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Abstract: Anti-apoptotic protein BCL-X plays a key role in tumorigenesis and cancer
chemotherapy resistance, rendering it an attra¢#ixget for cancer treatment. However, BCL-
X, inhibitors such as ABT-263 cannot be safely usedhie clinic because platelets solely
depend on BCL-Xto maintain their viability. To reduce the on-targlatelet toxicity associated
with the inhibition of BCL-X, we designed and synthesized PROTAC BGLelégraders that
recruit CRBN or VHL E3 ligase because both of theseymes are poorly expressed in human
platelets compared to various cancer cell lines.cafdirmed that platelet-toxic BCLX2 dual
inhibitor ABT-263 can be converted into plateleespg CRBN/VHL-based BCL-X specific
degraders. A number of BCLXdegraders are more potent in killing cancer ciin their
parent compound ABT-263. Specifically, XZ739, a ®RBependent BCL-X degrader, is 20-
fold more potent than ABT-263 against MOLT-4 T-Alcklls and has >100-fold selectivity for
MOLT-4 cells over human platelets. Our findingstfier demonstrated the utility of PROTAC

technology to achieve tissue selectivity througtruging differentially expressed E3 ligases.
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1. Introduction

Apoptosis is a conserved and highly regulated bjiokl process that plays a critical role in
maintaining cellular homeostasis [1]. Resistancepoptosis is a common feature in human
malignancies and considered a key hallmark of aaffje Therefore, targeting specific anti-
apoptotic pathways is a promising cancer therapetitategy. Members of B-cell lymphoma 2
(BCL-2) protein family, consisting of both pro- arahti-apoptotic proteins, regulates the
intrinsic apoptotic pathway. Several anti-apopt®&{€L-2 family proteins such as BCL-2, BCL-
X, and MCL-1 have been validated as anticancer &(@e5]. Inhibition of these proteins with
small-molecule inhibitors promotes Bax/Bak oligoimation and ultimately induces
mitochondrial outer membrane permeabilization, oiekkd by cytochromec release and

activation of caspases to execute apoptosis [1].
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Figure 1. Chemical structures of representative BCI-2/BCLiKhibitors and BCL-2 family

protein degraders.



ABT-737 (Figure 1), the first potent BCL-2/BCLcXdual inhibitor, was developetia
fragment-based drug discovery using NMR [6,7]. @ptation of ABT-737 afforded navitoclax
(ABT-263) (Figure 1) [8,9], an orally bioavailatBCL-2/BCL-X, dual inhibitor that has been in
Phase 1l clinical trials for hematological maligegés and small cell lung cancer (SCLC).
However, ABT-263 treatment leads to rapid and dieggendent thrombocytopenia when dosed
as a single agent [10], consistent with the studiesving the dependency of platelets on BCL-
XL to maintain their viability [11,12]To overcome this on-target, dose-limiting toxicity,
selective BCL-2 inhibitor, venetoclax (ABT-199) ¢kire 1), was developed. Venetoclax has
shown antileukemic activity without the inductiof thrombocytopenia [13]. Subsequently, it
was approved by the FDA for the treatment of chedymphocytic leukemia (CLL) and small
lymphocytic lymphoma (SLL) as a single agent, aod dcute myeloid leukemia (AML) in
combination with low-intensity chemotherapy [14].

The overall response rate of CLL patients to veriatois 71-79% but the complete remission
rate (20%) is relatively low [15]. Upregulation &CL-X, by microenvironmental survival
signals has been identified as the major compoaecbuntable for the resistance, consistent
with the high efficacy of BCL-2/BCL-X dual inhibitor ABT-263 in killing venetoclax resat
CLL cells [16]. In addition, venetoclax has limitedility for the treatment of solid tumors
[17,18] because BCL-2 is mainly associated withsinevival of hematological malignancies and
BCL-X_ is the most common BCL-2 family member overexpdda solid tumors, as well as in
a subset of leukemia and lymphoma cells [19]. Bayimatics analyses also reveal a strong
correlation between the levels of BCL-Xxpression and resistance to chemotherapies [20].

Further, it has been well established that intohitof BCL-X_ by ABT-263 is primarily



responsible for the observed synergy with chemagies in solid tumors [21,22]. Taken
together, BCL-X is one of the most important validated cancereistg

More recently, we and others discovered that ABB-a6d other BCL-X inhibitors, such as
A-1331852 and A-1155463 are potent senolytics, rieig to small-molecules that can
selectively kill senescent cells [23-28his is because BCL-Xis a key anti-apoptotic protein in
many types of senescent cells. Subsequent studiefRI-263 in mouse models have
demonstrated that clearance of chemotherapy-indseeescent cells reduces several short- and
long-term adverse effects of the chemotherapy, el ag cancer relapse and metastasis [27].
These findings suggest an added benefit of targ@&iDL-X, for cancer treatment. Therefore, it
is highly desirable to develop a strategy that k&ain the versatility and efficacy of BCL-X
inhibitors, while reducing their on-target plateiexicity.

Several strategies have been devised to minimzenktarget platelet toxicity associated with
the inhibition of BCL-X. One strategy is to combine ABT-263 with chematpgror targeted
therapies to reduce the dose regimen of ABT-26Bhabthrombocytopenia can be manageable
[22]. In another strategy, prodrugs of BCL-2/BCl.-&ual inhibitors have been prepared to limit
drug exposure to platelets [28], and the lead atd] APG-1252, is currently in Phase | clinical
trial [29]. Further, antibody-drug conjugates (AD©$ BCL-X_ inhibitors have been designed to
deliver the inhibitors to cancer cells more speaeify. For example, ABBV-155, a BCLX
inhibitor ADC that targets B7H3 expressing cancelis¢ is currently in Phase | clinical trial
[30]. We have recently demonstrated that the proteoligeting chimera (PROTAC), an
emerging therapeutic modality [31-38, also a feasible solution to reduce platelet dibyi
associated with BCL-X inhibition [34]. This was based on the hypothetiat because

PROTACs engage E3 ligases to induce protein degoadathey can achieve cell/tissue



selectivity if the E3 ligase they recruit is diféatially expressed in cells or tissues [34]. Von
Hippel-Lindau (VHL) cullin-2 and cereblon (CRBN) Ibo-4A RING ES3 ligases, of which
small-molecule ligands have been successfully epeglon PROTAC design, were found to be
minimally expressed in human platelets [35,36]a Iproof of concept study, we have shown that
DT2216 (Figure 1), a VHL-based PROTAC derived frABT-263, is more potent to a variety
of BCL-X,. dependent cancer cells with significantly lesstghd toxicity than its parent
compound ABT-263 [34]. In another study, through4®Z4 (Figure 1), which is constructed by
tethering BCL-X specific inhibitor A-1155463 to CRBN ligand pontimide, we have
demonstrated that CRBN could be an alternative i§&sé to be recruited to build BCL-X
degraders with low platelet toxicity [37].

The discovery of PROTAC MCL-1 and BCL-2 degradeffsgre 1) have been reported
recently [38,39]. Herein, we describe our efforisthe discovery of potent PROTAC BCL-X
degraders with low platelet toxicity. Emerging eande suggests that it could be beneficial to
parallelly develop two or more PROTAC series hijagkdifferent E3 ligases [40-42]. Thus, we
have evaluated both CRBN and VHL E3 ligases baget-B, degraders. The critical role of
linkerology in degradation potency and efficacy RROTACs is well estabolished [43-45].

Therefore, we have also systematically varied ¢éingth and composition of the linker unit.



2. Results and discussion

Figure 2. X-ray crystal structures of ABT-263 (black) boutal (A) BCL-X,, available from
PDB, code: 4QNQ, and (B) BCL-2, available from P@Bde: 4LVT. The local view of the key

hydrogen bond between morpholine ring and progeshown in the additional box.

Cytotoxicity of the designed PROTACSs and their ipih inducing BCL-X degradation were
primarily evaluated in MOLT-4, a T-cell acute lyngiilastic leukemia (T-ALL) cell line
dependent on BCL-Xfor survival. We focused on ABT-263 as the ‘wardidga our PROTAC
design. The co-crystal structures of ABT-263 in pter with BCL-2/BCL-X_(PDB code 4LVT
and 4QNQ, Figure 2) [13] indicate that the morphelring in ABT-263 is solvent-exposed,
making it a suitable position for tethering to a8 Egase binding unit through a linker.
Accordingly, we initially converted ABT-263 to aR®OTAC-ready’ derivative by replacing the
morpholine ring with a piperazine ring, followed bBthering it to a previously reported VHL
ligand [46] through various linkers to yield compals 1a-f, 2a-d, 3a-¢ and4a-b (Scheme 1,

Table 1).



Table 1. BCL-X, Degraders Designed with Various Linkers Tetheringpiigh a Piperazine

Ring to a VHL Ligand
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21Csq values are the means of at least three indepeesipatiments; reduction of MOLT-4 cell viabilitytaf 48 h treatment.

We first evaluated the effects of these compoundshe viability of MOLT-4 T-ALL cells,

with ABT-263 as the positive control (Table 1),léoved by examining their ability to BCL-

2/BCL-X_degradation in the same cell line using Westerttibp (Figure 3). In the series with



linkers containing an amide linkage and an alkdreen; we synthesized compouridsf with 1-

6 methylene groups in the alkane chain (Table #l) determined the optimal linker length by
comparing their potencies in the cell viability agsDT2216 {e) with five methylene groups in
the linker was the most potent in this series atich@s more potent than ABT-263. Shortening
the linker inle affordedla-d, which exhibited largely decreased cellular poiesnin the same
assay. However, the analofy)(with one methylene unit longer than thatliemshowed slightly
reduced cytotoxicity against MOLT-4 cells. Thessults indicate that the optimal linker length
is six carbon atoms. The cell viability assay daftd a-f were well correlated with the protein
degradation data (Figure 3), indicating that théotoxicity is mainly derived from BCL-X
protein degradation. Replacing the amide linkaggaih with a C-N linkage yielded analogs-

d. The optimal linker length in this series is fiwk@bon atoms (compourib) and appears to be
one carbon atom shorter than the amide linkageagang series, which could be attributed to
the increased flexibility of the C-N bond in comigan to the amide bond. Replacement of one
methylene group in the linker dfe with an oxygen atom afforde®h, which was ~4 times less
potent thanle In general, introduction of oxygen atoms into timker unit is detrimental to
cellular potency. None of the oxygen-containing HRGs we synthesized showed better
cytotoxicity to MOLT-4 cells in comparison to th&orresponding alkane linker analogs (8a.
vs le 3b vs 1f, and4a vs 2b). Interestingly, althougkb was slightly more potent in inducing
BCL-X,_ degradation thada at 100 nM (Figure 3B), it was ~6 times less potenteducing
MOLT-4 cell viability. The cytotoxicity of the PROACs is derived from both direct inhibition
of BCL-X, and degradation of this protein. The relative highular potency ofia could be due
to its higher cell permeability thasib despite its low efficiency in inducing BCLXprotein

degradation.
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Figure 3. Western blot analysis of the effect of VHL-basedlBC, degraders on BCL-Xand

BCL-2 protein levels in MOLT-4 T-ALL cells. Cells ave treated with 100 nM of each
compound for 16 h before harvesting. Degradatiaiviac is reported as % of total protein
remaining after compound treatment relative touébicle after normalization with-actin as

quantified by Image J software.

Table 2. BCL-X, Degraders Designed with Various Linkers Tetheritgoigh an N-

Methylamino Group to a VHL Ligand

N
NS ogls\CF3 — — ¥ 1 2'\‘ s
O Linker 0" H \ E

Compd Linker ICs (nM)®  Compd Linker IC 5 (NM) #

5 >2000 6e 139




6a A/\/y 1243 6f A/\/\/\/\)\ 1058
6b L~ ~A 460  7a Ao~ OA 97.0

6c A/\/\/y 813  7b A/\O/\/O\/\O/y 200
6d A/\/\/\)\ 147 7c A/\O/\/O\/\O/\/O\)\ 206

#ICsp values are the means of at least three indepeegiprtiments; reduction of MOLT-4 cell viabilitytaf 48 h treatment.

The salt bridge between GIlu96 of BCL-Xand the protonated nitrogen atom on the
morpholine ring of ABT-263 is one of the cruciataractions for high BCL-X binding (Figure
2). However, the ring system is not required torm@an high binding affinity as the morpholine
ring in ABT-263 can be replaced by a dimethylamgroup as shown in ABT-737. Thus, we
replaced the morpholine ring in ABT-263 with Brmethylamino group and tethered it to the
same VHL binding moiety as compounds in Table bugh an alkane chain to generate
compoundsa-f (Table 2). Interestingly, despite the smallekdige unit (a singl® atom vs. a
piperazine ring), the optimal linker length fordlseries of compounds was also six carbon atoms;
compound6¢c was the most potent degrader among its analoggir@i3B) and exhibited a
comparable cellular potency e in reducing MOLT-4 cell viability. Compoun8, which was
generated by replacing the C-N linkageésowith an amide bond, had no effect on MOLT-4 cell
viability (ICso > 2 uM) and weak BCL-Xdegradation in MOLT-4 cells at 100 nM, confirming
the importance of the salt bridge in maintaininghhBCL-X_ protein binding and the subsequent
protein degradation. Incorporation of oxygen atamte the linker unit of6éd caused small

increases in both protein degradation and cellptdency {a vs. 6d). In addition, PEG-linker

10



containing PROTACS, i.e7a-¢ are linker length independent in inducing BCL-HXrotein
degradation and cell death.

Similar to DT2216 1e) [34], none of these VHL-based PROTACs were abldggrade BCL-
2 in MOLT-4 cells (Figure 3), further demonstrated feasibility of achieving target specificity
through conversion of non-selective inhibitors ®@TACs. Our studies with the most potent
analog in this series, DT2216, have shown that BXLbut not BCL-2, can form stable ternary
complexes with DT2216 and VHL in live cells as detmed by nanoBRET assay [4Which

could contribute to the specific BCL-degradation [34].

Table 3. BCL-X, Degraders Designed with Various Linkers Tetheringpiigh a Piperazine

Ring to Pomalidomide
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283 12a A/\o/\)\ 605

9b /M 43.0 12b A/\O/\/O\/y 414
A/\/\)\ 100 12c A/\O/\/O\/\O/\)\ 17.3

#ICsp values are the means of at least three indepeegiprtiments; reduction of MOLT-4 cell viabilitytaf 48 h treatment.

9a

9c

We next replaced the VHL binding moiety in compaosiddd with CRBN binding moiety
pomalidomide. It is well established that differdf® ligases require different linker length
and/or composition for optimal cellular potency. ush we also conducted a systematic
investigation of linker length and composition imtCRBN-based PROTACs. As shown in
Table 3, compounds with an amide linkage were gglydess potent in reducing MOLT-4 cell
viability when compared with their correspondindNGinkage containing analogs with a similar
linker length. Among the alkane-linker containinB®TACs Ba-e and9a-c), compounds with
the shortest linkers, i.8a and9a, were the most potent. Compousal which contains an amide
linkage and three methylene groups, was 3 times mpotent than the parent compound ABT-
263. Switching the amide linkage to a C-N linkagsulted in a significant improvement on
cellular potency; compour@h, which contains three methylene groups in thedlinkas 8 times
more potent than ABT-263. Compounds with an amid&abe and a PEG-chairiOac,
appeared to have little dependence on linker lemgththeir cellular potency. Replacing the
amide linkage irnOa-c with a urea linkage, exemplified lyla had little effect on the ability to
inhibit MOLT-4 growth. However, the thiourea anal@db exhibited a ~6-fold decrease in
potency compared tbla in the same assay. In contras®#ec that contain a C-N linkage and
an alkane-chain in their linkers, PEG-linker conitag analogsl2ac preferred longer linker

length for optimal cellular potency. Compoufh#c which has the longest linker in this series

12



with 11 atoms, had the highest cellular potency wes ~12 times more potent than ABT-263 in
reducing MOLT-4 cell viability. These results fuethdemonstrate the empirical nature of
PROTAC design, which is at least partially attrdtale to the fact that potencies of reducing cell
viability for inhibitor-derived PROTACs are a comhtion of protein degradation and direct
protein inhibition, both of which are dependentaall permeability. As a result, analogs with
similar intrinsic protein degradation efficiency ynaxhibit completely different ability to induce
protein degradation in cells.

We evaluated all the compounds in Table 3 for thbility to induce BCL-X/BCL-2 protein
degradation in MOLT-4 cells at 50 nM for 16 h. Asown in Figure 4, a good correlation
between the ability to reduce MOLT-4 cell viabilignd inducing BCL-X degradation was
observed within each analog series. However, theas no obvious correlation among
compounds from different series. For example, campgs9a-c were more potent in the cell
viability assay but much less effective in inducprgtein degradation that0ac, indicating the
cellular activity of9a-cwas more dependent on direct protein inhibitofgef and permeability.
Similar to VHL-based PROTACSs, no BCL-2 degradatias observed with these CRBN-based

PROTACS.
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Figure 4. Western-blot analysis of BCL.Xand BCL-2 protein levels in MOLT-4 T-ALL cells
after treating with CRBN-based BCL-Xdegraders at 50 nM for 16 h. Degradation activity
reported as % of total protein remaining after comp treatment relative to vehicle after

normalization withB-actin as quantified by Image J software.

Table 4. BCL-X, Degraders Designed with Various Linkers Tetheritgoigh an N-

Methylamino Group to Pomalidomide
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138 AN ey 770 16b A/\/y 38.7
[¢]

13b Ag’\/\?qyo/\/o\/\o/\)\ 769 16 A~a~A 60.9
=N
[0)
14a I~ o 177 160 A~y 147
N"\‘:}/\O/\/ \/y
[e]
14b \él\/\/\/\ o 179 16e A/\/\/\/y >2000
r;l\ll:}/\O/\/ \/\O/\A
15a \(\/\/\/\T{I:}/\O/\/O\/y 29.2 17a A/\O/\/O\/y 35.0
S\ 17b
15b \(\/\/\/\’;{“:y\o/\/o\/\o 35.0 A/\O/\/O\/\O/\A 10.1
N (XZ739)
162 A~ 32.5 17¢ A/\O/\/O\/\o/\/o\/y 19.3

#ICsq values are the means of at least three indepergpetiments; reduction of MOLT-4 cell viabilitytaf 48 h treatment.

Subsequently, thBl-methylamine precursor for analogs in Table 2 wapleyed for CRBN-
based PROTACSs and the cell viability data are showhable 4. Compounds3a and13b with
an amide linkage to connect the 1,2,3-triazole aioing linker and the precursor displayed
moderate cytotoxicity against MOLT-4 cells. Theendion of the alkane-chain portion of the
linker resulted in an improvement in cellular aityi(13avs. 144 13bvs.14b). The PEG-chain
portion was more tolerated for modification, sugedrby the similar activity fol3a and13b
(or 14a and 14b). Switching the amide linkage in compountéa-b to C-N linkage, which
resulted inl5a-b, significantly increased cytotoxicity in MOLT-4 It Protein degradation data

indicated thatl5a and 15b are better BCL-X degraders than their amide analogs (Figure 4).
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Similar to the compounds in Table 2, we also syiteel both alkane-chain and PEG-chain
containing PROTACs with a C-N linkage. Compared ttee corresponding VHL-based
PROTACSs with the same linker (Table 2, Figure B¢ €RBN-based PROTACSs displayed much
higher cytotoxicity and BCL-Xdegradation activity. Compouridb (XZ739), which contains a
PEG linker with linker length of 11 atoms, was thmst potent BCL-X degrader against

MOLT-4 cells and was ~22 times more potent than A%B.

