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ABSTRACT: Breast cancer remains a leading cause of cancer death in women,
representing a significant unmet medical need. Here, we disclose our discovery
efforts culminating in a clinical candidate, 35 (GDC-9545 or giredestrant). 35 is an
efficient and potent selective estrogen receptor degrader (SERD) and a full
antagonist, which translates into better antiproliferation activity than known
SERDs (1, 6, 7, and 9) across multiple cell lines. Fine-tuning the physiochemical
properties enabled once daily oral dosing of 35 in preclinical species and humans.
35 exhibits low drug−drug interaction liability and demonstrates excellent in vitro
and in vivo safety profiles. At low doses, 35 induces tumor regressions either as a
single agent or in combination with a CDK4/6 inhibitor in an ESR1Y537S mutant
PDX or a wild-type ERα tumor model. Currently, 35 is being evaluated in Phase
III clinical trials.

■ INTRODUCTION

In women, breast cancer is the most commonly diagnosed
cancer (24.5% of total cases) and the leading cause of cancer
death (15.5%) among all cancers in 2020 worldwide,1

representing a critical unmet medical need and a global
healthcare priority.2 Breast cancer is the most frequently
occurring cancer among women, affecting one out of every
eight women in their lifetime.3 Approximately 70% of all breast
cancers express estrogen receptor alpha (ERα),4 making it a
prime target for treatment.5,6 Standard of care therapies for ER
+ breast cancer patients include three major classes of drugs:
(1) those that directly target ERα, (2) aromatase inhibitors
(AIs) that reduce the level of estrogens, and (3) cyclin-
dependent kinases 4 and 6 (CDK4/6) cell-cycle checkpoint
inhibitors.7−9 Fulvestrant (1, Figure 1) was approved in the
early 2000s as a full ERα antagonist and subsequently
identified as a selective estrogen receptor degrader
(SERD).10,11 However, the poor druglike properties12

necessitating intramuscular administration11 of 1 limit its
target occupancy13 and may consequently limit its efficacy.14

Tamoxifen (2) was approved in the 1970s as a selective

estrogen receptor modulator (SERM).15,16 Its partial agonism
has been linked to a higher risk of developing endometrial
carcinoma17 and has been also implicated in the development
of breast cancer resistance.18,19 In recent years, hot-spot
mutations of the ESR1 gene encoding ERα were discovered
resulting in constitutively active ERα activity and resistance to
early line endocrine treatments.20−23 These endocrine therapy
resistant tumors nevertheless depend on ERα for growth and
survival, as evidenced by their sensitivity to 1. Given the high
unmet medical need for treating ER+ breast cancer, there has
been a surge of drug discovery effort in identifying orally
bioavailable SERDs (3−9) to improve oral exposure, efficacy,
and safety in the clinic.24−32
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We were among the first to test an oral SERD in patients,
namely, GDC-0810 (10, Table 1).33−35 Despite good oral
bioavailability observed in preclinical species such as rats, 10 is
significantly less potent than 1 in antagonist (IC50 5.31 vs 0.25
nM), degradation (DC50 0.74 vs 0.12 nM), and antiprolifera-
tion (EC50 17 vs 2.4 nM) assays (Table 1). In addition, 10 is a
less efficient degrader than 1 as indicated by the saturation
infinity (Sinf) values (96% vs 103%) which were shown to
correlate with antiproliferative efficiency and in vivo efficacy.33

Of note is that tamoxifen (2) and its active metabolite 4-
hydroxy tamoxifen (4-OH-T, 2a) are not considered ERα
degraders based on Western blot assay data. However, they do
possess modest degradation efficiency (Sinf = 56% and 62%,
respectively) in an MCF-7 immunofluorescent (IF) cellular
degrader assay. This may indicate the improved sensitivity of
the IF compared to Western blot assay for reasons that are not
yet understood. Despite this discrepancy, the general rank
ordering of compounds’ degradation efficiencies by Western
blot and IF assays were consistent in our hands. Therefore, one
of our goals was to maximize the degradation efficiency (Sinf)
utilizing the IF assay, which is higher throughput than Western
blot. In addition to being a partial agonist in rat uterus, 10 was
later found to have partial agonism in breast cancer cell lines
similar to SERMs 2 and 2a,36 hence 10 is labeled as selective
estrogen receptor degrader/modulator (SERD/M) hereafter.
The clinical development of 10 was halted given the totality of
data. Our second oral SERD clinical candidate, GDC-0927
(11),37 exhibited better potencies (3−8-fold) in all three
cellular assays and also higher ligand-lipophilicity efficiency
(LLE), indicating better drug-likeness38 than 1. However,

Figure 1. Approved or selected clinical stage SERDs or SERMs.

Table 1. Our Previously Disclosed SERDs Compared to Approved SERM or SERD Drugs

aCellular antagonist assay measuring the level of luciferase expression in T-47D wild-type cells. Geometric mean values are shown. 95% Confidence
intervals (when n ≥ 3) can be found in Table S2 in the Supporting Information. bCellular degradation assay measuring the fluorescence intensity of
tagged ERα in MCF-7 wild-type cells. Geometric mean values are shown. 95% Confidence intervals (when n ≥ 3) can be found in Table S2 in the
Supporting Information. cCellular proliferation assay measuring CellTiter-Glo in MCF-7 breast cancer cells. Geometric mean values are shown.
95% Confidence intervals (when n ≥ 3) can be found in Table S2 in the Supporting Information. dMeasured kinetic solubility in μM at pH 7.4.
eH/RHep, projected hepatic clearance using human or rat hepatocytes (mL/min/kg). fPapp, measured permeability using Madin-Darby Canine
Kidney (MDCK) epithelial cell lines, A to B (×10−6 cm/s); n/a, not available due to low mass recovery; nt, not tested. gTotal clearance in rat in
vivo (mL/min/kg). Compounds were dosed at 1 mg/kg in a solution of 45/55 PEG400/water for 10, 35/65 PEG400/water for 11, 10/60/30
DMSO/PEG400/water for 2, 12, and 13. hRat oral bioavailability calculated using (AUCoral/AUCiv) × (doseiv/doseoral) × 100. Compounds were
dosed at 5 (2, 10, 11) or 1 (12 and 13) mg/kg in a suspension of MCT in water. iMeasured distribution-coefficient at pH 7.4. jLigand-lipophilicity
efficiency (LLE), pEC50 − log D.
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clinical development of 11 was halted in 2017 due to low oral
exposure and consequently high pill burden in clinical trials.
We then discovered a distinct series of oral SERDs

represented by 12 and 1339 with degradation efficiencies and
potencies in antagonist, degradation, and proliferation assays
comparable to or improved over 1 and 11. Notably, the oral
exposures of 12 and 13 were greatly improved over 11.
However, given the relatively high lipophilicity (Log D ≥ 4),
12 and 13 proved to have low solubility and consequently
reduced LLE and drug-likeness. Herein, we report our lead
optimization effort in discovering a best-in-class oral SERD
clinical candidate with a dual mechanism of action as a full
ERα antagonist and a strong/efficient degrader, together with a
superior physicochemical, pharmacokinetic, and safety profile.

