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Exploring the PROTAC Degron Candidates: OBHSA with
Different Side Chains as Novel Selective Estrogen Receptor

Degraders (SERDS)

Yuanyuan Li, Silong Zhang, Jing Zhang, Zhiye Hu, Yuan Xiao, Jian Huang, Chune Dong,*
Shengtang Huang,” and Hai-Bing Zhou*

A series of novel SERDs with excellent ER degradation efficacy have been
discovered. These findings simplified the structure of currently available degrons and
provide new possibility for discovering novel PROTACSs.
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Abstract

As the mutant estrogen receptor (ER) continues @oclvaracterized, breast cancer is
becoming increasingly difficult to cure when trehtgith hormone therapy. In this regard, a
strategy to selectively and effectively degrade Ei®e might be an effective alternative to
endocrine therapy for breast cancer. In a previtusly, we identified a novel series of
7-oxabicyclo[2.2.1]heptene sulfonamid@BHSA) compounds as full ER antagonists while
lacking the prototypical ligand side chain that bagn widely used to induce antagonism of
ERo. Further crystal structure studies and phenotggiays revealed that these compounds
are selective estrogen receptor degraders (SERiDspwmew mechanism of action. However,
from a drug discovery point of view, there still igom to improve the potency of these
OBHSA compounds. In this study, we have developed nassek of SERDs that contain the
OBHSA core structure and different side chains, e.gsichside chains, long alkyl acid side
chains, and glycerol ether side chains, to simpiynimthe degrons of proteolysis targeting
chimera (PROTAC) and then investigated the streeaativity relationships of these
PROTAC-like hybrid compounds. These novel SERDddeffectively inhibit MCF-7 cell
proliferation and demonstrated good d&ERlegradation efficacy. Among the SERDS,
compounddl7d, 17eand17gcontaining a basic side chain withiNarifluoroethyl substituent
and apara methoxyl group at the phenyl group of the sulfortenturned out to be the best
candidates for ER degraders. A further docking ystofl these compounds with BR
elucidates their structure-activity relationshipghich provides guidance to design new
PROTAC degrons targeting ER for breast cancer iyelaastly, easy modification of these
PROTAC-like SERDs enables further fine-tuning ofeith pharmacokinetic properties,
including oral availability.
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1. Introduction

It is well-known that the overexpression of estrogeceptora (ERx) may lead to ER
positive breast cancer, which accounts for 70% refagt cancer [1, 2]. Contraposing this
target, clinical pharmacists generally use endectimerapy, in which the drugs can be
classified into two types: aromatase inhibitors JA|3-5] and selective estrogen receptor
modulators (SERMS) [2, 6-8]. However, the recureen€ breast cancer is difficult to treat,
and the long-term use of SERMs, such as tamoxigeprone to lead to the development
ovarian cancer and drug resistance [9-11], whichsigally fatal. For patients who are on
long-term medication, the limited number of effeetidrugs encourages the development of
new compounds that reduce the likelihood of diseasarrence and drug resistance through
various means.

Inducing protein degradation by small molecules teaently become kot spot for drug
discovery [12, 13]. To date, as the emerging afidient treatments for breast cancer, there
have been two approaches targetingoE#Rotein degradation: selective estrogen receptor
downregulators (SERDs) and proteolysis targetingmelas (PROTACs). SERDs are
recognized as pure ER antagonists that can caasialsgiructural instability and activate the
ubiquitination pathway to degrade &Rrotein [14-18]. In 2007, the FDA approved thestfir
SERD fulvestrant for the treatment of advanceddireancer [19]. Nevertheless, this SERD’s
low oral bioavailability limited its application (8. Therefore, medicinal chemists hope to
obtain SERDs with better oral bioavailability thgbhu structural modification and
optimization. To date, a variety of SERDs have bidentified [21-26], most of which have
different side chains, e.g., long alkyl side chamsrylic side chains, and basic side chains
(Figure 1). FulvestrantEigure 1, compoundl) is one typical drug that introducedsalfinyl
pentafluoro alkyl chain onto aEkeleton; the hydrophobic chain was exposed tstinece
of the protein when binding to ER and destabiliteel active ligand binding domain (LBD)
conformer, thereby leading to protein degradatidmerefore, Kuriharat al. reported that a
derivative of tamoxifen with a long alkyl side chdkFigure 1, compound®) could effectively

reduce ER protein levels in breast cancer cellskee an antagonistic effect [26]. Later,



these researchers expanded the range of curremilglale SERDs by attaching a decyl group
to the amine moiety of raloxifene and revealed it ER degradation efficacy of this
compound is uM [25]. GDCO0810 Figure 1, compound3), a second-generation SERD,
contains an acrylic side chain, which directly matded with the peptide backbone of ER
and induced a conformational change that expossd@phobic surface on the receptor [27].
GDCO0810 has undergone a clinical phase Il trial wag effective in endocrine therapy to
treat advanced metastatic ERreast cancer; unfortunately, its clinical triahsvrecently
discontinued. In 2018, Smith’s group reported tativatives of EM-652 that contained a
basic side chain were highly potent and efficaci8&RDs [18]. The best compourfeidure

1, compound4) of this series demonstrated robust activity watl91% ER degradation
efficacy in a xenograft model of tamoxifen-resistémeast cancer. Moreover, the crystal
structure study revealed that the side chainsedaltompounds may play an essential role in
the degradation of ER, e.g., the acrylic acid siti@in of 3-type compounds formed a
hydrogen bond with D351 in the ligand binding domaf ER, which blocked the proper
positioning of the critical helix 12. Thus, hydragiiic patches were exposed in solution, the
receptor was recognized by the ubiquitin-proteassyséem and degradation proceeded [28].
For fulvestrant-type SERDs, when binding to ER,ixhdl2 appeared to be completely
distorted, and the hydrophobic regions were exptsesblution for ubiquitination targeting.
As a result, the side chain is a major driving dacif SERDs and plays a critical role in the

degradation of ER.
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Figure 1. Four representative SERDs with typical side chain

Another method for compounds capable of inducingtgin degradation is proteolysis
targeting chimeras (PROTACs). PROTAC is a bifurrioccompound possesses a ligand for
a targeted protein and a recognition motif for EBdguitin ligase recruitment that ultimately
promotes ubiquitination-dependent proteasomal diagi@n of the target protein. In 2010, an
ER-targeting PROTAC that consisted of an estradiodl a hypoxia-inducing factoral
(HIF-1a)-derived synthetic pentapeptide was reported [@@ch showed good ER binding
affinity (10% binding affinity relative to E2) areffective ER degradation efficacy (60% ER
degradation). Kuriharat al. disclosed a complex comprised of 4-hydroxytamaxigand
bestatin (an inhibitor of the clAP1) via an alkyhKer [30]. This complex induced
clAP1-mediated ubiquitination of EERwith proteasomal degradation at (10l. Recently, Li
et al. reported a novel EiRtargeting PROTAC that was composed ofNaterminal aspartic
acid cross-linked stabilized peptide &ERodulator (TD-PERM) and the Von Hippel-Lindau
(VHL) E3 ubiquitin ligase through a pentapeptid&|[3The TD-PROTAC approach utilized a
peptide stabilization strategy, which could provideptide conjugates with satisfactory
stability and cellular uptake. However, the effeetdose for degradation is M, which still
needs improvement. Generally, PROTACs are unded rdpvelopment as a novel and

promising technology for drug discovery [32-34]. idtheless, there is a very narrow



selection of the structural species for PROTACgdang ER degradation, and their low
potency limits their clinical trials.

Despite the different mechanisms for degrading BRSERDs and PROTACSs, these
compounds have a molecular skeleton that inducesl&gRadation and could be called a
degron. A degron is reported to be a part of thand-induced degradation (LID) domain in
known works, and it functions as a cryptic degremtasequence [35, 36]. Recently, Sharma's
group reported a series of new SERDs that externdedcurrently available library of
PROTAC-type scaffolds, which may be useful for dhegradation of a variety of other
therapeutically important proteins [16]. The resbars defined the special motif that can
induce ER degradation as a degron in both SERDS&W@ITAC molecules. As the skeletons
of the PROTAC degrons are limited and always cocapdid, there is an urge to explore novel
degrons with diverse and simple structures thawathe ER degrader to display drug-like
properties and more potent efficacy. In 2012, owoupg reported oxabicycloheptene
sulfonamide QBHSA, Figure 2) compounds as full ER antagonists [37], and furgtady
on the crystal structures of complexes of thesanlilg with ER revealed a new mechanism
of action of these SERD compounds [38]. The larggyRups K-trifluoroethyl group and
N-ethyl group) clashed strongly with Leu525, indgcan2.5 A shift in h11 and leading to the
complete disorder of the C terminus of h11l. Thd® beu544 moved out of the hydrophobic
groove. In addition, the 4-methoxyphenyl substimtiflipped the ethyl and aryl groups
around the sulfonamide linker and interacted with bbop between h7 and h8 by attacking
the backbone carbonyl of Glu419. Therefore, underinfluence of the disordered h1l and
h12 exposed in the hydrophilic environment, the | tein would become a target for
ubiquitination.Considering the important role played by the swdfoide moiety in this new
mechanism, we turn our attention to the phenol gron the other side, hoping to develop
new degrons on the phenolic group that would cbute to the degradation activity. As part
of our long-term interests in the development of lgR&nds [39-41], we utilized th@BHSA

as a core structure and explored alternatives grfoths to, for example, the basic side chains,

long alkyl acid side chains, and glycerol ethersuthains, and then, we investigated their



inhibition efficacy of MCF-7 celproliferation and ER degradation activity. In the process,
we uncovered some remarkable structure-activitgtigiships (SARS) in which compounds
17d, 17e and 17g containing basic side chains witi-trifluoroethyl andpara methoxy

substituents displayed outstanding cEBegradation efficacy and anti-proliferation adiivi

Further docking analysis illustrates that the bagie chain could distort helix 3 by forming a
hydrogen bond with Thr347 and a hydrophobic repulsvith the backbone of Met343. The
N-trifluoroethyl group and thgara methoxyl group may also be beneficial to theoER
degradation efficacy by influencing the loop ofikél and helix 8. The results indicate that
the basic side chain proved to be the best degnoh psovides new possibilities in the

development of more effective PROTACS.
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Figure 2. Design ofOBHSA derivatives with different degrons as SERDs.