Table 5. Cellular Activity of Selected Analogs in Human Rligts and a Panel of Human Cancer

Cell Lines
ICso (NM)? 48 I treatment

Compd DCso(NM)®  ICgq ratio®

MOLT-4 RS4;11 H146 Platelets
ABT-263 227 49.0 43.8 242 ND 1.1
DT2216 77.1 213 278 >10,000 53 >130
2b 82.0 76 203 >10,000 93 >122
6¢c 81.3 189 265 >10,000 71 >123
12c 17.3 38.5 24.6 1,560 4.5 90
15a 29.2 62.2 61.7 6,250 6.3 214
16a 325 129 70.2 3,296 10.6 101
17b (XZ739) 10.1 41.8 25.3 1,217 2.5 120

3|Cq, values are the means of at least three indeperaprtiments® in MOLT-4 cells, 16 h treatment;ICs, ratio between
human platelets and MOLT-4 cells.

We selected several potent BCl.-Hegraders for further investigation. The J9@alues (the
concentrations at which 50% protein has been dedjadere determined in MOLT-4 cells after
treatment with each individual degrader for 16 & ghown in Table 5 and Figure S2, the
CRBN-based PROTACK2¢ 154 16a and17b (XZ739) were more potent in inducing BCL-X

degradation and reducing the viability of MOLT-4ls¢han the VHL-based PROTACs DT2216,

16



2b, and6c. Among these PROTACSs, XZ739 was the most poterit-RC degrader with a D&
value of 2.5 nM. Likely due to the reduced membrpeemeability relative to their parent
compound ABT-263, coupled with the lack of BCL-2gdmdation, none of these ABT-263
derived BCL-X degraders were significantly more potent than AHSB- in reducing the
viability of RS4;11, a B-cell ALL cell line that mrdy depends on BCL-2 for survival [13]. The
CRBN-based BCL-X degraders were also more potent than the VHL-beegdaders in H146
cells, a small cell lung cancer cell line that deggeon both BCL-2 and BCLXfor survival and
has low VHL expression (Figure S1). Subsequenhtyg, BCL-X_ degraders in Table 5 were
tested for their toxicity against human plateletsl anost displayed >100-fold selectivity for
MOLT-4 cells over platelets. In contrast, ABT-28®®%ed no selectivity between these platelets

and MOLT-4 cells.

A X2739 C Time after X2739 (100 nM) washout E - + + + + + + POM (10 pM)
37 11 33 100 300 XZ739(nM,
Veh 12 37 11 33 100 300 (nM) Veh 0 6 12 24 48 72 (W (o)
]“-— - BeLx, (30kpa) MRS = ——--IBCL-X;(SOKDB) AR S S S SR #8 | 5CLX, (30KD3)
I...---—- B-Actin |.——.—-—- B-Actin D S G S e - | B-Actin
B XZ739 (100 nM) D mG-132(1um) F XZ739-NC
Veh 1 2 4 8 12 16 (h) - 10 100 - 10 100 XZ-739(nM) Veh 33 100 300 1000 (nM)
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Figure 5. XZ739-induced BCL-Xdegradation. (A) Western blots showing the BCLpfotein
levels in MOLT-4 cells treated with the indicatezhcentrations of XZ73¢r 16 h. (B) BCL-X
protein levels in MOLT-4 cells treated with 100 rdf1XZ739 at the indicated time points. (C)
BCL-X_ protein levels in MOLT-4 cells after incubationtlvil00 nM of XZ739 for 16 h
followed by drug washout, resuspension and incobatf the cells for additional time as
indicated in a drug-free medium. (D-E) Pretreatnveitit 10 uM pomalidomide (POM) or 1 uM

MG-132 for 2 h blocked the degradation of BCL-¥duced by XZ739. (F) Western blot
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analysis of BCL-X in MOLT-4 cells treated with XZ739-NC at indicatedncentrations for 16

h. Data are representative of two independent @xpets.

Western blot analysis revealed that XZ739 dose-ul#gatly induced BCL-X degradation in
MOLT-4 cells (Figure 5A). In addition, the BCLXdegradation induced by XZ739 in MOLT-4
was rapid, starting within 2 h; and 8 h after dtrgatment, more than 96% of the protein was
degraded with 100 nM of XZ739 (Figure 5B). The eféeof XZ739 on BCL-X protein levels in
MOLT-4 were long-lasting and also reversible, adidated in the ‘washout’ experiment (Figure
5C). Further, XZ739-induced BCLiXdegradation can be abrogated by proteasome iahibit
MG-132 (Figure 5D) or excess competitive CRBN ligggomalidomide (Figure 5E), indicating
that the degradation depends on both proteasontetharCRBN E3 ligase. To further confirm
that the CRBN E3 ligase is involved in XZ739-inddd@CL-X_ degradation. We synthesized
XZ739-NC, a negative control compound of XZ739wihich a methyl group is installed on the
amino group in the pomalidomide moiety of XZ2739ock CRBN binding. Not surprisingly,

XZ739-NC did not induce BCL-Xdegradation in MOLT-4 cells (Figure 5F).

8

©
8

X2739
Veh 33 111 333 1000 (nM)

DA SR SRR 4R | 5CL-X, (30KDa)
"epeap e e’ b-Actn

POM pretreatment

Fold change in IC5 values after

°

»
Oé N2
N\ Q®

Figure 6. XZ739 shows improved selectivity because of ity kactivity in inducing BCL-X
degradation in human platelets, and the remainiyigtaxicity to human platelets mainly

depends on BCL-Xinhibition. (A) Western blot analysis of BCL:Xevels after treatment of
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human platelets with indicated concentration of 327%or 16 h. (B) IG, fold changes in
MOLT-4 cells and human platelets after blockinghsiO uM pomalidomide (POM). gvalues

in MOLT-4 cells and platelets were normalized t0.1.

In human platelets, no significant changes in BGLpxotein levels were observed after 16 h
treatment with up to 1.0 uM of XZ739 (Figure 6AJhe cytotoxicity of high concentrations of
XZ739 to platelets most likely derived from BCL-Xnhibition rather than degradation as pre-
incubation of platelets with pomalidomide did ndéfeat the cytotoxicity of XZ739 to platelets
while a ~27-fold shift in 1G values was observed in MOLT-4 cells with pomaliden

pretreatment (Figure 6B).
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Figure 7. Characterization of XZ739-mediated apoptosis in M@L cells. (A) Western blot

analysis of cleaved-PARP and cleaved-caspase- 4dffe h treatment with indicated
concentrations of XZ739. (B) Flow cytometry anadysif apoptosis using Annexin-V and PI
staining. MOLT-4 cells were treated with XZ739 oBA263 at 10 and 100 nM for 48 h. XZ739

(100 nM) significantly increased the percentageapbptotic cells, and QVD (10 uM) pre-
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treatment for 2 h inhibited the apoptosis inducgdXZ739. Data are representative of two

independent experiments.

We next assessed the impact of XZ739 on apoptd&stern blot analysis showed that XZ739
dose-dependently increased poly (ADP-ribose) polase (PARP) and caspase-3 cleavage in
MOLT-4 cells (Figure 7A), suggesting the apopta&tl-death mechanism. Further, to confirm
that XZ739 induces cell death through caspase-netliapoptosis, we did flow cytometry
analysis of apoptosis using Annexin-V and propidiodide (PI) staining (Figure 7B). We found
that, 10 nM of XZ739 treatment for 48 h signifidgnihcreased the percentage of Annexin-V-
positive cells in MOLT-4 cells compared to the \abigroup. In comparison, ABT-263 showed
similar effect at much higher concentration (100)nM addition, pretreatment with 1M of
pan-caspase inhibitor Q-VD-OPh (QVD) for 2 h padlgiainhibited the XZ739-induced
apoptosis, which confirms that XZ739 induces cedlatth through a caspase-dependent
mechanism.

CRBN-targeting immunomodulatory drugs (IMiDs) suah thalidomide, pomalidomide and
lenalidomide can induce degradation of a numbeneaw-substrate proteins through a C2H2
degron. PROTACS that are based on these IMiDs raag the potential to exert some off-target
effects by degrading some of these C2H2 zinc finggeteins [48]. To test this possibility, we
evaluated the effects of XZ739 on the expressiotheflkaros proteins that are well known
targets of those CRBN E3 ligands, and found thatAK and IKZF3 protein levels were not
affected in MOLT-4 cells treated with 10 nM XZ73@atbdownregulated when the cells were

treated with 100 nM XZ739 (Figure S6).
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3. Chemistry

Scheme 1Reagents and conditions: (a) i. MeNIMgSQ,, THF, rt; ii. NaBHCN, THF, rt; (b)
Troc-Cl, TEA, DCM, rt; (c) TFA, DCM, rt; (dR4, TEA, acetonitrile, reflux; (ep6, EDCI,
DMAP, DCM, rt; (f) Zn, HOAc, THF, rt.

Precursorl8 that contains a piperazinyl moiety for linker attenent and aldehyd20 were
prepared as described in our recent publicatior]. [Bie synthesis of methylamino group
containing precursdt9is outlined in Scheme 1. Briefly, aldehy2@was converted to amirgd
through a reductive amination reaction. The amimoug in 21 was protected with 2,2,2-
trichloroethoxycarbonyl (Troc) group by treatingthvirichloroethyl chloroformate (Troc-Cl) to
give 22. Removal of the Boc protection groupdf afforded23, which was subjected to 8r
substitution with24 to yield N-acylsulfonamideé25. Coupling of25 with acid26 in the presence

of EDCI and DMAP afforde@7. Removal of the Troc group B with Zn/HOAc gavel9.
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Scheme 2.Reagents and conditions: (a) HATU, TEA, DCM, rt) (dOH monohydrate
MeOH, H0, rt.

The syntheses of VHL-based PROTACSs are illustrate8chemes 2 and 3. The VHL ligand

motif 28 was prepared by following reported methods [4Bjupling of 28 with acid 29a-f

followed by hydrolysis with LIOH afforde@®0a-f. Direct coupling between dicarboxylic acid
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29g-i and 28 also worked smoothly in good yields (62-89%). PRQE la-f, 3a-¢ and5 were

obtainedvia coupling of precursot8/19with 30a-i (Scheme 2).
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Scheme 3Reagents and conditions: (a) RGOs, Nal, DMSO, 80 °C; ii. LIOH monohydrate,
MeOH, THF, HO, rt; (b)28, HATU, TEA, DCM, rt.

The synthesis of the series with C-N linkage staftem bromides3la-f or tosylates34a-d
(Scheme 3). Nucleophilic substitution with amib®&19 in the presence of KO; and Nal at
80 °C, followed by ester hydrolysis, afforded acittrmediate82a-d 33a-f, 35a-b, and36a-g
respectively, which were coupled with VHL ligarit8 to generate the corresponding final

product2a-d, 4a-b, 6a-f, and7a-c
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Scheme 4Reagents and conditions. (a) DIPEA, DMF, 90 °Q;1@& HATU, DIPEA, DCM, rt;
(c) TFA, DCM, rt.

The syntheses of CRBN-based PROTAC BCLelégraders are illustrated in Schemes 4-7.
As shown in Scheme 4, amino aclBl&a-ewere coupled witt88 in the presence of DIPEA to
afford intermediate89a-e Compoundda-e were synthesized by amide coupling3®ae with
18. PEG linker containing PROTACKa-cwere synthesized by initial coupling of amih@a-c
with 38, followed by removal of théert-butyl on them to give intermediatdda-c and amide

coupling with18.
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Scheme 5Reagents and conditions: (a) HATU, DIPEA, DCM, (i) CuSQ-5H,0, sodium
L-ascorbate’'BuOH, THF, HO, 50 °C; (c) KCOs, Nal, DMSO, 80 °C.
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As shown in Scheme 5, compounti3a-b and 14a-b were produced through coupling of
azido acidd2a-bwith precursorl9, followed by a click reaction with alkyne&la/44b[37]. The
synthesis ofl5a-b started from a nucleophilic substitution of tosgld5 with 19, followed by

click reaction.

N
S s
HN A GOy o o H’
N O~ 38 TFA NH 18 o N N
B N0y — o o (I y

O cord 0sS. K/N H O.
“ 8’ ~CFs \r NSO OS R o o
a7 S X NH
O 11a, X=0 N o)
11b, X=8
cl 0

Scheme 6.Reagents and conditions. (a) DIPEA, DMF, 90 °Q; A, DCM, rt; (c) i.
carbonyldiimidazole, TEA, DCM, rt; ii18, DIPEA, rt; (d) i. 1,1'-thiocarbonyldiimidazole ER,
DCM, rt; ii. 18, DIPEA, rt.

The synthesis of compound$aandl1bis shown in Scheme 6. The key intermed#gevas
synthesized by coupling of compoundig and 38, followed by removal of the Boc group by
treating with TFA/DCM. Compound48 was treated with carbonyldiimidazole or 1,1'-
thiocarbonyldiimidazole and then with precursb® to afford compoundlla and 11b,

respectively.
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Scheme 7Reagents and conditions. (a) DIPEA, DMF, 90 1§;i(COC}, DMSO, DCM, -78
°C; ii. 50 0or 53, DCM, -78 °C; iii. TEA, DCM, -78 °C then rt; (c)&BHCN, TEA, DCM, rt; (d)
MsCI, TEA, DCM, rt; (e) DIPEA, Nal, 1,4-dioxane, 9C.

The syntheses of CRBN-based PROTACs with a C-Natiekare illustrated in Scheme 7.
Since the pomalidomide moiety is unstable underttbatment of inorganic bases, they were
synthesized either by nucleophilic substitutiom&fsylates with precursa&/19 in the presence
of DIPEA or by reductive amination of aldehydeshwi®/19. Briefly, coupling of38 with 49a-

e/52a-d afforded 50a-e and 53a-d respectively. Swern oxidation &0Da-e produced aldehyde
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5la-e Other oxidation methods, including PCC, PDC, BMsstin periodinane, and IBX,
afforded unsatisfactory results. Subsequent reguamination of the aldehydes with the
corresponding precursd8 or 19 yielded compoundSa-c and16a-g respectively. Compounds
17a-cwere obtained by using the same strategy. Comail@atcwere synthesized by using a
different method. MesylateS4a-g which are more stable than the correspondinghgtte
intermediates, were prepared frdBa-c Nucleophilic substitution ob4a-c with 18 in the
presence of DIPEA and Nal affordetRa-c Similarly, XZ739-NC, the negative control

compound of XZ739, was synthesized starting frompound56.

4. Conclusions

In this study, we reported the design, synthesid, evaluation of a series of PROTAC BCL-
X degraders. Through tethering BCL-2/BCl.-dual inhibitor ABT-263 and a VHL ligand or a
CRBN ligand, and varying the linker unit, we obtina number of BCL-X degraders that
showed improved cytotoxicity against BCL-Xependent MOLT-4 cells when compared with
ABT-263. Protein degradation assay confirmed thasé BCL-X PROTACs were able to
degrade BCL-X but not BCL-2 despite that the warhead ABT-263dbino both proteins. In
addition, human platelets were more tolerant tottkatment of these degraders whereas the
parent BCL-X inhibitor ABT-263 showed no selectivity for MOLTklls over platelets. Both
CRBN and VHL-based PROTACSs were able to achievedsialdl selectivityin vitro for MOLT-

4 cells over human platelets. XZ2739, a CRBN-bas€d-B, PROTAC, was the most potent
analog against various cancer cell lines. The maqlasma stability assay and preliminary

pharmacokinetic study revealed that XZ739 is bidakke (Figure S4). Overall, we have
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developed a novel strategy to reduce drug on-tametity by conversion of a conventional
inhibitor into a protein degrader.

Despite the high molecular weight of PROTACs thet derived from PPI inhibitors, a
number of PPI-targeting degraders have been sdualigsseveloped, including MCL-1 [38],
BCL-2/MCL-1 [39], MDM2 [49], BCL-6 [50], and STAT351,52].Due to their catalytic mode
of action, common ‘rules’ such as ‘rule-of-five’ gnaot be suitable to predict the drug-like
properties of PROTACSs. The size and molecular wegjlour BCL-X_ specific degraders are
among the largest PROTACSs, which further highlightee broad utility of this therapeutic

modality.

5. Experimental

5.1. Chemistry

THF, DCM, toluene, and acetonitrile were obtained & solvent purification system by
filtering through two columns packed with activatedimina and 4 A molecular sieve,
respectively. All other chemicals obtained from coencial sources were used without further
purification. Flash chromatography was performethgissilica gel (230-400 mesh) as the
stationary phase. Reaction progress was monitoyetiib-layer chromatography (silica-coated
glass plates) and visualized by UV light, and/or lI§§-MS. NMR spectra were recorded in
CDCl;, CD;0D, or acetonel6 at 400 or 600 MHz fofH NMR. Chemical shifts are given in
using tetramethylsilane as an internal standardtipicities of NMR signals are designated as
singlet (s), broad singlebr( s), doublet (d), doublet of doublets (dd), triptgt quartet (q), and
multiplet (m). All final compounds for biologicaésting were 0£95.0% purity as analyzed by

LC-MS, performed on an Advion AVANT LC system withe expression CMS using two
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different columns: a Thermo Accucore™ Vanquish™ €1BHPLC Column (1.5 pm, 50 x 2.1
mm) at 40 °C and a Thermo Scientific™ BetaSil™ C@umn (3.0 um, 150 x 4.6 mm) at 25
°C. Gradient elution was used for UHPLC with a nelphase of acetonitrile and water
containing 0.1% formic acid.
5.1.1. General methods

5.1.1.1. General Method A. A mixture of acid (1.0 equiv.), amine (1.0 equiATU (1.05
equiv.) and TEA (5.0 equiv.) in DCM was stirredrabm temperature for 1 h. The mixture was
poured into water and extracted with DCM. The caredi organic layers were washed with
NH,Cl (ag.) x 1, brine x 1, dried over anhydrous,8{&;, filtered and concentrated under
vacuum. The residue crude product was purifiedl&shf column chromatography to afford the
desired compound.

5.1.1.2. General Method B. To a solution of ester (1.0 equiv.) in MeOH wasled LiOH (5.0
equiv.). The mixture was stirred at room temperafor 2 h and the solvent was removed under
reduced pressure. The residue crude product wafseduoy column chromatography to afford
the corresponding carboxylic acid

5.1.1.3. General Method C. A mixture of amine (1.0 equiv.), an appropriate roide or
tosylate (5.0 equiv.), ¥CO; (2.0 equiv.), and Nal (0.2 equiv.) in DMSO wagrstil at 80 °C
overnight. The mixture was poured into water antfaeted with DCM. The combined organic
layers were washed with NBI (aq.) x 1, brine x 1, dried over anhydrous3{3,, filtered, and
concentrated under vacuum. The crude product wadigouby column chromatography to
afford the corresponding ester intermediate.

5.1.1.4. General Method D. 2-(2,6-Dioxopiperidin-3-yl)-4-fluoroisoindoline-3;dione (1.0

equiv.), amine (1.2 equiv.), and DIPEA (2.0 equin.PMF were stirred at 90 °C overnight. The
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reaction was cooled to room temperature and pouredwater. The resulting mixture was
extracted with ethyl acetate and the combined acgagers were washed with water x 1, brine
x 1, dried over anhydrous B&0,, filtered, and evaporated to dryness under vaculine
residue crude product was purified by column chritognaphy to afford the desired compound.

5.1.1.5. General Method E. To a solution otert-butyl ester (1.0 equiv.) in DCM was added
TFA (20-30 equiv.). The mixture was stirred at rommperature overnight and the solvent was
evaporated under reduced pressure. The residue product was washed with,Et to afford
the desired product.

5.1.1.6. General Method F. To a mixture of azide (1.0 equiv.), alkyne (1.2ii&g in ‘BuOH-
THF (1:1, v/v) under argon was added CySbLO (0.2 equiv.) and sodium ascorbate (0.2
equiv.) in water. The mixture was stirred at 50f6€3 h and cooled to room temperature before
poured into water. The resulting mixture was exgdavith DCM. The combined organic layers
were washed with brine x 1, dried over anhydrousSip, filtered, and evaporated to dryness.
The residue crude product was purified via flastumm chromatography using DCM and
MeOH as eluents to afford the desired product.

