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Abstract

BCL-X| and BCL-2 are important targets for cancer treatment. BCL-X_ specific PROTACs have
been developed to circumvent the on-target platelet toxicity associated with BCL-X|_inhibition.
However, they have minimal effects on cancer cells that are dependent on BCL-2 or both BCL-X|_
and BCL-2. Here we report a new series of BCL-PROTACS. The lead PZ703b exhibits high
potency in inducing BCL-X| degradation and in inhibiting but not degrading BCL-2, showing

a hybrid dual-targeting mechanism of action that is unprecedented in a PROTAC molecule.

As a result, PZ703b is highly potent in killing BCL-X| dependent, BCL-2 dependent and BCL-
X/BCL-2 dual-dependent cells, in an E3 ligase (VHL)-dependent fashion. We further found

that PZ703b forms stable {BCL-2:PROTAC:VCB} ternary complexes in live cells which likely
contributes to the enhanced BCL-2 inhibition by PZ703b. With further optimization, analogues of
PZ703b could potentially be developed as effective antitumor agents by co-targeting BCL-X, and
BCL-2.
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INTRODUCTION

Evasion of cellular apoptosis is a hallmark of cancer, largely mediated by the dysregulation
in the ratio of pro- and anti-apoptotic proteins.! The anti-apoptotic BCL-2 family proteins
including BCL-X , BCL-2 and MCL-1 are well-validated cancer targets.2:3 They protect
cells from apoptosis by sequestering pro-apoptotic BCL-2 family proteins followed by
preventing activation of effector proapoptotic proteins (BAX and BAK) and the subsequent
release of cytochrome ¢ from mitochondria. This whole series of events prevents the
activation of caspase-cascade and inhibits apoptosis. The apoptosis evasion induced by the
upregulation of anti-apoptotic BCL-2 family proteins lead to tumor initiation, progression,
and resistance to chemo- and targeted therapies.* Numerous small molecules that can
directly inhibit these anti-apoptotic proteins have been developed as potential cancer
treatments.> Among them, venetoclax, a BCL-2 selective inhibitor, has been approved by the
FDA for the treatment of chronic lymphocytic leukemia (CLL) and acute myeloid leukemia
(AML):® thus validating the translational relevance of targeting anti-apoptotic BCL-2 family
proteins. Compared with its predecessor navitoclax (ABT-263), a BCL-2/BCL-X dual
inhibitor, venetoclax is not effective against cancer cells that rely on BCL-X|_ or both BCL-2
and BCL-X|_for survival. Targeting BCL-X_ might have a broader application in cancer
therapy as it is the most common BCL-2 family member overexpressed in solid tumors,

as well as in a subset of leukemia and lymphoma cells.” However, the clinical applications
of BCL-X| -selective or BCL-2/BCL-X|_dual inhibitors are greatly limited by their on-
target thrombocytopenia (or platelet toxicity) because platelets are dependent on BCL-X_
for survival.8 To address this issue, we have been developing platelet-sparing BCL-X_
proteolysis-targeting chimeras (PROTACS) that can induce ubiquitination and proteasomal
degradation of BCL-X_ .2 These PROTACs are bifunctional small-molecules with a BCL-X|
binding moiety (warhead) linked to a binding moiety for an E3 ubiquitin ligase. We have
shown that these PROTACs, which target BCL-X|_ to the von Hippel-Lindau (VHL),102.10b
cereblon (CRBN),100.10¢ or inhibitor of apoptosis proteins (IAPs) E3 ligase,10d are capable
of degrading BCL-X_ protein in cancer cells but have minimal or no effect on the BCL-

X levels in human platelets. This is because platelets express minimal levels of VHL,
CRBN, and IAPs. Thus, we have demonstrated that the PROTAC technology could be used
to achieve tissue/cell selectivity by targeting E3 ligases that are differentially expressed

in different tissues/cells. It is worth to note that several other strategies have also been
successfully implemented to minimize platelet toxicity of BCL-X_ inhibitors, including

the development of BCL-2/X_dual inhibitor prodrug palcitoclax (APG-1252),11 dendrimer
conjugate AZD0466,12 and antibody-drug conjugate ABBV-155.13
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Our previous studies have identified DT2216 (Figure 1A),198 a VHL-recruiting BCL- X
specific PROTAC recently entered clinical phase. DT2216 is 4-fold more potent than its
warhead ABT-263 against MOLT-4, a human T-cell acute lymphoblastic leukemia (ALL)
cell line dependent on BCL-X_ for survival and exhibited ~200-fold selectivity for MOLT-4
over human platelets while ABT-263 was equally toxic to MOLT-4 cells and platelets.102
Although, DT2216 could effectively degrade BCL-X|_ but not BCL-2 even though it has

a relatively higher binding affinity for BCL-2 than BCL-X_ . The specific degradation for
BCL-X| over BCL-2 unfortunately narrows the anticancer spectrum of DT2216 as it is
ineffective in cancer cells that are dependent on BCL-2 and is moderately effective against
cancer cells that are dependent on both BCL-2/BCL-X_ for survival.

Our mechanistic studies revealed that BCL-X , but not BCL-2, can form stable ternary
complexes with DT2216 and VHL-EloC-EloB (VCB) in live cells even though DT2216

can engage both proteins in cell-free AlphaLISA assay and a cellular thermal-shift assay.102
Thus, lack of the ability of forming a stable ternary complex, which is essential for inducing
target ubiquitination, is the potential reason that DT2216 cannot induce BCL-2 degradation.

DT2216 was designed by connecting ABT-263 to a VHL ligand via attachment to the
solvent-exposed morpholine ring, which was replaced by a bioisosteric piperazine group

as a synthetic handle. Inspection of the co-crystal structures of ABT-263 in complex with
BCL-X, (PDB code 4QNQ)!42 and BCL-2 (PDB code 6QGH)P revealed that the two
methyl groups on the cyclohexene ring of ABT-263 are also solvent-exposed, and thus can
be considered as suitable linker attachment points (Figure 1B). Linking from a different
position of either the ligand for the protein of interest (POI) or the ligand for E3 ligase
changes the interaction surfaces of the POI and E3 ligase when they form ternary complexes,
which could alter the target degradation efficiency and specificity.1®> We envisioned that
PROTACSs with linkers attached to the two methyl groups on the cyclohexene ring of
ABT-263 might favor the ternary complex formation as BCL-X| /BCL-2 could have larger
potential protein-protein interaction (PPI) surface in this region compared to the PPI surface
induced by DT2216.

Herein, we describe the synthesis and biological evaluation of the new generation of BCL-
targeting PROTACS that are constructed via attachment of linker and VHL ligand to one of
the two methyl groups on the cyclohexene ring of ABT-263.

RESULTS AND DISCUSSION

To validate the new linker tethering position and identify the optimal linker length, we
started our investigation by synthesizing a small set of new PROTACS that vary in linker
length. A chiral quaternary carbon center on the cyclohexene ring of ABT-263 will be
formed when one of the two methyl groups is functionalized for linker attachment. It

is apparent from the co-crystal structures of ABT-263 in complex with BCL-X, that
both methyl groups are solvent-exposed. To simplify the synthesis, we first prepared

the “PROTAC-ready” warhead as an epimeric mixture for the construction of this

series of PROTACSs. Therefore, our synthetic sequence was commenced with the known
compound 1 where the desired attachment point was disguised as fert-butyl ester. a-
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Methoxycarbonylation of 1 was achieved by using NaH and Me,COg5 to afford the B-keto
ester 2. Converting 2 to the triflate intermediate by treatment with diisopropylethylamine
(DIPEA) and trifluoromethanesulfonic anhydride followed by Suzuki coupling with 4-
chlorophenyl boronic acid gave the diester 3. The ester groups of 3 were reduced with

LAH to afford diol 4. NCS/Me,S mediated chemoselective chlorination of the allylic alcohol
of 4 followed by nucleophilic substitution with ethyl 4-(piperazin-1-yl) benzoate generated
alcohol 5 in good yield. Mesylation of the primary alcohol 5 followed by treatment with
NaN3 generated an azide intermediate, which was converted to amine by Staudinger
reduction and subsequent Boc-protection in the same pot to afford compound 6 in high
yield. Ester hydrolysis of 6 followed by coupling with sulfonamine 7, prepared by following
a reported method with minor modifications, 16 and the removal of the Boc protection
yielded amine 8. PROTACs PP1-PP8 were prepared by coupling 8 with the corresponding
acids 9a-h (see Supporting Information) (Scheme 1).

We tested PROTACS in cell viability assays using MOLT-4 and RS4;11 cells, with ABT-263
and DT2216 as the positive controls (Tables 1). Unlike DT2216 and its homologues, which
have diminished potency in killing RS4;11 cells in comparison with ABT-263,190 the new
PROTAC S exhibited balanced cell killing potency in both MOLT-4 and RS4;11 cells. The
improved killing potency of RS4;11 indicates a significant change with the underlying
mechanism of action of the new PROTACS. It is well established that the linker length plays
amajor role in governing the bioactivity of PROTACs.1” We found that minimal deviation
of the alkane-linker length in this series of PROTACS significantly changed their cytotoxicity
against MOLT-4 and RS4;11 cells. The 8-carbon methylene linker PROTAC (PP5) exhibited
the highest potency in killing both MOLT-4 and RS4;11 cells, with an 1Cgq of 32.1 nM and
23.3 nM, respectively (Table 1). PP5 was also found to be an efficient BCL-X|_ degrader
with a half-degrading concentration (DCsgg) of 27.2 nM in MOLT-4 cells (Figure 2A and
2B). As expected, the optimal linker length for the new PROTAC series is different from the
DT2216 series, due to the completely different PPI interface.

The initial proof-of-concept studies indicated that tethering the linker from the cyclohexene
ring of ABT-263 resulted in PROTACs with a distinct pharmacological profile. As both

the epimeric methyl groups on the cyclohexene ring are solvent-exposed but clearly with
different protruding angles (Figure 1B), we next sought to investigate the difference between
these two tethering points by synthesizing both epimers of PP5. To access both epimers
rapidly, we planned to separate the enantiomers of a suitable intermediate via attaching to

an appropriate chiral auxiliary. After prolonged investigation, we found that diester 3 can

be selectively hydrolyzed to acid 10, which can be attached to Evan’s chiral oxazolidinone
via amidation (Scheme 2). To our delight, the resulting diastereomers 11a and 11b were
separable through silica gel column chromatography. Reduction of the said diastereomers
separately with LAH afforded the enantio-pure diols 4a and 4b. Enantiopurity of the
diacetates of the corresponding diols (4a and 4b) were analyzed by chiral HPLC (Supporting
Information) and found to be > 99.0%. Diols 4a/4b were converted to the corresponding
amines 8a/8b by following the same synthetic protocol used to convert 4 to 8 (Scheme 1).
Diastereo-pure amines 8a/8b were then maneuvered to the corresponding epimers of PP5,
PZ703a and PZ703b, respectively. PZ703b exhibited 10-fold and 37-fold higher cytotoxicity
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than PZ703a against MOLT-4 and RS4;11 cells, respectively (Table 1). This clearly
indicates that the linking position plays a crucial role in generating an efficient PROTAC.
From structural analysis, the pro-/ methyl group will likely give a better PPI interface.
However, attempts to generate single crystals for determining the absolute configuration of
enantiomers 11a/11b by X-ray diffraction or using NMR spectroscopy were unsuccessful.
Hence, the absolute configuration of PZ703a/PZ703b remained elusive at this point. In
addition, although the synthetic route delineated in Scheme 2 gave us access to the two
epimeric PROTACs PZ703a/PZ703b, it suffers from the low overall yield for the potential
active epimer as we had to sacrifice half of the intermediate in the diastereomer separation
stage. Therefore, we devised an asymmetric synthetic route to prepare intermediate 4b as the
stereochemistry resembles with our anticipated active PROTAC epimer PZ703b.

We selected the (S)-isomer of 4,4-disubstituted cyclohexenone 13 as our starting material
that can be accessed in four steps v7a a chiral amine driven Diels-Alder reaction by
following Rawal’s protocol.1® TBS protection of the primary alcohol of 13 followed by
installation of an ester group at the a.-position of the carbonyl and subsequent reduction of
the a,f-unsaturation afforded B-keto ester 14 in gratifying yield. Compound 14 was treated
with triflic anhydride to form an enol triflate intermediate which upon Suzuki coupling with
4-chlorophenyl boronic acid afforded compound 15. Reduction of the ester with DIBAL-H
and subsequent TBS ether deprotection afforded diol 4b (Scheme 3). Enantiomeric excess
of 4b was determined by chiral HPLC v7a converting to the corresponding diacetate and
was found to be 92.8%. The absolute configuration of the diols 4a and 4b from Scheme

2 was determined via comparing their corresponding diacetates with the diacetate of the
enantio-selectively prepared 4b (see Supporting Information). Diol 4b was converted to 8b
by following the same synthetic protocol used for the conversion of racemic diol 4 to 8.
PZ703b was synthesized from 8b by using the same synthetic protocol described in Scheme
2.

We first compared PP5, PZ703a, and PZ703b, along with DT2216 and ABT-263 for their
cytotoxicity in MOLT-4 and RS4;11 cells using MTS cell viability assay (Table 1), followed
by examining their ability to induce BCL-X| /BCL-2/MCL-1 degradation in these cells using
western blotting (Figure 2). In this assay, we found that PZ703b was significantly more
potent than its S-epimer PZ703a in killing MOLT-4 and RS4;11 cells. Consistently, PZ703b
was ~2-fold more potent than the diastereomeric mixture PP5 in these two cell lines. More
importantly, PZ703b was also more potent than DT2216 and ABT-263 in these cells with
ICsq values of 15.9 nM, 75.3 nM, and 212.3 nM, respectively, for MOLT-4; and ICgq values
of 11.3 nM, 211.7 nM, and 42.6 nM, respectively for RS4;11 (Table 1). We also prepared a
negative control of PZ703b, i.e., PZ703b-NC (see Supporting Information), by the inversion
of the stereocenters on the hydroxyproline moiety of the VHL ligand; which causes the loss
of binding affinity to VHL.1? As expected, PZ703b-NC had minimal effects on MOLT-4 and
RS4;11 cells.

The cell viability data in MOLT-4 were well correlated with the BCL-X|_ protein degradation
data when comparing the DCsgq values among DT2216, PP5, PZ703a, PZ703b (Figure 2A

& 2B) and PZ703b-NC (Supporting Information, Figure S1A). Similar DCsq values for
BCL-X were also observed in RS4;11 cells (Figure 2C & 2D). Notably, MCL-1 levels
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were also decreased when cells were treated with PZ703b or PP5 at high concentrations
(Figure 2A & 2C). As we previously observed with cells that are highly sensitive to
BCL-X,_ degradation,20 the MCL-1 downregulation is caused by apoptosis-induced caspase
cleavage.2! To further confirm that the MCL-1 degradation is apoptosis dependent, we tested
PZ703b in HEK 293T cells which are known to be insensitive to BCL-X /BCL-2 inhibition.
Although PZ703b can effectively induce BCL-X| degradation in these cells, no MCL-1
decrease was observed due to the absence of apoptosis as indicted by the lack of cleaved
PARP (Supporting Information, Figure S2). Next, we evaluated the effects of PZ703b on
human platelets. As expected, PZ703b did not cause significant changes on BCL-X| protein
levels in platelets, which translated into its increased selectivity for MOLT-4 cells over
platelets (100-fold) compared to the warhead ABT-263 (Figure 2F & 2G).