2. Results and discussion

2.1 Chemistry

The synthesis of the fin@BHSA derivativesl7at involved a Diels-Alder reaction between
a series of furan analogues and ethylene sulforeaédivatives $cheme 4, and the furan
intermediate7 was synthesized according to our previous work.[4®] introduce different
degrons onto th©BHSA pharmacophore core, we synthesized the key inthaies8a,

and the synthetic route is shownScheme 1 The furan analogue®a-g were obtained by
Williamson etherification reactions with differemalogenated compounds, and the hydrolysis

of the compound8e-g created the furan analogugis;.



Scheme 1Synthesis of furan derivativés:j®.

HO, OH HO, O-R

. s T e 35«/'@

B ” B Q
0 0 8b:R = ;{\/IO 8e-g: RJ‘L“HJHJ\O/\ n=67,110
7 8a-d |

o]
8eg j b 8c:R= 3~ _N_ 8h-jR= EM%OH n=6,7,10

8hj

a

Reagents and conditions: (a) 2-chldidN-dimethylethanamine hydrochloride,
1-(2-chloroethyl)pyrrolidine  hydrochloride, 1-(2{ohoethyl)piperidine  hydrochloride,

3-chloropropane-1,2-diol, ethyl 11-bromoundecanoathyl 8-bromooctanoate, or ethyl

7-bromoheptanoate, KOH, GEN, 60 °C, 6 h; (b) LiOH, MeOH, rt, 4.h

In a previous study, it was indicated that thduafoethyl group angbara methoxyl group
played an important role for the binding and degtixh of theOBHSA compounds [38], and
as such, our synthesis mainly focused onNHefluoroethyl group anghara substitution of
the phenyl of sulfonamide. Ethylene sulfonamideivdg¢ives 14af were synthesized as
shown in Scheme 2 The substituted anilineSa-d yielded analogslOae through an
amidation reaction with acetic anhydride or trifloacetic anhydride in the presence of
DMAP. The compoundl1l0a was treated with methyl iodide to yieldN-methyl
phenylacetamiddl. Then, the intermediaté2 was obtained by the deacylation @f. after
refluxing for 24 h in 10% HCI and glycol. Finallyhe key intermediatd4a was gained
through the reaction df2 with 2-chloroethanesulfonyl chloride in the presew¢ TEA. For
the synthesis of ethylene sulfonamideto-f, the route was slightly different. Compounds
10ae were reduced by BisMe,in THF at 60 °C to givd3ae. Then, following the reaction
with 2-chloroethanesulfonyl chloride, dienophilleth-f were obtained.

Scheme 2Synthesis of dienophilestag®.
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10c: R = Cl, X = CH,CF; 13b: R = OMe, X = CH,CH3
10d: R = Me, X = CH,CF3 13c: R=CI, X = CH,CF3
10e: R = OMe, X = CH,CF4 13d: R = Me, X = CH,CF3

13e: R = OMe, X = CH,CF;

% Reagents and conditions: (a) acetic anhydrideiftwdroacetic anhydride, rt, 3 h; (b) Mel,
NaH, THF, 0°C, 4 h; (c) 10% HCI, HO(CH.OH, reflux, 3 h; (d) 2-chloroethanesulfonyl
chloride, 20% NaOH, DCM, TC, 24 h; (e) BHSMe,, THF, 60°C, 24 h.

The ethylene sulfonamides with different side chauere obtained from the intermediadh.
After the demethylation of compound4b with BBr; product 15 interacted with
3-chloropropane-1,2-diol, alkyl ester bromides,lef2-chloroethyl)piperidine hydrochloride
through Williamson etherification and yielded therbphilesl6ae. Compoundd 6f-h with
long alkyl acid chains were obtained by the hyds@lyf esterd6ce (Scheme 3.

Scheme 3Synthesis of ethylene sulfonamides with differside chaing
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8 Reagents and conditions: (a) BBECHCly, -20 °C, 12 h;(b) 3-chloropropane-1,2-diol, ethyl
11-bromoundecanoate, ethyl 8-bromooctanoate, ethylbromoheptanoate, or
1-(2-chloroethyl)piperidine hydrochloride, KOH, @EN, 60 °C, 6 h; (c) LiOH, MeOH, rt, 4
h.

The final step was the Diels-Alder reaction betwdiferent furan analogues and dienophiles

(Scheme 4. All of the compounds gave moderate to good gieltlis worth noting that a high



stereoselectivity was obtained in the cycloadditieaction, as we have observed previously
[43, 44]. In this study, the thermodynamically feafole exo products ofl7at were more
easily generated through this Diels—Alder reactighich was presumed to be due to the high
rate and easy reversibility, while tleado isomers were hardly found. In addition, among
compoundsl7aq, compoundd 7b, 17d, 17f, 17gand17j are mixtures of two regioisomers,
while the others are obtained as single isomers. rahios of regioisomers were determined
from the correspondindH NMR, and the structures and stereoisomeric aswgts of the
single isomers were analyzed by NOESY-NMR (seeetigerimental Section and Supporting

Information for details).

Scheme 4Synthesis 0OBHSA derivativesl7at.
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172 5O OH CHCHs M 61% 17 N Q@  CHCH, H 6 60% (3:1)
17b OH CH,CF;  OCH, 74% (4:1) 17k ”MOH CH,CH; H 7 63%
17¢ CH,CF;  ClI 56% 171 CH)CH; H 10 69%
| 17m CH,CF; 4-OCH; 6 68%
0, .
17d N CHCF3  OCH o Q) 17n CH,CFy 4-OCHy 7 70%
17e 5~ _N CH,CF3  OCH, 72% 170 CH,CF; 4-OCH; 10 59%
17f O CH,CF;  CHs 72% (4:1)
AN
179 CH,CF3  OCH, 70% (3:1)
17h CH;, H 81%
17i CH,CH;  H 75% 17pt R N Yields (%)
HO OH 76%
QO .
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N T s N N O e
o 6 73%
7 16a-b, 16f-h
17s WOH 7 70%
n
17t 10 72%

AUnless noted, all of the products are a single isomer.
2.2 Biological testing

To explore the biological activities of these compds, we utilized three assays to evaluate

the biological properties. Their relative bindingfiraties for ERn were tested by the



competitive fluorometric receptor-binding assay.eifhanti-proliferative activities on the
MCF-7 cell line were evaluated using the MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazain bromide) assay, and their &R

degradation was assessed by Western blot assays.

2.2.1 Relative binding affinity

All of the binding affinities of the synthesized napounds for both E&R and ER were
determined by a competitive fluorometric receptimding assay using methods that have
been previously described [41], and the resultspagsented irmable 1 (absolute affinities
for estradiol:Kq 3.49 nM on ER and 4.12 nM on ER). The affinities are presented as the
relative binding affinity (RBA) values, with the riding affinity of estradiol being set at
100%.

In general, most of the synthesized compounds ke selective and exhibited modest
affinities toward ER, as well as low affinities toward BRFrom entries 1-3 and 16, we can
find that the compounds with a glycerol ether sd®in demonstrated modest binding
activities for ER (RBA values were 0.26-1.94) and low affinities ER3 (RBA values were
less than 0.6). Furthermore, compourid, which had no affinity toward R displayed the
highest ER selectivity among the whole serieg{ ratio was greater than 162), while analog
17p showed slight ER selectivity ¢/p ratio was 0.87).

Compounds with basic side chains (compoudds-i) exhibited relatively high binding
affinities for ERv and poor affinities for ER (Table 1, entries 4-9, RBA values were
0.95-3.25 for ER and 0.12-0.81 for ER, except for compountl7e (RBA values were 2.12
for ERa and 1.81 for ER). The best compouriti7f showed binding affinities of 3.25 for &R
and0.12 for ERp, respectively, thus providing a high &Relectivity of 27 Nevertheless, the
analogu€el 7h with aN-methyl group demonstrated a relatively lower bigdaffinity for ERx
(Table 1, entry 8, RBA value was 0.95) compared to othedlags with basic side chains.
Comparing the size of thd-substituents (analogudgh, 17i and17d-g), we also found that

the higher binding affinity comes as a consequeidacreasing the size of thé-substitute



from CH; to CH,CF;, which may be caused by that the trifluoroethydstiluent can stretch
into the loop of helix 7 and helix 8 in the pockdt ERa and lead to steric strain (see
discussion in the molecular docking section foads}.

Compounddl 7j-o and17r-t (Table 1, entries 10-15 and entries 18-20) that contaig kalRyl
acidic chains displayed poor to modest bindingvaats toward ER (RBA values were
0.06-3.21) and poor affinities toward ERRBA values were less than 0.5). Comparison of
the ERx binding affinities ofl7l, 17n, 170and17t (RBA values were 0.06-0.93) those of
17j, 17k, 17m, 17r and17s (RBA values were 1.20-3.21) indicates that thegérthe chain
length, the lower the binding affinity.

