H), 2.45 - 2.30 (m, 2H), 2.27 - 2.24 (m, 2H), 1.98 - 1.93 (m,
2H), 1.91 - 1.85 (m, 2H).

Example 79: Preparation of N-(4-(4-amino-1-(4-((R)-3-((4-(2-((S)-2,6-dioxopiperidin-3-
yl)-1-oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)-3-fluorophenyl)-1H-
pyrazolo[3,4-d] pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 95)

[0436]
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Step 1: Preparation of (S)-(1-(2-fluoro-4-nitrophenyl)pyrrolidin-3-yl)methanol

[0437] To a solution of 1,2-difluoro-4-nitrobenzene (2.0 g, 12.6 mmol) in CH3CN (30 mL) was

added (3S)-pyrrolidin-3-ylmethanol hydrochloride (1.91 g, 13.8 mmol) and DIEA (4.89 g, 37.8
mmol). The reaction was stirred at 80 °C for 3 hours and then quenched by adding water. The
mixture was extracted with EA, washed with brine and dried over Na,SO4. The solvent was

removed in vacuum and the residue was purified by flash with PE: EA = 1: 1 to afford the

desired product (2.8 g, 90 % purity, 82.5 % yield) as a yellow solid. LC/MS: 241.1 [M+H]*.

Step 2: Preparation of (S)-(1-(4-amino-2-fluorophenyl)pyrrolidin-3-yl)methanol

[0438] To a solution of (S)-(1-(2-fluoro-4-nitrophenyl)pyrrolidin-3-yl)methanol (2.8 g, 90 %
purity, 10.5 mmol) in methanol (40 mL) was added Pd/C (0.28 g, 10 %). The reaction was
stirred under H, atmosphere at 1 atm for 16 hours at 25 °C. The catalyst was filtered off and

washed with MeOH. The solution was concentrated in vacuum to afford the desired product
(2.2 g, 99.6 %) as a brown oil. LC/MS: 211.1 [M+H]*.

Step 3: Preparation of (S)-(1-(2-fluoro-4-iodophenyl)pyrrolidin-3-yl)methanol

[0439] To a solution of (S)-(1-(4-amino-2-fluorophenyl)pyrrolidin-3-yl)methanol (2.1 g, 9.98
mmol) in CH3CN (30 mL) was added con. HCI (2.5 mL), NaNO» (827 mg, 11.98 mmol,

dissolved in 5 mL H»O) at 0 °C. The mixture was stirred at 0 °C for 2 hours and Kl (4.14 g,

24.97 mmol) was added. The reaction mixture was stirred at room temperature for 17 hours.
The reaction was quenched by adding water (40 mL) and extracted with EA (40 mLx3). The
organic phase was washed with brine and dried over Na;SO4. The solvent was removed in

vacuum. The residue was purified by flash with PE: EA = 3: 1 to afford the desired product (2 g,
62.3 %) as a yellow solid. LC/MS: 321.8 [M+H]".

Step 4: Preparation of (S)-1-(2-fluoro-4-iodophenyl)pyrrolidine-3-carbaldehyde
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[0440] To a solution of (S)-(1-(2-fluoro-4-iodophenyl)pyrrolidin-3-yl)methanol (1.9 g, 5.9 mmol)
in DCM (20 mL) was added Dess-Martin periodinane (3.75 g, 8.8 mmol). The reaction was
stirred at 25 °C for 2 hours. The reaction was quenched with saturated Na>S>03 solution then
extracted with EA. The organic phase was washed with brine and dried over Na,SO4. The

solvent was removed in vacuum and the residue was purified by flash with PE: EA=1: 1 to
afford the desired product (2 g, 80 % purity, 84.9 % yield) as a white solid. LC/MS: 319.8

[M+H]".

Step 5: Preparation of (S)-3-(dimethoxymethyl)-1-(2-fluoro-4-iodophenyl)pyrrolidine

[0441] To a solution of (S)-1-(2-fluoro-4-iodophenyl)pyrrolidine-3-carbaldehyde (2.0 g, 80 %
purity, 5.0 mmol) in MeOH (20 mL) was added acetyl chloride (1.04 g, 13.2 mmol) stirred
under nitrogen at 0 °C. The reaction was stirred at 25 °C for 2 hours. The reaction was
quenched with TEA and the solvent was removed in vacuum. The residue was purified by flash
column chromatography with PE: EA = 1: 1 to afford the desired product (1.0 g, 90 % purity,

49.2 % yield) as a white solid. LC/MS: 365.7 [M+H]*.

