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Abstract: Anti-apoptotic protein BCL-XL plays a key role in tumorigenesis and cancer 

chemotherapy resistance, rendering it an attractive target for cancer treatment. However, BCL-

XL inhibitors such as ABT-263 cannot be safely used in the clinic because platelets solely 

depend on BCL-XL to maintain their viability. To reduce the on-target platelet toxicity associated 

with the inhibition of BCL-XL, we designed and synthesized PROTAC BCL-XL degraders that 

recruit CRBN or VHL E3 ligase because both of these enzymes are poorly expressed in human 

platelets compared to various cancer cell lines. We confirmed that platelet-toxic BCL-XL/2 dual 

inhibitor ABT-263 can be converted into platelet-sparing CRBN/VHL-based BCL-XL specific 

degraders. A number of BCL-XL degraders are more potent in killing cancer cells than their 

parent compound ABT-263. Specifically, XZ739, a CRBN-dependent BCL-XL degrader, is 20-

fold more potent than ABT-263 against MOLT-4 T-ALL cells and has >100-fold selectivity for 

MOLT-4 cells over human platelets. Our findings further demonstrated the utility of PROTAC 

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

Apoptosis is a conserved and highly regulated biological process that plays a critical role in 

maintaining cellular homeostasis [1]. Resistance to apoptosis is a common feature in human 

malignancies and considered a key hallmark of cancer [2]. Therefore, targeting specific anti-

apoptotic pathways is a promising cancer therapeutic strategy.  Members of B-cell lymphoma 2 

(BCL-2) protein family, consisting of both pro- and anti-apoptotic proteins, regulates the 

intrinsic apoptotic pathway. Several anti-apoptotic BCL-2 family proteins such as BCL-2, BCL-

XL, and MCL-1 have been validated as anticancer targets [3-5]. Inhibition of these proteins with 

small-molecule inhibitors promotes Bax/Bak oligomerization and ultimately induces 

mitochondrial outer membrane permeabilization, followed by cytochrome c release and 

activation of caspases to execute apoptosis [1]. 

 

Figure 1. Chemical structures of representative BCl-2/BCL-XL inhibitors and BCL-2 family 

protein degraders.  
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ABT-737 (Figure 1), the first potent BCL-2/BCL-XL dual inhibitor, was developed via 

fragment-based drug discovery using NMR [6,7]. Optimization of ABT-737 afforded navitoclax 

(ABT-263) (Figure 1) [8,9], an orally bioavailable BCL-2/BCL-XL dual inhibitor that has been in  

Phase II clinical trials for hematological malignancies and small cell lung cancer (SCLC). 

However, ABT-263 treatment leads to rapid and dose-dependent thrombocytopenia when dosed 

as a single agent [10], consistent with the studies showing the dependency of platelets on BCL-

XL to maintain their viability [11,12]. To overcome this on-target, dose-limiting toxicity, a 

selective BCL-2 inhibitor, venetoclax (ABT-199) (Figure 1), was developed. Venetoclax has 

shown antileukemic activity without the induction of thrombocytopenia [13]. Subsequently, it 

was approved by the FDA for the treatment of chronic lymphocytic leukemia (CLL) and small 

lymphocytic lymphoma (SLL) as a single agent, and for acute myeloid leukemia (AML) in 

combination with low-intensity chemotherapy [14].  

The overall response rate of CLL patients to venetoclax is 71-79% but the complete remission 

rate (20%) is relatively low [15]. Upregulation of BCL-XL by microenvironmental survival 

signals has been identified as the major component accountable for the resistance, consistent 

with the high efficacy of BCL-2/BCL-XL dual inhibitor ABT-263 in killing venetoclax resistant 

CLL cells [16]. In addition, venetoclax has limited utility for the treatment of solid tumors 

[17,18] because BCL-2 is mainly associated with the survival of hematological malignancies and 

BCL-XL is the most common BCL-2 family member overexpressed in solid tumors, as well as in 

a subset of leukemia and lymphoma cells [19]. Bioinformatics analyses also reveal a strong 

correlation between the levels of BCL-XL expression and resistance to chemotherapies [20]. 

Further, it has been well established that inhibition of BCL-XL by ABT-263 is primarily 
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responsible for the observed synergy with chemotherapies in solid tumors [21,22]. Taken 

together, BCL-XL is one of the most important validated cancer targets.  

More recently, we and others discovered that ABT-263 and other BCL-XL inhibitors, such as 

A-1331852 and A-1155463 are potent senolytics, referring to small-molecules that can 

selectively kill senescent cells [23-26]. This is because BCL-XL is a key anti-apoptotic protein in 

many types of senescent cells. Subsequent studies on ABT-263 in mouse models have 

demonstrated that clearance of chemotherapy-induced senescent cells reduces several short- and 

long-term adverse effects of the chemotherapy, as well as cancer relapse and metastasis [27]. 

These findings suggest an added benefit of targeting BCL-XL for cancer treatment. Therefore, it 

is highly desirable to develop a strategy that can retain the versatility and efficacy of BCL-XL 

inhibitors, while reducing their on-target platelet toxicity.  

Several strategies have been devised to minimize the on-target platelet toxicity associated with 

the inhibition of BCL-XL. One strategy is to combine ABT-263 with chemotherapy or targeted 

therapies to reduce the dose regimen of ABT-263 so that thrombocytopenia can be manageable 

[22]. In another strategy, prodrugs of BCL-2/BCL-XL dual inhibitors have been prepared to limit 

drug exposure to platelets [28], and the lead candidate, APG-1252, is currently in Phase I clinical 

trial [29]. Further, antibody-drug conjugates (ADCs) of BCL-XL inhibitors have been designed to 

deliver the inhibitors to cancer cells more specifically. For example, ABBV-155, a BCL-XL 

inhibitor ADC that targets B7H3 expressing cancer cells, is currently in Phase I clinical trial 

[30]. We have recently demonstrated that the proteolysis targeting chimera (PROTAC), an 

emerging therapeutic modality [31-33], is also a feasible solution to reduce platelet toxicity 

associated with BCL-XL inhibition [34]. This was based on the hypothesis that because 

PROTACs engage E3 ligases to induce protein degradation, they can achieve cell/tissue 
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selectivity if the E3 ligase they recruit is differentially expressed in cells or tissues [34]. Von 

Hippel–Lindau (VHL) cullin-2 and cereblon (CRBN) cullin-4A RING E3 ligases, of which 

small-molecule ligands have been successfully employed in PROTAC design, were found to be 

minimally expressed in human platelets [35,36]. In a proof of concept study, we have shown that 

DT2216 (Figure 1), a VHL-based PROTAC derived from ABT-263, is more potent to a variety 

of BCL-XL dependent cancer cells with significantly less platelet toxicity than its parent 

compound ABT-263 [34]. In another study, through XZ424 (Figure 1), which is constructed by 

tethering BCL-XL specific inhibitor A-1155463 to CRBN ligand pomalidomide, we have 

demonstrated that CRBN could be an alternative E3 ligase to be recruited to build BCL-XL 

degraders with low platelet toxicity [37].  

The discovery of PROTAC MCL-1 and BCL-2 degraders (Figure 1) have been reported 

recently [38,39]. Herein, we describe our efforts in the discovery of potent PROTAC BCL-XL 

degraders with low platelet toxicity. Emerging evidence suggests that it could be beneficial to 

parallelly develop two or more PROTAC series hijacking different E3 ligases [40-42]. Thus, we 

have evaluated both CRBN and VHL E3 ligases based BCL-XL degraders. The critical role of 

linkerology in degradation potency and efficacy of PROTACs is well estabolished [43-45]. 

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

 

 

 

 

 



 6

 

2. Results and discussion 

 

Figure 2. X-ray crystal structures of ABT-263 (black) bound to (A) BCL-XL, available from 

PDB, code: 4QNQ, and (B) BCL-2, available from PDB, code: 4LVT. The local view of the key 

hydrogen bond between morpholine ring and protein is shown in the additional box. 

Cytotoxicity of the designed PROTACs and their ability in inducing BCL-XL degradation were 

primarily evaluated in MOLT-4, a T-cell acute lymphoblastic leukemia (T-ALL) cell line 

dependent on BCL-XL for survival. We focused on ABT-263 as the ‘warhead’ in our PROTAC 

design. The co-crystal structures of ABT-263 in complex with BCL-2/BCL-XL (PDB code 4LVT 

and 4QNQ, Figure 2) [13] indicate that the morpholine ring in ABT-263 is solvent-exposed, 

making it a suitable position for tethering to an E3 ligase binding unit through a linker. 

Accordingly, we initially converted ABT-263 to a ‘PROTAC-ready’ derivative by replacing the 

morpholine ring with a piperazine ring, followed by tethering it to a previously reported VHL 

ligand [46] through various linkers to yield compounds 1a-f, 2a-d, 3a-c, and 4a-b (Scheme 1, 

Table 1).   
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Table 1. BCL-XL Degraders Designed with Various Linkers Tethering through a Piperazine 

Ring to a VHL Ligand 

 

Compd Linker IC 50 (nM)a Compd Linker IC 50 (nM)a 

ABT-263 - 230 2b 
 

82.0 

1a 
 

>2000 2c 
 

94.5 

1b 
 

>2000 2d 
 

181 

1c 
 

>2000 3a 
 

324 

1d 
 

467 3b 
 

512 

1e 

(DT2216)  

77.1 3c 

 

232 

1f 
 

108 4a 
 

151 

2a 
 

130 4b 
 

914 

a IC50 values are the means of at least three independent experiments; reduction of MOLT-4 cell viability after 48 h treatment. 

 

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

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

2/BCL-XL degradation in the same cell line using Western blotting (Figure 3).  In the series with 
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linkers containing an amide linkage and an alkane chain, we synthesized compounds 1a-f with 1-

6 methylene groups in the alkane chain (Table 1) and determined the optimal linker length by 

comparing their potencies in the cell viability assay. DT2216 (1e) with five methylene groups in 

the linker was the most potent in this series and 3 times more potent than ABT-263. Shortening 

the linker in 1e afforded 1a-d, which exhibited largely decreased cellular potencies in the same 

assay. However, the analog (1f) with one methylene unit longer than that in 1e showed slightly 

reduced cytotoxicity against MOLT-4 cells. These results indicate that the optimal linker length 

is six carbon atoms. The cell viability assay data of 1a-f were well correlated with the protein 

degradation data (Figure 3), indicating that the cytotoxicity is mainly derived from BCL-XL 

protein degradation. Replacing the amide linkage in 1a-f with a C-N linkage yielded analogs 2a-

d. The optimal linker length in this series is five carbon atoms (compound 2b) and appears to be 

one carbon atom shorter than the amide linkage containing series, which could be attributed to 

the increased flexibility of the C-N bond in comparison to the amide bond. Replacement of one 

methylene group in the linker of 1e with an oxygen atom afforded 3a, which was ~4 times less 

potent than 1e. In general, introduction of oxygen atoms into the linker unit is detrimental to 

cellular potency. None of the oxygen-containing PROTACs we synthesized showed better 

cytotoxicity to MOLT-4 cells in comparison to their corresponding alkane linker analogs (e.g. 3a 

vs 1e, 3b vs 1f, and 4a vs 2b). Interestingly, although 4b was slightly more potent in inducing 

BCL-XL degradation than 4a at 100 nM (Figure 3B), it was ~6 times less potent in reducing 

MOLT-4 cell viability. The cytotoxicity of the PROTACs is derived from both direct inhibition 

of BCL-XL and degradation of this protein. The relative high cellular potency of 4a could be due 

to its higher cell permeability than 4b despite its low efficiency in inducing BCL-XL protein 

degradation. 
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Figure 3. Western blot analysis of the effect of VHL-based BCL-X L degraders on BCL-XL and 

BCL-2 protein levels in MOLT-4 T-ALL cells. Cells were treated with 100 nM of each 

compound for 16 h before harvesting. Degradation activity is reported as % of total protein 

remaining after compound treatment relative to the vehicle after normalization with β-actin as 

quantified by Image J software. 

Table 2. BCL-XL Degraders Designed with Various Linkers Tethering through an N-

Methylamino Group to a VHL Ligand 

 

N
H

O

N

Cl

N

N
H

O

S
O O

N
H

N

S

S
CF3

O
O

N

SN
HO

N

OH

O
Linker

 

Compd Linker IC 50 (nM)  a Compd Linker IC 50 (nM)  a 

5 
 

>2000 6e 
 

139 
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6a 
 

1243 6f 
 

1058 

6b 
 

460 7a 
 

97.0 

6c 
 

81.3 7b 
 

200 

6d 
 

147 7c 
 

206 

a IC50 values are the means of at least three independent experiments; reduction of MOLT-4 cell viability after 48 h treatment. 

 

The salt bridge between Glu96 of BCL-XL and the protonated nitrogen atom on the 

morpholine ring of ABT-263 is one of the crucial interactions for high BCL-XL binding (Figure 

2). However, the ring system is not required to maintain high binding affinity as the morpholine 

ring in ABT-263 can be replaced by a dimethylamino group as shown in ABT-737. Thus, we 

replaced the morpholine ring in ABT-263 with an N-methylamino group and tethered it to the 

same VHL binding moiety as compounds in Table 1 through an alkane chain to generate 

compounds 6a-f (Table 2).  Interestingly, despite the smaller linkage unit (a single N atom vs. a 

piperazine ring), the optimal linker length for this series of compounds was also six carbon atoms; 

compound 6c was the most potent degrader among its analogs (Figure 3B) and exhibited a 

comparable cellular potency to 1e in reducing MOLT-4 cell viability. Compound 5, which was 

generated by replacing the C-N linkage in 6c with an amide bond, had no effect on MOLT-4 cell 

viability (IC50 > 2 µM) and weak BCL-XL degradation in MOLT-4 cells at 100 nM, confirming 

the importance of the salt bridge in maintaining high BCL-XL protein binding and the subsequent 

protein degradation. Incorporation of oxygen atoms into the linker unit of 6d caused small 

increases in both protein degradation and cellular potency (7a vs. 6d). In addition, PEG-linker 
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containing PROTACs, i.e. 7a-c, are linker length independent in inducing BCL-XL protein 

degradation and cell death.    

Similar to DT2216 (1e) [34], none of these VHL-based PROTACs were able to degrade BCL-

2 in MOLT-4 cells (Figure 3), further demonstrated the feasibility of achieving target specificity 

through conversion of non-selective inhibitors to PROTACs. Our studies with the most potent 

analog in this series, DT2216, have shown that BCL-XL, but not BCL-2, can form stable ternary 

complexes with DT2216 and VHL in live cells as determined by nanoBRET assay [47], which 

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

 

Table 3. BCL-XL Degraders Designed with Various Linkers Tethering through a Piperazine 

Ring to Pomalidomide 

 

Compd Linker IC 50 (nM)  a Compd Linker IC 50 (nM)  a 

8a 
 

82.0 10a 
 

161 

8b 
 

346 10b 
 

211 

8c 
 

518 10c 
 

126 

8d 
 

>2000 11a 

 

118 

8e 
 

>2000 11b 
 

722 
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9a 
 

28.3 12a 
 

60.5 

9b 
 

43.0 12b 
 

41.4 

9c 
 

100 12c 
 

17.3 

a IC50 values are the means of at least three independent experiments; reduction of MOLT-4 cell viability after 48 h treatment. 

 

We next replaced the VHL binding moiety in compounds 1-4 with CRBN binding moiety 

pomalidomide. It is well established that different E3 ligases require different linker length 

and/or composition for optimal cellular potency. Thus, we also conducted a systematic 

investigation of linker length and composition in the CRBN-based PROTACs. As shown in 

Table 3, compounds with an amide linkage were generally less potent in reducing MOLT-4 cell 

viability when compared with their corresponding C-N linkage containing analogs with a similar 

linker length. Among the alkane-linker containing PROTACs (8a-e and 9a-c), compounds with 

the shortest linkers, i.e. 8a and 9a, were the most potent. Compound 8a, which contains an amide 

linkage and three methylene groups, was 3 times more potent than the parent compound ABT-

263. Switching the amide linkage to a C-N linkage resulted in a significant improvement on 

cellular potency; compound 9a, which contains three methylene groups in the linker, was 8 times 

more potent than ABT-263. Compounds with an amide linkage and a PEG-chain, 10a-c, 

appeared to have little dependence on linker length for their cellular potency. Replacing the 

amide linkage in 10a-c with a urea linkage, exemplified by 11a, had little effect on the ability to 

inhibit MOLT-4 growth. However, the thiourea analog 11b exhibited a ~6-fold decrease in 

potency compared to 11a, in the same assay. In contrast to 9a-c that contain a C-N linkage and 

an alkane-chain in their linkers, PEG-linker containing analogs 12a-c preferred longer linker 

length for optimal cellular potency. Compound 12c, which has the longest linker in this series 
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with 11 atoms, had the highest cellular potency that was ~12 times more potent than ABT-263 in 

reducing MOLT-4 cell viability. These results further demonstrate the empirical nature of 

PROTAC design, which is at least partially attributable to the fact that potencies of reducing cell 

viability for inhibitor-derived PROTACs are a combination of protein degradation and direct 

protein inhibition, both of which are dependent on cell permeability. As a result, analogs with 

similar intrinsic protein degradation efficiency may exhibit completely different ability to induce 

protein degradation in cells.  