PZ703b induced rapid and durable BCL-X| degradation in MOLT-4 cells (Figure 3A &
3B). To demonstrate that PZ703b-induced BCL-X| degradation occurs through E3 ligase-
dependent, proteasomal degradation, MOLT-4 cells were treated with proteasome inhibitor
MG-132 or VHL ligand VHL-032.22 Both MG-132 and VHL-032 could effectively block
the BCL-X_ degradation induced by PZ703b (Figure 3C). In addition, PZ703b-NC did not
induce BCL-X_ degradation (Supporting Information, Figure S1A & S1B). Thus, PZ703b
acts as a PROTAC. In addition, PZ703b potently induced apoptosis in MOLT-4 cells, which
is caspase-3 mediated and can be blocked by pan-caspase inhibitor QVD (Figure 3D-3F).
When compared with DT2216, PZ703b possesses ~3-fold higher binding affinity to BCL-
X in both binary (without VCB) and ternary binding (with VCB) affinity assays (Table

2), which correlates well with the increased cellular potency in MOLT-4 cells. However,

the largely increased potency of PZ703b than its epimer PZ703a in inducing BCL-X|_
degradation and killing MOLT-4 cells cannot be attributed to higher binary or ternary
BCL-X binding affinity, as they are equally potent in binding to the protein (Table 2). Even
more striking, although PZ703b is nearly 4-, 19-, and 37-fold more potent than ABT-263,
DT2216, and PZ703a, respectively, in killing RS4;11 cells (Table 1); we did not observe
significant BCL-2 degradation with PZ703b treatment (Figure 2). Only small differences

(< 3-fold) in binding affinity to BCL-2 were observed among these compounds (Table 2),
indicating that their cellular activity in RS4;11 cannot be explained by BCL-2 binding alone.

To gain more understanding of the cellular activity among DT2216, PZ703a, and PZ703b,
we first measured the in vitro formation of {BCL-X, , BCL-2, or MCL-1:compound:VCB}
ternary complexes using the cell-free AlphaLISA assay.?® Similar to DT2216,19 hoth
PZ703a and PZ703b can form stable ternary complexes with either BCL-X| or BCL-2
with VCB (Figure 4A & 4B). PZ703b gave strongest signals among these compounds,
which is consistent with cellular activity. As expected, none of these compounds can form
stable ternary complexes with MCL-1 and VCB (Figure 4C). We further evaluated the
ternary complex formation using the NanoBRET assay, a bioluminescence resonance energy
transfer (BRET)-based assay to measure the interaction of two binding proteins in live
cells.?4 Previously, we found that DT2216 was able to form stable {BCL-2:DT2216:\VCB}
ternary complexes in vitro but not in live cells as determined by NanoBRET assay.102 Here,
we found that PP5, PZ703a and PZ703b were able to form {BCL-2: compound:VCB}
ternary complexes in live cells whereas DT2216 and PZ703b-NC could not (Figure

4E and Supporting Information Figure S1C & S1D). PZ703b induced more prominent
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{BCL-2:PZ703b:VVCB} ternary complex formation compared to PZ703a. These results
correlate well with the cellular activity among these compounds. Next, we conducted a
series of competition assays with pre-treatment of RS4;11 with VHL ligand VHL-032 to
block the formation of ternary complexes. As shown in Figure 5A, a nearly 20-fold activity
loss for both PP5 and PZ703b and a smaller loss (2.6-fold) for PZ703a were observed in
RS4;11 cells, whereas DT2216 and PZ703b-NC (Supporting Information Figure S1E) had
no significant ICsq value changes after pre-treatment with VHL-032. Further, as a BCL-2
inhibitor, ABT-263 has been reported to disrupt the interaction of BCL-2 with anti-apoptotic
protein Bim in RS4;11 cells.2> Similarly, PZ703b also functions as a BCL-2 inhibitor that
can inhibit BCL-2:Bim interaction (Figure 5B). However, pre-treatment of RS4;11 with
VHL-032 can block PZ703b but not ABT-263 from disrupting BCL-2:Bim interaction
(Figure 5C). As expected, DT2216 and PZ703b-NC had minimal effect on BCL-2:Bim
interaction with or without VHL-032 treatment (Figure 5B & 5C). These results are in
agreement with the data from the NanoBRET assay; and further confirm that formation

of stable {BCL-2:PZ703b:VVCB} ternary complexes increased the inhibition of PZ703b to
BCL-2 protein and enabled efficient killing of RS4;11 cells.

We further observed that the improved BCL-X, degradation along with the increased
BCL-2 inhibition through formation of stable ternary complexes also enabled PZ703b to
efficiently kill BCL-2/BCL-X_ dual-dependent NCI-H146 and NCI-H211 cells (Supporting
Information Figure S3). Thus, we demonstrated that linking from the methyl group on the
cyclohexene ring of ABT-263 is a valid approach for the generation of novel BCL-X|_
PROTACs with improved inhibitory activity against BCL-2 by promoting the formation of
the {BCL-2:PROTAC:VVCB} complex.

CONCLUSION

We have designed and synthesized a novel BCL-targeting PROTAC (PZ703b) based on
BCL-X/BCL-2 dual inhibitor ABT-263 by tethering the pro- /2 methyl group on the
cyclohexene ring of ABT-263. PZ703b is remarkably more potent than its epimer PZ703a
and predecessor PROTAC DT2216 in inducing BCL-X| degradation. PZ703b also appears
to potently inhibit BCL-2 through the formation of stable {BCL-2:PZ703b:VVCB} ternary
complexes in live cells, which is distinct from DT2216. Thus, PZ703b possesses a unique
mechanism of action (MOA\) in inhibiting anti-apoptotic BCL-2 proteins, i.e., potent
degradation of BCL-X| and simultaneously enhanced inhibition of BCL-2, that enables

its high potency against BCL-X, dependent, BCL-2 dependent, and BCL-X, /BCL-2 dual-
dependent cancer cells. To the best of our knowledge, this is the first time that such

hybrid mechanism has been observed in a PROTAC molecule. Underneath this study lies a
great scope of opportunity to uncover the expansion of the target coverage for degradation
and inhibition by PROTAC technology. However, further understanding of the specific
mechanism that govern the ternary complex formation and the enhanced target inhibition
is needed to facilitate the rational design. Moreover, it will be interesting to find out if
PROTACs with such hybrid MOA can be effective in vivo as degraders and inhibitors
have distinct pharmacokinetic-pharmacodynamic profiles. In this regard, BCL-X, /BCL-2
dual-degrader, if can be identified, could be a better choice for clinical development.15.26
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EXPERIMENTAL SECTION

Chemistry General Procedures.

All chemicals obtained from commercial suppliers were used as purchased without further
purification. Water was purified with a Milli-Q Simplicity 185 Water Purification System
(Merck Millipore). All reactions with water- and/or air-sensitive starting materials were
carried out in pre-dried glass wares under argon atmosphere with standard procedure.
THF, DCM, and DMF were obtained via a solvent purification system by filtering through
two columns packed with activated alumina and 4 A molecular sieve, respectively. Flash
chromatography was performed using silica gel (230-400 mesh) as the stationary phase.
Reaction progress was monitored by thin layer chromatography (silica coated glass plates)
and visualized by UV light, and/or by LC-MS. NMR spectra were recorded in CDCl3 or
CD30D at 600 MHz. Chemical shifts & are given in ppm using tetramethylsilane as an
internal standard. Multiplicities of NMR signals are designated as singlet (s), broad singlet
(br s), doublet (d), doublet of doublets (dd), triplet (t), quartet (g), and multiplet (m). All
final compounds for biological testing were of =295.0% purity as analyzed by LC-MS,
performed on an Advion AVANT LC system with the expression CMS using a Thermo
Accucore™ Vanquish™ C18+ UHPLC Column (1.5 pm, 50 x 2.1 mm) at 40 °C. Gradient
elution was used for UHPLC with a mobile phase of acetonitrile and water containing 0.1%
formic acid. High resolution mass spectra (HRMS) were recorded on a Bruker Impact Il
QTOF mass spectrometer.

1-(tert-Butyl) 3-methyl 4-hydroxy-1-methylcyclohex-3-ene-1,3-dicarboxylate (2).

To a stirring suspension of NaH (9.43 g, 235 mmol) in MeTHF (300 mL) was added a
solution of compound 1 (20 g, 94 mmol) in MeTHF (50 mL) dropwise at rt. To this mixture
Me,CO3 (39.5 mL, 470 mmol) was added and the resulting mixture was refluxed for 5 h.
After consumption of the starting material, the reaction mixture was cooled to 0 °C and then
carefully quenched with ice-cold water until effervescence stopped. The organic portion was
collected, and the pH of the aqueous part was adjusted to 5.0. The aqueous part was further
extracted with EtOAc. The combined organic portion was washed with brine solution and
then dried over Nay;SQO4. The solvent was evaporated in reduced pressure and crude was
purified by silica gel column flash chromatography (2.5% EtOAc in hexane) to afford the
desired compound 2 (10.1 g, 37.6 mmol) as a clear oil in 40% yield. 1TH NMR (600 MHz,
Chloroform-g) & 12.12 (s, 1H), 3.76 (s, 3H), 2.76 (d, /= 15.8 Hz, 1H), 2.42 — 2.34 (m, 1H),
2.32-2.25(m, 1H), 2.03 (d, J= 16.2 Hz, 2H), 1.61 — 1.54 (m, 1H), 1.42 (s, 9H), 1.20 (s,
3H). 13C NMR (151 MHz, Chloroform-d) 6 175.9, 172.9, 171.0, 96.3, 80.4, 51.6, 41.9, 31.8,
30.7, 28.1, 26.8, 24.8. HRMS (ESI) m/z = 293.1365 calcd. for C14H,,NaOg [M + Na]*,
found: 293.1349.

4-(tert-Butyl) 2-methyl 4’-chloro-4-methyl-3,4,5,6-tetrahydro-[1,1’-biphenyl]-2,4-
dicarboxylate (3).

Step one: synthesis of (1-(tert-butyl) 3-methyl 1-methyl-4-
(((trifluoromethyl)sulfonyl)oxy)cyclohex-3-ene-1,3-dicarboxylate).—To a stirring
solution of the compound 2 (10.1 g, 37.6 mmol) in DCM (120 mL) was added DIPEA (32.7
mL,188 mmol). The mixture was cooled to =78 °C and Tf,0O (7.6 mL, 45.1 mmol) was
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added dropwise. The temperature of the reaction was allowed to rise to the rt and stirred

for 8 h. Upon completion, the reaction was quenched with water. The organic part was
washed with saturated aqueous NaHCOg solution followed by brine, dried over Na,SO,4 and
the volatiles were removed under reduced pressure. To the crude mixture was added 10%
EtOAc in hexane solution and it was stirred over 1 h. The mixture was filtered and filter cake
was washed repeatedly by the 10% EtOAc in hexane solution. The combined filtrate was
collected and evaporated under reduced pressure to give the dark brown crude. The crude
was purified by silica gel flash column chromatography (3% EtOAc in hexane) to afford

the triflate intermediate (14.4 g, 35.7 mmol) as an oil in 95% yield. IH NMR (600 MHz,
Chloroform-a) 6 3.78 (d, /= 2.3 Hz, 3H), 2.99 (dq, /= 17.6, 1.8 Hz, 1H), 2.52 (ddt, J=
14.9,5.9, 3.0 Hz, 1H), 2.44 - 2.31 (m, 1H), 2.25 (d, J=17.6 Hz, 1H), 2.11 (ddd, /= 8.8, 4.3,
1.8 Hz, 1H), 1.62 (dq, /= 13.4, 6.8 Hz, 1H), 1.41 (d, /= 1.7 Hz, 9H), 1.26 — 1.17 (m, 3H).
13C NMR (151 MHz, Chloroform-a) § 174.7, 164.8, 151.1, 121.7, 121.6, 119.6, 117.5, 81.4,
52.4,41.4,35.3, 31.3, 26.7, 24.6. HRMS (ESI) m/z= 425.0858 calcd. for C15H»;F3NaO7S
[M + Na]*, found: 425.0833.

Step two: synthesis of compound 3.—To a stirring solution of the triflate from above
(14.4 g, 35.7 mmol) in toluene (70 mL) and EtOH (35 mL) was added 2N Na,CO3 solution
(35 mL). The above mixture was purged with argon for 15 min and 4-chlorophenylboronic
acid (6.68 g, 42.8 mmol) and Pd(PPh3)4 (824 mg, 0.714 mmol) was added. The mixture was
heated to 90 °C for 7 h. Organic solvents was removed under vacuo and the reaction was
diluted with EtOAc (150 mL), washed with water and brine, dried over anhydrous Na,SOy,
filtered, and concentrated under reduced pressure. The crude material was purified by silica
gel flash chromatography (hexanes/EtOAc = 10:1) to afford diester 3 (11.95 g, 32.84 mmol)
in 92% yield. 1H NMR (600 MHz, Chloroform-a) & 7.27 (d, J= 8.5 Hz, 2H), 7.02 (d, J=
8.4 Hz, 2H), 3.47 (s, 3H), 2.93 (dd, J=17.5, 1.7 Hz, 1H), 2.45 (dddt, J=17.0, 8.5, 6.0, 3.0
Hz, 1H), 2.37 (dtd, J=17.3, 6.0, 2.8 Hz, 1H), 2.22 (dt, /= 17.5, 2.6 Hz, 1H), 2.09 — 2.04
(m, 1H), 1.62 (ddd, J=13.9, 8.3, 6.3 Hz, 1H), 1.45 (s, 9H), 1.26 (s, 3H). 13C NMR (151
MHz, Chloroform-d) & 175.9, 169.2, 144.4, 141.4, 133.0, 128.4, 128.2, 126.8, 80.5, 51.5,
415, 35.9, 31.5, 31.1, 28.1, 24.7. HRMS (ESI) m/z= 387.1339 calcd. for CygH25CINaO,
[M + Na]*, found: 387.1318.

(4’-Chloro-4-methyl-3,4,5,6-tetrahydro-[1,1’-biphenyl]-2,4-diyl)dimethanol (4).