Table 1 Relative binding affinities (RBAs) of the compalgi7at to ERx and ERB.

a a

Entry | Cmpd | Side chain| R! R? n RBI?R(E%) RBI?R[g%) o/p ratio
1 17a CH,CH; H 0.26+0.03| 0.28+0.02 0.94
2 17b f‘*f\O:\OH CH,CF; | OCHs 1.94+0.31| 0.26 + 0.05 7.52
3 17¢ CH,CF; Cl 1.62 +0.10 <0.01 > 162
4 17d }{\/_l’\'l& CH,CF; | OCH, 1.71+0.41 | 0.40 +0.07 4.28
5 17e E%NQ CH,CF; | OCH, 2.12+0.68| 1.81+0.08 1.17
6 17f CH,CF; | CH, 3.25+0.75| 0.12+0.03  27.08
7 179 O CH,CF;, | OCH, 294+022| 0.37+0.000 7.95
8 17h | =N CH, H 0.95+0.17| 0.79+0.11  1.21
9 17i CH,CH; H 251+0.17| 0.81+0.01 3.10
10 17] CH,CH;, H 6 | 248+005| 0.46+0.02 539
11 17k CH,CH; H 7 | 1.20+063| 0.40+0.04  3.00
12 17! 0 CH,CH; H 10 | 0.93+0.08| 0.13+0.002 7.10
13 | 17m A“HJHLOH CHCF | OCH, | 6 | 1.82+0.04| 0.13+0.07 13.68
14 17n CH,CF;, | OCH | 7 | 0.07+0.001 <0.01 >7
15 170 CH,CF; | OCHy | 10 | 0.06 £0.002 0.70+0.20  0.09




16 | 17p %’\O:\OH 0.46 +0.07 | 0.53 +0.2( 0.87

17 | 17q WO 058+0.09| 0.25+0.07 228

18 | 17r o 6 | 1.22+0.03| 041+0.03 298

19 | 17s 7 | 321+052| 042+003 7.64
oo

20 17t 10 | 057+0.01| <0.01 > 57

®Relative binding affinity (RBA) values are determihby competitive fluorometric binding assays ared a
expressed as K" 4ICs "% 100 + the range (RBA, estradiol = 100%).

2.2.2 Cell viability assay.

To evaluate their inhibition of breast cancer gelbliferation, all of the compounds were
screened against the MCF-7 breast cancer cell(Tiable 2). As a global observation, all
compounds exhibited moderate to good anti-prolifenaactivity except for compounti7r
(Table 2, entry 18, 1G, value was greater than o), and some of them performed better
than 4-hydroxytamoxifen.

Compounds with a glycerol ether side chaialfle 2, entries 1-3 and 16, compountidac
and17p) displayed modest potencies, and the anti-pralifee activities ofLt7b and17c(ICso
values were 17.0 and 168/, respectively) were superior to those Jofa and 17p (I1Cs
values were 33.6 and 328V, respectively), which may be explained by theofable
interaction of the trifluoroethyl group with Met421 the ER binding pocket, and this will be
discussed in the molecular docking section.

Among theOBHSA derivatives that contain different basic side obdTable 2, entries 4-9
and 17, compoundd7di and 17g), compoundsl7f and 17g demonstrated the best
anti-proliferative activities with I values of 3.0 and 2,8M, respectively, which were also
the most potent analogs among all compounds. msteaf compound47b, 17d, 17¢ 17g
17m, 17nand170o(Table 2, entries 2, 4-5, 7 and 13-15), one can see tkeatdmpound47d,
17e¢ and 17g with basic side chainsTéble 2 entries 4-5, and 7) showed better
anti-proliferative activities (I values were 8.4, 6.1, and 28V, respectively) than
compounds with long alkyl acidic side chaiidsih, 17n, and17¢, 1Cs values were 15.9,
40.1, and 14.3M, respectively) and the glycerol ether side chairb, 1Cso value was 17.0

uM). When the trifluoroethyl group was introduced the N-position of the sulfonamide,



comparing compounds7f-i (Table 2, entries 6-9), the better efficacies Ioff and17g than
those ofl7h and17i were revealeth an anti-proliferation assay&ble 2, entries 6-7 vs 8-9).
In general, among all of the compounds investigardept17n, the compounds with a
trifluoroethyl group demonstrated good to the laesitvity against MCF-7 cells.

Among the analogues that contain long alkyl acglde chainsTable 2, entries 10-15 and
18-20), the best compounds wérd, 17oand17t with 1Cso values of 10.3, 14.3 and 18/,
respectively, which may uncover that the undecanoid chain (n = 10) was better than the
octanoic acid chain (n = 7) and the heptanoic elean (n = 6).

Table 2 The anti-proliferative activity against MCF-7 Isel

Entry | Comp | Side chain R R? n ICs0 (uM)®
1 17a CH,CH3 H 33.6 £1.83
2 17b %’\Q\OH CH,CF; OCH; 17 +1.39
3 17¢ CH.CF; Cl 16.8 + 2.27
4 17d | s N CH,CF; OCH, 8.4 +0.55
5 176 3(\/{} CH,CFs OCH, 6.1+ 0.86
6 17f CH.CF; CHs 3.0 + 0.03
7 17g CH.CF; OCHs 2.8+0.25
8 17h AN CHs H 15.2 +0.16
9 17i CH,CH; H 12.9+0.74
10 17] CH,CHj H 6 34.6 +0.41
11 17k CH,CHj H 7 27.4 +0.54
12 171 0 CH,CHj H 10 10.3+0.20
13 17m A“HJ”LOH CH,CF OCHs 6 15.9 + 0.41
14 17n CH.CF; OCHs 7 403 £ 4.81
15 170 CH.CF; OCHs 10 14.3+0.76
16 17p %’\Q\OH 32.3+3.16




17 179 WO 5.4 +0.29
0

18 17r 6 >5@

19 17s s 7 24.9 +0.29
20 17t MOH 10 18.4 + 0.44
21 4-OHT 10.1 + 0.34

3|Cy values are an average of at least three indeperdpariments + standard deviation (mean + D).
ICso not determinable up to the highest concentratiesied.

2.2.3 ERa degradation assay

The ER: degradation assay of the synthesized compoundséas further investigated.
Considering the anti-proliferation ability of thsgries of compounds, we usedld of each
compound to test the ERevel. The Western blot results of synthesiZg®HSA analogs
with different degrons have been presentedFigure 3A-C. All of the bands were
guantitatively analyzed by Quantity One, and thsuits are given irfrigure 3D. Comparing
compoundsl7ac and 17p that contained the glycerol ether side chakigire 3A),
compoundsl7b-c with a N-trifluoroethyl group demonstrated modest degradaséfficacies
(the ERx levels were 41% and 38%, respectively). For thelags that contained basic side
chains Figure 3B), compoundd7d, 17¢ and17g could efficiently degrade E& with 99%,
99% and 81% degradation efficacies, respectivebwéver, when treated with compounds
17f, 17h, 17i and17q, the ERx levels were 102%, 98%, 95% and 89%, which indataitet
these analogs were essentially inactive against &€yradation. A further docking study
showed that the basic side chain could influendi& Bewith noncovalent repulsion to Thr347
and Met343. Thé\-trifluoroethyl group and theara methoxyl group may also support &R
degradation by clashing with Met421 on the loophefix 7 and helix 8. These combined
influences might contribute to the good degradatictivities of compound$7d, 17eand17g
From the results when treated with compounds coimigilong alkyl acidic side chains
(Figure 3C), the compoundd7m, 17n and 17t (side chain lengths were 6, 7 and 10,
respectively) showed modest activities (ER leve&sen32%, 42% and 29%, respectively),
which indicated that the length of the long alkgidic side chain had no influence on thedER

degradation efficacy.



Lastly, in order to verify that the degradationiates of these novel PROTACs are likely
mediated mainly by the side chains, we chose tts&# bempoundl7e of the series for
comparison with the parent compou@BHSA-1 and conducted an EBRdegradation assay
with different concentrations hoping to obtain @pmximate ER degradation potency of
this compound. We chose concentrations of L 0.5 uM, 1 uM, 5 uM, and 10uM and
compared them with the essential contt@BHSA-1 (Figure 3E). The results revealed that
compoundl7e demonstrated better results th@BHSA-1. Compoundl7e can completely
degrade ER at 1 uM, and it showed good degradation activity at QM. Meanwhile,
OBHSA-1 showed complete degradation &V, which indicated that the basic side chain of

compoundlL7eplayed an important role in increasing the degiadgotency on ER.
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Figure 3. Western blot assay of ERn MCF-7 cells treated by compounds with) (a
glycerol ether side chainB) basic side chains ar{@) long alkyl acidic side chainsDf The
graph exhibits ER values forl7at. Cells were incubated with DMSO or the compoural (1
uM) for 20 h. The whole proteins were extracted, #rel ERy protein levels were analyzed
by Western blotting. E) Western blot assay of ERtreated withOBHSA-1 and 17e in
different doses from 0.AM to 10puM.

2.4 Sructure-activity relationships of the OBH SA derivatives

To more intuitively observe the effects of differglegrons on the biological activities of the
compounds, we made a scatter plot based on thepratiferative activity and ER
degradation efficacyHigure 4A). For the ER degradation assay, as a global observation,
compounds that contain basic side chaihgd( 17e¢ and 17g red spots) demonstrated
excellent ER degradation efficacies, which indicated that thsib side chains were the best
degrons for ER degradation. Most of the green saadsthe blue spots were distributed in the
middle or up the figure, from which we can concltidat the long alkyl acidic side chain and
the glycerol ether side chain possess a weak imfkieon ER degradation. However,
compoundsl7f, 17q, 17i and 17h, which also contain basic chains, didn’t demonstra
potency to degrade ER. Our data suggests thatasie bide chain degron might be a major
driving factor of ER degradation activity; however, it appears to regja combination of
influences of other substituents in these typesoofipounds through a distinct mechanism of

action, which could be illustrated in the furtherclling analysis. Additionally, the length of



the alkyl acidic side chain did not affect the cEBegradation efficacy, as indicated by
comparing compoundk/j-o (green spots).

In terms of the anti-proliferative activity, a siar trend as the efficacy of ERlegradation
was observed. All of the compounds that containchsisle chains (red spots) demonstrated
less than 2QuM ICs values against MCF-7 cell lines, which indicatadttthe basic chain
could help to inhibit the growth of breast canceltsc Meanwhile, compounds with the long
alkyl acidic side chain (green spots) and the glylcether side chain (blue spots) showed
modest activities, and the majority of them ex@ditlGy values greater than 20M.
Moreover, comparison of analo@Zl, 17o0and17t (green spots, chain length = 10) witfj,
17k, 17n, 17r and17s(green spots, chain length = 6 and 7) may uncthadrthe longer the
chain length, the more potent the anti-proliferatactivity. Taking all of the results and data

into account, we summarized the structure-actiretgtionships of th€©BHSA compounds

in Figure 4B.
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Figure 4. (A) Correlation between the ERdegradation and anti-proliferation activities of

different degrons. (B) Structure-activity relatibipss of the novel SERD compounds.

