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ABSTRACT

3-Hydroxy-3-methylglutaryl coenzyme A reductase (HMGCR) is an eight-pass transmembrane
protein in the endoplasmic reticulum (ER) and a classical drug target to treat dyslipidemia. Statins
including the well-known atorvastatin (Lipitor®; Pfizer) have been widely used for the prevention and
treatment of cardiovascular disease for decades. However, statins can elicit a compensatory
upregulation of HMGCR protein and cause adverse effects including skeletal muscle damage. They
are ineffective for patients with statin intolerance. Inspired by the recently emerging proteolysis-
targeting chimeras (PROTACsS), we set out to eliminate HMGCR protein using PROTAC-mediated
degradation. One PROTAC designated as P22A was found to reduce HMGCR protein level and block
cholesterol biosynthesis potently with less compensatory upregulation of HMGCR. To the best of our
knowledge, HMGCR is the first ER-localized, polytopic transmembrane protein successfully degraded
by the PROTAC technique. This finding may provide a new strategy to lower cholesterol levels and

treat the associated diseases.
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INTRODUCTION

3-Hydroxy-3-methylglutaryl (HMG) coenzyme A (HMG-CoA) reductase (HMGCR) is the rate-
limiting enzyme catalyzing the conversion of HMG-CoA to mevalonate in the cholesterol biosynthetic
pathway. It is localized in the endoplasmic reticulum (ER) and composed of a membrane-spanning
domain and a catalytic domain protruding into the cytosol. HMGCR serves as the target of statins, a
class of cholesterol-lowering drugs most commonly prescribed for preventing and treating
cardiovascular disease (CVD)!-. By possessing the HMG-like moieties, statins bind competitively to
the active site of the enzyme, blocking generation of mevalonate and downstream derivatives including
cholesterol. Among all types of statins on the market, atorvastatin (Lipitor®; Pfizer) has demonstrated
superior efficacy in lowering plasma low-density lipoprotein (LDL) cholesterol levels and reducing

adverse cardiovascular outcomes®.

Although statins can blunt cholesterol biosynthesis via inhibiting HMGCR activity, a compensatory
increase in protein expression has often been encountered in cultured cells'%-13, as well as in the livers
of several animal species including humans!#?2. This statin-induced HMGCR increment is not
surprising, as the reductions in cholesterol and other products of the mevalonate pathway can mitigate
normal feedback inhibition of the enzyme in a multivalent manner?*-24. It, however, does limit the
maximal effectiveness of the drug, provoking more intensive therapies associated with higher risks of
side effects?>-?. Skeletal muscle damage is the most alarming adverse effect of statins. In fact, about
1%-5% of patients receiving statin treatments develop myopathy?’. Hence, strategies that can ablate

both activity and abundance of HMGCR protein are urgently needed.

In the native process of ER-associated degradation (ERAD)3*°, HMGCR binds to the ER membrane
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proteins Insigs via its membrane domain. The E3 ubiquitin ligases gp78, TRC8 and RNF145 that
associate with Insigs then catalyze ubiquitination of two lysine residues in the HMGCR membrane
domain®'-33, Ubiquitinated HMGCR is recognized by the AAA-ATPase, extracted across the ER
membrane, and degraded by proteasome. Chemical knockdown by small-molecule proteolysis
targeting chimeras (PROTACsS, Figure 1A), heterobifunctional compounds consisting of a binding
moiety for the protein of interest, a linker and another moiety for a specific E3 ubiquitin ligase, has
gained widespread attention as a promising therapeutic approach to induce degradation of disease-
causing proteins via the ubiquitin—proteasome system (UPS)344!. Moreover, PROTACSs containing
small molecule inhibitors coupled to cereblon (CRBN)-recruiting immunomodulatory drugs might
elicit more pronounced downstream biological effects than conventional inhibitors alone that last even
after washout. Such encouraging results have spurred our interests in investigating whether PROTACs
can be effectively used to eliminate HMGCR protein and thus, inhibit cholesterol production. In
particular, we are very curious whether PROTACs can overcome statin-induced compensatory

upregulation of HMGCR.

In this study, we designed and synthesized a battery of PROTAC molecules where atorvastatin was
conjugated to ligands of the E3 ligase CRBN (Figure 1). We found that compound P22A was most
potent in promoting degradation of endogenous HMGCR protein in Chinese hamster ovary (CHO)
cells deficient in Insig-1 and Insig-2 (referred as SRD15 cells). P22A induced ubiquitination of
HMGCR in a CRBN-dependent manner, and P22 A-mediated HMGCR degradation required formation
of the HMGCR/PROTAC/CRBN complex. Importantly, the increase in HMGCR protein induced by
P22 A was much less than that by atorvastatin in human hepatocarcinomatous Huh7 cells. P22A was

also able to activate the sterol regulatory element-binding protein (SREBP) pathway and block
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cholesterol biosynthesis. To our knowledge, HMGCR represents the first ER-localized, polytopic

transmembrane protein successfully degraded by the PROTAC technique. Our study provides a proof-

oNOYTULT D WN =

9 of-concept for PROTAC-induced HMGCR degradation as a new and potential strategy for treating

12 hypercholesterolemia and CVD.

19 RESULTS AND DISCUSSION

23 Design and synthesis of a HMGCR-PROTAC library. We first sought to construct a HMGCR-
25 targeting PROTAC library (Figure 1B). Atorvastatin, which recognizes the binding pocket of HMGCR,
28 was used as the moiety for HMGCR recruitment (Figure 1B). The ligands of CRBN successfully used
in previous PROTACs?** were examined in this work. We installed the azide-tagged polyethylene
33 glycol (PEG) on the amine group of pomalidomide, a ligand of CRBN, and the alkyne tags on a
36 position at the benzene ring of atorvastatin that is exposed to solvent (indicated by the red arrow in
38 Figure 1C). The azide- and alkyne- tagged intermediates were conjugated via click chemistry to
41 synthesize HMGCR-PROTACs (Figure 1B). Immunoblotting was conducted to evaluate the
degradative potency of each PROTAC. We found that the CRBN-based PROTACs could efficiently
46 induce the degradation of HMGCR, which encouraged us to prepare more CRBN-based PROTACs

49 and evaluate their biological activity carefully in the following study.
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Figure 1. Design of a HMGCR-PROTACS library. (A) Schematic presentation of PROTAC-mediated protein
degradation. (B) Construction of PROTAC: via click chemistry. (C) The binding pocket of HMGCR in complex with

atorvastatin (PDB code: IHWK).

To optimize the potency and study the structure-activity relationship, we further designed and
synthesized different HMGCR-PROTACsSs (Scheme 1). In brief, fluorobenzene was acylated with acyl
chloride (compound 1) by Lewis acid to produce compound 2. Compound 3 had a bromide atom
installed at the a position of carbonyl group of compound 2. After bromide atom was substituted by 4-
methyl-3-oxo-N-phenylpentanamide, the important 1,4-dicarbonyl intermediate 4 was generated.
Then the pyrrole ring was constructed from the condensation of 4 and primary amine via Paal-Knorr
pyrrole synthesis. The C-B bond in 6 was built from C-Br bond in 5 via Miyaura borylation reaction

and transformed to the C-O bond in 7 subsequently. Then the phenolic hydroxyl group in 7 was used
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as a handle to attach the alkyne tags through substitution. Compounds 9 were collected after the

deprotection of 8 and coupled together with different azide-tagged CRBN ligands 10 using click

oNOYTULT D WN =

9 chemistry to afford the final HMGCR-PROTACSs (Scheme 1, 11-14). The alkyne groups in compounds

12 14 could be further reduced to compounds 15 by catalytic hydrogenation.

6
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Scheme 1. Synthesis of HMGCR-PROTAC .
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Reaction conditions: (a) SOCI,, DMF, DCM. (b) AICIs. (¢) Br, in AcOH, Br,, CHCI;. (d) K,CO;, Acetone. (e) -

BuCOOH, PhMe, THF, Cyclohexane. (f) Pd(dppf),Cl,.DCM, KOAc, Bis(pinacoloto)diboron, DMF. (g) H,0, in

H,0, NaOH, THF. (h) K,CO3;, MeCN. (i) HCI, MeOH, NaOH. (j) CuSOy, sodium ascorbate, THF, H,O. (h) Pd/C,

Hz, MeOH.
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Evaluation of PROTAC-induced HMGCR degradation. It is known that high sterol levels can
induce the membrane domains of HMGCR protein to bind ER-resident Insig-1 and Insig-2 proteins,
resulting in rapid degradation of the enzyme via the UPS. To exclude any interference of sterol-
regulated, Insig-mediated HMGCR degradation when screening for PROTACs, we utilized SRD15
cells that lack both Insig-1 and Insig-2!'. Compared with the parental CHO cells, SRD15 cells
exhibited much higher levels of endogenous HMGCR protein when grown in normal culture medium
containing 5% FBS (Figure 2A, compare lanes I and 4), which, however, remained relatively
unchanged regardless of sterol depletion or oxysterol repletion (Figure 2A, lanes 5-6). In addition,
atorvastatin elicited a dose-dependent increase of HMGCR protein in CHO cells but not in SRD15
cells (Figure 2B), further supporting the notion that decreased protein degradation primarily accounts
for HMGCR accumulation induced by statins. Together, these results suggest that SRD15 cells are

suitable to evaluate PROTAC-mediated HMGCR degradation in vitro.

A B
CHO SRD15 CHO SRD15
sres |+ |- -|+|-]|- | Atorvastatingdn| - Jo.01] 0] 1 [10] - fo.orfoa| 1 |10
Depletion | - |+ |+ [-|+]+ ratio 1.0 10 17 2.1 20 2.6 2.7 2.5 27 28 (KDa)
2sHC@gm) [ - | -] 1| -[-]1 = L 100
ratio 10 22 13 22 25 23 (KDa) HMGOR | S -
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F . w————

(IB:A9) - i:’f"‘ —50
h ACH | o ———————————

—50 35
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—35

Figure 2. Selection of SRD15 cells to examine PROTAC-mediated HMGCR degradation. (A) CHO and SRD15 cells

were either maintained in normal culture medium containing 5% FBS (lanes I and 4), or depleted of lipids by

incubating in the medium supplemented with 5% lipoprotein-deficient serum, 1 puM atorvastatin and 50 uM
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mevalonate for 16 h (lanes 2, 3, 5 and 6). Cells were then treated without or with 25-hydroxycholesterol (25-HC) for
16 h and harvested for immunoblotting. (B) CHO and SRD15 cells were depleted of lipids for 16 h, incubated with
atorvastatin at the indicated concentrations for 16 h and harvested for immunoblotting. The densitometry of HMGCR

was normalized to that of actin. The normalized value in DMSO-treated group is defined as 1.

We then tested the degradative potency of HMGCR-PROTACs on SRDI15 cells. Firstly, varying
concentrations of pomalidomide-based PROTACs modified with the PEG linkers of different lengths
were evaluated by immunoblotting (Figure 3A-3B and Figure S1 and S2). In a series of PROTACs
that covered a wide range of the linker length (Figure 3B), those with short linkers (compounds 11a-
11b, also named P13A and P14A) failed to induce the degradation of HMGCR (Figure S1). Extending
the linker of compound 11b with just one more atom (compound 11¢, also named P15A) caused
moderate HMGCR degradation half degraded concentration (DCsy= 3 uM) (Figure 3B and Figure S1).
Further increasing the linker length (compounds 11d-11i, also named P16A-P21A) did not enhance
degradation potency considerably (Figure 3B and Figure S1 and S2), probably due to improper folding
or stretched conformations of the ternary complex. When the linker length reached 22 atoms
(compound 11j, also named P22A) and above (compounds 111-11n, also named P23A-P25A),
PROTAC:S could induce obvious degradation of HMGCR (Figure 3B and Figure S2), suggesting that
the increased rotatable bonds might contribute to more degree of freedom and suitable conformations.
Compound 11j (P22A) with a DCs, value of 0.1 pM was most potent in promoting degradation of
endogenous HMGCR. However, longer linkers as in compounds 110 (also named P26A) and 11p (also

named P27A) seemed to lessen the potency in HMGCR degradation (Figure 3B and Figure S2).

9
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29 0
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31 wad 13a (P19AM) 17 >3
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42 14e(L17A) 5 5 0.2 15e (L17AR) 5 5 0.5*
43 14f (L18A) 5 6 0.7 15f (L18AR) 5 6 0.6
44
45
46
47 Figure 3. Potency of HMGCR-PROTAC:S. (A) The structures of HMGCR-PROTAC:s. (B-F) The degradative activity
48
49 of HMGCR-PROTACSs. DCs values, the compound concentration leading to 50% protein loss relative to DMSO as
50
51
52 determined by the semi-quantitative immunoblotting, were calculated by fitting the data to a dose-response curve
53
gg using Graphpad Prism. The DCs, values as the means of 3 independent experiments are indicated by asterisks. n.d.,
56
57 not determined. Corresponding blots are shown in the Supporting Information: Figure S1 and S2 for (B), Figure S3
58
59 . . .
60 for (C), Figure S4 for (D), Figure S5 for (E), Figure S6 for (F).
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Given the heteroatomic property of the oxygen atom in the PEG linker could change its conformation,
we next replaced it with the carbon atom and evaluated the degradative potency of this new series
(compounds 12a-12g, also named P13A1-P19A1) (Figure 3A and C). The carbon substitution also
confers hydrophobicity that might facilitate the membrane permeability of PROTACs. As shown in
Figure 3C and Figure S3, the homogeneous linkers markedly promoted HMGCR degradation
(compare compounds 11a-11g with 12a-12g). However, the DCs, values of this carbon-substituted
series showed no improvement compared to compound P22A. Other CRBN ligands including meta-
substituted pomalidomide or alkyne-substituted lenalidomide derivatives have been found to
significantly affect the potency of PROTACs in degrading BET3¥-4%, In our study, compounds that
harbor meta-substituted pomalidomide (compounds 13a-13f, also named P19AM-P24AM) were less
capable of inducing HMGCR degradation than P22A (Figure 3D and Figure S4). Among these, the
compound that also contains a linker of 22 atoms in length (compound 13d, also named P22AM)
showed strongest degradative potency. A possible hook effect was detected at the concentration of 3
UM (Figure S4). For the PROTACs with alkyne-substituted lenalidomide (compounds 14a-14f, also
named LI13A-L18A), which is a more rigid CRBN ligand, those encompassing long linkers
(compounds 14d-14f) were superior to those with short linkers (compounds 14a-14¢) in degrading
HMGCR (Figure 3E and Figure S5), probably because the rigidity of CRBN ligands confers the linkers
less flexibility so that compounds in this series are more comparable to compounds containing shorter
linkers in other series. Alkyne reduction (compounds 15a-15f, also named L13AR-L18AR) slightly
lessened the degradative potency (Figure 3F and Figure S6). We believed that, in contrast to

compounds 12a-12f, the oxygen atoms in the PEG linkers of 11a -11f and 15a-15f cause very different

1"
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conformations. It is noteworthy that, while the linkers apparently influence the potency of PROTAC:,

the precise effects are difficult to predict owing to their large degree of freedom.

P22A promotes HMGCR degradation by hijacking the CRBN-E3 ubiquitin ligase complex.
P22A induced degradation of HMGCR in a dose-dependent manner, and as high as 70% of HMGCR
protein was degraded by P22A at the concentration of 1 pM (Figure 4A and Figure S2). No further
degradation was detected when higher concentrations of P22A were used (Figure S7A). To determine
whether P22A-induced HMGCR degradation occurs via the UPS, we incubated SRD15 cells with
P22A, the proteasome inhibitor MG132 and the neddylation inhibitor MLN-4924 in various
combinations. Addition of MG132 or MLN-4924 completely blocked P22A-induced HMGCR
degradation (Figure 4B-4C). HMGCR degradation was also completely reversed by atorvastatin at 0.3
uM (Figure 4D) or pomalidomide at 1 uM (Figure 4E) via competition with P22A. Notably,
atorvastatin tagged with alkyne (compounds 9a-9d, Scheme 1) failed to elicit HMGCR degradation
(Figure S7B), indicating that the E3 ligand was required for degradation. Attachment of an ethyl group
to the piperidine-2,6-dione ring of pomalidomide (compound 11k, also named P22A-Et, Figure 3B)*!
impaired the pomalidomide-CRBN interaction and abolished HMGCR degradation by P22A (Figure

4F).

12

ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of Medicinal Chemistry Page 14 of 76

A B C
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Figure 4. P22A is an effective HMGCR degrader. (A) SRD15 cell were treated with the indicated concentrations of

P22A for 16 h and harvested for immunoblotting. Blots shown here are one of the three repeats in Figure S2. The
densitometry of HMGCR was normalized to that of actin. The normalized value in DMSO-treated group is defined
as 1. (B-C) SRD15 cell were treated with 1 uM P22A for 16 h, and then with 10 uM MG132 (B) or the indicated
concentrations of MLLN-4924 (C) for 3 h. (D-F) SRD15 cell were depleted of lipids for 16 h and treated with 1 uM

P22A and atorvastatin (D) or pomalidomide (E) at the indicated concentrations, or with 1 uM P22A-Et for 16 h (F).