■ RESULTS AND DISCUSSION
Historically, it has been extremely challenging to lower the
lipophilicity of ERα ligands while maintaining potency40

(Table S1 in the Supporting Information) due to the lipophilic
nature of the ERα ligand binding pocket. Given this, we
decided to take a systematic approach to add polarity and
consequently improve the physicochemical properties without
sacrificing potency. First, we reduced the lipophilicity by
introducing an aromatic nitrogen in various locations using 12
as a template. To frame the discussion, we have applied the
ring naming system (A−D) of estradiol to 12 (Table 2) based
on the predicted and observed binding modes. Aza analogue
14 with a pyridyl nitrogen at the 1-position of the A-ring
(Table 2) was 3- to 7-fold less potent than 12 in all three

cellular assays and was also more labile in human and rat liver
microsomes (LM). Analogues with a pyridyl nitrogen at the 2-
to 4-positions of the A-ring could not be synthesized, most
likely due to the substantially reduced electron density of the
AB-rings which hampered the formation of the C-ring using
the requisite Pictet−Spengler reaction.41 Inspired by the
indazole moiety in 10, we made analogue 15 by flipping the
AB-ring and adding an extra aromatic nitrogen. This
compound had slightly improved cellular potencies and
improved degradation efficiency over 12, at a cost of metabolic
stability in human and rat liver microsomes as indicated by
higher hepatic clearance (CLhep). In addition, 15 had low
solubility and slightly lower ligand-lipophilicity efficiency
(LLE, 4.6 vs 5.0) than 12. Replacing one of the C−F
substitutions in the E-ring of 12 with a pyridyl nitrogen (16)
drastically eroded antagonist and antiproliferation potencies,
despite an increase of solubility. Adding a pyridyl nitrogen
while removing the two fluorine atoms in the E-ring of 12
resulted in an analogue (17) with comparable potencies and
liver microsomes stabilities along with improved solubility and
LLE. Thus, among this set of analogues with aza core changes,
17 was identified as the most improved analogue over 12.
Next, we explored introducing polarity onto the side chain

occupying the D-ring area. In earlier work, we learned that
substituting the tetrahydrocarboline (THC) alkyl amine with
carbonyl or sulfonyl groups significantly improved the drug-
likeness but at the cost of potencies (manuscript submitted).
Therefore, we focused on the alkyl side chains themselves. In a
previous report,24 a lipophilic hole (Leu525:Leu384) in ERα
was discovered that was occupied by a “magic methyl” group
(highlighted in red in 12 in Table 3). There was a 100- to
1000-fold potency gain with a concurrent change from H and
OH to two methyl groups on the β-carbon of the THC alkyl
amine. Indeed, when the two methyl groups in 12 were
connected through an oxygen atom forming an oxetane ring
(18), there was a 10-fold decrease in the antagonist activity
and a decrease in degradation efficiency by 5%. However,
solubility (10-fold) and LLE (+1.5) increased relative to 12.
Encouraged by the improved physicochemical properties, we
retained the oxetane moiety while incorporating the “magic
methyl” group (19). We observed comparable antagonist
potency, slightly improved degradation and antiproliferation
potencies, and improved LLE (+1.1) from 12 to 19. However,
an erosion of the liver microsomes stability was observed for
19. Further profiling of 19 showed high metabolic instability in
rat hepatocytes, which was corroborated in vivo with a total
clearance above hepatic blood flow in a rat pharmacokinetic
(PK) study. Another strategy was to replace the methyl groups
in 12 with fluorine atoms (20 and 21). We reasoned that this
might temper the basicity of the THC alkyl amine to be more
compatible with the lipophilic ERα binding site while lowering
lipophilicity, resulting in higher LLE. Indeed, the loss of
potency by removing the “magic methyl” group seemed to be
mitigated, resulting in comparable potencies among 20, 21,
and 12. In addition, both 20 and 21 had improved solubility
and LLE over 12. Based on a cocrystal structure of 12 with
ERα,39 we noticed residue His524 was in the vicinity of the D-
ring side chain. A primary alcohol was therefore installed to
interact with this residue (Table 3, 22 and 23), resulting in a
slight loss of degradation efficiency (3%) but a comparable or
slight gain in all potencies compared to 12. Interestingly,
antagonist and antiproliferation potencies did not always
correlate, most likely due to the different cell lines used for the

Table 2. Introducing Polarity in either the A- or E-Ring to
Increase Ligand-Lipophilicity Efficiency

aCellular antagonist assay measuring the level of luciferase expression
in T-47D wild-type cells. Geometric mean values are shown. 95%
Confidence intervals (when n ≥ 3) are in Table S2 in the Supporting
Information. bCellular degradation assay measuring the fluorescence
intensity of tagged ERα in MCF-7 wild-type cells. Geometric mean
values are shown. 95% Confidence intervals (when n ≥ 3) are in
Table S2 in the Supporting Information. cCellular proliferation assay
measuring CellTiter-Glo in MCF-7 breast cancer cells. Geometric
mean values are shown. 95% Confidence intervals (when n ≥ 3) are in
Table S2 in the Supporting Information. dMeasured kinetic solubility
in μM at pH 7.4. eH/RLM, projected hepatic clearance using human
or rat liver microsomes (mL/min/kg). fLigand-lipophilicity efficiency
(LLE), pEC50 − log D.
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study (T-47D and MCF-7 for the antagonist and proliferation
assay, respectively). These results demonstrated again that
SERDs can have different phenotypes in different cell lines.42

Since the alcohol was tolerated, we also probed carboxylic acid
and nitrile substitutions as in 24 and 25. Results showed a
consistent loss of potencies (4- to 10-fold) across the three
cellular assays despite improvements in solubility, liver
microsomes stability, and LLE from 12 to 24. The decreases
in cellular potencies of 24 were most likely due to the loss of
binding activity (data not shown). The nitrile analogue 25 was
comparable to 12 in all aspects, except with a slightly lower
LLE.
Based on the above structure activity relationships (SAR),

we proposed a difluoropropyl alcohol side chain, which would
have multiple benefits including removing a chiral center,
tempering basicity of the THC alkyl amine, reducing
lipophilicity, and strengthening a potential hydrogen bond
with His524 due to a more polarized terminal hydroxy group.
Gratifyingly, the resulting compound (26) had improved
potencies (2- to 5-fold) in all three assays, improved
degradation efficiency (+2%), and improved solubility (10-
fold) and LLE (+1.5) over 12. Liver microsomes stability was
similar between 12 and 26. The difluoropropyl alcohol side
chain as in 26 was therefore identified as the optimal THC
nitrogen substituent.
We next interrogated the side chain appended to the 4-

position of the 2,6-difluorophenyl ring. Previous studies
revealed large impacts in degradation efficiency with small

structural changes.37,39 Replacing an ether linkage (26) with an
aniline (27, Table 4) resulted in slight decreases in antagonist
and degradation potencies (2- to 5-fold) and degradation
efficiency (−3%), while antiproliferation potency, liver micro-
somes stability, solubility, and LLE were maintained or slightly
increased. Adding a carbonyl (28) did not improve the
antagonist activity substantially compared to 27 but had a
detrimental effect on the degradation efficiency (57% vs 94%).
In fact, the degradation efficiency of 28 (57%) was similar to
that of 2, a nondegrader by Western blot. This degradation-
efficiency cliff demonstrated the sensitivity of degradation to
structural changes in this part of the molecule. Opening up the
four-membered azetidine to a linear chain such as in 29 and 30
also resulted in a significant loss of degradation efficiency
(−8% and −7%, respectively) compared to 26. We also studied
rigidification with a five-membered pyrrolidine ring (31 and
32). The degradation efficiencies of 31 and 32 were slightly
higher (2%) than 26, however at a cost of a 6- to 8-fold
reduction in degradation potencies. Ring contraction to a four-
membered azetidine (33) restored the degradation potency to
a level same as that of 26, while further improving the
degradation efficiency (4%). Replacing the terminal fluorine
atom with a hydroxy group (34) eroded the degradation
efficiency (−17%) compared to 26, reinforcing the steep
activity cliffs. Changing the linker from oxygen to amine
yielded 35, which was 3-fold more potent as an antagonist than
26, proving to be the most potent compound in the antagonist
assay. In addition to its high potency as an antagonist, 35