Step 6: Preparation of (S)-N-(4-(4-amino-1-(4-(3-(dimethoxymethyl)pyrrolidin-1-yl)-3-
fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0442] To a solution of (S)-3-(dimethoxymethyl)-1-(2-fluoro-4-iodophenyl)pyrrolidine (220 mg,
90 % purity, 0.54 mmol) in DMSO (10 mL) was added N-[(4-{4-amino-1H-pyrazolo[3,4-
d]pyrimidin-3-yl}phenyl)methyl]-5-fluoro-2-methoxybenzamide (257.89 mg, 0.65 mmol),
Na,CO3 (127.72 mg, 1.2 mmol), copper(l) iodide (57.37 mg, 0.3 mmol) and N,N-
dimethylglycine (62.13 mg, 0.6 mmol) stirred under nitrogen at 25 °C. The reaction was stirred
at 110 °C for 16 hours. The mixture was filtered and washed with DCM. The solvent was

removed in vacuum and the residue was purified by flash with DCM: MeOH = 10: 1 to afford
the desired product (170 mg, 90 % purity, 44.1 % yield) as a yellow solid. LC/MS: 629.8

[M+H]*.

Step I Preparation of (S)-N-(4-(4-amino-1-(3-fluoro-4-(3-formylpyrrolidin-1-
yl)phenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0443] To a solution of (S)-N-(4-(4-amino-1-(4-(3-(dimethoxymethyl)pyrrolidin-1-yl)-3-
fluorophenyl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (170 mg,
90 % purity, 0.24 mmol) in DCM (4 mL) was added HCI (4N in the dioxane, 4 mL) stirred under
nitrogen at 25°C. The reaction was stirred at 25 °C for 4 hours. The mixture was basified with



DK/EP 4039688 T3

saturated NaHCO3 solution and extracted with DCM. The organic phase was washed with

brine and dried over Na,SO4. The solution was concentered in vacuum to afford the desired

product (160 mg, crude) as a yellow solid. LC/MS: 583.8 [M+H]*.

Step 8: Preparation of N-(4-(4-amino-1-(4-((R)-3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)-3-fluorophenyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0444] To a solution of (S)-3-(1-ox0-5-(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione (150
mg, 0.3 mmol) in MeOH/DMF/AcOH (5 mL, 2:1:0.02) was added (S)-N-(4-(4-amino-1-(3-
fluoro-4-(3-formylpyrrolidin-1-yl)phenyl)-1H-pyrazolo[3,4-d] pyrimidin-3-yl)benzyl)-5-fluoro-2-

methoxybenzamide (150 mg, 0.25 mmol), TEA (52 mg, 0.51 mmol) and NaBH3;CN (48 mg,
0.77 mmol). The reaction was stirred at 60 °C for 1 hour. The reaction mixture was cooled to
room temperature and then quenched with water. The mixture was extracted with DCM,
washed with brine, dried over Na,SO,4 and concentered in vacuum. The residue was purified

by Prep-TLC with DCM: MeOH = 10: 1 to afford the desired product (60 mg, 26.0 %) as a white
solid. LC/MS: 896.7 [M+H]*.

TH NMR (400 MHz, ) 5 10.92 (s, 1H), 8.86 (t, J = 6.1 Hz, 1H), 8.32 ('s, 1H), 7.89 (dd, J = 15.2,
2.5 Hz, 1H), 7.79 (dd, J = 8.8, 2.0 Hz, 1H), 7.69 (d, J = 8.2 Hz, 2H), 7.52 - 7.47 (m, 4H), 7.34 -
7.28 (m, 1H), 7.16 (dd, J = 9.1, 4.3 Hz, 1H), 7.03 (d, J = 8.2 Hz, 2H), 6.84 (t, J = 9.5 Hz, 1H),
5.02 (dd, J = 13.3, 5.1 Hz, 1H), 4.57 (d, J = 6.1 Hz, 2H), 4.30 (d, J = 17.0 Hz, 1H), 4.17 (d, J =
17.0 Hz, 1H), 3.88 (s, 3H), 3.51 - 3.45 (m, 1H), 3.42 - 3.37 (m, 2H), 3.27 - 3.25 (m, 3H), 3.21 -
3.11 (m, 2H), 2.90 - 2.81 (m, 1H), 2.60 - 2.52 (M, 6H), 2.41 - 2.24 (m, 4H), 2.07 - 2.01 (m, 1H),
1.95 - 1.89 (m, 1H), 1.69 - 1.62 (m, 1H).

Example 80: Preparation of N-(4-(4-amino-1-(4-((S)-3-((4-(2-((S)-2,6-dioxopiperidin-3-
yl)-1-oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)-3-fluorophenyl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 96)
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[0446] Compound 96 was prepared analogously with the procedure described for compound
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95. LC/MS: 896.6 [M+H]*.

1H NMR (400 MHz, DMSO) 5 10.98 (s, 1H), 9.61 (bs, 1H), 8.93 - 8.90 (m, 1H), 8.38 (s, 1H),
7.99 - 7.85 (m, 2H), 7.73 (d, J = 8.2 Hz, 2H), 7.63 - 7.50 (m, 4H), 7.39 - 7.33 (m, 1H), 7.20 (m,
3H), 6.94 - 6.89 (m, 1H), 5.07 (m, 1H), 4.61 (d, J = 6.1 Hz, 2H), 4.39 - 4.35 (m, 1H), 4.26 -
4.22 (m, 1H), 4.08 - 4.02 (m, 2H), 3.91 (s, 3H), 3.74 - 3.63 (m, 3H), 3.54 - 3.36 (m, 4H), 3.28 -
3.13 (m, 5H), 2.95 - 2.76 (m, 3H), 2.64 - 2.56 (m, 1H), 2.43 - 2.34 (m, 1H), 2.26 - 2.18 (m, 1H),
2.00 - 1.94 (m, 1H), 1.82 - 1.74 (m, 1H).