5.1.1.7. General Method G. DMSO (3.0 equiv.) in DCM was cooled to -78 °C g@DCl),
(1.5 equiv.) was added dropwise. The mixture weedtfor 10 min and alcohol (1.0 equiv.) in
DCM was added dropwise into the solution. TEA (éduiv.) was added after 10 min and the
resulting mixture was kept at -78 °C for 30 min &hdn warmed to room temperature. The
mixture was poured into water and extracted withMDO'he combined organic layers were
washed with water x 1, brine x 1, dried over anbydrNaSQ,, filtered, and evaporated to

dryness. The residue crude product was purifiedldsh column chromatography using DCM
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and MeOH as eluents to afford the correspondinghaide, which was used directly in the next
step.

5.1.1.8. General Method H. A mixture of amine (1.0 equiv.) and aldehyde @gbiv.) in DCM
was treated with triethylamine (4.0 equiv.) and NgBN (2.0 equiv.). The mixture was stirred
at room temperature overnight. The solution wasrgubunto water and extracted with DCM.
The combined organic layers were washed with watdr, brine x 1, dried over anhydrous
NaSQ, filtered, and evaporated to dryness. The resude product was purified by flash
column chromatography using DCM and MeOH as eluenédford the desired product.

5.1.1.9. General Method I. To a mixture of alcohol (1.0 equiv.), TEA (4.0 egliin DCM was
added MsCI (1.2 equiv.). The mixture was stirredomm temperature for 3 h and poured into
water. The resulting mixture was extracted withykticetate and the combined organic layers
were washed with water x 1, brine x 1, dried ovérya@rous NgS0O;, filtered, and evaporated to
dryness. The residue crude product was purifiedldsh column chromatography using DCM
and MeOH as eluents.

5.1.1.10. General Method J. A mixture of amine (1.0 equiv.), an appropriate phee (3.0
equiv.), DIPEA (10 equiv.), and Nal (0.2 equiv.)lf-dioxane was stirred at 90 °C overnight.
The mixture was poured into water and extractedh withyl acetate. The combined organic
phases were washed with water x 1,,8H(aq.) x 1, brine x 1, dried over anhydrous3$@;,
filtered, and evaporated to dryness. The residudecproduct was purified by flash column
chromatography using DCM and MeOH as eluents tar@fthe desired product.

(R)-tert-Butyl (4-(methylamino)-1-(phenylthio)butan-2-yl)cabamate (21). A mixture of
compound20 (450 mg, 1.53 mmol), MeNH2.0 M in MeOH; 7.5 mL, 15.0 mmol) and Mg$0O

(3.0 g, 24.9 mmol) in THF (50 mL) was stirred abmotemperature overnight. NaBEN (143
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mg, 2.27 mmol) was then added. The resulting mextuas stirred at room temperature for 30
min. The solution was diluted with water and extiedovith DCM. The combined organic phases
were washed with brine x 1, dried over anhydrousSg filtered and evaporated to dryness.
The crude product was purified via column chromedphy using DCM and MeOH as eluents to
afford the title compound (280 mg, 56% yield#1 NMR (400 MHz, CDCJ) & 7.45-7.28 (m,
4H), 7.27-7.23 (m, 1H), 5.09 (d,= 8.1 Hz, 1H), 4.52-4.31 (m, 1H), 3.86-3.66 (m),1H27—
2.81 (m, 3H), 2.67 (s, 3H), 2.30-2.17 (m, 1H), £BF2 (m, 1H), 1.44 (s, 9H). LC-MS (ESI):
m/z 311.1 [M+H]".

(R)-2,2,2-Trichloroethyl (3-((tert-butoxycarbonyl)amino)-4-
(phenylthio)butyl)(methyl)carbamate (22). A mixture of compoun@1 (280 mg, 0.90 mmol),
Troc-Cl (137uL, 1.00 mmol) and TEA (25@QL, 1.80 mmol) in DCM (10 mL) was stirred at
room temperature for 3 h. The mixture was pourdd water and extracted with DCM. The
combined organic phases were washed with brine ckiéd over anhydrous NaO, filtered,
and evaporated to dryness. The residue crude prodas purified via flash column
chromatography using ethyl acetate and hexanedueste to afford the title compoundH
NMR (400 MHz, CDC}) § 7.44—7.16 (m, 5H), 4.87—4.59 (m, 3H), 3.89-3.711H), 3.59-3.40
(m, 1H), 3.33-3.01 (m, 3H), 3.00-2.91 (m, 3H), 2188 (m, 1H), 1.86-1.68 (m, 1H), 1.46—
1.37 (m, 9H). LC-MS (ESI): m/z 484.9 [M+H]

(R)-2,2,2-Trichloroethyl (3-amino-4-(phenylthio)butyl)(methyl)carbamate
trifluoroacetate (23). To a solution of compoun2? (from above) in DCM (10 mL) was added
TFA (700puL, 9.15 mmol). The mixture was stirred at room tengpure for 3 h and the solvent
was removed under reduced pressure. The residdevgd washed with ED to afford the title

compound, which was used directly in the next step.
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(R)-2,2,2-Trichloroethyl methyl(4-(phenylthio)-3-((4-sulfamoyl-2-
((trifluoromethyl)sulfonyl)phenyl)amino)butyl)carba mate (25). A mixture of compound®3
(from above), 4-fluoro-3-((trifluoromethyl)sulfonydenzenesulfonamid&4 (280 mg, 0.91
mmol) and TEA (750uL, 5.39 mmol) in acetonitrile (30 mL) was refluxedernight. The
reaction was cooled to room temperature and theesblvas evaporated under reduced pressure.
The residue was purified via flash column chromedpby using ethyl acetate and hexanes as
eluents to afford the title compound (220 mg, 3@etdyin 3 steps):H NMR (400 MHz, CDCJ)

§ 8.26 (s, 1H), 7.81 (ddl, = 9.1, 2.3 Hz, 1H), 7.45-7.29 (m, 5H), 7.03-6.8% {H), 6.51-6.37
(m, 1H), 4.92 (s, 2H), 4.83-4.55 (m, 2H), 3.81-3(81 1H), 3.56-3.24 (m, 2H), 3.19-2.90 (m,
5H), 2.46-2.19 (m, 1H), 1.93-1.71 (m, 1H). LC-MSS(E m/z 672.0 [M+H].

(R)-2,2,2-Trichloroethyl (3-((4-(N-(4-(4-((4'-chloro-4,4-dimethyl-3,4,5,6-tetrahydrof1,1'-
biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)(methyl)carbamate (27). A
mixture of compoun@5 (220 mg, 0.33 mmol), acidé (174 mg, 0.40 mmol), EDCI (151 mg,
0.79 mmol) and DMAP (96 mg, 0.79 mmol) in DCM (1% )nwas stirred at room temperature
overnight. The mixture was poured into water antfaeted with DCM. The combined organic
layers were washed with 1N HCI (ag.) x 1, brine, ®ldled over anhydrous MNaQ,, filtered, and
evaporated to dryness. The crude product was edrfia flash column chromatography using
DCM and MeOH as eluents to afford the title compbdh NMR (400 MHz, CDCJ)  8.38 (d,

J = 2.2 Hz, 1H), 8.13 (dd] = 9.2, 2.3 Hz, 1H), 7.66 (d, = 8.7 Hz, 2H), 7.45-7.28 (m, 6H),
7.08-6.95 (m, 3H), 6.77 (d,= 8.7 Hz, 2H), 6.48-6.38 (m, 1H), 4.83-4.50 (m),2Bi182-3.61
(m, 1H), 3.48-3.26 (m, 6H), 3.22-2.88 (m, 7H), 2849 (m, 7H), 2.12-2.06 (m, 2H), 1.93-

1.74 (m, 1H), 1.54-1.41 (m, 2H), 0.99 (s, 6H). LGNESI): m/z 1091.9 [M+H].
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(R)-4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydrof1,1'-biphenyl]-2-
yl)methyl)piperazin-1-yl)-N-((4-((4-(methylamino)-1-(phenylthio)butan-2-yl)Jamno)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (19). Zinc powder (960 mg, 14.8
mmol) was added to a mixture of compowiland AcOH (600uL, 10.5 mmol) in THF (20
mL). The reaction was stirred at room temperatwermght. Solid was removed by filtration
and the filtrate was poured into water and extchetgh ethyl acetate. The organic phases were
washed brine x 1, dried over anhydrous®@, filtered and evaporated to dryness. The crude
product was purified via column chromatography gddCM, MeOH and TEA as eluents to
afford the title compound (180 mg, 60% yield int&ps).'H NMR (600 MHz, CROD) & 8.29
(d,J = 2.3 Hz, 1H), 8.09 (dd] = 9.2, 2.3 Hz, 1H), 7.85-7.79 (m, 2H), 7.43-7.8% 4H), 7.27—
7.20 (m, 2H), 7.19-7.13 (m, 3H), 6.96-6.91 (m, 26188 (d,J = 9.3 Hz, 1H), 4.14-4.01 (m,
1H), 3.53-3.34 (m, 7H), 3.24-3.21 (m, 1H), 3.13231®, 2H), 3.02—2.82 (m, 3H), 2.70 (s, 3H),
2.42-2.35 (m, 2H), 2.29-2.19 (m, 1H), 2.12-1.974ht), 1.57 (tJ = 6.5 Hz, 2H), 1.07 (s, 6H).
LC-MS (ESI): m/z 918.1 [M+H].

3-(((9)-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)-3-
oxopropanoic acid (30a).Following general methods A and B, compoudth was obtained
from 29aand28 (27 mg, 88% vyield)*H NMR (400 MHz, CDC}) & 9.26 (s, 1H), 8.65 (s, 1H),
7.90 (s, 1H), 7.43-7.29 (m, 4H), 5.13-4.98 (m, 4483—-4.67 (m, 1H), 4.55-4.36 (m, 2H), 4.15
(d, J = 11.4 Hz, 1H), 3.64-3.49 (m, 1H), 3.27-3.09 (iH),2.50 (s, 3H), 2.43-2.23 (m, 1H),
2.21-2.06 (m, 1H), 1.45 (d,= 7.0 Hz, 3H), 1.06 (s, 9H). LC-MS (ESI): m/z 5BIM+H] .

4-(((S)-1-((25,4R)-4-Hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-4-
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oxobutanoic acid (30b).Following general methods A and B, compo@ddth was obtained from
29b and28 (84 mg, 99% yieldfH NMR (400 MHz, CDCJ) 5 8.67 (s, 1H), 7.94 (d] = 8.2 Hz,
1H), 7.79 (dJ = 7.7 Hz, 1H), 7.44-7.34 (m, 4H), 5.13-5.03 (m),14481-4.73 (m, 1H), 4.51-
4.38 (m, 2H), 4.15 (d) = 11.4 Hz, 1H), 3.54 (dd] = 11.4, 3.5 Hz, 1H), 2.64-2.37 (m, 8H),
2.16-2.06 (m, 1H), 1.47 (d,= 6.9 Hz, 3H), 1.05 (s, 9H). LC-MS (ESI): m/z 58HI+H] "
5-(((9)-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)-5-
oxopentanoic acid (30c)Following general methods A and B, compou@t was obtained
from 29c and28. (10 mg, 31% yield)'H NMR (400 MHz, CDCJ) 6 8.67 (s, 1H), 7.66 (d] =
7.8 Hz, 1H), 7.45-7.32 (m, 4H), 7.19 (s, 1H), 58982 (m, 1H), 4.80-4.69 (m, 1H), 4.57 {c:
8.4 Hz, 1H), 4.46 (s, 1H), 4.16—-4.03 (m, 1H), 3(60,J = 11.1, 3.8 Hz, 1H), 2.52 (s, 3H), 2.47—
1.84 (m, 8H), 1.47 (d] = 6.9 Hz, 3H), 1.05 (s, 9H). LC-MS (ESI): m/z 55M+H] *.
6-(((9)-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)-6-
oxohexanoic acid (30d).Following general methods A and B, compou3@t was obtained
from 29d and28 (33 mg, 59% yield)*H NMR (400 MHz, CDC}) & 8.67 (s, 1H), 7.67 (d] =
7.7 Hz, 1H), 7.43-7.32 (m, 4H), 6.85 (= 8.9 Hz, 1H), 5.09 () = 7.2 Hz, 1H), 4.72 (1 = 8.1
Hz, 1H), 4.63 (dJ = 9.0 Hz, 1H), 4.46 (s, 1H), 4.06 @= 11.3 Hz, 1H), 3.61 (dd,= 11.2, 3.6
Hz, 1H), 2.52 (s, 3H), 2.41-2.05 (m, 6H), 1.73-1(82 4H), 1.47 (dJ = 6.9 Hz, 3H), 1.03 (s,
9H). LC-MS (ESI): m/z 573.2 [M+H].
7-(((9-1-((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)-7-

oxoheptanoic acid (30e)Following general methods A and B, compowtit was obtained

35



from 29eand28 (100 mg, 88% yield)'H NMR (400 MHz, CDC} and CROD) & 8.72 (s, 1H),
8.05-7.89 (m, 1H), 7.43-7.33 (m, 4H), 7.24-7.08 {id), 5.14-4.95 (m, 1H), 4.73-4.40 (m,
3H), 4.00-3.93 (m, 1H), 3.76-3.59 (m, 1H), 2.523¢4), 2.38-2.05 (m, 6H), 1.71-1.49 (m, 9H),
1.04 (s, 9H). LC-MS (ESI): m/z 587.2 [M+H]

8-(((9)-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)-8-
oxooctanoic acid (30f) Following general methods A and B, compo@d was obtained from
29f and28 (90 mg, 97% yield)*H NMR (400 MHz, CDC}) 5 8.72 (s, 1H), 7.59 (d] = 7.8 Hz,
1H), 7.40-7.33 (m, 4H), 6.92 (d= 8.7 Hz, 1H), 5.15-4.98 (m, 1H), 4.76—4.67 (m),14462 (d,
J = 8.9 Hz, 1H), 4.52 (s, 1H), 4.04 @= 11.2 Hz, 1H), 3.74-3.59 (m, 1H), 2.51 (s, 3HR®R
2.10 (m, 6H), 1.66-1.45 (m, 7H), 1.35-1.27 (m, 4HP3 (s, 9H). LC-MS (ESI): m/z 601.2
[M+H] ™.

3-(3-(((5)-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)-3-
oxopropoxy)propanoic acid (30g).Following general method A, compou3g was obtained
from 29g and28 (21.2 mg, 62% yield)*H NMR (400 MHz, CDC}) § 8.66 (s, 1H), 7.60 (dl =
7.8 Hz, 1H), 7.48-7.32 (m, 4H), 7.10 (k= 8.3 Hz, 1H), 5.12-4.98 (m, 1H), 4.76Jt 8.0 Hz,
1H), 4.55 (dJ = 8.4 Hz, 1H), 4.49-4.41 (m, 1H), 4.08 (& 11.4 Hz, 1H), 3.79-3.63 (m, 4H),
3.57 (dd,J = 11.3, 3.7 Hz, 1H), 2.53-2.42 (m, 8H), 2.15-2105 1H), 1.47 (dJ) = 6.9 Hz, 3H),
1.03 (s, 9H). LC-MS (ESI): m/z 589.2 [M+H]

2-(2-(2-((©)-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)-2-

oxoethoxy)ethoxy)acetic acid (30h)-ollowing general method A, compouih was obtained
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from 29h and28(22 mg, 65% vyield)*H NMR (400 MHz, CDC}) & 8.66 (s, 1H), 7.64—7.31 (m,
6H), 5.13-4.98 (m, 1H), 4.75 @,= 8.1 Hz, 1H), 4.57 (d] = 8.8 Hz, 1H), 4.48-4.40 (m, 1H),
4.15-3.85 (m, 5H), 3.80-3.63 (m, 4H), 3.58 (@i, 11.3, 3.5 Hz, 1H), 2.55-2.37 (m, 4H), 2.16—
2.02 (m, 1H), 1.47 (d) = 6.8 Hz, 3H), 1.05 (s, 9H). Yield: 11.3 mg, 31&£-MS (ESI): m/z
605.3 [M+H]".

2-(3-(2-((5)-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)-2-
oxoethoxy)propoxy)acetic acid (30i)Following general method A, compouBd@i was obtained
from 29i and28 (32 mg, 89% yield)'H NMR (400 MHz, CDCJ) & 8.66 (s, 1H), 7.69 (dl = 7.7
Hz, 1H), 7.40—7.26 (m, 5H), 5.11-5.02 (m, 1H), 471 = 7.9 Hz, 1H), 4.57 (d] = 9.0 Hz,
1H), 4.49-4.43 (m, 1H), 4.03-3.85 (m, 5H), 3.69731®, 5H), 2.51 (s, 3H), 2.45-2.34 (m, 1H),
2.12-2.03 (m, 1H), 1.96-1.87 (m, 2H), 1.47J& 7.0 Hz, 3H), 1.03 (s, 9H). LC-MS (ESI): m/z
619.4 [M+H]".

(2S5,4R)-1-((9)-2-(3-(4-(R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-
[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)piperazin-1-yl)-3-
oxopropanamido)-3,3-dimethylbutanoyl)-4-hydroxyN-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (1a). Following general method A, compouid
was obtained fron30a and18 (13.1 mg, 57% vyield)*H NMR (400 MHz, CDC}) § 8.74-8.54
(m, 2H), 8.35 (dJ = 2.2 Hz, 1H), 8.10 (dd] = 9.3, 2.3 Hz, 1H), 7.79-7.58 (m, 3H), 7.41-7.27
(m, 10H), 7.26—7.19 (m, 1H), 7.06 @= 8.5 Hz, 1H), 7.01-6.94 (m, 2H), 6.75 (d= 8.7 Hz,
2H), 6.64 (dJ = 9.4 Hz, 1H), 5.13-5.01 (m, 1H), 4.80-4.71 (m),1454—4.44 (m, 2H), 4.19—

4.04 (m, 1H), 3.97-3.84 (m, 1H), 3.72-2.88 (m, 15H59-2.02 (m, 20H), 1.66 (d= 13.1 Hz,
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1H), 1.45 (d,J = 6.9 Hz, 5H), 1.08 (s, 9H), 0.98 (s, 6H). LC-MS(): m/z 1485.6 [M+H];
HPLC: >95% purity.
(25,4R)-1-((9)-2-(4-(4-(R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-
[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)piperazin-1-yl)-4-
oxobutanamido)-3,3-dimethylbutanoyl)-4-hydroxyN-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (1b). Following general method A, compoudd
was obtained fror80b and18 (14.2 mg, 66% vyield)H NMR (400 MHz, CDC}) & 8.67 (s, 1H),
8.37 (d,J = 2.2 Hz, 1H), 8.09 (dd] = 9.2, 2.3 Hz, 1H), 7.68 (d,= 8.6 Hz, 2H), 7.60 (d] = 7.8
Hz, 1H), 7.43-7.28 (m, 10H), 7.26—7.21 (m, 1H),128.89 (m, 4H), 6.76 (dl = 8.8 Hz, 2H),
6.62 (d,J = 9.4 Hz, 1H), 5.14-5.01 (m, 1H), 4.81-4.74 (m),14453 (d,J = 8.5 Hz, 1H), 4.47 (s,
1H), 4.06 (d,J = 11.5 Hz, 1H), 3.97-3.83 (m, 1H), 3.63-2.84 (BH), 2.62-1.99 (m, 24H),
1.74-1.61 (m, 1H), 1.51-1.43 (m, 5H), 1.06 (s, 9Y8 (s, 6H). LC-MS (ESI): m/z 1499.7
[M+H] *; HPLC: >95% purity.
(2S,4R)-1-((9)-2-(5-(4-(R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-
[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)piperazin-1-yl)-5-
oxopentanamido)-3,3-dimethylbutanoyl)-4-hydroxyN-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (1c). Following general method A, compouid
was obtained fron80c and 18. (19.9 mg, 64% yield)'H NMR (400 MHz, CDC}) 6 8.67 (s,
1H), 8.34 (dJ = 2.2 Hz, 1H), 8.09 (dd] = 9.3, 2.3 Hz, 1H), 7.71 (d,= 8.7 Hz, 2H), 7.52 (d]
= 7.8 Hz, 1H), 7.41-7.27 (m, 9H), 7.26-7.21 (m, 2HL2-6.95 (m, 3H), 6.89 (d,= 8.3 Hz,