2.5 Molecular docking

As mentioned above, the obtained compofiidturned out to be a single regioisomer, and
thus, we analyzed the docking mode of the 2D andi@Practions between the two
enantiomers of compounti7e and ER: (Figure 5). Although we did not obtain another
regioisomerl7e’, we still analyzed the docking mode of the tworgizaners ofl7e" hoping

to provide a reference for explaining the biologiaetivity of compoundl7e The results
demonstrated thdt7e' showed less favored interactions withcE€bmpared td7e and the
details are given in the Supporting Information.

In the case of the R, 2S 4R)-enantiomer of compounti7e similar to other ER ligands, the
phenolic hydroxyl group mimics the A ring of E2 aiedms a hydrogen bond with Glu353 on
helix 3. At the same time, the basic side chainagwotein degrading degron, appears to
display important interactions with BRIt forms a hydrogen bond between the nitrogemato
of the basic side chain with Thr347 on helix 3;ghthe entire chain folds in a constrained
manner in the binding pocket. In addition, theahse between thartho-methylene group on
pyrrolidine and the Met343 is 3.64 A (Supportingfohmation), which also develops
hydrophobic repulsion with the backbone of Met348 helix 3 fFigure 5A, 5B). These



noncovalent interactions may distort the positibmalix 3 so that it could not fold properly,
and the ubiquitination of ER will proceed. In cadt, the OBHS analogs with basic side
chains published in 2017[45] as ER antagonists éara hydrogen bond between the basic
side chain with Asp351, which stuck out of the pEickoward helix 12. These different
interaction modes may illustrate a new mechanisrthefbasic side chain for degrading ER
protein. Moreover, with only a 4.03 A distance, Mwrifluoroethyl substituent demonstrates
a hydrophobic interaction with the backbone of N2dt4n the loop between helix 7 and helix
8, which is a little different from the crystal wttures ofOBHSA compounds that were
reported recently (th@ara substitution on the aryl group would clash witke thackbone
carbonyl of Glu419 in the loop between helix 7 amelix 8) [38]. For the (R, 2S5
4R)-enantiomer of compounti7e thepara methoxyl group on the phenyl group is very close
to Trp383 and Gly521, which may also clash with plosition of helix 11 and thus further
enhance the degradation of R

Compared to the &, 2S, 4R)-enantiomer, the docking mode of th& (2R, 45)-enantiomer
of compoundl7eis less robust and unstableiqure 5C, 5D). Although the position of the
two enantiomers is very similar, there are somé&idihces, which influence their docking
mode to ER. The CHgroup on the basic side chain instead of the getncatom of the @,

2S5 4R)-enantiomer interacts with Thr347 but loses th&rbghobic repulsion with the
backbone of Met343 on helix 3. Furthermore, thenplie hydroxyl group of the @ 2R,
49)-configuration failed to form a hydrogen bond wiRo. Although the oxygen atom on the
sulfonamide group displays an interaction with @/50n helix 11, the 8 2R,
49)-enantiomer displays less interactions than tie 28 4R)-enantiomer overall. As a result,
only one enantiomer, which possesses Re2$, 4R absolute configuration, could be docked
effectively into the ligand binding pocket, whickedicts greater degradation activity for this
enantiomer.

From these interaction patterns found in the md#éadiocking, we can conclude that a new
mechanism of the basic side chains on@BHSA scaffold to degrade ER proteins may be

discovered, thereby providing the basis for thearsry of new and simpler PROTACs.
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Figure 5. Docking study of two enantiomers of compoutite bound to ER (PDB code:
5kcc). (A) Cartoon schematic of the interactionswieen the residues of the ERigand
binding domain with the @&, 2S 4R)-enantiomer of compounti7e It shows the side chain
acceptors of Glu353 and Thr347 in green arrowsthadackbone acceptors of Met343 and
Met 421 in blue arrows. (B) The docking analysis tbé (IR, 2S 4R)-enantiomer of
compoundl7ebound to ER. The phenolic hydroxyl group forms a hydrogen b¢a@1 A)
with Glu353 on helix 3. The basic side chain formbydrogen bond (2.66 A) between the



nitrogen atom with Thr347, and the ortho-methylegup on pyrrolidine develops
hydrophobic repulsion with the backbone of Met383%4 A) on helix 3. In addition, the
N-trifluoroethyl substituent demonstrates a hydrdpbanteraction with the backbone of
Met421 (4.03 A) in the loop between helix 7 andihd. (C) Cartoon schematic of the
interactions between the residues of theaHRand binding domain with the $l 2R,
49)-enantiomer of compounti7e It shows the side chain acceptor of Thr347 imegeg arrow
and the backbone acceptor of Gly521 in a blue arfdyvThe docking analysis of the$12R,
49)-enantiomer of compound7e bound to ER. The CH group on the basic side chain
develops hydrophobic repulsion with the backboneTbf347, and the oxygen atom on

sulfonamide group displays interaction with the %2¥ on helix 11.

2.6 Pharmacokinetic profile of 17ein rats

Sincel7eshowed good cell antiproliferative activity andhqaete degradation activity, both
the oral and intravenous pharmacokinetic profilesamnpoundl7e have been investigated,
and the results are shown Table 3. Intravenous dosing with a 3 mg/kg solution lafe
resulted in high clearance (46 mL/min/kg), and lla#-lives ofiv andpo are 6.2 h and 3.7 h,
respectively. The exposure of the compound is gooihtravenous injection (1.0 jig/mL),
while it is moderate by the oral route (0.33dymL). The oral bioavailability ot 7eis 9.2%,
which is modest compared to other reported SERDsweder, these moderate
pharmacokinetic parameters make it possible fothé&ur optimal modification of these
compounds to improve bioavailability.

Table 3. Pharmacokinetics df7ein rat$

Administration ~ Dosé€ CL Tuo Crrax AUC Vs F
route (mg/kg) (mL/min/kg) (h) (wg/mL)  (h*ug/mL)  (L/kg) (%)
iv 3 46 6.2 1.0 1.08 9.55
po 10 3.7 0.05 0.33 9.2

®Sprague-Dawley rats were used (n = 3). Plasma sam@re measured for drug exposure by
LC-MS/MS. "Dosed intravenously at 3 mg/kg and orally at 10kgdn 5% DMSO and 40%
PEG400 in saline.



3. Conclusions

As drug resistance is continuously being identifisdthe treatment of breast cancer, new
strategies based on small molecule-induced pradegradation have developed rapidly.
However, most of the candidates involve very limigeaffolds and are still in clinical trials,
and none of them has been approved for marketingtetore, there is still an urgent need to
develop novel compounds with good ER degradatifinagfy. In this work, we directed our
attention towarddiscovering new degrons that favor ER degradatiod explored the
possibility of different side chains (basic sidaich long alkyl acid side chain and glycerol
ether side chain) to be the degron of the ER degratle designed and synthesized a series of
novel OBHSA derivatives that contained different side chainsd anvestigated the
structure-activity relationships of these compoundls a result, the basic side chain was
confirmed as the appropriate degron because condgodiid, 17e and 17g with
N-trifluoroethyl andpara methoxyl groups exhibited the best anti-prolifamtactivities and
good ER: degradation efficacies. The docking study dematetra new mechanism of the
basic side chain by forming a hydrogen bond with3%#ifi and hydrophobic repulsion with the
backbone of Met343, which would distort helix 3.eMk-trifluoroethyl group and theara
methoxyl group may also be beneficial to theaEdRRegradation efficacy by influencing the
loop of helix 7 and helix 8. Although these compdsirshowed micromolar activities and
modest oral bioavailability, the novel skeleton @&ady modification of these PROTAC-like
SERDs allow further fine-tuning of their pharmaauwdtic properties including oral
availability. In summary, these findings simplifidgte structure of currently available degrons
and provide new possibilities for discovering nogehffolds in the development of novel

PROTACS.

4. Experimental section
4.1 General chemical methods.
Starting materials, reagents and solvents are paechfrom commercial sources and used

directly unless otherwise noted. THF, DCM and aci¢tiee are redistilled and dried to avoid



water. Glassware was oven-dried, assembled whileahd cooled under an inert atmosphere.
Reaction progress was monitored using analyticah-l#yer chromatography (TLC).
Visualization was achieved by UV light (254 nm &&5 nm). Silica gel (230-400 mesh) was
used for column chromatography purifications. A B Biospin AV400 (400 MHz!H
NMR; 100 MHz,**C NMR) instrument was used to measure tHeNMR and*C NMR
spectra.

The synthesis of intermediate compour8isj, 15 16ah is reported in the Supporting

Information.

4.2 Chemistry.

4.2.1 General procedure for the synthesis of final compoundsl7a-t

We used the distilled THF (2 mL) as cosolvent atdeal furan®88a-d or 8h-j (0.6 mmol) and
dienophilesl4a or 14¢f (0.6 mmol) to the round-bottom flask. The reactmixture was
heated to 90 °C and stirred for 8 h under argom drade product was purified by silica gel

column chromatography (DCM-MeOH, 50:1-20:1).