We evaluated all the compounds in Table 3 for their ability to induce BCL-XL/BCL-2 protein 

degradation in MOLT-4 cells at 50 nM for 16 h. As shown in Figure 4, a good correlation 

between the ability to reduce MOLT-4 cell viability and inducing BCL-XL degradation was 

observed within each analog series. However, there was no obvious correlation among 

compounds from different series. For example, compounds 9a-c were more potent in the cell 

viability assay but much less effective in inducing protein degradation than 10a-c, indicating the 

cellular activity of 9a-c was more dependent on direct protein inhibitory effects and permeability. 

Similar to VHL-based PROTACs, no BCL-2 degradation was observed with these CRBN-based 

PROTACs.  
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Figure 4. Western-blot analysis of BCL-XL and BCL-2 protein levels in MOLT-4 T-ALL cells 

after treating with CRBN-based BCL-XL degraders at 50 nM for 16 h. Degradation activity 

reported as % of total protein remaining after compound treatment relative to vehicle after 

normalization with β-actin as quantified by Image J software. 

 

Table 4. BCL-XL Degraders Designed with Various Linkers Tethering through an N-

Methylamino Group to Pomalidomide 

NH

N

Cl

N

N
H

O

S
O O

N
H

N

S

S
CF3

O
O

N

O

H
NO O

O

Linker

 

Compd Linker IC 50 (nM)a Compd Linker IC 50 (nM)a 
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13a 
 

770 16b 
 

38.7 

13b 
 

769 16c  60.9 

14a 
 

177 16d 
 

147 

14b 
 

179 16e 
 

>2000 

15a 
 

29.2 17a 
 

35.0 

15b 
 

35.0 
17b 

(XZ739)  
10.1 

16a  32.5 17c O
O

O
O

 
19.3 

a IC50 values are the means of at least three independent experiments; reduction of MOLT-4 cell viability after 48 h treatment. 

 

Subsequently, the N-methylamine precursor for analogs in Table 2 was employed for CRBN-

based PROTACs and the cell viability data are shown in Table 4. Compounds 13a and 13b with 

an amide linkage to connect the 1,2,3-triazole containing linker and the precursor displayed 

moderate cytotoxicity against MOLT-4 cells. The extension of the alkane-chain portion of the 

linker resulted in an improvement in cellular activity (13a vs. 14a, 13b vs. 14b). The PEG-chain 

portion was more tolerated for modification, supported by the similar activity for 13a and 13b 

(or 14a and 14b). Switching the amide linkage in compounds 14a-b to C-N linkage, which 

resulted in 15a-b, significantly increased cytotoxicity in MOLT-4 cells. Protein degradation data 

indicated that 15a and 15b are better BCL-XL degraders than their amide analogs (Figure 4). 
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Similar to the compounds in Table 2, we also synthesized both alkane-chain and PEG-chain 

containing PROTACs with a C-N linkage. Compared to the corresponding VHL-based 

PROTACs with the same linker (Table 2, Figure 3), the CRBN-based PROTACs displayed much 

higher cytotoxicity and BCL-XL degradation activity. Compound 17b (XZ739), which contains a 

PEG linker with linker length of 11 atoms, was the most potent BCL-XL degrader against 

MOLT-4 cells and was ~22 times more potent than ABT-263.  

 

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

Cell Lines 

Compd 
IC50 (nM)a 48 h treatment 

DC50 (nM)b IC50 ratioc 
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 

6c 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 32.5 129 70.2 3,296 10.6 101 

17b (XZ739) 10.1 41.8 25.3 1,217 2.5 120 

a IC50 values are the means of at least three independent experiments; b in MOLT-4 cells, 16 h treatment; c IC50 ratio between 
human platelets and MOLT-4 cells. 

 

We selected several potent BCL-XL degraders for further investigation. The DC50 values (the 

concentrations at which 50% protein has been degraded) were determined in MOLT-4 cells after 

treatment with each individual degrader for 16 h. As shown in Table 5 and Figure S2, the 

CRBN-based PROTACs 12c, 15a, 16a, and 17b (XZ739) were more potent in inducing BCL-XL 

degradation and reducing the viability of MOLT-4 cells than the VHL-based PROTACs DT2216, 
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2b, and 6c. Among these PROTACs, XZ739 was the most potent BCL-X L degrader with a DC50 

value of 2.5 nM. Likely due to the reduced membrane permeability relative to their parent 

compound ABT-263, coupled with the lack of BCL-2 degradation, none of these ABT-263 

derived BCL-XL degraders were significantly more potent than ABT-263 in reducing the 

viability of RS4;11, a B-cell ALL cell line that mainly depends on BCL-2 for survival [13]. The 

CRBN-based BCL-XL degraders were also more potent than the VHL-based degraders in H146 

cells, a small cell lung cancer cell line that depends on both BCL-2 and BCL-XL for survival and 

has low VHL expression (Figure S1). Subsequently, the BCL-XL degraders in Table 5 were 

tested for their toxicity against human platelets and most displayed >100-fold selectivity for 

MOLT-4 cells over platelets. In contrast, ABT-263 showed no selectivity between these platelets 

and MOLT-4 cells.   

 

 

Figure 5. XZ739-induced BCL-XL degradation. (A) Western blots showing the BCL-XL protein 

levels in MOLT-4 cells treated with the indicated concentrations of XZ739 for 16 h. (B) BCL-XL 

protein levels in MOLT-4 cells treated with 100 nM of XZ739 at the indicated time points. (C) 

BCL-XL protein levels in MOLT-4 cells after incubation with 100 nM of XZ739 for 16 h 

followed by drug washout, resuspension and incubation of the cells for additional time as 

indicated in a drug-free medium. (D-E) Pretreatment with 10 µM pomalidomide (POM) or 1 µM 

MG-132 for 2 h blocked the degradation of BCL-XL induced by XZ739. (F) Western blot 
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analysis of BCL-XL in MOLT-4 cells treated with XZ739-NC at indicated concentrations for 16 

h. Data are representative of two independent experiments.  

 

Western blot analysis revealed that XZ739 dose-dependently induced BCL-XL degradation in 

MOLT-4 cells (Figure 5A). In addition, the BCL-XL degradation induced by XZ739 in MOLT-4 

was rapid, starting within 2 h; and 8 h after drug treatment, more than 96% of the protein was 

degraded with 100 nM of XZ739 (Figure 5B). The effects of XZ739 on BCL-XL protein levels in 

MOLT-4 were long-lasting and also reversible, as indicated in the ‘washout’ experiment (Figure 

5C). Further, XZ739-induced BCL-XL degradation can be abrogated by proteasome inhibitor 

MG-132 (Figure 5D) or excess competitive CRBN ligand pomalidomide (Figure 5E), indicating 

that the degradation depends on both proteasomes and the CRBN E3 ligase. To further confirm 

that the CRBN E3 ligase is involved in XZ739-induced BCL-XL degradation. We synthesized 

XZ739-NC, a negative control compound of XZ739, in which a methyl group is installed on the 

amino group in the pomalidomide moiety of XZ739 to block CRBN binding. Not surprisingly, 

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

 

Figure 6. XZ739 shows improved selectivity because of its low activity in inducing BCL-XL 

degradation in human platelets, and the remaining cytotoxicity to human platelets mainly 

depends on BCL-XL inhibition. (A) Western blot analysis of BCL-XL levels after treatment of 
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human platelets with indicated concentration of XZ739 for 16 h. (B) IC50 fold changes in 

MOLT-4 cells and human platelets after blocking with 10 µM pomalidomide (POM). IC50 values 

in MOLT-4 cells and platelets were normalized to 1.0. 

 

In human platelets, no significant changes in BCL-XL protein levels were observed after 16 h 

treatment with up to 1.0 µM of XZ739 (Figure 6A).  The cytotoxicity of high concentrations of 

XZ739 to platelets most likely derived from BCL-XL inhibition rather than degradation as pre-

incubation of platelets with pomalidomide did not affect the cytotoxicity of XZ739 to platelets 

while a ~27-fold shift in IC50 values was observed in MOLT-4 cells with pomalidomide 

pretreatment (Figure 6B).  

 

 

Figure 7. Characterization of XZ739-mediated apoptosis in MOLT-4 cells. (A) Western blot 

analysis of cleaved-PARP and cleaved-caspase-3 after 16 h treatment with indicated 

concentrations of XZ739. (B) Flow cytometry analysis of apoptosis using Annexin-V and PI 

staining. MOLT-4 cells were treated with XZ739 or ABT-263 at 10 and 100 nM for 48 h. XZ739 

(100 nM) significantly increased the percentage of apoptotic cells, and QVD (10 µM) pre-
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treatment for 2 h inhibited the apoptosis induced by XZ739. Data are representative of two 

independent experiments.  

 

We next assessed the impact of XZ739 on apoptosis. Western blot analysis showed that XZ739 

dose-dependently increased poly (ADP-ribose) polymerase (PARP) and caspase-3 cleavage in 

MOLT-4 cells (Figure 7A), suggesting the apoptotic cell-death mechanism. Further, to confirm 

that XZ739 induces cell death through caspase-mediated apoptosis, we did flow cytometry 

analysis of apoptosis using Annexin-V and propidium iodide (PI) staining (Figure 7B). We found 

that, 10 nM of XZ739 treatment for 48 h significantly increased the percentage of Annexin-V-

positive cells in MOLT-4 cells compared to the vehicle group. In comparison, ABT-263 showed 

similar effect at much higher concentration (100 nM). In addition, pretreatment with 10 µM of 

pan-caspase inhibitor Q-VD-OPh (QVD) for 2 h partially inhibited the XZ739-induced 

apoptosis, which confirms that XZ739 induces cell death through a caspase-dependent 

mechanism.  

CRBN-targeting immunomodulatory drugs (IMiDs) such as thalidomide, pomalidomide and 

lenalidomide can induce degradation of a number of neo-substrate proteins through a C2H2 

degron. PROTACs that are based on these IMiDs may have the potential to exert some off-target 

effects by degrading some of these C2H2 zinc finger proteins [48]. To test this possibility, we 

evaluated the effects of XZ739 on the expression of the Ikaros proteins that are well known 

targets of those CRBN E3 ligands, and found that IKZF1 and IKZF3 protein levels were not 

affected in MOLT-4 cells treated with 10 nM XZ739 but downregulated when the cells were 

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

 

 

Scheme 1. Reagents and conditions: (a) i. MeNH2, MgSO4, THF, rt; ii. NaBH3CN, THF, rt; (b) 
Troc-Cl, TEA, DCM, rt; (c) TFA, DCM, rt; (d) 24, TEA, acetonitrile, reflux; (e) 26, EDCI, 
DMAP, DCM, rt; (f) Zn, HOAc, THF, rt. 

 

Precursor 18 that contains a piperazinyl moiety for linker attachment and aldehyde 20 were 

prepared as described in our recent publication [34]. The synthesis of methylamino group 

containing precursor 19 is outlined in Scheme 1. Briefly, aldehyde 20 was converted to amine 21 

through a reductive amination reaction. The amino group in 21 was protected with 2,2,2-

trichloroethoxycarbonyl (Troc) group by treating with trichloroethyl chloroformate (Troc-Cl) to 

give 22.  Removal of the Boc protection group in 22 afforded 23, which was subjected to SNAr 

substitution with 24 to yield N-acylsulfonamide 25. Coupling of 25 with acid 26 in the presence 

of EDCI and DMAP afforded 27. Removal of the Troc group in 27 with Zn/HOAc gave 19.  
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Scheme 2. Reagents and conditions: (a) HATU, TEA, DCM, rt; (b) LiOH monohydrate, 
MeOH, H2O, rt. 

 

The syntheses of VHL-based PROTACs are illustrated in Schemes 2 and 3. The VHL ligand 

motif 28 was prepared by following reported methods [46]. Coupling of 28 with acid 29a-f 

followed by hydrolysis with LiOH afforded 30a-f. Direct coupling between dicarboxylic acid 
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29g-i and 28 also worked smoothly in good yields (62-89%). PROTACs 1a-f, 3a-c, and 5 were 

obtained via coupling of precursor 18/19 with 30a-i (Scheme 2).  

 

 

Scheme 3. Reagents and conditions: (a) i. K2CO3, NaI, DMSO, 80 °C; ii. LiOH monohydrate, 
MeOH, THF, H2O, rt; (b) 28, HATU, TEA, DCM, rt. 

 

The synthesis of the series with C-N linkage started from bromides 31a-f or tosylates 34a-d 

(Scheme 3). Nucleophilic substitution with amine 18/19 in the presence of K2CO3 and NaI at 

80 °C, followed by ester hydrolysis, afforded acid intermediates 32a-d, 33a-f, 35a-b, and 36a-c, 

respectively, which were coupled with VHL ligand 28 to generate the corresponding final 

products 2a-d, 4a-b, 6a-f, and 7a-c. 
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Scheme 4. Reagents and conditions. (a) DIPEA, DMF, 90 °C; (b) 18, HATU, DIPEA, DCM, rt; 
(c) TFA, DCM, rt. 

 

The syntheses of CRBN-based PROTAC BCL-XL degraders are illustrated in Schemes 4-7. 

As shown in Scheme 4, amino acids 37a-e were coupled with 38 in the presence of DIPEA to 

afford intermediates 39a-e. Compound 8a-e were synthesized by amide coupling of 39a-e with 

18. PEG linker containing PROTACs 10a-c were synthesized by initial coupling of amine 40a-c 

with 38, followed by removal of the tert-butyl on them to give intermediates 41a-c and amide 

coupling with 18.    

 

 

Scheme 5. Reagents and conditions: (a) HATU, DIPEA, DCM, rt; (b) CuSO4·5H2O, sodium 
L-ascorbate, tBuOH, THF, H2O, 50 °C; (c) K2CO3, NaI, DMSO, 80 °C. 
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As shown in Scheme 5, compounds 13a-b and 14a-b were produced through coupling of 

azido acid 42a-b with precursor 19, followed by a click reaction with alkynes 44a/44b [37]. The 

synthesis of 15a-b started from a nucleophilic substitution of tosylate 45 with 19, followed by 

click reaction.  

 

 

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

 

The synthesis of compounds 11a and 11b is shown in Scheme 6. The key intermediate 48 was 

synthesized by coupling of compounds 47 and 38, followed by removal of the Boc group by 

treating with TFA/DCM. Compound 48 was treated with carbonyldiimidazole or 1,1'-

thiocarbonyldiimidazole and then with precursor 18 to afford compound 11a and 11b, 

respectively.  
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Scheme 7. Reagents and conditions. (a) DIPEA, DMF, 90 °C; (b) i. COCl2, DMSO, DCM, -78 
°C; ii. 50 or 53, DCM, -78 °C; iii. TEA, DCM, -78 °C then rt; (c) NaBH3CN, TEA, DCM, rt; (d) 
MsCl, TEA, DCM, rt; (e) DIPEA, NaI, 1,4-dioxane, 90 °C. 

 

The syntheses of CRBN-based PROTACs with a C-N linkage are illustrated in Scheme 7. 

Since the pomalidomide moiety is unstable under the treatment of inorganic bases, they were 

synthesized either by nucleophilic substitution of mesylates with precursor 18/19 in the presence 

of DIPEA or by reductive amination of aldehydes with 18/19. Briefly, coupling of 38 with 49a-

e/52a-d afforded 50a-e and 53a-d, respectively. Swern oxidation of 50a-e produced aldehyde 
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51a-e. Other oxidation methods, including PCC, PDC, Dess-Martin periodinane, and IBX, 

afforded unsatisfactory results.  Subsequent reductive amination of the aldehydes with the 

corresponding precursor 18 or 19 yielded compounds 9a-c and 16a-e, respectively. Compounds 

17a-c were obtained by using the same strategy. Compounds 12a-c were synthesized by using a 

different method. Mesylates 54a-c, which are more stable than the corresponding aldehyde 

intermediates, were prepared from 53a-c. Nucleophilic substitution of 54a-c with 18 in the 

presence of DIPEA and NaI afforded 12a-c. Similarly, XZ739-NC, the negative control 

compound of XZ739, was synthesized starting from compound 56.   

 

4. Conclusions 

In this study, we reported the design, synthesis, and evaluation of a series of PROTAC BCL-

XL degraders. Through tethering BCL-2/BCL-XL dual inhibitor ABT-263 and a VHL ligand or a 

CRBN ligand, and varying the linker unit, we obtained a number of BCL-XL degraders that 

showed improved cytotoxicity against BCL-XL dependent MOLT-4 cells when compared with 

ABT-263. Protein degradation assay confirmed that these BCL-XL PROTACs were able to 

degrade BCL-XL but not BCL-2 despite that the warhead ABT-263 binds to both proteins. In 

addition, human platelets were more tolerant to the treatment of these degraders whereas the 

parent BCL-XL inhibitor ABT-263 showed no selectivity for MOLT-4 cells over platelets. Both 

CRBN and VHL-based PROTACs were able to achieve >100-fold selectivity in vitro for MOLT-

4 cells over human platelets. XZ739, a CRBN-based BCL-XL PROTAC, was the most potent 

analog against various cancer cell lines. The mouse plasma stability assay and preliminary 

pharmacokinetic study revealed that XZ739 is bioavailable (Figure S4). Overall, we have 
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developed a novel strategy to reduce drug on-target toxicity by conversion of a conventional 

inhibitor into a protein degrader. 