To a stirring suspension of LAH (2.6 g, 68.5 mmol) in THF (100 mL) at 0 °C was added a
solution of compound 3 (10 g, 27.4 mmol) in THF (35 mL) dropwise. After stirring at same
temperature for 3 h, water (2.6 mL) was added slowly followed by addition of 15% NaOH
solution (2.6 mL). After stirring for 1 h, 7.8 mL water was added. The mixture was stirred
for 30 min at rt before added solid Na,SO, and stirred for 1 h. The mixture was filtered
through a pad of celite and washed several times with EtOAc. The organic portion was dried
over anhydrous NaySQy, filtered, and concentrated under vacuum. The crude product was
washed with 10% DCM in diethyl ether solution 3 times to give the diol 4 (6.9 g, 26 mmol)
as a white powder in 95% yield. 'H NMR (600 MHz, Methanol-dj) & 7.33 (d, /= 8.4 Hz,
2H), 7.16 (d, J= 8.4 Hz, 2H), 3.87 (s, 2H), 3.43 (d, /= 10.8 Hz, 1H), 3.37 (d, /= 10.9 Hz,
1H), 2.33 (t, /= 6.3 Hz, 2H), 2.18 (d, J=17.5 Hz, 1H), 1.98 (d, /= 17.3 Hz, 1H), 1.65 (dd,
J=13.4, 6.7 Hz, 1H), 1.48 (dt, J= 12.1, 5.6 Hz, 1H), 1.01 (s, 3H). 13C NMR (151 MHz,
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Methanol-djy) & 142.6, 135.1, 133.4, 133.0, 130.8, 129.2, 71.2, 63.9, 36.8, 34.9, 31.6, 30.3,
22.7. HRMS (ESI) mm/z= 289.0971 calcd. for C15H;9CINaO, [M + Na]*, found: 289.0955.

Ethyl 4-(4-((4’-chloro-4-(hydroxymethyl)-4-methyl-3,4,5,6-tetrahydro-[1,1’-biphenyl]-2-
yl)methyl)piperazin-1-yl)benzoate (5).

To a stirring solution of 4 (5 g, 18.8 mmol) in DCM (130 mL) was added NCS (2.87 g,
21.6 mmol). The mixure was cooled to =30 °C and Me5S (1.58 mL, 21.6 mmol) was added
dropwise. After 1 h the reaction was diluted with DCM and then quenched with water.

The organic part was washed with brine, dried over anhydrous NaySQOy, filtered, and and
concentrated under vacuum. The crude product was used in the next step without further
purification.

The crude product from above was dissolved in DMF (50 mL) followed by the successive
addition of ethyl 4-(piperazin-1-yl)benzoate (5.72 g, 24.4 mmol) and K,CO3 (5.18 g, 37.6
mmol). The mixture was stirred at rt for 7 h, upon consumption of the starting material the
reaction was diluted with EtOAc. The organic part was washed with water several times
followed by brine. The organic portion was dried over anhydrous Na,SOy, filtered, and
concentrated under vacuum. The crude product was purified by column chromatography
(hexanes/EtOAc = 50/50) to afford 5 (6.8 g, 14.1 mmol) as an off-white powder in 75%
yield in two steps. IH NMR (600 MHz, Chloroform-a) 6 7.89 (d, J= 9.0 Hz, 2H), 7.28 (d, J
= 8.4 Hz, 2H), 7.00 (d, J= 8.4 Hz, 2H), 6.80 (d, /= 9.0 Hz, 2H), 4.31 (g, /= 7.1 Hz, 2H),
3.46 (d, J=2.4 Hz, 2H), 3.25 (t, /=5.1 Hz, 4H), 2.86 — 2.76 (m, 2H), 2.36 (qt, /= 11.0,
4.9 Hz, 4H), 2.29 (s, 2H), 2.16 (d, J=17.4 Hz, 1H), 2.00 (d, /= 17.3 Hz, 1H), 1.62 (dd, J=
13.4, 6.8 Hz, 1H), 1.50 (dt, J= 12.5, 5.9 Hz, 1H), 1.36 (t, J= 7.1 Hz, 3H), 1.01 (s, 3H). 13C
NMR (151 MHz, Chloroform-d) 6 166.9, 154.3, 141.7, 135.1, 132.3, 131.3, 129.9, 129.1,
128.5, 120.0, 113.7, 71.2, 60.7, 60.5, 52.7, 47.7, 36.6, 34.2, 30.7, 30.2, 22.5, 14.6. HRMS
(ESI) m/z = 483.2414 calcd. for CogHz6CIN,O3 [M + H]*, found: 483.2393.

Ethyl 4-(4-((4-(((tert-butoxycarbonyl)amino)methyl)-4’-chloro-4-methyl-3,4,5,6-
tetrahydro-[1,1’-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoate (6).

Step one: synthesis of

ethyl 4-(4-((4’-chloro-4-methyl-4-(((methylsulfonyl)oxy)methyl)-3,4,5,6-
tetrahydro-[1,1’-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoate.—To a stirring
solution of 5 (2 g, 4.14 mmol) in THF (12 mL) was added TEA (1.74 mL,12.4 mmol)

and the mixture was cooled to 0 °C. MsClI (0.48 mL, 6.21 mmol) was added at the

same temperature and the mixture was stirred at rt for 8 h. Upon consumption of the
starting material, the mixture was diluted with DCM and the organic portion was washed
with saturated aqueous NaHCO3 solution followed by brine. The organic part was dried
over anhydrous Na,SQOy, filtered, and concentrated under vacuum. The crude product was
purified by silica gel flash column chromatography (hexanes/EtOAc = 3:1) to afford the
desired compound (2.1 g, 3.7 mmol) in 90% yield. 'H NMR (600 MHz, Chloroform-d) &
7.89 (d, /=9.0 Hz, 2H), 7.29 (d, /= 8.3 Hz, 2H), 6.99 (d, /= 8.4 Hz, 2H), 6.81 (d, /= 9.0
Hz, 2H), 4.31 (q, J= 7.1 Hz, 2H), 4.05 (g, /= 9.3 Hz, 2H), 3.25 (t, /= 5.1 Hz, 4H), 3.04 (s,
3H), 2.81 (s, 2H), 2.35 (t, /= 5.1 Hz, 4H), 2.30 (d, /= 6.2 Hz, 2H), 2.20 (d, /= 17.7 Hz,
1H), 2.09 (d, J=17.7 Hz, 1H), 1.69 (dd, J= 13.3, 6.7 Hz, 1H), 1.57 (d, /= 6.7 Hz, 1H), 1.36
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(t, J= 7.1 Hz, 3H), 1.09 (s, 3H). 13C NMR (151 MHz, Chloroform-a) & 166.7, 154.1, 141.0,
134.8,132.4,131.1, 129.6, 128.4, 128.4, 119.9, 113.5, 60.3, 53.4, 52.5, 47.6, 37.2, 36.1,
33.0, 31.5, 30.4, 29.6, 22.5, 14.5. HRMS (ESI) m/z=561.2190 calcd. for CogH3gCIN,05S
[M + H]*, found: 561.2168.

Step two: synthesis of ethyl 4-(4-((4-(azidomethyl)-4’-chloro-4-methyl-3,4,5,6-
tetrahydro-[1,1’-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoate.—To a stirring
solution of the produce from above (2.1 g, 3.7 mmol) in DMF (10 mL) was added NaN3
(481 mg, 7.4 mmol) and catalytic amount TBAI. The reaction mixture was heated at 100

°C for 24 h. Upon completion, the mixture was diluted with EtOAc and washed with

brine. The organic part was dried over anhydrous NaSQy, filtered, and concentrated under
reduced pressure. The crude product was purified by silica gel flash column chromatography
(hexanes/EtOAc = 90:10) to afford the desired compound (1.68 g, 3.33 mmol) in 85% yield.
IH NMR (600 MHz, Chloroform-d) & 7.90 (d, /= 9.0 Hz, 2H), 7.28 (d, J= 8.4 Hz, 2H),
6.99 (d, /=8.4 Hz, 2H), 6.81 (d, /= 9.0 Hz, 2H), 4.32 (q, /= 7.1 Hz, 2H), 3.28 - 3.20 (m,
6H), 2.81 (s, 2H), 2.38 — 2.32 (m, 4H), 2.26 (ddd, /= 24.3, 17.2, 6.4 Hz, 2H), 2.15 (d, /=
17.7 Hz, 1H), 2.03 (d, J=16.3 Hz, 1H), 1.62 (dt, /= 13.7, 6.9 Hz, 1H), 1.51 (dt, /= 12.4,
5.9 Hz, 1H), 1.36 (t, /= 7.1 Hz, 3H), 1.04 (s, 3H). 13C NMR (151 MHz, Chloroform-a)

5 166.8, 154.3, 141.4, 134.9, 132.4, 131.2, 129.8, 128.9, 128.5, 120.0, 113.7, 61.8, 60.6,
60.5, 52.6, 47.7, 37.4, 34.1, 31.5, 30.1, 23.4, 14.6. HRMS (ESI) m/z=508.2479 calcd. for
CygH35CIN5O2 [M + H]+, found: 508.2462.

Step three: synthesis of compound 6.—To a stirring solution of the azide from above
(1.68 g, 3.33 mmol) in THF/H,0 (12 mL/1 mL) was added TPP (1.7 g, 6.66 mmol) at rt and
the mixture was stirred for 2 h. Once the azide consumed, Boc,0 (937 mg, 4.3 mmol) and
NaHCO3 (697 mg, 8.3 mmol) were added sequencially to the above mixture. The mixture
was stirred for another 7 h and THF was removed under reduced pressure. The residue

was diluted with EtOAc followed by washing with water and brine. The organic part was
dried over anhydrous NaSQy, filtered, and concentrated under reduced pressure. The crude
product was purified by silica gel flash column chromatography (hexanes/EtOAc = 90:10)
to afford compound 6 (1.53 g, 3 mmol) in 91% yield. 1H NMR (600 MHz, Chloroform-a)
§7.89 (d, /=8.9 Hz, 2H), 7.27 (d, /= 8.3 Hz, 2H), 7.00 (d, J= 8.1 Hz, 2H), 6.80 (d, J=

9.0 Hz, 2H), 4.74 (s, 1H), 4.31 (q, J= 7.1 Hz, 2H), 3.25 (t, J= 5.1 Hz, 4H), 3.13 (dd, J=
13.5, 7.0 Hz, 1H), 3.05 (dd, J=13.5, 6.0 Hz, 1H), 2.79 (t, /= 10.4 Hz, 2H), 2.40 — 2.25 (m,
6H), 2.10 (d, J=17.4 Hz, 1H), 1.98 (d, J= 17.4 Hz, 1H), 1.57 — 1.49 (m, 2H), 1.43 (s, 9H),
1.36 (t, J= 7.1 Hz, 3H), 0.97 (s, 3H). 13C NMR (151 MHz, Chloroform-d) & 166.8, 156.5,
154.2, 1415, 135.0, 132.3, 131.2, 129.9, 128.9, 128.4, 120.0, 113.6, 79.2, 60.6, 60.4, 52.7,
49.3, 47.6, 37.6, 33.3, 31.8, 30.2, 28.6, 23.6, 14.6. HRMS (ESI) m/z=582.3099 calcd. for
C33H45CIN3O4 [M + H], found: 582.3072.

4-(4-((4-(Aminomethyl)-4’-chloro-4-methyl-3,4,5,6-tetrahydro-[1,1’-biphenyl]-2-
yl)methyl)piperazin-1-yl)-N-((4-(((R)-4-morpholino-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide hydrochloric salt (8).

Step one: synthesis
of 4-(4-((4-(((tert-Butoxycarbonyl)amino)methyl)-4’-chloro-4-methyl-3,4,5,6-
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tetrahydro-[1,1’-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoic acid.—To a stirring
solution of ester 6 (1.53 g, 3 mmol) in THF/MeOH (10 mL/3 mL) was added a solution of
LiOH-H,0 (252 mg, 6 mmol) in water (3 mL). The mixture was stirred at 50 °C for 10 h.
Upon completion, solvents were removed under reduced pressure and the pH was adjusted
to 7 with 1N HCI. The mixture was diluted with EtOAc (150 mL). The organic portion was
washed with water and brine, dried over anhydrous NaSQOy. filtered, and concentrated under
reduced pressure. The crude product was purified by silica gel flash column chromatography
(hexanes/EtOAc = 60:40) to afford the desired acid (1.57 g, 2.85 mmol) as a white powder
in 95% yield. 1H NMR (600 MHz, Chloroform-a) & 7.93 (d, J= 8.6 Hz, 2H), 7.28 (d, /= 8.4
Hz, 2H), 7.00 (d, /= 8.1 Hz, 2H), 6.80 (d, J= 8.6 Hz, 2H), 4.75 (d, /= 6.2 Hz, 1H), 3.28

(t, J=5.1 Hz, 4H), 3.13 (dd, /= 13.5, 7.0 Hz, 1H), 3.05 (dd, /= 13.5, 5.9 Hz, 1H), 2.87
—2.77 (m, 2H), 2.42 - 2.21 (m, 6H), 2.12 (d, /= 17.0 Hz, 1H), 1.99 (d, J=17.4 Hz, 1H),
1.72 - 1.63 (m, 1H), 1.59 — 1.52 (m, 1H), 1.43 (s, 9H), 0.97 (s, 3H). 13C NMR (151 MHz,
Chloroform-d) & 156.6, 154.5, 141.5, 135.7, 132.4, 131.9, 129.9, 128.5, 128.4, 119.5, 113.6,
79.3,72.9, 62.8, 60.5, 58.7, 52.6, 49.4, 47.3, 37.6, 33.3, 31.7, 30.3, 30.3, 28.6, 26.9, 23.6.
HRMS (ESI) m/z=554.2786 calcd. for C3;H41CIN3O4 [M + H]*, found: 554.2764.

Step two: synthesis of tert-Butyl ((4’-chloro-4-
methyl-6-((4-(4-(((4-(((R)-4-morpholino-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)carbamoyl)phenyl) piperazin-1-
yl)methyl)-2,3,4,5-tetrahydro-[1,1’-biphenyl]-4-yl)methyl)carbamate.—To a
stirring solution of the acid from above (663 mg, 1.2 mmol) in

DCM (5 mL) was successively added compound 7 (553 mg, 1 mmol), EDCI-HCI (558 mg,
3.6 mmol), DMAP (122 mg, 1 mmol) and TEA (0.28 mL, 2 mmol). The resulting mixture
was stirred at rt for 7 h. Upon completion, DCM was evaporated under reduced pressure
and the crude product was purified by gradient silica gel flash column chromatography
(DCM/MeOH = 100:1 to 10:1) to afford the desired compound (935 mg, 0.86 mmol) in 86%
yield. IH NMR (600 MHz, Acetone-ds) & 8.32 (s, 1H), 8.10 (d, J= 8.1 Hz, 1H), 7.86 (d,
J=8.9Hz, 2H), 7.41 (d, J=7.7 Hz, 2H), 7.37 (d, /= 8.4 Hz, 2H), 7.31 (t, /= 7.7 Hz, 2H),
7.22 (t, J=7.4Hz, 1H), 7.19 (d, /= 8.4 Hz, 2H), 7.00 (dd, /= 25.6, 7.8 Hz, 2H), 6.89 (d,
J=8.0 Hz, 2H), 6.00 (t, /= 5.9 Hz, 1H), 4.21 (s, 1H), 3.55 (ddd, /=17.5, 8.6, 5.6 Hz, 4H),
3.36 (qd, J=14.0, 6.0 Hz, 2H), 3.30 — 3.26 (m, 4H), 3.22 (td, /= 13.3, 6.2 Hz, 2H), 3.12
(dd, J=13.5, 6.8 Hz, 1H), 3.05 (dd, /= 13.5, 6.3 Hz, 1H), 2.84 (q, /= 12.4 Hz, 4H), 2.40
—2.36 (m, 6H), 2.32-2.21 (m, 3H), 2.19 — 2.10 (m, 2H), 1.82 (td, J=13.7, 5.2 Hz, 1H),
1.61 (dt, /=13.1, 6.6 Hz, 1H), 1.50 (dt, /= 13.4, 6.5 Hz, 1H), 1.41 (s, 9H), 0.99 (s, 3H).
HRMS (ESI) m/z = 1089.3667 calcd. for C5oHg5CIF3NgOgS3 [M + H]*, found: 1089.3637.

