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(57) Abstract: Heterobifunctional chemical linkers useful in protein degraders and other medicinal chemistry applications are pro-
vided. The heterobifunctional linkers include alkyne-piperidine and alkane-piperidine linkers; alkane- piperazine linkers; alkanamino
PEGylated linkers; dipiperazine linkers; piperazine-pyridine/pyrimidine-alkyne linkers; pyridine-PEG-piperazine linkers and pyrimi-
dine-piperazine-PEG linkers. Also provided are combinations of the provided linkers with a ligand that targets a degradation pathway,
such as an E3 ubiquitin ligase enzyme.
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Chemical Linkers
Cross-Reference to Related Applications

[0001]  The present application claims the benefit of priority of U.S.
Provisional Application No. 63/265,717, filed December 20, 2021, the

entire contents of which is incorporated herein by reference.
Background

[0002] Protein degraders are heterobifunctional molecules including a
ligand targeting a protein of interest (A) at one end; a ligand targeting a
ligase or other enzyme (C) useful in degrading the protein of interest, the
other end; and a linker (B), connecting the protein targeting ligand with the
enzyme targeting ligand. Much of the research on such protein degraders
has focused on the ligand targeting the ligase, specifically those targeting
an E3 ubiquitin ligase enzyme. Another focus of research has been
combinations of protein targeting ligands and ligase targeting ligands. The

choice of linker, however, has been less studied.

[0003]  While less studied, the choice of linker is important to these
heterobifunctional protein degraders. The linker length and pole affect, for
example, cell permeability and solubility. A need exists for new linkers that
can provide tailored properties to the heterobifunctional protein degraders.
Because of the myriad of potential applications there is a need for new
linkers that can provide specific properties, such as lipophilicity or

hydrophilicity, high solubility, and rigidity or flexibility.
Summary

[0004] Provided are chemical linkers useful in protein degraders and other
applications. In a first embodiment, the chemical linkers are those of

Formula I

pr— OH

¢ { A < S
R N
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wherein R1 is optional, and if present, is selected from piperidine and
piperazine, Rz is selected from C1-Cs alkane and C2-Cs alkyne, and PG is

an amine protecting group.

[0005] A second embodiment provided are linkers Formula II:

Boc
\Nx/\\3

K/S(uo\/\;@ /\%{OWCOOH
\ m \ Y f 10 { ”

wherein XisCorN; mis1t06; Yis-O-or-CHz-, nisfrom0to4,0is0or

1, and pis from 0 to 9.

[0006] A third embodiment provided are linkers of Formula Il

Y
BocHN” > \/\T@COOH
Rs I

wherein Y is -O- or -CHz-; R3 is C1-Cs alkyl, C3-Cs cycloalkyl, or cycloalkyl-
substituted alkyl; and pis 1 or 2.

[0007]  Afourth embodiment provided are linkers of Formula IV:

N
PGHN//\f\%f
m AV

wherein PG is an amine protecting group; m is 1-4; each X is
independently C or N; and Z is selected from -C(O)-, -C(S)-, -CHz- ,
or -CFz-.

[0008] A fifth embodiment provided are linkers of Formula V:
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PGHN COOH

7 U
— <xx\>—\_/“%

V
wherein PG is an amine protecting group, Xis N or C, and p is 1-3.
[0009] A sixth embodiment provided are linkers of Formula VI:
/*/ Ow\
PGHN A N/\
K/N Ny
|

//k

N COOH v

wherein PG is an amine protecting group; each X is independently C or N;

and nis 0-2.

[0010] A seventh embodiment provided are linkers of Formula VII:

PGN
VI

wherein PG is an amine protecting group; XisCorN; Yis N, OorC; mis
1-3; andnis 1-3.

Brief Description of the Drawing

[0011] The FIGURE is an illustration depicting a protein degrader including
(A) a ligand targeting a protein of interest, (B) a connecting linker, and (C)

a ligand targeting an enzyme.
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Detailed Description

[0012] Protein degraders are combination of three components: A, a ligand
for the target protein, B, a linker molecule and C a handle, or ligand for an
enzyme, such as E3 ubiquitin ligase enzyme. New heterobifunctional
chemical linkers of Formulas |-VII are provided. The disclosed linkers are
particularly useful in the fields of targeted protein degradation and targeted
drug delivery. One exemplary use is in protein degraders, i.e., proteolysis
targeting chimeras (PROTACSs). Such protein degraders include a ligand
specific to a target protein (A), a handle for an E3 ubiquitin ligase enzyme
(C), and a linker (B) linking the target protein-specific ligand to the E3
ubiquitin ligase enzyme, as illustrated graphically in the FIGURE. The
linkers disclosed herein are designed to have hydrophobic or hydrophilic
functionality, high solubility, and varying degrees of rigidity and/or
flexibility, making these linkers suitable for a wide range of applications.
Also provided are protein degrader building blocks including the chemical
linker attached to a handle for an E3 ubiquitin ligase enzyme. Such protein
degrader building blocks are ready to conjugate to a target protein ligand.
The linkers provided herein are also useful in other applications, including

targeted drug delivery and discovery.

[0013] In a first embodiment, the chemical linkers are those of Formula I:

SN GH
) 5
5 ™
Nswemmand 4 )

wherein R1 is optional, and if present, is selected from piperidine and
piperazine, Rz is selected from C1-Cs alkane, i.e., -CHz- to -CsH1s- and Co-
Cs alkyne, e.g., -C=C- or -Cz- to -CsH12-, and PG is an amine protecting
group. In some embodiments, the Rz is selected from ethane (-CzHs-) and
ethyne (-C=C-). In some embodiments, protecting group PG is tert-

butoxycarbonyl (tert-butyloxycarbonyl, Boc).

[0014] In some preferred embodiments, the linker of formula | is one of
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[0015] In a second embodiment, provided are linkers of Formula II:

SOC\O

X4 O { ~_ YLO .COOH
- M \v/\{{\\,/’ \7:( M

wherein X is selected from C and N; mis 1 t0 6; Y is selected

from -O- and -CHz-, nisfrom0to 4,0is0or1,andpis0to 9.

[0016] In some embodiments, the linker of Formula Il is , is that of Formula
la:

Boc
\N/w
‘\/N\/\/\/\ / Y. \
OM 0 COOH
n P

wherein Y is selected from -CHz- and -O-; nis 0to 5, and pis 1t0 5. In

[la

some embodiments of Formula lla, nis 0, 1, or 4. In some embodiments of
Formula llapis 1 or 5.

[0017] In other embodiments, the linker of Formula Il is that of Formula Ilb:
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Sl X by el LCOOH
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wherein X is selected from C and N, Y is selected from -CH2- and -O-; m is
Oor1,andnis0, 1, 2, or 3.

[0018] In still other embodiments, the linker of Formula Il is that of Formula
llc:

llc

wherein X is selected from C and N; Z is selected from -CHa2-, -CFa2-,
-C(O)-, and -C(S)-, mis 2to 5; pis 1 or 2; and PG is an amine protecting
group. In some embodiments, m is 2, 3 or 5. In some embodiments, a

preferred amine protecting group, PG, is Boc.

[0019]  Also provided are linkers of Formula Ill:

Y.
BocHN/\/ \/\T/H;COOH
Rs 1

wherein Y is selected from -O- and -CHz-; Rs is selected from C1-Cs alkyl,
Cs-Ce cycloalkyl, and cycloalkyl-substituted alkyl, and p is 1 or 2. In various
embodiments, Rs is selected from methyl, ethyl, isopropyl, tert-butyl, n-
butyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and

, ~
JAN / {

methylenecyclobutyl ( -~ ./ Ao L Y.

[0020]  Also provided are linkers of Formula IV:
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X

Z
(/'\\x/\L
N ) NH
PGHN/\M’} ~o ~

wherein PG is an amine protecting group; m is 1-4; each X is
independently selected from C and N; and Z is selected from -C(O)-,
-C(S)-, -CHz-, and -CF2-. In some embodiments, the preferred amine
protecting group, PG, is Boc. In some embodiments, both X are C. In other

embodiments, both X are N. In still other embodiments, one X is C and
one Xis N.

[0021]  Also provided are linkers of Formula V-

PGHN N VN COOH
\—'":"12‘—<: \>>N N—(—/Ip
==X !

V
wherein PG is an amine protecting group, Xis Nor C, and p is 1-3. In
some embodiments, the preferred amine protecting group, PG, is Boc.

[0022]  Also provided are linkers of Formula VI:
OM
PGHN A N/\’
e ~,
)\
N COOH VI

wherein PG is an amine protecting group; X is C or N; and n is 0-2. In

some embodiments, the preferred amine protecting group, PG, is Boc.

[0023]  Also provided are linkers of Formula VII:
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VI

wherein PG is an amine protecting group; X is C or N; Y is selected from
N, Oand C; mis 1-3; and n is 1-3. In some embodiments, the preferred

amine protecting group, PG, is Boc.

[0024] The linkers of Formulas I-VII are useful in myriad applications, such
as in protein degraders, as exemplified in the FIGURE. The linker length
and pole composition of protein degraders affect characteristics such as
cell permeability, and solubility. The linkers provided herein offer a mixture
of hydrophobic and hydrophilic functionality to balance the hydrophobicity-
hydrophilicity of the resulting hybrid compounds. These linkers, when
combined with various ligand for an E3 ubiquitin ligase enzyme, can be
used to generate a large variety of degrader building blocks (B+C). Using
these degrader building blocks, and combining this with ligand for the
target protein (A), one can generate large protein degrader libraries of their
interest, enabling screening of a large number of compounds for screening

and potentially identification of new drugs.