We next transfected SRD15 cells with T7-tagged HMGCR together with Flag-tagged CRBN or Flag-
tagged CRBNYWAA 3 mutant defective for pomalidomide binding*>*3. Overexpression of wild-type
CRBN drastically accelerated P22A-induced degradation of transfected HMGCR protein (Figure 5A,
compare lanes 2 and 4), whereas of CRBNYW/AA fajled to do so (Figure 5A, compare lanes 2 and 6).
Importantly, P22 A did not alter Hmgcr mRNA levels at any of the concentrations tested (Figure 5B),
suggestive of a post-transcriptional modulation of HMGCR protein by P22A. Depletion of Crbn using

siRNA-mediated knockdown greatly diminished the potency of P22A in eliminating endogenous

13

ACS Paragon Plus Environment



Page 15 of 76 Journal of Medicinal Chemistry

oNOYTULT D WN =

HMGCR protein (Figure 5C and 5D). We next evaluated the ubiquitination level of HMGCR
immunoprecipitated from cells treated with or without P22A. High-molecular-weight smears were
detected upon addition of P22A and MG132 (Figure 5E). To directly demonstrate P22A mediates the
interaction between HMGCR and CRBN, we performed an immunoprecipitation experiment in which
HEK293T cells were co-transfected with Myc-tagged HMGCR and Flag-tagged CRBN followed by
treatments with or without P22A for 16 h. The overexpresssd HMGCR protein was only co-
immunoprecipitated with CRBN in the presence of P22A (Figure 5F). Addition of atorvastatin (Figure
5G) or pomalidomide (Figure 5H) blocked HMGCR immunoprecipitation by CRBN. To further
demonstrate that CRBN participates in HMGCR ubiquitination by P22A, we transfected SRD15 cells
with plasmids encoding T7-tagged HMGCR, Flag-tagged CRBN and HA-tagged ubiquitin. Cells were
then incubated with or without P22A for 16 h, and the transfected HMGCR protein was
immunoprecipitated and subjected to immunoblotting with the anti-ubiquitin antibody. P22A
markedly increased ubiquitination of the transfected HMGCR protein (Figure 51), which, however,
was competitively inhibited by atorvastatin (Figure 5J) and pomalidomide (Figure 5K). Taken together,

these results suggest that P22 A induces degradation of HMGCR protein via UPS.
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Figure 5. P22A induces degradation of HMGCR via UPS. (A) SRD15 cells were transfected with the indicated

plasmids and treated with DMSO or 1 uM P22A for 16 h. Cells were harvested for immunoblotting. (B) SRD15 cells
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were treated with 1 uM P22A at the indicated concentrations for 16 h and harvested for quantitative real-time PCR.
Data are presented as mean + s.d. (n = 3 independent experiments). (C-D) SRD15 cells were transfected with the
indicated siRNAs for 48 h and treated with 1 uM P22A for 16 h. Cells were harvested for quantitative real-time PCR
(C) to measure the knockdown efficiency of siRNA duplexes against Crbn and immunoblotting (D). NC, negative
control. Data are normalized to control cells and presented as mean + s.d. (n = 3 independent experiments). (E)
SRD15 cells were treated with DMSO or 1 uM P22A together with 10 uM MG132 for 4 h. Cells were then harvested
and probed with P4D1 (anti-ubiquitin) antibodies. (F-H) SRD15 cells were transfected with the indicated plasmids
and treated with 1 uM P22A, 1 uM atorvastatin or 10 uM pomalidomide together with10 uM MG132 as indicated
for 5 h. Cell lysates were immunoprecipitated with the anti-Flag coupled agarose. (I-K) SRD15 cells were transfected
with the indicated plasmids and treated with 1 uM P22A, 1 uM atorvastatin or 10 uM pomalidomide together with

10uM MG132 as indicated for 5 h. Cell lysates were immunoprecipitated with the anti-Myc coupled agarose.

P22A is capable of blocking cholesterol biosynthesis. We next sought to monitor the real-time
degradation of endogenous HMGCR in live cells. A construct encoding HMGCR tagged with GFP
was prepared and its ER targeting was confirmed by the colocalization with RFP-tagged KDEL (Lys-
Asp-Glu-Leu), a well-established ER retention motif (Figure 6A). We then established a HMGCR-
GFP stable cell line by infecting SRD15 cells with lentivirus expressing HMGCR-GFP followed by
fluorescence-activated cell sorting of GFP positive cells. The HMGCR-GFP stable cells were
incubated with either DMSO or P22A for 16 h and examined under a confocal microscope. Consistent
with the earlier immunoblotting results (Figure 4A and Figure S2), P22A completely eliminated GFP

intensity that was normally visible in DMSO-treated cells (Figure 6B). It is known that statins by
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inhibiting HMGCR-mediated cholesterol biosynthesis promote proteolytic processing of SREBP#4-43,
generating the cleaved N terminus that translocates into the nucleus to activate the transcription of
target gene including HMGCR and LDL receptor (LDLR). We reasoned P22A, by inhibiting HMGCR
activity via the atorvastatin moiety while inducing HMGCR degradation via the pomalidomide moiety,
would further decrease sterol levels in the cell and thus activate the SREBP pathway in a greater extent
than atorvastatin alone did. Indeed, the compensatory increases in HMGCR protein were markedly
attenuated in Huh7 cells treated with P22A relative to those with atorvastatin (Figure 6C). We next
examined the expression of Hmgcr and Ldlr, two SREBP2 targets, in mouse primary hepatocytes
receiving side-by-side treatments of atorvastatin and P22A. P22A increased slightly, if not
significantly, the mRNA abundance of Hmgcr and Ldlr relative to atorvastatin at both 0.3 and 1 pM
(Figure 6D). In addition to P22 A, we also examined the protein levels of HMGCR, SREBP2 and LDLR
in Huh7 cells treated with compounds 12b-12e, and found these PROTAC molecules showed similar
activities as P22A (Figure S8). To directly compare the effects of atorvastatin and P22A on cholesterol
biosynthesis, we pulse-labeled Huh7 cells pre-treated with P22A or atorvastatin with “C-acetate. The
radiolabeled lipids were fractionated by thin-layer chromatography (TLC) and visualized using a
phosphorimager. The radioactivity of !'*C-labeled cholesterol in P22A-treated cells was dose-
dependently decreased in an extent similar to that in atorvastatin-treated cells (Figure 6E). As excess
cholesterol can be converted to cholesteryl esters that store with triglycerides in the lipid droplets, we
also examined the amounts of lipid droplets in Huh7 cells treated with P22 A and found no significant
changes in Oil Red O staining relative to cells exposed to DMSO (Figure S9). These results suggest
that, although de novo cholesterol synthesis is decreased by P22A, the total neutral lipids (cholesteryl
ester and triglyceride) are not altered under these conditions.
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Figure 6. P22A can inhibit cholesterol biosynthesis. (A) SRD15 cells were transfected with HMGCR-GFP (green)

and RFP-KDEL (red). After 48 h, cells were fixed and counterstained with Hoechst (blue). Scale bar, 50 pm. (B)

SRD15 cells stably expressing HMGCR-GFP were treated with DMSO or 1 uM P22A for 16 h. Cells were fixed and

counterstained with Hoechst (blue). Scale bar, 50 pm. (C) Huh7 cells were treated with atorvastatin or P22A as

indicated for 16 h and harvested for immunoblotting. (D) Mouse primary hepatocytes were treated with atorvastatin

or P22A as indicated for 16 h and harvested for quantitative real-time PCR. Data are presented as mean  s.d. (n =3

independent experiments). (E) Huh7 cells were depleted of sterols and incubated with varying concentrations of
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atorvastatin or P22A for 14 h. Cells were then pulse-labeled with 1 uCi/uL “C-acetate for 2 h and the radiolabeled
lipids were fractionated by TLC and visualized using a phosphorimager. The value in DMSO-treated group is defined

as 1.

P22A and atorvastatin intervene differently on the proteomic level. Then we performed a
proteomic study to compare the expressional differences in a broad spectrum of proteins between
inhibition by atorvastatin and degradation by P22A. SRDI15 cells were treated with DMSO,
atorvastatin or P22A and whole proteome was analyzed quantitatively. The quality of acquired data
was validated by their normal distribution pattern and Pearson correlation coefficient (Figure S10A
and S10B). The triplicates of DMSO, atorvastatin and P22A groups were clustered within very
different regions in the plot of principal component analysis (PCA, Figure 7A). The ANOVA analysis
of the whole proteome revealed a total of 122 proteins with distinct expression levels that could be
further divided into 4 clusters based on their normalized abundance (Figure 7B, Cluster 1-4 and Table
S1). The HMGCR abundance was approximately doubled in the inhibition group but reduced to half
in the degradation group, consistent with the immunoblotting results (Figure 4A and Figure S11).
Another key player in cholesterol homeostasis, Niemann-Pick type C2 protein, was found to increase
following both atorvastatin and P22A treatments by proteomic and immunoblotting analysis (Figure
S11 and Table S2), further confirming the legitimacy of our proteomic data. Intriguingly, we observed
that TXNDCI11, an uncharacterized disulphide reductase involved in the ERAD pathway*’, was
increased by 108 fold (Table S2, p = 0.17) in the inhibition group and 7 fold (Table S2, p < 0.01) in

the degradation group, suggesting it could be a factor that responds to atorvastatin stimulation. As the
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degradation mechanism of HMGCR via the Insig-mediated ERAD pathway is very different from the
PROTAC-induced process®*-32, it would be interesting to investigate the relationship between statins

and TXNDCI11 in the future.
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Figure 7. P22A and atorvastatin affect proteomic level differently. (A) The PCA plot of DMSO, atorvastatin

(inhibition) and P22A (degradation). (B) The heatmap from ANOVA for whole proteomic data. Blue means low

abundance and red means high abundance after normalization. (C) The volcano plots of fold change for atorvastatin

(inhibitor, upper panel) and P22 A (degrader, lower panel) compared with DMSO.

CONCLUSIONS
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In the process of traditional drug discovery, small molecules have been designed to affect protein
activity by binding to the active and allosteric sites of target proteins, or disrupting their protein-protein
interactions. Instead of protein activity, modulators of protein abundance could function as promising
therapeutic tools for complementing the deficiency of traditional drug discovery33-34. RNA interference
(RNAIi)%-3¢ and CRISPR-Cas9%7 are two representative techniques in this respect. However, RNA-
based therapeutics are limited by RNA instability, immunogenicity, and the requirement for a vehicle
for efficient transport into the target cells, whereas CRISPR-Cas9 remains untested in clinic yet36-7.
By contrast, PROTACs that combine the pharmacokinetic properties of small molecules and the
advantages of genetic knockdown techniques could have more promising opportunities in the future,

especially for the anti-cancer field36-8.

Dyslipidemia is a well-established risk factor for CVD characterized by high levels of cholesterol>>°,
and is prevalent in both developed and developing countries. Atorvastatin under the trade name Lipitor
was the world's best-selling drug with 130 billion dollars in sales from 1996 to 2012%°. However, few
options are available for patients with statin intolerance, CVD after maximal dosage of statin, or severe
dyslipidemia®!. In particular, statin-induced compensatory upregulation of HMGCR unavoidably
limits their utilization, urging for the development of additional therapy strategies. The proprotein
convertase subtilisin-kexin type 9 (PCSK9) monoclonal antibodies are a milestone in the field®2. Small
interfering RNAs targeting PCSK9 have also been developed®®. Antibody drugs may always be
limited by their price, immunogenicity and route of administration, while the disadvantages of RNA-
based methods are discussed above. Several ubiquitin ligases have been reported to mediate
degradation of HMGCR via the UPS under physiological conditions, and this native process is valuable

for developing new therapies for diseases caused by high cholesterol’3!4>-64, Therefore, the artificial
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atorvastatin-pomalidomide conjugates such as HMGCR-PROTACs may be applicable for the

treatment of dyslipidemia treatment, CVD prevention and other diseases.

In comparison with the native Insig-mediated HMGCR degradation pathway, PROTACs utilize
different E3 ligases to degrade HMGCR and are able to induce degradation of both endogenous and
ectopically expressed HMGCR protein. Particularly, the P22A compound has an atorvastatin moiety
and a pomalidomide moiety. On one hand, the statin group of P22A inhibits HMGCR activity,
decreases the downstream sterols and then activates the SREBP pathway, thereby causing
compensatory increases in HMGCR protein in the cells with Insigs. On the other hand, the
pomalidomide moiety recruits the E3 ubiquitin ligase CRBN to degrade HMGCR. In SRD15 cells that
lack Insig-1 and -2, the SREBP pathway has been constitutively activated, and statins cannot further
increase HMGCR expression. The basal level of HMGCR is very high. Therefore, P22 A-induced
HMGCR degradation through CRBN is very dramatic. In Huh7 cells, the two effects of P22A exist
and atorvastatin only increases HMGCR. Hence, the HMGCR level in P22 A-treated cells were much
less than that in atorvastatin-treated cells (Figure 6C), indicating that P22A does promote HMGCR
degradation via CRBN. Notably, P22A inhibits cholesterol biosynthesis with the similar potency to

atorvastatin (Figure 6E).

Together, our study establishes a proof-of-concept for HMGCR degradation by PROTACs and
suggests a new potential strategy for treating hypercholesterolemia and CVD. Our work also reveals
that, in contrast to conventional inhibition by small molecule inhibitors (such as statins), PROTACs
may potentially be used as a general way to solve compensatory upregulation of proteins that

contributes to illness, adverse effects and drug resistance®3-¢7.
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EXPERIMENTAL SECTION

Chemistry. All commercial chemical materials (Energy, Ouhe, Aladdin, J&K Chemical Co. Ltd.)
were used without further purification. All solvents were analytical grade. The "TH-NMR and *C-NMR
spectra were recorded on a Bruker AVANCE III 400 MHz spectrometer in CDCl;, CD3;0D, using
tetramethylsilane (TMS) or solvent peak as a standard. All 3C NMR spectra were recorded with
complete proton decoupling. Low-resolution mass spectral analyses were performed with a Waters
ACQUITY UPLC/MS. High-resolution mass spectral analyses were performed with a Thermo
Scientific OrbiTrap Q-Exactive. Analytical thin-layer chromatography (TLC) was performed on
Yantai Chemical Industry Research Institute silica gel 60 F254 plates, and flash column
chromatography was performed on Qingdao Haiyang Chemical Co. Ltd. silica gel 60 (200—300 mesh).
A BUCHI Rotavapor R-3 was used to remove solvents by evaporation. The purity of all the final tested
compounds was more than 95% as confirmed by NMR and UPLC. Atorvastatin was from Energy
Chemical (E1201400010), Pomalidomide was from Bide Pharmatech Ltd (BD235626). Compounds
P13A-P23A were synthesized and dissolved in DMSO at a concentration of 10 mM and stored at -
20°C. For cell culture experiments drugs were diluted at least by 1:1,000 so that the final DMSO
concentration was 0.1% or lower. Sterols were obtained from Steraloids. MG-132 was obtained from

Sigma. “C-acetic acid sodium salt was obtained from Perkin Elmer.

2-(3-Bromophenyl)acetyl chloride (1). To a 100 ml round-bottom flask was added 2-(3-
bromophenyl)acetic acid (4.2 g, 20 mmol), thionyl chloride (4 ml, 60 mmol), DMF (1 drop) and DCM

(30 ml) as solvent. The mixture was stirred at room temperature overnight. Then the solvent was
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removed under reduced pressure. The residual was used directly in the next step without purification.

2-(3-Bromophenyl)-1-(4-fluorophenyl)ethan-1-one (2). To a 100 ml round-bottom flask containing
AICl; (3.2 g, 24 mmol) and fluorobenzene (9 ml, 100 mmol) at ice bath was added 1 dropwise. After
stirring at ice bath for 20 min, it was stirred at 50 °C for another 7 h. The mixture was diluted by 2N
HCl solution and extracted by EtOAc. The organic layer was purified by silica gel column with hexane:
EtOAc = 20: 1 as eluent to get 2 (Isolated yield = 93 %). 'H-NMR (400 MHz, CDCl;, ppm): 8.02 —
7.99 (m, 2H), 7.40 — 7.38 (m, 2H), 7.21 — 7.11 (m, 4H), 4.42 (s, 2H). *C-NMR (100 MHz, CDCls;,
ppm): 195.3,167.3, 164.7, 136.6, 132.9, 132.9, 132.6, 131.4, 131.3, 130.3, 128.3, 122.8, 116.1, 115.9,

44.9. LR—MS: calculated for C,4H;BrFO [M+H]", 292.99; found, 293.15.

2-Bromo-2-(3-bromophenyl)-1-(4-fluorophenyl)ethan-1-one (3). Compound 2 (2.9 g, 10 mmol)
was dissolved in CHCl; to which 30 % HBr in AcOH (1 ml) was added at room temperature. A solution
of bromine (about 600 uL) in CHCI; was added dropwise. The addition continued until slight bromine
coloration remined. Then a saturated Na,SOj; solution was added and extract with EtOAc. The organic
layer was purified by silica gel column with hexane: EtOAc = 20: 1 as eluent to get 3 (Isolated yield
=70 %). '"H-NMR (400 MHz, CDCl;, ppm): 8.03 (dd, J = 8.88 Hz, J=5.24 Hz, 2H), 7.69 (t, J = 1.72
Hz, 1H), 7.46 (t, J = 7.08 Hz, 2H), 7.25 (t, J = 7.88 Hz, 1H), 7.14 (t, J = 8.48 Hz, 2H), 6.22 (s, 1H).
BC-NMR (100 MHz, CDCl;, ppm): 189.2, 167.5, 164.9, 137.8, 132.5, 132.3, 132.1, 132.0, 130.6,
130.4, 130.4, 128.0, 122.9, 116.4, 116.2, 48.8. LR—MS: calculated for C;4H;,Br,FO [M+H]*, 370.90;

found, 371.34.

2-(1-(3-Bromophenyl)-2-(4-fluorophenyl)-2-oxoethyl)-4-methyl-3-oxo-N-phenylpentanamid (4).

A mixture of compound 3 (2.2 g, 5.9 mmol), 4-Methyl-3-oxo-N-phenylpentanamide (1.2 g, 5.9 mmol)
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and K,COs; (1.2 g, 8.9 mmol) in 30 ml acetone was refluxed at 60 °C overnight. Then dilute with brine
solution and extract with EtOAc. The organic layer was purified by silica gel column with hexane:
EtOAc = 7: 1 as eluent to get 4 (Isolated yield = 55 %). 'H-NMR (400 MHz, CDCls, ppm): 7.98 (dd,
J=28.84 Hz, J=5.36 Hz, 2H), 7.45 (t, /= 1.56 Hz, 1H), 7.37 — 7.04 (m, 12H), 5.36 (d, J = 9.52 Hz,
1H), 4.51 (d, J=9.56 Hz, 1H), 3.01 — 2.95 (m, 1H), 1.24 (d, J = 5.92 Hz, 3H), 1.15 (d, /= 5.84 Hz,
3H). 13C-NMR (100 MHz, CDCl;, ppm): 209.6, 196.0, 167.2, 164.9, 164.8, 137.6, 136.7, 132.0, 132.0,
131.9, 131.8, 131.6, 131.2, 131.1, 129.2, 127.5, 125.3, 123.5, 120.6, 116.1, 115.9, 64.30, 54.0, 41.3,

18.7, 18.2. LR—MS: calculated for C,sH,4sBrFNO; [M+H]*, 496.08; found, 496.27.

Tert-butyl 2-((4R,6R)-6-(2-(3-(3-bromophenyl)-2-(4-fluorophenyl)-5-isopropyl-4-
(phenylcarbamoyl)-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (5). To a 50 ml
round-bottom flask containing 5 ml toluene, 5 ml THF and 10 ml cyclohexane was added 4 (2.3 g, 4.6
mmol), tert-butyl 2-((4R,6R)-6-(2-aminoethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (2.5g, 9.2 mmol)
and -BuCOOH (470mg, 4.6mmol). The mixture was refluxed at 115 °C for 40 h and extracted with
EtOAc. The organic layer was purified by silica gel column with hexane: EtOAc = 15: 1 as eluent to
get 5 (Isolated yield = 82%). 'H-NMR (400 MHz, CDCl;, ppm): 7.30 (s, 1H), 7.26 — 7.16 (m, 7H),
7.05—-7.01 (m, 5H), 6.86 (s, 1H), 4.17 —4.13 (m, 1H), 4.09 — 4.02 (m, 1H), 3.84 — 3.77 (m, 1H), 3.72
—3.65 (m, 1H), 3.51 — 3.44 (m, 1H), 2.39 (dd, J = 15.24 Hz, J=7.00 Hz, 1H), 2.24 (dd, J= 15.24 Hz,
J=6.12 Hz, 1H), 1.69 — 1.62 (m, 2H), 1.52 (s, 3H), 1.50 (s, 3H), 1.43 (s, 9H), 1.36 (s, 4H), 1.30 (s,
3H), 1.08 — 1.03 (m, 1H). 3C-NMR (100 MHz, CDCl;, ppm): 170.30, 165.0, 163.8, 161.3, 141.1,
138.2,136.9, 133.3,133.2,133.1, 129.8, 129.4, 129.1, 129.0, 128.9, 127.9, 127.9, 124.0, 122.2, 120.3,
120.0, 115.8, 115.6, 98.8, 80.8, 66.4, 66.0, 42.5, 40.9, 38.2, 36.0, 30.0, 28.2, 26.2, 22.0, 21.8, 19.8.