Table 3. Optimizing Nitrogen Substituents on the THC to Improve Cellular Potencies, Degradation Efficiencies, Solubility,
and LLE

aCellular antagonist assay measuring the level of luciferase expression in T-47D wild-type cells. Geometric mean values are shown. 95% Confidence
intervals (when n ≥ 3) are in Table S2 in the Supporting Information. bCellular degradation assay measuring the fluorescence intensity of tagged
ERα in MCF-7 wild-type cells. Geometric mean values are shown. 95% Confidence intervals (when n ≥ 3) are in Table S2 in the Supporting
Information. cCellular proliferation assay measuring CellTiter-Glo in MCF-7 breast cancer cells. Geometric mean values are shown. 95%
Confidence intervals (when n ≥ 3) are in Table S2 in the Supporting Information. dMeasured kinetic solubility in μM at pH 7.4. eH/RLM,
projected hepatic clearance using human or rat liver microsomes (mL/min/kg). fLigand-lipophilicity efficiency (LLE), pEC50 − log D.
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maintained high degradation and antiproliferation potency/
efficiency, solubility, and LLE. Adding a fluorine atom to the
side chain terminus (36), introducing branching (37), or
removing the terminal fluorine atom (38) yielded inferior
compounds. Replacing the terminal fluorine atom with a
hydroxy group (39) also eroded the degradation efficiency (Sinf
= 62%). Finally, returning to the acrylic acid side chain (40),
we noted a marked decrease in potencies across three cell
assays (7- to 39-fold) compared to 26. From this set of SARs,
33 and 35 were identified as top leads, which not only achieved
the maximum degradation efficiency but also struck the desired
balance between potency and drug-likeness/LLE.
From the cocrystal structure of 35 and ERα (Figure 2), we

observed three key polar interactions. First, we observed an
ionic interaction from the charged azetidine nitrogen (with a
measured pKa of 8.1) to the side chain of Asp351 in helix 3
(H3) at a 2.9 Å distance. This strong ionic interaction with
Asp351 rendered 35 potent against ESR1 hot-spot mutant
Y537S and compared favorably against 1 in both mutant

degradation and proliferation assays (Table S3 in the
Supporting Information). Second, consistent with our initial
design, the primary alcohol from the D-ring side chain of 35
makes a strong hydrogen bonding (HB) interaction with
His524 of helix 11 (H11) at a 2.5 Å distance. As a result, H11
packs more closely around the ligand 35. Third, a weak HB
interaction from the indole NH of the THC core to the
backbone carbonyl oxygen of Leu346 in H3 at a 3.6 Å distance
further strengthened the ligand interactions with H3. In
addition, there are multiple van der Waals interactions between
protein and ligand throughout the binding pocket and multiple
noncanonical HB interactions from the ligand to the receptor
(Glu353, Met421, Gly521, Asn532, and Val533, Figure S3 in
the Supporting Information). The loop connecting H11 and
H12 was largely disordered in this structure. Compared to the
cocrystal structure of 11, Glu353 in 35 rotated by 52° in order
to accommodate the nonpolar phenyl group in 35. Such
rotation of Glu353 enabled a noncanonical HB interaction
between the CH group of the phenyl ring in 35 and the oxygen

Table 4. Interrogation of the Pendent Degradation Side Chain for Maximum Degradation Efficiency

aCellular antagonist assay measuring the level of luciferase expression in T-47D wild-type cells. nt, not tested. Geometric mean values are shown.
95% Confidence intervals (when n ≥ 3) are in Table S2 in the Supporting Information. bCellular degradation assay measuring the fluorescence
intensity of tagged ERα in MCF-7 wild-type cells. Geometric mean values are shown. 95% Confidence intervals (when n ≥ 3) are in Table S2 in the
Supporting Information. cCellular proliferation assay measuring CellTiter-Glo in MCF-7 breast cancer cells. Geometric mean values are shown.
95% Confidence intervals (when n ≥ 3) are in Table S2 in the Supporting Information. dMeasured kinetic solubility in μM at pH 7.4. eH/RLM,
projected hepatic clearance using human or rat liver microsomes (mL/min/kg). fLigand-lipophilicity efficiency (LLE), pEC50 − log D.
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atom of Glu353 at a 2.7 Å distance. Because of this extra
phenyl ring of 35 in place of the phenol OH of 11, there is an
added van der Waals interaction for 35 with Leu387 in H4/5.
In addition, 35 has extra HB interactions in both the A- and D-
ring areas with Leu346, Met421, and Gly521 and stronger HBs
with His524 and Asp351 than 11. All of these interactions
likely contributed to enhanced potency of 35 compared to 11.
The absolute stereochemistry of 35 was unambiguously
confirmed to be R at both stereocenters using small molecule
X-ray crystal structure (Table S6 and Figure S4 in the
Supporting Information).
To ensure the selection of a best-in-class candidate, we

further studied close-in analogues of 35 with one-point
modifications. To investigate whether the edge-to-face π
interaction of Phe404 to the THC core could be further
enhanced by modulating the electrostatic potential, we
designed and made the fluorinated analogues 41−44 (Table
5). All four analogues 41−44 maintained excellent degradation
potency, with 41 having slightly improved degradation
efficiency (+2%) compared to 35. However, there was a slight
erosion of antagonist potency for 41−44, especially for 41 (3-
fold less than 35) and 44 (5-fold less than 35). Similarly, there
was a slight decrease in antiproliferation potency, solubility,
and LLE from 35 to 41−44. Methylation of the primary
alcohol in the D-ring area of 35 resulted in 45. Unfortunately,
45 exhibited lower potency across all three cellular assays,
lower solubility, slightly higher LM metabolism, and lower LLE
than 35, confirming the importance of the alcohol for both
potency and physicochemical properties. Interestingly, removal
of fluorine atoms in the E-ring (46 and 47) resulted in
significant erosion of antagonist potency, 20-fold and 12-fold
less than 35, respectively. The lower antagonist potency, lower
antiproliferation potency, and lower LLE of 46 and 47
rendered both molecules less attractive than 35, despite their
comparable degradation potency/efficiency, solubility, and LM
stability to 35. Given the encouraging results for 17 discussed
earlier, pyridyl analogue 48 yielded a surprising potency cliff.
We hypothesized that this was due to the intramolecular
hydrogen bond of aniline NH with the pyridyl nitrogen which
positioned the azetidine degradation side chain unfavorably.

Based on the totality of data, we selected 41−43 from this
group of analogues for further characterization.
Next, we compared the five top leads (33, 35, and 41−43)

to the FDA approved drug 1 and the prototypic THC analogue
13 in in vitro and in vivo drug metabolism and pharmacoki-
netics (DMPK) studies (Table 6). Sorted by ascending LLE in
Table 6, it was clear that all five top leads had higher LLE/
drug-likeness than 1 and 13, with analogue 35 being the best.
Correspondingly, these top leads showed lower lipophilicity,
higher solubility, and higher permeability than 1 and 13. With
decreasing lipophilicity, all five top leads were less plasma
protein bound, resulting in lower unbound clearance than 13
in rat without sacrificing oral bioavailability. In addition, the
antagonist, degradation, and antiproliferation potencies of
these top leads were better than 1 and comparable or better
than 13. With this data in hand, we progressed 35 and 42 to
further studies.
We next compared the cytochrome P450 (CYP) inhibition

profiles of 35 and 42 (Table 7). CYP3A family, particularly
CYP3A4, is by far the most abundant CYP enzyme in humans,
mediating the metabolism of approximately half of all marketed
drugs.44 Perturbation of CYP enzyme activities may incur
undesirable drug−drug interactions. 35 exhibited low to
moderate reversible inhibition of CYP3A4 with 42 being

Figure 2. Binding environment of 35. (a) Co-crystal structure of ERα
(blue ribbon schematic) with 35 (orange carbons, PDB code 7MSA)
bound in the ligand binding pocket showing the three hydrogen
bonds formed between the protein and ligand as well as a subset of
the amino acid side chains lining the site. The loop connecting helices
11 (H11) and 12 (H12) was disordered in the structure and is
represented by a blue dotted arc. (b) While 35 forms a hydrogen
bond to the backbone of L346, antagonist 11 (gray carbons, PDB
code 6PFM)43 forms the canonical steroid hydrogen bonds with E353
and R394.

