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ABSTRACT: The programmed cell death protein 1 (PD-1) signaling axis is among the most important therapeutic targets in modern oncol-

ogy. Aurigene Discovery Technologies Ltd. (Aurigene) has patented a series of peptidomimetic small molecules derived from the PD-1 pro-
gy g ry g g P pep P

tein sequence for use in targeting the interaction between PD-1 and its ligand, PD-L1. We evaluated three of Aurigene’s most potent com-

pounds in SPR binding assays. Our results showed that these compounds — each of which is known to be potently effective in a splenocyte

recovery assay — do not directly inhibit the PD-1/PD-L1 interaction, nor do they appear to bind to either of the constituent proteins, indicat-

ing that another mechanism is at play. As a result of these studies and upon consideration of structural features within the PD-1/PD-L1 com-

plex, we hypothesize that the Aurigene molecules may interact with a currently unknown protein capable of regulating the PD-1 axis.

Programmed cell death protein 1 (PD-1) and its ligand (PD-L1)
are transmembrane immunosuppressive checkpoint proteins.'
PD-1 is expressed on activated T cells, and PD-L1 is expressed on
somatic tissue and antigen-presenting cells.”® The binding interac-
tion between PD-1 and PD-L1 causes a down-regulation of T cell
proliferative gene expression, thus disrupting cytotoxic activity.
Certain aggressive cancers, such as pancreatic cancer, breast can-
cers, and non-small lung carcinomas have evolved to overexpress
PD-L1 as a means of immune evasion.** In these cases, PD-L1 ex-
presses constitutively, allowing the tumor to masquerade as im-
mune privileged tissue and evade detection.>® Overexpression of

PD-L1 is therefore a strong prognostic biomarker in oncology.”"

Table 1. A List of Current FDA-approved Immunotherapeutics
that Block the PD-1/PD-L1 interaction.!*”

FDA
name company target approval year
nivolumab Bristol-Myers Squibb PD-1 2014
pembrolizumab  Merck PD-1 2014
atezolizumab Genentech/Roche PD-L1 2016
avelumab Merck PD-L1 2017
durvalumab AstraZeneca PD-L1 2017
cemiplimab Regeneron/Sanofi PD-1 2018

Pharmaceutical companies have sought to develop modulators
for the PD-1/PD-L1 interaction to recover lymphocyte activity.
Current treatments are antibody-based therapies targeting either
PD-1 or PD-L1 (Table 1). Despite the remarkable therapeutic
success of these antibodies,"*”"** there are considerable drawbacks
such as poor bioavailability, immunogenicity, and the high cost of
large-scale production.'*”*”” Small molecule inhibitors have the
potential to overcome these obstacles, and multiple research
groups are pursuing this objective.”®*" However, there are currently
no FDA-approved small molecule inhibitors capable of blocking
the PD-1/PD-L1 interaction.>"*?

?/NHQ o
H o : ka?OH HO N ?ANHZ
N ‘)\(\
HO N N \7/\NH
1 2
R I
\ \\ OO\/OH o o) O
= oo A 3 )
&‘%{ = N N /lL /\\/NI;/
N N-o H H?)/ N )
~
3 4

Figure 1. Compounds used for the present study. Compounds 1-3 are
patented immunomodulators from Aurigene, hypothesized to disrupt
the PD-1/PD-L1
inhibitor developed by Bristol-Myers Squibb, employed here as a posi-

interaction. Compound 4 is a known

tive control.
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Figure 2. The Aurigene compounds (1-3) show no inhibition between 30 nM and 30 pM for PD-1 flowing over PD-L1. Soluble PD-1 was flowed
across surface-bound PD-L1 with and without test compounds at varying concentrations. The response is normalized to the control protein interac-
tion (PD-1 only). Responses were measured in triplicate and error bars represent standard deviation.
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Figure 3. The Aurigene compounds (1-3) show no inhibition between 300 nM and 300 uM for PD-L1 flowing over PD-1. Soluble PD-L1 was
flowed across surface-bound PD-1 with and without test compounds at varying concentrations. The response is normalized to the control protein
interaction (PD-L1 only). Responses were measured in triplicate and error bars represent standard deviation.