LR—-MS: calculated for C4H47BrFN,Os [M+H]*, 733.26; found, 733.36.
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Tert-butyl 2-((4R,6R)-6-(2-(2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-3-(3-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-

yDacetate (6). To a 50 ml round-bottom flask was added 5 (2.5 g, 3.4 mmol), Pd(dppf),Cl,.DCM (90
mg, 0.1 mmol), KOAc (700 mg, 6.8 mmol), Bis(pinacoloto)diboron (1 g, 3.75 mmol) and 30 ml DMF
as solvent under the protection of argon. The mixture was stirred at 80 °C overnight and extracted with
EtOAc. The organic layer was purified by silica gel column with hexane: EtOAc = 10: 1 as eluent to
get 6 (Isolated yield = 68%). 'H-NMR (400 MHz, CDCl;, ppm): 7.68 (s, 1H), 7.68 (d, J = 5.12 Hz,
1H), 7.20 — 7.14 (m, 6H), 7.07 (d, J= 7.84 Hz, 2H), 7.00 — 6.94 (m, 3H), 6.88 (s, 1H), 4.17 —4.13 (m,
1H), 4.09 —4.02 (m, 1H), 3.87 —3.81 (m, 1H), 3.72 — 3.65 (m, 1H), 3.60 —3.57 (m, 1H), 2.39 (dd, J =
15.24 Hz, J = 6.96 Hz, 1H), 2.24 (dd, J = 15.48 Hz, J = 6.24 Hz, 1H), 1.68 — 1.65 (m, 2H), 1.53 (s,
3H), 1.52 (s, 3H), 1.43 (s, 9H), 1.36 (s, 4H), 1.30 (s, 3H), 1.23 (s, 12H), 1.07 — 1.02 (m, 1H). 3C-NMR
(100 MHz, CDCls, ppm): 170.3, 164.91, 163.6, 161.1, 141.7, 138.5, 137.4, 134.0, 133.4, 133.4, 133.3,
132.7,129.0, 128.9, 128.6, 128.4, 128.4, 127.8, 123.6, 121.9, 120.0, 115.4, 115.2, 115.2, 99.7, 83.7,
80.7, 66.5, 66.0, 42.5, 40.9, 38.1, 36.0, 29.9, 28.2, 26.13, 24.8, 24.8, 21.8, 21.6, 19.7. LR-MS:

calculated for C4sHsoBFN,O; [M+H]", 781.43; found, 781.45.

Tert-butyl 2-((4R,6R)-6-(2-(2-(4-fluorophenyl)-3-(3-hydroxyphenyl)-5-isopropyl-4-
(phenylcarbamoyl)-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (7). To a 50 ml
round-bottom flask containing 20ml THF was added 6 (1.8 g, 2.3mmol), 30% H,0, in HO (2ml) and
NaOH (200 mg, 4.6 mmol) at ice bath. After stirring at ice bath for 15 min, it was warmed up to room
temperature for another 15 min. Extract with EtOAc and wash by brine. The organic layer was purified
by silica gel column with hexane: EtOAc = 5: 1 as eluent to get 7 (Isolated yield = 84%). "TH-NMR

(400 MHz, CDCls, ppm): 7.26 — 7.08 (m, 6H), 7.03 — 6.94 (m, 5H), 6.65 — 6.63 (m, 3H), 4.19 — 4.14

26

ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of Medicinal Chemistry Page 28 of 76

(m, 1H), 4.08 — 4.02 (m, 1H), 3.85 —3.81 (m, 1H), 3.79 — 3.67 (m, 1H), 3.60 — 3.56 (m, 1H), 2.38 (dd,
J=15.28 Hz, J=7.08 Hz, 1H), 2.23 (dd, J = 15.28 Hz, J = 6.96 Hz, 1H), 1.66 — 1.63 (m, 2H), 1.50
(s, 3H), 1.49 (s, 3H), 1.43 (s, 3H), 1.35 (s, 3H), 1.29 — 1.20 (m, 4H), 1.07 — 1.02 (m, 1H). 3C-NMR
(100 MHz, CDCls, ppm): 170.5, 165.3, 163.6, 161.1, 156.4, 141.6, 138.2, 136.1, 133.2, 133.2, 129.6,
128.9, 128.8, 128.3, 128.2, 123.9, 122.5, 121.7, 120.3, 117.5, 115.5, 115.3, 115.1, 114.0, 98.8, 80.9,
66.5, 66.0, 42.5, 40.9, 38.1, 36.0, 30.0, 28.2, 26.1, 24.8, 21.8, 21.6, 19.7. LR-MS: calculated for

C40H48FN206 [M+H]+, 67134, found, 671.32.

Tert-butyl 2-((4R,6R)-6-(2-(2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-3-(3-(prop-2-
yn-1-yloxy)phenyl)-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (8a). To a 10 ml
sealed tube containing 3ml MeCN was added 7 (670 mg, 1 mmol), K,CO; (540mg, 4 mmol) and 3-
bromopropyne (4 mmol). The mixture was stirred at 70 °C for 20 h and extracted with EtOAc. The
organic layer was purified by silica gel column with hexane: EtOAc =10: 1 as eluent to get 8a (Isolated
yield = 88%). "H-NMR (400 MHz, CDCl;, ppm): 7.20 — 7.16 (m, 4H), 7.13 — 7.06 (m, 3H), 7.05 —
6.96 (m, 4H), 6.73 — 6.69 (m, 3H), 4.44 (s, 2H), 4.18 —4.13 (m, 1H), 4.09 — 4.03 (m, 1H), 3.86 —3.77
(m, 1H), 3.69 — 3.68 (m, 1H), 3.57 — 3.53 (m, 1H), 2.38 (dd, J = 15.20 Hz, J = 6.80 Hz, 1H), 2.26 —
2.21 (m, 3H), 1.68 — 1.65 (m, 2H), 1.54 (s, 3H), 1.52 (s, 3H), 1.43 (s, 9H), 1.37 — 1.32 (m, 4H), 1.30
(m, 3H), 1.09 — 1.01 (m, 1H). 3*C-NMR (100 MHz, CDCl;, ppm): 170.3, 164.8, 163.6, 161.2, 157.5,
141.6, 138.6, 136.9, 133.3,133.2, 129.5, 128.9, 128.8, 128.3, 124.0, 123.6, 121.6, 119.7, 116.4, 115.6,
115.4, 115.4, 114.2, 98.8, 80.8, 78.4, 75.5, 66.5, 66.0, 55.8, 42.6, 40.9, 38.2, 36.1, 30.0, 28.2, 26.2,

21.8,21.7, 19.8. LR—MS: calculated for C43H;50FN,O¢ [M+H]*, 709.36; found, 709.46.

Tert-butyl 2-((4R,6R)-6-(2-(2-(4-fluorophenyl)-5-isopropyl-3-(3-(pent-4-yn-1-yloxy)phenyl)-4-
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(phenylcarbamoyl)-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (8b). It was
synthesized as compound 8a. 'TH-NMR (400 MHz, CDCls, ppm): 7.19 — 7.16 (m, 4H), 7.13 — 7.06 (m,
3H), 7.00 — 6.96 (m, 4H), 6.73 — 6.69 (m, 3H), 4.18 —4.13 (m, 1H), 4.09 — 4.03 (m, 1H), 3.86 —3.77
(m, 3H), 3.69 — 3.68 (m, 1H), 3.57 — 3.53 (m, 1H), 2.38 (dd, J = 15.20 Hz, J = 6.80 Hz, 1H), 2.26 —
2.21 (m, 3H), 1.91 (t,J = 1.04 Hz, 1H), 1.81 — 1.78 (m, 2H), 1.68 — 1.65 (m, 2H), 1.54 (s, 3H), 1.52
(s, 3H), 1.43 (s, 9H), 1.37 — 1.32 (m, 4H), 1.30 (m, 3H), 1.09 — 1.01 (m, 1H). 3C-NMR (100 MHz,
CDCl;, ppm): 170.3, 165.0, 163.6, 161.1, 158.8, 141.5, 138.6, 136.0, 133.3, 133.2, 129.4, 128.8, 128.8,
128.4,128.4,123.6, 123.0, 121.8, 119.7, 115.9, 115.6, 115.4, 114.0, 98.8, 83.5, 80.8, 68.9, 66.5, 66.1,
66.0, 53.5,42.5,40.9, 38.2, 36.1, 30.0, 28.2, 28.0, 26.2, 21.9, 21.7, 19.8, 15.1. LR—MS: calculated for

C45H54FN206 [M+H]+, 73739, found, 737.36.

Tert-butyl  2-((4R,6R)-6-(2-(2-(4-fluorophenyl)-3-(3-(hex-5-yn-1-yloxy)phenyl)-5-isopropyl-4-
(phenylcarbamoyl)-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (8c). It was
synthesized as compound 8a. 'TH-NMR (400 MHz, CDCls, ppm): 7.20 — 7.17 (m, 4H), 7.12 — 7.06 (m,
3H), 7.03 — 6.97 (m, 3H), 6.94 (s, 1H), 6.71 — 6.69 (m, 3H), 4.18 — 4.03 (m, 2H), 3.86 —3.78 (m, 1H),
3.71-3.64 (m, 3H), 3.57-3.51 (m, 1H), 2.38 (dd, /= 15.28 Hz, /= 6.80 Hz, 1H), 2.23 (dd, /= 15.28
Hz,J=7.06 Hz, 1H), 2.16 — 2.12 (m, 2H), 1.93 (t, /= 1.04 Hz, 1H), 1.73 — 1.63 (m, 4H), 1.58 — 1.49
(m, 8H), 1.44 (s, 9H), 1.36 (s, 3H), 1.31 — 1.27 (m, 4H), 1.09 — 1.01 (m, 1H). 3C-NMR (100 MHz,
CDCl;, ppm): 170.3, 165.0, 163.6, 161.2, 158.9, 141.5, 138.6, 136.0, 133.3, 133.2, 129.4, 128.8, 128.8,
128.4,128.4,123.7,122.9,121.8,119.6,115.9, 115.6, 115.5, 115.4, 114.0, 98.8, 84.2, 80.8, 68.7, 67.2,
66.5, 66.0, 42.6, 40.9, 38.2, 36.1, 30.0, 28.2, 28.1, 26.2, 25.0, 21.9, 21.7, 19.8, 18.1. LR—-MS:

calculated for C4sHs¢FN,O¢ [M+H], 751.40; found, 751.37.
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Tert-butyl 2-((4R,6R)-6-(2-(2-(4-fluorophenyl)-3-(3-(hept-6-yn-1-yloxy)phenyl)-5-isopropyl-4-
(phenylcarbamoyl)-1H-pyrrol-1-yl)ethyl)-2,2-dimethyl-1,3-dioxan-4-yl)acetate (8d). It was
synthesized as compound 8a. 'TH-NMR (400 MHz, CDCls, ppm): 7.20 — 7.17 (m, 4H), 7.12 — 7.06 (m,
3H), 7.03 - 6.97 (m, 3H), 6.95 (s, 1H), 6.71 — 6.68 (m, 3H), 4.19 — 4.03 (m, 2H), 3.87 —3.78 (m, 1H),
3.71-3.63 (m, 3H), 3.56 —3.51 (m, 1H), 2.39 (dd, J=15.28 Hz, /= 6.80 Hz, 1H), 2.23 (dd, /= 15.28
Hz,J=7.06 Hz, 1H), 2.16 — 2.13 (m, 2H), 1.94 (t, J = 1.04 Hz, 1H), 1.69 — 1.61 (m, 4H), 1.56 — 1.45
(m, 8H), 1.44 (s, 11H), 1.37 (s, 3H), 1.30 — 1.26 (m, 4H), 1.09 — 1.01 (m, 1H). *C-NMR (100 MHz,
CDCl;, ppm): 170.2, 165.0, 164.6, 161.1, 159.0, 141.5, 138.6, 135.9, 133.3, 133.2, 129.3, 128.8, 128.8,
128.4,128.4,123.6, 122.8, 121.8, 199.6, 115.9, 115.5, 115.3, 114.0, 98.7, 84.5, 80.8, 68.5, 67.7, 66.5,
66.0, 53.5, 42.5, 40.9, 38.1, 36.0, 30.0, 29.8, 28.6, 28.2, 28.1, 26.2, 25.2, 21.8, 21.7, 19.7, 18.4.

LR—-MS: calculated for C4;HssFN,Og [M+H]", 765.42; found, 765.45.

(BR,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-3-(3-(prop-2-yn-1-

yloxy)phenyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (9a). To a 25 ml round-bottom flask
containing 4 ml MeOH was added 8a (600 mg, 0.82 mmol) and 6N HCI (200 pL). After stirring at
room temperature for 4 h, NaOH (400 mg, 10 mmol) and H,O (100 puL) were added. The mixture was
stirred for another 5 h and acidified by HCI solution. Extract with EtOAc and purify by silica gel
column with EtOAc as eluent to get 9a (Isolated yield = 75%)'H-NMR (400 MHz, CDC]l;, ppm): 7.26
—6.93 (m, 11H), 6.70 — 6.65 (m, 3H), 5.81 (b, 2H), 4.44 (s, 2H), 4.09 —4.03 (m, 2H), 3.96 — 3.86 (m,
1H), 3.77 (t, J=5.52 Hz, 2H), 3.66 — 3.62 (m, 1H), 3.53 — 3.48 (m, 1H), 2.48 — 2.35 (m, 2H), 2.31 (s,
1H), 1.65 — 1.55 (m, 2H), 1.49 — 1.42 (m, 8H). '*C-NMR (100 MHz, CDCl3, ppm): 165.4, 163.6, 161.1,
157.5, 141.3, 138.2, 136.0, 133.3, 133.2, 129.5, 129.0, 128.8, 128.3, 124.1, 123.9, 121.7, 120.1, 116 4,

115.8, 115.5, 114.2, 78.5, 75.6, 69.8, 68.8, 55.8, 41.6, 41.3, 39.0, 29.8, 26.3, 22.0, 21.9. LR—MS:
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1

2

3

4 calculated for C3¢H33FN,O¢ [M+H], 613.26; found, 613.44.

5

6

7

8 (BR,5R)-7-(2-(4-fluorophenyl)-5-isopropyl-3-(3-(pent-4-yn-1-yloxy)phenyl)-4-(phenylcarbamoyl)-
9

:(1) 1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (9b). It was synthesized as compound 9a.'H-NMR
12

13 (400 MHz, CDCl;, ppm): 7.25 — 6.93 (m, 11H), 6.70 — 6.65 (m, 3H), 5.81 (b, 2H), 4.09 — 4.03 (m,
14

]2 2H), 3.96 — 3.86 (m, 1H), 3.77 (t, J = 5.52 Hz, 2H), 3.66 — 3.62 (m, 1H), 3.53 — 3.47 (m, 1H), 2.24 —
17

18 2.16 (m, 4H), 1.89 (s, 1H), 1.80 — 1.73 (m, 2H), 1.65 — 1.55 (m, 2H), 1.49 — 1.42 (m, 8H). 3C-NMR
19

20

2 (100 MHz, CDCl;, ppm): 169.5, 165.0, 162.6, 159.8, 139.8, 139.0, 137.5, 134.7, 134.6, 130.3, 130.2,
22

;i 129.8,129.7, 129.6, 125.2, 123.3, 123.0, 121.4, 118.0, 116.5, 116.3, 114.0, 84.1, 70.0, 68.6, 68.1, 67.1,
25

26 44.0, 42.1, 40.1, 29.3, 27.6, 22.8, 22.8, 15.7. LR—MS: calculated for C5sH4FN,Og [M+H]", 641.29;
27

28

% found, 641.32.

30

31

32 (BR,5R)-7-(2-(4-fluorophenyl)-3-(3-(hex-5-yn-1-yloxy)phenyl)-5-isopropyl-4-

33

34

35 (phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (9¢). It was synthesized as
36

;73 compound 9a. 'H-NMR (400 MHz, CDCls, ppm): 7.22 — 7.14 (m, 4H), 7.12 — 6.98 (m, 6H), 6.95 (s,
39

40 1H), 6.71 — 6.62 (m, 3H), 4.17 — 4.09 (m, 2H), 4.02 — 3.90 (m, 1H), 3.78 — 3.67 (m, 3H), 3.57 — 3.49
41

fé (m. 1H), 2.45 (d, J=5.80 Hz, 2H), 2.18 — 2.12 (m, 2H), 1.93 (t,J=1.40 Hz, 1H), 1.76 — 1.69 (m, 2H),
44

45 1.65 — 1.49 (m, 12H). BC-NMR (100 MHz, CDCl;, ppm): 165.6, 163.6, 161.1, 158.9, 141.3, 138.2,
46

47

48 135.8,133.3,133.2,129.4, 128.8, 128.4, 124.1, 122.8, 122.0, 120.0, 115.9, 115.7, 115.5, 115.4, 115.9,
49

g? 113.9, 84.2, 69.8, 68.8, 68.7, 67.3, 41.6, 41.3, 38.9, 29.8, 28.1, 26.3, 25.0, 22.0, 21.9, 18.1. LR—-MS:
52

53 calculated for C39H44FN,O¢ [M+H], 655.31; found, 641.26.