[0025] Further provided are compounds having a linker of Formula | — VII
and a ligand that triggers a degradation pathway. In some embodiments,
the ligand that triggers a degradation pathway is an E3 ubiquitin ligase
enzyme. In some embodiments, the ligand for an E3 ubiquitin ligase
enzyme is a derivative of an immunomodulatory drug (IMiD). In some
embodiments, the derivative of an IMiD is selected from pomalidomide
derivatives, thalidomide derivatives, lenalidomide derivatives, and VH032

derivatives.

[0026] The linkers provided herein are also useful to researchers working

in other therapeutic areas, and in medicinal chemistry projects. The



WO 2023/122481 PCT/US2022/081681

provided linkers are useful in the design and function of bioactive

molecules and the design of targeted drug delivery & discovery.
[0027] Examples

[0028] Example 1. Preparation of a representative alkyne-piperidine linker

0. .0 O.. .OH
Br K K
=9 CBry, PPhy, DOM - - LIOHH,0, THE 4,0
; Bly, Biig, UG 1} CICOOEL, nBuli, THF g Hlaw, T e !
40C R ZUCRT N 780 ¢°C o 78°C fo RT ] 0°C-RT
L LA O >
TN Step 1 N Step 2 N Step 3 N
Boc Boc o Boc Boo
4 2 3 4

[0029]  Step 1: Synthesis of tert-butyl 4-(2,2-dibromoethenyl)piperidine-1-
carboxylate

[0030]  Triphenylphosphine (123.0 g, 468.8 mmol, 4.0 eq) and
tetrabromomethane (77.76 g, 234.42 mmol, 2.0 eq) were charged in 3 L
four neck round bottom (RB) flask, equipped with a magnetic bar,
thermometer, 500 mL pressure equalizing addition funnel topped with a N2
inlet adapter. Then the reaction mass was cooled -30°C (£5°C) by dry ice-
isopropyl alcohol (IPA) mixture with stirring under nitrogen atmosphere.
Dichloromethane (DCM) (500 ml) was added slowly over a period of 45
min via addition funnel at -20°C under nitrogen atmosphere while stirring
vigorously. Reaction mass was stirred for 15 min at -20°C, followed by
slow addition of 1-bocpiperidine-4-carboxaldehyde 1 (25.0 g, 117.21
mmol, 1.0 eq) dissolved in DCM (125 ml) over a period of 2 h at the
temperature -20°C (x 5°C) with a vigorous stirring condition. Then the
reaction mass was stirred for 18 h at room temperature under nitrogen
atmosphere. After completion of reaction (checked by TLC, in 10% ethyl
acetate/hexane; Ryr. 0.5), the reaction mass was filtered through sintered
funnel, residue was washed with DCM (100 ml). Filtrate was concentrated
to dryness. Concentrated fraction was diluted with hexane (1 L) to make a
suspension. Suspension was filtered through sintered funnel, washed the

residue with hexane (200 ml). Filtrate was concentrated at 40°C.

9
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Suspension preparation, filtration, followed by filtrate concentration was
repeated two times to remove the unwanted polar impurities
(triphenylphosphine oxide). Finally, the compound was dried under
vacuum to get the off-white solid dibromoalkene 2 (24 g, 79% yield). 'H
NMR (CDCls, 400 MHz): 6 6.23 (d, J = 8.8 Hz, 2H), 4.05 (brs, 2H), 2.79 (1,
J=11.6 Hz, 2H), 2.45-2.39 (m, 1H), 1.70-1.66 (m, 2H), 1.46 (s, 9H), 1.35-
1.28 (m, 2H).

[0031]  Step 2: Synthesis of tert-butyl 4-(3-ethoxy-3-oxoprop-1-yn-1-

yhpiperidine-1-carboxylate

[0032] tert-butyl 4-(2,2-dibromoethenyl)piperidine-1-carboxylate 2 (15.0 g,
40.64 mmol, 1.0 eq), and tetrahydrofuran (THF) (300 ml) were taken in an
1 L four-necked RB flask with a magnetic bar, cooling bath, thermometer,
two 500 ml pressure equalizing addition funnels topped with a Nz inlet
adapter. Then the reaction mass was cooled to -78°C by dry ice acetone
bath under nitrogen atmosphere followed by dropwise addition of 1.4 M n-
butyl lithium (84 ml, 117.86 mmol, 2.9 eq) through liquid addition funnel
over a period of 1h at -78°C under nitrogen atmosphere. Then the reaction
mass was stirred for 1 h at -78°C and next 1h at 0°C under nitrogen
atmosphere. The reaction mass was cooled to -78°C and ethyl
chloroformate (14.4 ml, 150.37 mmol, 3.7 eq) was added dropwise to the
reaction mass over a period of 30 min under nitrogen atmosphere. The
reaction mass was warmed to 25°C over a period of 2 h and completion of
reaction was checked by thin layer chromatography (TLC) (30% ethyl
acetate in Hexane, Rf = 0.6, visualization after charging with
phosphomolybdic acid (PMA) TLC stain). The reaction mixture was
quenched carefully with the dropwise addition of ice-cold water (15 ml) at -
78°C (x 2°C) and diluted carefully with the dropwise addition of saturated
NaCl solution (200 ml) at -78°C (x 2°C), extracted ethyl acetate (250 mL X
3). Combined organic layers were dried layers over anhydrous sodium
sulfate (50 g), filtered and concentrated at 42°C under reduced pressure to
dryness to afford crude product. The crude material was purified by silica

gel (60-120 mesh) column chromatography with 4% ethyl acetate-hexane.

10
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Pure fractions were combined and concentrated at 42°C under reduced
pressure to dryness to get the ester 3 (6.5 g, 57% yield) as light brown oily
liquid. "H NMR (CDClI3, 400 MHz): d 4.20-4.15 (m, 2H), 3.69-3.65 (m, 2H),
3.17-3.11 (m, 2H), 2.69-2.65 (m, 1H), 1.81-1.75 (m, 2H), 1.64-1.62 (m,
2H), 1.40 (s,9H), 1.30-1.25 (m, 3H).

[0033] Step 3: Synthesis of 1-piperidinecarboxylic acid, 4-(2-
carboxyethynyl)-, 1-(1,1-dimethylethyl) ester

[0034] A 500 mL four necked RB flask was equipped with a magnetic bar,
thermometer and a Nz inlet adapter. Tert-butyl 4-(3-ethoxy-3-oxoprop-1-
yn-1-yl)piperidine-1-carboxylate 3 (6.50 g, 23.10 mmol, 1 eq), THF (65mL)
and water (26 mL) were added into it. Then the reaction mass was cooled
to 0° - 5°C by ice bath. Lithium hydroxide monohydrate (1.94 g, 46.23
mmol, 2 eq) in one lot. Then the reaction mass was stirred for 15 h at
25°C. After completion of reaction (checked by TLC, in 10%
methanol/DCM; Ry. 0.1), the reaction mass was concentrated to remove
the volatile solvent and the residue was washed with ethyl acetate (3x 100
ml). The ethyl acetate fraction was discarded, and the aq. fraction was
acidified with saturated aq. solution of citric acid up to pH ~ 3. Then the aq.
fraction was extracted with ethyl acetate (3 x 250 ml). Combined organics
were washed with water (3 x 100ml) and brine (2 x 100 ml). Organic layer
was dried over anhydrous sodium sulfate (50 @), filtered and concentrated
at 42°C under reduced pressure to dryness to afford crude product. The
crude material was washed by n-hexane (200 ml), filtered and dried by
vacuum to get the acid 4 (4.50 g, 77% yield) as off white solid. '"H NMR
(CDCls, 400 MHz): 6 8.50 (bs, 1H), 3.71-3.68 (m, 2H), 3.23-3.16 (m, 2H),
2.74-2.72 (m, 1H), 1.84-1.81 (m, 2H), 1.68-1.63 (m, 2H), 1.44 (s,9H).

[0035] Example 2. Synthesis of a representative alkane-piperazine linker

11
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[0036] Step 1: Synthesis of tert-butyl 3-(2-hydroxyethoxy)propanoate

[0037] To the reaction flask was added ethylene glycol (125.0 g, 2.01 mol,
1.0 eq) in 1000 ml of dry THF with stirring. Then portion-wise sodium metal
(1.38 g, 60.0 mmol, 0.03 eq.) was added into the reaction flask and heated
the reaction mixture at 50°C for 4 h to obtain a clear solution. The reaction
mixture was cooled to 0°C and dropwise added a solution of tert-Butyl
acrylate (206.1 g, , 1.61 mol, 0.8 eq.) in 300 ml of dry THF over a period of
1 h. Then the reaction mixture was allowed to stir at room temperature for
15-16 hours. The progress of the reaction was monitored by TLC (30 %
ethyl acetate in hexane; Rf. 0.25). The reaction mixture was diluted with
1.5 L of ethyl acetate and the organic layer was washed with ice-cold
water, sat. NaHCO3 and brine. The organic layer was concentrated on
rotary evaporator to yield crude product as pale green gel which was then
purified through column chromatography using 100-200 mesh silica gel
and eluted the product with 10-15% of ethyl acetate in hexane. Combined
fractions were evaporated to yield pure tert-butyl 3-(2-hydroxyethoxy)
propanoate 5 (68.0 g, 18% yield) as light greenish liquid. '"H NMR (CDCls,
400 MHz): 8 3.75 (t, 4H), 3.62 (t, 2H), 2.52(t, 2H), 1.43 (s, 9H).