Table 5. One-Point Optimization of 35 (GDC-9545) to
Maximize Potency and LLE

aCellular antagonist assay measuring the level of luciferase expression
in T-47D wild-type cells. Geometric mean values are shown. 95%
Confidence intervals (when n ≥ 3) are in Table S2 in the Supporting
Information. bCellular degradation assay measuring the fluorescence
intensity of tagged ERα in MCF-7 wild-type cells. Geometric mean
values are shown. 95% Confidence intervals (when n ≥ 3) are in
Table S2 in the Supporting Information. cCellular proliferation assay
measuring CellTiter-Glo in MCF-7 breast cancer cells. Geometric
mean values are shown. 95% Confidence intervals (when n ≥ 3) are in
Table S2 in the Supporting Information. dMeasured kinetic solubility
in μM at pH 7.4. eH/RLM, projected hepatic clearance using human
or rat liver microsomes (mL/min/kg). fLigand-lipophilicity efficiency
(LLE), pEC50 − log D.
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more potent than 35. It is worth noting that both 35 and 42
did not block the function of other CYP enzyme isoforms
including 2C9, 2C19, 2D6 (IC50 > 10 μM). In addition, both
35 and 42 were not time-dependent inhibitors against
CYP3A4, 1A2, 2C9, 2C19, and 2D6, suggesting there was
low potential for drug−drug interaction liability.
Both 35 and 42 were highly selective against a panel of 220

kinases and 23 human nuclear receptors (Table 8). Both were
negative in in vitro genotoxicity studies, including the bacterial
reverse mutation assay (AMES) and micronucleus test
(MNT). Furthermore, 35 and 42 showed minimal activity
(<20% inhibition at 10 μM) against hNav1.5 and hCav1.2 ion
channels. However, consistent with the slightly higher
lipophilicity of 42 than 35, 42 incurred more off-target activity
than 35 when tested against a secondary pharmacology panel

consisting of 42 receptors, ion channels, transporters, and
enzymes (8 hits for 42 vs 2 hits for 35). Moreover, 42 was 2-
fold more potent against the human ether-a-̀go-go-related gene
(hERG) potassium ion channel than 35. In light of the data
described above, we decided to profile 35 more extensively as a
potential development candidate.
The absorption, distribution, metabolism, and excretion

(ADME) profile of compound 35 is summarized in Table 9.
Predicated hepatic clearance in LM and hepatocytes (Hep)
was mostly moderate across four preclinical species and
humans, with the exception of low Hep CLhep in dogs and high
Hep CLhep in cynos. The in vivo clearance was moderate in rats
and cynos and low in dogs. The oral bioavailability (F %) was
17% in cynos, 41% in rats, and 55% in dogs when administered
as a suspension with amorphous free base of 35 at 1 mg/kg.

Table 6. Candidate Selection (33, 35, 41−43) through the Multiparameter Comparison with 1 and 13

aLigand-lipophilicity efficiency (LLE), pEC50 − log D. bMeasured distribution-coefficient at pH 7.4. cCellular antagonist assay measuring the level
of luciferase expression in T-47D wild-type cells. dCellular degradation assay measuring the fluorescence intensity of tagged ERα in MCF-7 wild-
type cells. eCellular proliferation assay measuring CellTiter-Glo in MCF-7 breast cancer cells. fMeasured kinetic solubility in μM at pH 7.4. gH/
RHep, projected hepatic clearance using human or rat hepatocytes (mL/min/kg). hPapp, measured permeability using Madin−Darby canine kidney
(MDCK) epithelial cell lines, A to B (× 10−6 cm/s); nt, not tested. iCLt, total clearance in rat in vivo (mL/min/kg). CLu, unbound clearance in rat
in vivo (mL/min/kg). Compound was dosed at 1 mg/kg in a solution of 10/60/30 DMSO/PEG400/water. jRat oral bioavailability calculated using
(AUCoral/AUCiv) × (doseiv/doseoral) × 100; compound was dosed at 1 mg/kg in a suspension of MCT in water.

Table 7. In Vitro Reversible and Time Dependent Inhibition (TDI) of CYPs by 35 and 42

aReversible CYP inhibition assay, using either midazolam (M) or testosterone (T) as the probe substrate for CYP3A4. bTDI of CYP measuring the
percentage of AUC shift, using midazolam (M) or testosterone (T) as a probe for CYP3A4.

Table 8. Selectivity and In Vitro Safety Profiles of 35 and 42

aSee the Supporting Information for assay methods and details. bA panel of 220 kinases. cA panel of 23 human nuclear receptors (HNR).
dSecondary pharmacology panel including 42 ion channels, G protein-coupled receptors, transporters, and enzymes. ehERG potassium channel
patch clamp assay. fhNav1.5 channel inhibition at 10 μM (resting). ghCav1.2 channel inhibition at 10 μM.
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There was a slight increase in F % in both rats and cynos using
a crystalline tartrate salt of 35 at a 100 mg/kg dose. The
volume of distributions at steady state (Vss) in rats, dogs, and
cynos were high resulting in half-lives (T1/2) between 8 and 24
h. Based on these preclinical data, low to moderate clearance
and moderate oral bioavailability were projected in humans,
supporting once daily dosing.
We previously demonstrated that ERα protein turnover may

vary across cell lines.36 As such, our first-generation SERD/M
10 promoted increased ERα degradation in an MCF-7 cell line
but was much less effective in six other ER+ breast cancer cell
lines than 35 (Figure 3). Contrarily, 35 promoted significant

turnover of ERα across all cell lines tested, starting at the
lowest testing concentration of 0.1 nM. In fact, 35 was a more
efficient degrader than FDA approved SERD 1 and our second
generation SERD 11 in all seven cell lines tested.
We also investigated the degradation kinetics of 35 in

comparison to 1, 10, and 11 (Figure 4). In the MCF-7 cell line,
35 promoted the fastest ERα turnover with a half-life of 1.8 h,
similar to 1 (2.2 h) and was much faster than 11 (6.0 h) and
10 (16.5 h). In addition, 35 induced the highest ERα
degradation at 24 h among the four compounds tested in the
Western blot assay.
With robust antagonist and degradation potencies, we

evaluated 35 in viability assays across four different ER+
breast cancer cell lines (Figure 5). 35 had comparable
potencies to our second-generation SERD 11 across the four
cell lines tested. It is also noteworthy that 35 was more potent
than FDA-approved SERD 1 and significantly more potent
than our first-generation SERD/M 10, illustrating the
importance of the mechanism of action related to antagonism
and degradation. In general, full antagonists and strong SERDs
(11 and 35) were substantially more potent than partial
agonists 2a and SERD/M 10. In addition, 35 was more potent
than known oral SERDs (6, 7, 9) in viability assays across
multiple ER+ breast cancer cell lines (Figure S1 in the
Supporting Information).
To evaluate the full antagonist profile, the in vivo uterine wet