54

55

g? (BR,5R)-7-(2-(4-fluorophenyl)-3-(3-(hept-6-yn-1-yloxy)phenyl)-5-isopropyl-4-(phenylcarbamoyl)-
58

59 1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (9d). It was synthesized as compound 9a. "H-NMR
60
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(400 MHz, CDCls, ppm): 7.21 — 6.96 (m, 11H), 6.70 — 6.68 (m, 3H), 4.15 — 4.13 (m, 2H), 4.11 — 3.93
(m, 1H), 3.78 — 3.62 (m, 3H), 3.57 — 3.49 (m. 1H), 2.45 (d, J = 5.82 Hz, 2H), 2.18 — 2.12 (m, 2H), 1.94
(t, J = 1.46 Hz, 1H), 1.65 — 1.56 (m, 4H), 1.55 — 1.39 (m, 12H). 3C-NMR (100 MHz, CDCl;, ppm):
165.6, 163.6, 161.2, 159.0, 141.4, 138.3, 135.8, 133.3, 133.2, 129.4, 128.9, 128.5, 128.4, 124.0, 122.8,
122.0, 120.0, 115.9, 115.7, 115.5, 115.4, 114.0, 84.5, 73.2, 69.8, 68.9, 68.5, 67.8, 41.6, 41.3, 38.9,
37.2,32.0, 29.8, 29.4, 28.6, 28.2, 26.3, 25.2, 22.0, 21.9, 18.4. LR-MS: calculated for C4H4sFN,O

[M+H]*, 669.33; found, 669.27.

4-((2-(2-Azidoethoxy)ethyl)amino)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (10a). To a
10 ml sealed tube charged with stirring bar was added 2-(2-azidoethoxy)ethanamine (150 mg, 1.1
mmol), 2-(2,6-dioxopiperidin-3-yl)-4-fluoroisoindoline-1,3-dione (140 mg, 1.08 mmol) and N,N-
Diisopropylethylamine (280 mg, 2.16 mmol) with 2 ml DMF as solvent. The mixture was stirred at 90
°C for 12 h. After extracted with EtOAc and washed by brine, the organic layer was purified by silica
gel column with DCM: EtOAc = 10: 1 as eluent to get 10a (Isolated yield = 39%). 'H-NMR (400 MHz,
CDCls, ppm): 8.34 (s, 1H), 7.49 (t, J=7.72 Hz, 1H), 7.10 (d, /= 7.12 Hz, 1H), 6.93 (d, J = 8.52 Hz,
1H), 6.49 (t, J=5.56 Hz, 1H), 4.91 (dd, J= 12 Hz, J = 5.44 Hz, 1H), 3.72 (t, J = 5.28 Hz, 2H), 3.67
(t, J=4.72 Hz, 2H), 3.50 (t, J = 5.36 Hz, 2H), 3.40 (t, J = 4.68 Hz, 2H), 2.95 — 2.69 (m, 3H), 2.13 —
2.09 (m, 1H). *C-NMR (100 MHz, CDCl;, ppm): 171.3, 169.4, 168.6, 167.7, 146.9, 136.2, 132.6,
116.9,111.9,110.5, 70.2, 69.9, 50.8, 49.2, 49.0, 42.5, 31.5, 22.9. LR—-MS: calculated for C;7;H9N¢Os

[M+H]*, 387.13; found, 387.28.

4-((2-(2-(2-Azidoethoxy)ethoxy)ethyl)amino)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione

(10b). Following the procedure to synthesize 10a, 2-(2-azidoethoxy)ethanamine was replaced by 2-
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(2-(2-azidoethoxy)ethoxy)ethanamine to get 10b (Isolated yield = 33%). 'H-NMR (400 MHz, CDCl;,
ppm): 8.37 (s, 1H), 7.49 (t, J=7.72 Hz, 1H), 7.09 (d, /= 7.08 Hz, 1H), 6.92 (d, /= 8.52 Hz, 1H), 6.49
(t, J=5.44 Hz, 1H), 4.91 (dd, J = 12.24 Hz, J = 5.60 Hz, 1H), 3.74 — 3.66 (m, 8H), 3.48 — 3.46 (m,
2H), 3.37 (t, J=5.08 Hz, 2H), 2.85 — 2.67 (m, 3H), 2.09 — 2.07 (m, 1H). 3C-NMR (100 MHz, CDCl;,
ppm): 171.5, 170.4, 169.3, 168.6, 167.7, 146.9, 136.1, 132.6, 116.9, 111.6, 110.3, 70.7, 70.3, 69.7,

68.8,51.0,48.9,42.5,31.5,22.8. LR—MS: calculated for C;9H,3N¢O¢ [M+H]", 431.16; found, 431.34.

4-((2-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy)ethyl)amino)-2-(2,6-dioxopiperidin-3-yl)isoindoline-

1,3-dione (10c). Following the procedure to synthesize 10a, 2-(2-azidoethoxy)ethanamine was
replaced by 2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethanamine to get 10¢ (Isolated yield = 45%). 'H-
NMR (400 MHz, CDCl;, ppm): 8.66 (s, 1H), 7.45 (t,J=7.20 Hz, 1H), 7.05 (d, /= 7.12 Hz, 1H), 6.88
(d, J=8.32 Hz, 1H), 6.45 (s, 1H), 4.91 (m, 1H), 3.78 — 3.58 (m, 12H), 3.50 — 3.48 (m, 2H), 3.36 —
3.34 (m, 2H), 2.89-2.71 (m, 3H), 2.13 - 2.09 (m, 1H). 3C-NMR (100 MHz, CDCl;, ppm): 171.3, 169.4,
168.6, 167.7, 146.9, 136.2, 132.6, 116.9, 111.9, 110.5, 70.2, 69.9, 50.8, 49.2, 49.0, 42.5, 31.5, 22.9.

LR—-MS: calculated for C,H,7NgO; [M+H]", 475.19; found, 475.21.

4-((14-Azido-3,6,9,12-tetraoxatetradecyl)amino)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-

dione (10d). Following the procedure to synthesize 10a, 2-(2-azidoethoxy)ethanamine was replaced
by 14-azido-3,6,9,12-tetraoxatetradecan-1-amine to get 10d (Isolated yield = 30%). 'H-NMR (400
MHz, CDCl;, ppm): 8.08 (s, 1H), 7.49 (t,J="7.60 Hz, 1H), 7.10 (d, /= 7.08 Hz, 1H), 6.92 (d, /= 8.52
Hz, 1H), 6.49 (t, J = 5.64 Hz, 1H), 4.91 (dd, J = 12.24 Hz, J = 5.52 Hz, 1H), 3.67 — 3.49 (m, 16H),
3.48-3.45 (m, 2H), 3.39 (t, J = 5.16 Hz, 2H), 2.91 — 2.71 (m, 3H), 2.15-2.10 (m, 1H). '3C-NMR (100

MHz, CDCl;, ppm): 171.6, 169.3, 168.8, 167.7, 146.8, 136.0, 132.5, 116.8, 111.6, 110.3, 71.3, 70.7,
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70.6, 70.5, 69.7, 69.5, 50.7, 42.8, 42.4, 31.4, 22.8. LR—MS: calculated for C,3H3N¢Og [M+H]",

519.21; found, 519.13.

4-((14-azido-3,6,9,12-tetraoxatetradecyl)amino)-2-(1-ethyl-2,6-dioxopiperidin-3-yl)isoindoline-

1,3-dione (10e). It was synthesized as compound 10a. 'H-NMR (400 MHz, CDCls, ppm): 7.50 (t, J =
7.60 Hz, 1H), 7.10 (d, J = 7.08 Hz, 1H), 6.92 (d, J = 8.52 Hz, 1H), 6.49 (t, /= 5.64 Hz, 1H), 4.91 (m,
1H), 3.67 — 3.49 (m, 18H), 3.48-3.45 (q, J = 6.80 Hz, 2H), 3.39 (t, J = 5.16 Hz, 2H), 2.91 — 2.71 (m,
3H), 2.15-2.10 (m, 1H), 1.15 (t, J = 6.80 Hz, 3H). 3C-NMR (100 MHz, CDCl3, ppm): 171.6, 169.3,
168.7, 167.7, 146.8, 136.0, 132.5, 116.8, 111.6, 110.3, 71.3, 70.7, 70.6, 70.5, 69.7, 69.5, 50.7, 42.8,

42.4,31.4,22.7. LR—MS: calculated for C,5H35N¢Og [M+H]*, 547.24; found, 547.56.

4-((5-azidopentyl)amino)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (10f). Following the
procedure to synthesize 10a, 2-(2-azidoethoxy)ethanamine was replaced by 5-azidopentan-1-amine to
get 10f (Isolated yield = 34%). "H-NMR (400 MHz, CDCls, ppm): 8.43 (s, 1H), 7.48 (t, J = 7.60 Hz,
1H), 7.07 (d, J=7.08 Hz, 1H), 6.86 (d, J=8.52 Hz, 1H), 6.23 (t,J = 5.64 Hz, 1H), 4.91 (dd, /= 12.24
Hz, J=5.52 Hz, 1H), 3.28 — 3.25 (m, 4H), 2.91 — 2.71 (m, 3H), 2.15-2.10 (m, 1H), 1.75 — 1.52 (m,
4H), 1.50 — 1.35 (m, 2H). *C-NMR (100 MHz, CDCl3, ppm): 171.4, 169.6, 168.6, 167.7, 147.0, 136.2,
132.6,116.7,111.5,110.0, 51.4, 49.0, 42.6, 31.5, 29.2, 28.8, 26.6, 26.5, 22.9. LR-MS: calculated for

C18H21N604 [M+H]+, 38515, found, 385.23.

4-((6-azidohexyl)amino)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (10g). Following the
procedure to synthesize 10a, 2-(2-azidoethoxy)ethanamine was replaced by 5-azidopentan-1-amine to
get 10g (Isolated yield = 34%). 'H-NMR (400 MHz, CDCls, ppm): 8.42 (s, 1H), 7.49 (t, J = 7.60 Hz,

1H), 7.07 (d, J = 7.08 Hz, 1H), 6.86 (d, J=8.52 Hz, 1H), 6.24 (t, J = 5.64 Hz, 1H), 4.91 (dd, J= 12.24
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Hz, J = 5.52 Hz, 1H), 3.28 — 3.25 (m, 4H), 2.91 — 2.72 (m, 3H), 2.15-2.10 (m, 1H), 1.75 — 1.52 (m,
4H), 1.50 — 1.35 (m, 4H). 3C-NMR (100 MHz, CDCls, ppm): 171.3, 169.6, 168.7, 167.7, 147.1, 136.3,
132.6, 116.7, 111.5, 110.0, 51.4, 49.0, 42.6, 31.5, 29.2, 28.8, 26.6, 22.9. LR—MS: calculated for

C19H23N604 [M+H]+, 39917, found, 399.35.

4-((7-azidoheptyl)amino)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-dione (10h). Following the
procedure to synthesize 10a, 2-(2-azidoethoxy)ethanamine was replaced by 7-azidoheptan-1-amine to
get 10h (Isolated yield = 33%). 'H-NMR (400 MHz, CDC]ls, ppm): 8.43 (s, 1H), 7.48 (t,J = 7.60 Hz,
1H), 7.07 (d, J=7.08 Hz, 1H), 6.86 (d, J=8.52 Hz, 1H), 6.23 (t,J = 5.64 Hz, 1H), 4.91 (dd, /= 12.24
Hz, J=5.52 Hz, 1H), 3.28 — 3.25 (m, 4H), 2.91 — 2.71 (m, 3H), 2.15-2.10 (m, 1H), 1.75 — 1.52 (m,
4H), 1.50 — 1.35 (m, 6H). *C-NMR (100 MHz, CDCl3, ppm): 171.2, 169.6, 168.5, 167.8, 147.1, 136.3,
132.6,116.7,111.5,110.0,51.5,49.0,42.7,31.5,29.3,29.0, 28.9, 26.9, 26.7, 22.9. LR—MS: calculated

for C20H25N604 [M+H]+, 41316, found, 413.17.

5-((2-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy)ethyl)amino)-2-(2,6-dioxopiperidin-3-yl)isoindoline-

1,3-dione (10i). Following the procedure to synthesize 10c¢, 2-(2,6-dioxopiperidin-3-yl)-4-
fluoroisoindoline-1,3-dione was replaced by 2-(2,6-dioxopiperidin-3-yl)-5-fluoroisoindoline-1,3-
dione to get 10i (Isolated yield = 13%). 'H-NMR (400 MHz, CDCl;, ppm): 8.42 (s, 1H), 7.55 (d, J =
7.60 Hz, 1H), 6.95 (s, 1H), 6.76 (d, J = 8.52 Hz, 1H), 5.24 (m, 1H), 4.91 (dd, J = 12.24 Hz, J = 5.52
Hz, 1H), 3.71 — 3.60 (m, 12H), 3.38 — 3.31 (m, 4H), 2.90-2.60 (m, 3H), 2.15 —2.02 (m, 1H). LR-MS:

calculated for C,;H,7N¢O; [M+H]*, 475.19; found, 475.21.

5-((14-Azido-3,6,9,12-tetraoxatetradecyl)amino)-2-(2,6-dioxopiperidin-3-yl)isoindoline-1,3-

dione (10j). It was synthesized as compound 10i. 'TH-NMR (400 MHz, CDCls, ppm): 8.33 (s, 1H),
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7.57 (d, J = 7.60 Hz, 1H), 6.96 (s, 1H), 6.76 (d, J = 8.52 Hz, 1H), 5.32 (m, 1H), 4.91 (dd, J = 12.24
Hz, J=5.52 Hz, 1H), 3.71 - 3.60 (m, 16H), 3.38 — 3.31 (m, 4H), 2.90-2.60 (m, 3H), 2.15 — 2.02 (m,

1H). LR—MS: calculated for C,3H31NgOg [M+H]", 519.21; found, 519.23.

3-(4-(3-(2-azidoethoxy)prop-1-yn-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione (10k). To a 100
ml round bottom flask charged with stirring bar was added 3-(4-bromo-1-oxoisoindolin-2-
yD)piperidine-2,6-dione (1.6 g, 5 mmol), 2-(prop-2-yn-1-yloxy)ethan-1-ol (1.0 g, 10 mmol), Cul (190
mg, 1 mmol), Pd(PPh;),Cl,(140 mg, 0.02 mmol), Et;N 20 ml and DMF 2 ml as solvent. The mixture
was stirred at 90 °C for 12 h under argon. After extracted with EtOAc and washed by brine, the solvent
was removed under vacuum and the product was transferred to a 50 ml round bottom flask charged
with stirring bar. Add methanesulfonyl chloride 1.5 ml, EtsN 3 ml and DCM as the solvent. The
mixture was stirred at room temperature overnight. After extracted with EtOAc and washed by brine,
the solvent was removed under vacuum and the product was transferred to a 50 ml round bottom flask
charged with stirring bar. Add NaNj3 1.2 g and DMF 20 ml to the flask. The mixture was stirred at 80
°C overnight. After extracted with EtOAc and washed by brine, the solvent was removed under vacuum
and the product was purified by silica gel column with to get 10k (Isolated yield = 15%). 'H-NMR
(400 MHz, CDCl;, ppm): 8.22 (s, 1H), 7.85 (d, J=7.60 Hz, 1H), 7.63 (d, J = 7.56 Hz, 1H), 7.48 (t, J
=7.60 Hz, 1H), 5.25 (m, 1H), 4.51 —4.30 (m, 4H), 3.71 (t, /= 5.00 Hz, 2H), 3.24 (t, /= 5.00 Hz, 2H),
2.90-2.60 (m, 2H), 2.47 — 2.31 (m, 1H), 2.25 — 2.20 (m, 1H). LR—MS: calculated for C;sH3sNsO4

[M+H]*, 368.13; found, 368.23.

3-(4-(3-(3-azidopropoxy)prop-1-yn-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione (101). It was

synthesized as compound 10k. "TH-NMR (400 MHz, CDCl;, ppm): 8.37 (s, 1H), 7.80 (d, J = 7.60 Hz,
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1H), 7.59 (d, J = 7.56 Hz, 1H), 7.46 (t, J = 7.60 Hz, 1H), 5.19 (m, 1H), 4.53 — 4.35 (m, 4H), 3.64 (t, J
=5.00 Hz, 2H), 3.34 (t, J= 5.00 Hz, 2H), 2.90-2.80 (m, 2H), 2.39 — 2.31 (m, 1H), 2.24 — 2.20 (m, 1H),

1.67 — 1.51 (m, 2H). LR—MS: calculated for C,oH,,NsO4 [M+H]", 382.14; found, 382.16.

3-(4-(3-(4-azidobutoxy)prop-1-yn-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione (10m). It was
synthesized as compound 10k. "H-NMR (400 MHz, CDCl;, ppm): 8.38 (s, 1H), 7.81 (d, J = 7.60 Hz,
1H), 7.60 (d, J=7.56 Hz, 1H), 7.45 (t, J=7.60 Hz, 1H), 5.21 (m, 1H), 4.53 —4.35 (m, 4H), 3.54 (t,J
=5.00 Hz, 2H), 3.44 (t, J=5.00 Hz, 2H), 2.90-2.80 (m, 2H), 2.39 - 2.31 (m, 1H), 2.24 — 2.20 (m, 1H),

1.67 — 1.51 (m, 4H). LR—MS: calculated for C,yH,,NsO4 [M+H]", 396.16; found, 396.18.

3-(4-(3-((5-azidopentyl)oxy)prop-1-yn-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione (10n). It
was synthesized as compound 10k. '"H-NMR (400 MHz, CDC]l;, ppm): 8.38 (s, 1H), 7.80 (d, J = 7.60
Hz, 1H), 7.60 (d, J = 7.56 Hz, 1H), 7.44 (t,J = 7.60 Hz, 1H), 5.20 (m, 1H), 4.52 — 4.33 (m, 4H), 3.54
(t,J=5.00 Hz, 2H), 3.44 (t, J=5.00 Hz, 2H), 2.90-2.80 (m, 2H), 2.39 — 2.31 (m, 1H), 2.24 — 2.20 (m,

1H), 1.65 — 1.30 (m, 6H). LR—MS: calculated for C,;H,4NsO4 [M+H]", 410.18; found, 410.20.

3-(4-(3-((6-azidohexyl)oxy)prop-1-yn-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione (100). It
was synthesized as compound 10k. 'H-NMR (400 MHz, CDC]ls, ppm): 8.40 (s, 1H), 7.82 (d, J = 7.60
Hz, 1H), 7.60 (d, J = 7.56 Hz, 1H), 7.45 (t, J=7.60 Hz, 1H), 5.22 (m, 1H), 4.54 — 4.34 (m, 4H), 3.55
(t,J=5.00 Hz, 2H), 3.45 (t,J=5.00 Hz, 2H), 2.90-2.80 (m, 2H), 2.39 — 2.31 (m, 1H), 2.24 — 2.20 (m,

1H), 1.65 — 1.30 (m, 8H). LR—MS: calculated for C,,H,sNsO4 [M+H]", 424.19; found, 424.23.

3-(4-(3-((7-azidoheptyl)oxy)prop-1-yn-1-yl)-1-oxoisoindolin-2-yl)piperidine-2,6-dione (10p). It
was synthesized as compound 10k. 'H-NMR (400 MHz, CDC]ls, ppm): 8.42 (s, 1H), 7.84 (d, J = 7.60

Hz, 1H), 7.62 (d, J=7.56 Hz, 1H), 7.46 (t,J = 7.60 Hz, 1H), 5.23 (m, 1H), 4.54 — 4.34 (m, 4H), 3.56
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(t,J=5.00 Hz, 2H), 3.46 (t, J = 5.00 Hz, 2H), 2.90-2.80 (m, 2H), 2.39 — 2.31 (m, 1H), 2.24 — 2.20 (m,

1H), 1.65 — 1.30 (m, 10H). LR—MS: calculated for C,3H,sNsO4 [M+H]", 438.21; found, 438.35.