4.2.2 Characterization data for final compounds 17a-t
6-(4-(2,3-Dihydroxypropoxy)phenyl)-N-ethyl -5-(4-hydr oxyphenyl )-N-phenyl-7-oxabicyclof 2.2

.1] hept-5-ene-2-sulfonamide (17a): Yellow solid, 61% yield, mp 96-98 °¢H NMR (400
MHz, MeOD) § 7.34 — 7.27 (m, 5H), 7.24 — 7.16 (m, 2H), 7.12 §dt 14.9, 7.5 Hz, 2H),
6.88 (dd,J = 17.1, 8.7 Hz, 2H), 6.73 (dd,= 18.5, 8.6 Hz, 2H), 5.44 (d,= 10.7 Hz, 1H),
5.28 (t,J = 3.8 Hz, 1H), 4.08 — 4.02 (m, 1H), 4.02 — 3.95 #H), 3.84 — 3.75 (m, 2H), 3.67
(ddd,J = 12.3, 10.2, 5.0 Hz, 2H), 3.46 (t#i= 8.4, 4.5 Hz, 1H), 2.20 (dd,= 7.6, 4.5 Hz, 1H),
1.99 (s, 1H), 1.04 () = 7.0 Hz, 3H)*C NMR (101 MHz, MeODY 158.76, 157.50, 141.54,
140.51, 138.82, 137.70, 136.65, 129.06, 128.97,9828128.76, 128.35, 128.16, 127.65,
125.39, 123.08, 115.43, 114.42, 84.41, 82.72, {®3.B7, 62.79, 60.20, 46.39, 19.57, 13.61.
HRMS (ESI) calcd for gH3:NO;S [M + HJ", 560.1713; found 560.1713.



6-(4-(2,3-Dihydroxypropoxy)phenyl)-5-(4-hydroxyphenyl )-N-(4-methoxyphenyl)-N-(2,2,2-trifl
uoroethyl)-7-oxabicyclof 2.2.1] hept-5-ene-2-sulfonamide (17b, Mixture of 4:1 Isomers):
Yellow solid, 74% yield, mp 99-100 °éH NMR (400 MHz, MeOD)s 7.32 — 7.18 (m, 4H),
7.18 — 7.08 (m, 2H), 7.00 — 6.90 (m, 2H), 6.87X¢, 8.8 Hz, 1H), 6.83 — 6.78 (m, 2H), 6.73
—6.68 (M, 1H), 5.47 (d} = 5.3 Hz, 1H), 5.31 (s, 1H), 4.42 (&= 8.5 Hz, 2H), 4.08 — 4.03 (m,
1H), 4.02 — 3.95 (m, 2H), 3.78 (s, 3H), 3.73 — 3BE 2H), 3.51 — 3.42 (m, 1H), 2.28 — 2.19
(m, 1H), 2.09 — 2.03 (m, 1HY*C NMR (101 MHz, MeOD} 159.66, 159.01, 158.79, 157.64,
157.38, 141.75, 140.71, 137.61, 136.46, 131.36,15630129.24, 129.01, 128.18, 127.98,
125.32, 124.61124.16 (d,Jcr = 279.6 Hz), 123.63, 122.98, 115.43, 115.14, 14,4164.37,
114.18, 84.40, 84.25, 82.70, 82.65, 70.36, 69.849% 62.73,61.14 (d,%Jcr = 30.9 Hz),
60.16, 54.61, 54.56, 53.42, 51.93, 22.35, 19.49MBRESI) calcd for GoH30FsNOgS [M +
Na]’, 644.1536; found 644.1531.

N-(4-Chlorophenyl)-6-(4-(2,3-dihydroxypropoxy) phenyl)-5-(4-hydroxyphenyl)-N-(2,2,2-trifluo
roethyl)-7-oxabicyclof 2.2.1] hept-5-ene-2-sulfonamide(17c): Yellow solid, 56% yield, mp
95-97 °C.*H NMR (400 MHz, MeOD) 7.42 — 7.26 (m, 4H), 7.21 (dd= 12.8, 6.1 Hz, 2H),
7.17 — 7.08 (m, 2H), 6.98 — 6.86 (M, 2H), 6.81696m, 2H), 5.45 (d) = 18.9 Hz, 1H), 5.32
(s, 1H), 4.50 (ddJ = 16.3, 8.1 Hz, 2H), 4.06 (dd,= 12.5, 7.5 Hz, 1H), 4.03 — 3.94 (m, 2H),
3.69 (dd,J = 11.2, 4.9 Hz, 2H), 3.50 (d,= 7.8 Hz, 1H), 2.22 — 2.13 (m, 1H), 2.03 (s, 1H).
3¢ NMR (101 MHz, MeOD)é 159.02, 157.42, 140.79, 137.96, 136.37, 134.00,203
129.23, 129.11, 128.23, 124.06 td(;F: 280.3 Hz), 115.41, 115.14, 114.63, 114.37, 84.38,
82.73, 70.36, 69.02, 68.94, 62.19666F = 32.9 Hz), 62.02, 61.83, 60.16, 30.18, 19.48.
HRMS (ESI) calcd for gH,/CIFsNO;S [M + Na]+, 648.1041; found 648.1038.
6-(4-(2-(Dimethylamino)ethoxy)phenyl )-5-(4-hydroxyphenyl )-N-(4-methoxyphenyl )-N-(2,2,2-t
rifluoroethyl)-7-oxabicyclof 2.2.1] hept-5-ene-2-sulfonamide (17d, Mixture of 5:1 Isomers):
Yellow solid, 75% vyield, mp 99-101 °GH NMR (400 MHz, MeOD)s 7.29 — 7.20 (m, 4H),
7.13 (dd,J = 8.6, 7.2 Hz, 2H), 6.97 (d,= 8.7 Hz, 1H), 6.92 (d] = 8.8 Hz, 1H), 6.84 (d] =
9.0 Hz, 1H), 6.82 — 6.75 (m, 2H), 6.71 (d= 8.6 Hz, 1H), 5.48 (s, 1H), 5.32 (dbz 7.0, 4.1
Hz, 1H), 4.42 (ddJ = 16.9, 8.5 Hz, 2H), 4.27 (di,= 12.8, 4.6 Hz, 2H), 3.78 (d,= 2.9 Hz,



3H), 3.47 (ddd,) = 17.7, 8.3, 4.4 Hz, 1H), 3.29 @t= 5.9 Hz, 2H), 2.75 (t) = 4.8 Hz, 6H),
2.27 — 2.19 (m, 1H), 2.07 — 2.03 (m, 14}C NMR (101 MHz, MeOD)5 159.68, 158.01,
157.81, 157.76, 157.51, 142.16, 140.61, 137.98,3136131.42, 131.30, 130.16, 129.27,
128.99, 128.25, 128.08, 126.04, 124.180d; = 280.0 Hz), 123.48, 115.47, 115.18, 114.68,
114.44, 114.31, 114.18, 113.79, 84.41, 84.36, §B82®2, 63.14, 61.46, 61.21 Edcp= 30.7
Hz), 61.03, 60.15, 56.71, 54.57, 43.21, 30.10, 2924.25, 19.49.HRMS (ESI) calcd for
Ca1H33FsN,06S [M + NaJ', 642.1937; found 642.1928.
5-(4-Hydroxyphenyl)-N-(4-methoxyphenyl )-6-(4-(2-(pyrrolidin-1-yl )ethoxy)phenyl )-N-(2,2,2-t
rifluoroethyl)-7-oxabicyclof 2.2.1] hept-5-ene-2-sulfonamide (17€): Yellow solid, 72% yield,
mp 115-117 °C*H NMR (400 MHz, MeOD) 7.45 — 7.34 (m, 1H), 7.35 — 7.17 (m, 4H), 7.18
—7.08 (m, 2H), 7.00 — 6.91 (m, 2H), 6.83 (dd; 12.6, 3.6 Hz, 1H), 6.79 (dd= 8.7, 5.0 Hz,
1H), 6.71 (dd,) = 8.5, 3.7 Hz, 1H), 5.49 (d,= 8.1 Hz, 1H), 5.30 (dd] = 10.1, 4.0 Hz, 1H),
4.48 — 4.34 (m, 2H), 4.29 (dt,= 10.0, 5.1 Hz, 2H), 3.78 (dd,= 14.8, 2.8 Hz, 3H), 3.52 (dd,
J=10.2, 5.7 Hz, 2H), 3.49 — 3.43 (m, 1H), 3.32,(#id 4.6, 3.0 Hz, 4H), 2.29 — 2.16 (m, 1H),
2.10 — 2.04 (m, 4H), 2.04 — 1.99 (m, 1HC NMR (101 MHz, MeOD)5 159.68, 157.89,
157.07, 140.10, 138.01, 131.40, 130.18, 129.45,082428.30124.24 (d,"Jcr = 282.1 Hz),
115.51, 115.23, 114.54, 114.24, 84.43, 82.78, 6BIB2(d, Jcr = 31.8 Hz), 61.06, 54.67,
54.30, 53.89, 30.15, 22.61. HRMS (ESI) calcd fagHzsFsN206S [M + NaJ, 667.2060;
found 667.2047.

5-(4-Hydroxyphenyl)-6-(4-(2-(pi peridin-1-yl)ethoxy)phenyl )-N-(p-tolyl)-N-(2,2,2-trifluor oethy
[)-7-oxabicycl o] 2.2.1] hept-5-ene-2-sulfonamide (17f, Mixture of 4:1 Isomers Yellow solid,
81% vyield, mp 101-103 °CH NMR (400 MHz, MeOD)s 7.27 — 7.18 (m, 4H), 7.12 (d,=
8.2 Hz, 2H), 6.97 — 6.91 (m, 1H), 6.88 (= 8.7 Hz, 1H), 6.80 — 6.74 (m, 1H), 6.71 {d=
8.5 Hz, 1H), 5.47 (d) = 3.7 Hz, 1H), 5.31 (1] = 3.9 Hz, 1H), 4.45 (ddl = 17.0, 8.5 Hz, 2H),
4.19 (dt,J = 16.8, 5.3 Hz, 2H), 3.47 (ddd~= 12.9, 8.3, 4.3 Hz, 1H), 2.97 (dt= 16.2, 5.7 Hz,
2H), 2.76 (s, 4H), 2.35 (d, = 18.9 Hz, 3H), 2.23 — 2.16 (m, 1H), 2.02 (dd&; 13.7, 4.3 Hz,
1H), 1.71 (ddJ = 10.5, 5.3 Hz, 4H), 1.55 (s, 2HFC NMR (101 MHz, MeOD)5 158.52,
158.37, 157.69, 157.52, 138.59, 137.76, 137.25,5B36136.44, 136.38, 130.00, 129.81,



129.70, 129.15, 129.04, 128.94, 128.51, 128.25,082825.52, 124.24 (d)cr= 281.1 Hz),
123.53, 123.05, 115.43, 115.19, 114.62, 114.4(383484.35, 82.73, 82.63, 64.07, 63.96,
61.49,61.45 (d,ZJCF= 31.2 Hz), 60.15, 56.93, 56.89, 54.18, 53.441B8029.40, 24.32, 24.27,
22.86, 22.82, 19.75, 19.7HRMS (ESI) calcd for €HsFsN,0sS [M + HJ', 643.2448; found
643.2456.