Step three: synthesis of compound 8.—To a stirring solution of the compound from
above (500 mg, 0.46 mmol) in DCM (5 mL) was added HCI in dioxane (1.1 mL, 4.6 mmol)
and the resultant mixture was stirred at rt for 5 h. Once the starting material was consumed,
the volatiles were removed under reduced pressure and the resultant solid was washed with
diethyl ether two times to afford the desired compound 8 (480 mg) as an off-white solid
powder, which was used in the next step without further purification. MS (ESI) m/z=989.3
calcd. for C47H57C|F3N60583 [M + H]+, found: 989.2.
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General procedure for the synthesis of acids 9d-9h.

To a stirring solution of compound (25,4 R)-1-((S)-2-amino-3,3-dimethylbutanoyl)-4-
hydroxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamidel4 (1
mmol, salt form) in DCM (5 mL) was added TEA (5 mmol) and the mixture was stirred at
rt. In a separate reaction vessle HATU (1.1 mmol) was added to a solution of corresponding
dicarboxylic acid (1 mmol) and TEA (3 mmol) in DCM (10 mL) at 0 °C and the mixture
was stirred for 1 h. The previous amine solution was added dropwise to this solution at 0

°C and the reaction was stirred for 5 h at rt. Once the reaction was complete, the volatiles
were removed under reduced pressure and the crude product was purified by silica gel flash
column chromatography (DCM/MeOH/TEA = 100:1:1 to 100:15:1). Yields was found to be
around 60%. Synthetic protocol of acids 9a-9c can be found in ref. 8d.

9-(((S)-1-((2S,4R)-4-Hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamoyl)
pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-9-oxononanoic acid (9d).

1H NMR (600 MHz, Chloroform-a) & 8.69 (s, 1H), 7.56 (d, J= 7.6 Hz, 1H), 7.42 - 7.35 (m,
4H), 6.78 (d, J=9.1 Hz, 1H), 5.09 — 5.04 (m, 1H), 4.65 — 4.52 (m, 2H), 4.47 (s, 1H), 3.98
(d, J=11.4 Hz, 1H), 3.63 (dd, J= 11.4, 3.4 Hz, 1H), 3.40 (dt, J= 3.2, 1.6 Hz, 1H), 2.52 (s,
3H), 2.29 (t, J= 7.4 Hz, 2H), 2.26 — 2.20 (m, 3H), 2.18 - 2.12 (m, 1H), 1.65 - 1.57 (m, 4H),
1.50 (d, J= 7.0 Hz, 3H), 1.36 — 1.29 (m, 6H), 1.03 (s, 9H). MS (ESI) m/z= 615.3 calcd. for
C3oHa7N406S [M + H]+, found: 615.2.

10-(((S)-1-((2S,4R)-4-Hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamoyl)
pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-10-oxodecanoic acid (9e).

14 NMR (600 MHz, Chloroform-a) & 8.65 (s, 1H), 7.60 (d, J= 7.7 Hz, 1H), 7.37 - 7.30 (m,
4H), 6.90 (d, J= 8.8 Hz, 1H), 5.02 (p, J= 7.0 Hz, 1H), 4.60 (t, J= 8.3 Hz, 1H), 4.49 (d, J=
8.8 Hz, 1H), 4.45 (s, 1H), 3.98 (d, J= 11.5 Hz, 1H), 3.58 (dd, J= 11.5, 3.3 Hz, 1H), 2.48 (s,
3H), 2.29 - 2.12 (m, 6H), 1.60 — 1.53 (m, 4H), 1.46 (d, J= 7.0 Hz, 3H), 1.27 (s, 9H), 0.99 (s,
9H). 13Cc NMR (151 MHz, Chloroform-d) § 177.1, 175.1, 171.5, 170.9, 150.9, 148.1, 143.7,
132.1, 130.4, 129.5, 126.5, 70.0, 59.2, 58.1, 56.8, 46.6, 36.7, 36.1, 35.3, 34.2, 28.9, 28.8,
28.8, 26.4, 25.6, 24.7, 22.1, 15.7, 8.7. MS (ESI) m/z= 629.3 calcd. for CzgHagN406S [M +
H]*, found: 629.2.

11-(((S)-1-((2S,4R)-4-Hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamoyl)
pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-11-oxoundecanoic acid (9f).

14 NMR (600 MHz, Chloroform-d)  8.68 (s, 1H), 7.43 — 7.35 (m, 5H), 6.57 (d, J= 8.9 Hz,
1H), 5.12 - 5.06 (m, 1H), 4.70 (t, J= 8.0 Hz, 1H), 4.61 (d, /= 8.9 Hz, 1H), 4.50 (s, 1H),
4.11 (d, J= 11.4 Hz, 1H), 3.61 (dd, J= 11.3, 3.6 Hz, 1H), 2.53 (s, 3H), 2.48 — 2.42 (m, 1H),
2.27 (t, J= 7.3 Hz, 2H), 2.24 — 2.13 (m, 2H), 2.12 — 2.06 (m, 1H), 1.64 — 1.55 (m, 4H), 1.48
(d, J = 6.9 Hz, 3H), 1.34 — 1.26 (m, 10H), 1.04 (s, 9H). MS (ESI) m/z= 643.3 calcd. for
C33H51N406S [M + H]+, found: 643.2.
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12-(((S)-1-((2S,4R)-4-Hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamoyl)
pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-12-oxododecanoic acid (99).

14 NMR (600 MHz, Chloroform-a) & 8.71 (s, 1H), 7.42 (d, J= 8.2 Hz, 2H), 7.39 (d, J= 8.2
Hz, 2H), 7.30 — 7.28 (m, 1H), 7.04 (d, J= 9.1 Hz, 1H), 5.14 — 5.08 (m, 1H), 4.69 (dd, J=
17.2, 8.7 Hz, 2H), 4.54 (s, 1H), 4.16 (d, J= 11.5 Hz, 1H), 3.66 (dd, /= 11.3, 3.5 Hz, 1H),
2.48 (s, 3H), 2.46 (ddd, J= 12.8, 7.9, 4.5 Hz, 1H), 2.38 — 2.32 (m, 2H), 2.23 (dt, /= 8.5, 6.3
Hz, 2H), 2.12 (dd, J= 13.4, 8.0 Hz, 1H), 1.68 — 1.55 (m, 4H), 1.50 (d, J= 6.9 Hz, 3H), 1.40
—1.24 (m, 13H), 1.05 (s, 9H). MS (ESI) m/z=657.3 calcd. for C33H53N406S [M + H]*,
found: 657.2.

13-(((S)-1-((2S,4R)-4-Hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamoyl)

pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-13-oxotridecanoic acid (9h).
IH NMR (600 MHz, Chloroform-a) & 8.69 (s, 1H), 7.41 (d, J= 8.1 Hz, 2H), 7.37 (d, /= 8.1
Hz, 2H), 7.29 (d, J= 7.8 Hz, 1H), 6.74 (d, J= 8.6 Hz, 1H), 5.09 (p, /= 6.8 Hz, 1H), 4.71 (t,
J=7.9Hz, 1H), 4.63 (d, /= 9.0 Hz, 1H), 4.52 (s, 1H), 4.18 (d, J=11.4 Hz, 1H), 3.61 (dd,
J=11.3, 3.2 Hz, 1H), 2.53 (s, 3H), 2.50 (dt, J= 8.0, 4.8 Hz, 1H), 2.34 (q, J= 6.9 Hz, 2H),
2.21 (dt, /=15.4, 8.1 Hz, 2H), 2.14 - 2.07 (m, 1H), 1.62 (ddd, J=19.9, 12.9, 5.6 Hz, 5H),
1.48 (d, J= 6.8 Hz, 3H), 1.36 — 1.21 (m, 14H), 1.04 (s, 9H). MS (ESI) m/z= 670.3 calcd. for
C33H55N406S [M + H]+, found: 670.2.

General procedure for the synthesis of PROTACs PP1 to PP8.

To a stirring solution of compound 8 (1 equiv.) in DCM was successively added acid 9 (1.2
equiv.) with HATU (1.2 equiv.) and TEA (10 equiv.). Upon consumption of amine 8, the
mixture was diluted with DCM. The mixture was washed with saturated NH4CI (2 times),
followed by water and brine. The organic portion was dried over anhydrous NaSQy, filtered,
and concentrated under reduced pressure. The crude product was purified by silica gel flash
column chromatography (DCM/MeOH = 100:1 to 12:1). The obtained mass was further
purified by PLC and the average yield of PP1 to PP8 was found to be 52% with respect to
the amine 8.

N1-((4’-Chloro-4-methyl-6-((4-(4-(((4-(((R)-4-morpholino-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)carbamoyl)phenyl)piperazin-1-yl)methyl)-2,3,4,5-
tetrahydro-[1,1’-biphenyl]-4-yl)methyl)-N6-((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-
yhadipamide (PP1).
1H NMR (600 MHz, Chloroform-d) & 8.67 (s, 1H), 8.33 (d, /= 2.2 Hz, 1H), 8.06 (d, /= 9.4
Hz, 1H), 7.69 (dd, J= 8.7, 6.3 Hz, 2H), 7.47 — 7.44 (m, 1H), 7.39 — 7.35 (m, 6H), 7.33 —
7.28 (M, 4H), 7.25-7.22 (m, 1H), 7.01 (dd, J= 8.3, 1.8 Hz, 2H), 6.96 (d, /= 8.6 Hz, 1H),
6.62 (d, /=9.2 Hz, 3H), 5.09 (t, /=7.2 Hz, 1H), 4.74 (q, /= 8.4 Hz, 1H), 4.61 (dd, J= 9.0,
2.9 Hz, 1H), 4.47 (s, 1H), 4.09 (t, /= 9.3 Hz, 1H), 3.90 (s, 1H), 3.65 (d, /= 10.1 Hz, 5H),
3.57 (d, /= 11.1 Hz, 1H), 3.35 (s, 6H), 3.11 (dd, J= 13.8, 5.1 Hz, 2H), 3.03 — 2.99 (m, 1H),
2.49 (d, /J=2.1 Hz, 3H), 2.44 (d, J=5.4 Hz, 3H), 2.35 (d, /= 15.4 Hz, 7H), 2.20 — 2.14 (m,
3H), 2.14 - 2.06 (m, 5H), 2.00 (d, /= 7.4 Hz, 2H), 1.67 (dd, J= 14.3, 7.6 Hz, 2H), 1.54 (t,
J=6.9 Hz, 5H), 1.46 (d, /=7.0 Hz, 5H), 1.29 - 1.23 (m, 3H), 1.03 (s, 9H), 0.99 (d, /= 2.9
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Hz, 3H). HRMS (ESI) m/z = 1543.5705 calcd. for C7gHg5CIF3N19011S4 [M+H]*, found:
1543.5731.

N1-((4’-Chloro-4-methyl-6-((4-(4-(((4-(((R)-4-morpholino-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)carbamoyl)phenyl)piperazin-1-yl)methyl)-2,3,4,5-
tetrahydro-[1,1’-biphenyl]-4-yl)methyl)-N’-((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-
yhheptanediamide (PP2).
1H NMR (600 MHz, Chloroform-a) & 8.70 (d, J= 1.3 Hz, 1H), 8.36 (t, /= 2.5 Hz, 1H), 8.10
(ddd, /=19.3, 4.9, 2.3 Hz, 1H), 7.72 (dd, /= 14.0, 8.6 Hz, 2H), 7.46 (d, /= 2.8 Hz, 1H), 7.43
—7.38 (m, 6H), 7.33 (dd, J= 3.1, 1.7 Hz, 3H), 7.28 (s, 1H), 7.05 - 7.02 (m, 2H), 7.02 - 6.98
(m, 1H), 6.65 (d, J= 9.6 Hz, 3H), 6.36 (s, 1H), 5.12 (t, J= 7.2 Hz, 1H), 4.77 (dd, /= 8.2, 5.6
Hz, 1H), 4.70 (d, J= 8.9 Hz, 1H), 4.66 (d, /= 8.8 Hz, 1H), 4.52 (s, 1H), 4.13 (9, /=8.8, 6.6
Hz, 1H), 3.93 (s, 1H), 3.71 - 3.65 (m, 4H), 3.62 — 3.59 (m, 1H), 3.31 (d, J= 14.6 Hz, 6H),
3.13 (dd, J=13.8, 5.1 Hz, 2H), 3.05 — 3.01 (m, 1H), 2.53 (s, 3H), 2.45 (s, 4H), 2.41 - 2.32
(m, 7H), 2.23 - 2.16 (m, 4H), 2.13 (s, 4H), 2.08 — 2.00 (m, 3H), 1.73 — 1.66 (m, 2H), 1.57
(d, J=7.6 Hz, 4H), 1.50 (dd, /= 6.9, 3.4 Hz, 5H), 1.36 — 1.30 (m, 2H), 1.24 — 1.19 (m, 2H),
1.06 (d, /= 3.9 Hz, 9H), 1.01 (d, /= 7.5 Hz, 3H). HRMS (ESI) m/z= 1557.5862 calcd. for
C77H97C|F3N1001184 [M+H]+, found: 1557.5873.

N1-((4’-Chloro-4-methyl-6-((4-(4-(((4-(((R)-4-morpholino-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)carbamoyl)phenyl)piperazin-1-yl)methyl)-2,3,4,5-
tetrahydro-[1,1’-biphenyl]-4-yl)methyl)-N8-((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-
yhoctanediamide (PP3).
1H NMR (600 MHz, Chloroform-a) 6 8.67 (s, 1H), 8.32 — 8.29 (m, 1H), 8.11 — 8.07 (m,
1H), 7.75 (d, /= 8.6 Hz, 1H), 7.72 (d, /= 8.6 Hz, 1H), 7.41 - 7.36 (m, 6H), 7.32 — 7.29 (m,
3H), 7.24 (s, 1H), 7.00 (dd, J= 8.4, 1.6 Hz, 4H), 6.72 (d, /= 8.5 Hz, 2H), 6.62 (d, /=9.1
Hz, 1H), 6.30 (s, 1H), 6.24 (s, 1H), 5.11 - 5.09 (m, 1H), 4.74 (t, J= 7.5 Hz, 2H), 4.69 (d,
J=8.9 Hz, 1H), 4.51 (s, 1H), 4.15 (d, /= 11.5 Hz, 1H), 3.90 (s, 1H), 3.65 (s, 4H), 3.58 (d,
J=11.4 Hz, 1H), 3.22 (s, 6H), 3.13 - 3.08 (m, 2H), 3.02 (dd, J=13.9, 7.1 Hz, 2H), 2.51
(d, J=4.8 Hz, 4H), 2.42 (s, 3H), 2.35 (s, 3H), 2.30 (s, 4H), 2.14 — 2.08 (m, 4H), 2.04 (s,
3H), 1.63 (s, 7H), 1.48 (d, J= 7.0 Hz, 4H), 1.41 (d, J= 7.2 Hz, 3H), 1.19 - 1.11 (m, 5H),
1.05 (d, J= 3.6 Hz, 9H), 0.99 (d, /= 3.1 Hz, 3H). HRMS (ESI) m/z= 1571.6018 calcd. for
C78HggCIF3N19011S4 [M+H]*, found: 1571.6026.