(BR,5R)-7-(3-(3-(3-(1-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-
yl)amino)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-
4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (11a, P13A). To a round-
bottom flask containing 1 ml THF was added 10a (40 mg, 0.1 mmol), 9b (50 mg, 0.09 mmol), CuSO,
(6 mg, 0.036 mmol), sodium ascorbate (40 mg, 0.18 mmol) and H,O (0.5 ml). The mixture was stirred
at room temperature overnight and extracted with EtOAc. The organic layer was purified by silica gel
to get 11a (Isolated yield = 75%). The eluent was EtOAc at first and DCM:MeOH=100:6 subsequently.
"H-NMR (400 MHz, CD;0D, ppm): 7.62 (s, 1H), 7.52 — 7.47 (m, 1H), 7.33 (d, J= 8.00 Hz, 2H), 7.26
—7.18 (m, 4H), 7.08 (t, J = 8.52 Hz, 2H), 7.03 — 6.95 (m, 4H), 6.71 (s, 1H), 6.68 (d, /= 7.88 Hz, 1H),
6.57 (d,J=7.68 Hz, 1H), 5.02 — 4.98 (m, 1H), 4.52 (s, 2H), 4.07 — 3.96 (m, 2H), 3.91 — 3.82 (m. 3H),
3.70 — 3.57 (m, 5H), 3.42 — 3.38 (m, 3H), 2.69 — 2.60 (m, 5H), 2.40 — 2.27 (m, 2H), 2.08 — 1.98 (m,
1H), 1.89 — 1.82 (m, 2H), 1.72 — 1.51 (m, 3H), 1.55 — 1.40 (m, 7H). BC-NMR (100 MHz,
CDCI5:CD;0OD =4:1, ppm): 172.3,169.4,169.1, 167.8,161.1, 158.7, 146.6, 136.2, 135.9, 133.2, 132 .4,
129.3,128.7,123.9,122.7,121.8,119.9,116.9, 116.0, 113.5, 111.8, 110.2, 69.6, 69.5, 66.9, 50.0, 42.1,
41.2,39.9,31.3,29.7,26.2,22.7,21.8. LR—MS: calculated for CssH FNgO;, [M+H]", 1027.43; found,

1027.53.

(BR,5R)-7-(3-(3-(4-(1-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-
yl)amino)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)butoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-

(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid 11b, P14A). It was synthesized
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as compound 11a. "TH-NMR (400 MHz, CD;0D, ppm): 7.63 (s, 1H), 7.48 — 7.43 (m, 1H), 7.33 (d, J =
8.00 Hz, 2H), 7.25 — 7.18 (m, 4H), 7.07 (t, J = 8.60 Hz, 2H), 7.03 — 6.95 (m, 4H), 6.69 (s, 1H), 6.67
(d, J=17.56 Hz, 1H), 6.55 (d, J=7.96 Hz, 1H), 5.03 —4.98 (m, 1H), 4.52 (s, 2H), 4.06 — 4.03 (m, 2H),
3.92 - 3.82 (m. 3H), 3.68 — 3.57 (m, 5H), 3.45 — 3.39 (m, 3H), 2.75 — 2.55 (m, 5H), 2.42 — 2.29 (m,
2H), 2.08 — 1.99 (m, 1H), 1.79 — 1.42 (m, 14H). 3C-NMR (100 MHz, CD;0D, ppm): 174.7, 171.5,
170.7,169.7,167.8, 162.6, 159.9, 148.2, 139.9, 138.9, 137.6, 137.3, 134.8, 134.7, 133.7, 130.3, 129.8,
129.7, 129.6, 125.2, 123.3, 123.0, 121.4, 118.3, 118.0, 116.5, 116.3, 113.9, 112.2. 70.9, 70.4, 68.5,
68.4,54.8,51.5,50.2,43.1,42.1,40.1, 32.2, 29.5, 27.6, 26.9, 25.9, 23.8, 22.8. LR—MS: calculated for

C56H62FN8011 [M+H]+, 104144, found, 1041.45.

(BR,5R)-7-(3-(3-((5-(1-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-
y)amino)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)pentyl)oxy)phenyl)-2-(4-fluorophenyl)-5-
isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (11¢, P15A). It was
synthesized as compound 11a. 'H-NMR (400 MHz, CD;0D, ppm): 7.66 (s, 1H), 7.48 — 7.43 (m, 1H),
7.33(d,J=7.96 Hz, 2H), 7.26 — 7.16 (m, 4H), 7.06 (t, J = 8.48 Hz, 2H), 7.02 — 6.94 (m, 4H), 6.70 (s,
1H), 6.68 (d, J = 7.56 Hz, 1H), 6.55 (d, J = 8.04 Hz, 1H), 5.04 — 4.99 (m, 1H), 4.53 (s, 2H), 4.09 —
4.03 (m, 2H), 3.95 - 3.82 (m. 3H), 3.68 —3.57 (m, 5H), 3.45 —3.35 (m, 3H), 2.85 - 2.54 (m, 5H), 2.46
—2.31 (m, 2H), 2.09 - 2.01 (m, 1H), 1.75 — 1.41 (m, 16H). 3C-NMR (100 MHz, CD;0D, ppm): 174.6,
171.5,170.8,169.3,160.0, 148.2, 140.0, 139.0, 137.6, 137.3, 134.8, 134.7, 133.8, 129.8, 129.7, 125.2,
123.3,123.1,121.4,118.3, 116.5, 116.4, 116.3, 114.1, 112.2, 111.3, 71.0, 70.1, 68.6, 51.4, 50.2,43.2,
42.2,40.1,32.3,30.1,29.8,27.7,26.5,26.2,23.9,22.8. LR—MS: calculated for Cs;HeFNgO; [M+H]",

1055.46; found, 1055.45.
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(BR,5R)-7-(3-(3-(3-(1-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-
y)amino)ethoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-
isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (11d, P16A). It
was synthesized as compound 11a. 'H-NMR (400 MHz, CD;0D, ppm): 7.67 (s, 1H), 7.46 (t,J=7.28
Hz, 1H), 7.34 (d, J=7.96 Hz, 2H), 7.26 — 7.18 (m, 4H), 7.08 (t, /= 8.48 Hz, 2H), 7.03 — 6.94 (m, 4H),
6.71 (s, 1H), 6.68 (d, J = 7.68 Hz, 1H), 6.56 (d, J = 7.96 Hz, 1H), 5.03 — 4.99 (m, 1H), 4.49 (s, 2H),
4.09 — 4.03 (m, 2H), 3.95 — 3.82 (m. 3H), 3.68 — 3.57 (m, 9H), 3.44 — 3.35 (m, 3H), 2.81 — 2.58 (m,
5H), 2.41 — 2.31 (m, 2H), 2.07 — 2.01 (m, 1H), 1.86 — 1.82 (m, 2H), 1.75 — 1.43 (m, 10H). 3C-NMR
(100 MHz, CDsOD, ppm): 174.6, 171.5, 170.7, 169.6, 169.2, 166.8, 165.1, 162.1, 159.9, 148.1, 139.9,
138.0, 137.6,137.3,134.8, 134.7, 133.8, 130.8, 130.3, 129.8, 129.7, 129.6, 125.2, 124.2, 123.4, 123.0,
121.4,118.3,118.1, 116.6, 116.5, 116.3, 113.8, 112.1, 112.2, 71.5, 70.5, 70.4, 68.6, 67.7, 54.8, 51.4,
44.1, 43.2, 42.1, 40.2, 32.2, 29.9, 27.6, 23.8, 22.8. LR—MS: calculated for Cs7HssFNgO, [M+H]",

1070.45; found, 1070.34.

(BR,5R)-7-(3-(3-(4-(1-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-
y)amino)ethoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)butoxy)phenyl)-2-(4-fluorophenyl)-5-
isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (11e, P17A). It was
synthesized as compound 11a. 'H-NMR (400 MHz, CDCls, ppm): 8.87 (s, 1H), 7.52 — 7.42 (m, 2H),
7.17 - 6.95 (m, 10H), 6.86 (d, J=7.96 Hz, 1H), 7.71 — 7.62 (m, 3H), 6.48 (s, 1H), 4.89 (m, 1H),
4.51 —4.42 (m, 2H), 4.15 — 4.02 (m, 2H), 3.97 — 3.81 (m, 3H), 3.72 — 3.55 (m, 9H), 3.49 — 3.30 (m,
3H), 2.72 — 2.55 (m, 5H), 2.45 — 2.38 (m, 2H), 2.11 — 2.00 (m, 1H), 1.72 — 1.47 (m, 14H). BC-NMR
(100 MHz, CDCl;, ppm): 171.8, 169.5, 168.9, 167.7, 165.4, 158.9, 146.8, 138.6, 136.2, 135.9, 133.3,

132.6, 129.4, 128.8, 128.4, 123.8, 122.8, 121.9, 119.8, 116.9, 116.0, 115.7, 113.9, 111.8, 110.4, 70.7,
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70.5, 69.7, 69.4, 50.3, 67.5, 53.5, 49.0, 42.4, 31.4, 29.8, 28.6, 26.3, 25.9, 22.8, 22.0, 21.9. LR—MS:

calculated for CsgHgsFNgO;, [M+H]*, 1085.47; found, 1085.36.

(BR,5R)-7-(3-(3-((5-(1-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoind olin-4-
y)amino)ethoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)pentyl)oxy)phenyl)-2-(4-fluorophenyl)-5-
isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (11f, P18A). It was
synthesized as compound 11a. 'H-NMR (400 MHz, CD;0D, ppm): 7.71 (s, 1H), 7.50 (t, /= 7.80 Hz,
1H), 7.33 (d, J = 7.72 Hz, 2H), 7.24 — 7.17 (m, 4H), 7.08 (t, J = 7.96 Hz, 2H), 7.02 — 6.94 (m, 4H),
6.70 (s, 1H), 6.67 (d, J=7.36 Hz, 1H), 5.14 — 5.97 (m, 1H), 4.51 (s, 2H), 4.16 — 4.02 (m, 2H), 3.97 —
3.82 (m, 3H), 3.69 — 3.53 (m, 9H), 3.45 —3.30 (m, 3H), 2.76 —2.52 (m, 5H), 2.45 — 2.28 (m, 2H), 2.09
—2.01 (m, 1H), 1.76 — 1.42 (m, 16H). *C-NMR (100 MHz, CD;0D, ppm): 174.6, 171.5, 170.7, 169.6,
169.2,165.0, 162.6, 160.0, 148.1, 139.9, 138.9, 137.5, 137.3, 134.8, 134.7, 133.8, 130.3, 129.8, 129.7,
129.6, 125.2, 123.2, 123.1, 121.4, 118.3, 118.0, 116.5, 116.3, 114.0, 112.1, 111.2, 71.5, 70.5, 70.4,
68.6, 51.4, 50.2,43.2, 42.1, 40.1, 32.2, 30.8, 30.0, 29.8, 27.6, 26.5, 26.2, 23.8, 22.8, 22.8. LR—MS:

calculated for Cs9Hg7FNgO{, [M+H]*, 1099.49; found, 1099.45.

(BR,5R)-7-(3-(3-(3-(1-(2-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-
yl)amino)ethoxy)ethoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-
S-isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (11g, P19A). It
was synthesized as compound 11a. 'H-NMR (400 MHz, CD;0D, ppm): 7.72 (s, 1H), 7.50 (t, /= 8.16
Hz, 1H), 7.36 (d, J=7.64 Hz, 2H), 7.27 — 7.20 (m, 4H), 7.10 (t, /= 8.16 Hz, 2H), 7.03 — 6.97 (m, 4H),
6.73 (s, 1H), 6.69 (d, J = 7.40 Hz, 1H), 6.59 (d, J = 7.88 Hz, 1H), 5.06 — 5.01 (m, 1H), 4.49 (s, 2H),

4.13 - 4.02 (m, 2H), 3.97 - 3.82 (m, 3H), 3.73 — 3.53 (m, 13H), 3.45 — 3.30 (m, 3H), 2.80 — 2.61 (m,
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5H), 2.42 — 2.28 (m, 2H), 2.09 — 2.02 (m, 1H), 1.96 — 1.85 (m, 2H), 1.75 — 1.45 (m, 10H). *C-NMR
(100 MHz, CD;0D, ppm): 173.9, 170.6, 170.1, 168.8, 164.4, 161.9, 159.3, 147.5, 139.7, 139.0, 136.8,
134.1,134.0, 133.2, 129.7,129.3, 129.2, 124.7, 123.6, 123.1, 122.5, 120.9, 117.8, 116.9, 116.3, 116.2,
1159, 113,7, 112.0, 110.7, 71.2, 71.1, 71.1, 71.0, 70.1, 69.9, 69.0, 67.4, 50.8, 42.8, 41.8, 39.9, 31.9,

30.3,29.4,27.0,23.4,22.5. LR—MS: calculated for CsoHggFNgO3 [M+H]", 1115.48; found, 1115.45.

(BR,5R)-7-(3-(3-(4-(1-(2-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-
yDamino)ethoxy)ethoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)butoxy)phenyl)-2-(4-fluorophenyl)-
S-isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (11h, P20A). It
was synthesized as compound 11a. 'H-NMR (400 MHz, CDCl;, ppm): 8.79 (s, 1H), 7.49 - 7.42 (m,
2H), 7.28 — 6.95 (m, 10H), 6.88 (d, /= 8.80 Hz, 1H), 6.70 — 6.63 (m, 3H), 6.49 — 6.42 (m, 1H), 4.91 —
4.85 (m, 1H), 4.49 —4.46 (m, 2H), 4.16 —4.03 (m, 2H), 3.98 -3.82 (m, 3H), 3.71 — 3.59 (m, 13H), 3.54
—3.47 (m, 3H), 2.85 - 2.61 (m, 5H), 2.55 — 2.45 (m, 2H), 2.11 — 2.06 (m, 1H), 1.73 — 1.42 (m, 14H).
BC-NMR (100 MHz, CDCl;, ppm): 171.8, 169.4, 168.9, 167.8, 161.1, 158.9, 146.9, 141.4, 138.5,
136.2,136.0, 133.3,132.6, 129.4, 128.9, 128.8, 128.5, 123.8, 122.8, 121.9, 119.9, 116.9, 116.0, 115.7,
115.5, 113.9, 111.8, 110.3, 70.8, 70.7, 70.6, 69.6, 67.5, 50.4, 49.0, 42.5, 41.4, 31.5, 29.8, 29.4, 28.6,
26.3,25.9,25.2,22.9,22.8,22.0,21.9. LR—MS: calculated for C50H70FNgO;3 [M+H]", 1129.50; found,

1129.24.

(BR,5R)-7-(3-(3-((5-(1-(2-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoind olin-4-
yl)amino)ethoxy)ethoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)pentyl)oxy)phenyl)-2-(4-
fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic  acid

(11i, P21A). It was synthesized as compound 11a. 'H-NMR (400 MHz, CDCl;, ppm): 8.64 (s, 1H),
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7.47 (t, J = 7.60 Hz, 2H), 7.17 — 6.95 (m, 10H), 6.89 (d, J = 8.56 Hz, 1H), 6.68 — 6.67 (m, 3H), 6.47
(m, 1H), 4.91 — 4.85 (m, 1H), 4.55 — 4.46 (m, 2H), 4.16 — 4.03 (m, 2H), 3.98 -3.81 (m, 3H), 3.71 —
3.59 (m, 13H), 3.54 — 3.47 (m, 3H), 2.85 — 2.61 (m, 5H), 2.55 — 2.45 (m, 2H), 2.11 — 2.06 (m, 1H),
1.73 — 1.42 (m, 16H). 3C-NMR (100 MHz, CDCls, ppm): 171.9, 169.4, 169.0, 167.7, 165.4, 161.1,
158.9, 146.9, 141.4, 138.4, 136.2, 135.9, 133.3, 133.3, 132.6, 129.4, 128.8, 123.8, 123.8, 122.8, 121.9,
119.9, 116.9, 115.9, 115.7, 115.4, 114.0, 111.8,110.3, 70.8, 70.7, 70.6, 69.6, 67.7, 50.3, 49.9, 42.5,
41.4,31.5,29.8,29.4,29.1, 28.8, 26.3, 26.5, 22.8, 22.0, 21.9. LR—MS: calculated for C¢;H,»FN5O15

[M+H]*, 1143.51; found, 1143.56.

(BR,5R)-7-(3-(3-(3-(1-(14-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)-3,6,9,12-
tetraoxatetradecyl)-1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-S-isopropyl-4-

(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (11j, P22A). To a round-bottom
flask containing 1 ml THF was added 10e (53 mg, 0.1 mmol), 9b (50 mg, 0.09 mmol), CuSO, (3 mg,
0.018 mmol), sodium ascorbate (20 mg, 0.09 mmol) and H,O (0.5 ml). The mixture was stirred at
room temperature overnight and extracted with EtOAc. The organic layer was purified by silica gel to
get 11j (Isolated yield = 80 %). The eluent was EtOAc at first and DCM:MeOH=100:15 in the
following. 'H-NMR (400 MHz, CD;0D, ppm): 7.69 (s, 1H), 7.49 (t, J = 8.20 Hz, 1H), 7.34 (d, J =
8.16 Hz, 2H), 7.28 — 7.17 (m, 4H), 7.08 (t, J = 8.20 Hz, 2H), 7.02 — 6.95 (m, 4H), 6.73 (s, 1H), 6.68
(d, J=7.60 Hz, 1H), 6.58 (d, /= 7.76 Hz, 1H), 5.04 — 5.00 (m, 1H), 4.48 (t, /= 4.80 Hz, 2H), 4.11 —
3.95 (m, 2H), 3.94 — 3.47 (m, 3H), 3.72 - 3.49 (m, 17H), 3.45 -3.35 (m, 3H), 2.82 - 2.62 (m, 5H), 2.38
—2.31 (m, 2H), 2.08 — 2.02 (m, 1H), 1.95 — 1.85 (m, 2H), 1.71 — 1.61 (m, 3H), 1.55 — 1.41 (m, 7H).
BC-NMR (100 MHz, CD;0D, ppm): 174.6, 171.5, 170.7, 169.3, 168.7, 159.9, 148.2, 140.0, 139.0,

137.7,137.2,134.8, 134.7,133.8, 130.4, 129.8, 129.7, 129.6, 125.2, 124.2, 123.4, 121.4, 118.3, 116.6,
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116.5,116.3,113.9, 112.1, 111.2, 71.6, 71.5, 71.5, 71.4, 70.6, 70.4, 68.6, 67.8, 51.3, 50.2, 43.2, 42.2,

40.2, 32.2, 30.0, 27.6, 23.8, 22.9. HR—MS: calculated for C4;H;,FNgO4 [M+H]", 1159.5152; found,

1159.5101.