[0038] Step 2: Synthesis of 3-(2-hydroxyethoxy)propanoic acid

[0039] In a 1 L RB flask tert-butyl 3-(2-hydroxyethoxy) propanoate 5 (68.0
g, 357.4 mmol, 1.0 eq) was charged in 400 ml DCM. The solution was
cooled to 0°C and then a solution of TFA (108 ml) in 200 ml of DCM was
added through addition funnel over a period of 30 minutes. Then the

reaction mixture was allowed to stir at room temperature for 15-16 hours.

12
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The progress of the reaction was monitored by TLC (5 % methanol in
dichloromethane; Rf. 0.1). After completion, the reaction mixture was
evaporated to dryness using rotary evaporator to yield thick gel. The crude
material was dissolved into 20 mL of 10% methanol in DCM and triturated
with n-hexane (250 ml X 2). Hexane layer then decanted and residue was
evaporated to yield light brown gel as tert-butyl 3-(2-hydroxyethoxy)
propanoic acid 6 (44.0 g, 92% yield). '"H NMR (CDCls, 400 MHz): d 3.75 (t,
4H), 3.62 (t, 2H), 2.32(t, 2H), 11.2 (brs, 1H)

[0040] Step 3: Synthesis of ethyl 3-(2-hydroxyethoxy)propanoate

[0041] 1000 ml four necked RB flask was equipped with refluxing
condenser, Nz inlet adapter and 3-(2-hydroxyethoxy) propanoic acid 6
(40.0 g, 198.2 mmol, 1.0 eq) was dissolved in 600 ml of ethanol into the
reaction flask with stirring. Conc. H2S0O4 (12.5 ml) was then added to the
reaction mixture dropwise and the reaction mixture was refluxed at 75°C
for 4 hours. After completion (checked by TLC in 5 % methanol in
dichloromethane; Rf: 0.6), the reaction mixture was cooled to 30°C(2)
and diluted with 1.5 L of DCM, washed the organic layer with cold water
(1000 ml X 2) and sat. NaHCO3 solution (1000 ml). Evaporation of the
organic layer to dryness using rotary evaporator afforded pale yellow
liquid. The crude material was purified using silica gel (100-200 mesh)
column chromatography using 2% methanol in DCM as eluent. Combined
fractions containing pure product were evaporated at 40°C under reduced
pressure to dryness to yield ethyl 3-(2-hydroxyethoxy) propanoate 7 as
pale yellow liquid (25 g, 52% vyield). The crude product was taken to next
step without any purification. "H NMR (CDCls, 400 MHz): 6 4.02 (q,
2H),3.75 (t, 4H), 3.62 (t, 2H), 2.52(t, 2H), 1.23 (t, 3H), LCMS (ESI, m/z):
163.0 (M+H)*.

[0042]  Step 4: Synthesis of ethyl 3-(2-bromoethoxy)propanoate

[0043] 2 L four necked RB flask was equipped with a magnetic bar, 500 ml
addition funnel and a Nz inlet adapter and ethyl 3-(2-hydroxyethoxy)
propanoate 7 (25.0 g, 154.1 mmol, 1.0 eq) in 600 ml of dry THF was

13



WO 2023/122481 PCT/US2022/081681

added into the reaction flask with stirring. Triphenylphosphine (60.6 g,
231.2 mmol, 1.5 eq.) was added to the reaction mixture in one portion and
allowed to stir the reaction mixture at room temperature for 10-15 minutes
to obtain a clear solution. The reaction mixture was cooled to 0°C and a
solution of CBrs (76.7 g, 231.2 mmol, 1.5 eq) in 400 ml of dry THF was
added dropwise to the reaction mixture over a period of 30 minutes. Then
allowed to stir the reaction mixture at room temperature for 2-3 hours. The
progress of the reaction was monitored by TLC (30 % ethyl acetate in
hexane; Rf: 0.7). The white precipitate was filtered off through filter paper
and washed with THF (100 ml) and filtrate was evaporated to yield sticky
precipitate. Crude material was then purified using silica gel (60-120
mesh) column chromatography in 30 % ethyl acetate in hexane as eluent.
Combined pure fractions containing pure product were evaporated at 40°C
under reduced pressure to dryness to yield ethyl 3-(2-bromoethoxy)
propanoate 8 (21 g, 61% yield) as gummy liquid. '"H NMR (CDClz, 400
MHz): 8 4.02 (q, 2H), 3.75 (t, 4H), 3.43 (t, 2H), 2.62(t, 2H), 1.43 (s, 9H),
1.23 (t, 3H)

[0044]  Step 5: Synthesis of tert-butyl 4-(2-(3-ethoxy-3-

oxopropoxy)ethyl)piperazine-1-carboxylate

[0045] 1000 mL four necked RB flask was equipped with a magnetic bar,
refluxing condenser and a Nz inlet adapter and ethyl 3-(2-bromoethoxy)
propanoate 8 (14.6 g, 64.9 mmol, 1.10 eq) was charged in 600 ml of
acetonitrile into the reaction flask with stirring. To this reaction mixture then
Boc-piperazine (11.0 g, 58.9 mmol, 1.0 eq.) was added in one portion
followed by the addition of potassium carbonate (20.4 g, 147.3 mmol, 2.5
eq). Then Kl (2.4 g, 14.7 mmol 0.25 eq) was added and the reaction
mixture was refluxed at 8212 °C for 18 h. The Progress of the reaction was
monitored by TLC (5 % methanol in Dichloromethane; Rf: 0.3) and the
reaction mixture was cooled to RT, the white precipitate was filtered off
through cellite bed and washed with acetonitrile (100 ml). Filtrate was
evaporated to dryness and purified the crude compound through column

chromatography (60-120 mesh silica gel) using 2-3% methanol in
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dichloromethane as eluent. Combined organic fractions containing pure
product were evaporated at 40°C under reduced pressure to dryness to
yield tert-butyl 4-(2-(2-(ethoxycarbonyl)ethoxy)ethyl)piperazine-1-
carboxylate 9 (15 g, 77% yield) as pale yellow solid. '"H NMR (CDClIs, 400
MHz): 8 4.02 (q, 2H), 3.65 (t, 4H), 3.43 (t, 4H), 2.72(t, 2H), 2.52 (t, 4H),
2.45 (t, 2H),1.43 (s, 9H), 1.23 (t, 3H).

[0046]  Step 6: Synthesis of 3-(2-(4-(tert-butoxycarbonyl)piperazin-1-
yhethoxy)propanoic acid

[0047] Tert-butyl 4-(2-(2-(ethoxycarbonyl)ethoxy)ethyl)piperazine-1-
carboxylate 9 (15.0 g, 45.4 mmol, 1.0 eq.) was dissolved in a mixture of
THF-water (1:1, 400 ml). Lithium hydroxide monohydrate (5.7 g, 136.2
mmol, 3.0 eq.) was added into the reaction mixture and allowed the
reaction mixture to stir at RT for 4-5 hours. Reaction completion was
checked by TLC monitoring (20% methanol in dichloromethane; Rf;
0.015). The reaction mixture was diluted with 500 ml of ethyl acetate and
separated organic layer was discarded. The aqueous layer was acidified
with 1N citric acid solution to pH~6(+0.2) using pH meter and lyophilize the
aqueous layer for 18 h to yield off white solid. Crude material was then
subjected to silica gel (60-120 mesh size) column chromatography using
8-10% methanol in dichloromethane as eluent. Combined fractions
containing pure product were evaporated under reduced pressure to
dryness to yield 10 4-(2-(2-(ethoxycarbonyl)ethoxy)ethyl)piperazine-1-
carboxylic acid (6.6 g, 48% yield) as white solid flakes. "H NMR (De-
DMSO, 400 MHz): 6 10.5-13.10 (brs, 1H), 3.65 (t, 4H), 3.43 (t, 4H), 2.72 (4,
2H), 2.52 (t, 4H), 2.45 (t, 2H), 1.43 (s, 9H).

[0048] Example 3. Preparation of a representative alkanamino PEGylated

linker
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[0049]  Step 1: Synthesis of tert-butyl N-[2-(2-

hydroxyethoxy)ethyl]carbamate

[0050] A solution of di-tert-butyl dicarbonate (32.0 g, 148.0 mmol, 1.1 eq)

in methylene chloride (70 ml) was added dropwise to a solution of 3-
amino-1-propanol 11 (10.1 g, 134.0 mmol, 1.0 eq) in methylene chloride
(100 ml). The reaction mixture was stirred overnight and was washed with
saturated aqueous sodium bicarbonate solution, water and then brine. The
organic layer was dried (NazSQa4) and an organic layer were evaporated
on rotary evaporator to give 3-(N-tert-butoxycarbonylamino)-1-propanol 12
(23 g, 98% yield) as a colorless oil. "H NMR (CDCl3, 400 MHz): 5 4.78
(brs, 1H), 3.65 (m, 2H), 3.30 (m, 2H), 2.90 (brs, 1H), 1.68 (m, 2H), 1.48 (s,
9H).