Aurigene has an extensive patent portfolio of peptides and pep-
tidomimetic small molecules that mimic various regions of the
PD-1 protein sequence. The most promising peptidomimetic com-
pounds are reported to exhibit nanomolar potency in a phenotypic
cell-based splenocyte recovery assay that Aurigene uses to scout for
PD-1/PD-L1 inhibitors.”**” However, no direct protein binding
experiments have been reported for this family of small molecules.
We selected three of the most promising compounds (Figure 1)
from three recent patents® and aimed to characterize them using
new surface plasmon resonance (SPR)-based methods. Each test

compound was chosen with an eye toward maximizing both poten-
cy and drug-like properties, while optimally representing the com-
pounds claimed within each patent.

Using SPR, we developed inhibition assays to detect how bind-
ing between the extracellular domain of PD-1 and the extracellular
domain of PD-L1 is affected in the presence of the Aurigene com-
pounds (refer to Figures S1 and S2 in the Supporting Information
for sensorgrams showing PD-1/PD-L1 binding). In our first inhibi-
tion assay (Figure 2), biotinylated PD-L1 was adsorbed on a
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Figure 4. The binding interface between PD-1 and PD-L1, together with an illustration of the discovery process leading to Aurigene’s lead com-
pounds. PD-1 and PD-L1 are shown in cartoon representation (orange) and surface representation (blue) respectively. Residues highlighted in sticks
are the residues the patent compounds are derived from. A) Left: Residues (57-63, 95-99, 127-136) of the PD-1 protein. Right: Patented peptide
derived as a structural analogue to the region. B) Left: Residues (57-63) of the PD-1 protein. Right: Patented macrocyclic compound derived as a
structural analogue to the region. C) Left: Residues (57-59) of the PD-1 protein. Right: Small molecule peptidomimetic derived as a structural ana-

logue to the region.

streptavidin-coated gold chip (SA chip). Varied concentrations
(ranging from 30 nM - 30 yM concentrations) of Aurigene com-
pounds 1-3 were titrated over a flow cell in the presence of recom-
binant soluble PD-1 (corresponding to residues P34-E150 of the
native protein).

The binding responses were normalized to PD-1 binding to
PD-L1 (control). Compounds acting as inhibitors of the
PD-1/PD-L1 interaction would decrease the binding response
relative to the control. To validate the assay, we used a known
PD-1/PD-L1 inhibitor from Bristol-Myers Squibb as a positive
control (compound 4, data shown in yellow).”” Previous studies
have shown that compound 4 induces a dimerization of the PD-L1

proteins, preventing PD-1 from binding.*** As expected, com-
pound 4 showed effective in vitro inhibition at both low concentra-
tions (30 nM) and high concentrations (30 uM). For titration data
associated with 4, see Figures S3 and S4.

When compounds 1-3 were tested in this assay, we observed no
change in binding between the two proteins (Figure 2). Moreover,
in the absence of PD-1 protein (data shown in hashed columns)
the Aurigene compounds 1-3 also elicited little signal variance
between 30 nM and 30 pM, suggesting that there is no directly
observable binding to PD-L1. While a very small signal was likewise
observed for 4 in the absence of PD-1, this is consistent with the
known 2:1 binding mode between PD-L1 and compound 4. Such



behavior would effectively double the molecular weight of the re-
ceptor (since 4 binds to a PD-L1 homodimer, rather than to mon-
omeric PD-L1), while reducing the density of receptor on the sur-
face of the chip (since not all surface-bound proteins would be able
to homodimerize). The result would be very weak signal, since SPR
response is proportional to both the ratios of the molecular weights
of the two interacting species, and to the immobilization density.

We repeated the inhibition experiment, this time attaching bioti-
nylated PD-1 to the gold surface and flowing recombinant PD-L1
protein (corresponding to residues A18-T239, chosen to represent
both extracellular domains of the native protein) across the chip
along with various concentrations of 1-4 (Figure 3). This type of
reciprocal binding assay serves as an important control for binding
artefacts in SPR experiments. Once again, the positive control mol-
ecule (4) was observed to inhibit the interaction (data shown in
yellow), although in this case higher concentrations of 4 were re-
quired because of the high concentration of PD-L1 required in the
experiment. These data provide additional support for the earlier
study determining PD-L1 as the biological target for compound 4.