5-(4-Hydroxyphenyl)-N-(4-methoxyphenyl )-6-(4-(2-(pi peridin-1-yl)ethoxy) phenyl)-N-(2,2,2-tr
ifluoroethyl)-7-oxabicyclof 2.2.1] hept-5-ene-2-sulfonamide (179, Mixture of 3:1 Isomers):
Yellow solid, 75% yield, mp 106-108 °éH NMR (400 MHz, MeODY 7.27 — 7.19 (m, 4H),
7.13 (t,J = 8.6 Hz, 2H), 6.93 (d] = 8.8 Hz, 1H), 6.90 — 6.82 (m, 2H), 6.79 (dcs 8.7, 4.7
Hz, 2H), 6.71 (dJ = 8.6 Hz, 1H), 5.48 (s, 1H), 5.31 Jt= 3.7 Hz, 1H), 4.42 (dd} = 17.0, 8.4
Hz, 2H), 4.17 (ddJ = 11.5, 5.5 Hz, 2H), 3.81 — 3.75 (m, 3H), 3.51423m, 1H), 2.92 (dt]

= 10.5, 5.3 Hz, 2H), 2.70 (s, 4H), 2.23 (ddd; 11.2, 7.6, 4.3 Hz, 1H), 2.01 (ddi= 8.3, 4.1
Hz, 1H), 1.69 (ddJ = 10.3, 5.1 Hz, 5H), 1.53 (s, 2HC NMR (101 MHz, MeODY 159.65,
158.53, 158.31, 157.68, 157.42, 141.84, 140.65,6237136.37, 131.35, 131.27, 130.16,
129.50, 129.27, 129.03, 128.21, 128.03, 125.46,152@1,1JCF = 279.9 Hz), 122.89, 115.47,
115.17, 114.61, 114.35, 114.18, 84.36, 84.21, 8§8P%B3, 64.43, 64.351.16 (d,zJCFI 28.9
Hz), 60.20, 57.14, 54.58, 54.31, 54.17, 53.44,%2%52.94, 31.36, 30.21, 28.73, 24.63, 24.39,
23.16.HRMS (ESI) calcd for @H3z7F3N-06S [M + NaJ', 681.2217; found 681.2217.
5-(4-Hydroxyphenyl)-N-methyl -N-phenyl-6-(4-(2-(pi peridin-1-yl )ethoxy) phenyl )-7-oxabicyclo

[ 2.2.1] hept-5-ene-2-sulfonamide (17h): Yellow solid, 70% vyield, mp 96-98 °CH NMR (400
MHz, MeOD)§ 7.48 — 7.44 (m, 1H), 7.40 — 7.33 (m, 4H), 7.26207m, 2H), 7.16 — 7.08 (m,
2H), 6.92 (dd,) = 13.2, 8.9 Hz, 2H), 6.78 — 6.69 (m, 2H), 5.431(d), 5.33 — 5.27 (m, 1H),
4.24 (dt,J = 10.8, 5.3 Hz, 2H), 3.53 (td,= 8.7, 4.4 Hz, 1H), 3.37 (§,= 5.6 Hz, 3H), 3.16 —
3.06 (m, 2H), 2.89 (s, 4H), 2.21 @@= 7.4 Hz, 1H), 2.19 — 2.15 (m, 1H), 1.75 (@t 10.7,
5.4 Hz, 4H), 1.59 (s, 4H), 0.92 ,= 6.8 Hz, 2H).X*C NMR (101 MHz, MeODY» 158.49,
157.44, 141.69, 137.72, 129.40, 128.84, 128.52 (Jdd,42.1, 15.4 Hz), 126.97, 126.48,
124.90, 123.62, 115.36, 115.17, 114.54, 114.36318482.77, 64.64, 60.55, 60.15, 57.29,
54.39, 38.07, 24.77, 23.33, 19.49. HRMS (ESI) ctrdCsH3eN20sS [M + HJ', 561.2418;



found 561.2418.

N-Ethyl-5-(4-hydr oxyphenyl)-N-phenyl-6-(4-(2-(pi peridin-1-yl Jethoxy) phenyl)-7-oxabicycl of 2
.2.1] hept-5-ene-2-sulfonamide (17i): Yellow solid, 72% yield, mp 97-100 °GH NMR (400
MHz, MeOD)3 7.32 (dd,J = 8.4, 6.3 Hz, 4H), 7.26 — 7.19 (m, 2H), 7.18 677(m, 2H), 6.93
—6.84 (m, 2H), 6.74 (dd,= 19.6, 8.6 Hz, 2H), 5.46 (s, 1H), 5.30& 3.1 Hz, 1H), 4.14 (dt,
J=09.1, 5.5 Hz, 2H), 3.80 (di,= 17.5, 7.1 Hz, 2H), 3.52 — 3.43 (m, 1H), 2.82 Jdt 7.9, 5.2
Hz, 2H), 2.61 (s, 4H), 2.27 — 2.14 (m, 1H), 2.08dd = 14.0, 8.5, 3.8 Hz, 1H), 1.66 (dtiz
9.5, 5.0 Hz, 4H), 1.51 (s, 2H), 1.09 — 1.03 (m, 3&¢ NMR (101 MHz, MeOD) 158.60,
157.42, 141.58, 138.84, 136.59, 129.05, 128.90,7¥28128.31, 128.16, 127.63, 125.44,
123.68, 115.18, 114.56, 84.40, 82.77, 64.85, 61603,7, 57.40, 54.50, 46.34, 24.92, 23.49,
19.50, 13.55. HRMS (ESI) calcd fog#ElzsN-0sS [M + NaJ', 597.2394; found 597.2398.
7-(4-(6-(N-Ethyl-N-phenyl sulfamoyl )-3-(4-hydroxyphenyl )-7-oxabicycl o 2.2.1] hept-2-en-2-yl)
phenoxy)heptanoic acid (17j, Mixture of 3:1 Isomers): Yellow solid, 60% yield, mp
103-105 °C.*H NMR (400 MHz, Acetonelk) & 7.47 — 7.41 (m, 1H), 7.40 — 7.33 (m, 4H),
7.27 (d,J = 8.8 Hz, 2H), 7.23 — 7.15 (m, 2H), 6.90 (dck 14.5, 8.8 Hz, 2H), 6.85 — 6.79 (m,
2H), 5.49 (s, 1H), 5.36 — 5.31 (m, 1H), 4.04 — 3®8 2H), 3.92 — 3.80 (m, 2H), 3.53 (ddd,

= 7.6, 4.3, 3.0 Hz, 1H), 2.33 (dd, J = 10.2, 4.5 PH), 2.18 (ttJ = 11.3, 5.7 Hz, 1H), 2.09
(dd,J = 7.7, 4.5 Hz, 1H), 1.84 — 1.76 (m, 2H), 1.68 611(m, 2H), 1.52 (ddJ = 17.5, 10.7
Hz, 2H), 1.48 — 1.41 (m, 2H), 1.08 — 0.98 (m, 3HC NMR (101 MHz, MeOD)5176.31,
159.13, 158.98, 157.53, 157.35, 141.33, 140.54,8438137.50, 131.66, 131.41, 129.06,
128.89, 128.72, 128.27, 128.09, 127.62, 125.00,3¥24123.76, 123.10, 115.35, 115.12,
114.74, 114.48, 114.25, 113.74, 84.37, 84.13, 88297, 67.53, 67.47, 61.31, 61.19, 60.65,
60.15, 59.66, 46.35, 33.49, 28.79, 28.58, 25.4763419.48, 13.54, 13.3HRMS (ESI)
calcd for GzH3;NO,S [M + NaJ, 614.2183; found 614.2184.

8- (4-(6-(N-Ethyl-N-phenyl sulfamoyl)-3-(4-hydroxyphenyl )-7-oxabicycl of 2.2.1] hept-2-en-2-yl)
phenoxy)octanoic acid (17k): Yellow solid, 63% yield, mp 88-90 °CH NMR (400 MHz,
Acetoneds) § 7.41 — 7.34 (m, 4H), 7.27 (d,= 8.7 Hz, 2H), 7.19 (dd] = 10.6, 9.4 Hz, 2H),
6.90 (dd,J = 14.5, 8.8 Hz, 2H), 6.81 (di,= 17.3, 7.3 Hz, 2H), 5.49 (s, 1H), 5.34 Jd; 4.1



Hz, 1H), 4.02 (dtJ = 10.1, 6.5 Hz, 2H), 3.86 (d,= 7.0 Hz, 2H), 3.57 — 3.50 (m, 1H), 2.31 (t,
J = 7.4 Hz, 2H), 2.23 — 2.13 (m, 1H), 2.10 — 2.07 (), 1.79 (dg,J = 13.0, 6.3 Hz, 2H),
1.69 — 1.58 (m, 2H), 1.56 — 1.47 (m, 2H), 1.42&,11.9 Hz, 4H), 1.04 (dd,= 14.3, 7.2 Hz,
3H). *C NMR (101 MHz, MeOD) 176.35, 158.98, 157.33, 141.33, 138.85, 136.7,082
128.90, 128.73, 128.31, 128.12, 127.62, 124.98,182315.40, 114.52, 84.38, 82.71, 67.63,
61.40, 46.37, 33.54, 30.12, 28.89, 28.77, 25.6064£413.58. HRMS (ESI) calcd for
Ca4H39NO-S [M + NaJ', 628.2339; found 628.2336.