weight (UWW) assay was utilized,45 using ethinyl estradiol
(EE), 2a, and 11 as controls (Figure 6). Compared to the
vehicle control, EE and 2a both increased the ratio of UWW vs
body weight significantly by about 3-fold and 2-fold,
respectively, indicating ERα agonism (Figure 6a). SERD 11
(10 mg/kg once daily oral dose) reduced the ratio of UWW vs
body weight by about 2-fold, indicating ERα antagonism/
inverse agonism. Compound 35, at 0.1 mg/kg and 10 mg/kg
daily oral doses, reduced the ratio of UWW vs body weight
with a statistically significant reduction noted at 10 mg/kg. In
addition, the endometrium that lines the uterus was stained
using hematoxylin and eosin (H&E) for histological evaluation
(Figure 6b). Both EE and 2a, which increased the uterine wet
weight, demonstrated a tall columnar phenotype of the
epithelial cells. This is in stark contrast to the low cuboidal
phenotype of the epithelium observed for the vehicle, 11, and
35. In summary, 35 demonstrated functional inverse agonism
in vivo using the UWW assay, consistent with our observation
in breast cancer cell lines. Collectively, our data confirmed a
full antagonist profile for 35 in addition to potentially reduced
endometrial cancer risk.
With excellent in vitro potency, good ADME properties, and

the desired dual mechanism of action profile, 35 was further
evaluated in multiple patient derived xenograft (PDX) mouse
models. As an example, we evaluated 35 in the HCI-013 PDX
tumor model, which harbors both hot-spot Y537S mutant and
wild-type ERα (Figure 7). Constitutively active ESR1
mutations such as Y537S in the ligand-binding-domain
(LBD) were observed as an acquired resistance mechanism
to hormonal therapy such as AIs.20−23 Both simulation20 and
cocrystal structures46,47 revealed a HB formation from the OH
group of the mutant residue Ser537 in H12 to Asp351 in H3,
thus adopting a stable agonist state which renders resistance to
existing endocrine therapies. Therefore, we wondered if a more
potent binder might be able to disrupt the HB between Ser537
and Asp351. Approved drug 1 at its clinically relevant dose and
our first-generation SERD/M 10 at 100 mg/kg once daily oral

Table 9. Preclinical ADME Profiling of 35

aProjected hepatic clearance using liver microsomes (mL/min/kg).
bProjected hepatic clearance using hepatocytes (mL/min/kg). cTotal
clearance in vivo (CL, mL/min/kg); volume of distribution at steady
state (Vss, L/kg); half-life (T1/2, h); 35 was dosed at a 1 mg/kg dose in
a solution of 10/60/30 DMSO/PEG400/water in rats (n = 3), or in a
solution of 10/60/30 EtOH/PEG400/water in dogs (n = 3) or
cynomolgus (cyno) monkey (n = 3). dF % is oral bioavailability with
35 dosed in a suspension of MCT. eAmorphous free base of 35 in a 1
mg/kg dose (n = 3). fCrystalline tartrate salt of 35 in a 100 mg/kg
dose (n = 3).

Figure 3. Compound 35 promoted ERα degradation across a panel of
ER+ breast cancer cell lines. Cells were treated with 1, 10, 11, and 35
(0.1 nM, 1 nM, 10 nM, 100 nM, or 1 μM) for 24 h.
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dose were both efficacious by slowing down the tumor growth,
while our second-generation SERD 11 was more efficacious by
inducing tumor regression at the 100 mg/kg dose (Figure 7a
and Figure S5 in the Supporting Information). Remarkably, 35
could achieve just as robust efficacy as 11, albeit at a 100-fold
lower dose (Figure 7b), underscoring the significant improve-
ment in oral exposure and drug potency/efficiency with respect
to antagonism and degradation of ERα. In addition, 35 at 1
mg/kg dose had a 10-fold less plasma concentration than 11 at
100 mg/kg, while promoting a 1.8-fold higher ERα turnover
(Figure S6 in the Supporting Information). Based on the in
vivo efficacy data demonstrating tumor regression in the PDX

models, 35 was projected to be efficacious at a low dose (∼1
mg, QD) in humans.
CDK4/6 inhibitors such as palbociclib (49) have been

approved as combination therapy with either AIs or 1,
transforming the landscape of standard of care therapies for
ER+ breast cancer.8,48,49 We therefore set out to study the
combination effect in an MCF-7 mouse xenograft model,
harboring wild-type ERα. Dosing of 1 as a single agent at its
clinically relevant dose showed resistance in this model, while
49 at 50 mg/kg once daily oral dose delayed the tumor growth
by 43% (Figure 8 and Figure S7 in the Supporting
Information). A combination of 1 and 49 proved to be similar

Figure 4. Compound 35 promoted rapid ERα degradation in MCF-7 breast cancer cell lines. (a) Western blot quantifying ERα level at six time
points (0.5, 1, 2, 4, 6, 24 h). MCF-7 cells were treated with 1, 10, 11, and 35 at 1 nM. (b) Time course of ERα degradation derived from the
Western blot. (c) Half-life of ERα calculated based on the time course for each test compound.

Figure 5. Consistent ER degradation and full ER suppression mediated by 35 resulted in strong activity in cellular viability assays. Dose response
curves are displayed measuring cell line viability using CellTiter-Glo at a range of compound concentrations in the (a) MCF-7 breast cancer cell
line, (b) T-47D breast cancer cell line, (c) CAMA-1 breast cancer cell line, (d) HCC1500 breast cancer cell line, and (e) anti-proliferation IC50
values of 1, 2a, 10, 11, and 35 in MCF-7, T-47D, CAMA-1, and HCC1500 cell lines.
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to 49 alone in delaying tumor growth. Remarkably, 35 by itself
at a suboptimal oral dose of 3 mg/kg once daily inhibited
tumor growth by 79%, while combination with 49 caused
tumor regression up to 108% after 24 days. All mice tolerated
treatment. In summary, 35 demonstrated increased efficacy in
combination with a CDK4/6 inhibitor 49 compared to each
agent alone in a tumor model that is resistant to 1.
In studies designed to assess the safety of the molecule, 35

was well tolerated in both female rats and female cynomolgus
monkeys and displayed an overall favorable safety profile. The

highest nonseverely toxic dose (HNSTD) in a 4-week toxicity
study in cynomolgus monkeys, the most sensitive preclinical
species, was approximately 190-fold higher than the projected
human efficacious exposure based on the HCI-013 ESR1Y537S

PDX tumor model. With a favorable in vitro and in vivo safety
profile, we selected 35 as our lead candidate for clinical
development.
Synthesis of 35 started with commercially available 2,2-

difluoropropane-1,3-diol (50, Scheme 1). Monoprotection of
the alcohols with tert-butyldiphenylsilyl chloride (TBDPSCl)

Figure 6. UWW assessment of 35, relative to other controls in immature rats. After oral administration of vehicle (0.5% methylcellulose/0.2%
Tween-80), EE (17α-ethynyl estradiol), 2a, 11, or 35 once daily for 4 days, uterine samples were collected from all groups. (a) Mean (±SEM) ratio
of uterine weights vs body weight is depicted by the dose group. The black dashed line indicates vehicle mean. Agonism was measured by an
increase of the uterine wet weight (UWW) ratio to the body weight. Inverse agonism was measured by a decrease of the UWW ratio. *Denotes
significance (p ≤ 0.05) compared to the vehicle. (b) Histology images are representative of each group with two uterine cross sections examined
and three measurements taken from each section (n = 6). Height of the surface epithelium of the endometrium is marked with a red line at 20×
magnification, from the basement membrane to the apical (luminal) surface using an internal digital pathology viewer.