[0051]  Step 2: Synthesis of 2-[2-(ferf-butoxycarbonylamino)ethoxy]ethyl 4-

methylbenzenesulfonate

[0052] A solution of fert-butyl N-[2-(2-hydroxyethoxy)ethyl]carbamate 12

(20.0 g, 114.0 mmol, 1.0 eq) in methylens chioride was added
triethylamine {31.8 ml, 228.0 mmol, 2.0 eq} at 8°C with ice cooled bath. P-
toluenesuifonyt chioride (32.6 g, 171.0 mmol, 1.5 eq} was added portion
wise over a perod of 15 min time. Then allowed the reaction mixture was
stirred overnight and was then quenched with the cold water (100 mi). The
organic layer was dried (Nax504) and the volatiles were removed by
evaporation to give gummy residue which was purified by column
chromatography by using silica 60-120 mesh, compound was eluted in
10% ethyl acetate/hexane to afford 2-[2-({eri-
butoxycarbonylamino)ethoxylethyl 4-methylbenzenesulfonate 13 (12 g,

16
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32% yield) as a paie yellow liguid. "TH NMR (400 MHz, CDCls): 5 ' H NMR
(400 MHz, CDCla): 8 3.58 (t, J = 5.09 Hz, 2H), 3.51 (t, J = 5.24 Hz, 2H),
3.34-3.27 (m, 2H), 2.78 (t, J = 4.89 Hz, 2H), 1.44 (s, 9H).

[0053]  Step 3: Synthesis of 1,1-dimethylethyl A-[2-[2-

(methylamino)ethoxy]ethyl]carbamate

[0054] A solution of 2-[2-(feri-butoxycarbonylamino)ethoxy]ethyl 4-
methylbenzenesulfonate 13 (8.0 g, 24.3 mmol, 1.0 eq) in EtOH (40 ml) in
seal tube was added methyl amine (10 mL, 33 wt. % in absolute ethanol)
at room temperature, the seal tube was sealed and placed in oil bath. The
reaction mixture heated to 110°C and the reaction mixture was stirred
overnight. Reaction mixture was then evaporated under reduced pressure
to give gummy residue, which was purified by silica gel column
chromatography, eluted in 70% Ethyl acetate/Hexane to afford 1,1-
Dimethylethyl A-[2-[2-(methylamino)ethoxy]ethyl]lcarbamate 14 (4.3 g,
98% yield) as colourless liquid. ' H NMR (400 MHz, CDClIs): 5 4.10-4.08
(m, 2H), 3.57-3.54 (m, 2H), 3.3 3.37 (m, 2H), 3.17-3.16 (m, 2H), 2.38 (s,
3H), 1.37 (s, 9H).

[0055] Step 4: Synthesis of ethyl 3-{[2-(2-{[(tert-

butoxy)carbonyllamino}ethoxy)ethyl](methyl)amino}propanoate

[0056] A solution of 1,1-Dimethylethyt N-[2-[2-
{(methyiaminoethoxylethyiicarbamate 14 (1.0 g, 5.31 mmol, 1.0) in THF
{10 mi) was added N,N-diisopropylethylamine {2.8 ml, 15.9 mmol, 3.0} and
ethyl acrylate (1.0 g, 10.6 mmol, 2.0} at 3°C. The reaction mass was
stirred at 0°C for 10 min then slowly heated fo 105°C and heated at the
same femperature for 3h. The reaction was quenched with water and
extracted with DCM for 3 times. The organic layer was dried (Naz504) and
the volatiles were removed by evaporation (o give crude 4-benzyl 7-athyl
8-oxo-4-azaspire [2.5] octane-4, 7 -dicarboxylate which was purified by
column chromatography by using silica 100-200 mesh, compound was
eluted in 5% MeOH/DCM to afford pure ethyl 3-{[2-(2-{[(tert-
butoxy)carbonyllamino}ethoxy)ethyl]l(methyl)amino}propanoate 15 (0.48 g,
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31% yield) as coloriess fiquid. T H NMR (400 MHz, CDCl3): 5 4.07 (q, J =
7.17 Hz, 2H), 3.52-3.41 (m, 4H), 3.26-3.19 (m, 2H), 2.71 (t, J = 7.46 Hz,
2H), 2.53 (t, J = 5.45 Hz, 2H), 2.42 (t, J = 7.26 Hz, 2H), 2.22 (s, 3H), 1.37
(s, 9H), 1.18 (t, J = 7.34, 3H).

[0057]  Step 5: Synthesis of 3-{[2-(2-{[(tert-

butoxy)carbonyllamino}ethoxy)ethyl]l(methyl)amino}propanoic acid

[0058] A solution of ethyt 3-{2-(2-{{(tert-
butoxyicarbonyllaminolethoxy)ethylmethyhaminoipropanoate 15 (10 g,
347 mmol, 1.0 eq) in MeOH-THF-H20 {1:1:1, 30 mi) was added LIOH H0
(1.7 g, 88.4 mmol, 2.0 eq) al room temperature. The reaction mixiure was
stirred at room temperature Tor 18 h. Solvent was evaporated under
reduced pressure and extracted with DCM for 3 times. The organic layer
was dried (NazS04) and the organic layer was evaporated on rotary
evaporator to give crude product as a lithium salt of carboxylic acid. The
salt was then redissolved in distilled water and further treated with
Amberlyst-15 hydrogen ion resin. The pH of the agueous phases was
adjusted to pH ~ b using pH meter. The resin was removed by filtered and
water iayer was lyophilized which produced 3-{[2-(2-{[(tert-
butoxy)carbonyllamino}ethoxy)ethyl](methyl)amino}propanoic acid 1% (3.8
g, 42% yield) as white gummy hygroscopic solid. "TH NMR (400 MHz,
CDCls3): © 3.57-3.51 (m, 4H), 3.32-3.30 (m, 2H), 2.69-2.65 (m, 2H), 2.60-
2.56 (m, 2H), 2.38-2.34 (m, 2H), 2.16 (s, 3H), 1.37 (s, 9H).

[0059] Example 4. Preparation of a representative dipiperazine linker
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[0060] Step 1: Synthesis of tert-butyl (2-(piperazin-1-yl)ethyl)carbamate

18
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[0061] A 2000 mL three necked RB flask was equipped with a magnetic
bar, refluxing condenser and a Nz inlet adapter. Tert-butyl (2-bromoethyl)
carbamate 17 (24.4 g, 108.9 mmol, 1.0 eq) was added in 1200 mL of
acetonitrile. Piperazine (37.5 g, 435.7 mmol, 4.0 eq) was added followed
by K2CO3 (45.2 g, 326.7 mmol, 3.0 eq) and Kl (18.1 g, 108.9 mmol, 1.0 eq)
into the reaction flask with stirring under N2 atmosphere. The reaction
mixture was stirred at room temperature for 20 minutes. The reaction
mixture was stirred at 80°C for 10 hours. The progress of the reaction was
monitored by TLC (in 10% MeOH : DCM, Rr. 0.2). After completion, the
reaction mixture was cooled to room temperature and acetonitrile was
evaporated and the residue was diluted with DCM (1 L). The organic layer
was washed with water (3 X 500 mL). The organic layer was dried over
sodium sulfate and evaporated to dryness using rotary evaporator to yield
crude product. The crude material was purified by silica gel (60-120 mesh)
column chromatography with 4% methanol-DCM. Pure fractions were
combined and concentrated at 42°C under reduced pressure to dryness to
get tert-butyl (2-(piperazin-1-yl)ethyl)carbamate 18 (12.0 g, 48% yield) as
light yellow oily liquid. "H NMR (CDCls, 400 MHz): 8 3.31-3.21 (m, 2H),
2.65 (m, 4H), 2.46 (m, 2H), 2.34 (m, 4H), 1.40 (s, 9H).

[0062]  Step 2: Synthesis of tert-butyl (2-(4-(piperazine-1-

carbonyl)piperazin-1-yl)ethyl)carbamate

[0063] A 2000 ml three neck RB flask was equipped with a magnetic bar,
250 ml addition funnel and a Nz inlet adapter. tert-butyl (2-(piperazin-1-
yhethyl)carbamate 18 (12 g, 52.3 mmol, 1.0 eq) in DCM (800 ml) was
added and stirred it for 10 minutes and cooled to 0°C. Then DIPEA (14.0
ml, 78.5 mmol, 1.5 eq) was added followed by triphosgene (4.7 g, 15.7
mmol, 0.30 eq) drop wise (dissolved in 100 ml of DCM) through addition
funnel and the resulting reaction mixture was stirred at 0°C for 1h under N2
atmosphere. The progress of the reaction monitored by TLC (10%
methanol in dichloromethane). After complete consumption of tert-butyl (2-
(piperazin-1-yl)ethyl)carbamate by TLC, N,N-diisopropylethylamine (14.0
ml, 78.5 mmol, 1.5 eq) was added and then piperazine (13.5 g, 157.0
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mmol, 3.0 eq) in single portion and was allowed to stir at room
temperature for 3 h. The reaction mixture was poured into ice water (500
ml) and extracted with DCM (3 X 300 ml). The organic layer was
separated and washed with water (3 X 1 L). the organic layer was dried
over sodium sulfate and the reaction mixture was evaporated to dryness
using rotary evaporator to yield crude product. Purification of the crude
material using C18 (120 g) column chromatography using 40% Acetonitrile
in water as eluent followed by combining the fractions containing pure
product was lyophilized to get light brown solid which was triturated in
diethylether:hexane (2:1). The precipitated solid was separated by
decanting the solvent layer and dried evaporate at 40°C under reduced
pressure to dryness to yield tert-butyl (2-(4-(piperazine-1-
carbonyl)piperazin-1-ylhethyl)carbamate 19 (2.8 g, 16% yield) as light
yellow solid. "H NMR (Ds-DMSO, 400 MHz): 8 9.31 (brs, 1H), 6.73 (brs,
1H), 2.89-3.65 (m, 14H), 2.65-2.23 (m, 6H), 1.40 (s, 9H). LCMS (ESI, m/z):
342.1 (M+H)*.