1H), 6.76 (d,J = 8.8 Hz, 2H), 6.61 (d] = 9.5 Hz, 1H), 5.14-5.02 (m, 1H), 4.79-4.68 (m),1H
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4.58-4.44 (m, 2H), 4.12 (d,= 11.3 Hz, 1H), 3.96-3.81 (m, 1H), 3.68—2.85 (8H), 2.54—2.00
(m, 24H), 1.87 (m)) = 7.2 Hz, 2H), 1.78-1.60 (m, 1H), 1.46 (dd= 6.7, 3.6 Hz, 5H), 1.06 (s,
9H), 0.97 (s, 6H). LC-MS (ESI): m/z 1513.6 [M+H]JHPLC: >95% purity.
(2S5,4R)-1-((9)-2-(6-(4-(R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-
[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)piperazin-1-yl)-6-
oxohexanamido)-3,3-dimethylbutanoyl)-4-hydroxyN-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (1d). Following general method A, compoudid
was obtained fror80d and18 (19.4 mg, 88% vyield)*H NMR (400 MHz, CDC}) & 8.67 (s, 1H),
8.34 (d,J = 2.3 Hz, 1H), 8.09 (dd] = 9.3, 2.3 Hz, 1H), 7.70 (d,= 8.6 Hz, 2H), 7.45-7.27 (m,
10H), 7.26-7.22 (m, 2H), 7.12—-6.94 (m, 3H), 6.76J(¢ 8.7 Hz, 2H), 6.62 (d] = 9.4 Hz, 1H),
6.56 (d,J = 8.7 Hz, 1H), 5.14-5.01 (m, 1H), 4.80-4.69 (m),14461 (d,J = 8.8 Hz, 1H), 4.49 (s,
1H), 4.10 (d,J = 11.4 Hz, 1H), 3.98-3.84 (m, 1H), 3.70-2.85 (1BH), 2.54-2.00 (m, 24H),
1.45 (d,J = 6.7 Hz, 10H), 1.05 (s, 9H), 0.97 (s, 6H). LC-NESI): m/z 1527.7 [M+H]; HPLC:
>95% purity.
(25,4R)-1-((9)-2-(7-(4-(R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-
[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)piperazin-1-yl)-7-
oxoheptanamido)-3,3-dimethylbutanoyl)-4-hydroxyN-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (1e). Following general method A, compouie
was obtained frorB0eand18 (12.7 mg, 40% yield)'H NMR (400 MHz, CDC}) 6 8.67 (s, 1H),
8.34 (d,J = 2.3 Hz, 1H), 8.08 (d] = 9.1 Hz, 1H), 7.69 (d] = 8.6 Hz, 2H), 7.46—7.27 (m, 12H),

7.14-6.93 (m, 3H), 6.76 (d,= 8.6 Hz, 2H), 6.61 (d] = 9.4 Hz, 1H), 6.34 (d] = 8.7 Hz, 1H),
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5.13-5.00 (m, 1H), 4.79-4.69 (m, 1H), 4.60 J& 8.7 Hz, 1H), 4.49 (s, 1H), 4.10 @= 11.4
Hz, 1H), 3.96-3.83 (m, 1H), 3.72—2.81 (m, 13H)52%.00 (m, 24H), 1.77-1.30 (m, 12H), 1.03
(s, 9H), 0.97 (s, 6H). LC-MS (ESI): m/z 1541.7 [MFHHPLC: >95% purity.
(2S5,4R)-1-((9)-2-(8-(4-(R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-
[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)piperazin-1-yl)-8-
oxooctanamido)-3,3-dimethylbutanoyl)-4-hydroxyN-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (1f). Following general method A, compoudd
was obtained fror80f and18 (21.7 mg, 57% yield)*H NMR (400 MHz, CDC}) & 8.67 (s, 1H),
8.34 (d,J = 2.3 Hz, 1H), 8.14-8.05 (m, 1H), 7.71 {d; 8.5 Hz, 2H), 7.49-7.27 (m, 11H), 7.25—
7.18 (m, 1H), 7.13-6.94 (m, 3H), 6.75 (d= 8.6 Hz, 2H), 6.61 (d] = 9.4 Hz, 1H), 6.32 (d] =
8.7 Hz, 1H), 5.14-5.02 (m, 1H), 4.77-4.67 (m, 14450 (d,J = 8.8 Hz, 1H), 4.49 (s, 1H), 4.10
(d,J = 11.4 Hz, 1H), 3.97-3.84 (m, 1H), 3.74-2.85 (BH), 2.54—-1.99 (m, 24H), 1.76-1.23 (m,
14H), 1.04 (s, 9H), 0.97 (s, 6H). LC-MS (ESI): mA&55.6 [M+H]"; HPLC: >95% purity.
(2S5,4R)-1-((9)-2-(3-(3-(4-(R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-
[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)piperazin-1-yl)-3-
oxopropoxy)propanamido)-3,3-dimethylbutanoyl)-4-hyaoxy-N-((S)-1-(4-(4-methylthiazol-
5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (3a). Following general method A, compound
3awas obtained fro80g and18 (25.0 mg, 95% vyield)*H NMR (400 MHz, CDC}) & 8.66 (s,
1H), 8.34 (dJ = 2.2 Hz, 1H), 8.00 (dd] = 9.2, 2.2 Hz, 1H), 7.82 (d,= 8.9 Hz, 2H), 7.44-7.32
(m, 7H), 7.31-7.26 (m, 3H), 7.26-7.21 (m, 2H), 2091 (m, 4H), 6.76 (d] = 9.0 Hz, 2H),

6.53 (d,J = 9.4 Hz, 1H), 5.12-4.99 (m, 1H), 4.73Jt= 8.0 Hz, 1H), 4.54 (d] = 8.4 Hz, 1H),
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4.50-4.42 (m, 1H), 4.09 (d,= 11.4 Hz, 1H), 3.89-3.62 (m, 6H), 3.55 (d& 11.4, 3.6 Hz, 1H),
3.48-3.30 (m, 3H), 3.27-3.20 (m, 4H), 3.09 (d& 13.8, 4.8 Hz, 1H), 2.94 (dd,= 13.8, 7.6
Hz, 1H), 2.82 (s, 2H), 2.59-2.00 (m, 24H), 1.6991(&, 1H), 1.48-1.41 (m, 5H), 1.03 (s, 9H),
0.97 (s, 6H). LC-MS (ESI): m/z 1543.7 [M+H]HPLC: >95% purity.
(2S,4R)-1-((9)-2-(2-(2-(2-(4-(R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-
tetrahydro-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)piperazin-1-yl)-2-
oxoethoxy)ethoxy)acetamido)-3,3-dimethylbutanoyl)-hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (3b). Following general method
A, compound3b was obtained fron80h and 18 (18.0 mg, 65% yield)'H NMR (400 MHz,
CDCly) 6 8.67 (s, 1H), 8.35 (d] = 2.3 Hz, 1H), 8.00 (dd] = 9.2, 2.3 Hz, 1H), 7.78 (d,= 8.8
Hz, 2H), 7.43-7.33 (m, 8H), 7.32—7.27 (m, 3H), #2&1 (m, 2H), 7.04-6.93 (m, 3H), 6.80—
6.72 (m, 2H), 6.57 (dJ = 9.4 Hz, 1H), 5.11-5.00 (m, 1H), 4.71Jt 8.0 Hz, 1H), 4.58 (d] =
8.8 Hz, 1H), 4.51-4.42 (m, 1H), 4.25-3.94 (m, 5Bl90-3.81 (m, 1H), 3.72-3.37 (m, 9H),
3.28-3.22 (m, 4H), 3.11-3.06 (m, 1H), 2.96 (d& 13.8, 7.4 Hz, 1H), 2.82 (s, 2H), 2.51-2.00
(m, 20H), 1.71-1.59 (m, 1H), 1.49-1.42 (m, 5H),51(8, 9H), 0.97 (s, 6H). LC-MS (ESI): m/z
1559.6 [M+H]"; HPLC: >95% purity.
(2S,4R)-1-((9)-2-(2-(3-(2-(4-(R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-
tetrahydro-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)piperazin-1-yl)-2-
oxoethoxy)propoxy)acetamido)-3,3-dimethylbutanoyl-hydroxy-N-((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (3c). Following general method

A, compound3c was obtained fron80i and 18 (15.9 mg, 63% yield)'H NMR (400 MHz,
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CDCl) & 8.67 (s, 1H), 8.36 (d] = 2.2 Hz, 1H), 8.03 (dd] = 9.2, 2.3 Hz, 1H), 7.78-7.71 (m,
2H), 7.46-7.33 (m, 7H), 7.32-7.27 (m, 3H), 7.2627@, 3H), 7.06 (dJ = 8.6 Hz, 1H), 7.02—
6.95 (m, 2H), 6.80-6.68 (m, 2H), 6.60 5= 9.4 Hz, 1H), 5.12-5.02 (m, 1H), 4.74 JtF 7.9
Hz, 1H), 4.58 (dJ = 8.8 Hz, 1H), 4.53-4.46 (m, 1H), 4.19-3.81 (m)68172-3.54 (m, 6H),
3.52-3.33 (m, 3H), 3.32-3.22 (m, 4H), 3.12-3.07 Ihi), 2.98 (ddJ = 13.8, 7.3 Hz, 1H), 2.84
(s, 2H), 2.50-1.88 (m, 22H), 1.69-1.62 (m, 1H),0+B42 (m, 5H), 1.05 (s, 9H), 0.97 (s, 6H).
LC-MS (ESI): m/z 1573.6 [M+H]; HPLC: >95% purity.
N*-((R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydrof1,1'-biphenyl]-2-
yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-((trifluoromethyl)sulfonyl)phenyl)amino)-4-
(phenylthio)butyl)- 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)-N*-
methylheptanediamide (5).Following general method A, compoubdvas obtained fron30e
and19 (6.6 mg, 29% vyield)'"H NMR (400 MHz, CDC} and CROD) & 8.69 (s, 1H), 8.44-8.30
(m, 1H), 8.10-7.96 (m, 1H), 7.92-7.57 (m, 3H), %#A34 (m, 6H), 7.31-7.18 (m, 4H), 7.08-
6.73 (m, 6H), 6.56-6.26 (M, 1H), 5.12-4.94 (m, 1#4Y2-4.40 (m, 3H), 4.12-3.88 (m, 1H),
3.81-2.77 (m, 15H), 2.51 (s, 3H), 2.45-1.93 (M, 13B3-1.16 (m, 12H), 1.08-0.94 (m, 15H).
LC-MS (ESI): m/z 1486.6 [M+H]; HPLC: >95% purity.
(2S5,4R)-1-((9)-2-(5-(4-(R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-
[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)piperazin-1-
yl)pentanamido)-3,3-dimethylbutanoyl)-4-hydroxyN-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (2a). Following general methods C, B and A,

compound2a was obtained fron8la, 18 and 28 (7.3 mg, 27% yield)'H NMR (400 MHz,
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CDCl; and CROD) § 8.64 (s, 1H), 8.26 (d] = 2.2 Hz, 1H), 8.05-7.94 (m, 1H), 7.78 (d= 8.6
Hz, 2H), 7.56 (dJ = 7.7 Hz, 1H), 7.38-7.29 (m, 6H), 7.25-7.15 (m,)5H00-6.83 (m, 4H),
6.73 (d,J = 8.6 Hz, 2H), 6.54 (d] = 9.3 Hz, 1H), 5.08-4.95 (m, 1H), 4.59 Jt= 8.2 Hz, 1H),
4.52 (d,J= 9.0 Hz, 1H), 4.42 (s, 1H), 3.95 @@= 11.3 Hz, 1H), 3.84-3.69 (m, 1H), 3.56 (dd;
11.3, 3.4 Hz, 1H), 3.23-3.15 (m, 4H), 3.05 (dd; 13.7, 5.0 Hz, 1H), 2.95 (dd= 13.8, 7.0 Hz,
1H), 2.78 (s, 2H), 2.67-1.92 (m, 28H), 1.69-1.40 {®H), 0.99 (s, 9H), 0.94 (s, 6H). LC-MS
(ESI): m/z 1499.8 [M+H]; HPLC: >95% purity.
(2S5,4R)-1-((9)-2-(6-(4-(R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-
[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)piperazin-1-yl)hexanamido)-
3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (2b). Following general methods C, B and A,
compound2b was obtained fron81b, 18 and 28 (8.4 mg, 30% vyield)'H NMR (400 MHz,
CDCl; and CROD) 5 8.67 (s, 1H), 8.30 (d} = 2.2 Hz, 1H), 8.01 (ddl = 9.1, 2.2 Hz, 1H), 7.83
(d, J = 8.6 Hz, 2H), 7.57 (d] = 7.7 Hz, 1H), 7.42—-7.32 (m, 6H), 7.29-7.19 (m),5H03—6.90
(m, 3H), 6.77 (tJ = 9.1 Hz, 3H), 6.54 (d] = 9.3 Hz, 1H), 5.06 (p] = 7.0 Hz, 1H), 4.66 () =
8.2 Hz, 1H), 4.57 (d) = 9.1 Hz, 1H), 4.45 (s, 1H), 4.01 @z 11.4 Hz, 1H), 3.79 (s, 1H), 3.58
(dd,J = 11.2, 3.3 Hz, 1H), 3.22 (8, = 4.9 Hz, 4H), 3.08 (dd] = 13.7, 4.8 Hz, 1H), 3.01-2.92
(m, 1H), 2.82 (s, 2H), 2.79-1.94 (m, 28H), 1.7581(th, 12H), 1.02 (s, 9H), 0.97 (@= 1.8 Hz,
6H). LC-MS (ESI): m/z 1513.7 [M+H], HPLC: >95% purity.
(2S5,4R)-1-((9)-2-(7-(4-(R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-
[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-

((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)piperazin-1-
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yl)heptanamido)-3,3-dimethylbutanoyl)-4-hydroxyN-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (2c). Following general methods C, B and A,
compound2c was obtained fron81c 18 and 28 (22.6 mg, 81% yield)'H NMR (400 MHz,
CDCl; and CROD) § 8.75 (s, 1H), 8.33 (d] = 2.2 Hz, 1H), 8.25 (d] = 7.6 Hz, 1H), 8.07 (dd]
= 9.2, 2.3 Hz, 1H), 7.81 (d = 8.7 Hz, 2H), 7.56 (s, 1H), 7.41-7.17 (m, 11H)},377.00 (m,
3H), 6.84 (dJ = 9.0 Hz, 2H), 6.69 (d] = 9.4 Hz, 1H), 5.09-4.98 (m, 1H), 4.65-4.46 (m)3H
4.00-3.82 (m, 2H), 3.77-3.65 (m, 1H), 3.39-2.92 18Hl), 2.75-1.95 (m, 24H), 1.86-1.21 (m,
14H), 1.04 (s, 9H), 1.02 (s, 6H). LC-MS (ESI): m&27.7 [M+H]"; HPLC: >95% purity.
(25,4R)-1-((9)-2-(8-(4-(R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-
[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)piperazin-1-yl)octanamido)-
3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (2d). Following general methods C, B and A,
compound2d was obtained fron31d, 18 and28 (18.3 mg, 65% yield)'H NMR (400 MHz,
CDCl; and CROD) § 8.75 (s, 1H), 8.34 (d} = 2.2 Hz, 1H), 8.20 (d] = 7.6 Hz, 1H), 8.08 (dd)
= 9.2, 2.3 Hz, 1H), 7.78 (d,= 8.7 Hz, 2H), 7.56 (s, 1H), 7.46—7.19 (m, 11H),37(d,J = 8.4
Hz, 1H), 7.07-6.99 (m, 2H), 6.88—6.80 (m, 2H), 6(88J = 9.4 Hz, 1H), 5.11-4.98 (m, 1H),
4.61-4.41 (m, 3H), 3.99-3.82 (m, 2H), 3.78-3.67 1), 3.37-2.91 (m, 12H), 2.65-1.99 (m,
24H), 1.85-1.30 (m, 16H), 1.04 (s, 9H), 1.01 (s,).6HC-MS (ESI): m/z 1541.7 [M+H[;
HPLC: >95% purity.
(2S,4R)-1-((S)-2-(5-(((R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydrof1,1'-
biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfanoyl)-2-

((trifluoromethyl)sulfonyl)phenyl)amino)-4-
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(phenylthio)butyl)(methyl)amino)pentanamido)-3,3-dmethylbutanoyl)-4-hydroxy-N-((S)-1-
(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (6a). Following general
methods C, B and A, compouBd was obtained fro81a 19 and28 (11.1 mg, 47% yield)'H
NMR (600 MHz, CDC}) & 8.69 (s, 1H), 8.43-8.34 (m, 1H), 7.93 Jd; 9.0 Hz, 1H), 7.83 (d] =
8.5 Hz, 2H), 7.48-7.29 (m, 8H), 7.28-7.18 (m, 4HP5-6.92 (m, 3H), 6.84-6.74 (m, 3H), 6.34
(br s, 1H), 5.15-5.07 (m, 1H), 4.87-4.77 (m, 1H), 46Q) = 8.8 Hz, 1H), 4.53-4.46 (m, 1H),
4.19-4.02 (m, 2H), 3.66-3.58 (m, 1H), 3.30-3.20 4i), 3.13-3.03 (m, 2H), 2.86-2.81 (m,
2H), 2.74-2.49 (m, 7H), 2.40-2.02 (m, 16H), 1.8831(m, 1H), 1.49-1.36 (m, 9H), 1.05 (s,
9H), 1.00 (s, 6H). LC-MS (ESI): m/z 1444.5 [M+HJHPLC: >95% purity.
(25,4R)-1-((9)-2-(6-(((R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydrof1,1'-
biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)(methyl)amino)hexanamido)-
3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (6b). Following general methods C, B and A,
compound6b was obtained fron81b, 19 and 28 (5.9 mg, 19% vyield)'H NMR (600 MHz,
CDCl) 5 8.68 (s, 1H), 8.32 (d] = 2.2 Hz, 1H), 8.00-7.91 (m, 1H), 7.85 (= 8.5 Hz, 2H),
7.48 (d,J = 7.8 Hz, 1H), 7.42-7.31 (m, 6H), 7.30-7.29 (m),1H28-7.19 (m, 4H), 7.05-6.89
(m, 3H), 6.82—6.65 (m, 3H), 6.43 (d,= 8.6 Hz, 1H), 5.12-5.03 (m, 1H), 4.78 t= 8.2 Hz,
1H), 4.60 (dJ = 8.7 Hz, 1H), 4.50-4.42 (m, 1H), 4.09 (& 11.3 Hz, 1H), 4.02-3.92 (m, 1H),
3.63-3.55 (m, 1H), 3.29-3.19 (m, 4H), 3.10 (d¢ 13.9, 4.7 Hz, 1H), 3.03 (dd,= 13.8, 6.4
Hz, 1H), 2.87-2.71 (m, 3H), 2.70-2.41 (m, 9H), 22@3 (m, 7H), 2.19-1.99 (m, 6H), 1.89—
1.80 (m, 1H), 1.48-1.38 (m, 7H), 1.35Jt= 7.3 Hz, 2H), 1.20-1.13 (m, 2H), 1.05 (s, 9HNAL.