Figure 7. Efficacy of 35 in an HCI-013 PDX breast cancer model harboring an ESR1Y537S mutant. HCI-013 ESR1Y537S PDX tumor bearing mice
were dosed once daily orally, except for 1 which was dosed subcutaneously (details in the Supporting Information), with (a) vehicle, 1 (50/25 mg/
kg), 10 (100 mg/kg), and 11 (100 mg/kg) for 28 days and (b) vehicle, 11 (100 mg/kg), and 35 (0.1, 1 mg/kg) for 29 days.
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gave intermediate 51, which was subsequently converted to
triflate 52 upon reaction with triflic anhydride. N-Alkylation of
(2R)-1-(1H-indol-3-yl)propan-2-amine (53) with triflate 52
led to compound 54 in excellent yield. Removal of the silyl
protecting group in 54, followed by Pictet−Spengler reaction41
with 4-bromo-2,6-difluorobenzaldehyde (56) yielded inter-
mediate 57 with a trans/cis ratio of 20:1. 57 was coupled with
Boc-protected azetidine (58) through a palladium-mediated
Buchwald coupling50 to give azetidine 59. Upon removal of the
Boc group in 59 with sulfuric acid, the resulting azetidine was
N-alkylated with 1-fluoro-3-iodopropane (60) to give the final
compound 35.

■ CONCLUSIONS

We disclose herein a lead optimization effort that resulted in an
oral SERD 35 (GDC-9545, giredestrant), whose overall profile
is superior to known SERDs and SERMs. Through property-
and structure-based drug design, we discovered a polar D-ring
replacement, difluoropropyl alcohol, which not only provided
multiple interactions with the ERα protein for excellent
potency but also modulated the physicochemical properties for
a better DMPK profile to enable oral dosing at a low
efficacious dose. We carried out a comprehensive SAR effort in
driving for maximum degradation efficiency which led to the
identification of basic degradation side chains with an NH-
azetidine linker. After profiling over 4000 compounds
encompassing multiple scaffolds with different mechanisms of
action, 35 emerged as our top lead with an overall best profile,
including antagonist, degradation, and antiproliferation po-
tency, DMPK properties, and in vivo efficacy and safety. In
addition to robust single agent activity in xenograft models, 35
in combination with other targeted therapies such as CDK4/6
inhibitors, was well-tolerated and resulted in greater efficacy
than each agent alone without any drug−drug interaction
liability. 35 is currently being tested in multiple clinical trials
including a Phase III trial for locally advanced or metastatic
breast cancer treatment (NCT04546009).

■ EXPERIMENTAL SECTION
All known chemicals (including compounds 1−3, 6−13, 49) and
solvents were used directly as received from commercial suppliers or
through custom synthesis. Syntheses and characterizations of
compounds 14−34 and 36−48 are in the Supporting Information.
1H NMR spectra were recorded on Bruker Avance 400 or 500
spectrometers. Chemical shifts are expressed in δ ppm referenced to
an internal standard, tetramethylsilane (δ = 0 ppm). Abbreviations
used in describing peak signals are br = broad signal, s = singlet, d =
doublet, dd = doublet of doublets, t = triplet, q = quartet, m =
multiplet. All final compounds were purified to have purity higher
than 95% by reverse phase high-performance liquid chromatography
(HPLC), supercritical fluid chromatography (SFC), or normal phase
silica gel chromatography flash chromatography. The purity was
assessed by reverse phase HPLC with an isocratic gradient of 5−95%
acetonitrile in water (with either acid or base modifier) and

Figure 8. Efficacy of 35 in an MCF-7 xenograft tumor model. MCF-7
tumor bearing mice were dosed once daily orally, except for 1 which
was dosed subcutaneously, with vehicle, 1 (50/25 mg/kg), palbociclib
(50 mg/kg), 35 (3 mg/kg), a combination of 1 (50/25 mg/kg) and
palbociclib (50 mg/kg), or a combination of 35 (3 mg/kg) and
palbociclib (50 mg/kg) for 26 days.

Scheme 1. Synthesis of 35a

aReagents and conditions: (a) TBDPSCl, NaH, THF, 0−20 °C, 72%; (b) Tf2O, 2,6-lutidine, DCM, 0 °C, 91%; (c) (2R)-1-(1H-indol-3-yl)propan-
2-amine (53), DIPEA, 1,4-dioxane, 90 °C, 87%; (d) TBAF, THF, 25 °C, 87%; (e) 4-bromo-2,6-difluorobenzaldehyde (56), HOAc, toluene, 90 °C,
71%; (f) tert-butyl 3-aminoazetidine-1-carboxylate (58), Pd2(dba)3, Xantphos, Cs2CO3, 1,4-dioxane, 110 °C, 69%; (g) H2SO4, 1,4-dioxane, 25 °C;
then 1-fluoro-3-iodopropane (60), DIPEA, DMF, 25 °C, 15% for two steps.
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monitored by an ultraviolet diode array detection at wavelength 254
nm. Optical rotation was recorded using an Autopol VI automatic
polarimeter from Rudolph Research Analytical. Liquid chromatog-
raphy mass spectrometry (LCMS) spectra were recorded on a liquid
chromatograph−mass spectrometer in electrospray positive (ES+)
mode. High-resolution mass spectra (HRMS) experiments were
performed on a Dionex LC Ultimate 3000 coupled with a Thermo
Scientific Q Exactive Orbitrap mass spectrometer using ESI as the
ionization source and a Phenomenex XB-C18, 1.7 mm, 50 mm × 2.1
mm column with a 0.7 mL/min flow rate at 40 °C for liquid
chromatography (LC) separation. Solvent A was 0.1% formic acid in
water, and solvent B was 0.1% formic acid in acetonitrile. The
gradient consisted of 2−98% solvent B over 7 min and held at 98% B
for 1.5 min following equilibration for 1.0 min. The LC was
monitored by UV absorbance at 220 and 254 nm. MS full scans with
35 000 resolution were applied to all experiments.
3-((tert-Butyldiphenylsilyl)oxy)-2,2-difluoropropan-1-ol

(51). To a stirred solution of 2,2-difluoropropane-1,3-diol (50, 200
mg, 1.78 mmol) in THF (4 mL) on an ice bath was added NaH (60%
dispersion in mineral oil, 71 mg, 1.78 mmol), and the reaction mixture
was stirred for 30 min. TBDPSCl (490 mg, 1.78 mmol) was added to
the reaction mixture dropwise. Then the reaction mixture was warmed
up to 20 °C and stirring continued for 3 h. Water (10 mL) was slowly
added to the reaction mixture and the resulting mixture was extracted
with EtOAc (10 mL × 2). The combined organic layer was dried over
anhydrous Na2SO4, filtered, and concentrated via rotovap. The crude
residue was purified by silica gel column chromatography (20%
petroleum ether in EtOAc) to afford the title compound (450 mg,
1.28 mmol, 72% yield) as a light yellow oil. 1H NMR (400 MHz,
CDCl3) δ 7.71−7.64 (m, 4H), 7.44−7.36 (m, 6H), 3.96−3.84 (m,
4H), 1.86 (s, 1H), 1.06 (s, 9H).
3-((tert-Butyldiphenylsilyl)oxy)-2,2-difluoropropyl trifluoro-