Example 81: Preparation of (S)-N-(4-(4-amino-1-(6-(3-((4-(2-(2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)azetidin-1-yl)pyridin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide (Compound 97)

[0447]
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Step 1: Preparation of (1-(5-iodopyridin-2-yl)azetidin-3-yl)methanol

[0448] To a solution of 2-fluoro-5-iodopyridine (2.2 g, 9.86 mmol) in DMA (100 mL) stirred
under argon at room temperature was added azetidin-3-ylmethanol (1.2 g, 9.86 mmol) and
potassium carbonate (4.1 g, 29.59 mmol). The reaction mixture was stirred at 100 °C for
overnight. The reaction was quenched by adding water (50 mL) and extracted with DCM (50
mLx3). The organic phase was washed with brine and dried over Na,SO4. The solvent was

removed in vacuum and the residue was purified by flash column chromatography with PE: EA
= 5: 1 to afford the desired product (1.5 g, 52.4 %) as a yellow solid. LC/MS: 290.8 [M+H]*.

Step 2: Preparation of 1-(5-iodopyridin-2-yl)azetidine-3-carbaldehyde

[0449] To a solution [1-(5-iodopyridin-2-yl)azetidin-3-yllmethanol (1.4 g, 4.82 mmol) in DCM
(80 mL) stirred at room temperature was added Dess-Martin periodinane (3 g, 7.24 mmol).
The reaction mixture was stirred at room temperature for 4 hours. The solvent was removed in
vacuum and the residue was purified by flash with PE: EA = 5: 1 to afford the desired product

(700 mg, 50.3 %) as a yellow solid. LC/MS: 306.7 [M+H,O[".
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Step 3: Preparation of 2-(3-(dimethoxymethyl)azetidin-1-yl)-5-iodopyridine

[0450] To a solution of 1-(5-iodopyridin-2-yl) azetidine-3-carbaldehyde (700 mg, 2.42 mmol) in
MeOH (10 mL) stirred under argon at 0 °C was added acetyl chloride (381 mg, 4.859 mmol).
The reaction mixture was stirred at room temperature for 2 hours. The reaction was quenched
with TEA (1 mL). The solvent was removed in vacuum and the residue was purified by flash
column chromatography with PE: EA = 5: 1 to afford the desired product (400 mg, 49.2 %).

LC/MS: 334.8 [M+H]*.

Step 4: Preparation of N-(4-(4-amino-1-(6-(3-(dimethoxymethyl)azetidin-1-yl)pyridin-3-
yl)-1H-pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0451] To a solution of 2-[3-(dimethoxymethyl)azetidin-1-yl]-5-iodopyridine (200 mg, 0.59
mmol) in DMSO (13 mL) was added N-[(4-{4-amino-1H-pyrazolo[3,4-d]pyrimidin-3-
yl}phenyl)methyl]-5-fluoro-2-methoxybenzamide (282 mg, 0.71 mmol), Na;COs (139.5 mg,
1.31 mmol), copper(l) iodide (63 mg, 0.32 mmol) and N, N-dimethylglycine (67.89 mg, 0.65
mmol) stirred under nitrogen at 25 °C. The reaction was stirred at 110 °C for overnight. The
reaction was quenched by adding water (50 mL) and extracted with DCM (50 mLx3). The
organic phase was washed with brine and dried over Na;SO4. The solvent was removed in

vacuum and the residue was purified by flash column chromatography with DCM: MeOH = 10:
1 to afford the desired product (200 mg, 55.8 %) as a white solid. LC/MS: 599.2 [M+H]*.

Step 5: Preparation of N-(4-(4-amino-1-(6-(3-formylazetidin-1-yl)pyridin-3-yl)-1H-
pyrazolo[3,4-d]pyrimidin-3-yl)benzyl)-5-fluoro-2-methoxybenzamide

[0452] To a solution of N-{[4-(4-amino-1-{6-[3-(dimethoxymethyl)azetidin-1-yl]pyridin-3-
yl}pyrazolo [3,4-d]pyrimidin-3-yl)phenyllmethyl}-5-fluoro-2-methoxybenzamide (100 mg, 0.16
mmol) in DCM (10 mL) stirred at room temperature was added HCl/dioxane (10 mL). The
reaction mixture was stirred at room temperature overnight. The solution was concentrated in

vacuum to give the title compound (110 mg, crude) as a yellow solid. LC/MS: 553.2 [M+H]*.
Step 6: Preparation of (S)-N-(4-(4-amino-1-(6-(3-((4-(2-(2,6-dioxopiperidin-3-yl)-1-

oxoisoindo lin-5-yl)piperazin-1-yl)methyl)azetidin-1-yl)pyridin-3-yl)-1H-pyrazolo[3,4-
d]pyrimidin-3-yl) benzyl)-5-fluoro-2-methoxybenzamide