N1-((4’-Chloro-4-methyl-6-((4-(4-(((4-(((R)-4-morpholino-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)carbamoyl)phenyl)piperazin-1-yl)methyl)-2,3,4,5-
tetrahydro-[1,1’-biphenyl]-4-yl)methyl)-N°-((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-
yl)nonanediamide (PP4).
1H NMR (600 MHz, Chloroform-a) 6 8.70 (s, 1H), 8.33 (dd, /= 5.2, 2.2 Hz, 1H), 8.12 -
8.09 (m, 1H), 7.77 (dd, J= 13.2, 8.6 Hz, 2H), 7.48 — 7.45 (m, 1H), 7.43 — 7.38 (m, 6H), 7.34
—7.31 (m, 4H), 7.04 - 7.01 (m, 3H), 6.71 (s, 2H), 6.64 (dd, /= 9.7, 3.6 Hz, 1H), 6.35 (d, J
=9.5 Hz, 1H), 5.12 (td, /= 7.2, 4.0 Hz, 1H), 4.78 — 4.73 (m, 2H), 4.53 (s, 1H), 4.15 (d, J=

J Med Chem. Author manuscript; available in PMC 2022 October 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Pal et al. Page 16

10.3 Hz, 1H), 3.93 (s, 2H), 3.67 (d, J= 7.9 Hz, 5H), 3.62 (d, J= 11.4 Hz, 1H), 3.25 (s, 6H),
3.13 (dd, J= 13.8, 5.0 Hz, 2H), 3.04 (dd, J= 13.9, 7.2 Hz, 2H), 2.54 (s, 3H), 2.46 (d, J=

8.7 Hz, 4H), 2.35 (s, 6H), 2.19 — 2.11 (m, 5H), 1.70 (d, J= 6.8 Hz, 5H), 1.57 (d, J= 8.9 Hz,
6H), 1.53 — 1.48 (m, 3H), 1.45 — 1.39 (m, 3H), 1.24 — 1.19 (m, 4H), 1.13 (s, 5H), 1.07 (d, J
= 2.0 Hz, 9H), 1.01 (s, 3H). HRMS (ESI) /m/z = 1585.6175 calcd. for C7gH10;CIF3N19011S4
[M+H]*, found: 1585.6179.

N1-((4’-Chloro-4-methyl-6-((4-(4-(((4-(((R)-4-morpholino-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)carbamoyl)phenyl)piperazin-1-yl)methyl)-2,3,4,5-
tetrahydro-[1,1’-biphenyl]-4-yl)methyl)-N10-((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-
yl)decanediamide (PP5).

14 NMR (600 MHz, Chloroform-a) & 8.70 (s, 1H), 8.33 (d, J= 1.9 Hz, 1H), 8.11 - 8.09 (m,
1H), 7.77 = 7.73 (m, 2H), 7.43 — 7.37 (m, 7H), 7.34 — 7.31 (m, 4H), 7.04 — 7.00 (m, 3H),
6.70 (d, J= 8.5 Hz, 2H), 6.64 (d, J= 9.2 Hz, 1H), 6.32 (dd, J= 14.7, 8.9 Hz, 1H), 5.11 (td,
J=7.3,3.9 Hz, 1H), 4.78 — 4.68 (m, 3H), 4.53 (s, 1H), 4.16 (d, J= 11.5 Hz, 1H), 3.92 (s,
1H), 3.68 (g, /= 5.8, 5.3 Hz, 4H), 3.64 — 3.60 (m, 1H), 3.32 (s, 1H), 3.25 (s, 5H), 3.13 (dd,
J=13.8, 5.0 Hz, 3H), 3.04 (dd, J= 13.8, 7.2 Hz, 2H), 2.54 (s, 4H), 2.45 (s, 3H), 2.35 (s,
6H), 2.22 — 2.17 (m, 3H), 2.17 — 2.10 (m, 5H), 1.69 (dd, J= 14.5, 8.0 Hz, 3H), 1.58 (dt, J=
22.9, 8.2 Hz, 5H), 1.50 (t, J= 6.5 Hz, 4H), 1.45 (d, J= 8.0 Hz, 1H), 1.23 (s, 4H), 1.15 (dd,
J=14.4, 6.8 Hz, 6H), 1.08 (s, 9H), 1.01 (d, J= 4.1 Hz, 3H). HRMS (ESI) /m/z= 1599.6331
calcd. for CgoH103C|F3N1001184 [M+H]+, found: 1599.6338.

N1-((4’-Chloro-4-methyl-6-((4-(4-(((4-(((R)-4-morpholino-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)carbamoyl)phenyl)piperazin-1-yl)methyl)-2,3,4,5-
tetrahydro-[1,1’-biphenyl]-4-yl)methyl)-N11-((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-
yl)undecanediamide (PP6).
1H NMR (600 MHz, Chloroform-a) & 8.67 (s, 1H), 8.30 (d, J= 3.4 Hz, 1H), 8.10 (dd, J=
9.4, 2.3 Hz, 1H), 7.74 (dd, J=15.9, 8.6 Hz, 3H), 7.41 - 7.35 (m, 6H), 7.30 (ddt, /= 10.8,
6.3, 4.5 Hz, 6H), 7.17 (d, J= 7.9 Hz, 1H), 7.00 (dd, /= 8.2, 1.4 Hz, 4H), 6.71 (t, /= 8.0 Hz,
2H), 6.62 (d, J= 9.3 Hz, 1H), 6.38 (s, 1H), 6.31 (d, /= 8.9 Hz, 1H), 5.08 (dt, /= 10.8, 7.1
Hz, 2H), 4.73 - 4.68 (m, 3H), 4.52 (s, 1H), 4.15 - 4.10 (m, 2H), 3.90 (s, 2H), 3.66 (M, 5H),
3.60 (dd, J=11.5, 3.5 Hz, 2H), 3.23 (m, 7H), 3.12 - 3.08 (m, 2H), 3.02 (dd, /= 13.9, 7.2
Hz, 2H), 2.51 (d, /= 1.8 Hz, 4H), 2.42 (s, 4H), 2.30 (s, 9H), 2.22 — 2.16 (m, 4H), 2.13 - 2.07
(m, 3H), 1.48 — 1.39 (m, 8H), 1.16 (m, 4H), 1.05 (d, J= 1.6 Hz, 9H), 0.99 (s, 3H). HRMS
(ESI) m/z=1613.6488 calcd for Cg1H1g5CIF3N10011S4 [M+H]*, found: 1613.6500.

N1-((4’-Chloro-4-methyl-6-((4-(4-(((4-(((R)-4-morpholino-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)carbamoyl)phenyl)piperazin-1-yl)methyl)-2,3,4,5-
tetrahydro-[1,1’-biphenyl]-4-yl)methyl)-N12-((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-
yl)dodecanediamide (PP7).
1H NMR (600 MHz, Chloroform-a) & 8.67 (s, 1H), 8.31 (t, J= 2.7 Hz, 1H), 8.10 — 8.08 (m,
1H), 7.74 (d, /= 8.5 Hz, 2H), 7.40 — 7.33 (m, 6H), 7.32 - 7.26 (m, 6H), 7.04 — 6.98 (m,

J Med Chem. Author manuscript; available in PMC 2022 October 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Pal et al.

Page 17

3H), 6.69 (d, /= 8.6 Hz, 2H), 6.62 (d, /= 9.3 Hz, 1H), 6.33 (s, 1H), 5.11 — 5.05 (m, 2H),
4.70 (ddd, J=12.5, 8.4, 4.4 Hz, 3H), 4.51 (s, 1H), 4.17 — 4.09 (m, 2H), 3.91 (s, 1H), 3.66 (s,
4H), 3.60 (dd, /J=11.5, 3.5 Hz, 2H), 3.32 - 3.17 (m, 7H), 3.12 - 3.07 (m, 2H), 3.02 (dd, J
=13.9, 7.2 Hz, 2H), 2.51 (d, J= 1.2 Hz, 4H), 2.43 (s, 3H), 2.34 (d, J= 22.9 Hz, 6H), 2.18
(d, J=9.6 Hz, 5H), 2.09 (t, /= 10.1 Hz, 4H), 1.61 (d, /= 7.2 Hz, 5H), 1.51 (t, /= 9.0 Hz,
5H), 1.46 (dd, /= 7.0, 1.5 Hz, 3H), 1.41 (t, J=7.3 Hz, 2H),1.18 - 1.11 (m, 7H), 1.05 (s,
9H), 0.99 (s, 3H). HRMS (ESI) m/z= 1627.6644 calcd. for CgoH197CIF3N19011S4 [M+H]",
found: 1627.6654.

N1-((4’-Chloro-4-methyl-6-((4-(4-(((4-(((R)-4-morpholino-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)carbamoyl)phenyl)piperazin-1-yl)methyl)-2,3,4,5-
tetrahydro-[1,1’-biphenyl]-4-yl)methyl)-N13-((S)-1-((2S,4R)-4-hydroxy-2-(((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-
yhtridecanediamide (PP8).

1H NMR (600 MHz, Chloroform-a) 6 8.67 (s, 1H), 8.32 (d, J= 2.0 Hz, 1H), 8.08 (dt, J=
9.3,2.1 Hz, 1H), 7.72 (d, J= 8.5 Hz, 2H), 7.41 - 7.33 (m, 7H), 7.32 —= 7.27 (m, 5H), 7.00 (d,
J=17.7 Hz, 3H), 6.67 (d, /= 8.5 Hz, 2H), 6.62 (d, J= 9.3 Hz, 1H), 6.29 (d, J= 8.8 Hz, 1H),
5.07 (t, J= 7.2 Hz, 1H), 4.72 — 4.69 (m, 1H), 4.65 (dd, J= 8.9, 1.7 Hz, 1H), 4.51 (d, J=4.0
Hz, 1H), 4.13 (d, J=11.4 Hz, 1H), 3.90 (s, 1H), 3.66 (s, 4H), 3.62 — 3.58 (m, 1H), 3.27 (s,
4H), 3.18 (s, 2H), 3.10 (dd, J=13.9, 5.1 Hz, 2H), 3.02 (dd, J=13.8, 7.2 Hz, 2H), 2.51 (m,
6H), 2.38 (m,8H), 2.18 (m, 8H), 2.09 — 2.02 (m, 3H), 1.68 (s, 2H), 1.60 (d, J= 6.2 Hz, 3H),
1.53 (d, J=7.7 Hz, 4H), 1.46 (dd, /=6.9, 1.9 Hz, 3H), 1.23 (d, /= 7.2 Hz, 2H), 1.15 (d, J
=7.2 Hz, 12H), 1.05 (s, 9H), 1.01 - 0.96 (m, 3H). HRMS (ESI) m/z = 1641.6801 calcd. for
Cg3H109CIF3N19011S4 [M+H]+, found: 1641.6807.

4’-Chloro-6-(methoxycarbonyl)-4-methyl-2,3,4,5-tetrahydro-[1,1’-biphenyl]-4-carboxylic acid

(10).

To a stirring solution of compoud 3 (10 g, 27.4 mmol) in DCM (60 mL) was added TFA (30
mL) and the mixture was stirred at rt for 12 h. After completion of the reaction, the volatiles
were removed under reduced pressure and the crude product (8 g, 26.1 mmol) was used
directly in the next step without further purification. 'TH NMR (600 MHz, Chloroform-a) &
7.28 (d, /=8.4 Hz, 2H), 7.04 (d, J= 8.4 Hz, 2H), 3.48 (s, 3H), 3.01 — 2.94 (m, 1H), 2.52
(ddd, J=18.6, 8.7, 6.1 Hz, 1H), 2.44 — 2.32 (m, 2H), 2.12 (dt, /= 12.9, 5.8 Hz, 1H), 1.72
(dt, J=13.5, 6.6 Hz, 1H), 1.36 (s, 3H). 13C NMR (151 MHz, Chloroform-d) & 183.6, 169.1,
144.8,141.1, 133.3, 128.5, 128.3, 126.1, 51.7, 40.9, 35.5, 31.0, 30.8, 24.4. HRMS (ESI) m/z
=331.0713 calcd. for C1gH;7CINaO,4 [M+Na]*, found: 331.0694.

Methyl (S)-4’-chloro-4-methyl-4-((R)-2-oxo0-4-phenyloxazolidine-3-carbonyl)-3,4,5,6-
tetrahydro-[1,1’-biphenyl]-2-carboxylate (11a) and Methyl (R)-4’-chloro-4-methyl-4-((R)-2-
oxo-4-phenyloxazolidine-3-carbonyl)-3,4,5,6-tetrahydro-[1,1’-biphenyl]-2-carboxylate (11b).

To a stirring solution of 10 (10 g, 32.4 mmol) in DCM (150 mL) was added oxalyl chloride
(4.1 mL, 49 mmol) dropwise at 0 °C followed by the addition of two drops of DMF. After
stirring at rt for 8 h, the volatiles were removed under reduced pressure and the crude
product was used in the next step without further purification.
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To a stirring solution of (/)-4-phenyloxazolidin-2-one (6 g, 37 mmol) in THF (150 mL)

at —78 °C was added 7BuLi (2.5 M solution in hexane) (15.6 mL, 39 mmol) dropwise.
After stirring for 30 min at the same temperature, a solution of the crude acid chloride
obtained above in THF (30 mL) was added dropwise. The reaction temperature was allowed
to rise to rt and the reaction was slowly quenched with sat. NH4ClI solution. THF was
evaporated under reduced pressure and the residue was diluted with EtOAc. The organic part
was washed with water and brine, dried over anhydrous NaSOy, filtered, and concentrated
under reduced pressure to give the crude mixture of the two diasteromers. The diastereomers
were separated through gradient silica gel flash column chromatography (hexanes/EtOAc =
90:10 to 70:30) to afford 4.1 g 11aand 3.5 g 11b along with 4 g mixture. The mixture was
separated by repeating the same chromatography procedure. In combination, 5.6 g of 11a
and 5.8 g of 11b were obtained. 11a: 1H NMR (600 MHz, Chloroform-a) & 7.35 — 7.32 (m,
3H), 7.30 (dd, J= 6.6, 3.1 Hz, 2H), 7.20 (d, /= 8.5 Hz, 2H), 6.75 (d, /= 8.5 Hz, 2H), 5.54
(dd, /=8.9,5.5 Hz, 1H), 4.69 (t, /= 8.9 Hz, 1H), 4.22 (dd, J= 8.9, 5.5 Hz, 1H), 3.50 (s,
3H), 3.40 (d, /= 18.0 Hz, 1H), 2.43 (d, /= 18.0 Hz, 1H), 2.35 — 2.26 (m, 3H), 1.79 (dd,
J=12.1, 7.3 Hz, 1H), 1.53 (s, 3H). 13C NMR (151 MHz, Chloroform-4) & 176.3, 169.1,
153.0, 144.2, 140.8, 139.1, 133.0, 129.4, 128.7, 128.3, 128.2, 126.1, 126.1, 70.1, 59.8, 51.6,
43.8, 35.2, 32.0, 30.8, 22.2. HRMS (ESI) m/z = 454.1421 calcd. for Co5H,5CINOg [M+H]*,
found: 454.1402. IH NMR of 11b (600 MHz, Chloroform-d) & 7.37 — 7.30 (m, 5H), 7.19 (d,
J=8.5Hz, 2H), 6.72 (d, /= 8.5 Hz, 2H), 5.50 (dd, J= 8.7, 3.9 Hz, 1H), 4.72 (t, /= 8.8 Hz,
1H), 4.29 (dd, /= 8.9, 3.9 Hz, 1H), 3.45 (s, 3H), 3.08 (dd, /= 17.6, 1.7 Hz, 1H), 2.58 (dtd, J
=13.2,5.8, 1.6 Hz, 1H), 2.40 (dt, J=17.6, 2.7 Hz, 1H), 2.29 (dt, /= 19.4, 5.6 Hz, 1H), 2.12
(dddt, J=19.3, 8.4, 5.5, 2.4 Hz, 1H), 1.80 (ddd, /= 14.1, 8.6, 6.1 Hz, 1H), 1.53 (s, 3H). 13C
NMR (151 MHz, Chloroform-ag) 6 175.6, 168.7, 152.9, 144.8, 141.0, 139.5, 132.9, 129.3,
128.8,128.2,128.1, 126.4, 126.2, 70.1, 59.8, 51.5, 44.0, 36.8, 31.2, 30.1, 21.5. HRMS (ESI)
m/z = 454.1421 calcd. for Co5H,5CINOs [M+H]*, found: 454.1402.