methanesulfonate (52). To a stirred solution of 3-[tert-butyl-
(diphenyl)silyl]oxy-2,2-difluoro-propan-1-ol (51, 400 mg, 1.14 mmol)
and 2,6-lutidine (0.39 mL, 3.42 mmol) in DCM (8 mL) on an ice
bath was added Tf2O (0.38 mL, 2.28 mmol) dropwise. The reaction
mixture was stirred at 20 °C for 2 h. The reaction mixture was then
poured into ice water (20 mL) slowly, and the mixture was extracted
with DCM (20 mL × 2). The combined organic layer was washed
with 1 N HCl (20 mL), saturated NaHCO3 (20 mL), and brine. The
organic layer was dried over anhydrous Na2SO4, filtered, and
concentrated via rotovap. The crude residue was purified by silica
gel column chromatography (10% petroleum ether in EtOAc) to
afford the desired product (500 mg, 1.04 mmol, 91% yield) as a light
yellow oil. 1H NMR (400 MHz, CDCl3) δ 7.66−7.64 (m, 4H), 7.47−
7.41 (m, 6H), 4.76 (t, J = 7.6 Hz, 2H), 3.89 (t, J = 7.6 Hz, 2H), 1.08
(s, 9H).
(R ) -N - ( 1 - ( 1H - I ndo l - 3 - y l ) p r opan - 2 - y l ) - 3 - ( ( t e r t -

butyldiphenylsilyl)oxy)-2,2-difluoropropan-1-amine (54). A
mixture of [3-[tert-butyl(diphenyl)silyl]oxy-2,2-difluoro-propyl] tri-
fluoromethanesulfonate (52, 8.31 g, 17.22 mmol), DIPEA (6.1 mL,
34.44 mmol), and (2R)-1-(1H-indol-3-yl)propan-2-amine (53, 3.0 g,
17.22 mmol) in 1,4-dioxane (60 mL) was stirred at 90 °C for 12 h.
After being cooled to room temperature, the reaction mixture was
diluted with water (100 mL) and was extracted with EtOAc (100 mL
× 2). The combined organic layer was dried over anhydrous Na2SO4,
filtered, and concentrated via rotovap. The crude residue was purified
by silica gel column chromatography (20% EtOAc in petroleum
ether) to afford the title compound (7.6 g, 87% yield) as a yellow oil.
1H NMR (400 MHz, CDCl3): δ 7.90 (br s, 1H), 7.66−7.58 (m, 5H),
7.45−7.31 (m, 7H), 7.20−7.07 (m, 2H), 6.98 (d, J = 2.4 Hz, 1H),
3.86−3.78 (m, 2H), 3.21−3.07 (m, 3H), 2.90−2.76 (m, 2H), 1.11 (d,
J = 6.4 Hz, 3H), 1.04 (s, 9H). LCMS (ESI) m/z: 507.2 [M + H]+.
(R)-3-((1-(1H-Indol-3-yl)propan-2-yl)amino)-2,2-difluoropro-

pan-1-ol (55). To a stirred solution of (R)-N-(1-(1H-indol-3-
yl)propan-2-yl)-3-((tert-butyldiphenylsilyl)oxy)-2,2-difluoropropan-1-
amine (54, 7.6 g, 15 mmol) in THF (100 mL) at room temperature
was added TBAF (1.0 M in THF, 30 mL, 30 mmol). The reaction
mixture was stirred at 25 °C for 4 h, then diluted with water (200
mL), and was extracted with EtOAc (200 mL × 3). The combined

organic layer was dried over anhydrous Na2SO4, filtered, and
concentrated to dryness. The crude residue was purified by silica
gel column chromatography (70% EtOAc in petroleum ether) to
afford the title compound (3.5 g, 87% yield) as a light yellow oil. 1H
NMR (600 MHz, CDCl3): δ 8.06 (br s, 1H), 7.58 (ddd, J = 7.9, 1.9,
0.8 Hz, 1H), 7.38 (ddd, J = 8.2, 0.9, 0.9 Hz, 1H), 7.21 (ddd, J = 8.1,
7.0, 1.2 Hz, 1H), 7.13 (ddd, J = 8.0, 7.0, 1.0 Hz, 1H), 7.03 (d, J = 2.3
Hz, 1H), 3.91−3.77 (m, 2H), 3.24−3.14 (m, 1H), 3.13−3.03 (m,
2H), 2.90−2.80 (m, 2H), 1.17 (d, J = 6.3 Hz, 3H). 13C NMR (101
MHz, CDCl3): δ 136.4, 127.6, 122.6, 122.2, 120.5 (t, 1JCF = 243 Hz),
119.5, 118.8, 112.6, 111.3, 65.1 (t, 2JCF = 31 Hz), 53.5, 50.6 (t, 2JCF =
29 Hz), 32.9, 20.4. 19F NMR (CDCl3, 376 MHz): δ − 110.1 (d, J =
259.8 Hz), − 111.1 (d, J = 257.9 Hz). LCMS (ESI) m/z: 268.9 [M +
H]+.

3-((1R,3R)-1-(4-Bromo-2,6-difluorophenyl)-3-methyl-3,4-di-
hydro-1H-pyrido[3,4-b]indol-2(9H)-yl)-2,2-difluoropropan-1-
ol (57). A mixture of (R)-3-((1-(1H-indol-3-yl)propan-2-yl)amino)-
2,2-difluoropropan-1-ol (55, 20 g, 74.54 mmol), acetic acid (12.91
mL, 223.63 mmol), and 4-bromo-2,6-difluorobenzaldehyde (56,
16.47 g, 74.54 mmol) in toluene (400 mL) was stirred at 90 °C for
12 h. The reaction mixture was diluted with water (500 mL) and was
extracted with EtOAc (500 mL × 2). The combined organic layer was
dried over anhydrous Na2SO4, filtered, and concentrated via rotovap.
The crude residue was purified by silica gel column chromatography
(20% EtOAc in petroleum ether) to afford the title compound (24.8
g, 71% yield, trans/cis = 20/1) as a light yellow solid. 1H NMR (400
MHz, CDCl3): δ 7.56−7.51 (m, 1H), 7347 (br s, 1H), 7.26−7.22 (m,
1H), 7.19−7.08 (m, 4H), 5.27 (s, 1H), 3.80−3.64 (m, 3H), 3.34−
3.19 (m, 1H), 3.14−3.03 (m, 2H), 2.93−2.76 (m, 1H), 2.69 (ddd, J =
15.6, 4.3, 1.4 Hz, 1H), 1.19 (d, J = 6.6 Hz, 3H). 13C NMR (101 MHz,
CDCl3): δ 161.9 (dd, 1JCF = 256.6 Hz, 3JCF = 8.2 Hz), 136.4, 129.8,
127.3, 122.8 (t, 3JCF = 12.6 Hz), 122.1, 121.4 (t, 1JCF = 245.2 Hz),
119.7, 118.4, 116.3 (d, 2JCF = 26.0 Hz), 116.2 (d, 2JCF = 26.3 Hz),
115.4 (t, 2JCF = 14.5 Hz), 110.9, 108.6, 63.7 (t, 2JCF = 30.9 Hz), 52.1
(t, 2JCF = 30.2 Hz), 51.6, 51.1, 26.8, 12.6. 19F NMR (376 MHz,
CDCl3): δ − 106.9 (d, J = 259.8 Hz), − 107.7 (d, J = 260.6 Hz), −
110.0. LCMS (ESI) m/z: 470.9 [M + H]+.

tert-Butyl 3-((4-((1R,3R)-2-(2,2-difluoro-3-hydroxypropyl)-3-
methyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)-3,5-
difluorophenyl)amino)azetidine-1-carboxylate (59). A mixture
of 3-((1R,3R)-1-(4-bromo-2,6-difluorophenyl)-3-methyl-3,4-dihydro-
1H-pyrido[3,4-b]indol-2(9H)-yl)-2,2-difluoropropan-1-ol (57, 24.8 g,
52.62 mmol), Pd2(dba)3 (4.82 g, 5.26 mmol), Xantphos (6.09 g, 10.5
2 mmol), Cs2CO3 (51.44 g, 157.86 mmol), and tert-butyl 3-
aminoazetidine-1-carboxylate (58, 13.59 g, 78.93 mmol) in 1,4-
dioxane (300 mL) was stirred at 110 °C for 3 h under N2 atmosphere.
The reaction mixture was cooled to 25 °C and was diluted with water
(500 mL), extracted with EtOAc (500 mL × 2). The combined
organic layer was dried over anhydrous Na2SO4, filtered, and
concentrated. The crude residue was purified by silica gel column
chromatography (20% petroleum ether in EtOAc) to afford the title
compound (20.5 g, 69% yield, trans/cis = 20/1) as a yellow solid. 1H
NMR (400 MHz, CDCl3): δ 7.68−7.33 (m, 4H), 7.12−7.00 (m, 2H),
5.92 (d, J = 12.0 Hz, 2H), 5.03 (s, 1H), 4.62 (dd, J = 6.0, 6.0 Hz, 1H),
4.20−3.85 (m, 4H), 3.22−2.53 (m, 7H), 1.36 (s, 9H), 1.07 (d, J = 6.5
Hz, 3H). LCMS (ESI) m/z: 563.0. [M + H]+.