(s, 6H). LC-MS (ESI): m/z 1458.6 [M+H] HPLC: >95% purity.
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(2S5,4R)-1-((9)-2-(7-(((R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydrof1,1'-
biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfanoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-
(phenylthio)butyl)(methyl)amino)heptanamido)-3,3-dmethylbutanoyl)-4-hydroxy-N-((S)-1-
(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (6c). Following general
methods C, B and A, compoud was obtained fror1¢ 19 and28 (7.3 mg, 23% yield)'H
NMR (600 MHz, CDC}) 6 8.68 (s, 1H), 8.34 (d] = 2.2 Hz, 1H), 7.93 (d] = 9.0 Hz, 1H), 7.88
(d, J = 8.6 Hz, 2H), 7.45-7.29 (m, 8H), 7.28-7.21 (m)4H03-6.94 (m, 3H), 6.78 (d,= 9.0
Hz, 2H), 6.70-6.62 (m, 1H), 6.46—6.38 (m, 1H), 5802 (m, 1H), 4.77 (t) = 8.2 Hz, 1H),
4.62 (d,J = 8.8 Hz, 1H), 4.51-4.45 (m, 1H), 4.16—4.10 (m),14403-3.94 (m, 1H), 3.62-3.56
(m, 1H), 3.27-3.19 (m, 4H), 3.10 (ddi= 13.8, 4.8 Hz, 1H), 3.01 (dd,= 13.8, 6.7 Hz, 1H),
2.82-2.49 (m, 9H), 2.44-2.25 (m, 10H), 2.19-2.01 i), 1.85-1.75 (m, 1H), 1.46-1.33 (m,
9H), 1.19-1.10 (m, 4H), 1.07 (s, 9H), 1.00 (s, 6H)-MS (ESI): m/z 1472.6 [M+H]; HPLC:
>95% purity.

(2S5,4R)-1-((9)-2-(8-(((R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydrof1,1'-
biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfanoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)(methyl)amino)octanamido)-
3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (6d). Following general methods C, B and A,
compound6d was obtained fron81d, 19 and28 (5.1 mg, 21% vyield)*H NMR (600 MHz,
CDCl;) 5 8.69 (s, 1H), 8.51-8.39 (m, 1H), 8.10-8.02 (m,,THY1-7.79 (m, 2H), 7.44-7.29 (m,
8H), 7.28-7.19 (m, 4H), 7.06-6.97 (m, 3H), 6.8566(m, 3H), 6.46-6.36 (m, 1H), 5.06—4.93

(m, 1H), 4.80 (tJ = 8.5 Hz, 1H), 4.71-4.62 (m, 1H), 4.56—4.49 (m),1#22-4.16 (m, 1H),
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4.16-4.07 (m, 1H), 3.71-3.58 (m, 1H), 3.35-3.23 4id), 3.22-3.14 (m, 2H), 2.89-2.51 (m,
9H), 2.47-2.01 (m, 16H), 1.95-1.85 (m, 1H), 1.48) ¢ 6.5 Hz, 9H), 1.27-1.16 (m, 6H), 1.06
(s, 9H), 1.01 (s, 6HLC-MS (ESI): m/z 1486.6 [M+H]; HPLC: >95% purity.
(2S,4R)-1-((9)-2-(9-(((R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydrof1,1'-
biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfanoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-
(phenylthio)butyl)(methyl)amino)nonanamido)-3,3-dinethylbutanoyl)-4-hydroxy-N-((S)-1-
(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (6e). Following general
methods C, B and A, compouse was obtained fror81le 19 and28 (9.1 mg, 40% yield)'H
NMR (600 MHz, CDC}) § 8.69 (s, 1H), 8.36 (dl = 2.1 Hz, 1H), 7.99 (d] = 9.1 Hz, 1H), 7.84
(d, J = 8.6 Hz, 2H), 7.41-7.29 (m, 9H), 7.28-7.21 (m),3H07-6.96 (m, 3H), 6.83-6.67 (m,
3H), 6.44 (dJ = 8.9 Hz, 1H), 5.10-5.01 (m, 1H), 4.76 Jt= 8.1 Hz, 1H), 4.65 (d] = 8.9 Hz,
1H), 4.54-4.49 (m, 1H), 4.18-4.00 (m, 2H), 3.6583(&, 1H), 3.32-3.24 (m, 4H), 3.13-3.03
(m, 2H), 2.88-2.46 (m, 11H), 2.44-2.01 (m, 14HP5%1.85 (m, 1H), 1.54-1.43 (m, 9H), 1.22—
1.10 (m, 8H), 1.06 (s, 9H), 1.00 (s, 6H). LC-MS [ESn/z 1500.7 [M+H]"; HPLC: >95%
purity.
(2S,4R)-1-((S)-2-(10-((R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydrof1,1'-
biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfanoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)(methyl)amino)decanamido)-
3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (6f). Following general methods C, B and A,
compound6f was obtained fron81f, 19 and 28 (7.8 mg, 43% vyield)'H NMR (600 MHz,

CDCl) 5 8.69 (s, 1H), 8.33 (s, 1H), 8.04-7.94 (m, 1H)0ZR76 (m, 2H), 7.46-7.32 (m, TH),
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7.30-7.29 (m, 1H), 7.28-7.19 (m, 4H), 7.07—6.95 8id), 6.84-6.57 (m, 3H), 6.46-6.29 (m,
1H), 5.15-4.99 (m, 1H), 4.76 @,= 8.0 Hz, 1H), 4.63 (dJ = 8.6 Hz, 1H), 4.57-4.47 (m, 1H),
4.26-3.97 (M, 2H), 3.65-3.54 (m, 1H), 3.32-3.19 4id), 3.15-3.03 (m, 2H), 2.89-2.52 (m,
8H), 2.51-2.02 (m, 17H), 1.87-1.84 (m, 1H), 1.5851(m, 9H), 1.22-1.09 (m, 10H), 1.04 (s,
9H), 1.00 (s, 6H). LC-MS (ESI): m/z 1514.7 [M+HJHPLC: >95% purity.
(2S,4R)-1-((S)-2-(2-(2-(4-(R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-
[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)piperazin-1-
yl)ethoxy)acetamido)-3,3-dimethylbutanoyl)-4-hydroy-N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (4a). Following general methods C, B and A,
compound4a was obtained fron84a, 18 and 28 (7.4 mg, 49% yield)'H NMR (400 MHz,
CDCly) & 8.66 (s, 1H), 8.37 (d] = 2.1 Hz, 1H), 8.09 (d] = 8.9 Hz, 1H), 7.91-7.79 (m, 1H),
7.71 (d,J = 8.4 Hz, 2H), 7.46-7.28 (m, 11H), 7.25-7.16 (i),16.99 (d,J = 8.1 Hz, 2H), 6.77
(d, J = 8.6 Hz, 2H), 6.70-6.57 (m, 1H), 5.20-5.00 (M), 1491-4.77 (m, 1H), 4.67 (d,= 9.3
Hz, 1H), 4.47 (s, 1H), 4.04-2.65 (m, 21H), 2.6031(®, 20H), 1.85-1.43 (m, 6H), 1.05 (s, 9H),
1.00 (s, 6H). LC-MS (ESI): m/z 1501.6 [M+H]HPLC: >95% purity.
(2S,4R)-1-((S)-2-(2-(2-(2-(4-(R)-3-((4-(N-(4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-
tetrahydro-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)piperazin-1-
yl)ethoxy)ethoxy)acetamido)-3,3-dimethylbutanoyl)-4ydroxy-N-((S)-1-(4-(4-
methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (4b).Following general methods
C, B and A, compoundb was obtained frorB4b, 18 and28 (5.4 mg, 54% yield):H NMR (400

MHz, CDCE) § 8.67 (s, 1H), 8.40 (d] = 2.2 Hz, 1H), 8.01 (d] = 9.3 Hz, 1H), 7.70 (d] = 8.6
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Hz, 2H), 7.60 (d)J = 7.4 Hz, 1H), 7.43-7.27 (m, 12H), 6.99 Jd 8.5 Hz, 2H), 6.78 (d] = 8.7
Hz, 2H), 6.70-6.61 (m, 1H), 5.15-5.03 (m, 1H), 4833 (m, 1H), 4.67 (d] = 9.3 Hz, 1H),
4.45 (s, 1H), 4.18-2.65 (m, 25H), 2.61-1.93 (m, RAHB5-1.44 (m, 6H), 1.05 (s, 9H), 0.99 (s,
6H). LC-MS (ESI): m/z 1545.7 [M+H], HPLC: >95% purity.
(2S,4R)-1-((2S,15R)-2-(tert-Butyl)-15-((4-(N-(4-(4-((4'-chloro-4,4-dimethyl-3,4,5,6-
tetrahydro-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-12-methyl- 4-oxo-16-(phenylthio)-6,9-dioxa-3,12-
diazahexadecanoyl)-4-hydroxyN-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-
2-carboxamide (7a).Following general methods C, B and A, compouadvas obtained from
34b, 19 and28 (7.5 mg, 48% yield)*H NMR (400 MHz, CDCJ) 5 8.65 (s, 1H), 8.37 (d = 2.2
Hz, 1H), 8.07-7.99 (m, 1H), 7.73 (d= 8.6 Hz, 2H), 7.45 (dJ = 7.8 Hz, 1H), 7.39-7.27 (m,
8H), 7.25-7.10 (m, 4H), 7.01-6.95 (m, 2H), 6.7996(m, 3H), 5.13-5.03 (m, 1H), 4.84 {t=
8.1 Hz, 1H), 4.60 (dJ = 8.9 Hz, 1H), 4.53-4.46 (m, 1H), 4.11-3.98 (m),2887 (d,J = 15.4
Hz, 1H), 3.66-3.58 (m, 2H), 3.52-3.33 (m, 6H), 3:220 (m, 4H), 3.13-2.99 (m, 2H), 2.83—
2.78 (m, 2H), 2.75-2.49 (m, 6H), 2.47-1.98 (m, 15HY9-1.68 (m, 1H), 1.51-1.43 (m, 5H),
1.04 (s, 9H), 0.98 (s, 6H). LC-MS (ESI): m/z 149]MAH] *; HPLC: >95% purity.
(2S,4R)-1-((2S,18R)-2-(tert-Butyl)-18-((4-(N-(4-(4-((4'-chloro-4,4-dimethyl-3,4,5,6-
tetrahydro-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-15-methyl- 4-oxo-19-(phenylthio)-6,9,12-trioxa-
3,15-diazanonadecanoyl)-4-hydroxyN-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (7b). Following general methods C, B and A,
compound7b was obtained fron84¢ 19 and 28 (7.8 mg, 60% yield)'H NMR (400 MHz,

CDCly) § 8.66 (s, 1H), 8.35 (d] = 2.0 Hz, 1H), 8.01 (dJ = 8.6 Hz, 1H), 7.76 (d] = 8.5 Hz,
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2H), 7.49 (dJ = 7.8 Hz, 1H), 7.39-7.32 (m, 6H), 7.29-7.27 (m),1H26—7.10 (m, 5H), 7.03—
6.95 (m, 2H), 6.82—6.68 (m, 3H), 5.13-5.01 (m, 14482 (t,J = 8.1 Hz, 1H), 4.61 (dJ = 8.9
Hz, 1H), 4.48 (s, 1H), 4.12-4.00 (m, 2H), 3.91-3@8 13H), 3.30-3.19 (m, 4H), 3.13-3.06 (m,
2H), 2.84-2.45 (m, 10H), 2.39-1.98 (m, 13H), 1.9841(m, 1H), 1.52-1.43 (m, 5H), 1.04 (s,
9H), 0.98 (s, 6H). LC-MS (ESI): m/z 1534.7 [M+HHPLC: >95% purity.

(2S,4R)-1-((2S,21R)-2-(tert-Butyl)-21-((4-(N-(4-(4-((4'-chloro-4,4-dimethyl-3,4,5,6-
tetrahydro-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-
((trifluoromethyl)sulfonyl)phenyl)amino)-18-methyl- 4-oxo-22-(phenylthio)-6,9,12,15-
tetraoxa-3,18-diazadocosanoyl)-4-hydrox\N-((S)-1-(4-(4-methylthiazol-5-
yl)phenyl)ethyl)pyrrolidine-2-carboxamide (7c). Following general methods C, B and A,
compound7c was obtained fron84d, 19 and 28 (8.5 mg, 58% yield)'H NMR (400 MHz,
CDCly) § 8.66 (s, 1H), 8.40 (s, 1H), 8.03 (H= 9.1 Hz, 1H), 7.76 (d] = 8.4 Hz, 2H), 7.48-7.32
(m, 8H), 7.31-7.28 (m, 2H), 7.25-7.12 (m, 3H), 2886 (m, 2H), 6.92-6.67 (M, 3H), 5.17—
4.99 (m, 1H), 4.83 (t) = 8.1 Hz, 1H), 4.61 (d] = 8.9 Hz, 1H), 4.55-4.44 (m, 1H), 4.24-4.03
(m, 2H), 3.92-3.43 (m, 17H), 3.36-3.07 (M, 6H),128.49 (m, 8H), 2.46-1.99 (m, 15H), 1.95—
1.85 (m, 1H), 1.52-1.44 (m, 5H), 1.05-0.96 (m, 15H}-MS (ESI): m/z 1578.7 [M+H];
HPLC: >95% purity.

4-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisoindolin4-yl)amino)butanoic ~ acid (39a).
Following general method D, compouB@flawas obtained fro37aand38 (34 mg, 26% vyield).
H NMR (400 MHz, CDCY) § 8.27 (s, 1H), 7.50 (dd, = 8.5, 7.1 Hz, 1H), 7.11 (dd,= 7.1, 0.6
Hz, 1H), 6.93 (dJ = 8.5 Hz, 1H), 6.36-6.25 (m, 1H), 4.92 (dds 12.1, 5.3 Hz, 1H), 3.43-3.29
(m, 2H), 2.97-2.67 (m, 3H), 2.49 &= 7.0 Hz, 2H), 2.16-2.08 (m, 1H), 2.03-1.96 (m).2ALC-

MS (ESI): m/z 360.1 [M+H].
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5-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisoindolin4-yl)amino)pentanoic  acid  (39b).
Following general method D, compouB8b was obtained fror37b and38 (30 mg, 21% vyield).
H NMR (400 MHz, CDCY) § 8.28 (s, 1H), 7.49 (dd, = 8.5, 7.1 Hz, 1H), 7.10 (dd,= 7.1, 0.6
Hz, 1H), 6.93 (dJ = 8.5 Hz, 1H), 6.36-6.25 (m, 1H), 4.92 (dds 12.1, 5.3 Hz, 1H), 3.30-3.20
(m, 2H), 2.97-2.67 (m, 3H), 2.45-2.35 (m, 2H), 24685 (m, 1H), 1.80-1.65 (m, 4H). LC-MS
(ESI): m/z 374.1 [M+HJ.
6-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisoindolin4-yl)amino)hexanoic acid (39¢)
Following general method D, compouB€fic was obtained fro37cand38 (45 mg, 16% vyield).
'H NMR (400 MHz, CDCJ) & 8.29 (s, 1H), 7.54-7.44 (m, 1H), 7.09 (ddk 7.2, 0.6 Hz, 1H),
6.86 (d,J = 8.5 Hz, 1H), 6.27-6.10 (m, 1H), 4.91 (dds 12.2, 5.3 Hz, 1H), 3.36-3.16 (m, 2H),
2.99-2.63 (m, 3H), 2.39 (§,= 7.4 Hz, 2H), 2.18-2.06 (m, 1H), 1.82-1.62 (m),4H52—1.39
(m, 2H). LC-MS (ESI): m/z 388.2 [M+H]
7-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisoindolind-yl)amino)heptanoic  acid  (39d).
Following general method D, compouB€fld was obtained fro37d and38 (26 mg, 36% yield).
H NMR (400 MHz, CDCJ) 6 8.39 (s, 1H), 7.48 (dd, = 8.5, 7.1 Hz, 1H), 7.07 (dd,= 7.1, 0.6
Hz, 1H), 6.87 (dJ = 8.5 Hz, 1H), 6.31-6.10 (m, 1H), 4.91 (dds 12.0, 5.4 Hz, 1H), 3.32-3.18
(m, 2H), 2.97-2.66 (m, 3H), 2.35 @,= 7.4 Hz, 2H), 2.17-2.09 (m, 1H), 1.73-1.59 (m)4H
1.51-1.34 (m, 4H). LC-MS (ESI): m/z 402.1 [M+H]
8-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisoindolin4-yl)amino)octanoic acid (39e).
Following general method D, compouBflewas obtained fro37eand38 (28 mg, 19% vyield).
'H NMR (400 MHz, CDC}) § 8.37 (s, 1H), 7.49 (dd = 8.5, 7.1 Hz, 1H), 7.08 (d,= 7.1 Hz,

1H), 6.88 (dJ = 8.5 Hz, 1H), 6.32-6.16 (m, 1H), 4.92 (dcs 12.1, 5.4 Hz, 1H), 3.31-3.20 (m,
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2H), 3.02-2.65 (m, 3H), 2.35 (,= 7.4 Hz, 2H), 2.19-2.08 (m, 1H), 1.73-1.57 (m),4H50—
1.32 (m, 6H). LC-MS (ESI): m/z 416.0 [M+H]
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
y)-N-((4-(((2R)-4-(4-(4-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisindolin-4-
yl)amino)butanoyl)piperazin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (8a). Following general method A,
compoundBa was obtained fror89aand18 (3.1 mg, 14% yield)*H NMR (400 MHz, CDC}) &
8.60-8.30 (m, 2H), 8.10-8.00 (m, 1H), 7.74-7.64 2H), 7.53—-7.40 (m, 1H), 7.39-7.27 (m,
5H), 7.26-7.22 (m, 1H), 7.12-7.02 (m, 2H), 7.0116(®, 3H), 6.78-6.67 (m, 2H), 6.65-6.58
(m, 1H), 6.33-6.25 (m, 1H), 5.00-4.82 (m, 1H), 3384 (m, 1H), 3.82-3.62 (M, 1H), 3.48-
3.21 (m, 9H), 3.13-2.96 (M, 2H), 2.91-2.66 (m, 5R%7-1.93 (M, 20H), 1.73-1.58 (m, 1H),
1.46 (t,J = 6.5 Hz, 2H), 0.97 (s, 6H). LC-MS (ESI): m/z 1344M+H] *; HPLC: >95% purity.
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
y1)-N-((4-(((2R)-4-(4-(5-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisindolin-4-
yl)amino)pentanoyl)piperazin-1-yl)-1-(phenylthio)buan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (8b). Following general method A,
compoundb was obtained frorB9b and18 (11.9 mg, 63% yield)*H NMR (400 MHz, CDC})
§ 8.57-8.26 (M, 2H), 8.13-8.04 (m, 1H), 7.68Jd; 8.9 Hz, 2H), 7.50-7.44 (m, 1H), 7.39-7.26
(m, 5H), 7.26-7.23 (m, 1H), 7.11-6.95 (m, 4H), 6(87J = 8.5 Hz, 1H), 6.80-6.71 (m, 2H),
6.59 (dd,J = 9.6, 2.6 Hz, 1H), 6.24 (§,= 5.6 Hz, 1H), 4.97-4.80 (m, 1H), 3.94-3.84 (m),1H
3.73-3.68 (m, 1H), 3.50-3.22 (m, 9H), 3.10-2.96 2i), 2.92-2.66 (m, 5H), 2.44-2.00 (m,

18H), 1.74-1.49 (m, 7H), 0.98 (s, 6H). LC-MS (ESt)yz 1328.5 [M+H]; HPLC: >95% purity.
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4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
y)-N-((4-(((2R)-4-(4-(6-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisindolin-4-
yl)amino)hexanoyl)piperazin-1-yl)-1-(phenylthio)bu&n-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (8c). Following general method A,
compoundc was obtained fror89cand18 (15.4 mg, 61% vyield)*H NMR (400 MHz, CDC})
§ 8.60-8.26 (m, 2H), 8.09 (,= 8.6 Hz, 1H), 7.71-7.59 (m, 2H), 7.51-7.45 (m),1H42-7.27
(m, 5H), 7.26-7.25 (m, 1H), 7.16-6.94 (m, 4H), 6(87J = 8.5 Hz, 1H), 6.80-6.54 (m, 3H),
6.31-6.15 (m, 1H), 4.97-4.82 (m, 1H), 4.01-3.61 2id), 3.51-3.19 (m, 9H), 3.14-2.96 (m,
2H), 2.92-2.69 (m, 5H), 2.45-1.98 (m, 18H), 1.6461(m, 9H), 0.99 (s, 6H). LC-MS (ESI):
m/z 1342.5 [M+H]; HPLC: >95% purity.