(S)-(4’-Chloro-4-methyl-3,4,5,6-tetrahydro-[1,1’-biphenyl]-2,4-diyl)dimethanol (4a) and
(R)-(4’-chloro-4-methyl-3,4,5,6-tetrahydro-[1,1’-biphenyl]-2,4-diyl)dimethanol (4b).

To a stirring suspension of LAH (3.1 g, 82 mmol) in THF (120 mL) was added a solution

of 11b (10.6 g, 23 mmol) in THF (50 mL) dropwise at 0 °C. The reaction stirred at the

same temperature for 3 h and then water (3 mL) was added followed by 15% NaOH solution
(3 mL). After stirring for 1 h, water (6 mL) was added and stirred for another 2 h. Solid
Na,SO; (3 g) was added to the mixture and stirred for another 1 h. The mixture was filtered
through a pad of celite and the solid was washed with EtOAc several times. The combined
organic portion was dried over anhydrous NaSQy, filtered, and concentrated under reduced
pressure to afford the crude solid. 10% DCM in diethyl ether (25 mL) was added to it and
the mixture was stirred for 15 min and then the solvent decanted. This washing was repeated
4 times which leaves the desired diol as a white powder. The combined washed organic
portions was evaporated under reduced pressure and the residue was purified by gradient
silica gel flash column chromatography (hexanes/EtOAc = 70:30 to 30:70) to afford 4b (5.8
g) in 95% yield. Diol 4a was synthesized from 11ain 93% isolated yield by following the
same procedure described for 4b. NMR and MS data of the diols 4a and 4b are in consistent
with the racemic compound 4.
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tert-Butyl
((R)-4’-chloro-4-methyl-6-((4-(4-(((4-(((R)-4-morpholino-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)carbamoyl)phenyl)piperazin-1-yl)methyl)-2,3,4,5-
tetrahydro-[1,1’-biphenyl]-4-yl)methyl)carbamate (8b).

Compoud 4b was converted to the corresponding compound 8b by following the same
synthetic protocol used to convert diol 4 to compound 8. In this synthetic sequence, all

the spectral data of the intermidiates are in consistent with the corresponding recemic
intermidiates synthesized en route to compound 8. IH NMR (600 MHz, Chloroform-d) &
8.35 (d, /=2.2 Hz, 1H), 8.09 (dd, J=9.4, 2.3 Hz, 1H), 7.66 (d, /= 8.6 Hz, 2H), 7.38 - 7.35
(m, 2H), 7.32 - 7.26 (m, 5H), 7.04 (d, /= 8.6 Hz, 1H), 7.02 - 6.97 (m, 2H), 6.74 (d, /= 8.6
Hz, 2H), 6.60 (d, /= 9.4 Hz, 1H), 4.81 (s, 1H), 3.90 (dt, /= 8.8, 4.4 Hz, 1H), 3.72 - 3.61
(m, 4H), 3.27 (t, /=5.2 Hz, 4H), 3.15 - 3.07 (m, 2H), 3.02 (dt, /= 13.9, 7.4 Hz, 2H), 2.88
(s, 2H), 2.37 (ddddd, J=40.9, 35.7, 23.8, 17.7, 11.2 Hz, 12H), 2.16 — 2.08 (m, 2H), 1.99 (d,
J=17.4 Hz, 1H), 1.68 (ddt, /= 14.2, 8.3, 5.6 Hz, 1H), 1.55 (dt, /= 13.4, 6.7 Hz, 1H), 1.49
(d, J= 6.6 Hz, 2H), 1.42 (s, 9H), 0.96 (s, 3H). 13C NMR (151 MHz, Chloroform-a) & 167.5,
156.6, 153.8, 151.5, 141.1, 137.7, 137.1, 134.8, 134.5, 132.67, 131.2, 130.2, 129.7, 129.4,
128.9,128.7, 127.5, 127.2, 123.5, 123.0, 121.3, 119.2, 117.0, 113.8, 113.0, 108.6, 79.2,
66.7, 60.4, 54.7,53.7, 52.5, 50.8, 49.3, 46.8, 39.1, 37.3, 33.3, 31.6, 30.3, 30.1, 28.6, 23.4.
HRMS (ESI) m/z=1089.3667 calcd. for C5pHesCIF3NgOgS3 [M + H]*, found: 1089.3647.

tert-butyl
(((S)-4’-chloro-4-methyl-6-((4-(4-(((4-(((R)-4-morpholino-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)carbamoyl)phenyl)piperazin-1-yl)methyl)-2,3,4,5-
tetrahydro-[1,1’-biphenyl]-4-yl)methyl)carbamate (8a).

Compoud 4a was converted to the corresponding compound 8a by following the same
synthetic protocol used to convert diol 4 to compound 8. In this synthetic sequence, all

the spectral data of the intermidiates are in consistent with the corresponding recemic
intermidiates synthesized en route to compound 8. 1H NMR (600 MHz, Chloroform-a) &
8.35(d, /=2.3 Hz, 1H), 8.09 (dd, J=9.2, 2.4 Hz, 1H), 7.66 (t, /= 7.5 Hz, 2H), 7.39 - 7.34
(m, 2H), 7.32 - 7.26 (m, 5H), 7.04 (d, J= 8.5 Hz, 1H), 6.99 (d, /= 8.5 Hz, 2H), 6.74 (d, J
= 8.8 Hz, 2H), 6.59 (d, /= 9.4 Hz, 1H), 4.83 (s, 1H), 3.90 (qt, /=8.2, 4.4 Hz, 1H), 3.71 -
3.61 (m, 4H), 3.27 (t, /=5.2 Hz, 4H), 3.10 (dd, /= 13.8, 5.0 Hz, 2H), 3.03 (td, /= 13.8,
11.7, 6.5 Hz, 2H), 2.87 (d, J= 23.8 Hz, 2H), 2.47 — 2.25 (m, 12H), 2.17 — 2.08 (m, 2H), 2.02
—1.95 (m, 1H), 1.68 (td, /= 8.6, 4.3 Hz, 1H), 1.55 (dt, /= 13.4, 6.7 Hz, 1H), 1.50 (s, 2H),
1.42 (d, J= 2.9 Hz, 9H), 0.95 (s, 3H). 13C NMR (151 MHz, Chloroform-d) & 167.9, 156.6,
153.6, 151.4, 141.0, 137.6, 137.3, 134.8, 134.3, 132.7, 131.1, 130.2, 129.7, 129.4, 129.2,
128.6, 127.4,126.9, 123.5, 123.4, 121.3, 119.1, 117.0, 113.8, 113.0, 108.5, 79.1, 66.6, 60.3,
54.7,53.6,52.5,50.7, 49.2, 46.7, 39.1, 37.3, 33.3, 31.6, 30.3, 30.0, 28.6, 23.4. HRMS (ESI)
m/z=1089.3667 calcd. for C52H65C|F3N60883 [M + H]+, found: 1089.3654.

N1-(((S)-4’-Chloro-4-methyl-6-((4-(4-(((4-(((R)-4-morpholino-1-(phenylthio)butan-2-
yhamino)-3-((trifluoromethyl)sulfonyl)phenyl)sulfonyl)carbamoyl)phenyl)piperazin-1-
yl)methyl)-2,3,4,5-tetrahydro-[1,1’-biphenyl]-4-yl)methyl)-N10-((S)-1-((2S,4R)-4-hydroxy-2-
(((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-
oxobutan-2-yl)decanediamide (PZ703a)
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and N1-(((R)-4’-Chloro-4-methyl-6-((4-(4-(((4-(((R)-4-morpholino-1-(phenylthio)butan-2-
yl)amino)-3-((trifluoromethyl)sulfonyl)phenyl)sulfonyl)carbamoyl)phenyl)piperazin-1-
yl)methyl)-2,3,4,5-tetrahydro-[1,1’-biphenyl]-4-yl) methyl)-N10-((S)-1-((2S,4R)-4-hydroxy-2-
(((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-
oxobutan-2-yl)decanediamide (PZ703b).

Amine salt 8a/8b was converted to the corresponding PROTACs PZ703a/PZ703b by
following the same general synthetic procedure for the synthesis of PROTACs PP1 to PP8.
PZ703a: 1H NMR (600 MHz, Chloroform-a) & 8.69 (s, 1H), 8.33 (s, 1H), 8.10 (ddd, J=
9.0,6.2, 2.3 Hz, 1H), 7.78 - 7.71 (m, 2H), 7.43 - 7.35 (m, 7H), 7.33 (t, /= 7.4 Hz, 4H),
7.03 (d, /=8.2 Hz, 3H), 6.67 (dd, J= 32.4, 10.7 Hz, 3H), 6.31 (d, /= 8.8 Hz, 1H), 5.11

(p, /=7.0 Hz, 1H), 4.73 (dt, /= 24.0, 8.9 Hz, 2H), 4.54 (s, 1H), 4.14 (t, /= 10.8 Hz, 1H),
3.97 -3.90 (m, 1H), 3.71 - 3.60 (m, 5H), 3.35 - 3.21 (m, 5H), 3.08 (ddd, /=53.3, 13.8,

6.2 Hz, 5H), 2.64 (s, 2H), 2.54 — 2.53 (m, 3H), 2.50 (dd, J=13.7, 5.2 Hz, 2H), 2.47 -

2.43 (m, 2H), 2.41 - 2.29 (m, 7H), 2.24 (s, 1H), 2.24 - 2.17 (m, 3H), 2.11 (dt, /= 13.8,

6.9 Hz, 5H), 1.70 (dt, /= 13.6, 6.4 Hz, 1H), 1.56 (dg, /= 21.1, 7.0 Hz, 5H), 1.48 (dd,
J=14.6, 7.2 Hz, 5H), 1.23 — 1.11 (m, 8H), 1.07 (s, 9H), 1.02 (s, 3H). 13C NMR (151

MHz, Chloroform-d) & 174.2, 173.9, 172.1, 170.1, 153.3, 151.4, 150.5, 148.6, 143.5, 140.6,
137.4,134.9, 134.0, 133.1, 131.8, 131.2, 131.0, 130.4, 129.7, 129.6, 129.4, 129.0, 127.5,
126.6, 123.6, 121.4, 119.2, 117.1, 114.1, 113.0, 108.6, 70.1, 66.9, 60.2, 58.9, 57.6, 57.1,
54.7,53.8,52.4, 50.8, 49.0, 48.5, 46.3, 39.2, 37.0, 36.8, 36.6, 36.1, 35.6, 33.6, 32.2, 30.4,
30.3,29.3,29.3, 29.2, 29.1, 26.7, 26.1, 25.7, 22.4, 22.4, 16.3. HRMS (ESI) m/z=1599.6331
calcd. for CggH103CIF3N19011S4 [M+H]T, found: 1599.6303. PZ703b: 1H NMR (600 MHz,
Chloroform-a) & 8.67 (s, 1H), 8.31 (d, /= 1.9 Hz, 1H), 8.07 (d, /=8.9 Hz, 1H), 7.72 (d, J
= 8.8 Hz, 2H), 7.38 (dd, /= 13.3, 7.8 Hz, 7H), 7.32 - 7.28 (m, 4H), 6.99 (dd, J=17.0, 8.4
Hz, 3H), 6.69 — 6.58 (m, 3H), 6.27 (d, /= 8.7 Hz, 1H), 5.09 (p, /= 7.2 Hz, 1H), 4.72 (t, J

= 8.0 Hz, 1H), 4.66 (d, /= 8.9 Hz, 1H), 4.50 (s, 1H), 4.15 - 4.08 (m, 1H), 3.90 (dt, /= 9.0,
4.7 Hz, 1H), 3.70 — 3.62 (m, 4H), 3.60 (dd, J=11.4, 3.6 Hz, 1H), 3.33 (t, /= 7.1 Hz, 1H),
3.23 (s, 4H), 3.10 (dd, J=13.8, 5.1 Hz, 3H), 3.01 (dd, J=13.8, 7.2 Hz, 1H), 2.58 (d, /=
43.5 Hz, 2H), 2.51 (d, /= 1.4 Hz, 3H), 2.50 — 2.27 (m, 11H), 2.17 (t, J= 7.6 Hz, 3H), 2.10
(dd, J=11.9, 8.0 Hz, 4H), 1.70 - 1.63 (m, 1H), 1.58 — 1.51 (m, 4H), 1.47 (dd, J=6.9, 1.9
Hz, 3H), 1.43 (d, J= 7.4 Hz, 2H), 1.33 - 1.06 (m, 12H), 1.05 (d, J= 2.8 Hz, 9H), 0.98 (s,
3H). 13C NMR (151 MHz, Chloroform-d) § 174.2, 173.9, 172.1, 170.0, 153.4, 151.5, 150.5,
148.6, 143.4, 140.6, 137.5, 134.9, 133.1, 131.8, 131.2, 131.0, 130.4, 129.7, 129.6, 129.4,
129.0,127.5, 126.6, 123.6, 121.4, 119.2, 117.1, 114.0, 113.0, 108.6, 70.1, 67.0, 60.2, 58.8,
57.6,57.1,54.7, 53.8, 52.4, 50.8, 49.0, 48.6, 46.3, 39.3, 37.0, 36.9, 36.6, 35.9, 35.54, 33.53,
32.2,30.4,30.4, 29.3, 29.3, 29.19, 29.17, 26.7, 26.1, 25.7, 22.6, 22.4, 16.3. HRMS (ESI)
m/z =1599.6331 calcd. for CggH103CIF3N19011S4 [M+H]*, found: 1599.6296.