[0453] To a solution of (S)-3-(1-oxo0-5-(piperazin-1-yl)isoindolin-2-yl)piperidine-2,6-dione
(105.6 mg, 0.217 mmol) in MeOH (6 mL)/DMF (3 mL) stirred under argon at room temperature
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was added TEA (37 mg, 0.36 mmol) and N-[(4-{4-amino-1-[6-(3-formylazetidin-1-yl)pyridin-3-
yllpyrazolo[3,4-d]pyrimidin-3-yl}phenyl)methyl]-5-fluoro-2-methoxybenzamide(100 mg, 0.181
mmol). Then NaBH3CN (34 mg,0.54 mmol) and AcOH (0.5 mL) was added. The reaction
mixture was stirred at 60 °C for 1 hour. The reaction mixture was cooled to room temperature
and quenched by adding water (10 mL). The mixture was extracted with DCM (10 mLx3). The
combined organic phase was washed with brine and dried over Na,SO4. The solvent was

removed in vacuum and the residue was purified by flash chromatography with DCM: MeOH =
10: 1 to afford the desired product (30 mg, 97.65 % purity, 18.7 % vyield) as a white solid.

LC/MS: 864.5 [M+H]*.

TH NMR (400 MHz, DMSO) & 10.97 (s, 1H), 8.93 (t, J = 6.0 Hz, 1H), 8.69 (s, 1H), 8.32 (s, 1H),
8.17 - 8.10 (m, 1H), 7.72 (d, J = 8.4 Hz, 2H), 7.59 - 7.48 (m, 4H), 7.38 - 7.32 (m, 1H), 7.20 (dd,
J =92, 43 Hz, 1H), 7.15 - 7.00 (m, 2H), 6.56 (d, J = 9.2 Hz, 1H), 5.06 (dd, J = 13.2, 5.1 Hz,
1H), 4.60 (d, J = 6.0 Hz, 2H), 4.40 - 4.05 (m, 5H), 3.91 (s, 3H), 3.80 - 3.62 (m, 2H), 3.35 - 3.25
(m, 3H), 3.20 - 2.80 (m, 4H), 2.73 - 2.55 (m, 4H), 2.43 - 2.35 (m, 2H), 2.11 - 1.88 (m, 2H), 1.25
-1.20 (m, 1H).

Testing of Compounds for BTK Activity

EXAMPLE 82. BTK degradative activity of exemplary compounds of the present
disclosure in a RAMOS cell line.

[0454] RAMOS (ATCC) cells were plated in 24-well plates at 8x10° cells/well in the RPMI
growth medium containing 10% heat-inactivated FBS and 1x Penicillin Streptomycin, and then
incubated at 37°C overnight. The following day, the test compound was administered to the
cells by using 1000x compound stock solution prepared in DMSO at various concentrations.
After administration of the compound, the cells were then incubated at 37°C for 6 hours.

[0455] Upon completion, the cells were collected by centrifugation and lysed in Laemmli
sample buffer (1x; VWR International). Proteins in cell lysate were separated by SDS-PAGE

and transferred to Odyssey nitrocellulose membranes (Licor) with iblot® dry blotting transfer
system (ThermoFisher). Nonspecific binding was blocked by incubating membranes with
Intercept Blocking Buffer (Licor) for 1 hour at room temperature with gentle shaking. The
membranes were then incubated overnight at 4 °C with primary antibodies anti-BTK (Cell
signaling, cat. #8547) and anti-GAPDH (Cell signaling, cat. #5179) diluted in Intercept Blocking
Buffer containing 0.1% Tween 20. After washing 3 times with TBS-T, the membranes were

incubated with IRDye® 800CW goat anti-mouse 1gG (1:20,000, Licor) or IRDye® 800CW goat
anti-rabbit IgG (1:20,000, Licor) for 1 hour. After TBS-T washes, membranes were rinsed in

TBS and scanned on Odyssey® CLx Imaging System (Licor). The bands were quantified using

Image Studio ™ Software (Licor).
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[0456] Figure 1 and Figure 2 illustrate the BTK degradative activity of exemplary compounds
49, 51, 53, 54, 93, and 96 and reference compounds 13, 25, 34, 42, 48, and 78 of the present
disclosure in a RAMOS cell line 6 hours after administration.

[0457] Table 3 summarizes the BTK degradative activity of exemplary compounds and
reference compounds of the present disclosure in a RAMOS cell line 6 hours after
administration. The DCsq values (i.e., the concentration of test compound at which 50% of the

target protein is degraded) were calculated. A designation of "A" corresponds to a DCsy value

less than 10 nM. A designation of "B" corresponds to a DC 5y value greater than or equal to 10

nM and less than 100 nM. A designation of "C" corresponds to a DCsq value greater than or

equal to 100 nM.