As in the previous assay, however, the Aurigene compounds 1-3
showed no inhibition of the PD-1/PD-L1 interaction (Figure 3),
nor did they appear to elicit any statistically significant binding to
adsorbed PD-1. At very high concentrations (300 uM), Aurigene
compounds 1 and 2 gave an increase in SPR response (i.e. negative
inhibition), but this is likely due either to molecules nonspecifically
adsorbing to the attached protein or else to compound precipita-
tion. The same results were observed in our assay for soluble PD-1
flowed over another adsorbed binding partner, PD-L2 (Figure S6).
Compound 4 was also shown to not inhibit the PD-1/PD-L2 inter-
action and showed no sign of binding directly to PD-L2, highlight-
ing the specificity of the BMS compound.

Seeking confirmation of these results in an orthogonal assay
type, we also briefly explored the function of compound 1 in a
commercial ELISA assay for PD-1/PD-L1 inhibitors (Figure S8).
Once again, however, we saw no significant inhibitory activity.
Positive controls (including compound 4 and two related inhibitors
from Bristol-Myers-Squibb, as well as a known antibody inhibitor)
all worked as expected, once again validating the assay.

Aurigene characterized the efficacy of their lead compounds us-
ing a phenotypic cell-based assay built around splenocyte recovery
as a proxy for immune activation. Compounds 1-3 triggered high
recovery in this experiment (68%, 93%, and 92%, respectively, rela-
tive to an uninhibited positive control) at 100 nM.*"* The limited
experimental data in Aurigene’s patents (including controls with
PD-L1 in the absence of small molecule) suggest that the pheno-
type was PD-L1 specific. But as we have shown above, the results
from Aurigene’s cell-based assays cannot be attributed to direct
inhibition of PD-1/PD-L1 binding. Instead, it would appear that an
alternative mechanism is responsible for the observed phenotypic
effect.

Despite the recent appearance of a number of papers related to
PD-1/PDL-1
there is little explanation of how the Aurigene

small molecule modulation of the

interaction, #3141+
compounds exert their function. However, a close reading of Auri-
gene’s patent portfolio provides some insight into the development
of this class of small molecules. Aurigene’s early patent filings

claimed large peptides that mimic a significant portion of the PD-1

extracellular domain (Figure 4A).* This includes much of the
PD-L1 binding interface, and so it is likely that these large peptides
would be competitive inhibitors of the PD-1/PD-L1 interaction.
Attempts to achieve more drug-like properties, however, led to
subsequent filings describing the development of macrocyclic pep-
tides that mimic the 7-residue BC-loop (Figure 4B).** The most
recent filings further refine the structure (and, presumably, improve
the pharmacokinetic properties) by developing small tripeptides
and peptidomimetic analogues that mimic the central serine-
asparagine-threonine tripeptide of this loop (Figure 4C).****” This
is the strategy that ultimately led to small molecules 1-3.

Critically, however, the BC-loop (and particularly the region
mimicked by 1-3) points away from the PD-L1 binding interface
(Figure 4B) and so it is unclear why these molecules would be ex-
pected to be direct binding inhibitors, notwithstanding their appar-
ent potency in cell-based assays and the fact that they are referred
to (with little supporting data) in Aurigene’s patents®*~* and subse-
quent reviews”®*>* as inhibitors of the PD-1/PD-L1 interaction.

While it is possible that there is some key difference (e.g. glyco-
sylation state) between our in vitro system and the ‘real-life’ PD-1
and PD-L1 proteins expressed on the surface of T cells and antigen
presenting cells, a more likely scenario is that the compounds do
mimic the PD-1 surface as intended, but that this serves not to di-
rectly disrupt binding with the PD-L1 protein as has been assumed,
but perhaps to modulate the function of some other PD-1 binding
partner. Both PD-1 and PD-L1 are thought to participate in regula-

tory binding interactions with other proteins,***’

and we hypothe-
size that one or more of these might be the true biological target of
1-3.