Despite the high molecular weight of PROTACs that are derived from PPI inhibitors, a 

number of PPI-targeting degraders have been successfully developed, including MCL-1 [38], 

BCL-2/MCL-1 [39], MDM2 [49], BCL-6 [50], and STAT3 [51,52]. Due to their catalytic mode 

of action, common ‘rules’ such as ‘rule-of-five’ may not be suitable to predict the drug-like 

properties of PROTACs. The size and molecular weight of our BCL-XL specific degraders are 

among the largest PROTACs, which further highlighted the broad utility of this therapeutic 

modality.  

 

5. Experimental 

5.1. Chemistry  

THF, DCM, toluene, and acetonitrile were obtained via a solvent purification system by 

filtering through two columns packed with activated alumina and 4 Å molecular sieve, 

respectively. All other chemicals obtained from commercial sources were used without further 

purification. Flash chromatography was performed using silica gel (230–400 mesh) as the 

stationary phase. Reaction progress was monitored by thin-layer chromatography (silica-coated 

glass plates) and visualized by UV light, and/or by LC-MS. NMR spectra were recorded in 

CDCl3, CD3OD, or acetone-d6 at 400 or 600 MHz for 1H NMR. Chemical shifts δ are given in 

using tetramethylsilane as an internal standard. Multiplicities of NMR signals are designated as 

singlet (s), broad singlet (br s), doublet (d), doublet of doublets (dd), triplet (t), quartet (q), and 

multiplet (m). All final compounds for biological testing were of ≥95.0% purity as analyzed by 

LC-MS, performed on an Advion AVANT LC system with the expression CMS using two 
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different columns: a Thermo Accucore™ Vanquish™ C18+ UHPLC Column (1.5 µm, 50 x 2.1 

mm) at 40 °C and a Thermo Scientific™ BetaSil™ C18 Column (3.0 µm, 150 x 4.6 mm) at 25 

°C. Gradient elution was used for UHPLC with a mobile phase 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 equiv.), HATU (1.05 

equiv.) and TEA (5.0 equiv.) in DCM was stirred at room temperature for 1 h. The mixture was 

poured into water and extracted with DCM. The combined organic layers were washed with 

NH4Cl (aq.) × 1, brine × 1, dried over anhydrous Na2SO4, filtered and concentrated under 

vacuum. The residue crude product was purified by flash column chromatography to afford the 

desired compound.  

5.1.1.2. General Method B. To a solution of ester (1.0 equiv.) in MeOH was added LiOH (5.0 

equiv.). The mixture was stirred at room temperature for 2 h and the solvent was removed under 

reduced pressure. The residue crude product was purified by column chromatography to afford 

the corresponding carboxylic acid. 

5.1.1.3. General Method C. A mixture of amine (1.0 equiv.), an appropriate bromide or 

tosylate (5.0 equiv.), K2CO3 (2.0 equiv.), and NaI (0.2 equiv.) in DMSO was stirred at 80 °C 

overnight. The mixture was poured into water and extracted with DCM. The combined organic 

layers were washed with NH4Cl (aq.) × 1, brine × 1, dried over anhydrous Na2SO4, filtered, and 

concentrated under vacuum. The crude product was purified by column chromatography to 

afford the corresponding ester intermediate. 

5.1.1.4. General Method D. 2-(2,6-Dioxopiperidin-3-yl)-4-fluoroisoindoline-1,3-dione (1.0 

equiv.), amine (1.2 equiv.), and DIPEA (2.0 equiv.) in DMF were stirred at 90 °C overnight. The 
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reaction was cooled to room temperature and poured into water. The resulting mixture was 

extracted with ethyl acetate and the combined organic layers were washed with water × 1, brine 

× 1, dried over anhydrous Na2SO4, filtered, and evaporated to dryness under vacuum. The 

residue crude product was purified by column chromatography to afford the desired compound. 

5.1.1.5. General Method E. To a solution of tert-butyl ester (1.0 equiv.) in DCM was added 

TFA (20-30 equiv.). The mixture was stirred at room temperature overnight and the solvent was 

evaporated under reduced pressure. The residue crude product was washed with Et2O to afford 

the desired product. 

5.1.1.6. General Method F. To a mixture of azide (1.0 equiv.), alkyne (1.2 equiv.) in tBuOH-

THF (1:1, v/v) under argon was added CuSO4·5H2O (0.2 equiv.) and sodium ascorbate (0.2 

equiv.) in water. The mixture was stirred at 50 °C for 3 h and cooled to room temperature before 

poured into water. The resulting mixture was extracted with DCM. The combined organic layers 

were washed with brine × 1, dried over anhydrous Na2SO4, filtered, and evaporated to dryness. 

The residue crude product was purified via flash column 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 and (COCl)2 

(1.5 equiv.) was added dropwise. The mixture was stirred for 10 min and alcohol (1.0 equiv.) in 

DCM was added dropwise into the solution. TEA (6.0 equiv.) was added after 10 min and the 

resulting mixture was kept at -78 °C for 30 min and then warmed to room temperature. The 

mixture was poured into water and extracted with DCM. The combined organic layers were 

washed with water × 1, brine × 1, dried over anhydrous Na2SO4, filtered, and evaporated to 

dryness. The residue crude product was purified by flash column chromatography using DCM 
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and MeOH as eluents to afford the corresponding aldehyde, which was used directly in the next 

step. 

5.1.1.8. General Method H. A mixture of amine (1.0 equiv.) and aldehyde (1.5 equiv.) in DCM 

was treated with triethylamine (4.0 equiv.) and NaBH3CN (2.0 equiv.). The mixture was stirred 

at room temperature overnight. The solution was poured into water and extracted with DCM. 

The combined organic layers were washed with water × 1, brine × 1, dried over anhydrous 

Na2SO4, filtered, and evaporated to dryness. The residue crude product was purified by flash 

column chromatography using DCM and MeOH as eluents to afford the desired product. 

5.1.1.9. General Method I. To a mixture of alcohol (1.0 equiv.), TEA (4.0 equiv.) in DCM was 

added MsCl (1.2 equiv.). The mixture was stirred at room temperature for 3 h and poured into 

water. The resulting mixture was extracted with ethyl acetate and the combined organic layers 

were washed with water × 1, brine × 1, dried over anhydrous Na2SO4, filtered, and evaporated to 

dryness. The residue crude product was purified by flash column chromatography using DCM 

and MeOH as eluents. 

5.1.1.10. General Method J. A mixture of amine (1.0 equiv.), an appropriate mesylate (3.0 

equiv.), DIPEA (10 equiv.), and NaI (0.2 equiv.) in 1,4-dioxane was stirred at 90 °C overnight. 

The mixture was poured into water and extracted with ethyl acetate. The combined organic 

phases were washed with water × 1, NH4Cl (aq.) × 1, brine × 1, dried over anhydrous Na2SO4, 

filtered, and evaporated to dryness. The residue crude product was purified by flash column 

chromatography using DCM and MeOH as eluents to afford the desired product.  

(R)-tert-Butyl (4-(methylamino)-1-(phenylthio)butan-2-yl)carbamate (21). A mixture of 

compound 20 (450 mg, 1.53 mmol), MeNH2 (2.0 M in MeOH; 7.5 mL, 15.0 mmol) and MgSO4 

(3.0 g, 24.9 mmol) in THF (50 mL) was stirred at room temperature overnight. NaBH3CN (143 
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mg, 2.27 mmol) was then added. The resulting mixture was stirred at room temperature for 30 

min. The solution was diluted with water and extracted with DCM. The combined organic phases 

were washed with brine × 1, dried over anhydrous Na2SO4, filtered and evaporated to dryness. 

The crude product was purified via column chromatography using DCM and MeOH as eluents to 

afford the title compound (280 mg, 56% yield). 1H NMR (400 MHz, CDCl3) δ 7.45–7.28 (m, 

4H), 7.27–7.23 (m, 1H), 5.09 (d, J = 8.1 Hz, 1H), 4.52–4.31 (m, 1H), 3.86–3.66 (m, 1H), 3.27–

2.81 (m, 3H), 2.67 (s, 3H), 2.30–2.17 (m, 1H), 1.88–1.72 (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 compound 21 (280 mg, 0.90 mmol), 

Troc-Cl (137 µL, 1.00 mmol) and TEA (250 µL, 1.80 mmol) in DCM (10 mL) was stirred at 

room temperature for 3 h. The mixture was poured into water and extracted with DCM. The 

combined organic phases were washed with brine × 1, dried over anhydrous Na2SO4, filtered, 

and evaporated to dryness. The residue crude product was purified via flash column 

chromatography using ethyl acetate and hexanes as eluents to afford the title compound. 1H 

NMR (400 MHz, CDCl3) δ 7.44–7.16 (m, 5H), 4.87–4.59 (m, 3H), 3.89–3.71 (m, 1H), 3.59–3.40 

(m, 1H), 3.33–3.01 (m, 3H), 3.00–2.91 (m, 3H), 2.11–1.88 (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 compound 22 (from above) in DCM (10 mL) was added 

TFA (700 µL, 9.15 mmol). The mixture was stirred at room temperature for 3 h and the solvent 

was removed under reduced pressure. The residue solid was washed with Et2O 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 23 

(from above), 4-fluoro-3-((trifluoromethyl)sulfonyl)benzenesulfonamide 24 (280 mg, 0.91 

mmol) and TEA (750 µL, 5.39 mmol) in acetonitrile (30 mL) was refluxed overnight. The 

reaction was cooled to room temperature and the solvent was evaporated under reduced pressure.  

The residue was purified via flash column chromatography using ethyl acetate and hexanes as 

eluents to afford the title compound (220 mg, 36% yield in 3 steps). 1H NMR (400 MHz, CDCl3) 

δ 8.26 (s, 1H), 7.81 (dd, J = 9.1, 2.3 Hz, 1H), 7.45–7.29 (m, 5H), 7.03–6.94 (m, 1H), 6.51–6.37 

(m, 1H), 4.92 (s, 2H), 4.83–4.55 (m, 2H), 3.81–3.61 (m, 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-MS (ESI): 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-tetrahydro-[1,1'-

biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-

((trifluoromethyl)sulfonyl)phenyl)amino)-4-(phenylt hio)butyl)(methyl)carbamate (27). A 

mixture of compound 25 (220 mg, 0.33 mmol), acid 26 (174 mg, 0.40 mmol), EDCI (151 mg, 

0.79 mmol) and DMAP (96 mg, 0.79 mmol) in DCM (15 mL) was stirred at room temperature 

overnight. The mixture was poured into water and extracted with DCM. The combined organic 

layers were washed with 1N HCl (aq.) × 1, brine × 1, dried over anhydrous Na2SO4, filtered, and 

evaporated to dryness. The crude product was purified via flash column chromatography using 

DCM and MeOH as eluents to afford the title compound. 1H NMR (400 MHz, CDCl3) δ 8.38 (d, 

J = 2.2 Hz, 1H), 8.13 (dd, J = 9.2, 2.3 Hz, 1H), 7.66 (d, J = 8.7 Hz, 2H), 7.45–7.28 (m, 6H), 

7.08–6.95 (m, 3H), 6.77 (d, J = 8.7 Hz, 2H), 6.48–6.38 (m, 1H), 4.83–4.50 (m, 2H), 3.82–3.61 

(m, 1H), 3.48–3.26 (m, 6H), 3.22–2.88 (m, 7H), 2.60–2.19 (m, 7H), 2.12–2.06 (m, 2H), 1.93–

1.74 (m, 1H), 1.54–1.41 (m, 2H), 0.99 (s, 6H). LC-MS (ESI): m/z 1091.9 [M+H] +. 



 34

(R)-4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[1,1'-biphenyl]-2-

yl)methyl)piperazin-1-yl)-N-((4-((4-(methylamino)-1-(phenylthio)butan-2-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (19).  Zinc powder (960 mg, 14.8 

mmol) was added to a mixture of compound 27 and AcOH (600 µL, 10.5 mmol) in THF (20 

mL). The reaction was stirred at room temperature overnight. Solid was removed by filtration 

and the filtrate was poured into water and extracted with ethyl acetate. The organic phases were 

washed brine × 1, dried over anhydrous Na2SO4, filtered and evaporated to dryness. The crude 

product was purified via column chromatography using DCM, MeOH and TEA as eluents to 

afford the title compound (180 mg, 60% yield in 2 steps). 1H NMR (600 MHz, CD3OD) δ 8.29 

(d, J = 2.3 Hz, 1H), 8.09 (dd, J = 9.2, 2.3 Hz, 1H), 7.85–7.79 (m, 2H), 7.43–7.34 (m, 4H), 7.27–

7.20 (m, 2H), 7.19–7.13 (m, 3H), 6.96–6.91 (m, 2H), 6.88 (d, J = 9.3 Hz, 1H), 4.14–4.01 (m, 

1H), 3.53–3.34 (m, 7H), 3.24–3.21 (m, 1H), 3.13–3.02 (m, 2H), 3.02–2.82 (m, 3H), 2.70 (s, 3H), 

2.42–2.35 (m, 2H), 2.29–2.19 (m, 1H), 2.12–1.97 (m, 4H), 1.57 (t, J = 6.5 Hz, 2H), 1.07 (s, 6H). 

LC-MS (ESI): m/z 918.1 [M+H] +. 

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

yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-3-

oxopropanoic acid (30a). Following general methods A and B, compound 30a was obtained 

from 29a and 28 (27 mg, 88% yield). 1H NMR (400 MHz, CDCl3) δ 9.26 (s, 1H), 8.65 (s, 1H), 

7.90 (s, 1H), 7.43–7.29 (m, 4H), 5.13–4.98 (m, 1H), 4.83–4.67 (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 (m, 2H), 2.50 (s, 3H), 2.43–2.23 (m, 1H), 

2.21–2.06 (m, 1H), 1.45 (d, J = 7.0 Hz, 3H), 1.06 (s, 9H). LC-MS (ESI): m/z 531.1 [M+H]  +. 

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

yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-4-
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oxobutanoic acid (30b). Following general methods A and B, compound 30b was obtained from 

29b and 28 (84 mg, 99% yield) 1H NMR (400 MHz, CDCl3) δ 8.67 (s, 1H), 7.94 (d, J = 8.2 Hz, 

1H), 7.79 (d, J = 7.7 Hz, 1H), 7.44–7.34 (m, 4H), 5.13–5.03 (m, 1H), 4.81–4.73 (m, 1H), 4.51–

4.38 (m, 2H), 4.15 (d, J = 11.4 Hz, 1H), 3.54 (dd, J = 11.4, 3.5 Hz, 1H), 2.64–2.37 (m, 8H), 

2.16–2.06 (m, 1H), 1.47 (d, J = 6.9 Hz, 3H), 1.05 (s, 9H). LC-MS (ESI): m/z 545.1 [M+H]  +. 

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

yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-5-

oxopentanoic acid (30c). Following general methods A and B, compound 30c was obtained 

from 29c and 28. (10 mg, 31% yield). 1H NMR (400 MHz, CDCl3) δ 8.67 (s, 1H), 7.66 (d, J = 

7.8 Hz, 1H), 7.45–7.32 (m, 4H), 7.19 (s, 1H), 5.15–5.02 (m, 1H), 4.80–4.69 (m, 1H), 4.57 (d, J = 

8.4 Hz, 1H), 4.46 (s, 1H), 4.16–4.03 (m, 1H), 3.60 (dd, J = 11.1, 3.8 Hz, 1H), 2.52 (s, 3H), 2.47–

1.84 (m, 8H), 1.47 (d, J = 6.9 Hz, 3H), 1.05 (s, 9H). LC-MS (ESI): m/z 559.2 [M+H]  +. 

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

yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-6-

oxohexanoic acid (30d). Following general methods A and B, compound 30d was obtained 

from 29d and 28 (33 mg, 59% yield). 1H NMR (400 MHz, CDCl3) δ 8.67 (s, 1H), 7.67 (d, J = 

7.7 Hz, 1H), 7.43–7.32 (m, 4H), 6.85 (d, J = 8.9 Hz, 1H), 5.09 (t, J = 7.2 Hz, 1H), 4.72 (t, J = 8.1 

Hz, 1H), 4.63 (d, J = 9.0 Hz, 1H), 4.46 (s, 1H), 4.06 (d, J = 11.3 Hz, 1H), 3.61 (dd, J = 11.2, 3.6 

Hz, 1H), 2.52 (s, 3H), 2.41–2.05 (m, 6H), 1.73–1.52 (m, 4H), 1.47 (d, J = 6.9 Hz, 3H), 1.03 (s, 

9H). LC-MS (ESI): m/z 573.2 [M+H] +. 

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

yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-7-

oxoheptanoic acid (30e). Following general methods A and B, compound 30e was obtained 
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from 29e and 28 (100 mg, 88% yield). 1H NMR (400 MHz, CDCl3 and CD3OD) δ 8.72 (s, 1H), 

8.05–7.89 (m, 1H), 7.43–7.33 (m, 4H), 7.24–7.08 (m, 1H), 5.14–4.95 (m, 1H), 4.73–4.40 (m, 

3H), 4.00–3.93 (m, 1H), 3.76–3.59 (m, 1H), 2.52 (s, 3H), 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-(((S)-1-((2S,4R)-4-Hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-8-

oxooctanoic acid (30f). Following general methods A and B, compound 30f was obtained from 

29f and 28 (90 mg, 97% yield). 1H NMR (400 MHz, CDCl3) δ 8.72 (s, 1H), 7.59 (d, J = 7.8 Hz, 

1H), 7.40–7.33 (m, 4H), 6.92 (d, J = 8.7 Hz, 1H), 5.15–4.98 (m, 1H), 4.76–4.67 (m, 1H), 4.62 (d, 

J = 8.9 Hz, 1H), 4.52 (s, 1H), 4.04 (d, J = 11.2 Hz, 1H), 3.74–3.59 (m, 1H), 2.51 (s, 3H), 2.39–

2.10 (m, 6H), 1.66–1.45 (m, 7H), 1.35–1.27 (m, 4H), 1.03 (s, 9H). LC-MS (ESI): m/z 601.2 

[M+H]  +. 