(S)-4-(Hydroxymethyl)-4-methylcyclohex-2-en-1-one (13).
To a stirring solution of compound 1213 (10 g, 24 mmol) in THF (120 mL) was added 2N
HCI (24 mL) and the mixture was stirred at rt for 10 h. Upon consumption of the starting
material, the reaction was quenched with the solid Na,CO3 powder and then THF was
removed under redcuced pressure. The crude product was dissolved in EtOAc (200 mL)
and then washed with water and brine. The organic part was dried over anhydrous Nay;SQy,
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filtered, and concentrated to dryness. The crude oil was purified by silica gel flash column
chromatography (hexanes/EtOAc = 70:30) to afford the desired alcohol 13 (2.35 g, 16.8
mmol) as a clear oil in 95% yield. 1H NMR (600 MHz, Chloroform-d) & 7.26 (s, 0H), 6.73
(d, /=10.2 Hz, 2H), 5.98 (d, J=10.2 Hz, 2H), 3.58 (d, /= 10.7 Hz, 2H), 3.51 (d, J=10.7
Hz, 2H), 2.53 - 2.46 (m, 4H), 2.13 - 2.03 (m, 3H), 1.76 (dt, /= 12.5, 5.7 Hz, 3H), 1.15 (s,
6H). 13C NMR (151 MHz, Chloroform-d) & 200.3, 156.8, 129.0, 69.8, 38.4, 34.0, 30.9, 22.0.
HRMS (ESI) m/z=141.0916 calcd. for CgH130, [M+H]*, found: 141.0904.

Ethyl (R)-5-(((tert-butyldimethylsilyl)oxy)methyl)-2-hydroxy-5-methylcyclohex-1-ene-1-
carboxylate (14).

Step one: synthesis of (S)-4-(((tert-Butyldimethylsilyl)oxy)methyl)-4-
methylcyclohex-2-en-1-one.—To a stirring solution of alcohol 13 (2.35 g, 16.8 mmol)
in DCM (65 mL) was added imidazole (2.28 g, 33.6 mmol) and TBSCI (3 g, 20.16 mmol)
at 0 °C. After stirring the reaction at rt for 3 h, the mixture was diluted with DCM (100
mL) and was washed with saturated NaHCO3 and brine. The organic part was dried over
anhydrous NaSQy, filtered, and concentrated to dryness. The crude product was purified by
silica gel flash column chromatography (hexanes/EtOAc = 90:10) to afford the desired TBS-
ether (3.9 g, 15.4 mmol) as a clear oil in 92% yield. IH NMR (600 MHz, Chloroform-a) &
6.71 (d, /=10.2 Hz, 1H), 5.93 (d, /= 10.2 Hz, 1H), 3.49 — 3.38 (m, 2H), 2.52 — 2.40 (m,
2H), 2.05 — 1.97 (m, 1H), 1.76 — 1.67 (m, 1H), 1.12 (s, 3H), 0.89 (s, 9H), 0.04 (s, 6H). 13C
NMR (151 MHz, Chloroform-a) 6 199.9, 156.6, 128.7, 70.2, 38.5, 34.2, 31.3, 26.0, 25.9,
22.3,18.4, -5.37, -5.38. HRMS (ESI) m/z = 255.1780 calcd. for C14H»70,Si [M+H]*,
found: 255.1765.

Step two: synthesis of ethyl (S)-5-(((tert-butyldimethylsilyl)oxy)methyl)-2-
hydroxy-5-methylcyclohexa-1,3-diene-1-carboxylate.—To a stirring solution of the
TBS-ether from above (3.9 g, 15.4 mmol) in THF (40 mL) and HMPA (4.0 mL, 23.1

mmol) was added 1N LDA in THF (18.5 mL) dropwise at =78 °C. To the mixture ethyl
cyanoformate (9.1 mL, 92.4 mmol) was added at the same temperature. The reaction was
slowly allowed to worm to 0 °C and was then quenched with saturated NH,4CI solution. THF
was removed under reduced pressure and the residue was diluted with EtOAc (200 mL). The
organic portion was washed with water and brine, dried over anhydrous Na,SOy, filtered,
and concentrated to dryness. The crude product was used in the next step without further
purification. The aqueous part was mixed with excess 30% H,05 solution and kept overnight
to neutralize toxic cyanide and then discarded.

Step three: synthesis of compound 14.—The crude product from above was mixed
with EtOAc (60 mL) and to this mixture 10% Pd/C (195 mg) was added. The mixture was
purged with H, gas for 10 min and then the mixture was stirred under H, balloon for 5

h. After disapprence of the starting material, the reaction mxture was filtered through a

pad of celite and washed with EtOAc. The filtrate was evaporated under reduced pressure

to afford the crude product which was purified by silica gel flash column chromatography
(hexanes/EtOAc = 90:10) to afford the desired enol ether 14 (4 g, 12.32 mmol) in 80% yield
in two steps. TH NMR (600 MHz, Chloroform-d) 6 12.23 (s, 1H), 4.20 (qd, /= 7.1, 2.8 Hz,
2H), 3.35 (d, J= 9.5 Hz, 1H), 3.29 (d, J= 9.5 Hz, 1H), 2.27 (t, /= 6.5 Hz, 2H), 2.11 (d, J=
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16.0 Hz, 1H), 1.96 — 1.89 (m, 1H), 1.61 (dt, /= 14.2, 7.3 Hz, 1H), 1.44 — 1.38 (m, 1H), 1.30
(t, J= 7.1 Hz, 3H), 0.91 (s, 3H), 0.89 (s, 9H), 0.02 (d, /= 1.0 Hz, 6H). 13C NMR (151 MHz,
Chloroform-d) 6 173.1, 171.4, 96.2, 70.5, 60.3, 34.3, 31.3, 29.5, 26.2, 26.1, 22.7, 18.5, 14.4,
-5.3, =5.4. HRMS (ESI) m/z = 329.2148 calcd. for C17H3304Si [M+H]*, found: 329.2131.

Ethyl (R)-4-(((tert-butyldimethylsilyl)oxy)methyl)-4’-chloro-4-methyl-3,4,5,6-tetrahydro-[1,1’-
biphenyl]-2-carboxylate (15).

To a stirring solution of compound 14 (4 g, 12.32 mmol) in DCM (50 mL) was added
DIPEA (10.7 mL, 61.6 mmol). The mixture was cooled to =78 °C and Tf,0O (2.7 mL, 16
mmol) was added dropwise. The temperature of the reaction was allowed to rise to rt. After
stirred for 8 h, the reaction was quenched with water. The organic part was washed with
saturated NaHCOj3 solution followed by brine. The mixture was dried over Na,SO4 and

the volatiles were removed under reduced pressure. To the crude mixture was added 10%
EtOAcC in hexanes solution and stirred over 1 h. The mixture was filtered and the filter cake
was washed repeatedly with 10% EtOAc in hexanes solution. The combined filtrate was
collected and evaporated under reduced pressure to give a dark brown crude which was used
in the next step without further purification.

To the stirring solution of the crude product above in toluene (25 mL) and EtOH (12 mL)
was added 2N Na,COg solution (12 mL). The mixture was purged with argon for 15 min
and 4-chlorophenylboronic acid (2.3 g, 14.7 mmol) and Pd(PPh3)4 (284 mg, 0.24 mmol) was
added. The mixture was heated to 90 °C and the reaction was completed in 7 h. Organic
solvents were removed under reduced pressure and the residue was diluted with EtOAc

(150 mL). The above mixture was washed with water and brine, dried over anhydrous
NaySOy, filtered, and concentrate under reduced pressure to dryness. The crude product was
purified by silica gel flash column chromatography (hexanes/EtOAc = 10:1) to afford the
desired compound 15 (4.67 g, 11 mmol) in 90% yield in two steps. *H NMR (600 MHz,
Chloroform-ad) 6 7.27 (d, J= 8.5 Hz, 2H), 7.06 (d, /= 8.4 Hz, 2H), 3.90 (q, /= 7.1 Hz, 2H),
3.43 -3.32 (m, 2H), 2.38 — 2.30 (m, 3H), 2.14 - 2.09 (m, 1H), 1.67 (dd, J=13.6, 6.7 Hz,
1H), 1.46 — 1.39 (m, 1H), 0.96 (s, 3H), 0.90 (s, 9H), 0.05 (d, /= 3.3 Hz, 6H). 13C NMR (151
MHz, Chloroform-a) & 169.6, 143.8, 141.9, 132.9, 128.4, 128.3, 127.5, 70.8, 60.3, 35.4,
33.9,30.4,30.1, 26.1, 22.3, 18.5, 13.8, -5.3, -5.3. HRMS (ESI) m/z = 423.2122 calcd. for
Cy3H36CI03Si [M+H]™, found: 423.2102.

(R)-(4’-Chloro-4-methyl-3,4,5,6-tetrahydro-[1,1’-biphenyl]-2,4-diyl)dimethanol (4b).

To a stirring solution of compound 15 (4.67 g, 11 mmol) in toluene (50 mL) at 0 °C

was added 1M DIBALH in THF (24 mL) dropwise and the reaction was stirred at rt for

3 h. After completion, the reaction temperature was again lowered to 0 °C and quenched
with saturated Rochelle’s salt solution. The mixture was diluted with diethyl ether and then
filtered through a pad of celite. The filtrate was evaporated under reduced pressure and the
crude product was used in the next step without further purication.

The crude product from above was dissolved in THF (40 mL) followed by the addition
of 1M TBAF solution in THF (13.2 mL) at 0 °C. The mixture was stirred at rt for 5 h
and then was quenched with saturated NH,4CI solution. Organic solvent was removed under
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vacuum and the residue was diluted with EtOAc (150 mL), washed with water and brine.
The organic portion was dried over anhydrous NaySQy, filtered, and concentrated to dryness.
The solid crude was stirred with 10% DCM in diethyl ether solution and then filtered. The
filter cake was washed with same solution for another 3 times to get the pure white powder
4b (2.48 g ,9.35 mmol) in 85% vyield in two steps. Analytical data was in consistent with the
4b prepared from 11b.

Cell lines and culture.

T-ALL MOLT-4 (Cat. No. CRL-1582), B-ALL RS4;11 (RS4, Cat# CRL-1873), and SCLC
NCI-H146 (H146, Cat. No. HTB-173) cell lines were recently purchased from American
Type Culture Collection (ATCC, Manassas, VA, USA). SCLC NCI-H211 cell line was
kindly gifted from Dr. Fredrick J Kaye’s lab (UF Health Medical Oncology, Gainesville, FL,
USA). All the cell lines were cultured in RPMI 1640 media (Life Technologies, Carlsbad,
CA, USA), supplemented with 10% FBS (Atlanta Biologicals, Flowery Branch, GA,
USA) and 1% penicillin-streptomycin solution (Thermo Fisher Scientific, Waltham, MA,
USA). Epithelial kidney HEK 293T (293T, Cat. No. ACS-4500) cell line was purchased
from ATCC, and cultured in complete Dulbecco’s modified Eagle medium (DMEM, Cat.
no. 12430054, Thermo Fisher Scientific) supplemented with 10% FBS, 1 % penicillin
streptomycin solutions. All cell lines were maintained at 37 °C in a humidified 5% CO2
atmosphere.

Cell viability assay.

Cancer cells were seeded in 96 well plates in 100 pL of complete medium (100,000
MOLT-4, RS4;11 cells, and 50,000 NCI-H146, NCI-H211 cells). Celle were treated with
compounds after 30 min of seeding. Compound’s dilutions were prepared in complete
medium and 100 pL of 2X medium was added to the wells. Each compound was tested

with nine concentration in three replicates. Cell viability was measured after 48 h treatment
using tetrazolium-based MTS reagent (Cat. No. G1111, Promega, Madison, WI, USA)
according to the manufacturer’s instructions. The data were expressed as average percentage
cell viability and fitted in non-linear regression curves using GraphPad Prism 7 (GraphPad
Software, La Jolla, CA, USA).

Immunoblotting.

Cells were collected and lysed in Lysis buffer (Cat. No. BP-115DG, Boston Bio Products,
Ashland, MA, USA) containing protease and phosphatase inhibitor cocktails (Cat. No.
PPC1010, Sigma-Aldrich, St. Louis, MO, USA). The equal amount of protein lysates

was separated on pre-casted 4-20% Tris-Glycine gels (Mini-PROTEAN TGX, Cat. No.
456-1094, Bio-Rad, Hercules, CA, USA). Thereafter, the proteins were transferred to PVDF
membranes (Cat. No. LC2002, MilliporeSigma, Billerica, MA, USA). The membranes were
blocked with 5% wi/v non-fat dry milk in TBS + Tween-20 (0.1% v/v), and then probed
with primary antibodies for overnight at 4 °C. Next day, the membranes were washed and
incubated with appropriate horse radish peroxidase (HRP)-conjugated secondary antibodies.
Primary antibodies against BCL-X (Cat. No. 2762), BCL-2 (Cat. No. 4223), MCL-1 (Cat.
No. 5453), Bim (Cat. No. 2933), caspase-3 (Cat. No. 9662), cleaved caspase-3 (Cat. No.
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9661), cleaved- PARP (Cat. No. 5625), PARP (Cat. No. 9532), p-actin (Cat. No. 4970), and
the secondary HRP-linked antibody (Cat. No. 7074) were purchased from Cell Signaling
Technology (Danvers, MA, USA). The signal was detected using ECL substrate (Cat.

No. WBKLS0500, MilliporeSigma, Billerica, MA, USA) and captured on ChemiDoc MP
Imaging System (Bio-Rad, Hercules, CA, USA). The band intensities were calculated on
ImageJ software and normalized to equal loading control p-actin.

Human platelet isolation and viability assays.

Platelet rich plasma (PRP) was purchased from Life South Community Blood Centers
(Gainesville, FL, USA). PRP was transferred into a 50 mL tube containing 5 mL acid citrate
buffer (Cat. No. sc-214744, Santa Cruz Biotechnology). To prevent clotting, prostaglandin
E1 (PGEL, Cat. No. sc-201223A, Santa Cruz Biotechnology, Dallas, TX, USA) and apyrase
(Cat. No. A6237, Sigma-Aldrich, St. Louis, MO, USA) were added to final concentrations
of 1 uM and 0.2 units/mL, respectively. After gently mixing the solution, platelets were
pelleted by centrifugation at 1200 g for 10 min without break. Pelleted platelets were gently
washed without disrupting platelets in 2 mL HEPES Tyrode’s buffer (Cat. No. PY-921WB,
Boston BioProducts, Ashland, MA, USA) containing 1 uM PGE1 and 0.2 units/mL apyrase.
After washing, pellets were slowly suspended in 10 mL HEPES Tyrode’s buffer containing 1
UM PGEL1 and 0.2 units/mL apyrase. Then platelets number was counted using a HEMAVET
950FS hematology analyzer (Drew Scientific, Inc., Oxford, CT, USA). For viability assays,
platelet number was adjusted to 2x108/mL in HEPES Tyrode’s buffer containing 1 uM
PGEL and 0.2 units/mL apyrase. Each treatment was given in 2 mL platelet suspension in

15 mL polypropylene tubes. The tubes were placed on rotating platform at room temperature
and the viability of platelets was measured after 48 h treatment by using the MTS reagent
(Cat. No. G1111, Promega, Madison, WI, USA). The data were analyzed by GraphPad
Prism 7 software for the calculation of 1Cgq values.