3-((1R,3R)-1-(2,6-difluoro-4-((1-(3-fluoropropyl)azetidin-3-
yl)amino)phenyl)-3-methyl-1,3,4,9-tetrahydro-2H-pyrido[3,4-
b]indol-2-yl)-2,2-difluoropropan-1-ol (35). To a solution of tert-
butyl 3-((4-((1R,3R)-2-(2,2-difluoro-3-hydroxypropyl)-3-methyl-
2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indol-1-yl)-3,5-difluorophenyl)-
amino)azetidine-1-carboxylate (59, 20.5 g, 36.44 mmol) in 1,4-
dioxane (194 mL) on an ice bath was added concentrated sulfuric
acid (19.42 mL, 364.38 mmol) dropwise. The reaction mixture was
stirred at 25 °C for 0.5 h. The reaction mixture was then poured into
saturated aqueous NaHCO3 solution (800 mL) and was extracted
with EtOAc (600 mL × 2). The combined organic layer was dried
over anhydrous Na2SO4, filtered, and concentrated to afford 3-
((1R,3R)-1-(4-(azetidin-3-ylamino)-2,6-difluorophenyl)-3-methyl-
3,4-dihydro-1H-pyrido[3,4-b]indol-2(9H)-yl)-2,2-difluoropropan-1-ol
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(18.0 g, crude, trans/cis = 20/1) as a yellow solid. The crude residue
was carried over to the next step directly. 1H NMR (400 MHz,
MeOD): δ 7.39−7.36 (m, 1H), 7.19−7.17 (m, 1H), 7.01−6.92 (m,
2H), 6.13−6.06 (m, 2H), 5.15 (s, 1H), 4.29−4.26 (m, 1H), 3.88−
3.59 (m, 4H), 3.31−2.61 (m, 7H), 1.12 (d, J = 6.5 Hz, 3H). LCMS
(ESI) m/z: 463.0 [M + H]+.
A mixture of 3-((1R,3R)-1-(4-(azetidin-3-ylamino)-2,6-difluoro-

phenyl)-3-methyl-3,4-dihydro-1H-pyrido[3,4-b]indol-2(9H)-yl)-2,2-
difluoropropan-1-ol (18.0 g, 38.92 mmol), DIPEA (19.3 mL, 116.76
mmol), and 1-fluoro-3-iodopropane (60, 7.32 g, 38.9 2 mmol) in
DMF (180 mL) was stirred at 25 °C for 12 h. The reaction mixture
was diluted with EtOAc (500 mL) and was washed with brine (500
mL × 3). The combined organic layer was dried over anhydrous
Na2SO4, filtered, and concentrated via rotovap. The crude residue was
purified by silica gel column chromatography (10% MeOH in DCM)
to afford the desired product (7.1 g, 85% purity) as a yellow oil. The
resulting residue was further purified by reverse phase HPLC
(acetonitrile 40−75/0.05% NH4OH in water) and chiral SFC (AD
250 mm × 50 mm, 10 μm; supercritical CO2/EtOH (0.1% NH3·
H2O) = 40/40 at 200 mL/min) to afford the title compound (2.85 g,
15% yield for two steps) as a light yellow solid. 1H NMR (400 MHz,
CD3OD) δ 7.39 (d, J = 7.2 Hz, 1H), 7.19 (d, J = 8.0 Hz, 1H), 7.01−
6.93 (m, 2H), 6.11 (d, J = 12.0 Hz, 2H), 5.16 (s, 1H), 4.52−4.38 (m,
2H), 4.05−4.03 (m, 1H), 3.80−3.74 (m, 3H), 3.63−3.42 (m, 2H),
3.20−3.10 (m, 1H), 2.96−2.92 (m, 3H), 2.82−2.71 (m, 1H), 2.64−
2.58 (m, 3H), 1.81−1.68 (m, 2H), 1.14 (d, J = 6.4 Hz, 3H). 13C
NMR (126 MHz, DMSO-d6) δ 164.09, 164.00, 162.14, 162.05,
149.69, 149.57, 149.46, 136.70, 133.22, 127.37, 125.94, 124.01,
122.08, 120.74, 118.53, 117.89, 111.38, 106.66, 103.68, 103.55,
103.42, 95.54, 95.32, 83.16, 81.88, 61.63, 61.17, 60.94, 60.72, 55.32,
55.28, 51.45, 50.91, 50.11, 49.90, 49.68, 43.47, 40.61, 40.52, 40.44,
40.35, 40.27, 40.18, 40.02, 39.85, 39.68, 39.51, 28.82, 28.66, 26.79,
14.45, 0.58. HRMS (ESI) m/z: [M + H]+ Calcd for C27H32N4OF5
523.2491; Found 523.2484.
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■ ABBREVIATIONS USED
ADME, absorption, distribution, metabolism, and excretion
profile; AI, aromatase inhibitors; CO2, carbon dioxide; DCM,
dichloromethane; DIPEA, N,N-diisoproylethylamine; DMF,
dimethylformamide; DMPK, drug metabolism and pharmaco-
kinetics; EE, ethinyl estradiol; ERα, estrogen receptor alpha;
ER+, estrogen receptor positive; ES+, electrospray positive;
EtOAc, ethyl acetate; HB, hydrogen bond; HCl, hydrogen

chloride; hERG, human ether-a-̀go-go-related gene; HNR,
human nuclear receptors; HPLC, high performance liquid
chromatography; HRMS, high-resolution mass spectra; IF,
immunofluorescent; LBD, ligand binding domain; LC, liquid
chromatography; LC-MS, liquid chromatography-mass spec-
trometry; LLE, ligand-lipophilicity efficiency; LM, liver micro-
somes; MCT, methylcellulose tween 80; MDCK, Madin−
Darby canine kidney; MeOH, methanol; N2, nitrogen;
Na2SO4, sodium sulfate; NaH, sodium hydride; NaHCO3,
sodium bicarbonate; NH4OH, ammonium hydroxide; NMR,
nuc l e a r magne t i c r e sonance ; Pd 2 (dba) 3 , t r i s -
(dibenzylideneacetone)dipalladium(0); PDX, patient derived
xenograft; PK, pharmacokinetic; SAR, structure activity
relationship; SERD, selective estrogen receptor degrader;
SERM, selective estrogen receptor modulator; SFC, super-
critical fluid chromatography; Sinf, saturation infinity; TBAF,
tetra-N-butylammonium fluoride; TBDPSCl, tert-butyldiphe-
nylsilyl chloride; TDI, time dependent inhibition; THC,
tetrahydrocarboline; THF, tetrahydrofuran; Tf2O, triflate
anhydride; UWW, uterine wet-weight; Xantphos, 4,5-bis-
(diphenylphosphino)-9,9-dimethylxanthene.
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