3-(3-(((S)-1-((2S,4R)-4-Hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-3-

oxopropoxy)propanoic acid (30g). Following general method A, compound 30g was obtained 

from 29g and 28 (21.2 mg, 62% yield). 1H NMR (400 MHz, CDCl3) δ 8.66 (s, 1H), 7.60 (d, J = 

7.8 Hz, 1H), 7.48–7.32 (m, 4H), 7.10 (d, J = 8.3 Hz, 1H), 5.12–4.98 (m, 1H), 4.76 (t, J = 8.0 Hz, 

1H), 4.55 (d, J = 8.4 Hz, 1H), 4.49–4.41 (m, 1H), 4.08 (d, J = 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), 2.15–2.05 (m, 1H), 1.47 (d, J = 6.9 Hz, 3H), 

1.03 (s, 9H). LC-MS (ESI): m/z 589.2 [M+H] +. 

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

yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-2-

oxoethoxy)ethoxy)acetic acid (30h). Following general method A, compound 30h was obtained 
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from 29h and 28 (22 mg, 65% yield). 1H NMR (400 MHz, CDCl3) δ 8.66 (s, 1H), 7.64–7.31 (m, 

6H), 5.13–4.98 (m, 1H), 4.75 (t, J = 8.1 Hz, 1H), 4.57 (d, J = 8.8 Hz, 1H), 4.48–4.40 (m, 1H), 

4.15–3.85 (m, 5H), 3.80–3.63 (m, 4H), 3.58 (dd, J = 11.3, 3.5 Hz, 1H), 2.55–2.37 (m, 4H), 2.16–

2.02 (m, 1H), 1.47 (d, J = 6.8 Hz, 3H), 1.05 (s, 9H). Yield: 11.3 mg, 31%. LC-MS (ESI): m/z 

605.3 [M+H] +. 

2-(3-(2-(((S)-1-((2S,4R)-4-Hydroxy-2-(((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)carbamoyl)pyrrolidin-1-yl)-3,3-dimethyl-1-oxobutan-2-yl)amino)-2-

oxoethoxy)propoxy)acetic acid (30i). Following general method A, compound 30i was obtained 

from 29i and 28 (32 mg, 89% yield). 1H NMR (400 MHz, CDCl3) δ 8.66 (s, 1H), 7.69 (d, J = 7.7 

Hz, 1H), 7.40–7.26 (m, 5H), 5.11–5.02 (m, 1H), 4.71 (t, J = 7.9 Hz, 1H), 4.57 (d, J = 9.0 Hz, 

1H), 4.49–4.43 (m, 1H), 4.03–3.85 (m, 5H), 3.69–3.57 (m, 5H), 2.51 (s, 3H), 2.45–2.34 (m, 1H), 

2.12–2.03 (m, 1H), 1.96–1.87 (m, 2H), 1.47 (d, J = 7.0 Hz, 3H), 1.03 (s, 9H). LC-MS (ESI): m/z 

619.4 [M+H] +. 

(2S,4R)-1-((S)-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-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (1a). Following general method A, compound 1a 

was obtained from 30a and 18 (13.1 mg, 57% yield). 1H NMR (400 MHz, CDCl3) δ 8.74–8.54 

(m, 2H), 8.35 (d, J = 2.2 Hz, 1H), 8.10 (dd, J = 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 (d, J = 8.5 Hz, 1H), 7.01–6.94 (m, 2H), 6.75 (d, J = 8.7 Hz, 

2H), 6.64 (d, J = 9.4 Hz, 1H), 5.13–5.01 (m, 1H), 4.80–4.71 (m, 1H), 4.54–4.44 (m, 2H), 4.19–

4.04 (m, 1H), 3.97–3.84 (m, 1H), 3.72–2.88 (m, 15H), 2.59–2.02 (m, 20H), 1.66 (d, J = 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 (ESI): m/z 1485.6 [M+H] +; 

HPLC: >95% purity. 

(2S,4R)-1-((S)-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-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (1b). Following general method A, compound 1b 

was obtained from 30b and 18 (14.2 mg, 66% yield). 1H NMR (400 MHz, CDCl3) δ 8.67 (s, 1H), 

8.37 (d, J = 2.2 Hz, 1H), 8.09 (dd, J = 9.2, 2.3 Hz, 1H), 7.68 (d, J = 8.6 Hz, 2H), 7.60 (d, J = 7.8 

Hz, 1H), 7.43–7.28 (m, 10H), 7.26–7.21 (m, 1H), 7.11–6.89 (m, 4H), 6.76 (d, J = 8.8 Hz, 2H), 

6.62 (d, J = 9.4 Hz, 1H), 5.14–5.01 (m, 1H), 4.81–4.74 (m, 1H), 4.53 (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 (m, 13H), 2.62–1.99 (m, 24H), 

1.74–1.61 (m, 1H), 1.51–1.43 (m, 5H), 1.06 (s, 9H), 0.98 (s, 6H). LC-MS (ESI): m/z 1499.7 

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

(2S,4R)-1-((S)-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-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (1c). Following general method A, compound 1c 

was obtained from 30c and 18. (19.9 mg, 64% yield). 1H NMR (400 MHz, CDCl3) δ 8.67 (s, 

1H), 8.34 (d, J = 2.2 Hz, 1H), 8.09 (dd, J = 9.3, 2.3 Hz, 1H), 7.71 (d, J = 8.7 Hz, 2H), 7.52 (d, J 

= 7.8 Hz, 1H), 7.41–7.27 (m, 9H), 7.26–7.21 (m, 2H), 7.12–6.95 (m, 3H), 6.89 (d, J = 8.3 Hz, 

1H), 6.76 (d, J = 8.8 Hz, 2H), 6.61 (d, J = 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, J = 11.3 Hz, 1H), 3.96–3.81 (m, 1H), 3.68–2.85 (m, 13H), 2.54–2.00 

(m, 24H), 1.87 (m, J = 7.2 Hz, 2H), 1.78–1.60 (m, 1H), 1.46 (dd, J = 6.7, 3.6 Hz, 5H), 1.06 (s, 

9H), 0.97 (s, 6H). LC-MS (ESI): m/z 1513.6 [M+H] +; HPLC: >95% purity. 

(2S,4R)-1-((S)-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-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (1d). Following general method A, compound 1d 

was obtained from 30d and 18 (19.4 mg, 88% yield). 1H NMR (400 MHz, CDCl3) δ 8.67 (s, 1H), 

8.34 (d, J = 2.3 Hz, 1H), 8.09 (dd, J = 9.3, 2.3 Hz, 1H), 7.70 (d, J = 8.6 Hz, 2H), 7.45–7.27 (m, 

10H), 7.26–7.22 (m, 2H), 7.12–6.94 (m, 3H), 6.76 (d, J = 8.7 Hz, 2H), 6.62 (d, J = 9.4 Hz, 1H), 

6.56 (d, J = 8.7 Hz, 1H), 5.14–5.01 (m, 1H), 4.80–4.69 (m, 1H), 4.61 (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 (m, 13H), 2.54–2.00 (m, 24H), 

1.45 (d, J = 6.7 Hz, 10H), 1.05 (s, 9H), 0.97 (s, 6H). LC-MS (ESI): m/z 1527.7 [M+H] +; HPLC: 

>95% purity. 

(2S,4R)-1-((S)-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-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (1e). Following general method A, compound 1e 

was obtained from 30e and 18 (12.7 mg, 40% yield). 1H NMR (400 MHz, CDCl3) δ 8.67 (s, 1H), 

8.34 (d, J = 2.3 Hz, 1H), 8.08 (d, J = 9.1 Hz, 1H), 7.69 (d, J = 8.6 Hz, 2H), 7.46–7.27 (m, 12H), 

7.14–6.93 (m, 3H), 6.76 (d, J = 8.6 Hz, 2H), 6.61 (d, J = 9.4 Hz, 1H), 6.34 (d, J = 8.7 Hz, 1H), 
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5.13–5.00 (m, 1H), 4.79–4.69 (m, 1H), 4.60 (d, J = 8.7 Hz, 1H), 4.49 (s, 1H), 4.10 (d, J = 11.4 

Hz, 1H), 3.96–3.83 (m, 1H), 3.72–2.81 (m, 13H), 2.55–2.00 (m, 24H), 1.77–1.30 (m, 12H), 1.03 

(s, 9H), 0.97 (s, 6H). LC-MS (ESI): m/z 1541.7 [M+H]  +; HPLC: >95% purity.  

(2S,4R)-1-((S)-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-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (1f). Following general method A, compound 1f 

was obtained from 30f and 18 (21.7 mg, 57% yield).  1H NMR (400 MHz, CDCl3) δ 8.67 (s, 1H), 

8.34 (d, J = 2.3 Hz, 1H), 8.14–8.05 (m, 1H), 7.71 (d, J = 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, J = 8.6 Hz, 2H), 6.61 (d, J = 9.4 Hz, 1H), 6.32 (d, J = 

8.7 Hz, 1H), 5.14–5.02 (m, 1H), 4.77–4.67 (m, 1H), 4.60 (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 (m, 13H), 2.54–1.99 (m, 24H), 1.76–1.23 (m, 

14H), 1.04 (s, 9H), 0.97 (s, 6H). LC-MS (ESI): m/z 1555.6 [M+H] +; HPLC: >95% purity. 

(2S,4R)-1-((S)-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-hydroxy-N-((S)-1-(4-(4-methylthiazol-

5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (3a). Following general method A, compound 

3a was obtained from 30g and 18 (25.0 mg, 95% yield). 1H NMR (400 MHz, CDCl3) δ 8.66 (s, 

1H), 8.34 (d, J = 2.2 Hz, 1H), 8.00 (dd, J = 9.2, 2.2 Hz, 1H), 7.82 (d, J = 8.9 Hz, 2H), 7.44–7.32 

(m, 7H), 7.31–7.26 (m, 3H), 7.26–7.21 (m, 2H), 7.01–6.91 (m, 4H), 6.76 (d, J = 9.0 Hz, 2H), 

6.53 (d, J = 9.4 Hz, 1H), 5.12–4.99 (m, 1H), 4.73 (t, J = 8.0 Hz, 1H), 4.54 (d, J = 8.4 Hz, 1H), 
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4.50–4.42 (m, 1H), 4.09 (d, J = 11.4 Hz, 1H), 3.89–3.62 (m, 6H), 3.55 (dd, J = 11.4, 3.6 Hz, 1H), 

3.48–3.30 (m, 3H), 3.27–3.20 (m, 4H), 3.09 (dd, J = 13.8, 4.8 Hz, 1H), 2.94 (dd, J = 13.8, 7.6 

Hz, 1H), 2.82 (s, 2H), 2.59–2.00 (m, 24H), 1.69–1.60 (m, 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-((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)-2-

oxoethoxy)ethoxy)acetamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-(4-(4-

methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (3b). Following general method 

A, compound 3b was obtained from 30h and 18 (18.0 mg, 65% yield). 1H NMR (400 MHz, 

CDCl3) δ 8.67 (s, 1H), 8.35 (d, J = 2.3 Hz, 1H), 8.00 (dd, J = 9.2, 2.3 Hz, 1H), 7.78 (d, J = 8.8 

Hz, 2H), 7.43–7.33 (m, 8H), 7.32–7.27 (m, 3H), 7.26–7.21 (m, 2H), 7.04–6.93 (m, 3H), 6.80–

6.72 (m, 2H), 6.57 (d, J = 9.4 Hz, 1H), 5.11–5.00 (m, 1H), 4.71 (t, J = 8.0 Hz, 1H), 4.58 (d, J = 

8.8 Hz, 1H), 4.51–4.42 (m, 1H), 4.25–3.94 (m, 5H), 3.90–3.81 (m, 1H), 3.72–3.37 (m, 9H), 

3.28–3.22 (m, 4H), 3.11–3.06 (m, 1H), 2.96 (dd, J = 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), 1.05 (s, 9H), 0.97 (s, 6H). LC-MS (ESI): m/z 

1559.6 [M+H] +; HPLC: >95% purity. 

(2S,4R)-1-((S)-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)-4-hydroxy-N-((S)-1-(4-(4-

methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (3c). Following general method 

A, compound 3c was obtained from 30i and 18 (15.9 mg, 63% yield). 1H NMR (400 MHz, 
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CDCl3) δ 8.67 (s, 1H), 8.36 (d, J = 2.2 Hz, 1H), 8.03 (dd, J = 9.2, 2.3 Hz, 1H), 7.78–7.71 (m, 

2H), 7.46–7.33 (m, 7H), 7.32–7.27 (m, 3H), 7.26–7.22 (m, 3H), 7.06 (d, J = 8.6 Hz, 1H), 7.02–

6.95 (m, 2H), 6.80–6.68 (m, 2H), 6.60 (d, J = 9.4 Hz, 1H), 5.12–5.02 (m, 1H), 4.74 (t, J = 7.9 

Hz, 1H), 4.58 (d, J = 8.8 Hz, 1H), 4.53–4.46 (m, 1H), 4.19–3.81 (m, 6H), 3.72–3.54 (m, 6H), 

3.52–3.33 (m, 3H), 3.32–3.22 (m, 4H), 3.12–3.07 (m, 1H), 2.98 (dd, J = 13.8, 7.3 Hz, 1H), 2.84 

(s, 2H), 2.50–1.88 (m, 22H), 1.69–1.62 (m, 1H), 1.50–1.42 (m, 5H), 1.05 (s, 9H), 0.97 (s, 6H). 

LC-MS (ESI): m/z 1573.6 [M+H] +; HPLC: >95% purity. 

N1-((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-

(phenylthio)butyl)-N7-((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)-N1-

methylheptanediamide (5). Following general method A, compound 5 was obtained from 30e 

and 19 (6.6 mg, 29% yield). 1H NMR (400 MHz, CDCl3 and CD3OD) δ 8.69 (s, 1H), 8.44–8.30 

(m, 1H), 8.10–7.96 (m, 1H), 7.92–7.57 (m, 3H), 7.43–7.34 (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, 1H), 4.72–4.40 (m, 3H), 4.12–3.88 (m, 1H), 

3.81–2.77 (m, 15H), 2.51 (s, 3H), 2.45–1.93 (m, 15H), 1.83–1.16 (m, 12H), 1.08–0.94 (m, 15H). 

LC-MS (ESI): m/z 1486.6 [M+H] +; HPLC: >95% purity. 

(2S,4R)-1-((S)-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-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (2a). Following general methods C, B and A, 

compound 2a was obtained from 31a, 18 and 28 (7.3 mg, 27% yield). 1H NMR (400 MHz, 
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CDCl3 and CD3OD) δ 8.64 (s, 1H), 8.26 (d, J = 2.2 Hz, 1H), 8.05–7.94 (m, 1H), 7.78 (d, J = 8.6 

Hz, 2H), 7.56 (d, J = 7.7 Hz, 1H), 7.38–7.29 (m, 6H), 7.25–7.15 (m, 5H), 7.00–6.83 (m, 4H), 

6.73 (d, J = 8.6 Hz, 2H), 6.54 (d, J = 9.3 Hz, 1H), 5.08–4.95 (m, 1H), 4.59 (t, J = 8.2 Hz, 1H), 

4.52 (d, J = 9.0 Hz, 1H), 4.42 (s, 1H), 3.95 (d, J = 11.3 Hz, 1H), 3.84–3.69 (m, 1H), 3.56 (dd, J = 

11.3, 3.4 Hz, 1H), 3.23–3.15 (m, 4H), 3.05 (dd, J = 13.7, 5.0 Hz, 1H), 2.95 (dd, J = 13.8, 7.0 Hz, 

1H), 2.78 (s, 2H), 2.67–1.92 (m, 28H), 1.69–1.40 (m, 10H), 0.99 (s, 9H), 0.94 (s, 6H). LC-MS 

(ESI): m/z 1499.8 [M+H] +; HPLC: >95% purity. 

(2S,4R)-1-((S)-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, 

compound 2b was obtained from 31b, 18 and 28 (8.4 mg, 30% yield). 1H NMR (400 MHz, 

CDCl3 and CD3OD) δ 8.67 (s, 1H), 8.30 (d, J = 2.2 Hz, 1H), 8.01 (dd, J = 9.1, 2.2 Hz, 1H), 7.83 

(d, J = 8.6 Hz, 2H), 7.57 (d, J = 7.7 Hz, 1H), 7.42–7.32 (m, 6H), 7.29–7.19 (m, 5H), 7.03–6.90 

(m, 3H), 6.77 (t, J = 9.1 Hz, 3H), 6.54 (d, J = 9.3 Hz, 1H), 5.06 (p, J = 7.0 Hz, 1H), 4.66 (t, J = 

8.2 Hz, 1H), 4.57 (d, J = 9.1 Hz, 1H), 4.45 (s, 1H), 4.01 (d, J = 11.4 Hz, 1H), 3.79 (s, 1H), 3.58 

(dd, J = 11.2, 3.3 Hz, 1H), 3.22 (t, J = 4.9 Hz, 4H), 3.08 (dd, J = 13.7, 4.8 Hz, 1H), 3.01–2.92 

(m, 1H), 2.82 (s, 2H), 2.79–1.94 (m, 28H), 1.75–1.18 (m, 12H), 1.02 (s, 9H), 0.97 (d, J = 1.8 Hz, 

6H). LC-MS (ESI): m/z 1513.7 [M+H] +; HPLC: >95% purity. 