(BR,5R)-7-(3-(3-(3-(1-(14-((2-(1-ethyl-2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)-
3,6,9,12-tetraoxatetradecyl)-1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-
isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (11k, P22A-Eft). It
was synthesized as compound 11a. 'H-NMR (400 MHz, CDCls, ppm): 7.44 — 7.39 (m, 2H), 7.16 —
6.94 (m, 10H), 6.86 (d, J= 8.16 Hz, 1H), 6.67 — 6.62 (m, 3H), 6.46 (s, 1H), 4.89 —4.82 (m, 1H), 4.48
—4.42 (m, 2H), 4.06 — 4.02 (m, 2H), 3.87 — 3.78 (m, 5H), 3.71 — 3.55 (m, 17H), 3.45 — 3.37 (m, 5H),
291 -2.61 (m, 5H), 2.32 —2.15 (m, 2H), 2.09 — 2.02 (m, 1H), 1.96 — 1.85 (m, 2H), 1.75 — 1.45 (m,
12H). 1.11 (t,J=7.16 Hz, 3H). 3C-NMR (100 MHz, CDCl;, ppm): 171.0, 169.5, 168.9, 167.8, 161.0,
158.9, 147.1, 146.8, 138.5, 136.1, 136.0, 133.3, 132.6, 129.4, 128.8, 128.5, 123.8, 122.8, 122.2, 121.8,
119.8,116.8,116.0,115.6, 111.7, 110.5, 70.6, 70.6, 69.7, 69.5, 67.0, 53.5, 50.2, 49.8, 42.4, 39.5, 37.5,
35.8,32.8, 32.1, 32.0, 29.8, 29.7, 29.4, 28.9, 28.1, 22.8, 22.2, 22.1, 22.0, 19.8, 14.2, 13.2. LR—MS:

calculated for C63H76FN8014 [M+H]+, 1 18754, found, 1187.67.

(BR,5R)-7-(3-(3-(4-(1-(14-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)-3,6,9,12-
tetraoxatetradecyl)-1H-1,2,3-triazol-4-yl)butoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-

(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (111, P23A). It was synthesized
as compound 11a. "TH-NMR (400 MHz, CDC]l;, ppm): 8.61 (s, 1H), 7.51 — 7.42 (m, 2H), 7.20 — 6.93
(m, 10H), 6.90 (d, J = 8.62 Hz, 1H), 6.69 — 6.61 (m, 3H), 6.48 (s, 1H), 4.91 —4.87 (m, 1H), 4.52 —

4.42 (m, 2H), 4.21 — 4.05 (m, 2H), 4.05 — 3.81 (m, 3H), 3.75 — 3.55 (m, 17H), 3.52 — 3.43 (m, 3H),
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2.85—-2.58 (m, 5H), 2.47 — 2.41 (m, 2H), 2.13 — 2.08 (m, 1H), 1.80 — 1.47 (m, 14H). 3C-NMR (100
MHz, CDCl;, ppm): 171.4,170.3,169.4, 168.7, 167.6, 165.1, 163.6, 161.1, 158.8, 146.8, 141.3, 138.5,
136.2,136.0, 133.3, 133.2, 132.6, 132.5, 132.4, 132.0, 131.0, 129.3, 128.9, 128.9, 128.8, 128.4, 128.4,
123.6, 122.9, 122.1, 121.7, 119.7, 116.8, 116.1, 115.5, 115.4, 115.3, 113.7, 111.8, 110.4, 71.6, 71.5,
71.5,71.4,70.6, 70.4, 68.6, 67.8, 51.3, 50.2, 43.2, 42.2, 40.2, 32.2, 30.0, 27.6, 23.8, 22.9. LR—MS:

calculated for C62H74FN8014 [M+H]+, 1 17352, found, 1173.52.

(BR,5R)-7-(3-(3-((5-(1-(14-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)-
3,6,9,12-tetraoxatetradecyl)-1H-1,2,3-triazol-4-yl)pentyl)oxy)phenyl)-2-(4-fluorophenyl)-5-
isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (11m, P24A). It
was synthesized as compound 11a. 'H-NMR (400 MHz, CDCl;, ppm): 8.60 (s, 1H), 7.51 — 7.45 (m,
3H), 7.21 — 6.96 (m, 10H), 6.91 (d, J = 8.62 Hz, 1H), 6.69 — 6.61 (m, 3H), 6.48 (s, IH), 4.91 — 4.87
(m, 1H), 4.52 — 4.42 (m, 2H), 4.21 — 4.05 (m, 2H), 4.05 — 3.81 (m, 3H), 3.75 - 3.55 (m, 17H), 3.52 —
3.43 (m, 3H), 2.85 — 2.58 (m, 5H), 2.47 — 2.41 (m, 2H), 2.13 — 2.08 (m, 1H), 1.80 — 1.47 (m, 16H).
BC-NMR (100 MHz, CDCl;, ppm): 171.4, 170.2, 169.3, 168.6, 167.6, 165.0, 163.5, 161.1, 158.8,
146.8, 141.3,138.5,136.1, 136.1, 133.2, 133.1, 132.1, 132.2, 132.1, 131.0, 130.9, 129.3, 128.9, 128.8,
128.7,128.40, 123.6, 122.9,122.1,121.7, 119.7, 116.8, 116.1, 115.5, 115.3, 113.7, 111.7, 110.3, 71.6,
71.51,71.45,71.4,70.6,70.3, 68.6, 67.8, 51.3, 43.2,42.2,40.2, 32.2, 30.0, 27.5, 23.8, 22.7. LR-MS:

calculated for C63H76FN8014 [M+H]+, 1 18655, found, 1186.72.

(BR,5R)-7-(3-(3-(3-(1-(17-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)-
3,6,9,12,15-pentaoxaheptadecyl)-1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-

isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (11n, P25A). It
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was synthesized as compound 11a. 'TH-NMR (400 MHz, CDCls, ppm): 9.10 (s, 1H), 7.49 (t, J = 8.20
Hz, 1H), 7.34 (d, J = 8.16 Hz, 2H), 7.28 — 6.85 (m, 10H), 6.73 — 6.68 (m, 3H), 6.48 (s, 1H), 4.94 —
4.85 (m, 1H), 4.48 (t, J = 4.80 Hz, 2H), 4.11 — 3.95 (m, 2H), 3.94 — 3.47 (m, 3H), 3.72 — 3.49 (m,
21H), 3.45 -3.35 (m, 3H), 2.82 — 2.62 (m, 5H), 2.38 — 2.31 (m, 2H), 2.08 — 2.02 (m, 1H), 1.95 - 1.85
(m, 2H), 1.71 — 1.61 (m, 3H), 1.55 — 1.41 (m, 7H). 3C-NMR (100 MHz, CDCl;, ppm): 174.6, 171.5,
170.6, 169.2, 168.6, 159.9, 148.2, 140.0, 139.0, 137.7, 137.2, 134.8, 134.7, 133.8, 130.4, 129.8, 129.7,
128.9,125.1,124.1,123.4,121.4,118.3,116.6, 116.5, 116.3, 113.9, 112.1, 111.3, 71.59, 71.55, 71.41,
71.40, 70.5, 70.4, 68.6, 67.6, 51.3, 43.2, 42.2, 40.1, 32.1, 29.8, 27.6, 23.8, 22.3. LR—MS: calculated

for C63H76FN8015 [M+H]+, 120354, found, 1203.75.

(BR,5R)-7-(3-(3-(4-(1-(17-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)-
3,6,9,12,15-pentaoxaheptadecyl)-1H-1,2,3-triazol-4-yl)butoxy)phenyl)-2-(4-fluorophenyl)-5-
isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (110, P26A). It was
synthesized as compound 11a. 'TH-NMR (400 MHz, CDC]l;, ppm): 9.07 (s, 1H), 7.49 (t, J = 8.20 Hz,
1H), 7.34 (d, J = 8.16 Hz, 2H), 7.30 — 6.85 (m, 10H), 6.77 — 6.60 (m, 3H), 6.48 (s, 1H), 4.94 — 4.85
(m, 1H), 4.49 (t, J = 4.80 Hz, 2H), 4.11 — 3.94 (m, 2H), 3.94 — 3.47 (m, 3H), 3.72 — 3.49 (m, 21H),
3.45 -3.35 (m, 3H), 2.87 — 2.62 (m, 5H), 2.38 — 2.31 (m, 2H), 2.12 — 2.04 (m, 1H), 1.95 — 1.85 (m,
2H), 1.71 - 1.61 (m, 3H), 1.55—1.41 (m, 9H). '*C-NMR (100 MHz, CDCl3, ppm): 174.6, 171.5, 170.6,
169.5, 167.8,159.9, 147.0, 143.3, 141.3, 140.0, 139.0, 137.7, 136.2, 134.8, 134.7, 132.6, 130.4, 129.8,
129.7, 128.8, 125.1, 124.1, 123.4, 121.4, 119.9, 117.0, 116.5, 115.7, 113.9, 112.1, 111.7, 73.0, 70.6,
69.6, 67.5, 63.5, 60.2, 53.6, 49.0. 42.5, 32.1, 29.1, 28.7, 26.4, 26.0, 25.4, 22.8, 21.0. LR—MS:

calculated for C64H78FN801 5 [M+H]+, 121 755, found, 1217.78.
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1

2

3

;1 (BR,5R)-7-(3-(3-((5-(1-(17-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)-

? 3,6,9,12,15-pentaoxaheptadecyl)-1H-1,2,3-triazol-4-yl)pentyl)oxy)phenyl)-2-(4-fluorophenyl)-5-
?O isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (11p, P27A). It
:; was synthesized as compound 11a. 'H-NMR (400 MHz, CDCls, ppm): 9.07 (s, 1H), 7.44 (t, J = 8.20
13

1;’ Hz, 1H), 7.34 (d, J = 8.16 Hz, 2H), 7.30 — 6.85 (m, 10H), 6.77 — 6.60 (m, 3H), 6.47 (s, 1H), 4.90 —
iz 4.85 (m, 1H), 4.49 (t, J = 4.80 Hz, 2H), 4.11 — 3.94 (m, 2H), 3.94 — 3.47 (m, 3H), 3.72 — 3.49 (m,
o 21H), 3.45 -3.35 (m, 3H), 2.87 — 2.62 (m, SH), 2.38 — 2.31 (m, 2H), 2.12 — 2.04 (m, 1H), 1.95 — 1.85
% (m, 2H), 1.71 — 1.61 (m, 3H), 1.55 — 1.41 (m, 11H). BC-NMR (100 MHz, CDCl;, ppm): 174.6, 171.5,
;g 170.6, 169.5,167.9,159.9, 147.0, 143.3, 141.3, 140.0, 139.0, 137.7, 136.2, 133.4, 134.7, 132.6, 130.4,
26

;Z; 129.8,129.7,128.8, 125.1, 124.1, 122.8, 121.4, 1199, 117.1, 116.5, 115.7, 113.9, 112.1, 111.9, 109.6,
5(19) 73.0, 70.7, 69.6, 67.5, 63.5, 60.2, 53.5, 49.0, 42.5, 32.1, 29.8, 29.0, 26.4, 25.8, 23.0, 22.1. LR-MS:
> calculated for CesHgoFNgOys [M+H]", 1231.56: found, 1231.88.

34

35

2? (3R,5R)-7-(3-(3-((1-(7-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)heptyl)-1H-

gg 1,2,3-triazol-4-yl)methoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-1H-

40

2; pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (12a). It was synthesized as compound 11a. "H-NMR
EE (400 MHz, CDCls, ppm): 8.82 (s, 1H), 7.47 —7.40 (m, 2H), 7.27 — 7.00 (m, 12H), 6.86 — 6.76 (m, 3H),
j? 6.22 (s, 1H), 5.05 —4.82 (m, 3H), 4.35 —4.00 (m, 3H), 3.93 —3.82 (m, 1H), 3.78 —3.61 (m, 1H), 3.57
gg —3.30 (m, 2H), 3.27 — 3.18 (m, 2H), 2.90 — 3.65 (m, 3H), 2.45 — 2.27 (m, 2H), 2.11 — 2.01 (m, 1H),
g; 1.92 — 1.75 (m, 2H), 1.69 — 1.12 (m, 14H). 3C-NMR (100 MHz, CDCl;, ppm): 171.8, 169.6, 169.0,
53

g;’ 167.8,165.5,163.6, 158.3, 147.1, 144.1, 141.2, 138.5, 136.3, 133.2, 132.6, 129.6, 128.8, 128.4, 123.9,
EZ 123.6,122.7,121.8,120.0,116.8,116.3,115.7,115.4,114.0, 111.5, 109.9, 69.6, 68.8, 61.9, 50.4,49.7,
Zg 48.9,42.6,41.8,41.4,38.9, 31.5,30.7, 30.1, 29.8, 29.1, 28.7, 26.8, 26.4, 26.3, 22.9, 22.0, 21.9, 17.7.
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LR—-MS: calculated for CssHg,FNgO19 [M+H]", 1025.45; found, 1025.66.

(BR,5R)-7-(3-(3-(3-(1-(6-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)hexyl)-1H-
1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-1H-

pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (12b). It was synthesized as compound 11a. "H-NMR
(400 MHz, CDCls, ppm): 8.70 (s, 1H), 7.47 (t, J = 7.24 Hz, 1H), 7.27 — 7.06 (m, 12H), 6.86 (d, J =
8.48 Hz, 1H), 6.70 — 6.66 (m, 3H), 6.22 (s, 1H), 4.95 - 4.82 (m, 1H), 4.55—-3.20 (m, 11H), 2.93 - 2.12
(m, 8H), 1.92 — 1.15 (m, 16H). 3C-NMR (100 MHz, CDCl;, ppm): 169.6, 168.9, 168.1, 167.8, 159.8,
159.9, 147.3, 147.2,136.3, 133.3, 132.6, 128.8, 123.1, 121.3, 120.0, 116.8, 116.20, 115.7, 111.6, 66.9,
62.9,50.2,49.2,49.0,42.5, 41.8, 41.5, 41.0, 39.0, 31.5, 30.2, 29.8, 29.1, 28.8, 26.5, 26.3, 22.9, 22.0.

HR-MS: calculated for C5;Hg,FNgO,o [M-H]-, 1037.4572; found, 1037.4559.

(BR,5R)-7-(3-(3-(3-(1-(7-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)heptyl)-

1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-

1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (12c¢). It was synthesized as compound 11a. "H-NMR
(400 MHz, CDCl;, ppm): 8.66 (s, 1H), 7.48 (t, J = 7.24 Hz, 1H), 7.27 — 7.06 (m, 12H), 6.85 (d, J =
8.48 Hz, 1H), 6.70 — 6.66 (m, 3H), 6.21 (s, 1H), 4.95 - 4.82 (m, 1H), 4.35—-3.18 (m, 11H), 2.83 - 2.12
(m, 8H), 1.92 — 1.15 (m, 18H). 3C-NMR (100 MHz, CDCls, ppm): 175.5, 171.6, 169.6, 168.8, 167.8,
161.1, 159.0, 148.1, 147.1, 138.5, 136.3, 136.0, 133.3, 133.3, 132.6, 129.4, 128.8, 123.8, 122.8, 121.9,
120.9,119.9,116.8,115.9,115.7,115.4,114.1, 111.5, 114.1, 111.5, 110.0, 69.7, 67.7, 50.3, 49.7, 49.0,
42.3,41.8,41.4,39.0, 31.5, 30.8, 30.3, 29.8, 29.4, 29.2, 29.0, 28.8, 28.8, 26.8, 26.5, 26.3, 25.6, 25.5,

22.9,22.0,21.9,17.7. HR—MS: calculated for CssHgFNgO1o [M+H]", 1053.4886; found, 1053.4875.

(BR,5R)-7-(3-(3-(4-(1-(7-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino)heptyl)-
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1H-1,2,3-triazol-4-yl)butoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-1H-

pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (12d). It was synthesized as compound 11a. "H-NMR
(400 MHz, CDCl;, ppm): 8.88 (s, 1H), 7.47 (t, J = 7.24 Hz, 1H), 7.19 — 7.06 (m, 12H), 6.85 (d, J =
8.48 Hz, 1H), 6.70 — 6.66 (m, 3H), 6.22 (s, 1H), 4.95 - 4.82 (m, 1H), 4.35—-3.08 (m, 11H), 2.83 —2.12
(m, 8H), 1.92 — 1.15 (m, 20H). 3C-NMR (100 MHz, CDCl;, ppm): 175.8, 171.8, 169.6, 168.9, 167.7,
165.3,161.1, 158.8,147.0, 141.3,138.4, 136.2, 136.0, 133.3,133.2, 132.5, 129.30, 128.7, 128.4, 123.7,
122.8,121.8,119.8,116.7,116.0, 115.6, 115.4, 113.8, 111.4, 109.9, 69.6, 67.4, 50.3, 49.7, 48.9, 42.6,
41.4,39.0,31.4,30.7,30.2, 29.8, 29.1, 28.7, 28.5, 26.8, 26.4, 26.2, 25.8, 25.1, 22.8, 21.9, 21.8, 17.7.

HR-MS: calculated for CsoHgFN3gOo [M-H]-, 1065.4886; found, 1065.4863.

(BR,5R)-7-(3-(3-((5-(1-(7-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino) heptyl)-

1H-1,2,3-triazol-4-yl)pentyl)oxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-

1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (12e). It was synthesized as compound 11a. "H-NMR
(400 MHz, CDCl3;, ppm): 8.60 (s, 1H), 7.48 (t, J = 7.24 Hz, 1H), 7.19 — 7.06 (m, 12H), 6.86 (d, J =
8.48 Hz, 1H), 6.71 — 6.66 (m, 3H), 6.21 (s, 1H), 4.95 —-4.82 (m, 1H), 4.35—-3.08 (m, 11H), 2.83 —2.12
(m, 8H), 1.93 — 1.21 (m, 22H). *C-NMR (100 MHz, CDCl;, ppm): 171.4, 169.9, 169.6, 168.7, 167.8,
158.8,147.1, 141.3, 138.5, 136.3, 135.9, 133.3, 132.6, 129.5, 128.8, 128.2, 123.8, 122.9, 122.1, 119.9,
116.8, 116.0, 115.8, 115.6, 114.0, 111.6, 110.0, 73.2, 66.9, 62.4, 53.6, 50.3, 49.6, 49.0, 42.6, 40.9,
38.6, 37.3, 35.8, 31.5, 30.8, 30.3, 29.8, 29.2, 28.8, 26.8, 26.5, 26.3, 22.9, 22.1, 21.9, 17.7. HR—MS:

calculated for C4o0H70FNgO;o [M+H]*, 1081.5199; found, 1081.5172.