Table 3

A: <10 nM, B: 210 and <100 nM, C: 2100 nM

Compound#

RAMOS BTK Degradation DC50 (nM)
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A: <10 nM, B: 210 and <100 nM, C: 2100 nM

Compound#

RAMOS BTK Degradation DC50 (nM)

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

58

60
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A: <10 nM, B: 210 and <100 nM, C: 2100 nM
Compound# RAMOS BTK Degradation DC50 (nM)

61
62
63
64
65
66
71
72
73
74
75
76
77
78
79
80
85
92
93
94
95
9
97
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EXAMPLE 83. Generation of REC-1 BTKC481S cell line

[0458] The BTK gene in REC-1 cell line (ATCC) was edited by the CRISPR-Cas9 technology to
create a C to S point mutation at residue 481 of BTK protein. For gene editing, first, gRNA

complex was prepared with Alt-R CRISPR-Cas9 tracrRNA and crRNA BTKC41S (5.

GUAGUUCAGGAGGCAGCCAU-3") (IDT-Integrated DNA Technologies), and then BTKC481S
ribonucleoprotein (RNP) complex was prepared with gRNA complex and Alt-R S.p. Cas9

Nuclease V3 (IDT-Integrated DNA Technologies). Next, 1 x 10° REC-1 cells were
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electroporated with BTKC*1S RNP complex, Alt-R Cas9 Electroporation Enhancer and
BTKC481S Ultramer DNA Oligo (5'-
AGCTGCTGAGTCTGGAAGCGGTGGCGCATCTCCCTCAGATAGTTCAGGAGGG
AGCCGTTGGCCATGTACTCAGTGATGATGAAGATGGGGCGCTGCTTGGTGCA G-3') (IDT-
Integrated DNA Technologies) using Neon Transfection System (Thermo Fisher) under the
condition of 1400 V, 10 ms, 3 pulses. Cells were then plated in a 96-well plate for 10 days and
selected with 10 nM Ibrutinib for 5 passages. C481S mutation of BTK was further validated by
Sanger Sequencing using gDNA extracted from these cells.

Growth inhibitory activity of exemplary compounds of the present disclosure in a BTK-

dependent REC-1 and REC-1 BTK®#1S ¢e|| line.

[0459] REC-1 (ATCC) and REC-1 BTKC481S cells were plated in 96-well plates at 8,000
cells/well in 90 ul of RPMI growth medium containing 10% heat-inactivated FBS and 1x
Penicillin Streptomycin, and then incubated at 37°C overnight. The following day, the test
compound was administered to the cells by using 10x compound stock solution prepared in
growth medium at various concentrations. After administration of the compound, cells were
then incubated at 37°C for 6 days. Before CellTiter-Glo assay, the plates were equilibrated at

room temperature for approximately 10 minutes. 100 ul of CellTiter-Glo® Reagent (Promega)
was added to each well. The plates were then incubated at room temperature for 10 minutes
and luminescence was recorded by EnSpire plate reader (PerkinElmer).

[0460] Table 4 summarizes the growth inhibitory activity of exemplary compounds of the

present disclosure in a BTK-dependent REC-1 and REC1 BTKC481S cell line 6 days after
administration.

[0461] The Glsg values (i.e., the concentration of test compound at which 50% of cell growth
are inhibited) were calculated. A designation of "A" corresponds to a DC5qg value less than 20
nM. A designation of "B" corresponds to a DCsp value greater than or equal to 20 nM and less
than 200 nM. A designation of "C" corresponds to a DCsqg value greater than or equal to 200
nM.

Table 4
A: <20 nM, B: 220 and <200 {A: <20 nM, B: =220 and <200 nM, C:
nM, C: 2200 nM 2200 nM

Compound# ;REC1 Cellular Growth REC1 BTK®481S cellular Growth
Inhibition IC50 (nM) Inhibition IC50 (nM)

49 A A

50 A N/A

51 A N/A

52 A N/A
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A: <20 nM, B: 220 and <200 {A: <20 nM, B: 220 and <200 nM, C:
nM, C: 2200 nM 2200 nM

Compound# ;REC1 Cellular Growth REC1 BTK®481S cellular Growth
Inhibition IC50 (nM) Inhibition IC50 (nM)

53 A N/A

54 A N/A

55 C N/A

58 C N/A

59 A A

60 B N/A

61 A N/A

62 B N/A

63 B N/A

64 B N/A

65 A A

66 A A

85 A A

92 B N/A

93 A A

94 A A

95 A A

96 A A

97 A A
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KRAV
1. Forbindelse valgt blandt:

(S)-N-(4-(4-amino-1-(4-(4-((4-(2-(2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)methyl)piperidin-1-yl)-3-fluorphenyl)- 1 H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(4-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)piperazin-1-yl)methyl)piperidin-1-yl)-3-fluorphenyl)- 1 H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

(S)-N-(4-(4-amino-1-(4-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-6-fluor-1-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)piperidin-1-yl)-3-fluorphenyl)- 1 H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

(S)-N-(4-(4-amino-1-(1-(5-((4-(2-(2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)methyl)pyridin-2-yl)piperidin-4-yl)- 1H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