11-(4-(6-(N-Ethyl-N-phenyl sulfamoyl)-3-(4-hydr oxyphenyl)- 7-oxabicycl o] 2.2.1] hept-2-en-2-y
I)phenoxy)undecanoic acid (171): Yellow solid, 69% yield, mp 80-82 °GH NMR (400 MHz,
Acetoneds) 6 7.39 — 7.32 (m, 4H), 7.30 — 7.24 (m, 2H), 7.19 Jdt 14.0, 6.0 Hz, 2H), 6.91
(dt,J = 11.6, 8.5 Hz, 2H), 6.85 — 6.75 (m, 2H), 5.50)&, 4.2 Hz, 1H), 5.38 — 5.31 (m, 1H),
4.00 (dt,J = 14.0, 5.6 Hz, 2H), 3.86 (d,= 7.1 Hz, 2H), 3.59 — 3.49 (m, 1H), 2.29J& 7.4
Hz, 2H), 2.19 (dt) = 11.9, 4.4 Hz, 1H), 2.08 (dd,= 4.8, 2.6 Hz, 1H), 1.78 (i, = 12.9, 6.4
Hz, 2H), 1.59 (ddJ = 13.8, 6.8 Hz, 2H), 1.49 (dd= 11.0, 5.8 Hz, 2H), 1.34 (s, 10H), 1.10 —
1.01 (m, 3H).13C NMR (101 MHz, MeOD)» 171.63, 159.66, 157.53, 140.62, 136.27, 131.38,
130.16, 129.28, 129.02, 128.24, 128.06, 123.50,8P22115.45, 115.15, 114.39, 114.16,
84.35, 82.62, 65.70, 61.38, 54.55, 53.96, 30.173R923.85, 22.43, 21.26, 20.66, 13.08.
HRMS (ESI) calcd for gHisNO;S [M + NaJ, 670.2809; found 670.2798.

7-(4-(3-(4-Hydr oxyphenyl)-6- (N-(4-methoxyphenyl)-N-(2,2,2-trifluor oethyl )sul famoyl )-7-oxab
icyclo[ 2.2.1] hept-2-en-2-yl)phenoxy)heptanoic acid (17m): Yellow solid, 68% yield, mp
94-97 °C.'H NMR (400 MHz, Acetonel) 5 7.38 — 7.32 (m, 2H), 7.27 (,= 8.4 Hz, 2H),
7.21 (t,J = 9.0 Hz, 2H), 6.94 (d] = 8.7 Hz, 1H), 6.91 — 6.83 (m, 4H), 6.81 (t, J # Az, 1H),
5.56 (d,J = 1.4 Hz, 1H), 5.36 (s, 1H), 4.52 @= 8.6 Hz, 2H), 4.03 (ddd} = 16.0, 9.6, 4.7
Hz, 2H), 3.82 (dJ = 13.0 Hz, 3H), 3.58 (df] = 8.2, 4.1 Hz, 1H), 2.33 (td,= 7.3, 3.2 Hz,
2H), 2.25 — 2.16 (m, 1H), 2.12 — 2.08 (m, 1H), 1-85.74 (m, 2H), 1.70 — 1.59 (m, 2H), 1.56
—1.39 (m, 4H)*C NMR (101 MHz, Acetonel) & 173.88, 159.45, 159.14, 157.55, 141.65,
137.73, 131.87, 130.40, 129.33, 129.15, 128.34,8P2324.42 (d,lJCF= 280.0 Hz)115.71,
115.49, 114.72, 114.51, 114.30, 84.32, 82.67, 6 8658, 61.72, 54.89, 33.23, 30.47, 28.95,



28.68, 25.63, 24.70. HRMS (ESI) calcd fop@seFsNOgS [M + NaJ, 698.2006; found
698.2002.

8- (4-(3-(4-Hydroxyphenyl)-6-(N-(4-methoxyphenyl)-N-(2,2,2-trifluoroethyl )sulfamoyl )- 7-oxab
icyclo[ 2.2.1] hept-2-en-2-yl ) phenoxy)octanoic acid (17n): Yellow solid, 70% vyield, mp
91-94 °C.*H NMR (400 MHz, Acetonelk) & 8.99 — 8.44 (m, 1H), 7.39 — 7.31 (m, 2H), 7.26
(dt,J = 15.7, 7.8 Hz, 2H), 7.19 (dd= 16.6, 8.2 Hz, 2H), 6.93 (,= 8.2 Hz, 1H), 6.91 — 6.83
(m, 4H), 6.82 — 6.76 (m, 1H), 5.65 — 5.48 (m, 16186 (d,J = 2.9 Hz, 1H), 4.60 — 4.46 (m,
2H), 4.05 — 3.98 (m, 2H), 3.81 (s, 3H), 3.62 — (Bt 1H), 2.31 (tdJ = 7.4, 2.3 Hz, 2H),
2.19 (dddJ = 15.4, 10.2, 5.3 Hz, 1H), 2.13 — 2.08 (m, 1H851- 1.76 (m, 2H), 1.66 — 1.58
(m, 2H), 1.55 — 1.47 (m, 2H), 1.42 (= 6.6 Hz, 4H)°C NMR (101 MHz, Acetonel) 5
173.80, 159.52, 159.15, 157.53, 131.88, 130.39,3129128.33, 125.20, 124.42 (]d](;F =
280.3 Hz)123.45, 115.70, 115.48, 114.71, 114.51, 114.2R48482.70, 67.63, 61.71, 59.67,
54.88, 33.27, 30.43, 28.88, 25.72, 24.71, 19.981HRMS (ESI) calcd for £H3gFsNOsS

[M + NaJ*, 712.2162; found 712.2167.
11-(4-(3-(4-Hydr oxyphenyl)-6-(N- (4-methoxyphenyl)-N-(2,2,2-trifluor oethyl )sulfamoyl )-7-oxa
bicyclo[ 2.2.1] hept-2-en-2-yl)phenoxy)undecanoic acid (170): Yellow solid, 59% vyield, mp
81-83 °C.'H NMR (400 MHz, Acetonelk) & 7.39 — 7.31 (m, 2H), 7.31 — 7.24 (m, 2H), 7.19
(dd,J = 16.6, 8.2 Hz, 2H), 6.96 — 6.78 (m, 6H), 5.55J¢, 0.9 Hz, 1H), 5.36 (d] = 3.2 Hz,
1H), 4.64 — 4.37 (m, 2H), 4.05 — 3.97 (m, 2H), 3(803H), 3.60 — 3.53 (m, 1H), 2.29 Jt=
7.4 Hz, 2H), 2.20 (dtj = 11.9, 4.4 Hz, 1H), 2.12 — 2.08 (m, 1H), 1.84.731(m, 2H), 1.63 —
1.57 (m, 2H), 1.49 (dd] = 15.3, 8.0 Hz, 2H), 1.34 (s, 10HfC NMR (101 MHz, Acetone)

0 173.85, 159.45, 158.99, 157.58, 140.97, 137.73,863 130.39, 129.32, 128.33, 125.19,
124.42 (d,"Jcr = 280.1 Hz), 123.45, 115.70, 115.48, 114.70, 114.29, 84.33,688%68.72,
67.65, 61.83 (d 2Jcr = 25.2 Hz), 61.62, 54.88, 33.31, 30.47, 25.86724HRMS (ESI) calcd
for CagHa4FsNOgS [M + NaJ', 754.2632; found 754.2633.
N-(4-(2,3-Dihydroxypropoxy)phenyl)-N-ethyl -5,6-bi s(4-hydr oxyphenyl )-7-oxabicyclo[ 2.2.1] h
ept-5-ene-2-sulfonamide (17p): Yellow solid, 76% yield, mp 126-128 °é4 NMR (400 MHz,
Acetoneds) 5 7.27 (t,J = 7.4 Hz, 3H), 7.20 (d] = 8.5 Hz, 4H), 6.90 (d] = 8.8 Hz, 2H), 6.82



(dd,J = 16.8, 8.5 Hz, 4H), 5.46 (s, 1H), 5.32Jt 4.6 Hz, 1H), 4.20 (s, 1H), 4.00 {t= 5.8
Hz, 2H), 3.90 (s, 1H), 3.79 (d,= 7.0 Hz, 2H), 3.69 (s, 2H), 3.48 (d#i= 8.3, 4.5 Hz, 1H),
2.21 (dt,J = 11.8, 4.4 Hz, 1H), 2.10 — 2.07 (m, 1H), 1.04)( 7.1 Hz, 3H)C NMR (101
MHz, Acetonedg) 6 158.38, 157.28, 140.89, 137.50, 131.75, 130.59,082 128.50, 124.43,
115.67, 115.45, 114.65, 84.45, 82.69, 70.41, 6%8/3, 61.29, 46.34, 19.97, 14.02. HRMS
(ESI) calcd for GoH31NOgS [M + NaJ', 576.1663; found 576.1662.