(2S,4R)-1-((S)-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-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (2c). Following general methods C, B and A, 

compound 2c was obtained from 31c, 18 and 28 (22.6 mg, 81% yield). 1H NMR (400 MHz, 

CDCl3 and CD3OD) δ 8.75 (s, 1H), 8.33 (d, J = 2.2 Hz, 1H), 8.25 (d, J = 7.6 Hz, 1H), 8.07 (dd, J 

= 9.2, 2.3 Hz, 1H), 7.81 (d, J = 8.7 Hz, 2H), 7.56 (s, 1H), 7.41–7.17 (m, 11H), 7.13–7.00 (m, 

3H), 6.84 (d, J = 9.0 Hz, 2H), 6.69 (d, J = 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 (m, 12H), 2.75–1.95 (m, 24H), 1.86–1.21 (m, 

14H), 1.04 (s, 9H), 1.02 (s, 6H). LC-MS (ESI): m/z 1527.7 [M+H] +; HPLC: >95% purity. 

(2S,4R)-1-((S)-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, 

compound 2d was obtained from 31d, 18 and 28 (18.3 mg, 65% yield). 1H NMR (400 MHz, 

CDCl3 and CD3OD) δ 8.75 (s, 1H), 8.34 (d, J = 2.2 Hz, 1H), 8.20 (d, J = 7.6 Hz, 1H), 8.08 (dd, J 

= 9.2, 2.3 Hz, 1H), 7.78 (d, J = 8.7 Hz, 2H), 7.56 (s, 1H), 7.46–7.19 (m, 11H), 7.13 (d, J = 8.4 

Hz, 1H), 7.07–6.99 (m, 2H), 6.88–6.80 (m, 2H), 6.68 (d, J = 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 (m, 1H), 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, 6H). LC-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-tetrahydro-[1,1'-

biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-2-

((trifluoromethyl)sulfonyl)phenyl)amino)-4-
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(phenylthio)butyl)(methyl)amino)pentanamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-

(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (6a). Following general 

methods C, B and A, compound 6a was obtained from 31a, 19 and 28 (11.1 mg, 47% yield). 1H 

NMR (600 MHz, CDCl3) δ 8.69 (s, 1H), 8.43–8.34 (m, 1H), 7.93 (d, J = 9.0 Hz, 1H), 7.83 (d, J = 

8.5 Hz, 2H), 7.48–7.29 (m, 8H), 7.28–7.18 (m, 4H), 7.05–6.92 (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), 4.60 (d, J = 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 (m, 4H), 3.13–3.03 (m, 2H), 2.86–2.81 (m, 

2H), 2.74–2.49 (m, 7H), 2.40–2.02 (m, 16H), 1.85–1.73 (m, 1H), 1.49–1.36 (m, 9H), 1.05 (s, 

9H), 1.00 (s, 6H). LC-MS (ESI): m/z 1444.5 [M+H] +; HPLC: >95% purity. 

(2S,4R)-1-((S)-2-(6-(((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)(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, 

compound 6b was obtained from 31b, 19 and 28 (5.9 mg, 19% yield). 1H NMR (600 MHz, 

CDCl3) δ 8.68 (s, 1H), 8.32 (d, J = 2.2 Hz, 1H), 8.00–7.91 (m, 1H), 7.85 (d, J = 8.5 Hz, 2H), 

7.48 (d, J = 7.8 Hz, 1H), 7.42–7.31 (m, 6H), 7.30–7.29 (m, 1H), 7.28–7.19 (m, 4H), 7.05–6.89 

(m, 3H), 6.82–6.65 (m, 3H), 6.43 (d, J = 8.6 Hz, 1H), 5.12–5.03 (m, 1H), 4.78 (t, J = 8.2 Hz, 

1H), 4.60 (d, J = 8.7 Hz, 1H), 4.50–4.42 (m, 1H), 4.09 (d, J = 11.3 Hz, 1H), 4.02–3.92 (m, 1H), 

3.63–3.55 (m, 1H), 3.29–3.19 (m, 4H), 3.10 (dd, J = 13.9, 4.7 Hz, 1H), 3.03 (dd, J = 13.8, 6.4 

Hz, 1H), 2.87–2.71 (m, 3H), 2.70–2.41 (m, 9H), 2.40–2.23 (m, 7H), 2.19–1.99 (m, 6H), 1.89–

1.80 (m, 1H), 1.48–1.38 (m, 7H), 1.35 (t, J = 7.3 Hz, 2H), 1.20–1.13 (m, 2H), 1.05 (s, 9H), 1.00 

(s, 6H). LC-MS (ESI): m/z 1458.6 [M+H] +; HPLC: >95% purity. 
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(2S,4R)-1-((S)-2-(7-(((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-

(phenylthio)butyl)(methyl)amino)heptanamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-

(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (6c). Following general 

methods C, B and A, compound 6c was obtained from 31c, 19 and 28 (7.3 mg, 23% yield). 1H 

NMR (600 MHz, CDCl3) δ 8.68 (s, 1H), 8.34 (d, J = 2.2 Hz, 1H), 7.93 (d, J = 9.0 Hz, 1H), 7.88 

(d, J = 8.6 Hz, 2H), 7.45–7.29 (m, 8H), 7.28–7.21 (m, 4H), 7.03–6.94 (m, 3H), 6.78 (d, J = 9.0 

Hz, 2H), 6.70–6.62 (m, 1H), 6.46–6.38 (m, 1H), 5.11–5.02 (m, 1H), 4.77 (t, J = 8.2 Hz, 1H), 

4.62 (d, J = 8.8 Hz, 1H), 4.51–4.45 (m, 1H), 4.16–4.10 (m, 1H), 4.03–3.94 (m, 1H), 3.62–3.56 

(m, 1H), 3.27–3.19 (m, 4H), 3.10 (dd, J = 13.8, 4.8 Hz, 1H), 3.01 (dd, J = 13.8, 6.7 Hz, 1H), 

2.82–2.49 (m, 9H), 2.44–2.25 (m, 10H), 2.19–2.01 (m, 6H), 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). LC-MS (ESI): m/z 1472.6 [M+H] +; HPLC: 

>95% purity. 

(2S,4R)-1-((S)-2-(8-(((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)(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, 

compound 6d was obtained from 31d, 19 and 28 (5.1 mg, 21% yield). 1H NMR (600 MHz, 

CDCl3) δ 8.69 (s, 1H), 8.51–8.39 (m, 1H), 8.10–8.02 (m, 1H), 7.91–7.79 (m, 2H), 7.44–7.29 (m, 

8H), 7.28–7.19 (m, 4H), 7.06–6.97 (m, 3H), 6.85–6.76 (m, 3H), 6.46–6.36  (m, 1H), 5.06–4.93 

(m, 1H), 4.80 (t, J = 8.5 Hz, 1H), 4.71–4.62 (m, 1H), 4.56–4.49 (m, 1H), 4.22–4.16 (m, 1H), 
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4.16–4.07 (m, 1H), 3.71–3.58 (m, 1H), 3.35–3.23 (m, 4H), 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 (t, J = 6.5 Hz, 9H), 1.27–1.16 (m, 6H), 1.06 

(s, 9H), 1.01 (s, 6H). LC-MS (ESI): m/z 1486.6 [M+H] +; HPLC: >95% purity. 

(2S,4R)-1-((S)-2-(9-(((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-

(phenylthio)butyl)(methyl)amino)nonanamido)-3,3-dimethylbutanoyl)-4-hydroxy-N-((S)-1-

(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (6e). Following general 

methods C, B and A, compound 6e was obtained from 31e, 19 and 28 (9.1 mg, 40% yield). 1H 

NMR (600 MHz, CDCl3) δ 8.69 (s, 1H), 8.36 (d, J = 2.1 Hz, 1H), 7.99 (d, J = 9.1 Hz, 1H), 7.84 

(d, J = 8.6 Hz, 2H), 7.41–7.29 (m, 9H), 7.28–7.21 (m, 3H), 7.07–6.96 (m, 3H), 6.83–6.67 (m, 

3H), 6.44 (d, J = 8.9 Hz, 1H), 5.10–5.01 (m, 1H), 4.76 (t, J = 8.1 Hz, 1H), 4.65 (d, J = 8.9 Hz, 

1H), 4.54–4.49 (m, 1H), 4.18–4.00 (m, 2H), 3.65–3.58 (m, 1H), 3.32–3.24 (m, 4H), 3.13–3.03 

(m, 2H), 2.88–2.46 (m, 11H), 2.44–2.01 (m, 14H), 1.95–1.85 (m, 1H), 1.54–1.43 (m, 9H), 1.22–

1.10 (m, 8H), 1.06 (s, 9H), 1.00 (s, 6H). LC-MS (ESI): m/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-tetrahydro-[1,1'-

biphenyl]-2-yl)methyl)piperazin-1-yl)benzoyl)sulfamoyl)-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, 

compound 6f was obtained from 31f, 19 and 28 (7.8 mg, 43% yield). 1H NMR (600 MHz, 

CDCl3) δ 8.69 (s, 1H), 8.33 (s, 1H), 8.04–7.94 (m, 1H), 7.90–7.76 (m, 2H), 7.46–7.32 (m, 7H), 
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7.30–7.29 (m, 1H), 7.28–7.19 (m, 4H), 7.07–6.95 (m, 3H), 6.84–6.57 (m, 3H), 6.46–6.29 (m, 

1H), 5.15–4.99 (m, 1H), 4.76 (t, J = 8.0 Hz, 1H), 4.63 (d, J = 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 (m, 4H), 3.15–3.03 (m, 2H), 2.89–2.52 (m, 

8H), 2.51–2.02 (m, 17H), 1.87–1.84 (m, 1H), 1.53–1.45 (m, 9H), 1.22–1.09 (m, 10H), 1.04 (s, 

9H), 1.00 (s, 6H). LC-MS (ESI): m/z 1514.7 [M+H] +; HPLC: >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-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (4a). Following general methods C, B and A, 

compound 4a was obtained from 34a, 18 and 28 (7.4 mg, 49% yield). 1H NMR (400 MHz, 

CDCl3) δ 8.66 (s, 1H), 8.37 (d, J = 2.1 Hz, 1H), 8.09 (d, J = 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 (m, 1H), 6.99 (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, 1H), 4.91–4.77 (m, 1H), 4.67 (d, J = 9.3 

Hz, 1H), 4.47 (s, 1H), 4.04–2.65 (m, 21H), 2.60–1.93 (m, 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)-4-hydroxy-N-((S)-1-(4-(4-

methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-2-carboxamide (4b). Following general methods 

C, B and A, compound 4b was obtained from 34b, 18 and 28 (5.4 mg, 54% yield). 1H NMR (400 

MHz, CDCl3) δ 8.67 (s, 1H), 8.40 (d, J = 2.2 Hz, 1H), 8.01 (d, J = 9.3 Hz, 1H), 7.70 (d, J = 8.6 
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Hz, 2H), 7.60 (d, J = 7.4 Hz, 1H), 7.43–7.27 (m, 12H), 6.99 (d, J = 8.5 Hz, 2H), 6.78 (d, J = 8.7 

Hz, 2H), 6.70–6.61 (m, 1H), 5.15–5.03 (m, 1H), 4.83–4.73 (m, 1H), 4.67 (d, J = 9.3 Hz, 1H), 

4.45 (s, 1H), 4.18–2.65 (m, 25H), 2.61–1.93 (m, 20H), 1.85–1.44 (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-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-yl)phenyl)ethyl)pyrrolidine-

2-carboxamide (7a). Following general methods C, B and A, compound 7a was obtained from 

34b, 19 and 28 (7.5 mg, 48% yield). 1H NMR (400 MHz, CDCl3) δ 8.65 (s, 1H), 8.37 (d, J = 2.2 

Hz, 1H), 8.07–7.99 (m, 1H), 7.73 (d, J = 8.6 Hz, 2H), 7.45 (d, J = 7.8 Hz, 1H), 7.39–7.27 (m, 

8H), 7.25–7.10 (m, 4H), 7.01–6.95 (m, 2H), 6.79–6.70 (m, 3H), 5.13–5.03 (m, 1H), 4.84 (t, J = 

8.1 Hz, 1H), 4.60 (d, J = 8.9 Hz, 1H), 4.53–4.46 (m, 1H), 4.11–3.98 (m, 2H), 3.87 (d, J = 15.4 

Hz, 1H), 3.66–3.58 (m, 2H), 3.52–3.33 (m, 6H), 3.27–3.20 (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, 15H), 1.79–1.68 (m, 1H), 1.51–1.43 (m, 5H), 

1.04 (s, 9H), 0.98 (s, 6H). LC-MS (ESI): m/z 1490.7 [M+H]  +; 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-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (7b). Following general methods C, B and A, 

compound 7b was obtained from 34c, 19 and 28 (7.8 mg, 60% yield). 1H NMR (400 MHz, 

CDCl3) δ 8.66 (s, 1H), 8.35 (d, J = 2.0 Hz, 1H), 8.01 (d, J = 8.6 Hz, 1H), 7.76 (d, J = 8.5 Hz, 
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2H), 7.49 (d, J = 7.8 Hz, 1H), 7.39–7.32 (m, 6H), 7.29–7.27 (m, 1H), 7.26–7.10 (m, 5H), 7.03–

6.95 (m, 2H), 6.82–6.68 (m, 3H), 5.13–5.01 (m, 1H), 4.82 (t, J = 8.1 Hz, 1H), 4.61 (d, J = 8.9 

Hz, 1H), 4.48 (s, 1H), 4.12–4.00 (m, 2H), 3.91–3.48 (m, 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), 1.93–1.81 (m, 1H), 1.52–1.43 (m, 5H), 1.04 (s, 

9H), 0.98 (s, 6H). LC-MS (ESI): m/z 1534.7 [M+H] +; HPLC: >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-hydroxy-N-((S)-1-(4-(4-methylthiazol-5-

yl)phenyl)ethyl)pyrrolidine-2-carboxamide (7c). Following general methods C, B and A, 

compound 7c was obtained from 34d, 19 and 28 (8.5 mg, 58% yield). 1H NMR (400 MHz, 

CDCl3) δ 8.66 (s, 1H), 8.40 (s, 1H), 8.03 (d, J = 9.1 Hz, 1H), 7.76 (d, J = 8.4 Hz, 2H), 7.48–7.32 

(m, 8H), 7.31–7.28 (m, 2H), 7.25–7.12 (m, 3H), 7.02–6.96 (m, 2H), 6.92–6.67 (m, 3H), 5.17–

4.99 (m, 1H), 4.83 (t, J = 8.1 Hz, 1H), 4.61 (d, J = 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), 2.91–2.49 (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). LC-MS (ESI): m/z 1578.7 [M+H] +; 

HPLC: >95% purity. 

4-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)butanoic acid (39a). 

Following general method D, compound 39a was obtained from 37a and 38 (34 mg, 26% yield). 

1H NMR (400 MHz, CDCl3) δ 8.27 (s, 1H), 7.50 (dd, J = 8.5, 7.1 Hz, 1H), 7.11 (dd, J = 7.1, 0.6 

Hz, 1H), 6.93 (d, J = 8.5 Hz, 1H), 6.36–6.25 (m, 1H), 4.92 (dd, J = 12.1, 5.3 Hz, 1H), 3.43–3.29 

(m, 2H), 2.97–2.67 (m, 3H), 2.49 (t, J = 7.0 Hz, 2H), 2.16–2.08 (m, 1H), 2.03–1.96 (m, 2H). LC-

MS (ESI): m/z 360.1 [M+H] +. 
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5-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)pentanoic acid (39b). 

Following general method D, compound 39b was obtained from 37b and 38 (30 mg, 21% yield). 

1H NMR (400 MHz, CDCl3) δ 8.28 (s, 1H), 7.49 (dd, J = 8.5, 7.1 Hz, 1H), 7.10 (dd, J = 7.1, 0.6 

Hz, 1H), 6.93 (d, J = 8.5 Hz, 1H), 6.36–6.25 (m, 1H), 4.92 (dd, J = 12.1, 5.3 Hz, 1H), 3.30–3.20 

(m, 2H), 2.97–2.67 (m, 3H), 2.45–2.35 (m, 2H), 2.16–2.05 (m, 1H), 1.80–1.65 (m, 4H). LC-MS 

(ESI): m/z 374.1 [M+H] +.   

6-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)hexanoic acid (39c) 

Following general method D, compound 39c was obtained from 37c and 38 (45 mg, 16% yield). 

1H NMR (400 MHz, CDCl3) δ 8.29 (s, 1H), 7.54–7.44 (m, 1H), 7.09 (dd, J = 7.2, 0.6 Hz, 1H), 

6.86 (d, J = 8.5 Hz, 1H), 6.27–6.10 (m, 1H), 4.91 (dd, J = 12.2, 5.3 Hz, 1H), 3.36–3.16 (m, 2H), 

2.99–2.63 (m, 3H), 2.39 (t, J = 7.4 Hz, 2H), 2.18–2.06 (m, 1H), 1.82–1.62 (m, 4H), 1.52–1.39 

(m, 2H). LC-MS (ESI): m/z 388.2 [M+H] +. 

7-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)heptanoic acid (39d). 