4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
y1)-N-((4-(((2R)-4-(4-(7-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisindolin-4-
yl)amino)heptanoyl)piperazin-1-yl)-1-(phenylthio)buan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (8d). Following general method A,
compoundd was obtained fror89d and18 (17.6 mg, 79% yield)'"H NMR (400 MHz, CDC})
§ 8.54 (d,J = 13.2 Hz, 1H), 8.36 (d] = 2.1 Hz, 1H), 8.17-8.04 (m, 1H), 7.72-7.64 (m)2H
7.51-7.43 (m, 1H), 7.40-7.27 (m, 5H), 7.26—7.23 i), 7.14-6.95 (m, 4H), 6.86 (d,= 8.5
Hz, 1H), 6.74 (d,) = 8.7 Hz, 2H), 6.59 (dd] = 9.5, 4.1 Hz, 1H), 6.21 (§,= 5.6 Hz, 1H), 4.96—
4.85 (m, 1H), 3.94-3.62 (m, 2H), 3.50-3.21 (m, 9Bi},3-2.97 (m, 2H), 2.92-2.65 (m, 5H),
2.52-1.98 (m, 18H), 1.72-1.39 (m, 11H), 0.98 (s).6EC-MS (ESI): m/z 1356.5 [M+H[;
HPLC: >95% purity.

4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-

yI)-N-((4-(((2R)-4-(4-(8-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisindolin-4-
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yl)amino)octanoyl)piperazin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (8e). Following general method A,
compoundBewas obtained fro89eand18 (2.3 mg, 13% vyield)"H NMR (400 MHz, CDC}) &
8.53 (s, 1H), 8.37 (s, 1H), 8.10 = 9.2 Hz, 1H), 7.63 (d] = 8.5 Hz, 2H), 7.48 (t) = 7.8 Hz,
1H), 7.42-7.27 (m, 6H), 7.13-6.95 (m, 4H), 6.87Xd; 8.6 Hz, 1H), 6.74 (d] = 8.6 Hz, 2H),
6.61 (d,J = 9.3 Hz, 1H), 6.21 (J = 5.4 Hz, 1H), 4.98-4.84 (m, 1H), 3.95-3.57 (m),ZH55—
3.20 (m, 9H), 3.14-2.63 (m, 7H), 2.61-1.97 (m, 18HJ1-1.33 (m, 13H), 0.98 (s, 6H). LC-MS
(ESI): m/z 1370.5 [M+H]; HPLC: >95% purity.

2-(2-(2-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisaidolin-4-yl)amino)ethoxy)ethoxy)acetic
acid (41a). Following general methods D and E, compoddd was obtained frordOa and38
(67 mg, 19% vyield)*H NMR (600 MHz, CDCY) § 9.05 (s, 1H), 7.51-7.43 (m, 1H), 7.08 Jd=
7.1 Hz, 1H), 6.90 (dJ = 8.6 Hz, 1H), 5.01-4.87 (m, 1H), 4.18 (s, 2HR(®-3.65 (M, 6H), 3.53—
3.41 (m, 2H), 2.91-2.82 (m, 1H), 2.81-2.69 (m, 2P{},6-2.07 (m, 1H). LC-MS (ESI): m/z
420.2 [M+H]".

2-(2-(2-(2-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxaoindolin-4-
yl)amino)ethoxy)ethoxy)ethoxy)acetic acid(41b). Following general methods D and E,
compound41b was obtained frord0b and38 (19 mg, 37% vyield)*H NMR (600 MHz, CDC})
$8.90 (s, 1H), 7.47 (dd, = 8.5, 7.2 Hz, 1H), 7.08 (d,= 7.0 Hz, 1H), 6.91 (d] = 8.5 Hz, 1H),
4.97-4.89 (m, 1H), 4.14 (s, 2H), 3.77-3.65 (m, 108%9-3.43 (m, 2H), 2.91-2.81 (m, 1H),
2.80-2.69 (m, 2H), 2.15-2.06 (m, 1H). LC-MS (E®M)z 464.2 [M+H]".

14-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisoindoln-4-yl)amino)-3,6,9,12-
tetraoxatetradecanoic acid(41c). Following general methods D and E, compouia was

obtained from40c and38 (14 mg, 15% yield)'H NMR (600 MHz, CDC}) & 8.84 (s, 1H), 7.48
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(dd,J = 8.4, 7.2 Hz, 1H), 7.08 (d,= 7.1 Hz, 1H), 6.91 (d] = 8.5 Hz, 1H), 4.97-4.89 (m, 1H),
4.13 (s, 2H), 3.74-3.69 (m, 4H), 3.69-3.62 (m, 108448-3.44 (m, 2H), 2.91-2.81 (m, 1H),
2.81-2.68 (m, 2H), 2.15-2.04 (m, 1H). LC-MS (E$t)z 508.3 [M+HT".
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((2R)-4-(4-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-txoisoindolin-4-
yl)amino)ethoxy)ethoxy)acetyl)piperazin-1-yl)-1-(plenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (10a). Following general method A,
compoundlOawas obtained frordlaand18 (6.6 mg, 47% yield)'H NMR (400 MHz, CDC}
and CROD) § 9.11 fr s, 1H), 8.36 (s, 1H), 8.08 (d,= 9.1 Hz, 1H), 7.66 (d] = 8.2 Hz, 2H),
7.46 (t,J = 7.8 Hz, 1H), 7.39-7.27 (m, 6H), 7.14-7.02 (m), 26498 (d,J = 8.3 Hz, 2H), 6.88 (d,
J=8.5Hz, 1H), 6.75 (d] = 8.6 Hz, 2H), 6.58 (d] = 5.8 Hz, 1H), 6.52—6.43( s, 1H), 4.91—
4.81 (m, 1H), 4.26-4.15 (m, 2H), 3.94-3.81 (m, 181y,0-3.33 (m, 12H), 3.31-3.22 (m, 4H),
3.12-2.93 (m, 2H), 2.89-2.55 (m, 5H), 2.49-2.00 {6H), 1.74-1.70 (m, 1H), 1.51-1.45 (m,
2H), 0.98 (s, 6H). LC-MS (ESI): m/z 1374.5 [M+HJHPLC: >95% purity.
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((2R)-4-(4-(2-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-13-dioxoisoindolin-4-
yl)amino)ethoxy)ethoxy)ethoxy)acetyl)piperazin-1-y1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (10b). Following general method A,
compoundlOb was obtained frord1b and18 (6.2 mg, 44% vyield)*H NMR (400 MHz, CDC}
and CROD) § 8.33-8.28 (m, 1H), 8.07 (d,= 9.0 Hz, 1H), 7.78 (d] = 8.8 Hz, 2H), 7.54—7.45
(m, 1H), 7.41-7.34 (m, 2H), 7.33-7.20 (m, 5H), 7(89J = 7.1 Hz, 1H), 7.06-6.98 (m, 3H),
6.94 (d,J = 8.6 Hz, 1H), 6.79 (d] = 8.9 Hz, 2H), 6.61 (d] = 9.4 Hz, 1H), 5.00-4.86 (m, 1H),

4.21 (s, 2H), 3.93-3.84 (m, 1H), 3.70-3.39 (m, 163432-3.25 (m, 4H), 3.12-3.00 (m, 2H),
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2.93-2.71 (m, 5H), 2.46-2.24 (m, 12H), 2.09-2.004ht), 1.75-1.63 (m, 1H), 1.47 (= 6.3
Hz, 2H), 0.99 (s, 6H). LC-MS (ESI): m/z 1418.5 [M}FK HPLC: >95% purity.
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yD)-N-((4-(((2R)-4-(4-(14-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxaoindolin-4-yl)amino)-
3,6,9,12-tetraoxatetradecanoyl)piperazin-1-yl)-1-(penylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (10c). Following general method A,
compoundLOcwas obtained from1cand18 (13.6 mg, 76% yield):H NMR (400 MHz, CDC}
and CROD) § 8.81 pr s, 1H), 8.33 (s, 1H), 8.13-7.99 (m, 1H), 7.79-TB0 2H), 7.45 (tJ =
7.8 Hz, 1H), 7.38-7.26 (m, 5H), 7.24-7.17 (m, 1H),2—6.94 (m, 4H), 6.88 (d,= 8.6 Hz, 1H),
6.73 (d,J = 8.8 Hz, 2H), 6.61-6.50 (m, 1H), 6.4 (5, 1H), 4.95-4.84 (m, 1H), 4.16 (s, 2H),
3.88-3.80 (m, 1H), 3.72-3.39 (m, 20H), 3.32-3.25 4f), 3.12-3.01 (m, 2H), 2.93-2.71 (m,
5H), 2.46-2.24 (m, 12H), 2.09-2.00 (m, 4H), 1.7631m, 1H), 1.47 (tJ = 6.3 Hz, 2H), 0.96
(s, 6H). LC-MS (ESI): m/z 1462.5 [M+H] HPLC: >95% purity.
(R)-N-((4-((4-(4-AzidoN-methylbutanamido)-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)-4-(4-(( 4'-chloro-4,4-dimethyl-3,4,5,6-
tetrahydro-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzamide (43a). Following general
method A, compound3a was obtained frord2a and 19 (24 mg, 65% yield)'H NMR (400
MHz, CDCk and CROD) & 8.49-8.35 (m, 1H), 8.23-8.12 (m, 1H), 7.75Jc 8.5 Hz, 2H),
7.48-7.33 (m, 5H), 7.31-7.25 (m, 1H), 7.08-6.75 Bid), 6.59-6.33 (m, 1H), 3.85-2.82 (m,
16H), 2.56-1.74 (m, 14H), 1.57-1.46 (m, 2H), 183H). LC-MS (ESI): m/z 1029.3 [M+H]
(R)-N-((4-((4-(7-Azido-N-methylheptanamido)-1-(phenyltho)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)-4-(4-(( 4'-chloro-4,4-dimethyl-3,4,5,6-

tetrahydro-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzamide (43b). Following general
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method A, compound3b was obtained fromd2b and 19 (30 mg, 78% vyield)'H NMR (400
MHz, CDCk and CROD) § 8.40-8.29 (m, 1H), 8.11 (dd,= 9.2, 2.3 Hz, 1H), 7.68 (d,= 8.7
Hz, 2H), 7.49-7.27 (m, 5H), 7.24-7.18 (m, 1H), #8692 (m, 3H), 6.81-6.71 (m, 2H), 6.56—
6.25 (m, 1H), 3.77-2.85 (m, 16H), 2.52-1.15 (m, RAH96 (s, 6H). LC-MS (ESI): m/z 1071.1
[M+H] ™.
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((2R)-4-(4-(4-((2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3dioxoisoindolin-4-
yl)amino)ethoxy)ethoxy)methyl)-H-1,2,3-triazol-1-yl)-N-methylbutanamido)-1-
(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)s ulfonyl)phenyl)sulfonyl)benzamide
(13a). Following general method F, compouf@a was obtained frord3a and44a (14.1 mg,
84% vyield).'H NMR (400 MHz, CDC}) § 9.26 (s, 1H), 8.35 (s, 1H), 8.08 (= 9.0 Hz, 1H),
7.82-7.27 (m, 7H), 7.26-7.15 (m, 3H), 7.11-6.81 %ir), 6.78-6.36 (m, 4H), 5.00-4.86 (m,
1H), 4.73-4.56 (m, 2H), 4.39-4.17 (m, 2H), 3.85421®, 25H), 2.47-1.95 (m, 14H), 1.83—1.66
(m, 1H), 1.51-1.40 (m, 2H), 0.97 (s, 6H). LC-MS (ESn/z 1428.5 [M+H]": HPLC: >95%
purity.
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((2R)-4-(4-(4-((2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-13-dioxoisoindolin-4-
yl)amino)ethoxy)ethoxy)ethoxy)methyl)-H-1,2,3-triazol-1-yl)-N-methylbutanamido)-1-
(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)s ulfonyl)phenyl)sulfonyl)benzamide
(13b). Following general method F, compoufh8b was obtained frord3a and44b (14.3 mg,
83% vyield).'H NMR (400 MHz, CDC}) § 9.19 (s, 1H), 8.47-8.29 (m, 1H), 8.16—7.99 (m,,1H)

7.82-7.27 (m, 8H), 7.26-7.17 (m, 2H), 7.12-6.36 @), 5.00-4.81 (m, 1H), 4.70-4.52 (m,
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2H), 4.35-4.13 (m, 2H), 3.88-2.67 (m, 29H), 2.4841m, 14H), 1.81-1.66 (m, 1H), 1.50-1.41
(m, 2H), 0.97 (s, 6H). LC-MS (ESI): m/z 1472.5 [M} HPLC: >95% purity.
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((2R)-4-(7-(4-((2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3dioxoisoindolin-4-
yl)amino)ethoxy)ethoxy)methyl)-H-1,2,3-triazol-1-yl)-N-methylheptanamido)-1-
(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)s ulfonyl)phenyl)sulfonyl)benzamide
(14a). Following general method F, compouthda was obtained frord3b and44a (16.8 mg,
82% vyield).'H NMR (400 MHz, CDCY) § 8.78 (s, 1H), 8.40-8.32 (m, 1H), 8.15-8.00 (m,,1H)
7.71 (d,J = 8.5 Hz, 2H), 7.60-7.52 (m, 1H), 7.50-7.42 (m),1H39-7.27 (m, 4H), 7.26-7.18
(m, 2H), 7.10-7.04 (m, 1H), 7.03-6.86 (m, 4H), 6865 (m, 2H), 6.56—6.40 (m, 2H), 4.97—
4.85 (m, 1H), 4.76-4.63 (m, 2H), 4.33-4.14 (m, 2B{y8-2.68 (m, 25H), 2.41-1.98 (m, 12H),
1.85-1.67 (m, 3H), 1.53-1.42 (m, 4H), 1.33-1.21 4H), 0.98 (s, 6H). LC-MS (ESI): m/z
1470.5 [M+H]*.
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
y)-N-((4-(((2R)-4-(7-(4-((2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-13-dioxoisoindolin-4-
yl)amino)ethoxy)ethoxy)ethoxy)methyl)-H-1,2,3-triazol-1-yl)N-methylheptanamido)-1-
(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)s ulfonyl)phenyl)sulfonyl)benzamide
(14b). Following general method F, compouhdb was obtained frord3b and44b (16.4 mg,
77% vyield).'H NMR (400 MHz, CDC}) § 9.00-8.85 (m, 1H), 8.41-8.35 (m, 1H), 8.16-8.02 (m
1H), 7.71 (dJ = 8.6 Hz, 2H), 7.57-7.27 (m, 6H), 7.26—-7.19 (m),2H11-6.85 (m, 5H), 6.78-
6.68 (m, 2H), 6.54-6.28 (m, 2H), 4.99-4.86 (m, 1#),3-4.59 (m, 2H), 4.34-4.10 (m, 2H),
3.81-2.67 (m, 29H), 2.42-1.97 (m, 12H), 1.87-11883H), 1.55-1.41 (m, 4H), 1.34-1.10 (m,

4H), 0.98 (s, 6H). LC-MS (ESI): m/z 1514.6 [M+H]HPLC: >95% purity.
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(R)-N-((4-((4-((7-Azidoheptyl)(methyl)amino)-1-(phenyltho)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)-4-(4-(( 4'-chloro-4,4-dimethyl-3,4,5,6-
tetrahydro-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-yl)benzamide (46). Following general
method C, compound6 was obtained from5 and19 (11 mg, 47% yield)*H NMR (400 MHz,
CDCl;) 6 8.28 (d,J = 2.2 Hz, 1H), 7.93-7.78 (m, 3H), 7.37-7.27 (m),3H26-7.18 (m, 3H),
7.05-6.88 (m, 3H), 6.75 (d,= 8.6 Hz, 2H), 6.56 (d] = 9.3 Hz, 1H), 3.96-3.79 (m, 1H), 3.29-
3.15 (m, 6H), 3.11-2.95 (m, 2H), 2.87-2.67 (m, 6H35 (s, 3H), 2.45-2.31 (m, 4H), 2.30-2.08
(m, 3H), 2.05-1.84 (m, 3H), 1.64-1.39 (m, 6H), +BA8 (m, 6H), 0.97 (s, 6H). LC-MS (ESI):
m/z 1057.5 [M+HJ; HPLC: >95% purity.

4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
y)-N-((4-(((2R)-4-((7-(4-((2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,&dioxoisoindolin-4-
yl)amino)ethoxy)ethoxy)methyl)-H-1,2,3-triazol-1-yl)heptyl)(methyl)amino)-1-
(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)s ulfonyl)phenyl)sulfonyl)benzamide
(15a). Following general method F, compoufila was obtained frord6 and44a (12.4 mg,
90% vyield)."H NMR (400 MHz, CDCY) 6 8.30 (s, 1H), 7.94 (d} = 9.0 Hz, 1H), 7.84 (d] = 8.4
Hz, 2H), 7.44 (tJ = 7.8 Hz, 1H), 7.38-7.30 (m, 2H), 7.28-7.26 (m),1AH25-7.16 (m, 3H),
7.05 (d,J = 7.1 Hz, 1H), 7.03-6.96 (m, 3H), 6.88 (d= 8.6 Hz, 1H), 6.71 (d] = 8.5 Hz, 2H),
6.58 (d,J = 9.3 Hz, 1H), 6.47 (] = 5.7 Hz, 1H), 4.96-4.81 (m, 1H), 4.66 (s, 2HP4(t,J = 7.2
Hz, 2H), 4.02-3.84 (m, 1H), 3.79-3.60 (m, 6H), 3388 (m, 2H), 3.27-3.14 (m, 4H), 3.11—
2.96 (m, 2H), 2.81-1.99 (m, 22H), 1.88-1.70 (m,,3H51-1.38 (m, 4H), 1.24-1.08 (m, 6H),
0.97 (s, 6H). LC-MS (ESI): m/z 1456.6 [M+H]HPLC: >95% purity.