N-Ethyl-5,6-bis(4-hydr oxyphenyl )-N-(4-(2-(piperidin-1-yl)ethoxy)phenyl)- 7-oxabicycl o] 2.2.1]
hept-5-ene-2-sulfonamide (17q): Yellow solid, 78% yield, mp 123-125 °CH NMR (400
MHz, Acetonedg) & 7.22 (d,J = 8.8 Hz, 2H), 7.17 (dd] = 15.1, 8.6 Hz, 4H), 6.87 (dd,=
15.9, 7.8 Hz, 4H), 6.80 (d,= 8.6 Hz, 2H), 5.42 (d] = 5.5 Hz, 1H), 5.33 (d] = 4.1 Hz, 1H),
4.36 — 4.23 (m, 2H), 3.85 — 3.71 (m, 2H), 3.44 (did 12.8, 8.5, 4.4 Hz, 1H), 3.10 (dt=
11.0, 5.5 Hz, 2H), 2.98 — 2.79 (m, 4H), 2.31 — Arh9 1H), 2.15 — 2.08 (m, 1H), 1.73 (dt=
11.2, 5.6 Hz, 4H), 1.53 (d, = 4.8 Hz, 2H), 1.03 () = 7.0 Hz, 3H)*C NMR (101 MHz,
Acetoneds) 6 157.69, 157.24, 140.79, 137.46, 131.96, 130.4B.212 128.38, 124.31,
123.55, 115.72, 115.40, 114.72, 84.61, 82.57, 64&U0M®2, 56.78, 54.16, 46.24, 24.48, 23.04,
19.98, 14.07. HRMS (ESI) calcd fordElzsN-06S [M + NaJ, 613.2343; found 613.2348.
7-(4-(N-Ethyl-5,6-bis(4-hydr oxyphenyl)- 7-oxabi cycl o 2.2.1] hept-5-ene-2-sulfonamido)pheno
xy)heptanoic acid (17r): Yellow solid, 73% yield, mp 105-106 °CGH NMR (400 MHz,
Acetoneds) & 7.33 — 7.24 (m, 2H), 7.24 — 7.17 (m, 4H), 6.85 Jdt 13.8, 7.0 Hz, 4H), 6.80
(d, J = 8.6 Hz, 2H), 5.48 (s, 1H), 5.33 @= 3.9 Hz, 1H), 3.99 (1] = 6.4 Hz, 2H), 3.78 (ql

= 7.0 Hz, 2H), 3.48 (dd] = 8.3, 4.4 Hz, 1H), 2.32 (8,= 7.3 Hz, 2H), 2.20 (dfj = 11.7, 4.4
Hz, 1H), 2.08 (ddJ = 4.0, 1.7 Hz, 1H), 1.77 (dd,= 14.0, 6.4 Hz, 2H), 1.66 — 1.60 (m, 2H),
1.53 — 1.48 (m, 2H), 1.43 (d,= 6.7 Hz, 2H), 1.03 () = 7.1 Hz, 3H)*C NMR (101 MHz,
Acetoneds) 6 174.00, 158.50, 157.38, 157.24, 140.90, 137.51,.543 130.62, 129.57,
129.11, 128.51, 124.40, 123.76, 115.64, 115.44,551484.42, 82.70, 67.76, 61.33, 46.41,
33.27, 30.39, 28.92, 28.66, 25.59, 24.70, 14.05MBRESI) calcd for GH3/NOsS [M +
Na]’, 630.2132; found 630.2135.



8- (4-(N-Ethyl-5,6-bis(4-hydr oxyphenyl)- 7-oxabi cycl o 2.2.1] hept-5-ene-2-sulfonamido)pheno
xy)octanoic acid (17s): Yellow solid, 70% vyield, mp 104-106 °CH NMR (400 MHz,
Acetoneds) 5 7.26 (ddJ = 12.0, 8.4 Hz, 2H), 7.24 — 7.18 (m, 4H), 6.85, (#ld 11.1, 8.8 Hz,
4H), 6.80 (d,J = 8.6 Hz, 2H), 5.48 (s, 1H), 5.33 (= 3.9 Hz, 1H), 3.99 ( = 6.4 Hz, 2H),
3.78 (q,J = 7.0 Hz, 2H), 3.48 (dd] = 8.3, 4.5 Hz, 1H), 2.31 (§,= 7.4 Hz, 2H), 2.20 (di] =
11.7, 4.4 Hz, 1H), 2.10 — 2.06 (m, 1H), 1.81 — (M4 2H), 1.65 — 1.59 (m, 2H), 1.50 @z

7.0 Hz, 2H), 1.40 (dJ = 3.6 Hz, 4H), 1.03 (tJ = 7.0 Hz, 3H).®*C NMR (101 MHz,
Acetoneds) 6 174.11, 158.52, 157.29, 140.90, 137.50, 131.53.6P3 129.10, 128.51,
124.38, 115.68, 115.48, 114.56, 84.42, 82.70, 6 &B35, 46.42, 33.35, 30.40, 28.88, 25.73,
24.72, 14.06. HRMS (ESI) calcd forEisNOsS [M + NaJ', 644.2289; found 644.2287.
11-(4-(N-Ethyl-5,6-bis(4-hydr oxyphenyl )-7-oxabi cycl o] 2.2.1] hept-5-ene-2-sulfonamido)phen
oxy)undecanoic acid (17t): Yellow solid, 72% yield, mp 92-94 °CH NMR (400 MHz,
Acetoneds) & 7.28 (ddJ = 21.5, 9.6 Hz, 2H), 7.25 — 7.18 (m, 4H), 6.91.826(m, 4H), 6.80
(d,J = 8.5 Hz, 2H), 5.48 (s, 1H), 5.33 (@@= 4.1 Hz, 1H), 3.98 () = 6.4 Hz, 3H), 3.78 (dd]

= 13.9, 6.9 Hz, 2H), 3.48 (dd,= 8.2, 4.4 Hz, 1H), 2.29 (8 = 7.4 Hz, 2H), 2.24 — 2.17 (m,
1H), 2.07 (s, 1H), 1.80 — 1.74 (m, 2H), 1.63 — 1(Hi7 2H), 1.48 (s, 2H), 1.34 (s, 10H), 1.03
(t, J = 7.1 Hz, 3H).*C NMR (101 MHz, Acetonel) & 173.99, 158.52, 157.28, 140.90,
137.52, 131.54, 130.61, 129.09, 128.51, 124.40,762315.67, 115.47, 114.54, 84.42, 82.70,
67.85, 61.37, 46.41, 33.35, 30.40, 29.29, 29.094825.87, 24.78, 14.05. HRMS (ESI)
calcd for G7H4sNOgS [M + NaJ', 686.2758; found 686.2760.

4.3 Biological assays

4.3.1 Estrogen receptor binding affinity.

Relative binding affinities were determined by ampetitive fluorometric binding assay.
Briefly, 40 nM of a fluorescence tracer and QU8 purified human ER ligand binding
domain (LBD) were diluted in 100 mM potassium pHuse buffer (pH 7.4) containing 100
ug/mL bovine gamma globulin (Sigma-Aldrich, MO). tmations were performed for 2 h at
room temperature (25 °C) in the dark. We then ws&ytation 3 microplate reader (BioTek)

to measure fluorescence polarization values. Thditg affinities are expressed as relative



binding affinity (RBA) values with the RBA of Bfestradiol set to 100%. The values given
are the average * range of two independent detatiois. K; values were calculated

according to the following equatioi = (100/RBA) xKg.

4.3.2 Céll culture and cell viability assay.

The MCF-7 human breast cancer cell line was obtlireen ATCC. Cells were maintained in
DMEM with 10% FBS. For all experiments, the cellsresgrown in 96-well microtiter plates
(Nest Biotech Co., China) with the appropriate igan triplicate for 72 h. MTT colorimetric
tests (Biosharp, China) were employed to deterntie# viability per manufacturer’s
instructions. 1Go values were calculated according to the followaagiation using Origin 8
software: Y = 100% inhibition + (0% inhibition — Q% inhibition)/(1 + 1§/°9'CsrX)xHilslopely

where Y = fluorescence value, X = 8",

4.3.3 Western blot analyses of ERx protein levelsin MCF-7 cells.

Cells were incubated with DMSO or compound @) for 20 h. Whole protein was
extracted and Edr protein levels were analyzed by Western blottiRgoteins from cell
lysates were separated electrophoretically using 89&6-PAGE Gels. Gels were then
electroblotted onto polyvinylidene fluoride (PVDR)embranes (Life Technologies). After
blocking with 5% skimmed milk, the membranes wemneubated with Rabbit anti-BER
antibody (1:1000, CST) and mouse Aptactin antibody (1:10000, ABclonal Technology).
Then, membranes were washed with 0.1% tween-20B& a&nd incubated with goat anti
rabbit secondary antibody (Thermo). After washinghvd.1% tween-20 in TBS, they were
tested by ECL. All the bands were quantitativelglgmed by Quantity One, and the vehicle

was set as 100%.

4.4 Molecular modeling.
The crystal structure of ERLBD (PDB 5kcc) was obtained from the PDB, and vediter

molecules were removed. We used AutoDock softwagesion 4.2) to dock compound3e



into the three-dimensional structure of €RBD. The crystallographic coordinates d7e
was created by Chemoffice. Preparations of allnlitgaand the protein were performed with
AutoDockTools (ADT). A docking cube with edges df, @6, and 60 A in the X, Y, and Z
dimensions, respectively (a grid spacing of 0.375The search parameters were determined
using the Genetic Algorithm and the output basedtlen Lamarckian genetic algorithm

(LGA). The figures were prepared using MOE.

4.5 Pharmacokinetic study.

Sprague-Dawley rats were used for the pharmacokirstidy on compoundl7e All
procedures in animal studies were carried out mpi@mnce with the Guide for the Care and
Use Committee (Permit No: SCXK (Hu) 2018-0006). @oondl7ewas dissolved in Saline
with 5% DMSO and 40% PEG400. After fasting overmighe animals were administered a
single dose of 3 mg/kfj7ebyiv and 10 mg/mll7eby po. After drug administration, blood
samples were collected from the orbital sinus efrtt at various time points with each group.
An aliquot of 50 puL plasma sample was protein giégied with 250 uL MeOH in which
contains 200 ng/mL IS. The mixture was vortexedonin and centrifuged at 12000 rpm for

5 min. An aliquot of 5 pL supernatant was injedi@dLC-MS/MS analysis.

Appendix A. Supplementary data

Supplementary data related to this article carobed at https://doi.org/
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Highlights

® A series of novel SERDs with excellent ER degradation efficacy have been
discovered.

® These findings simplified the structure of currently available degrons and provide
new possibility for discovering novel PROTACSs.

® Molecular docking analysis illustrates the interaction of basic side chain of these
compounds with ERa, which may implicate a new mechanism of action for this

type of SERDs.