(S)-N-(4-(4-amino-1-(1-(4-((4-(2-(2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)methyl)phenyl)piperidin-4-yl)-1H-pyrazol|3,4-d]pyrimidin-3-yl)benzyl)-5-
fluor-2-methoxybenzamid;

(S)-N-(4-(4-amino-1-(1-(5-((4-(2-(2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)methyl)pyridin-2-yl)azetidin-3-yl)- 1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-
5-fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(1-(5-(4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)pentanoyl)pyrrolidin-3-yl)- 1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-
2-methoxybenzamid;

N-(4-(4-amino-1-((S)-1-(5-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)pyridin-2-yl)pyrrolidin-3-yl)-1H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

N-(4-(4-amino-1-((R)-1-(5-((4-(2-((S)-2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)methyl)pyridin-2-yl)pyrrolidin-3-yl)-1H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(1-(6-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)pyridin-3-yl)pyrrolidin-3-yl)-1H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;
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(S)-N-(4-(4-amino-1-(6-(4-((4-(2-(2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)methyl)piperidin-1-yl)pyridin-3-yl)- 1H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(1-(4-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)phenyl)pyrrolidin-3-yl)-1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-
fluor-2-methoxybenzamid;

(S)-N-(4-(4-amino-1-(1-(4-((4-(2-(2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)methyl)phenyl)azetidin-3-yl)- 1H-pyrazol[3.4-d]pyrimidin-3-yl)benzyl)-5-
fluor-2-methoxybenzamid;

(S)-N-(4-(4-amino-1-(1-(4-((4-(2-(2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)methyl)benzoyl)azetidin-3-yl)- 1H-pyrazol|3.4-d]pyrimidin-3-yl)benzyl)-5-
fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(1-(4-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)benzoyl)pyrrolidin-3-yl)- 1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-
fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(1-(6-(4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)hexanoyl)pyrrolidin-3-yl)-1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-
2-methoxybenzamid;

N-(4-(4-amino-1-(4-(3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)- 1-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)-3-fluorphenyl)-1H-pyrazol[3.4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(6-(3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)pyridin-3-yl)-1H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(4-(6-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)-3-azabicyclo[3.1.0]hexan-3-yl)-3-fluorphenyl)-1H-pyrazol[3,4-
d]pyrimidin-3-yl)benzyl)-5-fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(4-((1R,5S,6s)-6-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)-3-azabicyclo[3.1.0]hexan-3-yl)-3-fluorphenyl)- 1H-
pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(4-((1R,5S,6r)-6-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-
S-yl)piperazin-1-yl)methyl)-3-azabicyclo[3.1.0]hexan-3-yl)-3-fluorphenyl)- 1H-pyrazol|3,4-
d]pyrimidin-3-yl)benzyl)-5-fluor-2-methoxybenzamid;
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(S)-N-(4-(4-amino-1-(4-(4-((4-(2-(2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)methyl)piperidin-1-yl)-3-fluorphenyl)- 1 H-pyrazol[3,4-d]pyrimidin-3-
yl)benzyl)picolinamid;

N-(4-(4-amino-1-(4-((R)-3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-6-fluor-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyrrolidin- 1-yl)-3-fluorphenyl)- 1H-pyrazol| 3,4-
d]pyrimidin-3-yl)benzyl)picolinamid;

N-(4-(4-amino-1-(4-((S)-3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-6-fluor-1-
oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyrrolidin- 1-yl)-3-fluorphenyl)- 1H-pyrazol| 3,4-
d]pyrimidin-3-yl)benzyl)picolinamid;

N-(4-(4-amino-1-(1-(1'-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-yl)-[ 1,3'-
biazetidin]-3-yl)piperidin-4-yl)- 1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-
methoxybenzamid;

N-(4-(4-amino-1-(1'-(1-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-yl)azetidin-
3-yD)-[1.4"-bipiperidin]-4-yl)- 1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-
methoxybenzamid;

(S)-N-(4-(4-amino-1-(4-(3-((4-(2-(2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)methyl)azetidin-1-yl)-3-fluorphenyl)- 1H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

(S)-N-(4-(4-amino-1-(1-(1-(2-(4-(2-(2,6-dioxopiperidin-3-yl)- 1-oxoisoindolin-5-
yl)piperazin-1-yl)ethyl)azetidin-3-yl)piperidin-4-yl)- 1H-pyrazol|3,4-d Jpyrimidin-3-yl)benzyl)-
5-fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(1-(1-(2-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)piperazin-1-yl)ethyl)azetidin-3-yl)piperidin-4-yl)- 1H-pyrazol|3,4-d Jpyrimidin-3-yl)benzyl)-
5-fluor-2-methoxybenzamid;

Trans-N-(4-(4-amino-1-(1-(3-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)piperazin-1-yl)cyclobutyl)piperidin-4-yl)- 1H-pyrazol|3,4-d Jpyrimidin-3-yl)benzyl)-5-fluor-
2-methoxybenzamid;