In 2015, Curis Inc. initiated clinical trials with a small molecule
called CA-170, that had been developed at Aurigene.* The exact
structure of CA-170 has yet to be disclosed, but this lead candidate
apparently emerged from a focused library at Aurigene that was
designed to exploit hotspots within the PD-1/PD-L1 complex.* In
a recent review by two of the inventors of the Aurigene molecules
1-3, it is stated that CA-170 was designed to target one or more
conserved pockets found in PD-L1 and VISTA, a non-redundant
immunosuppressing protein of the B7-superfamily.”® These authors
are careful to not indicate whether CA-170 is structurally related to
compounds 1-3, but two subsequent reviews (from two different
groups) both speculate that CA-170 is related to Aurigene’s earlier
disclosed compounds.®®' One of these recent reviews asserts that
CA-170 is an oxadiazole (like compounds 2 and 3),* while the
other describes CA-170 as a molecule capable of disrupting the
PD-1/PD-L1 complex.SO The existence of a clinical candidate that is
likely related to compounds 1-3, and that is thought to function
through direct blockade of PD-1/PD-L1 binding, provides
motivation to better understand the function for this series of small
molecules. In this study, we performed surface-plasmon resonance
assays to test the hypothesis of direct protein binding inhibition
and found that none of the compounds tested can disrupt the inter-
action between soluble PD-1 and adhered PD-L1 or between solu-
ble PD-L1 and adhered PD-1. Preliminary testing also did not re-
veal binding of 1-3 to surface-bound VISTA (Figure S7). Based on
these data and an analysis of structural features of the PD-1/PD-L1
interaction (and particularly the region of the PD-1 BC-loop from
which Aurigene’s lead compounds were derived) we hypothesize



that this family of small molecules may regulate the function of

some other PD-1 binding partner.*
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Figure S1. Representative sensorgrams for PD-1 binding to surface-bound PD-L1. The legend indicates
the concentration of PD-1 used in each duplicate experiment.
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Figure S2. Representative sensorgrams for PD-L1 binding to surface-bound PD-1. The legend indicates
the concentration of PD-L1 used in each duplicate experiment.

S2



130

110

20

70

Op——————————————

30F

Normalized Response (%)

0.1 1 10
[Compound 4] (LM)

Figure S3. Titration of compound 4 as an inhibitor of soluble PD-1 (at 15 uM) binding to a PD-L1 SA chip.
The measured ICso was 2.2 uM. This is a much higher than the typical nanomolar potency reported for
compound 4 (see references 29 and 38—40, as well as the data in Figure 2, Figure 3, and Figure S8), due

to the extremely high protein concentrations necessary to observe saturation of binding within the
experiment.
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Figure S4. Complete SPR data (including measurements with and without soluble PD-1) demonstrating
inhibition of the PD-1/PD-L1 interaction with compound 4. Soluble PD-1 (at 15 uM) was flowed across
surface-bound PD-L1 with and without compound 4 at varying concentrations. The response is
normalized to the control protein interaction (PD-1 only). Error bars represent variance between
duplicate analyses. Hashed bars indicate control experiments performed with no PD-1 protein.
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Figure S5. Measurement of the affinity for soluble PD-1 to surface-bound PD-L2. The effective Ky for the
interaction was determined to be 199 nM by SPR.
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Figure S6. Neither the Aurigene compounds (1-3) nor the BMS compound (4) were effective inhibitors
of the PD-1/PD-L2 interaction, nor do any of the tested compound bind directly to surface-bound PD-L2.
Soluble PD-1 was flowed across surface-bound PD-L2 with and without test compounds at various
concentrations. The response is normalized to the control protein concentration (PD-1 only). Responses
were measured in triplicate and error bars represent standard deviation. Hashed bars indicate control
experiments performed with no PD-1 protein.
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Figure S8. In a confirmatory ELISA assay, three compounds claimed by BMS (4-6) showed potent
inhibition of the PD-1/PD-L1 interaction, but the Aurigene compound 1 showed no significant inhibition.
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Materials and Methods