[0064] Example 5. Preparation of a representative piperazine-

pyridine/pyrimidine-alkyne linker
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[0065]  Step 1: Synthesis of tert-butyl (3-(6-fluoropyridin-3-yl)prop-2-yn-1-
ylcarbamate

[0066] A 2L RB flask was equipped with a magnetic bar, condenser and
argon inlet adapter. 1-Propanol (500mL) was charged and degassed using
Argon for 60 min. N-Boc-propargylamine (44.2 g, 283.9 mmol, 1.0 eq) was
added and degassed using Ar for 60 min. Next Copper (l) iodide (5.4 g,
28.4 mmol, 0.1 eq) was added and degassed using Ar for 30 min. Then
tetrakis(triphenylphosphine)palladium (0) (16.4 g, 14.2 mmol, 0.05 eq) was
added and degassed using Ar for 30 min. and stirred under Ar

atmosphere.
[0067] Preparation of Aq. Sodium carbonate solution

[0068] A 250 mL 3-neck RB flask was equipped with a magnetic bar and
an Ar inlet adapter. De-mineralized water (150 mL) was taken in the RB
flask and degassed using Ar for 30 min. Then sodium carbonate (39.11 g,
369.1 mmol, 1.3 eq) was added to DM water, degassed with Ar for 30 min
and stirred under Ar atmosphere to prepare aq. Solution of Sodium
carbonate. The aq. solution of sodium carbonate was added to the

reaction mixture in 2L RB flask and stirred under Ar atmosphere.
[0069] Preparation of solution of 5-bromo-2-fluoropuridine in 1-propanol

[0070] A 250 mL 3-neck RB flask was equipped with a magnetic bar and
an Ar inlet adapter. 1-Propanol (100 mL) was added to the RB flask and
degassed using Ar for 30 min. 5-Bromo-2-fluoropuridine 20 (50 g, 283.9
mmol, 1.0 eq) was added, degassed using Ar for 30 min and stirred for 30
min. to prepare the solution.

Prepared solution was added to the reaction mass in 2 L RB flask and
degassed using Ar for 30 min. Then the reaction mass was refluxed for
18h under Ar atmosphere. The progress of reaction was monitored by TLC
in 10% Ethyl acetate in hexane. The mass was cooled to RT and
concentrated to dryness on rotary evaporator at 40-45°C under reduced

pressure. The residue was dissolved in 1 L of DCM and passed through a
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bed of anhydrous sodium sulphate. The bed was washed with DCM (500
mL). The filtrate was concentrated on rotary evaporator at 45°C under
reduced pressure to obtain the crude mass. The crude was purified by
silica gel (100 — 200 mesh) column chromatography using Ethyl Acetate in
Hexane as eluent. Pure fraction was collected in 3.5 — 5% Ethyl Acetate in
Hexane. Pure fractions were combined and evaporated at 45°C to obtain
tert-butyl-{3-(6-fluoropyridin-3-yl)prop-2-yn-1-yl}carbamate 21 (36 g, 50%
yield) as pale yellow liquid."H NMR (CDCIs, 400 MHz): 8 8.62 (s, 1H), 8.36
(m, 1H), 8.20 (brs, 1H), 7.23 (m, 1H), 3.97 (s, 2H), 1.40 (s, 9H).

[0071]  Step 2: Synthesis of tert-butyl 4-(4-ethoxy-4-oxobutyl) piperazine-1-

carboxylate

[0072] A 1L fourneck RB flask was equipped with a magnetic bar,
addition funnel and a Nz inlet adapter. 1-Boc piperazine (38.0 g, 204.0
mmol, 1.0 eq) in 380 ml of THF was added at room temperature. Triethyl
amine (34.5 ml, 244.8 mmol, 1.2 eq) was added dropwise using addition
funnel over 20 minutes and then stirred for 30 minutes. Ethyl 4-
bromobutyrate (41.8 g, 214.2 mmol, 1.05 eq) was added dropwise to the
reaction mixture and stirred for 16 h at room temperature. The progress of
reaction was monitored by TLC using 50% ethyl acetate in hexane. The
reaction mass was diluted with ethyl acetate (1 L). To the above mass
saturated NaHCO3 solution was added, and layer was separated. The aq.
layer was back extracted with Ethyl acetate. The combined organic layer
was washed with brine solution (500 ml). The organic layer was dried over
sodium sulphate and evaporated at 40-45°C to obtained crude mass. The
crude compound was purified by column chromatography using silica gel
(100-200 mesh) using ethyl acetate in hexane as eluent. The pure
fractions eluted with 35-50% ethyl acetate in hexane were collected and
evaporated to afford tert-butyl 4-(4-ethoxy-4-oxobutyl) piperazine-1-
carboxylate 22 (37 g, 61% yield) as pale brown oily liquid. "H NMR (CDCls,
400 MHz): 6 4.07 (q, J = 7.17 Hz, 2H), 3.21 (m, 4H), 2.48 (m, 8H), 1.89 (m,
2H), 1.40 (s, 9H), 1.18 (t, J = 7.34, 3H).
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[0073]  Step 3: Synthesis of ethyl 4-(piperazin-1-yl) butanoate
hydrochloride

[0074] A 2L four neck RB flask was equipped with a magnetic bar, 500 mL
addition funnel, Nitrogen inlet adapter. Tert-butyl 4-(4-ethoxy-4-
oxobutyl)piperazine-1-carboxylate 22 (37.5 g, 125.0 mmol) was added and
1,4-dioxane (375 ml) at room temperature. The mass was cooled to 10-
15°C. 4M HCI in 1,4-dioxane (300 mL) was added dropwise using addition
funnel over 45 minutes. The mass was warmed to RT and stirred for 5h.
The progress of reaction was monitored by TLC in 10% methanol in
dichloromethane. After completion of the reaction, the mass was
transferred to 2 L Buchi flask and evaporated to dryness. To the obtained
solid diethyl ether (2 X 300 mL) was added and evaporated to dryness. To
the obtained solid was added 500 mL diethyl ether and filtered under
nitrogen atmosphere. The solid was washed with (2 X 200 mL) diethyl
ether. The off-white solid ethyl 4-(piperazin-1-yl) butanoate hydrochloride
23 (31 g, 99% yield) was collected under nitrogen atmosphere and dried
under reduced pressure at 45°C. The crude compound was taken for the

next step without further analysis.

[0075]  Step 4: Synthesis of ethyl 4-(4-(5-(3-((tert-butoxycarbonyl) amino)
prop-1-yn-1-y)pyridin-2-yl)piperazin-1-yl)butanoate

[0076] 1 L three necked RB flask was equipped with a magnetic bar,
dropping funnel and a Nz inlet adapter. Ethyl 4-(piperazin-1-yl) butanoate
hydrochloride 23 (25 g, 105.5 mmol, 1.0 eq) was added to DMSO (26 ml)
at RT. DIPEA (90.0 ml, 527.5 mmol, 5.0 eq) was added to this and stirred
for 20 minutes. Tert-butyl (3-(6-fluoropyridin-3-yl) prep-2-yn-1yl) carbamate
21 (26.4 g, 105.5 mmol, 1.0 eq) was added to reaction mixture. The
resultant clear solution was heated to 110°C and maintained overnight (16
h). Progress of the reaction was monitorred by TLC in 50% ethyl acetate :
hexane. The reaction mass was poured to ice cold water (750 ml) and
extracted with ethyl acetate (3 X 1000 ml). Combined organic layer was
washed by water (1000 ml), saturated NaHCO3 (500 ml) and brine (1000

ml), dried over sodium sulphate and evaporated under reduced pressure
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to obtained crude product. Purification of the crude material using silica gel
(100-200 mesh) column chromatography using 50% ethyl acetate in
hexane as eluent afforded ethyl 4-(4-(5-(3-((tert-butoxycarbonyl) amino)
prop-1-yn-1-yl)pyridin-2-yl)piperazin-1-yl)butanoate 24 (28 g, 62% yield).
'"H NMR (CDCls, 400 MHz): 8 8.62 (s, 1H), 8.36 (m, 1H), 8.20 (brs, 1H),
7.23 (m, 1H), 4.07 (q, J = 7.17 Hz, 2H), 3.97 (s, 2H), 3.21 (m, 4H), 2.48
(m, 8H), 1.89 (m, 2H), 1.40 (s, 9H), 1.18 (t, J = 7.34, 3H).