4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-

yI)-N-((4-(((2R)-4-((7-(4-((2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)1,3-dioxoisoindolin-4-
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yl)amino)ethoxy)ethoxy)ethoxy)methyl)-H-1,2,3-triazol-1-yl)heptyl)(methyl)amino)-1-
(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)s ulfonyl)phenyl)sulfonyl)benzamide
(15b). Following general method F, compouf8b was obtained fron46 and44b (17.4 mg,
62% yield). *"H NMR (400 MHz, Acetoneats) & 10.00 (s, 1H), 8.31 (s, 1H), 8.12—-7.97 (m, 2H),
7.93-7.80 (m, 2H), 7.61-7.52 (m, 1H), 7.46-7.31 4id), 7.31-7.23 (m, 2H), 7.22-6.99 (m,
6H), 6.92-6.81 (m, 2H), 6.66—6.58 (m, 1H), 5.1665(M, 1H), 4.75-4.51 (m, 2H), 4.46—-4.19
(m, 3H), 3.82-3.48 (m, 12H), 3.45-3.22 (m, 6H),132.65 (m, 13H), 2.55-2.13 (m, 9H), 1.94—
1.55 (m, 5H), 1.52-1.44 (m, 2H), 1.39-1.15 (m, 6HRO (s, 6H). LC-MS (ESI): m/z 1500.6
[M+H] *; HPLC: >95% purity.
4-((2-(2-(2-Aminoethoxy)ethoxy)ethyl)amino)-2-(2,@ioxopiperidin-3-yl)isoindoline-1,3-
dione trifluoroacetate (48).Following general methods D and E, compod@diwas obtained
from 47 and38 (164 mg, 44% yield)*H NMR (400 MHz, CDCJ) § 9.63 br s, 1H), 7.82lfr s,
2H), 7.48 (dd,J = 8.4, 7.2 Hz, 1H), 7.04 (d,= 7.0 Hz, 1H), 6.87 (d] = 8.5 Hz, 1H), 5.13-4.82
(m, 1H), 3.85-3.60 (m, 8H), 3.55-3.37 (m, 2H), 3282 (m, 2H), 2.81-2.58 (m, 3H), 2.09—
1.88 (m, 1H). LC-MS (ESI): m/z 405.1 [M+H]
4-((R)-3-(4-(N-(4-(4-((2-(4-Chlorophenyl)-5,5-dimethylcyclohex-Ienyl)methyl)piperazin-
1-yh)benzoyl)sulfamoyl)-2-(trifluoromethylsulfonyl) phenylamino)-4-(phenylthio)butyl)-N-
(2-(2-(2-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisaidolin-4-
ylamino)ethoxy)ethoxy)ethyl)piperazine-1-carboxamié (11a). A mixture of compoun8
(20 mg, 0.039 mmol), CDI (10 mg, 0.062 mmol) andATE.O uL, 0.050 mmol) in 3 mL DCM
was stirred at room temperature for 2 h. Then camgd8 (15 mg, 0.015 mmol) and DIPEA
(50 uL, 0.303 mmol) were added into the above solutidre reaction was stirred overnight and

guenched by the addition of NEI (aqg.). Subsequently, it was poured into watet extracted
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with DCM. The organic phase was washed with watet, rine x 1, dried over anhydrous
NaSO,, filtered and evaporated to dryness. The crudedymb was purified by column
chromatography using DCM and MeOH as eluents torafthe title compound (6.7 mg, 32%
yield). *H NMR (400 MHz, CDC}) 5 9.24 pr s, 1H), 8.35 (s, 1H), 8.14-7.98 (m, 1H), 7.81-7.62
(m, 2H), 7.52-7.40 (m, 1H), 7.39-7.27 (m, 4H), %245 (m, 1H), 7.12-6.94 (m, 4H), 6.87 (d,
J=8.6 Hz, 1H), 6.73 (d] = 7.2 Hz, 2H), 6.66—6.57 (m, 1H), 6.56—6.46 (m),1520-5.021fr s,
1H), 5.00-4.83 (m, 1H), 3.95-3.81 (m, 1H), 3.7593(&, 2H), 3.67-3.61 (m, 4H), 3.61-3.53
(m, 2H), 3.49-3.38 (m, 4H), 3.38-3.18 (m, 8H), 3485 (m, 2H), 2.88-2.66 (m, 5H), 2.47-
2.18 (m, 12H), 2.17-1.98 (m, 4H), 1.69-1.57 (m,,1H¥6 (t,J = 6.3 Hz, 2H), 0.97 (s, 6H). LC-
MS (ESI): m/z 1403.5 [M+H]; HPLC: >95% purity.
4-(4-((2-(4-Chlorophenyl)-5,5-dimethylcyclohex-1-eyl)methyl)piperazin-1-yl)-N-(4-
((2R)-4-(4-(2-(2-(2-(2-(2,6-dioxopiperidin-3-yl)-1,3-ddxoisoindolin-4-
ylamino)ethoxy)ethoxy)ethylcarbamothioyl)piperazind-yl)-1-(phenylthio)butan-2-
ylamino)-3-(trifluoromethylsulfonyl)phenylsulfonyl) benzamide  (11b). A mixture of
compound48 (12 mg, 0.023 mmol), 1,1'-thiocarbonyldiimidazg¢&0 mg, 0.034 mmol) and
TEA (4.2 pL, 0.030 mmol) in 2 mL DCM was stirred at room tesrgture for 1 h. Then
compoundl8 (6.5 mg, 0.0067 mmol) and DIPEA (0.05 mL) wereedithto the above solution.
The reaction was stirred overnight and quenchethéwddition of NHCI (aq.). Subsequently, it
was poured into water and extracted with DCM. Thgaonic phase was washed with water x1,
brine x1, dried over anhydrous M, filtered and evaporated to dryness. The crudeymb
was purified by column chromatography using DCM anelOH as eluents to afford the title
compound (6.4 mg, 68% yieldH NMR (400 MHz, CDGCJ) 6 8.90 br s, 1H), 8.37 (dJ = 2.1

Hz, 1H), 8.15-8.00 (m, 1H), 7.65 (d,= 7.6 Hz, 2H), 7.51-7.42 (m, 1H), 7.38-7.27 (m)5H
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7.12-7.05 (m, 2H), 6.99 (d,= 8.4 Hz, 2H), 6.87 (d] = 8.5 Hz, 1H), 6.75 (dd] = 9.0, 3.8 Hz,
2H), 6.62 (ddJ = 12.9, 9.5 Hz, 1H), 6.51 (,= 5.2 Hz, 1H), 6.22k¢ s, 1H), 4.95-4.80 (m, 1H),
3.90-3.61 (m, 15H), 3.48-3.41 (m, 2H), 3.30-3.20 4i), 3.13-2.96 (m, 2H), 2.88-2.71 (m,
5H), 2.47-2.22 (m, 12H), 2.13-2.00 (m, 4H), 1.7%04(m, 1H), 1.46 (tJ = 6.4 Hz, 2H), 0.99
(s, 6H). LC-MS (ESI): m/z 1419.4 [M+H] HPLC: >95% purity.
2-(2,6-Dioxopiperidin-3-yl)-4-((3-hydroxypropyl)amino)isoindoline-1,3-dione (50a).
Following general method D, compouf@awas obtained fromM9aand38 (19 mg, 11% vyield).
'H NMR (600 MHz, CDC}) § 8.18 (s, 1H), 7.52 (dd} = 8.5, 7.1 Hz, 1H), 7.12 (d,= 7.0 Hz,
1H), 6.96 (d,J = 8.5 Hz, 1H), 6.52—6.45 (m, 1H), 4.94 (dck 12.4, 5.3 Hz, 1H), 3.84 3,= 5.8
Hz, 2H), 3.46 (q,) = 6.4 Hz, 2H), 2.95-2.69 (m, 3H), 2.18-2.12 (m),1H94 (p,J = 6.3 Hz,
2H). LC-MS (ESI): m/z 332.1 [M+H].
2-(2,6-Dioxopiperidin-3-yl)-4-((4-hydroxybutyl)amino)isoindoline-1,3-dione (50Db).
Following general method D, compouf@b was obtained fromM9b and38 (59 mg, 24% yield).
H NMR (600 MHz, CDCJ) & 7.97 (s, 1H), 7.52 (dd} = 8.5, 7.2 Hz, 1H), 7.12 (d,= 7.0 Hz,
1H), 6.92 (dJ = 8.5 Hz, 1H), 6.36—6.29 (m, 1H), 4.94 (dd; 12.4, 5.4 Hz, 1H), 3.75 (4= 5.8
Hz, 2H), 3.35 (gJ = 6.8 Hz, 2H), 2.97-2.72 (m, 3H), 2.19-2.13 (m,),1H84-1.78 (m, 2H),
1.75-1.69 (m, 2H), 1.37 @,= 5.1 Hz, 1H). LC-MS (ESI): m/z 346.1 [M+H]
2-(2,6-Dioxopiperidin-3-yl)-4-((5-hydroxypentyl)amno)isoindoline-1,3-dione (50c¢).
Following general method D, compouB@ic was obtained fromM9c and38 (34 mg, 17% vyield).
H NMR (600 MHz, CDC}) § 7.96 (s, 1H), 7.52 (dd} = 8.5, 7.1 Hz, 1H), 7.12 (d,= 7.1 Hz,
1H), 6.91 (dJ = 8.5 Hz, 1H), 6.31-6.22 (m, 1H), 4.94 (dcs 12.4, 5.4 Hz, 1H), 3.76-3.67 (m,
2H), 3.37-3.28 (m, 2H), 2.96-2.71 (m, 3H), 2.2022(th, 1H), 1.78-1.70 (m, 2H), 1.69-1.62

(m, 2H), 1.56-1.51 (m, 2H). LC-MS (ESI): m/z 36QM+H] *.
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2-(2,6-Dioxopiperidin-3-yl)-4-((6-hydroxyhexyl)amiro)isoindoline-1,3-dione (50d).
Following general method D, compou&@ld was obtained fromM9d and38 (56 mg, 21% vyield).
H NMR (600 MHz, CDC}) & 8.01 (s, 1H), 7.52 (dd = 8.6, 7.1 Hz, 1H), 7.11 (d,= 7.1 Hz,
1H), 6.91 (dJ = 8.5 Hz, 1H), 6.29-6.22 (m, 1H), 4.94 (dds 12.4, 5.3 Hz, 1H), 3.72-3.65 (m,
2H), 3.33-3.27 (m, 2H), 2.92-2.72 (m, 3H), 2.1822(th, 1H), 1.76-1.68 (m, 2H), 1.65-1.60
(m, 2H), 1.52-1.42 (m, 4H). LC-MS (ESI): m/z 374M+H] *.

2-(2,6-Dioxopiperidin-3-yl)-4-((8-hydroxyoctyl)amino)isoindoline-1,3-dione (50e).
Following general method D, compouB@iewas obtained fromM9eand38 (79 mg, 27% vyield).
H NMR (600 MHz, CDCY) & 8.06 (s, 1H), 7.57—7.48 (m, 1H), 7.14-7.09 (m,,16490 (d,J =
8.5 Hz, 1H), 6.30-6.21 (m, 1H), 4.93 (dtk 12.4, 5.3 Hz, 1H), 3.67 (3,= 6.6 Hz, 2H), 3.32—
3.24 (m, 2H), 2.94-2.71 (m, 3H), 2.19-2.13 (m, 1HY2-1.66 (m, 2H), 1.59-1.36 (m, 10H).
LC-MS (ESI): m/z 402.1 [M+H].

4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
y1)-N-((4-(((2R)-4-(4-(3-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisindolin-4-
yl)amino)propyl)piperazin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (9a).Following general methods G and
H, compound9a was obtained fron50a and 18 (17.2 mg, 65% yield)'H NMR (600 MHz,
CDClL) § 8.72 pr s, 1H), 8.35 (s, 1H), 8.09-7.97 (m, 1H), 7.80)d; 8.4 Hz, 2H), 7.51-7.43
(m, 1H), 7.40-7.34 (m, 2H), 7.33-7.29 (m, 2H), #289 (m, 2H), 7.09 (d] = 7.1 Hz, 1H),
7.01 (d,J = 8.1 Hz, 2H), 6.96-6.85 (m, 2H), 6.78-6.68 (m),26160 (d,J = 9.2 Hz, 1H), 6.48—
6.35 (m, 1H), 4.98-4.90 (m, 1H), 3.88 (s, 1H), 3348 (m, 6H), 3.13-3.06 (m, 1H), 3.00 (dd,

= 14.0, 6.9 Hz, 1H), 2.93-2.23 (m, 23H), 2.16-218 2H), 2.04—1.99 (m, 2H), 1.92-1.81 (m,
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2H), 1.77-1.68 (m, 1H), 1.47 @,= 6.5 Hz, 2H), 0.98 (d] = 4.1 Hz, 6H). LC-MS (ESI): m/z
1286.5 [M+H]"; HPLC: >95% purity.
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((2R)-4-(4-(4-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisindolin-4-
yl)amino)butyl)piperazin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (9b).Following general methods G and
H, compound9b was obtained fron50b and 18 (3.5 mg, 19% vyield)’H NMR (600 MHz,
CDCl) 6 8.55 pr s, 1H), 8.37 (ddJ = 7.6, 2.2 Hz, 1H), 8.04 (8,= 7.7 Hz, 1H), 7.77 (d] = 8.4
Hz, 2H), 7.54-7.46 (m, 1H), 7.43-7.36 (m, 2H), #B29 (m, 3H), 7.28-7.24 (m, 1H), 7.10 (d,
J = 7.6 Hz, 1H), 7.05-6.97 (m, 3H), 6.89 {d= 8.5 Hz, 1H), 6.82-6.72 (m, 2H), 6.59J& 7.8
Hz, 1H), 6.29-6.20 (m, 1H), 4.97-4.90 (m, 1H), 3383 (m, 1H), 3.34-3.21 (m, 6H), 3.10 (dd,
J=13.8, 5.0 Hz, 1H), 3.02-2.96 (m, 1H), 2.91-A®5 21H), 2.19-2.00 (m, 6H), 1.79-1.66 (m,
5H), 1.47 (t,J = 6.5 Hz, 2H), 0.99 (dJ = 5.0 Hz, 6H). LC-MS (ESI): m/z 1300.5 [M+H]
HPLC: >95% purity.
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((2R)-4-(4-(5-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisindolin-4-
yl)amino)pentyl)piperazin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (9c).Following general methods G and
H, compound9c was obtained fron50c and 18 (2.9 mg, 11% yield)'H NMR (600 MHz,
CDCl;) 4 8.77 fr s, 1H), 8.37-8.33 (m, 1H), 8.02 @= 9.2 Hz, 1H), 7.83 (d] = 8.6 Hz, 2H),
7.51-7.45 (m, 1H), 7.40-7.36 (m, 2H), 7.34—7.29 %), 7.28-7.24 (m, 1H), 7.09 (d,= 7.0
Hz, 1H), 7.03-6.94 (m, 3H), 6.86 (d,= 8.6 Hz, 1H), 6.77 (dJ = 8.8 Hz, 2H), 6.60-6.45 (m,

1H), 6.20 (t,J = 5.6 Hz, 1H), 4.97-4.87 (m, 1H), 3.84-3.76 (m),18130-3.20 (m, 6H), 3.09
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(dd, J = 13.8, 4.7 Hz, 1H), 2.99-2.93 (m, 1H), 2.91-2(66 9H), 2.58-2.00 (m, 18H), 1.74—
1.59 (m, 5H), 1.49-1.36 (m, 4H), 0.98 (d= 5.9 Hz, 6H). LC-MS (ESI): m/z 1314.5 [M+H]
HPLC: >95% purity.
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((2R)-4-((3-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisaidolin-4-
yl)amino)propyl)(methyl)amino)-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (16a). Following general methods G
and H, compound6awas obtained frorB0aand19 (9.0 mg, 33% yield)*H NMR (600 MHz,
CDCl;) 6 8.73-8.33 (m, 2H), 8.28-8.04 (m, 1H), 7.70-7.56 2i), 7.43-7.29 (m, 6H), 7.26—
7.20 (m, 1H), 7.15-6.85 (m, 4H), 6.77-5.55 (m, 55)2—4.84 (m, 1H), 4.09-3.91 (m, 1H),
3.30-3.07 (m, 6H), 3.06—2.69 (m, 7H), 2.60-2.10 {BH), 2.05-2.00 (m, 2H), 1.77-1.54 (m,
3H), 1.50-1.47 (m, 2H), 1.01 (d,= 4.9 Hz, 6H). LC-MS (ESI): m/z 1231.4 [M+Ff] HPLC:
>95% purity.
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
y1)-N-((4-(((2R)-4-((4-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisaidolin-4-
yl)amino)butyl)(methyl)amino)-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (16b). Following general methods G
and H, compound6b was obtained fror80b and19 (3.0 mg, 16% yield)'H NMR (600 MHz,
CDCl) & 8.53-8.35 (m, 1H), 8.11 (s, 1H), 7.72—7.60 (m,,2ZH34-7.29 (m, 7H), 7.27-7.12 (m,
2H), 7.06-6.98 (m, 3H), 6.81-6.52 (m, 4H), 5.9235(%, 1H), 5.03—4.95 (m, 1H), 4.06-3.87
(m, 1H), 3.24-2.71 (m, 13H), 2.61-2.12 (m, 15HP522.01 (m, 2H), 1.73-1.43 (m, 7H), 1.01

(d,J = 2.3 Hz, 6H). LC-MS (ESI): m/z 1245.5 [M+H]HPLC: >95% purity.
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4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((2R)-4-((5-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisaidolin-4-
yl)amino)pentyl)(methyl)amino)-1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (16c). Following general methods G
and H, compound6cwas obtained fror80c and19 (3.0 mg, 11% vyield)*H NMR (600 MHz,
CDCl) § 8.38 (s, 1H), 8.18-8.01 (m, 1H), 7.71-7.62 (m,, ZH}7—7.29 (m, 7H), 7.27-7.19 (m,
2H), 7.07-6.96 (m, 3H), 6.82-5.60 (m, 5H), 4.9804(®, 1H), 4.06—3.90 (m, 1H), 3.25-2.69
(m, 13H), 2.59-2.11 (m, 15H), 2.03 (s, 2H), 1.6271(m, 9H), 1.01 (d] = 3.7 Hz, 6H). LC-MS
(ESI): m/z 1259.5 [M+H]; HPLC: >95% purity.

4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
y1)-N-((4-(((2R)-4-((6-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisaidolin-4-
yl)amino)hexyl)(methyl)amino)-1-(phenylthio)butan-2yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (16d). Following general methods G
and H, compound6d was obtained fror60d and19 (5.9 mg, 21% yield)*H NMR (600 MHz,
CDCl) & 8.58-8.39 (m, 1H), 8.36—8.33 (m, 1H), 8.02—-7.91 1i), 7.81-7.70 (m, 2H), 7.48—
7.36 (m, 3H), 7.33-7.29 (m, 3H), 7.27-7.21 (m, 1HL8-6.97 (m, 4H), 6.88-6.51 (m, 4H),
6.21-5.94 (m, 1H), 4.98-4.88 (m, 1H), 4.00-3.86 L), 3.27-2.98 (m, 8H), 2.90-2.70 (m,
5H), 2.57-2.11 (m, 15H), 2.06-2.01 (m, 2H), 1.8881(m, 1H), 1.52-1.26 (m, 10H), 1.00 (s,
6H). LC-MS (ESI): m/z 1273.5 [M+H], HPLC: >95% purity.