(BR,5R)-7-(3-(3-((6-(1-(7-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino) heptyl)-

1H-1,2,3-triazol-4-yl)hexyl)oxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-
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1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (12f). It was synthesized as compound 11a. "H-NMR
(400 MHz, CDCls, ppm): 8.61 (s, 1H), 7.47 (t, J = 7.24 Hz, 1H), 7.19 — 7.06 (m, 12H), 6.85 (d, J =
8.48 Hz, 1H), 6.71 — 6.66 (m, 3H), 6.21 (s, 1H), 4.97 — 4.82 (m, 1H), 4.35—-3.08 (m, 11H), 2.83 —2.12
(m, 8H), 1.93 — 1.22 (m, 24H). 3C-NMR (100 MHz, CDCl;, ppm): 171.3, 169.8, 169.7, 168.6, 167.7,
158.8, 147.1, 141.2,138.3, 136.3, 135.8, 133.2, 132.6, 129.6, 128.8, 123.7, 122.2, 122.0, 120.0, 116.1,
116.0,115.9,115.6,114.6,111.6, 110.0, 73.3, 67.0, 62.5, 53.4, 50.3, 49.7, 48.0, 41.6, 40.8, 37.6, 37.3,
32.8,31.5,30.2,30.1,29.3, 29.2, 28.9, 26.6, 26.2, 26.0, 22.9, 22.0, 21.9, 17.7. LR—MS: calculated for

C61H72FN8010 [M+H]+, 109553, found, 1095.86.

(BR,5R)-7-(3-(3-((7-(1-(7-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-4-yl)amino) heptyl)-

1H-1,2,3-triazol-4-yl)heptyl)oxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-

1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (12g). It was synthesized as compound 11a. "H-NMR
(400 MHz, CDCl3;, ppm): 8.65 (s, 1H), 7.47 (t, J = 7.24 Hz, 1H), 7.19 — 7.06 (m, 12H), 6.86 (d, J =
8.48 Hz, 1H), 6.71 — 6.66 (m, 3H), 6.21 (s, 1H), 4.97 —4.82 (m, 1H), 4.35—-3.10 (m, 11H), 2.83 —2.12
(m, 8H), 1.93 — 1.22 (m, 26H). *C-NMR (100 MHz, CDC]l;, ppm): 171.6, 171.5, 170.0, 169.6, 168.8,
168.7,167.7,159.0, 147.0, 141.3, 138.5, 138.4, 136.3, 135.9, 135.8, 133.3, 133.2, 133.2, 132.6, 129.4,
128.8,128.2,123.8, 122.7,122.1, 121.9, 120.7, 119.8, 116.8, 115.9, 115.8, 115.7, 115.6, 115.4, 114.0,
111.5,109.9,73.2,67.9,62.2,49.6,48.9,42.6,40.8, 38.6,37.3,35.7,31.5,30.8, 30.3,29.7,29.4,29.2,
29.0, 28.8, 26.8, 26.5, 26.3, 25.9, 25.6, 229, 22.1, 21.9, 21.8, 17.7. LR—MS: calculated for

C62H74FN8010 [M+H]+, 110954, found, 1109.76.

(3R,5R)-7-(3-(3-(3-(1-2-2-2-2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-

y)amino)ethoxy)ethoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-
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S-isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (13a). It was
synthesized as compound 11a. 'H-NMR (400 MHz, CDCl;, ppm): 7.41 (s, 1H), 7.19 — 6.80 (m, 12H),
6.78 — 6.50 (m, 4H), 5.51 (s, 1H), 4.90 (m, 1H), 4.51 —4.40 (m, 2H), 4.11 —3.27 (m, 20H), 2.87 - 2.51
(m, 5H), 2.37 —2.10 (m, 1H), 1.93 — 1.32 (m, 12H). BC-NMR (100 MHz, CDCl;, ppm): 170.6, 170.4,
170.0, 168.1, 167.6, 161.3, 158.7, 147.0, 141.3, 138.5, 133.5, 133.3, 128.9, 128.2, 125.7, 123.9, 122.32
120.0, 116.2, 115.6, 106.6, 70.6, 69.6, 69.0, 67.0, 60.5, 53.6, 50.2, 43.1, 29.8, 28.9, 22.8, 22.2, 14.3.

LR—MS: calculated for Cs5oHggFNgO3 [M+H]", 1115.48; found, 1115.56.

(BR,5R)-7-(3-(3-(4-(1-(2-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-

y)amino)ethoxy)ethoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)butoxy)phenyl)-2-(4-fluorophenyl)-
S-isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (13b). It was
synthesized as compound 11a. 'H-NMR (400 MHz, CDCl;, ppm): 7.52 (s, 1H), 7.20 — 6.83 (m, 12H),
6.78 — 6.55 (m, 4H), 4.91 (m, 1H), 4.50 — 4.40 (m, 2H), 4.17 — 3.21 (m, 20H), 2.87 — 2.10 (m, 6H),
1.83 — 1.32 (m, 14H). BC-NMR (100 MHz, CDCl;, ppm): 170.6, 170.3, 170.1, 168.1, 161.6, 159.0,
147.8, 141.3, 138.4, 133.4, 129.4, 128.9, 123.9, 122.9, 122.0, 119.9, 115.9, 115.6, 113.9, 70.6, 69.0,
68.7, 67.3, 63.3,55.6, 50.4,49.1,43.3, 41.7, 41.3, 39.3, 29.8, 29.5, 28.2, 27.4, 25.1, 24.6, 22.8, 22.0,

18.2, 14.2. LR—MS: calculated for C40H70FNgO,; [M+H]*, 1129.50; found, 1129.76.

BR,5R)-7-(3-(3-((5-(1-(2-(2-(2-(2-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-
yl)amino)ethoxy)ethoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)pentyl)oxy)phenyl)-2-(4-
fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic  acid
(13¢). It was synthesized as compound 11a. 'H-NMR (400 MHz, CDCl;, ppm): 7.42 (s, 1H), 7.20 —

6.83 (m, 12H), 6.78 — 6.55 (m, 4H), 4.92 (m, 1H), 4.52 — 4.41 (m, 2H), 4.17 — 3.24 (m, 20H), 2.87 —
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2.10 (m, 6H), 1.83 — 1.32 (m, 16H). 3C-NMR (100 MHz, CDCl;, ppm): 172.6, 169.3, 168.1, 167.1,
165.6,161.9,159.0, 147.8, 141.3, 138.4, 135.9, 133.3, 129.4, 128.8, 125.6, 123.8, 122.8, 122.0, 119.9,
115.9,115.7,70.6, 69.4, 68.5,67.7,65.3,53.6,44.7,43.2,41.7,38.7,35.7,31.9, 29.8, 29.3, 28.6, 28.2,
26.5, 25.2, 23.0, 22.2, 18.5, 14.0. LR—MS: calculated for C¢H7,FNgO3 [M+H]*, 1143.51; found,

1143.55.

(BR,5R)-7-(3-(3-(3-(1-(14-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-yl)amino)-3,6,9,12-
tetraoxatetradecyl)-1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-S-isopropyl-4-

(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (13d). It was synthesized as
compound 11a. "H-NMR (400 MHz, CDCl;, ppm): 7.48 (d, J=6.72 Hz, 1H), 7.40 (s, 1H), 7.19 — 6.80
(m, 11H), 6.76 — 6.52 (m, 4H), 5.62 (s, 1H), 4.89 (m, 1H), 4.51 —4.37 (m, 2H), 4.11 — 3.27 (m, 24H),
2.87 —2.51 (m, 5H), 2.37 — 2.00 (m, 1H), 1.93 — 1.32 (m, 12H). 3C-NMR (100 MHz, CDC]l;, ppm):
170.1,169.6, 168.1, 167.6, 165.4, 159.0, 154.1, 149.4, 147.1, 144.7, 141.1, 138.5, 136.1, 134.7, 133 .4,
129.4, 128.8, 125.7, 122.8, 122.3, 121.9, 119.9, 116.3, 115.6, 70.6, 70.5, 70.4, 69.6, 69.0, 67.1, 50.2,
49.1, 43.1, 36.6, 31.6, 29.8, 28.9, 22.8, 22.2, 22.0. LR-MS: calculated for C4;H7,FNgO4 [M+H]",

1159.51; found, 1159.64.

(BR,5R)-7-(3-(3-(4-(1-(14-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-yl)amino)-3,6,9,12-
tetraoxatetradecyl)-1H-1,2,3-triazol-4-yl)butoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-

(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (13e). It was synthesized as
compound 11a. 'TH-NMR (400 MHz, CDCl;, ppm): 7.50 (s, 1H), 7.20 — 6.82 (m, 12H), 6.76 — 6.52 (m,
4H), 4.89 (m, 1H), 4.51 —4.37 (m, 2H), 4.11 — 3.27 (m, 24H), 2.87 — 2.51 (m, 5H), 2.37 — 2.00 (m,

1H), 1.93 — 1.32 (m, 14H). 3C-NMR (100 MHz, CDCl;, ppm): 171.1, 170.1, 165.4, 162.9, 161.3,
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160.6, 158.9, 138.4, 135.9, 134.6, 133.4, 129.4, 128.9, 128.5, 123.9, 122.9, 120.0, 119.9, 115.9, 115.7,
115.5,113.8,70.6, 69.7, 69.0, 68.7,67.3, 53.6,49.2,43.3,41.3,36.7,31.7,29.8, 29.5,29.4, 28.2, 26.3,

25.1,22.8,22.0, 18.2. LR—MS: calculated for C4,H74FNgO4 [M+H]*, 1173.52; found, 1173.67.

(BR,5R)-7-(3-(3-((5-(1-(14-((2-(2,6-dioxopiperidin-3-yl)-1,3-dioxoisoindolin-5-yl)amino)-
3,6,9,12-tetraoxatetradecyl)-1H-1,2,3-triazol-4-yl)pentyl)oxy)phenyl)-2-(4-fluorophenyl)-5-
isopropyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (13f). It was
synthesized as compound 11a. 'H-NMR (400 MHz, CDCl;, ppm): 7.46 (s, 1H), 7.22 — 6.82 (m, 12H),
6.80 — 6.60 (m, 4H), 4.92 (m, 1H), 4.51 — 4.40 (m, 2H), 4.11 — 3.27 (m, 24H), 2.87 — 2.51 (m, 5H),
2.37 —2.00 (m, 1H), 1.83 — 1.22 (m, 16H). 3C-NMR (100 MHz, CDCl;, ppm): 171.0, 170.0, 168.4,
167.8, 166.8, 160.6, 159.0, 138.5, 136.0, 135.0, 133.2, 129.4, 128.8, 128.5, 123.8, 122.8, 121.9, 119.8,
115.9, 115.5, 115.4, 113.8, 70.6, 68.6, 68.3, 67.7, 66.5, 56.9, 53.4, 49.9, 43.2, 41.3, 36.7, 32.1, 31.2,
29.8, 29.5, 28.7, 28.2, 26.5, 25.5, 22.8, 21.9, 18.5. LR—MS: calculated for Cs3H76FNgO14 [M+H]",

1187.54; found, 1187.88.

(BR,5R)-7-(3-(3-(3-(1-(2-((3-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)prop-2-yn-1-
yDoxy)ethyl)-1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-
(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (14a). It was synthesized as
compound 11a. "TH-NMR (400 MHz, CDCl;, ppm): 9.10 (s, 1H), 7.78 (d. J= 6.80 Hz, 1H), 7.54 (d, J
=7.16 Hz, 1H), 7.41 (t, J = 7.40 Hz, 1H), 7.21 — 6.80 (m, 12H), 6.70 — 6.50 (m, 3H), 5.19 (m, 1H),
4.55—-3.30 (m, 15H), 2.85 - 2.61 (m, 5H), 2.35 — 2.12 (m, 3H), 1.91 — 1.27 (m, 12H). 3C-NMR (100
MHz, CDCl;, ppm): 170.0, 169.3, 165.4, 161.2, 158.8, 143.9, 141.3, 139.4, 138.4, 135.9, 133.3, 129 4,

128.8, 128.6, 124.6, 123.9, 122.9, 121.8, 120.0, 119.9, 117.9, 115.9, 115.7, 115.5, 114.2, 91.1, 81.2,
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69.0, 68.3, 67.1, 66.1, 62.4, 59.4, 33.9, 32.0, 31.5, 29.8, 29.7, 29.6, 29.5, 29.4, 29.3, 29.1, 28.0, 26.3,

22.8,22.0, 15.1, 14.3. LR—MS: calculated for CssHsoFN;0,o [M+H]*, 1008.42; found, 1008.56.

(BR,5R)-7-(3-(3-(3-(1-(3-((3-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)prop-2-yn-1-
yDoxy)propyl)-1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-
(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (14b). It was synthesized as
compound 11a. "TH-NMR (400 MHz, CDCl;, ppm): 9.05 (s, 1H), 7.76 (d. J= 6.80 Hz, 1H), 7.52 (d, J
=7.16 Hz, 1H), 7.40 (t, J = 7.40 Hz, 1H), 7.21 — 6.80 (m, 12H), 6.72 — 6.60 (m, 3H), 5.15 (m, 1H),
4.55—-3.30 (m, 15H), 2.84 — 2.60 (m, 5H), 2.33 — 2.10 (m, 3H), 1.91 — 1.27 (m, 14H). *C-NMR (100
MHz, CDCl;, ppm): 170.0, 169.5, 165.6, 163.6, 161.2, 158.8, 141.5, 139.5, 138.4, 135.8, 133.3, 130.2,
1295, 128.9, 128.5, 123.9, 122.9, 121.9, 119.9, 115.9, 115.7, 115.5, 114.7, 114.2, 113.9, 91.1, 81.6,
69.0, 68.3, 67.1, 66.1, 32.1, 29.8, 29.5, 29.5, 29.3, 29.1, 28.0, 27.3, 26.0, 22.8, 22.1, 15.2, 14.3.

LR—-MS: calculated for Cs;Hg1FN,0,9 [M+H]", 1021.44; found, 1021.66.

(BR,5R)-7-(3-(3-(3-(1-(4-((3-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)prop-2-yn-1-
yDoxy)butyl)-1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-
(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (14c). It was synthesized as
compound 11a. "TH-NMR (400 MHz, CDCl;, ppm): 9.15 (s, 1H), 7.78 (d. J = 6.80 Hz, 1H), 7.58 (d, J
=7.16 Hz, 1H), 7.42 (t, J = 7.40 Hz, 1H), 7.27 — 6.80 (m, 12H), 6.72 — 6.50 (m, 3H), 5.17 (m, 1H),
4.55—-3.30 (m, 15H), 2.84 — 2.60 (m, 5H), 2.43 — 2.10 (m, 3H), 1.91 — 1.27 (m, 16H). 3C-NMR (100
MHz, CDCl;, ppm): 170.0, 169.1, 165.6, 163.8, 161.0, 158.7, 143.9, 141.2, 138.4, 136.0, 135.1, 133.3,
131.7,129.4, 128.8, 128.6, 124.2, 123.9, 122.9, 121.9, 121.8, 120.0, 119.8, 118.2, 115.9, 115.5, 113.8,

90.9, 81.8, 69.3, 69.0, 66.8, 66.1, 66.0, 58.8, 52.2, 32.0, 31.5, 29.8, 29.5, 29.4, 28.6, 28.0, 27.3, 26.4,
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22.8,22.0, 15.4. LR—MS: calculated for CsgHg3FN,O o [M+H]", 1036.45; found, 1036.86.

(BR,5R)-7-(3-(3-(3-(1-(5-((3-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)prop-2-yn-1-
yDoxy)pentyl)-1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-
(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (14d). It was synthesized as
compound 11a. 'H-NMR (400 MHz, CDCl;, ppm): 9.11 (s, 1H), 7.82 (d. /= 6.80 Hz, 1H), 7.62 (d, J
=7.16 Hz, 1H), 7.45 (t, J = 7.40 Hz, 1H), 7.20 — 6.90 (m, 12H), 6.72 — 6.60 (m, 3H), 5.20 (m, 1H),
4.50 —3.47 (m, 15H), 2.84 — 2.60 (m, 5H), 2.40 — 2.10 (m, 3H), 1.91 — 1.27 (m, 18H). 3C-NMR (100
MHz, CDCl;, ppm): 170.1, 169.2, 165.4, 163.6, 160.9, 158.8, 143.9, 141.2, 138.4, 135.8, 133.3, 130.0,
129.4,128.9, 128.5,123.9,122.9,121.9,119.9,115.9,115.7,115.5,113.9,90.9, 81.7, 70.0, 69.0, 66.8,
66.1, 66.0, 58.8, 32.0, 29.8, 29.4, 28.0, 27.3, 26.3, 22.8, 22.0, 15.2, 14.3. LR—MS: calculated for

C59H65FN7010 [M+H]+, 105047, found, 1050.67.

(BR,5R)-7-(3-(3-(3-(1-(6-((3-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)prop-2-yn-1-
yDoxy)hexyl)-1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-
(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (14e). It was synthesized as
compound 11a. "TH-NMR (400 MHz, CDCl;, ppm): 9.08 (s, 1H), 7.76 (d. J = 6.80 Hz, 1H), 7.56 (d, J
=7.16 Hz, 1H), 7.39 (t, J = 7.40 Hz, 1H), 7.22 — 6.82 (m, 12H), 6.65 — 6.55 (m, 3H), 5.17 (m, 1H),
4.51 —3.40 (m, 15H), 2.82 — 2.61 (m, 5H), 2.40 — 2.02 (m, 3H), 1.97 — 1.27 (m, 20H). 3C-NMR (100
MHz, CDCl;, ppm): 170.0, 169.2, 165.4, 161.0, 158.8, 143.9, 141.1, 138.5, 136.0, 135.1, 133.3, 131.7,
129.4, 128.8, 124.3, 123.8, 122.9, 121.8, 121.2, 119.9, 118.4, 116.0, 115.6, 113.9, 91.1, 81.6, 70.3,
66.8, 58.8, 52.1, 50.2, 47.4, 32.0, 31.6, 30.3, 29.8, 29.5, 29.4, 29.3, 28.7, 26.3, 25.7, 23.4, 22.8, 22.0.