[0077]  Step 5: Synthesis of 4-(4-(5-(3-((tert-butoxycarbonyl) amino)prop-1-
yn-1-yl)pyridin-2-yl)piperazin-1-yl)butanoic acid

[0078] A 500 ml three necked RB flask was equipped with a magnetic bar,
addition funnel and a Nz inlet adapter. 4-(4-(5-(3-((tert-butoxycarbonyl)
amino) prop-1-yn-1-yhpyridine-2-yl)piperazin-1-yl)butanoate 24 (18.0 g,
41.8 mmol, 1.0 eq), THF (144 ml) and Methanol (36 ml) were added into
the reaction flask at room temperature. To the above solution added
aqueous solution of lithium hydroxide monohydrate (3.5 g LIiOH in 72 mL
water, 83.6 mmol, 2.0 eq). The reaction mixture was stirred at room
temperature for 4 h. Progress of reaction monitored by TLC using 20%
methanol in dichloromethane. The reaction mass was diluted with ethyl
acetate (250 ml) and layer separated. The Aq. layer was washed with ethyl
acetate (250 mL). Organic layer was discarded. The pH of aqg. layer was
adjusted to 5.5 to 5.7 using Amberlyst acidic resin (Amberlyst IR 120
Hydrogen form). During acidification solid precipitated out. The solid was
filtered and washed with acetone (100 mL). Then the solid was purified by
reverse phase column chromatography using acetonitrile in water as
eluent. Pure fractions were concentrated in lyophilizer to afford 4-(4-(5-(3-
((tert-butoxycarbonyl) amino)prop-1-yn-1-yh)pyridin-2-yl)piperazin-1-
yl)butanoic acid 25 (10.9 g, 65%) as off- white solid. '"H NMR (Ds-DMSO,
400 MHz): 6 8.64 (s, 1H), 8.37 (m, 1H), 8.23 (brs, 1H), 7.21 (m, 1H), 3.97
(s, 2H), 3.21 (m, 4H), 2.46 (m, 8H), 1.88 (m, 2H), 1.41 (s, 9H).

[0079] Example 6. Preparation of a representative pyridine-PEG-

piperazine linker
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[0080] Step 1: Synthesis of 1,1-dimethylethyl N-[2-(2-
hydroxyethoxy)ethyl]carbamate

[0081]  2-(2-Aminoethoxy)ethanol 26 (20.0 g, 190.22 mmol, 1.0 eq) was
dissolved in 100 mL of methylene chloride and triethylamine (53.0 ml,
380.44 mol, 2.0 eq) was added to it. The solution was cooled in an ice-
bath and di-tert-butyl dicarbonate (62.27 g, 285.33 mol, 1.5 eq) in 60 mL of
methylene chloride was added through an additional funnel. The reaction
was slowly warmed to room temperature and stirred at room temperature
for overnight. After completion (checked by TLC, 80% EtOAc in hexane, Rt
= 0.30), the reaction was washed with water and the organic phase was
washed with diluted HCI solution (0.5 N), water (100 ml), brine and dried
over sodium sulfate. Solvent was evaporated and the crude product was
purified by column chromatography to afford 1,1-dimethylethyl N-[2-(2-
hydroxyethoxy)ethyllcarbamate 27 (25 g, 64% yield) as oily liquid. 1H (400

25



WO 2023/122481 PCT/US2022/081681

MHz, CDC13) 8 5.28 (brs, 1H), 3.74 (m, 2H), 3.59-3.54 (m, 4H), 3.32- 3.28
(m, 2H), 3.08 (brs, 1H), 1.44 (s, 9H).

[0082]  Step 2: Synthesis of 2-[2-[(tert-butoxycarbonyl)amino]ethoxy]ethyl

methanesulfonate

[0083] To a stirred solution of 1,1-Dimethylethyl N-[2-(2-
hydroxyethoxy)ethyl]carbamate 27 (10.0 g, 48.7 mmol, 1.0 eq) in DCM
(100 ml) was added triethylamine ( 10.2 ml, 73.0 mmol, 1.5 eq) and
methanesulfonyl chloride (5.6 ml, 73.0 mmol, 1.5 eq) at 0°C under inert
atmosphere. The reaction mixture was warmed to ambient temperature
and reaction progress was monitored by TLC (30% EtOAc-Hexane). After
completion, the reaction mixture was diluted with DCM (200 ml), washed
with water (100 ml X 2) and brine and dried over sodium sulfate. The
organic layer was concentrated under reduced pressure to yield 2-[2-[(tert-
butoxycarbonyl)amino]ethoxy]ethyl methanesulfonate 28 as oily liquid
(13.5 g, 98% yield) and used for the next step without further purification.
"H NMR (CDCls, 400 MHz): 8 4.83 (brs, 1H), 4.30 (m, 2H), 3.66 (m, 2H),
3.49 (m, 2H), 3.25 (m, 2H), 2.99 (s, 3H), 1.37 (s, 9H).

[0084]  Step 3: Synthesis of 5-bromo- 2-pyrimidinecarboxylic acid methyl

ester

[0085] To a stirred suspension of 5-bromopyrimidine-2-carboxylic acid 29
(25.0 g, 123.2 mmol, 1.0 eq) in DCM (250 ml) was added oxalyl chloride
(15.6 ml, 184.73 mmol, 1.5 eq) at 0-5°C dropwise for 20 minutes. The
reaction mixture was stirred at 0-5°C for 10 min followed by addition of
DMF (0.2 mL). The reaction mixture was gradually warmed to ambient
temperature and stirred for 5 h. The reaction mixture was again cooled to
0-5°C and methanol (200 ml) was added over a period of 20 min. The
reaction mixture was warmed to room temperature and stirred for
overnight. Progress of the reaction was monitored by TLC (5% MeOH in
DCM, visualization by UV) and concentrated under reduced pressure after
complete conversion. The crude reaction mixture was diluted with DCM (1

L) and washed with saturated sodium bicarbonate solution (500 mL), water
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(500 ml), brine and the organic layer was dried over NazSOyq, filtered and
concentrated to afford 5-bromo- 2-pyrimidinecarboxylic acid methyl ester
30 (17.0 g, 63% yield) as white solid. '"H NMR (CDCls, 400 MHz): 8 8.91 (s,
2H), 4.00 (s, 3H).

[0086]  Step 4: Synthesis of methyl 5-[4-[(1,1-dimethylethoxy)carbonyl]-1-

piperazinyl]-2-pyrimidinecarboxylate

[0087] Toluene (1350 ml) was added to a 2 L 4-neck round-bottom flask
equipped with Argon inlet, thermo-pocket, condenser and purged with
gentle blow Ar for 1 h. 5-bromo-2-pyrimidinecarboxylic acid methyl ester
30 (27.0 g, 124.42 mmol, 1.0 eq), 1-Boc-piperazine (29.0 g, 155.53 mmol,
1.25 eq) and Cs2C03 (121.6 g, 373.26 mmol, 3.0 eq) were added and Ar
was purged for 1 h. RuPhos (5.80 g, 12.44 mmol, 0.1 eq) and
tris(dibenzylideneacetone)dipalladium(0) (2.85 g, 3.11 mmol, 0.025 eq)
were added at RT and Ar was purged for 1 h. The reaction mixture was
stirred at 115°C for 16 h. After completion of reaction (monitored by TLC,
5% MeOH in DCM, visualized by UV) the reaction mixture was filtered
through a pad of celite and washed with 10% MeOH in EtOAc (1 L). The
filtrate was concentrated under reduced pressure and the residue was
dissolved again in ethyl acetate (1 L). The organic layer was washed with
saturated sodium bicarbonate solution (500 mL), water (500 ml), and
brine. The organic layer was dried over NazSOyq, filtered, and then
concentrated under reduced pressure. The crude compound was purified
by silica gel chromatography to afford Methyl 5-[4-[(1,1-
dimethylethoxy)carbonyl]-1-piperazinyl]-2-pyrimidinecarboxylate 31 (17.0
g, 42% yield) as white solid. "H NMR (De-DMSO, 400 MHz): d 8.46 (s, 2H),
3.76 (m, 2H), 3.54 (m, 2H), 3.23 (m, 4H), 2.65 (s, 3H), 1.86 (s, 9H).

[0088]  Step 5: Synthesis of methyl 5-(piperazin-1-yl)pyrimidine-2-

carboxylate hydrochloride

[0089] To a stirred suspension of methyl 5-[4-[(1,1-
dimethylethoxy)carbonyl]-1-piperazinyl]-2-pyrimidinecarboxylate 31 (15 g,
46.53 mmol, 1.0 eq) in dichloromethane (300 ml) was added 4 N HCl in
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1,4-dioxane (150 ml) at 0°C under inert atmosphere. The reaction mass
was allowed to warm to room temperature and stirred at rt for 2 h. The
progress of the reaction was monitored by TLC (10% MeOH in DCM, UV
visualization) and the reaction mass was concentrated under reduced
pressure after reaction completion. The residue was triturated with diethyl
ether (200 ml X 2) to afford greenish colored solid, methyl 5-(piperazin-1-
yhpyrimidine-2-carboxylate hydrochloride 32 (12 g, 99% crude yield). The

compound was taken to next step without further analysis.

[0090] Step 6: Synthesis of methyl 5-(4-(2-(2-((tert-

butoxycarbonyl)amino)ethoxy)ethyl)piperazin-1-yl)pyrimidine-2-carboxylate

[0091]  To a stirred suspension of methyl 5-(piperazin-1-yl)pyrimidine-2-
carboxylate hydrochloride 32 (12.0 g, 46.4 mmol, 1.0 eq) in DMF (200 ml)
were added 2-[2-[(tert-butoxycarbonyl)amino]ethoxy]ethyl
methanesulfonate 28 (19.7 g, 69.6 mmol, 1.5 eq), K2COs3 (16.0 g, 116.2
mmol, 2.5 eq) & Kl (0.8 g, 4.6 mmol, 0.1 eq) at room temperature under
inert atmosphere. The reaction mixture was heated at 85°C for 16 h. The
progress of the reaction was monitored by TLC (10% MeOH in DCM, UV
visualisation) and after completion, the reaction mass was concentrated
under reduced pressure. Water (200 ml) was added to the residue and
the mixture was extracted with ethyl acetate (200 ml X 2). The organic
layers were combined, dried over anhydrous sodium sulfate, filtered and
then concentrated under reduced pressure to afford methyl 5-(piperazin-1-
yhpyrimidine-2-carboxylate hydrochloride 33 (12 g, 99% crude yield) as
green colored solid. The compound was taken to next step without further

analysis.