4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((2R)-4-((8-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisaidolin-4-
yl)amino)octyl)(methyl)amino)-1-(phenylthio)butan-2yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (16e). Following general methods G
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and H, compound6ewas obtained fror5B0eand19 (8.5 mg, 32% vyield)'H NMR (600 MHz,
CDCl) 6 8.31 (s, 1H), 8.01-7.88 (m, 1H), 7.79 = 8.3 Hz, 2H), 7.52-7.43 (m, 1H), 7.42—
7.34 (m, 2H), 7.33-7.29 (m, 2H), 7.28-7.23 (m, 3HR8 (d,J = 7.1 Hz, 2H), 7.04-6.98 (m,
2H), 6.90-6.82 (m, 1H), 6.78-6.70 (m, 2H), 6.58)d, 9.2 Hz, 1H), 6.25-6.14 (m, 1H), 4.97—
4.88 (m, 1H), 3.98-3.85 (M, 1H), 3.23-2.68 (m, 13Mp2-2.13 (m, 15H), 2.03 (s, 2H), 1.89-
1.86 (m, 1H), 1.62—1.57 (m, 2H), 1.48J& 6.5 Hz, 2H), 1.37-1.24 (m, 10H), 1.00 (s, 6H}-L
MS (ESI): m/z 1301.5 [M+H]; HPLC: >95% purity.
2-(2,6-Dioxopiperidin-3-yl)-4-((2-(2-hydroxyethoxygthyl)amino)isoindoline-1,3-dione
(53a). Following general methods D, compoub@awas obtained froB2aand38 (83 mg, 40%
yield). *H NMR (400 MHz, CDCJ) & 8.25 pr s, 1H), 7.58—7.46 (m, 1H), 7.11 @= 7.1 Hz,
1H), 6.91 (dJ = 8.5 Hz, 1H), 6.60—6.52 (m, 1H), 4.92 (dds 12.2, 5.3 Hz, 1H), 3.81-3.71 (m,
4H), 3.66-3.61 (m, 2H), 3.48 (dd,= 10.7, 5.3 Hz, 2H), 2.92-2.67 (m, 3H), 2.32 ¢, 1H),
2.18-2.07 (m, 1H). LC-MS (ESI): m/z 362.1 [M+H]
2-(2,6-Dioxopiperidin-3-yl)-4-((2-(2-(2-hydroxyethay)ethoxy)ethyl)amino)isoindoline-
1,3-dione (53b).Following general methods D, compoub8b was obtained frond2b and 38
(230 mg, 55% yield)'H NMR (400 MHz, CDCJ) 6 8.19 fr s, 1H), 7.55-7.44 (m, 1H), 7.10 (d,
J=7.1 Hz, 1H), 6.91 (d] = 8.5 Hz, 1H), 6.62—6.54 (m, 1H), 4.91 (dds 12.0, 5.4 Hz, 1H),
3.85-3.65 (M, 8H), 3.64-3.59 (m, 2H), 3.51-3.43 Zi), 2.92—2.68 (m, 3H), 2.5Dr(s, 1H),
2.18-2.07 (m, 1H). LC-MS (ESI): m/z 406.0 [M+H]
2-(2,6-Dioxopiperidin-3-yl)-4-((2-(2-(2-(2-
hydroxyethoxy)ethoxy)ethoxy)ethyl)amino)isoindolinel,3-dione (53c). Following general
methods D, compoun8i3c was obtained frons2c and38 (84 mg, 40% vyield)'H NMR (400

MHz, CDCL) § 8.23 pr s, 1H), 7.58-7.40 (m, 1H), 7.10 (= 7.1 Hz, 1H), 6.92 (d] = 8.6 Hz,
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1H), 6.56-6.48 (m, 1H), 4.92 (dd= 12.0, 5.4 Hz, 1H), 3.77-3.65 (m, 12H), 3.63-31B82H),
3.52-3.44 (m, 2H), 3.00-2.59 (m, 4H), 2.24—2.04XHf). LC-MS (ESI): m/z 450.1 [M+H].
2-(2,6-Dioxopiperidin-3-yl)-4-((14-hydroxy-3,6,9,12
tetraoxatetradecyl)amino)isoindoline-1,3-dione (53d Following general methods D,
compounds3d was obtained fror62d and38 (92 mg, 19% vyield)."H NMR (400 MHz, CDC})
5 8.53 pr s, 1H), 7.49 (ddJ = 8.5, 7.1 Hz, 1H), 7.11 (d,= 6.8 Hz, 1H), 6.93 (d] = 8.5 Hz,
1H), 6.55-6.47 (m, 1H), 4.90 (dd= 12.0, 5.4 Hz, 1H), 3.76-3.58 (M, 18H), 3.50-3 3 2H),
2.92-2.74 (m, 3H), 2.18-2.07 (M, 1H). LC-MS (ES$t)z 494.3 [M+HT".
2-(2-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisoindbn-4-yl)amino)ethoxy)ethyl
methanesulfonate (54a)Following general methods |, compouBda was obtained fronb3a
(49 mg, 83% yield)'H NMR (400 MHz, CDCJ) § 8.10 pr s, 1H), 7.63-7.44 (m, 1H), 7.12 (#,
= 7.1 Hz, 1H), 6.93 (dJ = 8.5 Hz, 1H), 6.54-6.45 (m, 1H), 4.91 (dd= 12.1, 5.3 Hz, 1H),
4.48-4.35 (m, 2H), 3.86-3.66 (m, 4H), 3.58-3.41 2ir), 3.13-2.69 (m, 6H), 2.23-2.05 (m,
1H). LC-MS (ESI): m/z 440.2 [M+H].
2-(2-(2-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisaidolin-4-yl)amino)ethoxy)ethoxy)ethyl
methanesulfonate (54b)Following general methods I, compou&db was obtained frond3b
(20 mg, 83% yield)*H NMR (400 MHz, CDC}) 5 8.14 pr s, 1H), 7.65-7.45 (m, 1H), 7.12 (,
= 7.1 Hz, 1H), 6.91 (d] = 8.5 Hz, 1H), 6.56-6.48 (m, 1H), 4.94 (dds 12.0, 5.3 Hz, 1H), 4.39
(dd, J = 5.3, 3.7 Hz, 2H), 4.00-3.66 (m, 8H), 3.52-3.4% RH), 3.05 (s, 3H), 2.93-2.62 (m,
3H), 2.28-2.06 (M, 1H). LC-MS (ESI): m/z 484.2 [M}-H
2-(2-(2-(2-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxaoindolin-4-
yl)amino)ethoxy)ethoxy)ethoxy)ethyl methanesulfona (54c).Following general methods |,

compounds4c was obtained fror3c (64 mg, 91% yield)'H NMR (400 MHz, CDCJ) & 8.20
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(br s, 1H), 7.60-7.41 (m, 1H), 7.10 @= 7.1 Hz, 1H), 6.92 (d] = 8.5 Hz, 1H), 6.52—6.44 (m,
1H), 4.92 (ddJ = 11.8, 5.4 Hz, 1H), 4.36 (dd,= 5.3, 3.7 Hz, 2H), 3.82-3.60 (m, 12H), 3.54—
3.40 (m, 2H), 3.07 (s, 3H), 2.98-2.65 (m, 3H), 2286 (m, 1H). LC-MS (ESI): m/z 528.2
[M+H] ™.
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((2R)-4-(4-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-diorisoindolin-4-
yl)amino)ethoxy)ethyl)piperazin-1-yl)-1-(phenylthigbutan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (12a). Following general method J,
compoundl2awas obtained frorB4aand18 (8.8 mg, 26% yield)'H NMR (400 MHz, CDC})
§ 8.35 (s, 1H), 8.09-7.98 (m, 1H), 7.72 Jc& 8.7 Hz, 2H), 7.48 () = 7.9 Hz, 1H), 7.40-7.29
(m, 5H), 7.25-7.20 (m, 1H), 7.10 (d= 7.1 Hz, 1H), 7.06-6.95 (m, 3H), 6.89 (U= 8.4 Hz,
1H), 6.73 (dJ = 9.1 Hz, 2H), 6.66—6.55 (m, 1H), 6.53-6.42 (m),14498—4.82 (m, 1H), 3.93—
3.80 (m, 1H), 3.76-3.40 (m, 6H), 3.32—2.64 (m, 17243-1.97 (m, 16H), 1.70-1.66 (m, 1H),
1.52-1.41 (m, 2H), 1.01-0.95 (m, 6H). LC-MS (E®f)z 1316.5 [M+H]’; HPLC: >95% purity.
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((2R)-4-(4-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-tbxoisoindolin-4-
yl)amino)ethoxy)ethoxy)ethyl)piperazin-1-yl)-1-(phaylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (12b). Following general method J,
compoundl2b was obtained frorB4b and18 (5.8 mg, 42% vyield)'H NMR (400 MHz, CDC})
§ 8.33 (s, 1H), 8.02 (i = 8.9 Hz, 1H), 7.76 (d] = 7.0 Hz, 2H), 7.52—7.46 (m, 1H), 7.41-7.33
(m, 2H), 7.32-7.27 (m, 3H), 7.25-7.21 (m, 1H), 7(dl6,J = 7.1, 2.3 Hz, 1H), 7.04-6.92 (m,

3H), 6.88 (d,J = 8.6 Hz, 1H), 6.75 (d] = 8.4 Hz, 2H), 6.56-6.40 (m, 2H), 4.96-4.73 (m),1H
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3.86-3.40 (m, 11H), 3.33-2.51 (m, 17H), 2.50-1mM9%6H), 1.74—1.60 (m, 1H), 1.48-1.37 (m,
2H), 0.95 (d,J = 5.4 Hz, 6H). LC-MS (ESI): m/z 1360.5 [M+F]HPLC: >95% purity.
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((2R)-4-(4-(2-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-13-dioxoisoindolin-4-
yl)amino)ethoxy)ethoxy)ethoxy)ethyl)piperazin-1-yl)1-(phenylthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (12c). Following general method J,
compoundL2cwas obtained frorB4cand18 (16.4 mg, 25% yield):H NMR (400 MHz, CDC})
§8.31 (s, 1H), 8.01 (dl = 8.9 Hz, 1H), 7.81 (d] = 8.5 Hz, 2H), 7.47 () = 7.8 Hz, 1H), 7.38-
7.28 (m, 5H), 7.25-7.21 (m, 1H), 7.08 (= 7.1 Hz, 1H), 6.99 (d] = 8.3 Hz, 2H), 6.96-6.85
(m, 2H), 6.75 (dJ = 8.7 Hz, 2H), 6.54-6.43 (m, 2H), 4.96-4.83 (m),183190-3.39 (m, 15H),
3.28-2.68 (m, 17H), 2.51-1.95 (m, 16H), 1.61-1167 {H), 1.47-1.41 (m, 2H), 0.97-0.93 (m,
6H). LC-MS (ESI): m/z 1404.5 [M+HT, HPLC: >95% purity.
4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((2R)-4-((2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-di@oisoindolin-4-
yl)amino)ethoxy)ethoxy)ethyl)(methyl)amino)-1-(pheglthio)butan-2-yl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (17a). Following general methods G
and H, compound7awas obtained frorB3b and19 (16.2 mg, 60% vyield)*H NMR (400 MHz,
CDCl) 5 8.31 (s, 1H), 8.07-7.93 (m, 1H), 7.77 {d= 8.5 Hz, 2H), 7.48-7.39 (m, 1H), 7.33-
7.27 (m, 3H), 7.25-7.14 (m, 3H), 7.09-6.95 (m, 46184 (dd,J = 8.6, 3.2 Hz, 1H), 6.74-6.56
(m, 3H), 6.46-6.36 (m, 1H), 4.98-4.87 (m, 1H), 3388 (m, 1H), 3.73-3.52 (m, 8H), 3.41-
3.33 (m, 2H), 3.29-3.18 (m, 4H), 3.10-2.69 (m, 11M$0-1.99 (m, 13H), 1.95-1.85 (m, 1H),

1.45 (t,J = 6.5 Hz, 2H), 0.97 (s, 6H). LC-MS (ESI): m/z 130$M+H] *; HPLC: >95% purity.
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4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((15R)-1-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoinddh-4-yl)amino)-12-methyl-
16-(phenylthio)-3,6,9-trioxa-12-azahexadecan-15-@jnino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (17b). Following general methods G
and H, compound7bwas obtained frorB3cand19 (14.6 mg, 53% yield)‘*H NMR (400 MHz,
CDCl) 5 8.37-8.26 (m, 1H), 8.06-7.95 (m, 1H), 7.77 Jd; 8.7 Hz, 2H), 7.50-7.39 (m, 1H),
7.38-7.31 (m, 2H), 7.29-7.27 (m, 1H), 7.26-7.17 8id), 7.16—7.04 (m, 2H), 7.02-6.95 (m,
2H), 6.87 (dJ = 8.5 Hz, 1H), 6.72 (d] = 8.9 Hz, 2H), 6.61 (d] = 9.4 Hz, 1H), 6.48-6.40 (m,
1H), 4.94-4.82 (m, 1H), 3.94-3.82 (m, 1H), 3.7573®, 14H), 3.29-3.18 (m, 4H), 3.10-2.97
(m, 2H), 2.92-2.60 (M, 9H), 2.44—2.20 (m, 9H), 2197 (m, 4H), 1.88-1.78 (m, 1H), 1.45Jt,
= 6.5 Hz, 2H), 0.97 (s, 6H). LC-MS (ESI): m/z 138M+H] *; HPLC: >95% purity.

4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
yI)-N-((4-(((18R)-1-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoinddh-4-yl)amino)-15-methyl-
19-(phenylthio)-3,6,9,12-tetraoxa-15-azanonadecar8lyl)amino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (17c). Following general methods G
and H, compound7cwas obtained frorB3d and19 (12.1 mg, 42% yield)*H NMR (400 MHz,
CDCl) & 8.40-8.33 (m, 1H), 8.12-8.04 (m, 1H), 7.76—7.68 2i), 7.51-7.42 (m, 1H), 7.39—
7.33 (m, 2H), 7.31-7.27 (m, 2H), 7.26-7.20 (m, 3HL2-7.06 (m, 1H), 7.03-6.94 (m, 2H),
6.87 (d,J = 8.6 Hz, 1H), 6.78-6.67 (m, 3H), 6.45Jt= 5.6 Hz, 1H), 4.96-4.80 (m, 1H), 4.02—
3.92 (m, 1H), 3.72-3.40 (m, 18H), 3.31-3.19 (m, ,48}14-3.02 (m, 2H), 2.91-2.17 (m, 18H),
2.13-1.99 (m, 4H), 1.80-1.69 (m, 1H), 1.46)( 6.5 Hz, 2H), 0.98 (s, 6H). LC-MS (ESI): m/z

1393.5 [M+H]"; HPLC: >95% purity.

71



4-((2-(2-(2-(2-Hydroxyethoxy)ethoxy)ethoxy)ethyl)anmo)-2-(1-methyl-2,6-
dioxopiperidin-3-yl)isoindoline-1,3-dione (57).Following general method D, compouid
was obtained froms6 and52c (80 mg, 34% yield)'H NMR (600 MHz, CDCY) 6 7.51 (dd,J =
8.5, 7.1 Hz, 1H), 7.12 (dl = 7.1 Hz, 1H), 6.95 (dJ = 8.5 Hz, 1H), 6.55-6.49 (m, 1H), 4.97—
4.89 (m, 1H), 3.76-3.69 (m, 12H), 3.64-3.62 (m, ,2Bi%1 (q,J = 5.6 Hz, 2H), 3.23 (s, 3H),
3.05-2.95 (m, 1H), 2.84-2.72 (m, 2H), 2.17-2.05XAf). LC-MS (ESI): m/z 464.2 [M+H].

2-(2-(2-(2-((2-(1-Methyl-2,6-dioxopiperidin-3-yl)-13-dioxoisoindolin-4-
yl)amino)ethoxy)ethoxy)ethoxy)ethyl methanesulfona (58). Following general method |1,
compounds8 was obtained frons7 (75.3 mg, 81% yield)*H NMR (600 MHz, CDC}) & 7.52
(dd,J = 8.5, 7.1 Hz, 1H), 7.13 (d,= 7.1 Hz, 1H), 6.95 (d] = 8.5 Hz, 1H), 6.55-6.45 (m, 1H),
4.98-4.89 (m, 1H), 4.42-4.34 (m, 2H), 3.81-3.77 i), 3.74 (tJ = 5.4 Hz, 2H), 3.72-3.66
(m, 8H), 3.50 (gJ = 5.4 Hz, 2H), 3.23 (s, 3H), 3.08 (s, 3H), 3.0352(m, 1H), 2.85-2.72 (m,
2H), 2.17-2.09 (m, 1H). LC-MS (ESI): m/z 542.1 [M}H

4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[11'-biphenyl]-2-yl)methyl)piperazin-1-
y1)-N-((4-(((15R)-12-methyl-1-((2-(1-methyl-2,6-dioxopiperidin-3-y}-1,3-dioxoisoindolin-4-
yl)amino)-16-(phenylthio)-3,6,9-trioxa-12-azahexadmn-15-yl)Jamino)-3-
((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide  (XZ739-NC). Following general
method J, compound XZ739-NC was obtained f&8rand19 (4.9 mg, 11% yield).'H NMR
(600 MHz, CDC}) 6 8.37 (d,J = 2.3 Hz, 1H), 8.12-8.05 (m, 1H), 7.70 {cs 8.7 Hz, 2H), 7.51—
7.45 (m, 1H), 7.42-7.29 (m, 6H), 7.27-7.22 (m, 1HR9 (d,J = 7.0 Hz, 1H), 7.03-6.97 (m,
2H), 6.91 (dJ = 8.5 Hz, 1H), 6.77 (d] = 8.8 Hz, 2H), 6.68 (dd] = 9.4, 3.9 Hz, 1H), 6.49-6.42
(m, 1H), 4.97-4.88 (m, 1H), 4.02-3.92 (m, 1H), 3.343 (m, 14H), 3.31-3.24 (m, 4H), 3.21 (s,

3H), 3.13-3.05 (m, 2H), 3.00-2.47 (m, 9H), 2.3962(@&, 9H), 2.12-2.02 (m, 4H), 1.81-1.76
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(m, 1H), 1.48 (tJ = 6.5 Hz, 2H), 1.00 (s, 6H). LC-MS (ESI): m/z 1363M+H] *; HPLC: >95%

purity.

5.2 Biology

5.2.1. Cell lines and culture. T-ALL MOLT-4 (Cat# CRL-1582), B-ALL RS4;11 (RS4, Cat#
CRL-1873), and SCLC NCI-H146 (H146, Cat# HTB-173lldines were purchased from
American Type Culture Collection (ATCC, Manassa#)VMOLT-4, RS4;11 and H146 cells
were cultured in RPMI 1640 media (Life Technologi€arlsbad, CA, USA) supplemented with
10% FBS (Atlanta Biologicals, Flowery Branch, GASH) and 1% penicillin-streptomycin
solution (Thermo Fisher Scientific, Waltham, MA, NS

5.2.2. Cell viability assay. Cell viability was measured by Tetrazolium-based Sva&ssay
(Promega, Madison, WI, USA). 5x4@ 1x106 suspension cells were seeded and treated in 96-
well plates for 48 h or 72 h. The Efalues of individual agents were calculated witlhjghPad
Prism 7 software (GraphPad Software, La Jolla, G3A).

5.2.3. Immunoblotting. Cells were collected and lysed in Lysis buffer (8osBio Products,
Ashland, MA, USA) supplied with protease and phadabke inhibitor cocktails (Sigma-Aldrich,
St. Louis, MO, USA). The equal amount of proteisaies was separated on pre-casted 4-20%
Tris-glycine gels (Bio-Rad, Hercules, CA, USA). Téafter, the proteins were transferred to
PVDF membranes (MilliporeSigma, Billerica, MA, USAJThe membranes were blocked with
5% wi/v nonfat dry milk in TBS + Tween-20 (0.1% v/iand then probed with primary
antibodies overnight at 4° C. Next day, the memésawere washed and incubated with
appropriate HRP-conjugated secondary antibodies.signal was detected using ECL substrate

(MilliporeSigma) and captured on X-ray films or @hi®oc MP Imaging System (Bio-Rad).
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The band intensities were calculated on Imagedvaoét and normalized to equal loading control
S-actin.

5.2.4. Human platelet isolation and viability assays. Platelet-rich plasma (PRP) was purchased
from Life South Community Blood Center (GainesvillEL, USA). Platelets were separated
from PRP as previously described [34]. Briefly, PRRs transferred into a 50 mL tube
containing 5 mL acid citrate buffer (Cat. No. s&244, Santa Cruz Biotechnology). To prevent
clotting, prostaglandin E1 (PGE1, Cat. No. sc-2@¥2Santa Cruz Biotechnology) and apyrase
(Cat. No. A6237, Sigma-Aldrich) were added to finahcentrations of 1 uM and 0.2 units/mL,
respectively. After centrifugation, platelet numbeas adjusted to 2 x ¥@nL in HEPES
Tyrode’s buffer containing 10% FBS, 1 uM PGEL1 ar@ tnits/mL apyrase, and treated with
various compounds. After 48 h of treatment, platelability was measured using the MTS
reagent (Cat. No. G1111, Promega, Madison, WI, USAE data were analyzed by GraphPad
Prism 7 software for the calculation ofsi®alues.

5.2.5. Flow cytometry. MOLT-4 cells were plated in 12 well plates at 4 cells/well and
treated with Veh, ABT-263, or XZ739 for 48 h. Caspactivity was blocked using Q-VD-OPh
(QVD, Cat. No. S7311, Selleckchem, Houston, TX, Y§retreatment for 2 h. After treatment,
cells were stained with Alexa Fluor 647-Annexin 60, Cat. No. 640912, BioLegend, San
Diego, CA, USA) and PI (10 pg/mL, Cat. No. 42138lgLegend, San Diego, CA, USA) at
room temperature for 30 min. For apoptosis anaglytkis stained cells were analyzed on an

Aurora flow cytometer (Cytek Aurora, Fremont, CASA)).

Notes
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Supplementary data related to this article candamd atxxxxxx. CRBN and VHL expression in
human platelets and cancer cell lines;spGf representative PROTACBCL-X, and BCL-2

binding affinities of ABT-263, DT2216, and XZ739%g@rmacokinetics (PK) profile of XZ739;
"H-NMR spectrum of XZ739; and protein levels of IZEl&nd IZFK3 in MOLT-4 cells treated

with XZ739 or pomalidomide are available in SI (BDF
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