Following general method D, compound 39d was obtained from 37d and 38 (26 mg, 36% yield). 

1H NMR (400 MHz, CDCl3) δ 8.39 (s, 1H), 7.48 (dd, J = 8.5, 7.1 Hz, 1H), 7.07 (dd, J = 7.1, 0.6 

Hz, 1H), 6.87 (d, J = 8.5 Hz, 1H), 6.31–6.10 (m, 1H), 4.91 (dd, J = 12.0, 5.4 Hz, 1H), 3.32–3.18 

(m, 2H), 2.97–2.66 (m, 3H), 2.35 (t, J = 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-dioxoisoindolin-4-yl)amino)octanoic acid (39e). 

Following general method D, compound 39e was obtained from 37e and 38 (28 mg, 19% yield). 

1H NMR (400 MHz, CDCl3) δ 8.37 (s, 1H), 7.49 (dd, J = 8.5, 7.1 Hz, 1H), 7.08 (d, J = 7.1 Hz, 

1H), 6.88 (d, J = 8.5 Hz, 1H), 6.32–6.16 (m, 1H), 4.92 (dd, J = 12.1, 5.4 Hz, 1H), 3.31–3.20 (m, 
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2H), 3.02–2.65 (m, 3H), 2.35 (t, J = 7.4 Hz, 2H), 2.19–2.08 (m, 1H), 1.73–1.57 (m, 4H), 1.50–

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-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-

yl)-N-((4-(((2R)-4-(4-(4-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)butanoyl)piperazin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (8a). Following general method A, 

compound 8a was obtained from 39a and 18 (3.1 mg, 14% yield). 1H NMR (400 MHz, CDCl3) δ 

8.60–8.30 (m, 2H), 8.10–8.00 (m, 1H), 7.74–7.64 (m, 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), 7.01–6.91 (m, 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), 3.98–3.84 (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, 5H), 2.47–1.93 (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 1314.4 [M+H] +; HPLC: >95% purity. 

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

yl)-N-((4-(((2R)-4-(4-(5-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)pentanoyl)piperazin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (8b). Following general method A, 

compound 8b was obtained from 39b and 18 (11.9 mg, 63% yield). 1H NMR (400 MHz, CDCl3) 

δ 8.57–8.26 (m, 2H), 8.13–8.04 (m, 1H), 7.68 (d, J = 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), 6.87 (d, J = 8.5 Hz, 1H), 6.80–6.71 (m, 2H), 

6.59 (dd, J = 9.6, 2.6 Hz, 1H), 6.24 (t, J = 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 (m, 2H), 2.92–2.66 (m, 5H), 2.44–2.00 (m, 

18H), 1.74–1.49 (m, 7H), 0.98 (s, 6H). LC-MS (ESI): m/z 1328.5 [M+H] +; HPLC: >95% purity. 
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4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-

yl)-N-((4-(((2R)-4-(4-(6-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)hexanoyl)piperazin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (8c). Following general method A, 

compound 8c was obtained from 39c and 18 (15.4 mg, 61% yield). 1H NMR (400 MHz, CDCl3) 

δ 8.60–8.26 (m, 2H), 8.09 (t, J = 8.6 Hz, 1H), 7.71–7.59 (m, 2H), 7.51–7.45 (m, 1H), 7.42–7.27 

(m, 5H), 7.26–7.25 (m, 1H), 7.16–6.94 (m, 4H), 6.87 (d, J = 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 (m, 2H), 3.51–3.19 (m, 9H), 3.14–2.96 (m, 

2H), 2.92–2.69 (m, 5H), 2.45–1.98 (m, 18H), 1.67–1.46 (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-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-

yl)-N-((4-(((2R)-4-(4-(7-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)heptanoyl)piperazin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (8d). Following general method A, 

compound 8d was obtained from 39d and 18 (17.6 mg, 79% yield). 1H NMR (400 MHz, CDCl3) 

δ 8.54 (d, J = 13.2 Hz, 1H), 8.36 (d, J = 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 (m, 1H), 7.14–6.95 (m, 4H), 6.86 (d, J = 8.5 

Hz, 1H), 6.74 (d, J = 8.7 Hz, 2H), 6.59 (dd, J = 9.5, 4.1 Hz, 1H), 6.21 (t, J = 5.6 Hz, 1H), 4.96–

4.85 (m, 1H), 3.94–3.62 (m, 2H), 3.50–3.21 (m, 9H), 3.13–2.97 (m, 2H), 2.92–2.65 (m, 5H), 

2.52–1.98 (m, 18H), 1.72–1.39 (m, 11H), 0.98 (s, 6H). LC-MS (ESI): m/z 1356.5 [M+H] +; 

HPLC: >95% purity. 

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

yl)-N-((4-(((2R)-4-(4-(8-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-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, 

compound 8e was obtained from 39e and 18 (2.3 mg, 13% yield). 1H NMR (400 MHz, CDCl3) δ 

8.53 (s, 1H), 8.37 (s, 1H), 8.10 (d, J = 9.2 Hz, 1H), 7.63 (d, J = 8.5 Hz, 2H), 7.48 (t, J = 7.8 Hz, 

1H), 7.42–7.27 (m, 6H), 7.13–6.95 (m, 4H), 6.87 (d, J = 8.6 Hz, 1H), 6.74 (d, J = 8.6 Hz, 2H), 

6.61 (d, J = 9.3 Hz, 1H), 6.21 (t, J = 5.4 Hz, 1H), 4.98–4.84 (m, 1H), 3.95–3.57 (m, 2H), 3.55–

3.20 (m, 9H), 3.14–2.63 (m, 7H), 2.61–1.97 (m, 18H), 1.71–1.33 (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-dioxoisoindolin-4-yl)amino)ethoxy)ethoxy)acetic 

acid (41a). Following general methods D and E, compound 41a was obtained from 40a and 38 

(67 mg, 19% yield). 1H NMR (600 MHz, CDCl3) δ 9.05 (s, 1H), 7.51–7.43 (m, 1H), 7.08 (d, J = 

7.1 Hz, 1H), 6.90 (d, J = 8.6 Hz, 1H), 5.01–4.87 (m, 1H), 4.18 (s, 2H), 3.80–3.65 (m, 6H), 3.53–

3.41 (m, 2H), 2.91–2.82 (m, 1H), 2.81–2.69 (m, 2H), 2.16–2.07 (m, 1H). LC-MS (ESI): m/z 

420.2 [M+H] +. 

2-(2-(2-(2-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)ethoxy)ethoxy)ethoxy)acetic acid (41b). Following general methods D and E, 

compound 41b was obtained from 40b and 38 (19 mg, 37% yield). 1H NMR (600 MHz, CDCl3) 

δ 8.90 (s, 1H), 7.47 (dd, J = 8.5, 7.2 Hz, 1H), 7.08 (d, J = 7.0 Hz, 1H), 6.91 (d, J = 8.5 Hz, 1H), 

4.97–4.89 (m, 1H), 4.14 (s, 2H), 3.77–3.65 (m, 10H), 3.49–3.43 (m, 2H), 2.91–2.81 (m, 1H), 

2.80–2.69 (m, 2H), 2.15–2.06 (m, 1H). LC-MS (ESI): m/z 464.2 [M+H] +. 

14-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)-3,6,9,12-

tetraoxatetradecanoic acid (41c). Following general methods D and E, compound 41c was 

obtained from 40c and 38 (14 mg, 15% yield). 1H NMR (600 MHz, CDCl3) δ 8.84 (s, 1H), 7.48 
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(dd, J = 8.4, 7.2 Hz, 1H), 7.08 (d, J = 7.1 Hz, 1H), 6.91 (d, J = 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, 10H), 3.48–3.44 (m, 2H), 2.91–2.81 (m, 1H), 

2.81–2.68 (m, 2H), 2.15–2.04 (m, 1H). LC-MS (ESI): m/z 508.3 [M+H] +. 

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

yl)-N-((4-(((2R)-4-(4-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)ethoxy)ethoxy)acetyl)piperazin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (10a). Following general method A, 

compound 10a was obtained from 41a and 18 (6.6 mg, 47% yield). 1H NMR (400 MHz, CDCl3 

and CD3OD) δ 9.11 (br s, 1H), 8.36 (s, 1H), 8.08 (d, J = 9.1 Hz, 1H), 7.66 (d, J = 8.2 Hz, 2H), 

7.46 (t, J = 7.8 Hz, 1H), 7.39–7.27 (m, 6H), 7.14–7.02 (m, 2H), 6.98 (d, J = 8.3 Hz, 2H), 6.88 (d, 

J = 8.5 Hz, 1H), 6.75 (d, J = 8.6 Hz, 2H), 6.58 (d, J = 5.8 Hz, 1H), 6.52–6.43 (br s, 1H), 4.91–

4.81 (m, 1H), 4.26–4.15 (m, 2H), 3.94–3.81 (m, 1H), 3.70–3.33 (m, 12H), 3.31–3.22 (m, 4H), 

3.12–2.93 (m, 2H), 2.89–2.55 (m, 5H), 2.49–2.00 (m, 16H), 1.74–1.70 (m, 1H), 1.51–1.45 (m, 

2H), 0.98 (s, 6H). LC-MS (ESI): m/z 1374.5 [M+H] +; HPLC: >95% purity. 

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

yl)-N-((4-(((2R)-4-(4-(2-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)ethoxy)ethoxy)ethoxy)acetyl)piperazin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (10b). Following general method A, 

compound 10b was obtained from 41b and 18 (6.2 mg, 44% yield). 1H NMR (400 MHz, CDCl3 

and CD3OD) δ 8.33–8.28 (m, 1H), 8.07 (d, J = 9.0 Hz, 1H), 7.78 (d, J = 8.8 Hz, 2H), 7.54–7.45 

(m, 1H), 7.41–7.34 (m, 2H), 7.33–7.20 (m, 5H), 7.09 (d, J = 7.1 Hz, 1H), 7.06–6.98 (m, 3H), 

6.94 (d, J = 8.6 Hz, 1H), 6.79 (d, J = 8.9 Hz, 2H), 6.61 (d, J = 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, 16H), 3.32–3.25 (m, 4H), 3.12–3.00 (m, 2H), 
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2.93–2.71 (m, 5H), 2.46–2.24 (m, 12H), 2.09–2.00 (m, 4H), 1.75–1.63 (m, 1H), 1.47 (t, J = 6.3 

Hz, 2H), 0.99 (s, 6H). LC-MS (ESI): m/z 1418.5 [M+H]  +; HPLC: >95% purity. 

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

yl)-N-((4-(((2R)-4-(4-(14-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)-

3,6,9,12-tetraoxatetradecanoyl)piperazin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (10c). Following general method A, 

compound 10c was obtained from 41c and 18 (13.6 mg, 76% yield). 1H NMR (400 MHz, CDCl3 

and CD3OD) δ 8.81 (br s, 1H), 8.33 (s, 1H), 8.13–7.99 (m, 1H), 7.79–7.60 (m, 2H), 7.45 (t, J = 

7.8 Hz, 1H), 7.38–7.26 (m, 5H), 7.24–7.17 (m, 1H), 7.12–6.94 (m, 4H), 6.88 (d, J = 8.6 Hz, 1H), 

6.73 (d, J = 8.8 Hz, 2H), 6.61–6.50 (m, 1H), 6.46 (br s, 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 (m, 4H), 3.12–3.01 (m, 2H), 2.93–2.71 (m, 

5H), 2.46–2.24 (m, 12H), 2.09–2.00 (m, 4H), 1.75–1.63 (m, 1H), 1.47 (t, J = 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-Azido-N-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, compound 43a was obtained from 42a and 19 (24 mg, 65% yield). 1H NMR (400 

MHz, CDCl3 and CD3OD) δ 8.49–8.35 (m, 1H), 8.23–8.12 (m, 1H), 7.75 (d, J = 8.5 Hz, 2H), 

7.48–7.33 (m, 5H), 7.31–7.25 (m, 1H), 7.08–6.75 (m, 5H), 6.59–6.33 (m, 1H), 3.85–2.82 (m, 

16H), 2.56–1.74 (m, 14H), 1.57–1.46 (m, 2H), 1.03 (s, 6H). LC-MS (ESI): m/z 1029.3 [M+H] +. 

(R)-N-((4-((4-(7-Azido-N-methylheptanamido)-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 (43b). Following general 
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method A, compound 43b was obtained from 42b and 19 (30 mg, 78% yield). 1H NMR (400 

MHz, CDCl3 and CD3OD) δ 8.40–8.29 (m, 1H), 8.11 (dd, J = 9.2, 2.3 Hz, 1H), 7.68 (d, J = 8.7 

Hz, 2H), 7.49–7.27 (m, 5H), 7.24–7.18 (m, 1H), 7.09–6.92 (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, 22H), 0.96 (s, 6H). LC-MS (ESI): m/z 1071.1 

[M+H]  +. 

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

yl)-N-((4-(((2R)-4-(4-(4-((2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)ethoxy)ethoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-methylbutanamido)-1-

(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide 

(13a). Following general method F, compound 13a was obtained from 43a and 44a (14.1 mg, 

84% yield). 1H NMR (400 MHz, CDCl3) δ 9.26 (s, 1H), 8.35 (s, 1H), 8.08 (d, J = 9.0 Hz, 1H), 

7.82–7.27 (m, 7H), 7.26–7.15 (m, 3H), 7.11–6.81 (m, 5H), 6.78–6.36 (m, 4H), 5.00–4.86 (m, 

1H), 4.73–4.56 (m, 2H), 4.39–4.17 (m, 2H), 3.85–2.64 (m, 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 (ESI): m/z 1428.5 [M+H] +; HPLC: >95% 

purity. 

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

yl)-N-((4-(((2R)-4-(4-(4-((2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)ethoxy)ethoxy)ethoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-methylbutanamido)-1-

(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide 

(13b). Following general method F, compound 13b was obtained from 43a and 44b (14.3 mg, 

83% yield). 1H NMR (400 MHz, CDCl3) δ 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 (m, 9H), 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), 2.46–1.94 (m, 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+H]  +; HPLC: >95% purity. 

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

yl)-N-((4-(((2R)-4-(7-(4-((2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)ethoxy)ethoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-methylheptanamido)-1-

(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide 

(14a). Following general method F, compound 14a was obtained from 43b and 44a (16.8 mg, 

82% yield). 1H NMR (400 MHz, CDCl3) δ 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, 1H), 7.39–7.27 (m, 4H), 7.26–7.18 

(m, 2H), 7.10–7.04 (m, 1H), 7.03–6.86 (m, 4H), 6.80–6.65 (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, 2H), 3.78–2.68 (m, 25H), 2.41–1.98 (m, 12H), 

1.85–1.67 (m, 3H), 1.53–1.42 (m, 4H), 1.33–1.21 (m, 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-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-

yl)-N-((4-(((2R)-4-(7-(4-((2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)ethoxy)ethoxy)ethoxy)methyl)-1H-1,2,3-triazol-1-yl)-N-methylheptanamido)-1-

(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide 

(14b). Following general method F, compound 14b was obtained from 43b and 44b (16.4 mg, 

77% yield). 1H NMR (400 MHz, CDCl3) δ 9.00–8.85 (m, 1H), 8.41–8.35 (m, 1H), 8.16–8.02 (m, 

1H), 7.71 (d, J = 8.6 Hz, 2H), 7.57–7.27 (m, 6H), 7.26–7.19 (m, 2H), 7.11–6.85 (m, 5H), 6.78–

6.68 (m, 2H), 6.54–6.28 (m, 2H), 4.99–4.86 (m, 1H), 4.73–4.59 (m, 2H), 4.34–4.10 (m, 2H), 

3.81–2.67 (m, 29H), 2.42–1.97 (m, 12H), 1.87–1.68 (m, 3H), 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-(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 (46).  Following general 

method C, compound 46 was obtained from 45 and 19 (11 mg, 47% yield). 1H NMR (400 MHz, 

CDCl3) δ 8.28 (d, J = 2.2 Hz, 1H), 7.93–7.78 (m, 3H), 7.37–7.27 (m, 3H), 7.26–7.18 (m, 3H), 

7.05–6.88 (m, 3H), 6.75 (d, J = 8.6 Hz, 2H), 6.56 (d, J = 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, 6H), 2.55 (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), 1.36–1.18 (m, 6H), 0.97 (s, 6H). LC-MS (ESI): 

m/z 1057.5 [M+H] +; HPLC: >95% purity. 