LR—-MS: calculated for C¢oHg7FN,019 [M+H]", 1064.49; found, 1064.80.
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(BR,5R)-7-(3-(3-(3-(1-(7-((3-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)prop-2-yn-1-
yDoxy)heptyl)-1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-
(phenylcarbamoyl)-1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (14f). It was synthesized as
compound 11a. 'H-NMR (400 MHz, CDCl;, ppm): 9.13 (s, 1H), 7.80 (d. J= 6.80 Hz, 1H), 7.60 (d, J
=7.16 Hz, 1H), 7.44 (t, J = 7.40 Hz, 1H), 7.22 — 6.84 (m, 12H), 6.75 — 6.60 (m, 3H), 5.20 (m, 1H),
4.53 —3.40 (m, 15H), 2.88 — 2.65 (m, 5H), 2.48 — 2.12 (m, 3H), 1.97 — 1.27 (m, 22H). 3C-NMR (100
MHz, CDCl;, ppm): 170.4,169.1, 165.4, 163.4, 161.0, 158.8, 143.9, 141.2, 138.5, 136.0, 135.1, 133.3,
131.7, 129.4, 128.8, 124.2, 123.8, 122.9, 121.8, 119.9, 118.4, 116.0, 115.6, 113.8, 91.2, 81.5, 70.5,
66.8, 66.0, 58.8, 52.0, 50.3, 47.3, 32.0, 31.6, 30.2, 29.8, 29.5, 28.8, 27.3, 26.4, 26.3, 26.0, 23.4, 22.8,

22.0. LR—MS: calculated for C¢;HgoFN-,O;o [M+H]", 1078.50; found, 1078.67.

(BR,5R)-7-(3-(3-(3-(1-(2-(3-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)propoxy)ethyl)-1H-
1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-1H-

pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (15a). It was synthesized as compound 11a. 'H-NMR
(400 MHz, CDCl;, ppm): 8.47 (s, 1H), 7.74 (d. J= 6.80 Hz, 1H), 7.40 (m, 2H), 7.22 — 6.84 (m, 12H),
6.71 — 6.68 (m, 3H), 5.24 (m, 1H), 4.43 —3.30 (m, 15H), 2.88 — 2.15 (m, 9H), 1.97 — 1.27 (m, 14H).
BC-NMR (100 MHz, CDCl;, ppm): 173.1, 169.8, 166.3, 161.4, 157.9, 147.3, 143.0, 141.7, 138.6,
136.0, 135.8, 133.4, 133.3,129.5, 128.8, 128.3, 125.5, 123.6, 122.9, 121.8, 119.7, 115.9, 115.6, 115.1,
114.0, 70.1, 69.7, 69.1, 68.0, 41.4, 41.3, 39.2, 34.3, 32.0, 30.2, 29.8, 26.2, 22.7. LR—MS: calculated

for C56H63FN7010 [M+H]+, 101245, found, 1012.55.

(BR,5R)-7-(3-(3-(3-(1-(3-(3-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)propoxy)propyl)-

1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-
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1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (15b). It was synthesized as compound 11a. "H-NMR
(400 MHz, CDCls, ppm): 8.46 (s, 1H), 7.73 (d. J = 6.80 Hz, 1H), 7.41 (m, 2H), 7.22 — 6.84 (m, 12H),
6.71 — 6.68 (m, 3H), 5.24 (m, 1H), 4.43 — 3.30 (m, 15H), 2.88 —2.15 (m, 9H), 1.97 — 1.27 (m, 16H).
3C-NMR (100 MHz, CDCl;, ppm): 173.3, 169.9, 166.2, 161.2, 157.9, 147.3, 143.0, 141.7, 138.6,
135.9, 135.8,133.4, 133.3, 129.4, 128.8, 128.3, 125.7, 123.6, 122.9, 122.0 119.7, 115.9, 115.6, 115.1,
114.0, 70.1, 69.7, 69.1, 68.0, 41.4, 41.0, 39.2, 34.3, 32.0, 30.4, 29.8, 29.5, 28.1, 26.2, 22.9, 22.6, 21.1.

LR—-MS: calculated for Cs;HgsFN,O,9 [M+H]", 1026.47; found, 1026.67.

(BR,5R)-7-(3-(3-(3-(1-(4-(3-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)propoxy)butyl)-

1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-

1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (15¢). It was synthesized as compound 11a. "TH-NMR
(400 MHz, CDCl;, ppm): 8.45 (s, 1H), 7.73 (d. /= 6.80 Hz, 1H), 7.41 (m, 2H), 7.22 — 6.84 (m, 12H),
6.71 — 6.68 (m, 3H), 5.24 (m, 1H), 4.43 —3.30 (m, 15H), 2.88 — 2.15 (m, 9H), 1.97 — 1.27 (m, 18H).
BC-NMR (100 MHz, CDCl;, ppm): 173.1, 169.8, 166.1, 161.0, 157.9, 147.3, 143.3, 141.7, 138.6,
135.9,135.8,133.4, 133.3,129.4, 128.8, 128.4, 125.7,123.7, 122.9, 122.0, 119.8, 116.0, 115.6, 115.4,
114.0, 70.2, 69.7, 69.1, 68.0,41.4,41.0, 39.2, 34.3, 32.0, 30.4, 29.8, 29.5, 28.1, 28.1, 26.2, 22.8, 22.4,

21.2,21.3. LR—MS: calculated for CssHg7FN,O,o [M+H]", 1040.49; found, 1040.65.

BR,5R)-7-(3-(3-(3-(1-(5-(3-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)propoxy)pentyl)-
1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-
1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (15d). It was synthesized as compound 11a. "TH-NMR
(400 MHz, CDCl;, ppm): 8.45 (s, 1H), 7.73 (d. J= 6.80 Hz, 1H), 7.41 (m, 2H), 7.22 — 6.84 (m, 12H),

6.71 — 6.68 (m, 3H), 5.24 (m, 1H), 4.43 — 3.30 (m, 15H), 2.88 — 2.15 (m, 9H), 1.97 — 1.27 (m, 20H).

56

ACS Paragon Plus Environment



oNOYTULT D WN =

Journal of Medicinal Chemistry Page 58 of 76

3C-NMR (100 MHz, CDCl;, ppm): 173.1, 169.8, 165.1, 161.3, 157.9, 147.3, 143.3, 141.7, 138.6,
135.9,135.9,133.4,133.3,129.4, 128.8, 128.4, 125.7,123.7, 122.9, 122.0, 119.8, 115.9, 115.7, 115.4,
114.1,70.9, 69.8, 69.1, 68.0, 41.9, 41.2, 39.2, 34.4, 32.1, 30.5, 29.8, 29.5, 28.9, 28.2, 28.1, 26.3, 22.8,

22.5,21.9,21.8, 21.3. LR—MS: calculated for CsoHgoFN;0,o [M+H]*, 1054.50; found, 1054.67.

(BR,5R)-7-(3-(3-(3-(1-(6-(3-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)propoxy)hexyl)-

1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-

1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (15e). It was synthesized as compound 11a. "TH-NMR
(400 MHz, CDCl;, ppm): 8.45 (s, 1H), 7.73 (d. /= 6.80 Hz, 1H), 7.41 (m, 2H), 7.22 — 6.84 (m, 12H),
6.71 — 6.68 (m, 3H), 5.24 (m, 1H), 4.43 —3.30 (m, 15H), 2.88 — 2.15 (m, 9H), 1.97 — 1.27 (m, 22H).
BC-NMR (100 MHz, CDCl;, ppm): 173.1, 169.8, 165.2, 161.3, 158.9, 147.3, 140.4, 138.6, 136.9,
136.3,133.3,132.0, 131.4,129.4, 128.8, 123.7, 122.9,121.9, 121.9, 119.8, 116.1, 115.6, 115.4, 113.9,
70.9, 69.7, 69.6, 69.0, 66.9, 52.1, 52.0, 50.2, 46.4, 41.9, 41.3, 39.2, 32.0, 31.7, 30.4, 30.4, 29.8, 29.6,
29.5, 28.8, 28.5, 26.4, 26.3, 25.8, 23.6, 22.8, 22.2, 21.9, 21.8. LR—MS: calculated for C¢yH7;FN;Oy,

[M+H]*, 1068.52; found, 1068.87.

(BR,5R)-7-(3-(3-(3-(1-(7-(3-(2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindolin-4-yl)propoxy)heptyl)-
1H-1,2,3-triazol-4-yl)propoxy)phenyl)-2-(4-fluorophenyl)-5-isopropyl-4-(phenylcarbamoyl)-
1H-pyrrol-1-yl)-3,5-dihydroxyheptanoic acid (15f). It was synthesized as compound 11a. "H-NMR
(400 MHz, CDCl3, ppm): 8.49 (s, 1H), 7.72 (d. J= 6.80 Hz, 1H), 7.40 (m, 2H), 7.22 — 6.84 (m, 12H),
6.75 — 6.60 (m, 3H), 5.27 (m, 1H), 4.43 —3.30 (m, 15H), 2.88 — 2.15 (m, 9H), 1.97 — 1.27 (m, 24H).
BC-NMR (100 MHz, CDCl;, ppm): 173.1, 169.9, 165.2, 161.4, 159.0, 147.3, 141.7, 138.5, 133.4,

132.0, 131.4, 129.4, 128.8, 128.8, 123.8, 123.0, 122.0, 121.8, 119.8, 115.7, 115.4, 113.9, 71.1, 69.7,
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69.0, 53.6, 41.9, 41.4, 39.2, 32.0, 30.4, 29.5, 29.0, 28.6, 27.3, 26.6, 26.3, 22.8, 22.0. LR—MS:

calculated for C4;H,3FN;O;¢ [M+H]*, 1082.53; found, 1082.63.

Cell culture. CHO-7 (Chinese hamster ovary cell, a clone of CHO-K1 cells) and SRD15 (an Insig-1
and Insig-2 deficient CHO-7 cell line), were generous gifts from Dr. Russell Debose-Boyd at UT
Southwestern Medical Center, USA. HEK293T and Huh7 (a human hepatocellular carcinoma cell line)
were obtained from ATCC. All cells were grown in a monolayer at 37 °C with 5% CO,. CHO-7 and
SRDI15 cells were maintained Medium A (a 1:1 mixture of Ham’s F-12 Medium and Dulbecco’s
Modified Eagle Medium (DMEM) with 100 units/mL penicillin and 100 pg/mL streptomycin sulfate)
containing 5% fetal bovine serum (FBS). HEK293T and Huh7 cells were maintained in Medium B
(DMEM with 100 units/mL penicillin and 100 pg/mL streptomycin sulfate) containing 10% FBS. The

depletion medium was Medium A or Medium B supplemented with 5% lipoprotein-deficient serum.

Primary antibodies. Primary antibodies used for immunoblotting were as follows: mouse monoclonal
anti-ubiquitin antibody (sc-8017, Santa Cruz; 1:500); mouse monoclonal anti-B-actin antibody (A1978,
Sigma; 1:10,000); rabbit polyclonal anti-Myc antibody (06-549, Millipore; 1:1,000); rabbit polyclonal
anti-GAPDH antibody (10494-1-AP, Proteintech; 1:10,000); mouse monoclonal anti-HA antibody
(H3663, Sigma; 1:1,000); mouse monoclonal anti-Flag antibody (F3165, Sigma; 1:1,000). The mouse

monoclonal anti-HMGCR antibody was prepared in our laboratory.

Plasmids. The coding sequences of HMGCR and CRBN were amplified from Huh7 cells by standard
PCR. The sequence of HMGCR was cloned into pCDNA3-5xMyc vector and pEGFP-NI1 vectors to
generate pPCMV-HMGCR-Myc and pPCMV-HMGCR-EGFP, respectively. The sequence of CRBN was

cloned to pCMV14-3xFlag vector. CRBN site-directed mutants (3xflag-CRBNYW/AA)  were
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constructed using the QuikChange site-directed kit (Stratagene) and confirmed by sequencing. The
sequence of HMGCR-EGFP gene was sub-cloned from pCMV-HMGCR-EGFP by standard PCR and

inserted into the pLVX-IRES-Puro vector for lentivirus preparation.

RNA Interference. Three duplexes of siRNA were synthesized by RBOBIO (Guangzhou, China).

The sequences of siRNAs targeting against CRBN were:

5’-CCAGAAACUGAAGAUGAAA -3°,

5’-GCAAGGCAGUGUAUAUUAU -3°,

5’-GGAAGUCGAAGACCAAGAU -3°.

The siRNA against VSV-G (5’-GGCUAUUCAAGCAGACGGUTT-3") was used as a negative control.

Western blot analysis. Cells were harvested and homogenized in 120 pL of RIPA buffer
supplemented with protease inhibitors. Protein concentrations of whole cell lysates were determined
according to Lowry method (Bio-Rad). Samples were mixed with 4xSDS loading buffer (150 mM
Tris-HCI, pH 6.8, 12% SDS, 30% (v/v) glycerol, 0.02% (w/v) bromophenol blue, 6% (v/v) B-
mercaptoethanol) and boiled for 10 min. Proteins were resolved by SDS-PAGE and transferred onto
PVDF membranes. Immunoblots were blocked with 5% milk in TBS containing 0.075% Tween
(TBST) and probed with primary antibodies overnight at 4 °C. After washing in TBST 3 times, blots

were incubated with secondary antibodies for 1 h at room temperature.

Co-immunoprecipitation. Cells were harvested and lysed in 0.6 mL of immunoprecipitation buffer

(1xPBS, 1% digitonin, 5SmM EDTA, SmM EGTA and protease inhibitors). After centrifugation at
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12,000 % g for 10 min at 4 °C, immunoprecipitation was carried out with indicated antibody-coupled

agarose, washed with immunoprecipitation buffers followed by western blotting.

Oil Red staining. Oil Red O was dissolved in propylene glycol at a working concentration of 0.5%
(w/v). Huh7 cells grown on glass coverslips were fixed with 4% paraformaldehyde in PBS at room
temperature for 30 min. Cells were washed 3 times in PBS, stained with Oil Red O for 15 min at

room temperature, and washed 3 times using distilled water.

Lentivirus preparation. HEK293T cells were transfected with pLVX-HMGCR-GFP-IRES-Puro or
pLVX-IRES-Puro (as a control), together with envelope (pMD2.G), and packaging (psPAX2)
vectors using standard calcium phosphate protocol. Forty-eight hours later, lentivirus-containing

supernatants were collected and centrifuged at 3,000xg 1 h at 4°C prior to use.

Generation of SRD1S cell stably expressing HMGCR-GFP. SRD15 cells were infected by the
above lentivirus-containing supernatants for 12 h. Cells were then switched to normal culture medium
for 12 h, followed by fluorescence activated cell sorting so that those stably expressing HMGCR-GFP
were enriched. Cells were examined and imaged under a Leica Biosystems SP8 laser-scanning
microscope equipped with 405-nm, 488-nm and 561-nm lasers. Images from the same experiment

were equally processed for brightness and contrast using the LAS AF software.

Quantitative real-time PCR. Total RNA was extracted using Trizol reagents (Invitrogen) and
subjected to reverse transcription (RT) with oligo dTs followed by quantitative real-time PCR using
target-specific primers in the Stratagene Mx30005P Q-PCR Systems. All reactions were prepared in
triplicate and the relative amounts of mRNAs were calculated using the comparative CT method.

Hamster GAPDH and mouse Cyclophilin were used as controls. The normalized amount of mRNA
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incontrol sample was arbitrarily defined as 1. The primer sequences were as follows:

hamster GAPDH:

forward: 5’- GCAAGTTCAAAGGCACAGTCAA-3’

reverse: 5°- CGCTCCTGGAAGATGGTGAT-3’

hamster CRBN:

forward: 5’- AGCTGGTTTCCTGGGTATGC-3’

reverse: 5’- CAGAGCGAGTTAAGCCCCAA-3’

mouse Cyclophilin:

forward: 5’-TGGAGAGCACCAAGACAGACA-3’

reverse: 5°-TGCCGGAGTCGACAATGAT-3’

mouse HMGCR:

forward: 5’- CTTGTGGAATGCCTTGTGATTG-3’

reverse: 5°- AGCCGAAGCAGCACATGAT -3°

mouse LDLR:

forward: 5’-AGGCTGTGGGCTCCATAGG-3

reverse: 5’-TGCGGTCCAGGGTCATCT-3
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De novo cholesterol biosynthesis in Huh7 cell. Huh7 cells were treated with atorvastatin or P22A for
14h and refed cell with 2 mL medium containing '*C-acetic acid sodium salt at a concentration of
1uCi/pL for 2 h prior to harvesting. Cells were washed by 2 mL ice-cold buffer containing 5 mM Tris
HCI pH 7.4, 150 mM NaCl, 0.2% BSA. Let stand for 5 min, before aspirating, wash 2 mL ice-cold 5
mM Tris HC1 pH 7.4, 150 mM NaCl. Then added 1 ml1 0.1 M NaOH to dissolve cell and incubate room
temperature at least 30 min. Next, we transferred cell suspension to labeled 15 cm test tube. Wash petri
dish with 1 ml H,O and combine with original cell suspension in 15 cm tube and vortexed. Added 2
ml EtOH and 3.5 ml petroleum ether and centrifuged 1000g for 10 min. After that, transferred upper
petroleum ether phase to labeled 15 cm tube. Re-extract twice as described above. After evaporate
organic phase to dryness, dissolved the residue in 300 pl heptane and spotted onto plastic-backed silica
gel TLC plates. TLC plates was developed in 100 chloroform allowing solvent to migrate to the top of

the sheet. Finally, Dried the TLC plates to excise spots and count.

Statistical analyses and reproducibility. Data were normally distributed and between-group
variances were similar. All statistical analyses were performed using the GraphPad Prism software.
Data were expressed as means + S.D. and analyzed by unpaired two-tailed Student’s ¢ test or two-way
ANOVA as indicated. Statistical tests were justified as appropriate for every figure. Statistical
significance was set at p < 0.05. Sample sizes, statistical tests and p values for each experiment are
depicted in the relevant figure legends. Specific samples sizes were chosen based on similar

experiments of previous studies. No statistical method was used to predetermine the sample size.

ASSOCIATED CONTENT

Supporting Information.
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The following files are available free of charge.

Evaluating the PROTACs-induced degradation of HMGCR with SRDIS5 cells (Figure S1-S7),
Evaluating levels of HMGCR, SREBP2 and LDLR in Huh7 cells after treatment with PROTACSs
(Figure S8). Oil Red O staining (Figure S9). The normal distribution and Pearson correlation
coefficient of proteomic data (Figure S10). Validation of proteomic data by testing the western blots
of NPC2 (Figure S11). The proteomic data (Table S1 and Table S2). NMR and UPLC traces of

representative compounds. Molecular Formula Strings.
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HMGCR, 3-Hydroxy-3-methylglutaryl coenzyme A reductase; ER, endoplasmic reticulum;
PROTACSs, proteolysis-targeting chimeras; CVD, cardiovascular disease; LDL, low-density
lipoprotein; RNF145, Ring finger protein 145; ERAD, ER-associated degradation; UPS, ubiquitin—
proteasome system; CRBN, cereblon, CHO, Chinese hamster ovary; SREBP, sterol regulatory
element-binding protein; GFP, green fluorescent protein; RFP, red fluorescent protein, DMSO,
dimethyl sulfoxide. LDLR, LDL receptor; TLC, thin-layer chromatography; ANOVA, analysis of
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