Cis-N-(4-(4-amino-1-(1-(3-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)piperazin-1-yl)cyclobutyl)piperidin-4-yl)- 1H-pyrazol|3,4-d Jpyrimidin-3-yl)benzyl)-5-fluor-
2-methoxybenzamid;

trans-N-(4-(4-amino-1-(1-((1S,31)-3-(4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-
oxoisoindolin-5-yl)piperazin-1-yl)cyclobutyl)piperidin-4-yl)- 1H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;
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Cis-N-(4-(4-amino-1-(1-(3-(4-(2-((S)-2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)cyclobutyl)piperidin-4-yl)- 1H-pyrazol|3,4-d Jpyrimidin-3-yl)benzyl)-5-fluor-
2-methoxybenzamid;

N-(4-(4-amino-1-(1-(5-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)pyridin-2-yl)pyrrolidin-3-yl)-1H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(6-((R)-3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)pyridin-3-yl)-1H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(6-((S)-3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)pyridin-3-yl)-1H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(4-((R)-3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)-3-fluorphenyl)-1H-pyrazol[3.4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(4-((S)-3-((4-(2-((S)-2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)-3-fluorphenyl)-1H-pyrazol[3.4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

(S)-N-(4-(4-amino-1-(6-(3-((4-(2-(2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)methyl)azetidin-1-yl)pyridin-3-yl)- 1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-
5-fluor-2-methoxybenzamid;

(S)-N-(4-(4-amino-1-(4-(4-((4-(2-(2,6-dioxopiperidin-3-yl)-3-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)piperidin-1-yl)-3-fluorphenyl)- 1 H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

(S)-N-(4-(4-amino-1-(4-(3-((4-(2-(2,6-dioxopiperidin-3-yl)-3-oxoisoindolin-5-
yl)piperazin-1-yl)methyl)azetidin-1-yl)-3-fluorphenyl)- 1H-pyrazol[3,4-d]pyrimidin-3-
ylbenzyl)-5-fluor-2-methoxybenzamid;

(S)-N-(4-(4-amino-1-(1-(2-(4-(2-(2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)ethyl)piperidin-4-yl)-1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-
methoxybenzamid;

(S)-N-(4-(4-amino-1-(1-(2-(4-(2-(2,6-dioxopiperidin-3-yl)-3-oxoisoindolin-5-
yl)piperazin-1-yl)ethyl)piperidin-4-yl)-1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-

methoxybenzamid;
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(S)-N-(4-(4-amino-1-(4-(4-((4-(2-(2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)methyl)piperidin-1-yl)phenyl)-1H-pyrazol|3,4-d]pyrimidin-3-yl)benzyl)-5-
fluor-2-methoxybenzamid;

N-(4-(4-amino-1-(4-(4-((1-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)azetidin-3-yl)methyl)piperazin-1-yl)phenyl)-1H-pyrazol[3.4-d]pyrimidin-3-yl)benzyl)-5-
fluor-2-methoxybenzamid; and

(S)-N-(4-(4-amino-1-(4-(3-((4-(2-(2,6-dioxopiperidin-3-yl)- 1 -oxoisoindolin-5-
yl)piperazin-1-yl)methyl)azetidin-1-yl)phenyl)- 1H-pyrazol[3.4-d]pyrimidin-3-yl)benzyl)-5-
fluor-2-methoxybenzamid eller et farmaceutisk acceptabelt salt af en hvilken som helst af

ovenstaende.

2. Forbindelse ifglge krav 1, hvor forbindelsen er (S)-N-(4-(4-amino-1-(4-(4-((4-(2-(2,6-
dioxopiperidin-3-yl)-1-oxoisoindolin-5-yl)piperazin- 1-yl)methyl)piperidin- 1-yl)-3-
fluorphenyl)- 1 H-pyrazol[ 3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-methoxybenzamid.

3. Forbindelse ifglge krav 1, hvor forbindelsen er (S)-N-(4-(4-amino-1-(4-(4-((4-(2-(2,6-
dioxopiperidin-3-yl)-6-fluor-1-oxoisoindolin-5-yl)piperazin-1-yl)methyl)piperidin-1-yl)-3-
fluorphenyl)- 1 H-pyrazol[ 3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-methoxybenzamid.

4. Forbindelse ifglge krav 1, hvor forbindelsen er (S)-N-(4-(4-amino-1-(1-(5-((4-(2-(2,6-
dioxopiperidin-3-yl)-1-oxoisoindolin-5-yl)piperazin- 1-yl)methyl)pyridin-2-yl)piperidin-4-yl)-
1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-methoxybenzamid.

5. Forbindelse ifglge krav 1, hvor forbindelsen er (S)-N-(4-(4-amino-1-(6-(4-((4-(2-(2,6-
dioxopiperidin-3-yl)-1-oxoisoindolin-5-yl)piperazin- 1-yl)methyl)piperidin- 1-yl)pyridin-3-yl)-
1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-methoxybenzamid.

6. Forbindelse ifglge krav 1, hvor forbindelsen er N-(4-(4-amino-1-(4-(3-((4-(2-((S)-2,6-
dioxopiperidin-3-yl)-1-oxoisoindolin-5-yl)piperazin-1-yl)methyl)pyrrolidin-1-yl)-3-
fluorphenyl)- 1 H-pyrazol[ 3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-methoxybenzamid.