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

yl)-N-((4-(((2R)-4-((7-(4-((2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)ethoxy)ethoxy)methyl)-1H-1,2,3-triazol-1-yl)heptyl)(methyl)amino)-1-

(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide 

(15a).  Following general method F, compound 15a was obtained from 46 and 44a (12.4 mg, 

90% yield). 1H NMR (400 MHz, CDCl3) δ 8.30 (s, 1H), 7.94 (d, J = 9.0 Hz, 1H), 7.84 (d, J = 8.4 

Hz, 2H), 7.44 (t, J = 7.8 Hz, 1H), 7.38–7.30 (m, 2H), 7.28–7.26 (m, 1H), 7.25–7.16 (m, 3H), 

7.05 (d, J = 7.1 Hz, 1H), 7.03–6.96 (m, 3H), 6.88 (d, J = 8.6 Hz, 1H), 6.71 (d, J = 8.5 Hz, 2H), 

6.58 (d, J = 9.3 Hz, 1H), 6.47 (t, J = 5.7 Hz, 1H), 4.96–4.81 (m, 1H), 4.66 (s, 2H), 4.24 (t, J = 7.2 

Hz, 2H), 4.02–3.84 (m, 1H), 3.79–3.60 (m, 6H), 3.46–3.38 (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, 3H), 1.51–1.38 (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-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-

yl)-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)-1H-1,2,3-triazol-1-yl)heptyl)(methyl)amino)-1-

(phenylthio)butan-2-yl)amino)-3-((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide 

(15b). Following general method F, compound 15b was obtained from 46 and 44b (17.4 mg, 

62% yield).  1H NMR (400 MHz, Acetone-d6) δ 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 (m, 4H), 7.31–7.23 (m, 2H), 7.22–6.99 (m, 

6H), 6.92–6.81 (m, 2H), 6.66–6.58 (m, 1H), 5.16–5.00 (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), 3.11–2.65 (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, 6H), 1.00 (s, 6H). LC-MS (ESI): m/z 1500.6 

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

4-((2-(2-(2-Aminoethoxy)ethoxy)ethyl)amino)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-

dione trifluoroacetate (48). Following general methods D and E, compound 48 was obtained 

from 47 and 38 (164 mg, 44% yield). 1H NMR (400 MHz, CDCl3) δ 9.63 (br s, 1H), 7.82 (br s, 

2H), 7.48 (dd, J = 8.4, 7.2 Hz, 1H), 7.04 (d, J = 7.0 Hz, 1H), 6.87 (d, J = 8.5 Hz, 1H), 5.13–4.82 

(m, 1H), 3.85–3.60 (m, 8H), 3.55–3.37 (m, 2H), 3.28–3.12 (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-1-enyl)methyl)piperazin-

1-yl)benzoyl)sulfamoyl)-2-(trifluoromethylsulfonyl)phenylamino)-4-(phenylthio)butyl)-N-

(2-(2-(2-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

ylamino)ethoxy)ethoxy)ethyl)piperazine-1-carboxamide (11a). A mixture of compound 48 

(20 mg, 0.039 mmol), CDI (10 mg, 0.062 mmol) and TEA (7.0 µL, 0.050 mmol) in 3 mL DCM 

was stirred at room temperature for 2 h. Then compound 18 (15 mg, 0.015 mmol) and DIPEA 

(50 µL, 0.303 mmol) were added into the above solution. The reaction was stirred overnight and 

quenched by the addition of NH4Cl (aq.). Subsequently, it was poured into water and extracted 



 61

with DCM. The organic phase was washed with water × 1, brine × 1, dried over anhydrous 

Na2SO4, filtered and evaporated to dryness. The crude product was purified by column 

chromatography using DCM and MeOH as eluents to afford the title compound (6.7 mg, 32% 

yield). 1H NMR (400 MHz, CDCl3) δ 9.24 (br 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), 7.24–7.15 (m, 1H), 7.12–6.94 (m, 4H), 6.87 (d, 

J = 8.6 Hz, 1H), 6.73 (d, J = 7.2 Hz, 2H), 6.66–6.57 (m, 1H), 6.56–6.46 (m, 1H), 5.20–5.02 (br s, 

1H), 5.00–4.83 (m, 1H), 3.95–3.81 (m, 1H), 3.75–3.69 (m, 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), 3.12–2.95 (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), 1.46 (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-enyl)methyl)piperazin-1-yl)-N-(4-

((2R)-4-(4-(2-(2-(2-(2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

ylamino)ethoxy)ethoxy)ethylcarbamothioyl)piperazin-1-yl)-1-(phenylthio)butan-2-

ylamino)-3-(trifluoromethylsulfonyl)phenylsulfonyl) benzamide (11b). A mixture of 

compound 48 (12 mg, 0.023 mmol), 1,1'-thiocarbonyldiimidazole (6.0 mg, 0.034 mmol) and 

TEA (4.2 µL, 0.030 mmol) in 2 mL DCM was stirred at room temperature for 1 h. Then 

compound 18 (6.5 mg, 0.0067 mmol) and DIPEA (0.05 mL) were added into the above solution. 

The reaction was stirred overnight and quenched by the addition of NH4Cl (aq.). Subsequently, it 

was poured into water and extracted with DCM. The organic phase was washed with water x1, 

brine x1, dried over anhydrous Na2SO4, filtered and evaporated to dryness. The crude product 

was purified by column chromatography using DCM and MeOH as eluents to afford the title 

compound (6.4 mg, 68% yield). 1H NMR (400 MHz, CDCl3) δ 8.90 (br s, 1H), 8.37 (d, J = 2.1 

Hz, 1H), 8.15–8.00 (m, 1H), 7.65 (d, J = 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, J = 8.4 Hz, 2H), 6.87 (d, J = 8.5 Hz, 1H), 6.75 (dd, J = 9.0, 3.8 Hz, 

2H), 6.62 (dd, J = 12.9, 9.5 Hz, 1H), 6.51 (t, J = 5.2 Hz, 1H), 6.22 (br s, 1H), 4.95–4.80 (m, 1H), 

3.90–3.61 (m, 15H), 3.48–3.41 (m, 2H), 3.30–3.20 (m, 4H), 3.13–2.96 (m, 2H), 2.88–2.71 (m, 

5H), 2.47–2.22 (m, 12H), 2.13–2.00 (m, 4H), 1.75–1.70 (m, 1H), 1.46 (t, J = 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, compound 50a was obtained from 49a and 38 (19 mg, 11% yield). 

1H NMR (600 MHz, CDCl3) δ 8.18 (s, 1H), 7.52 (dd, J = 8.5, 7.1 Hz, 1H), 7.12 (d, J = 7.0 Hz, 

1H), 6.96 (d, J = 8.5 Hz, 1H), 6.52–6.45 (m, 1H), 4.94 (dd, J = 12.4, 5.3 Hz, 1H), 3.84 (t, J = 5.8 

Hz, 2H), 3.46 (q, J = 6.4 Hz, 2H), 2.95–2.69 (m, 3H), 2.18–2.12 (m, 1H), 1.94 (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 (50b). 

Following general method D, compound 50b was obtained from 49b and 38 (59 mg, 24% yield). 

1H NMR (600 MHz, CDCl3) δ 7.97 (s, 1H), 7.52 (dd, J = 8.5, 7.2 Hz, 1H), 7.12 (d, J = 7.0 Hz, 

1H), 6.92 (d, J = 8.5 Hz, 1H), 6.36–6.29 (m, 1H), 4.94 (dd, J = 12.4, 5.4 Hz, 1H), 3.75 (q, J = 5.8 

Hz, 2H), 3.35 (q, J = 6.8 Hz, 2H), 2.97–2.72 (m, 3H), 2.19–2.13 (m, 1H), 1.84–1.78 (m, 2H), 

1.75–1.69 (m, 2H), 1.37 (t, J = 5.1 Hz, 1H). LC-MS (ESI): m/z 346.1 [M+H] +. 

2-(2,6-Dioxopiperidin-3-yl)-4-((5-hydroxypentyl)amino)isoindoline-1,3-dione (50c). 

Following general method D, compound 50c was obtained from 49c and 38 (34 mg, 17% yield). 

1H NMR (600 MHz, CDCl3) δ 7.96 (s, 1H), 7.52 (dd, J = 8.5, 7.1 Hz, 1H), 7.12 (d, J = 7.1 Hz, 

1H), 6.91 (d, J = 8.5 Hz, 1H), 6.31–6.22 (m, 1H), 4.94 (dd, J = 12.4, 5.4 Hz, 1H), 3.76–3.67 (m, 

2H), 3.37–3.28 (m, 2H), 2.96–2.71 (m, 3H), 2.20–2.12 (m, 1H), 1.78–1.70 (m, 2H), 1.69–1.62 

(m, 2H), 1.56–1.51 (m, 2H). LC-MS (ESI): m/z 360.1 [M+H]  +. 
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2-(2,6-Dioxopiperidin-3-yl)-4-((6-hydroxyhexyl)amino)isoindoline-1,3-dione (50d). 

Following general method D, compound 50d was obtained from 49d and 38 (56 mg, 21% yield). 

1H NMR (600 MHz, CDCl3) δ 8.01 (s, 1H), 7.52 (dd, J = 8.6, 7.1 Hz, 1H), 7.11 (d, J = 7.1 Hz, 

1H), 6.91 (d, J = 8.5 Hz, 1H), 6.29–6.22 (m, 1H), 4.94 (dd, J = 12.4, 5.3 Hz, 1H), 3.72–3.65 (m, 

2H), 3.33–3.27 (m, 2H), 2.92–2.72 (m, 3H), 2.18–2.12 (m, 1H), 1.76–1.68 (m, 2H), 1.65–1.60 

(m, 2H), 1.52–1.42 (m, 4H). LC-MS (ESI): m/z 374.1 [M+H]  +. 

2-(2,6-Dioxopiperidin-3-yl)-4-((8-hydroxyoctyl)amino)isoindoline-1,3-dione (50e). 

Following general method D, compound 50e was obtained from 49e and 38 (79 mg, 27% yield). 

1H NMR (600 MHz, CDCl3) δ 8.06 (s, 1H), 7.57–7.48 (m, 1H), 7.14–7.09 (m, 1H), 6.90 (d, J = 

8.5 Hz, 1H), 6.30–6.21 (m, 1H), 4.93 (dd, J = 12.4, 5.3 Hz, 1H), 3.67 (t, J = 6.6 Hz, 2H), 3.32–

3.24 (m, 2H), 2.94–2.71 (m, 3H), 2.19–2.13 (m, 1H), 1.72–1.66 (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-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-

yl)-N-((4-(((2R)-4-(4-(3-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-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, compound 9a was obtained from 50a and 18 (17.2 mg, 65% yield). 1H NMR (600 MHz, 

CDCl3) δ 8.72 (br s, 1H), 8.35 (s, 1H), 8.09–7.97 (m, 1H), 7.80 (d, J = 8.4 Hz, 2H), 7.51–7.43 

(m, 1H), 7.40–7.34 (m, 2H), 7.33–7.29 (m, 2H), 7.28–7.19 (m, 2H), 7.09 (d, J = 7.1 Hz, 1H), 

7.01 (d, J = 8.1 Hz, 2H), 6.96–6.85 (m, 2H), 6.78–6.68 (m, 2H), 6.60 (d, J = 9.2 Hz, 1H), 6.48–

6.35 (m, 1H), 4.98–4.90 (m, 1H), 3.88 (s, 1H), 3.34–3.18 (m, 6H), 3.13–3.06 (m, 1H), 3.00 (dd, J 

= 14.0, 6.9 Hz, 1H), 2.93–2.23 (m, 23H), 2.16–2.08 (m, 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 (t, J = 6.5 Hz, 2H), 0.98 (d, J = 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-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-

yl)-N-((4-(((2R)-4-(4-(4-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-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, compound 9b was obtained from 50b and 18 (3.5 mg, 19% yield). 1H NMR (600 MHz, 

CDCl3) δ 8.55 (br s, 1H), 8.37 (dd, J = 7.6, 2.2 Hz, 1H), 8.04 (t, J = 7.7 Hz, 1H), 7.77 (d, J = 8.4 

Hz, 2H), 7.54–7.46 (m, 1H), 7.43–7.36 (m, 2H), 7.34–7.29 (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, J = 8.5 Hz, 1H), 6.82–6.72 (m, 2H), 6.59 (t, J = 7.8 

Hz, 1H), 6.29–6.20 (m, 1H), 4.97–4.90 (m, 1H), 3.94–3.83 (m, 1H), 3.34–3.21 (m, 6H), 3.10 (dd, 

J = 13.8, 5.0 Hz, 1H), 3.02–2.96 (m, 1H), 2.91–2.25 (m, 21H), 2.19–2.00 (m, 6H), 1.79–1.66 (m, 

5H), 1.47 (t, J = 6.5 Hz, 2H), 0.99 (d, J = 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-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-

yl)-N-((4-(((2R)-4-(4-(5-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-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, compound 9c was obtained from 50c and 18 (2.9 mg, 11% yield). 1H NMR (600 MHz, 

CDCl3) δ 8.77 (br s, 1H), 8.37–8.33 (m, 1H), 8.02 (d, J = 9.2 Hz, 1H), 7.83 (d, J = 8.6 Hz, 2H), 

7.51–7.45 (m, 1H), 7.40–7.36 (m, 2H), 7.34–7.29 (m, 3H), 7.28–7.24 (m, 1H), 7.09 (d, J = 7.0 

Hz, 1H), 7.03–6.94 (m, 3H), 6.86 (d, J = 8.6 Hz, 1H), 6.77 (d, J = 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, 1H), 3.30–3.20 (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 (m, 9H), 2.58–2.00 (m, 18H), 1.74–

1.59 (m, 5H), 1.49–1.36 (m, 4H), 0.98 (d, J = 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-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-

yl)-N-((4-(((2R)-4-((3-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-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, compound 16a was obtained from 50a and 19 (9.0 mg, 33% yield). 1H NMR (600 MHz, 

CDCl3) δ 8.73–8.33 (m, 2H), 8.28–8.04 (m, 1H), 7.70–7.56 (m, 2H), 7.43–7.29 (m, 6H), 7.26–

7.20 (m, 1H), 7.15–6.85 (m, 4H), 6.77–5.55 (m, 5H), 5.02–4.84 (m, 1H), 4.09–3.91 (m, 1H), 

3.30–3.07 (m, 6H), 3.06–2.69 (m, 7H), 2.60–2.10 (m, 15H), 2.05–2.00 (m, 2H), 1.77–1.54 (m, 

3H), 1.50–1.47 (m, 2H), 1.01 (d, J = 4.9 Hz, 6H). LC-MS (ESI): m/z 1231.4 [M+H] +; HPLC: 

>95% purity. 

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

yl)-N-((4-(((2R)-4-((4-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-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, compound 16b was obtained from 50b and 19 (3.0 mg, 16% yield). 1H NMR (600 MHz, 

CDCl3) δ 8.53–8.35 (m, 1H), 8.11 (s, 1H), 7.72–7.60 (m, 2H), 7.44–7.29 (m, 7H), 7.27–7.12 (m, 

2H), 7.06–6.98 (m, 3H), 6.81–6.52 (m, 4H), 5.92–5.73 (m, 1H), 5.03–4.95 (m, 1H), 4.06–3.87 

(m, 1H), 3.24–2.71 (m, 13H), 2.61–2.12 (m, 15H), 2.05–2.01 (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-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-

yl)-N-((4-(((2R)-4-((5-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-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, compound 16c was obtained from 50c and 19 (3.0 mg, 11% yield). 1H NMR (600 MHz, 

CDCl3) δ 8.38 (s, 1H), 8.18–8.01 (m, 1H), 7.71–7.62 (m, 2H), 7.47–7.29 (m, 7H), 7.27–7.19 (m, 

2H), 7.07–6.96 (m, 3H), 6.82–5.60 (m, 5H), 4.98–4.90 (m, 1H), 4.06–3.90 (m, 1H), 3.25–2.69 

(m, 13H), 2.59–2.11 (m, 15H), 2.03 (s, 2H), 1.61–1.47 (m, 9H), 1.01 (d, J = 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-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-

yl)-N-((4-(((2R)-4-((6-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)hexyl)(methyl)amino)-1-(phenylthio)butan-2-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (16d). Following general methods G 

and H, compound 16d was obtained from 50d and 19 (5.9 mg, 21% yield). 1H NMR (600 MHz, 

CDCl3) δ 8.58–8.39 (m, 1H), 8.36–8.33 (m, 1H), 8.02–7.91 (m, 1H), 7.81–7.70 (m, 2H), 7.48–

7.36 (m, 3H), 7.33–7.29 (m, 3H), 7.27–7.21 (m, 1H), 7.18–6.97 (m, 4H), 6.88–6.51 (m, 4H), 

6.21–5.94 (m, 1H), 4.98–4.88 (m, 1H), 4.00–3.86 (m, 1H), 3.27–2.98 (m, 8H), 2.90–2.70 (m, 

5H), 2.57–2.11 (m, 15H), 2.06–2.01 (m, 2H), 1.88–1.78 (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-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-

yl)-N-((4-(((2R)-4-((8-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)octyl)(methyl)amino)-1-(phenylthio)butan-2-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (16e). Following general methods G 
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and H, compound 16e was obtained from 50e and 19 (8.5 mg, 32% yield). 1H NMR (600 MHz, 

CDCl3) δ 8.31 (s, 1H), 8.01–7.88 (m, 1H), 7.79 (d, J = 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, 3H), 7.08 (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, J = 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, 13H), 2.62–2.13 (m, 15H), 2.03 (s, 2H), 1.89–

1.86 (m, 1H), 1.62–1.57 (m, 2H), 1.48 (t, J = 6.5 Hz, 2H), 1.37–1.24 (m, 10H), 1.00 (s, 6H). LC-

MS (ESI): m/z 1301.5 [M+H] +; HPLC: >95% purity. 