[0092]  Step 7: Synthesis of methyl 5-(4-(2-(2-((tert-
butoxycarbonyl)amino)ethoxy)ethyl)piperazin-1-yl)pyrimidine-2-carboxylic

acid

[0093] A 500 ml three necked RB flask was equipped with a magnetic bar,
addition funnel and a Nz inlet adapter. Methyl 5-(piperazin-1-yl)pyrimidine-
2-carboxylate hydrochloride 33 (4.0 g, 9.8 mmol, 1.0 eq), THF (14.4 ml)
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and methanol (3.6 ml) were added into the reaction flask at room
temperature. To the above solution added LiOH solution (820 mg LiOH in
7.2 mL water, 19.6 mmol, 2.0 eq) dropwise. The reaction mixture was
stirred at room temperature for 4 h. Progress of reaction monitored by TLC
using 20% methanol in dichloromethane. The reaction mass was diluted
with ethyl acetate (250 ml) and two layers were separated. The aqueous
layer was washed with ethyl acetate (250 mL). The pH of aqueous layer
was adjusted to 5.5 to 5.7 using Amberlyst acidic resin (Amberlyst IR 120
Hydrogen form). During acidification, precipitated solid was filtered and
washed well with acetone (100 mL). The solid was purified by reverse
phase column chromatography to afford methyl 5-(4-(2-(2-((tert-
butoxycarbonyl)amino)ethoxy)ethyl)piperazin-1-yl)pyrimidine-2-carboxylic
acid 34 (3.3 g, 85%) as off-white solid. '"H NMR (De-DMSO, 400 MHz): 6
11.96 (brs, 1H), 8.76 (s, 2H), 6.76 (brs, 1H), 3.61-3.40 (m, 8H), 3.09 (m,
6H), 2.76 (m, 2H), 1.86 (s, 9H).

[0094] Example 7. Preparation of a representative pyrimidine-piperazine-

PEG linker
:;//Q\/Br
Be N 0H I
) K;COn, KI, MeCN, NaH, THF PR
¢ UNH 85°C, 16 h I 0H RT, 3h NN G
BooN.__- BocN ) N 0" N
Step 1 o Step 2 BooN.
36 37
CHCOOED, COOEL
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38 29

[0095]  Step 1: Synthesis of tert-butyl 4-(3-hydroxypropyl)piperazine-1-

carboxylate

[0096] 1-Boc-piperazine (25.0 g, 134.2 mmol, 1.0 eq), K2CO3 (46.3 g,
335.5 mmol, 2.5 eq), Kl (2.2 g, 13.4 mmol, 0.1 eq) were taken in a 500 ml
three neck RB flask in acetonitrile (250 ml) under inert atmosphere and 3-
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Bromo-1-propanol (20.5 g, 147.6 mmol, 1.1 eq) in 100 ml acetonitrile
was added into it. The reaction mixture was reflux for overnight and
completion of reaction was checked by TLC (5% MeOH-DCM,
Visualization: PMA, Rr 0.25). The reaction mixture was concentrated
and then extracted with ethyl acetate (500 ml). The organic layer was
washed with water and brine. The ethyl acetate layer was dried over
Na2S0yg, filtered and then concentered under reduced pressure. The
crude material was purified by column chromatography (silica gel, 2%
methanol in DCM) to afford tert-butyl 4-(3-hydroxypropyl)piperazine-1-
carboxylate 36 (25 g, 76% yield) as off-white solid. '"H NMR (CDCls, 400
MHz): 8 3.50 (m, 2H), 3.19 (m, 4H), 2.43 (m, 6H), 1.59 (m, 2H), 1.81 (s,
9H).

[0097]  Step 2: Synthesis of tert-butyl 4-(3-((5-bromopyridin-2-

yhoxy)propyl)piperazine-1-carboxylate

[0098] Tert-butyl 4-(3-hydroxypropyl)piperazine-1-carboxylate 36 (20.0 g,
113.9 mmol, 1.0 eq) was taken in THF (300 ml) under inert atmosphere
and NaH (60% dispersion in mineral oil, 5.4 g, 134.4 mmol, 1.18 eq) was
added in portions. The reaction mixture was stirred for 0.5 h and 5-Bromo-
2-fluoropyridine (23.0 g, 131.0 mmol, 1.15 eq) in THF (50 ml) was added
dropwise into the reaction mixture at 0°C. The reaction mixture was
warmed to room temperature completion of reaction was checked by
TLC (40% ethyl acetate in hexane, Rs 0.5). The reaction mixture was
quenched with cold saturated NH4Cl solution. Solvents and volatiles
were removed under reduced pressure. The residue was extracted
with ethyl acetate (500 ml X 1). The organic layer was washed with
water, brine and then dried over Na2S0Oa4. The solvent was
concentrated under reduced pressure. The crude material was purified
by column chromatography (silica gel, ethyl acetate-hexane) to afford
tert-butyl 4-(3-((5-bromopyridin-2-yl)oxy)propyl)piperazine-1-carboxylate
37 (25 g, 76% yield) as off-white solid. "H NMR (CDCls, 400 MHz): 6 8.21
(s, 1H), 7.53 (d, 1H), 6.57 (d, 1H), 4.30 (m, 2H), 3.43 (m, 4H), 2.51 (m,
2H), 2.39 (m, 4H), 1.89 (m, 2H), 1.43 (s, 9H).
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[0099] Step 3: Synthesis of diethyl 2-(6-(3-(4-(tert-
butoxycarbonyl)piperazin-1-yl)propoxy)pyridin-3-yl)malonate

[0100]  tert-Butyl 4-(3-((5-bromopyridin-2-yl)oxy)propyl)piperazine-1-
carboxylate 37 (33.0 g, 82.4 mmol, 1.0 eq) was taken in DMSO (330 ml)
under inert atmosphere and KiPOas (52.5 g, 247.2 mmol, 3.0 eq), Cul (1.56
g, 8.2 mmol, 0.1 eq), benzoxazole (1.95 g, 16.4 mmol, 0.2 eq) were added
and the solution was purged with Ar for 0.5 h. Diethylmalonate (18.8 mL,
123.6 mmol, 1.5 eq) was added and the reaction mixture was stirred at
85°C for 18 hours. Completion of reaction was checked by TLC (70%
EtOAc-Hexane, R 0.4). The reaction mixture was poured into ice-cold
water and extracted with EtOAc (500 ml). The organic layer was
washed with water, brine and dried over NazS04. The solvent was
concentrated and purified by column chromatography (silica gel,
EtOAc-Hexane) to afford diethyl 2-(6-(3-(4-(tert-
butoxycarbonyl)piperazin-1-yl)propoxy)pyridin-3-yl)malonate 38 (24 g,
61% yield) as pale-yellow liquid. "H NMR (CDCls, 400 MHz): & 8.21 (s,
1H), 7.53 (d, 1H), 6.57 (d, 1H), 4.57 (s, 1H), 4.30 (m, 2H), 4.23 (q, 4H),
3.43 (m, 4H), 2.51 (m, 2H), 2.39 (m, 4H), 1.89 (m, 2H), 1.43 (s, 9H), 1.30
(t, 6H).

[0101]  Step 4: Synthesis of 2-(6-(3-(4-(tert-butoxycarbonyl)piperazin-1-
yhpropoxy)pyridin-3-yhacetic acid

[0102] Diethyl 2-(6-(3-(4-(tert-butoxycarbonyl)piperazin-1-
yhpropoxy)pyridin-3-yl)malonate 38 (24.0 g, 50.1 mmol, 1.0 eq) was taken
in DMF (190 ml) and KOH (28.1 g, 501.0 mmol, 10.0 eq, dissolved in 48
ml water) was added into it. The reaction mixture was stirred for 18 h at
115°C. Completion of reaction was checked by TLC (5% MeOH-DCM,
Rf 0.2). The reaction mixture was poured into ice-cold water and
extracted with EtOAc (500 ml X 2). The organic layer was washed with
water, brine and dried over NazSOas. The solvent was concentrated
and the residue was purified by column chromatography (silica gel,
EtOAc-Hexane) to afford 2-(6-(3-(4-(tert-butoxycarbonyl)piperazin-1-
yhpropoxy)pyridin-3-yhacetic acid 39 (15 g, 78% yield) as off-white solid.
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H NMR (De-DMSO, 400 MHz): & 8.21 (s, 1H), 7.53 (d, 1H), 6.57 (d, 1H),
4.30 (t, 2H), 3.67-3.43 (m, 6H), 2.51 (m, 2H), 2.39 (m, 4H), 1.89 (m, 2H),
1.43 (s, 9H).