Annexin-V/P| apoptosis assay using flow cytometry.

MOLT-4 cells were seeded in 12-well plates at a density of 5x10* cells per well and were
pretreated with or without QVD for 4 h. After pretreatment, cells were treated with PZ703b
(10 nM) for 48 h. After incubation, cells were stained with Annexin V-Alexa Fluor 647
(1:50, Cat. No. 640912, BioLegend, San Diego, CA, USA) and propidium iodide (PI, 10
ug/mL, Cat. No. 421301, BioLegend, San Diego, CA, USA) at room temperature for 30 min
in dark condition and were analyzed using a Cytek Aurora flow cytometer and the Spectraflo
software (Cytek, Fremont, CA, USA).

AlphaScreen for the determination of binary and ternary binding affinities.

To test the binary/ternary binding affinities of compounds to BCL-2/BCL-X|_ AlphaScreen
displacement binding assay was performed to test the capabilities of testing compounds

to displace a Biotin-tagged Bim (Biotin-MRPEIWIAQELRRIGDEFNA) or Bad (Biotin-
LWAAQRYGRELRRMSDEFEGSFKGL) from BCL-2 or BCL-X_ for BCL-2 and BCL-X,
binding affinities, respectively. All reagents were diluted in assay buffer of 25 mM HEPES,
pH 7.5, 100 mM NacCl, 0.1% BSA, and 0.005% tween 20 prior incubation. To a 96-well
PCR plate (VWR, Cat. No. 82006-636) was added 5 pL Biotin-tagged Bim (80 nM) or Bad
(16 nM), 4 L series diluted compounds solution, 16 pL buffer (for binary binding) or 16
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uL 100 uM GST-VCB [GST-tagged VHL—elongin C—elongin B—Cul2 complex (Cat. No.
029641, US Biological) for ternary binding] and 5 uL 6xHis tagged protein [8 nM BCL-2
(Sigma, Cat. No. SRP0186) or 4 nM BCL-X_ (Sigma, Cat. No. SRP0187)]. After incubating
at room temperature for 2 h, 5 uL of 160 pg/mL of anti-6xHis acceptor beads (Cat. No.
AL128M, PerkinElmer) was added and the mixture was incubated at room temperature

for 1 h. 5 pL of 160 pg/mL of streptavidin donor beads (Cat. No. 6760002, PerkinElmer)
was then added under subdued light and the mixture was incubated at dark for 30 min
before being transferred to two adjacent wells (17 uL each) of 384-well white OptiPlate
(Cat. No. 6008280, PerkinElmer). The luminescence signal was detected on a Biotek’s
Synergy Neo2 multi-mode plate reader installed with an AphaScreen filter cube. The K;
values of each compounds were calculated by fitting data into “Binding-competitive, One
site-Fit K;” function in GraphPad Prism based on concentrations of Biotin-peptide used and
experimentally determined Ky values of each 6xHis protein and Biotin-Peptide pair.

AlphaLISA assay for evaluating the ternary complex formation.

AlphaLISA assay was used to evaluate the in vitro ternary complex formation between
potential target proteins [BCL-X| (His-tagged, Cat. No. SRP0187, Sigma-Aldrich), BCL-2
(His-tagged, Cat. No. SRP0186, Sigma-Aldrich),192 or MCL-1 (His-tagged, Cat. No. 40742,
Bioscience; dialyzed to remove imidazole)], PROTAC and VCB complex [(GST-tagged
VHL-elongin B—elongin C—Cul2 complex (Cat. No. 029641, US Biological)]. Assays were
performed at room temperature. All reagents were diluted in assay buffer of 25 mM HEPES,
pH 7.5, 100 mM NacCl, 0.1% BSA, and 0.005% tween 20. To a 96-well PCR plate was
added 10 pl 6xHis tagged protein (BCL-X, BCL-2, or MCL-1, 20 nM, 10 pL series diluted
compounds solution (4x dilution) and 10 puL of GST-VCB (20 nM). After incubating at
room temperature for 30 min, 5 uL of alpha glutathione-donor beads (160 pg/mL, Cat.

No. 6765300, PerkinElmer) were added to each well under subdued light and the mixture
was incubated for 15 min in the dark. Then added 5 L of anti-6xHis acceptor beads (160
ug/mL, Cat. No. AL128M, PerkinElmer) to each well and incubated for additional 45 min
in the dark before being transferred to two adjacent wells (17 pL each) of 384-well white
OptiPlate (Cat. No. 6008280, PerkinElmer). The luminescence signal was detected on a
Biotek’s Synergy Neo2 multi-mode plate reader installed with an AphaScreen filter cube.
Intensity values were plotted in Graphpad Prism (9.0) with PROTAC concentration values
represented on a log10 scale.

NanoBRET ternary complex formation assay.

The ternary complex formation was evaluated by NanoBRET assay as described in previous
studiest02.24 with some modifications. Briefly, HEK 293T cells (8x10°) were transfected
with lipofectamine (Life Technologies) and 1 pg HaloTag-VHL, 10 ng HiBit-BCL-X and
10 ng LgBit or 1 pg HaloTag-VHL, 10 ng HiBit-BCL-2 and 10 ng LgBit. After 24 h,

2x 104 transfected cells were seeded into white 96-well tissue culture plates in Gibco™
Opti-MEM™ | Reduced Serum Medium, No Phenol Red (Cat. No. 11-058-021, Fisher)
containing 4% FBS with or without HaloTag NanoBRET 618 Ligand (Cat. No. PRN1662,
Promega) and incubated overnight at 37 °C, 5% CO». The following day, different doses of
compounds were added into the medium and plates were incubated at 37 °C, 5% CO,, for

6 h. After treatment, NanoBRET™ Nano-Glo® Substrate (Cat. No. N1662, Promega) were
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added into the medium and the signals were measured as described previously.1% mBRET
ratios were calculated following the NanoBRET ™ Nano-Glo® Detection System (Cat. No.
N1662, Promega).

Co-immunoprecipitation.

Cell pellets were lysed in Pierce IP Lysis Buffer supplemented with protease and
phosphatase inhibitors (Cat. No. PPC1010; Sigma). After lysis samples were centrifuged
at 15000 rpm for 10 min. The supernatants were collected, and aliquots of 1 mg were
precleared with 1 pg of mouse IgG (cat. no. sc-2025; Santa Cruz Biotechnology) and

25 ul of protein A/G-PLUS agarose beads (25% vol/vol; Cat. No. sc-2003; Santa Cruz
Biotechnology) for 1 h at 4 °C. After incubation, samples were centrifuged at 3000 rpm
for 30 sec and supernatants were collected. To the supernatants 2 ug of anti-BCL-2 (Cat.
No. sc-7382; Santa Cruz Biotechnology) or anti-IgG was added and incubated for overnight
at 4 °C then samples were incubated with 25 pl of protein A/G-PLUS agarose beads for
additional 2 h. The Immunoprecipitates were collected by centrifugation and washed with
Pierce IP lysis buffer for 3 times. Samples were prepared using Laemmli’s SDS buffer.
Denatured samples were analyzed using SDS-PAGE and immunoblotting.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS
PROTAC proteolysis targeting chimera
BCL-X| B-cell lymphoma-extra large
BCL-2 B-cell lymphoma 2
UPS ubiquitin-proteasome system
VHL von Hippel-Lindau
VCB the protein complex of VHL, Elongin C (EloC), and Elongin B
(EloB)
CRBN cereblon
ALL acute lymphoblastic leukemia
SCLC small cell lung cancer
HATU hexafluorophosphate azabenzotriazole tetramethyluranium
DIPEA N, N “diisopropylethylamine
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TEA triethylamine
EDCI N-ethyl-N*~(3-dimethylaminopropyl)carbodiimide hydrochloride
NaH sodium hydride
MsCI methane sulfonyl chloride
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Figure 1.
Design of ABT-263-based PROTACS. (A) Structure of DT2216; (B) Co-crystal structure

of BCL-X with ABT-263 (PDB code 4QNQ); (C) General structure of newly explored
BCL-2/BCL-X_ -targeting PROTACs. Arrows indicate the linking position.
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Degradation of BCL-X| by PROTACs in MOLT-4, RS4;11, and human platelets. (A,C)
Representative western blotting analysis of BCL-X| , BCL-2, and MCL-1 protein levels in
MOLT-4 (A) or RS4;11 cells (C) after treatment with indicated concentrations of DT2216,
PP5, PZ703a, PZ703Db for 16 h. (B,D) Densitometric analysis of BCL-X|_ expression in
MOLT-4 (B) and RS4;11 cells (D). (E,F) Representative western blotting analysis of BCL-
X|_ protein levels in human platelets after 16 h treatment with indicated concentrations

of PP5 (E) or PZ703b (F). (G) Platelets were treated with increasing concentrations of
ABT-263, PP5, PZ703a, PZ703b for 48 h. Cell viability was measured using MTS assay.
(B,D,G) Data are mean + SD of three independent experiments performed in triplicates.

J Med Chem. Author manuscript; available in PMC 2022 October 14.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Pal et al. Page 32
A MOLT4 + PZ7035 100nM B MOLT4 + PZ7035 1000M C MG-132 (1 M) . -
veh 2 4 6 8 12 16 24 Time() Veh 0 3 6 12 24 48 72 Time(h) VHL ligand (10pM) - - & =
o : e % W
P BCLX .—h - — — — 0L PZ703b (0.1 uM) i
= L B 1 1 L Res
G T D S e e e
. e —-—— e ———
D E E MOLT-4 + PZ703b (48 h)
MOLT-4 + PZ703b (16 h avo
(1eh) MOLT-4 + PZ703b (48 h) v
Veh 3 10 30 100 300 1000 (nM) QvD @2uM) - B - . Veh o LPZTOIB-100M 'F_’ZFOIBHOTJK e
e e e = o= Ful-caspasesd PZ703b(nM) - =10 10 ] % o | ae23% = L £ L
[ - cospased S | = i
i ‘“ Cleaved-caspase 3 k. ] 2 5 :. [
Ry - Cleaved- caspase 3 -: 5 Z 1o i} et | A
- Full- K - 1
wwwwee - - g Ul PARP gl . ‘ BEE _*f :
R cieavec-PARP = W ceaesrarp 8| ke looee dea e bl
e iy

-— D S D e e G

W = - -3

Figure 3.
PZ703b induces rapid, sustained and VHL- and proteasome-dependent BCL-X| degradation

and triggers apoptosis in cancer cells. (A) MOLT-4 cells were treated with vehicle (Veh)

or 100 nM PZ703b for indicated time points. (B) Washout experiment: MOLT-4 cells

were treated with 100 nM PZ703b for 16 h, followed by removal of PZ703b. Indicated
times are after PZ703b was removed. (C) Degradation of BCL-X| is viaPROTAC
mechanism. MOLT-4 cells were pre-treated with 10 yM VHL-032 or 1 yM MG-132
followed by 12 h treatment with PZ703b. (A-C) Cells were lysed and protein samples were
subjected to immunoblotting with antibodies against BCL-X, and B-actin. (D) MOLT-4
cells were treated with indicated concentrations of PZ703b for 16 h and immunoblotting
was performed for cleaved-caspase-3, full-caspase-3, cleaved-PARP, full-PARP, and B-actin.
(E) MOLT-4 cells pretreated with or without 2 uM QVD for 4 h and then were treated

with 10 nM PZ703b for 48 h. Immunoblotting was performed for cleaved-caspase-3, full-
caspase-3, cleaved-PARP, full-PARP, and B-actin. (F) MOLT-4 cells pretreated with or
without 2 uM QVD for 4 h and then were treated with 10 nM PZ703b for 48 h before
apoptosis was analyzed using Annexin-V/propidium iodide staining and flow cytometer. All
immunoblotting data are representative of three independent experiments.
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Ternary complex formation studies. (A-C) Cell-free ternary complex formation assay

with recombinant His-tagged BCL-X_ protein (A), His-tagged BCL-2 protein (B), and
His-tagged MCL-1 protein (C) using AlphaLISA assay. (D) NanoBRET ternary complex
formation with BCL-X| and VCB. (E) NanoBRET ternary complex formation with BCL-2
and VCB. Ternary complex formation was determined in 293T cells after they transiently
expressed HiBit-BCL-X| /HiBit-BCL-2, LgBit and HaloTag-VHL and then treated with a
serial dilution of DT2216, PP5, PZ703a, or PZ703b. Data are expressed as mean * s.e.m. of
two independent experiments performed in triplicates.
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Cell viability and immunoprecipitation assays in RS4;11 with compound treatment in the
presence or absence of VHL ligand VHL-032. (A) Viability of RS4;11 cells was determined
after they were treated with DT2216, PP5, PZ703a, or PZ703b for 48 h with or without
pre-treatment with VHL-032 (10 uM). Cell viability was measured using MTS assay. Data
are representative of mean of three independent experiments performed in triplicates. (B,C)
RS4;11 cells were treated with DT2216, PZ703b, ABT-263, or PZ703b-NC for 12 h with

or without VHL-032. Immunoblots of Bim after immunoprecipitation with BCL-2 in the
absence of VHL-032 (B) and in the presence of VHL-032 (C). (D,E) Bim, BCL-2, -actin in
whole-cell lysates (Input) are shown from two independent experiments.
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Table 1.

Cell-Killing Potency of PP1-PP8 in MOLT-4 and RS4;11 Cells’

Compound MOLT-4 R$4;11 Compound MOLT-4 R$4;11
ABT-263 212.3+26.0 42657 PP6 746+ 14.6 29.2+49
DT2216 753+9.1 2117274 PP7 111.8+9.3 96.3+15.3
PP1 340.2+29.4 3036+328 PP8 333.6£25.8 409.8 + 38.6
PP2 306.8+31.9 2342+21.6 PZ703a 170.4 +19.6 4183 %454
PP3 219.4+18.6 108.4+129 PZ703b 159+27 11.3+22
PP4 1247 +11.3 43.7+51 PZ703b-NC  820.6 +112.5 328.0+48.5
PP5 32.1+3.7 23.3+4.0

Page 38

a . L . . R
1C50 values (in nM) are reported as the mean + standard deviation from three independent experiments performed in triplicates. Cells were treated

for 48 h.

J Med Chem. Author manuscript; available in PMC 2022 October 14.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Pal et al.

Table 2.

a

BCL-X and BCL-2 Binding Affinity of Selected Compounds without or with VHL

BCL-X, BCL-2

Compound  w/oVHL w VHL w/o VHL w VHL

ABT-263 2.07+£0.48 NDb 0.65 +0.36 NDb

DT2216 758+062 218+051 225%+033 146+041
PZ703a 275+055 064+018 147+025 0.55+0.18
PZ703b 259+0.16 065+019 122+061 0.53+0.19

a . . . I
K{ values (in nM) are reported as the mean + SD of at least two individual experiments performed in triplicates.

bnot determined.
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