7. Forbindelse ifglge krav 1, hvor forbindelsen er N-(4-(4-amino-1-(6-(3-((4-(2-((S)-2,6-
dioxopiperidin-3-yl)-1-oxoisoindolin-5-yl)piperazin- 1-yl)methyl)pyrrolidin-1-yl)pyridin-3-yl)-
1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-methoxybenzamid.
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8. Forbindelse ifglge krav 1, hvor forbindelsen er (S)-N-(4-(4-amino-1-(4-(3-((4-(2-(2,6-
dioxopiperidin-3-yl)-1-oxoisoindolin-5-yl)piperazin- 1-yl)methyl)azetidin-1-yl)-3-fluorphenyl)-
1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-methoxybenzamid.

9. Forbindelse ifglge krav 1, hvor forbindelsen er N-(4-(4-amino-1-(6-((R)-3-((4-(2-((S)-
2,6-dioxopiperidin-3-yl)- 1-oxoisoindolin-5-yl)piperazin- 1-yl)methyl)pyrrolidin- 1-yl)pyridin-3-
yl)-1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-methoxybenzamid.

10. Forbindelse ifglge krav 1, hvor forbindelsen er N-(4-(4-amino-1-(6-((S)-3-((4-(2-((S)-
2,6-dioxopiperidin-3-yl)- 1-oxoisoindolin-5-yl)piperazin- 1-yl)methyl)pyrrolidin- 1-yl)pyridin-3-
yl)-1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-methoxybenzamid.

11. Forbindelse ifglge krav 1, hvor forbindelsen er N-(4-(4-amino-1-(4-((R)-3-((4-(2-((S)-
2,6-dioxopiperidin-3-yl)- 1-oxoisoindolin-5-yl)piperazin- 1-yl)methyl)pyrrolidin- 1-yl)-3-
fluorphenyl)- 1 H-pyrazol[ 3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-methoxybenzamid.

12. Forbindelse ifglge krav 1, hvor forbindelsen er N-(4-(4-amino-1-(4-((S)-3-((4-(2-((S)-
2,6-dioxopiperidin-3-yl)- 1-oxoisoindolin-5-yl)piperazin- 1-yl)methyl)pyrrolidin- 1-yl)-3-
fluorphenyl)- 1 H-pyrazol[ 3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-methoxybenzamid.

13. Forbindelse ifglge krav 1, hvor forbindelsen er (S)-N-(4-(4-amino-1-(6-(3-((4-(2-(2,6-
dioxopiperidin-3-yl)-1-oxoisoindolin-5-yl)piperazin-1-yl)methyl)azetidin-1-yl)pyridin-3-yl)-
1H-pyrazol[3,4-d]pyrimidin-3-yl)benzyl)-5-fluor-2-methoxybenzamid.

14.  Farmaceutisk sammensa&tning omfattende forbindelsen ifglge et hvilket som helst af
kravene 1 til 13 og mindst én supplerende bestanddel valgt blandt farmaceutisk acceptable

barere, farmaceutisk acceptable vehikler og farmaceutisk acceptable excipienser.

15. Forbindelse ifglge et hvilket som helst af kravene 1-13, eller en farmaceutisk
sammensetning ifglge krav 14 til anvendelse i en fremgangsmade til behandling af en tilstand,
der moduleres af Brutons tyrosinkinase (BTK) hos et individ med behov derfor, hvor tilstanden
moduleret af BTK valges blandt cancer, lymfom, leukaemi, immunologisk sygdom, autoimmune

sygdomme og inflammatoriske sygdomme.
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16. Forbindelse ifglge et hvilket som helst af kravene 1-13, eller en farmaceutisk
sammensetning ifglge krav 14 til anvendelse i en fremgangsmade til behandling af en tilstand,
der moduleres af Brutons tyrosinkinase (BTK) hos et individ med behov derfor, hvor tilstanden
moduleret af BTK valges blandt B-cellemalignitet, B-cellelymfom, diffust storcellet B-
cellelymfom, kronisk lymfocytleukemi, lille lymfocytlymfom, marginalzonelymfom, non-
Hodgkinslymfom, mantelcellelymfom, follikulert lymfom, harcelleleukaemi, B-celle non-
Hodgkinslymfom, Waldenstroms makroglobulineemi, multipelt myelom, knoglecancer,
knoglemetastaser, gigt, multipel sklerose, osteoporose, irritabel tarm-syndrom, inflammatorisk
tarmsygdom, Crohns sygdom, lupus, Sjogrens syndrom, kronisk graft versus host-sygdom og
lidelser forbundet med nyretransplantation, fortrinsvis hvor tilstanden er mantelcellelymfom,
kronisk lymfatisk leukemi eller lille lymfatisk lymfom, Waldenstroms makroglobulinemi,

marginalzonelymfom, kronisk graft versus host-sygdom eller multipel sklerose.
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