[0103] Example 8. First representative example of linking linker B to E3

ligase ligand C

P N OH
N

BocN.__~ 18 )
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[0104] Step 1: Synthesis of 4-(2-(2-
(ethoxycarbonyl)ethoxy)ethyl)piperazine-3-(1-oxoisoindolin-2-yl)piperidine-

2,6-dione-5- carboxamide

[0105]  An oven dried 250 mL three neck RB flask was equipped with a
magnetic bar, thermometer with a Nz inlet adapter. The system with was
flushed with Nz for 10 minutes and added 4-(2-(2-
(ethoxycarbonyl)ethoxy)ethyl)piperazine-1-carboxylic acid 10 (4.19 g, 13.8
mmol, 1.2 eq) and DMF (75 ml) with stirring. To this solution then HATU
(8.80 g, 23.0 mmol, 2.0 eq.) was added and was stirred at room
temperature for 10-15 minutes. The reaction mixture cooled to 0° ¢ using
ice bath. C5-Lenalidomide 42 (3.0 g, 11.5 mmol, 1.0 eq) and N-ethyl-
diisopropyl amine (8.0 ml, 46.0 mmol, 4.0 eq) were added and allowed to
stir the reaction mixture room temperature for 16 hours. The completion of
reaction was checked by TLC (5% MeOH in, Rs= 0.3). The reaction
mixture was poured into ice cold water and extracted with ethyl acetate
(600 ml). The organic layer was washed with sat. NaHCO3 solution (250
ml) and brine solution (300 ml), dried over Na2SO4 and evaporated on
rotary evaporator to yield crude product as a gummy liquid. Purification of
crude in silica gel (10-200 mesh) column using 10% MeOH in
dichloromethane afforded light brown solid 4-(2-(2-
(ethoxycarbonyl)ethoxy)ethyl)piperazine-3-(1-oxoisoindolin-2-yl)piperidine-
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2,6-dione-5- carboxamide. Repurification of this column pure material
through reverse phase column chromatography using C18 column having
an eluent Water: Acetonitrile afforded 1.2 g of pure 4-(2-(2-
(ethoxycarbonyl)ethoxy)ethyl)piperazine-3-(1-oxoisoindolin-2-yl)piperidine-
2,6-dione-5- carboxamide (29% yield). '"H NMR (De-DMSO, 400 MHz): &
11.00 (s, 1H), 10.43 (s, 1H), 9.01 (brs, 1H), 8.05 (s, 1H), 7.67 (s, 1H), 5.01
(m, 1H), 4.41 (d, 1H), 4.29 (m, 1H), 3.65 (t, 4H), 3.43 (t, 4H), 2.72 (t, 2H),
2.52 (t, 4H), 2.45 (t, 2H), 1.43 (s, 9H).

Example 9. Second representative example of linking linker B to E3 ligase

o O
, PN . /
(N Nq\ 1 //ATJ\NJ\—\}-:O
o HN A N ONHBo Y 4 ,},MNH
Py 19 N 0 O
I ™\ ~
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X ¢ ~
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ligand C 41

[0106]  Step 1: tert-butyl (2-(4-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-

dioxoisoindolin-4-yl)piperazine-1-carbonyl)piperazin-1-yl)ethyl)carbamate

[0107] A 250 mL three necked RB flask was equipped with a magnetic bar,
refluxing condenser and a Nz inlet adapter. 2-(2,6-dioxopiperidin-3-yl)-4-
fluoroisoindoline-1,3-dione 40 (3.0 g, 10.0 mmol, 1.0 eq) in 50 ml of NMP
and tert-butyl (2-(4-(piperazine-1-carbonyl)piperazin-1-yl)ethyl)carbamate
19 (4.45 g, 13.0 mmol, 1.3 eq) followed by DIPEA (5.6 ml, 32.0 mmol, 3.2
eq) were added into the reaction flask with stirring. The reaction mixture
was stirred at room temperature for 20 minutes followed by 80°C for 16
hours. The reaction progress was monitored by TLC in 5% MeOH : DCM.
The reaction mixture was cooled to room temperature and poured into ice
water (250 ml) and extract with ethyl acetate (3 x 200 ml). The organic
layer was dried over sodium sulfate and evaporated to dryness using
rotary evaporator to yield crude product. Purification of the crude material

using silica gel (230-400 mesh size) column chromatography using 60%
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Acetone in Hexane as eluent. Pure fractions were evaporated to yield
yellow solid tert-butyl (2-(4-(4-(2-(2,6-dioxopiperidin-3-yl)-1,3-
dioxoisoindolin-4-yl)piperazine-1-carbonyl)piperazin-1-yl)ethyl)carbamate
41 (1.2 g, 18 % yield). 1H NMR (CDCls, 400 MHz): 8 11.31 (brs, 1H),
11.01 (s, 1H), 8.53 (brs, 1H), 7.87 (m, 1H), 7.37 (m, 2H), 5.05 (m, 1H),
3.76-3.57 (m, 4H), 2.89-3.65 (m, 14H), 2.65-2.23 (m, 6H), 1.40 (s, 9H).

[0108] The examples herein are for illustrative purposes and are not meant
to limit the scope of the invention as set forth in the claims.
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We claim:
1. A linker of Formula |
ey OH
§ "‘f \\. - ‘-"‘{
PE-—N Ry By,
X ¢ ' Y
\i\“ {:}

wherein

R1 is optional, and if present, is selected from piperidine and piperazine,

Rz is selected from the group consisting of C1-Cs alkane and C2-Cs

alkyne, and
PG is an amine protecting group.

2. The linker of claim 1 wherein Rz is selected from the group consisting of

ethane and ethyne.

3. The linker of either of claims 1 or 2 wherein PG is tert-butoxycarbonyl
(Boc).
4. The linker of any of claims 1 to 3 wherein the linker is selected from

pe
+o OH —*—0 an /~<
d%NQ“‘%%O o% ™

\
\..._//

5. A linker of Formula Il:
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Boc\

N

L X 0 VLOY 7 L.COOH

wherein

X is selected from C and N,

mis 1 to 6,

Y is selected from -O- and -CHo-,
nis from 0 to 4,

oisOor1, and

pis0to9.
6. The linker of claim 5, wherein the linker is of Formula lla:
BGC\N/\\

L\/N R f\\/ey\v/\}‘o/{/ };‘COC}H

oo NP lla

wherein

Y is selected from -CH2- and -O-;

nis0to 5, and

pis1tob5.
7. The linker of claim 6, wherein nis 0, 1, or 4.
8. The linker of either of claims 6 or 7 wherein p is 1 or 5.
9. The linker of claim 5, wherein the linker is that of Formula lIb:
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Boc. o
N
i N
N N
N RN
Sl X e e LECOOH
\\ ™. F ~ Ty
- N 1Y >
N m Y f‘ I I b

wherein

X is selected from C and N,

Y is selected from -CH2- and -O-;

misOor1, and

nis0, 1, 2, or 3.

10. A linker of Formula lic;

PG
'\N.-" \\
E % M SN OO0
NP () S NPT P S
R )t oA llc

wherein
X is selected from the group consisting of C and N;

Z is selected from the group consisting of -CH>-, -CF2-, -C(O)-,
and -C(S)-;

mis2to5;
pis1or2;and
PG is an amine protecting group.
11.  The linker of claim 10 wherein mis 2, 3 or 5.
12.  The linker of either of claims 10 or 11, wherein PG is Boc.

13. A linker of Formula Ill;
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Y.
BocHN” \/\TH;COOH

R 1l

o

wherein
Y is selected from -O- and -CHa-;

Rs is selected from the group consisting of C1-Ce alkyl, C3-Ce cycloalkyl,
and cycloalkyl-substituted alkyl, and

pis1or?2.

14.  The linker of claim 13 wherein R3 is selected from the group consisting
of methyl, ethyl, isopropyl, ferf-butyl, n-butyl, cyclopropyl, cyclobutyl,

cyclopentyl, cyclohexyl, and methylenecyclobutyl (

-
N s SN N -~
£ S H s A

AN R 4 K v

15. A linker of Formula IV:

T

PGHN" /\\K/\fb \/NH

) AV

N /’Z\ ///\W

wherein
PG is an amine protecting group;
mis 1-4;
each X is independently selected from C and N; and

Z is selected from the group consisting of -C(O)-, -C(S)-, -CHa-,
and -CFo2-.

16. The linker of claim 15 wherein PG is Boc.

17. A linker of Formula V:
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PGHN __ /—N\%N/—\NM/?OOH
(AN y
wherein
PG is an amine protecting group,
X is selected from N and C, and
pis 1-3.
18.  The linker of claim 17 wherein PG is Boc.
19.  Alinker of Formula VI:
PGHN" §/O7\§/\Nf /\\§
&\ai/l\\x
\N//kCOOH VI

wherein
PG is an amine protecting group;
each X is independently selected from C and N; and
nis 0-2.

20.  The linker of claim 19 wherein PG is Boc.

21. A linker of Formula VII:

PGN \)
™ Wil
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wherein
PG is an amine protecting group;
X is selected from C and N;
Y is selected from N, O and C;
m is 1-3; and
nis 1-3.
22.  The linker of claim 21, wherein PG is Boc.

23. A compound comprising a linker according to any of claims 1-22 and a
ligand that triggers a degradation pathway.

24.  The compound of claim 23 wherein the ligand that triggers a degradation

pathway is an E3 ubiquitin ligase enzyme.

25.  The compound of claim 24, wherein the ligand for an E3 ubiquitin ligase

enzyme is a derivative of an immunomodulatory drug (IMiD).

26. The compound of claim 25 wherein the derivative of an IMiD is selected
from the group consisting of pomalidomide derivatives, thalidomide derivatives,

lenalodomide derivatives, and VH032 derivatives.
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11

A = Ligand for Targeting Protein
C = Ligand for Targeting Enzyme

B = Linker

FIGURE