2-(2,6-Dioxopiperidin-3-yl)-4-((2-(2-hydroxyethoxy)ethyl)amino)isoindoline-1,3-dione 

(53a). Following general methods D, compound 53a was obtained from 52a and 38 (83 mg, 40% 

yield). 1H NMR (400 MHz, CDCl3) δ 8.25 (br s, 1H), 7.58–7.46 (m, 1H), 7.11 (d, J = 7.1 Hz, 

1H), 6.91 (d, J = 8.5 Hz, 1H), 6.60–6.52 (m, 1H), 4.92 (dd, J = 12.2, 5.3 Hz, 1H), 3.81–3.71 (m, 

4H), 3.66–3.61 (m, 2H), 3.48 (dd, J = 10.7, 5.3 Hz, 2H), 2.92–2.67 (m, 3H), 2.32 (br s, 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-hydroxyethoxy)ethoxy)ethyl)amino)isoindoline-

1,3-dione (53b). Following general methods D, compound 53b was obtained from 52b and 38 

(230 mg, 55% yield). 1H NMR (400 MHz, CDCl3) δ 8.19 (br s, 1H), 7.55–7.44 (m, 1H), 7.10 (d, 

J = 7.1 Hz, 1H), 6.91 (d, J = 8.5 Hz, 1H), 6.62–6.54 (m, 1H), 4.91 (dd, J = 12.0, 5.4 Hz, 1H), 

3.85–3.65 (m, 8H), 3.64–3.59 (m, 2H), 3.51–3.43 (m, 2H), 2.92–2.68 (m, 3H), 2.57 (br 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)isoindoline-1,3-dione (53c). Following general 

methods D, compound 53c was obtained from 52c and 38 (84 mg, 40% yield). 1H NMR (400 

MHz, CDCl3) δ 8.23 (br s, 1H), 7.58–7.40 (m, 1H), 7.10 (d, J = 7.1 Hz, 1H), 6.92 (d, J = 8.6 Hz, 
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1H), 6.56–6.48 (m, 1H), 4.92 (dd, J = 12.0, 5.4 Hz, 1H), 3.77–3.65 (m, 12H), 3.63–3.58 (m, 2H), 

3.52–3.44 (m, 2H), 3.00–2.59 (m, 4H), 2.24–2.04 (m, 1H). 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, 

compound 53d was obtained from 52d and 38 (92 mg, 19% yield).  1H NMR (400 MHz, CDCl3) 

δ 8.53 (br s, 1H), 7.49 (dd, J = 8.5, 7.1 Hz, 1H), 7.11 (d, J = 6.8 Hz, 1H), 6.93 (d, J = 8.5 Hz, 

1H), 6.55–6.47 (m, 1H), 4.90 (dd, J = 12.0, 5.4 Hz, 1H), 3.76–3.58 (m, 18H), 3.50–3.43 (m, 2H), 

2.92–2.74 (m, 3H), 2.18–2.07 (m, 1H). LC-MS (ESI): m/z 494.3 [M+H] +. 

2-(2-((2-(2,6-Dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)ethoxy)ethyl 

methanesulfonate (54a). Following general methods I, compound 54a was obtained from 53a 

(49 mg, 83% yield). 1H NMR (400 MHz, CDCl3) δ 8.10 (br s, 1H), 7.63–7.44 (m, 1H), 7.12 (d, J 

= 7.1 Hz, 1H), 6.93 (d, J = 8.5 Hz, 1H), 6.54–6.45 (m, 1H), 4.91 (dd, J = 12.1, 5.3 Hz, 1H), 

4.48–4.35 (m, 2H), 3.86–3.66 (m, 4H), 3.58–3.41 (m, 2H), 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-dioxoisoindolin-4-yl)amino)ethoxy)ethoxy)ethyl 

methanesulfonate (54b). Following general methods I, compound 54b was obtained from 53b 

(20 mg, 83% yield). 1H NMR (400 MHz, CDCl3) δ 8.14 (br s, 1H), 7.65–7.45 (m, 1H), 7.12 (d, J 

= 7.1 Hz, 1H), 6.91 (d, J = 8.5 Hz, 1H), 6.56–6.48 (m, 1H), 4.94 (dd, J = 12.0, 5.3 Hz, 1H), 4.39 

(dd, J = 5.3, 3.7 Hz, 2H), 4.00–3.66 (m, 8H), 3.52–3.44 (m, 2H), 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-dioxoisoindolin-4-

yl)amino)ethoxy)ethoxy)ethoxy)ethyl methanesulfonate (54c). Following general methods I, 

compound 54c was obtained from 53c (64 mg, 91% yield). 1H NMR (400 MHz, CDCl3) δ 8.20 
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(br s, 1H), 7.60–7.41 (m, 1H), 7.10 (d, J = 7.1 Hz, 1H), 6.92 (d, J = 8.5 Hz, 1H), 6.52–6.44 (m, 

1H), 4.92 (dd, J = 11.8, 5.4 Hz, 1H), 4.36 (dd, J = 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), 2.24–2.06 (m, 1H). LC-MS (ESI): m/z 528.2 

[M+H]  +. 

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

yl)-N-((4-(((2R)-4-(4-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)ethoxy)ethyl)piperazin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (12a). Following general method J, 

compound 12a was obtained from 54a and 18 (8.8 mg, 26% yield). 1H NMR (400 MHz, CDCl3) 

δ 8.35 (s, 1H), 8.09–7.98 (m, 1H), 7.72 (d, J = 8.7 Hz, 2H), 7.48 (t, J = 7.9 Hz, 1H), 7.40–7.29 

(m, 5H), 7.25–7.20 (m, 1H), 7.10 (d, J = 7.1 Hz, 1H), 7.06–6.95 (m, 3H), 6.89 (d, J = 8.4 Hz, 

1H), 6.73 (d, J = 9.1 Hz, 2H), 6.66–6.55 (m, 1H), 6.53–6.42 (m, 1H), 4.98–4.82 (m, 1H), 3.93–

3.80 (m, 1H), 3.76–3.40 (m, 6H), 3.32–2.64 (m, 17H), 2.43–1.97 (m, 16H), 1.70–1.66 (m, 1H), 

1.52–1.41 (m, 2H), 1.01–0.95 (m, 6H). LC-MS (ESI): m/z 1316.5 [M+H] +; HPLC: >95% purity. 

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

yl)-N-((4-(((2R)-4-(4-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)ethoxy)ethoxy)ethyl)piperazin-1-yl)-1-(phenylthio)butan-2-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (12b). Following general method J, 

compound 12b was obtained from 54b and 18 (5.8 mg, 42% yield). 1H NMR (400 MHz, CDCl3) 

δ 8.33 (s, 1H), 8.02 (t, J = 8.9 Hz, 1H), 7.76 (d, J = 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), 7.10 (dd, J = 7.1, 2.3 Hz, 1H), 7.04–6.92 (m, 

3H), 6.88 (d, J = 8.6 Hz, 1H), 6.75 (d, J = 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), 2.50–1.79 (m, 16H), 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+H] +; HPLC: >95% purity. 

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

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

compound 12c was obtained from 54c and 18 (16.4 mg, 25% yield). 1H NMR (400 MHz, CDCl3) 

δ 8.31 (s, 1H), 8.01 (d, J = 8.9 Hz, 1H), 7.81 (d, J = 8.5 Hz, 2H), 7.47 (t, J = 7.8 Hz, 1H), 7.38–

7.28 (m, 5H), 7.25–7.21 (m, 1H), 7.08 (d, J = 7.1 Hz, 1H), 6.99 (d, J = 8.3 Hz, 2H), 6.96–6.85 

(m, 2H), 6.75 (d, J = 8.7 Hz, 2H), 6.54–6.43 (m, 2H), 4.96–4.83 (m, 1H), 3.90–3.39 (m, 15H), 

3.28–2.68 (m, 17H), 2.51–1.95 (m, 16H), 1.61–1.57 (m, 1H), 1.47–1.41 (m, 2H), 0.97–0.93 (m, 

6H). LC-MS (ESI): m/z 1404.5 [M+H] +; HPLC: >95% purity. 

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

yl)-N-((4-(((2R)-4-((2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)ethoxy)ethoxy)ethyl)(methyl)amino)-1-(phenylthio)butan-2-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (17a). Following general methods G 

and H, compound 17a was obtained from 53b and 19 (16.2 mg, 60% yield). 1H NMR (400 MHz, 

CDCl3) δ 8.31 (s, 1H), 8.07–7.93 (m, 1H), 7.77 (d, J = 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, 4H), 6.84 (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), 3.99–3.88 (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, 11H), 2.60–1.99 (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 1305.5 [M+H] +; HPLC: >95% purity. 
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4-(4-((4'-Chloro-4,4-dimethyl-3,4,5,6-tetrahydro-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-

yl)-N-((4-(((15R)-1-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)-12-methyl-

16-(phenylthio)-3,6,9-trioxa-12-azahexadecan-15-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (17b). Following general methods G 

and H, compound 17b was obtained from 53c and 19 (14.6 mg, 53% yield). 1H NMR (400 MHz, 

CDCl3) δ 8.37–8.26 (m, 1H), 8.06–7.95 (m, 1H), 7.77 (d, J = 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 (m, 3H), 7.16–7.04 (m, 2H), 7.02–6.95 (m, 

2H), 6.87 (d, J = 8.5 Hz, 1H), 6.72 (d, J = 8.9 Hz, 2H), 6.61 (d, J = 9.4 Hz, 1H), 6.48–6.40 (m, 

1H), 4.94–4.82 (m, 1H), 3.94–3.82 (m, 1H), 3.75–3.37 (m, 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), 2.11–1.97 (m, 4H), 1.88–1.78 (m, 1H), 1.45 (t, J 

= 6.5 Hz, 2H), 0.97 (s, 6H). LC-MS (ESI): m/z 1349.5 [M+H]  +; HPLC: >95% purity. 

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

yl)-N-((4-(((18R)-1-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)-15-methyl-

19-(phenylthio)-3,6,9,12-tetraoxa-15-azanonadecan-18-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (17c). Following general methods G 

and H, compound 17c was obtained from 53d and 19 (12.1 mg, 42% yield). 1H NMR (400 MHz, 

CDCl3) δ 8.40–8.33 (m, 1H), 8.12–8.04 (m, 1H), 7.76–7.68 (m, 2H), 7.51–7.42 (m, 1H), 7.39–

7.33 (m, 2H), 7.31–7.27 (m, 2H), 7.26–7.20 (m, 3H), 7.12–7.06 (m, 1H), 7.03–6.94 (m, 2H), 

6.87 (d, J = 8.6 Hz, 1H), 6.78–6.67 (m, 3H), 6.45 (t, J = 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, 4H), 3.14–3.02 (m, 2H), 2.91–2.17 (m, 18H), 

2.13–1.99 (m, 4H), 1.80–1.69 (m, 1H), 1.46 (t, J = 6.5 Hz, 2H), 0.98 (s, 6H). LC-MS (ESI): m/z 

1393.5 [M+H] +; HPLC: >95% purity. 
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4-((2-(2-(2-(2-Hydroxyethoxy)ethoxy)ethoxy)ethyl)amino)-2-(1-methyl-2,6-

dioxopiperidin-3-yl)isoindoline-1,3-dione (57). Following general method D, compound 57 

was obtained from 56 and 52c (80 mg, 34% yield). 1H NMR (600 MHz, CDCl3) δ 7.51 (dd, J = 

8.5, 7.1 Hz, 1H), 7.12 (d, J = 7.1 Hz, 1H), 6.95 (d, J = 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, 2H), 3.51 (q, J = 5.6 Hz, 2H), 3.23 (s, 3H), 

3.05–2.95 (m, 1H), 2.84–2.72 (m, 2H), 2.17–2.05 (m, 1H). LC-MS (ESI): m/z 464.2 [M+H] +. 

2-(2-(2-(2-((2-(1-Methyl-2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)ethoxy)ethoxy)ethoxy)ethyl methanesulfonate (58). Following general method I, 

compound 58 was obtained from 57 (75.3 mg, 81% yield). 1H NMR (600 MHz, CDCl3) δ 7.52 

(dd, J = 8.5, 7.1 Hz, 1H), 7.13 (d, J = 7.1 Hz, 1H), 6.95 (d, J = 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 (m, 2H), 3.74 (t, J = 5.4 Hz, 2H), 3.72–3.66 

(m, 8H), 3.50 (q, J = 5.4 Hz, 2H), 3.23 (s, 3H), 3.08 (s, 3H), 3.03–2.95 (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-[1,1'-biphenyl]-2-yl)methyl)piperazin-1-

yl)-N-((4-(((15R)-12-methyl-1-((2-(1-methyl-2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-

yl)amino)-16-(phenylthio)-3,6,9-trioxa-12-azahexadecan-15-yl)amino)-3-

((trifluoromethyl)sulfonyl)phenyl)sulfonyl)benzamide (XZ739-NC). Following general 

method J, compound XZ739-NC was obtained from 58 and 19 (4.9 mg, 11% yield).  1H NMR 

(600 MHz, CDCl3) δ 8.37 (d, J = 2.3 Hz, 1H), 8.12–8.05 (m, 1H), 7.70 (d, J = 8.7 Hz, 2H), 7.51–

7.45 (m, 1H), 7.42–7.29 (m, 6H), 7.27–7.22 (m, 1H), 7.09 (d, J = 7.0 Hz, 1H), 7.03–6.97 (m, 

2H), 6.91 (d, J = 8.5 Hz, 1H), 6.77 (d, J = 8.8 Hz, 2H), 6.68 (dd, J = 9.4, 3.9 Hz, 1H), 6.49–6.42 

(m, 1H), 4.97–4.88 (m, 1H), 4.02–3.92 (m, 1H), 3.74–3.43 (m, 14H), 3.31–3.24 (m, 4H), 3.21 (s, 

3H), 3.13–3.05 (m, 2H), 3.00–2.47 (m, 9H), 2.39–2.26 (m, 9H), 2.12–2.02 (m, 4H), 1.81–1.76 
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(m, 1H), 1.48 (t, J = 6.5 Hz, 2H), 1.00 (s, 6H). LC-MS (ESI): m/z 1363.5 [M+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-173) cell lines were purchased from 

American Type Culture Collection (ATCC, Manassas, VA). MOLT-4, RS4;11 and H146 cells 

were cultured in RPMI 1640 media (Life Technologies, Carlsbad, CA, USA) supplemented with 

10% FBS (Atlanta Biologicals, Flowery Branch, GA, USA) and 1% penicillin-streptomycin 

solution (Thermo Fisher Scientific, Waltham, MA, USA).  

5.2.2. Cell viability assay. Cell viability was measured by Tetrazolium-based MTS assay 

(Promega, Madison, WI, USA). 5×104 to 1×105 suspension cells were seeded and treated in 96-

well plates for 48 h or 72 h. The EC50 values of individual agents were calculated with GraphPad 

Prism 7 software (GraphPad Software, La Jolla, CA, USA).  

5.2.3. Immunoblotting. Cells were collected and lysed in Lysis buffer (Boston Bio Products, 

Ashland, MA, USA) supplied with protease and phosphatase inhibitor cocktails (Sigma-Aldrich, 

St. Louis, MO, USA). The equal amount of protein lysates was separated on pre-casted 4-20% 

Tris-glycine gels (Bio-Rad, Hercules, CA, USA). Thereafter, the proteins were transferred to 

PVDF membranes (MilliporeSigma, Billerica, MA, USA). The membranes were blocked with 

5% w/v nonfat dry milk in TBS + Tween-20 (0.1% v/v), and then probed with primary 

antibodies overnight at 4° C. Next day, the membranes were washed and incubated with 

appropriate HRP-conjugated secondary antibodies. The signal was detected using ECL substrate 

(MilliporeSigma) and captured on X-ray films or ChemiDoc MP Imaging System (Bio-Rad). 
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The band intensities were calculated on ImageJ software and normalized to equal loading control 

β-actin.  

5.2.4. Human platelet isolation and viability assays. Platelet-rich plasma (PRP) was purchased 

from Life South Community Blood Center (Gainesville, FL, USA). Platelets were separated 

from PRP as previously described [34]. Briefly, PRP was transferred into a 50 mL tube 

containing 5 mL acid citrate buffer (Cat. No. sc-214744, Santa Cruz Biotechnology). To prevent 

clotting, prostaglandin E1 (PGE1, Cat. No. sc-201223A, Santa Cruz Biotechnology) and apyrase 

(Cat. No. A6237, Sigma-Aldrich) were added to final concentrations of 1 µM and 0.2 units/mL, 

respectively. After centrifugation, platelet number was adjusted to 2 × 108/mL in HEPES 

Tyrode’s buffer containing 10% FBS, 1 µM PGE1 and 0.2 units/mL apyrase, and treated with 

various compounds. After 48 h of treatment, platelet viability was measured using the MTS 

reagent (Cat. No. G1111, Promega, Madison, WI, USA). The data were analyzed by GraphPad 

Prism 7 software for the calculation of IC50 values. 

5.2.5. Flow cytometry. MOLT-4 cells were plated in 12 well plates at 4 × 105 cells/well and 

treated with Veh, ABT-263, or XZ739 for 48 h. Caspase activity was blocked using Q-VD-OPh 

(QVD, Cat. No. S7311, Selleckchem, Houston, TX, USA) pretreatment for 2 h. After treatment, 

cells were stained with Alexa Fluor 647-Annexin V (1: 50, Cat. No. 640912, BioLegend, San 

Diego, CA, USA) and PI (10 µg/mL, Cat. No. 421301, BioLegend, San Diego, CA, USA) at 

room temperature for 30 min. For apoptosis analysis, the stained cells were analyzed on an 

Aurora flow cytometer (Cytek Aurora, Fremont, CA, USA). 
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• BCL-XL PROTACs have significantly improved cytotoxicity in MOLT-4 cells  

• XZ739 treatment leads to remarkable BCL-XL degradation with a DC50 at 2.5 nM 

• XZ739 exhibits >100-fold selectivity for MOLT-4 cells over human platelets, whereas ABT-263 

has no selectivity 
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