1. Expression, Refolding, and Purification of Extracellular PD-L1

E. coli BL21(DE3) cells were transfected with a pET28a(+) vector containing the sequence for the
extracellular region of PD-L1 (A18-T239) with codon usage optimized for expression in E. coli. Cells were
cultured in LB media treated with 50 pg/mL Kanamycin at 37 °C to an ODgq of 0.9. PD-L1 expression as
insoluble inclusion bodies was then induced with the addition of 1 mM IPTG. The cells were cultured for
a further 5 hours before being collected by centrifugation. Cell pellets from 1 L culture were
resuspended in 35 mL phosphate-based saline (137 mM NaCl, 2.7 mM KCl, 10 mM Na,HPQO,, 1.8 mM
KH,PO,, pH 7.4) treated with protease inhibitors (Roche), and lysed by sonication. Inclusion bodies
containing PD-L1 were collected from the cell lysate by centrifugation at 15,000 RPM for 20 minutes.
Inclusion body pellets were then washed three times by resuspension in wash buffer followed by
centrifugation. The first two washes were performed using a buffer containing 50 mM Tris, pH 8.0, 200
mM NaCl, 10 mM EDTA, 0.5% (v/v) Triton-X100, 10 mM DTT. The final wash was done in the same buffer
excluding the detergent. Washed inclusion body pellets from 1 L original culture were resolubilized by
shaking for 1 hour at 37°C in 20 mL resolubilization buffer (50 mM Tris buffer, pH 8.0, 5 M guanidine,
200 mM NaCl, 20 mM DTT). Resolubilized PD-L1 was refolded by drop-wise dilution 100-fold into
refolding buffer (100 mM Tris, pH 8.0, 1 M arginine, 0.5 mM glutathione,,, 2 mM glutathione,). The
refolding mixture was then concentrated by tangential flow filtration before being dialyzed into gel
filtration buffer (10 mM Tris, pH 8.0, 20 mM NaCl). Folded PD-L1 was separated from misfolded
aggregates and contaminants by size exclusion chromatography using a 16/60 Superdex 75 column (GE
Healthcare) equilibrated with 10 mM Tris, pH 8.0, 20 mM NaCl. The purified protein was verified by SDS-
PAGE as a band at 25 kDa.

2. Expression, Refolding, and Purification of Extracellular PD-1

E. coli BL21-CodonPlus RIL was transfected with a pET28a(+) vector containing the sequence for the
extracellular domain of PD-1 (P34-E150). The strain was grown in LB media treated with 50 pg/mL
Kanamycin overnight at 37 °C to an ODgy of 0.9. 1 mM. IPTG was added to induce expression of the
vector, and the culture was incubated another 4 hours after induction. The cultures were then spun
down at 4 °C. The pellets were resuspended in 35 mL phosphate-based saline (137 mM NacCl, 2.7 mM
KCl, 10 mM Na,HPO,, 1.8 mM KH,PO,, pH 7.4) treated with protease inhibitors (Millipore), and lysed by
sonication. The cell lysate was spun down twice at 15,000 RPM for 20 minutes to pellet inclusion bodies
of protein. The inclusion bodies were resuspended by a glass homogenizer in 30 mL wash buffer (100
mM Tris, pH 8.0, 200 mM NaCl, 10 mM EDTA, 0.5% (v/v) Triton-X100, 10 mM DTT). This was performed a
second time with the absence of Triton-X100. The inclusion bodies were then resolubilized in 20 mL
suspension buffer (100 mM Tris buffer, pH 8.0, 5 M guanidine, 200 mM NaCl, 20 mM DTT) and left to
shake for 1 hour at 37 °C. This suspension was centrifuged for 20 minutes at 15000 rpm. The solution
was resolubilized and added dropwise dilute 100-fold in stirred refold buffer (100 mM Tris buffer, pH
8.0, 0.4 M arginine, 2 mM EDTA, 0.5 mM glutathione,,, 2 mM glutathione,q) at 4 °C and let stir
overnight. The resulting solution containing PD-1 protein was then concentrated to 50 mL and dialyzed
into gel filtration buffer (10 mM Tris buffer, pH 8.0, 20 mM NaCl) for purification. Protein was purified by
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size exclusion chromatography at 78 mL by Superdex S75 exclusion column. The purified protein was
verified by SDS-PAGE as a band at 13 kDa. The concentrated protein was then dialyzed in appropriate
HBS-EP+ running buffer for SPR analyses.

3. SPR Binding Assays

All SPR related materials and buffer were manufactured by GE Healthcare Lifesciences unless otherwise
noted. Assays were performed on a BiaCore X100 with no changes to sample flow and binding
parameters.

All chips were immobilized with their respective protein under the default conditions for an aimed
response level. The target immobilized response was calculated to give an expected R, of 100 RU
based on the equation 1, where the MW is the molecular weight of the ligand (immobilized protein) or
the analyte (compounds being flowed). The immobilization was run under default conditions provided
by the BiaCore X100 (GE Healthcare Life Sciences).

_ Rmax*MWiigana

Rligand - MW gnaiyte (1)

3a. In vitro binding assay: Adsorbed Human PD-1

Human biotinylated-PD-1 (BPS Bioscience, Catalog 71106) was adsorbed to a gold surface by binding to
streptavidin-coated sensor chip (SA chip, GE Healthcare). The ligand response (Rjgng) Was 2029.9 RU.
The analytes were flowed through with HBS-EP* (10 mM HEPES buffer, pH 7.4, 150 mM NaCl, 3 mM
EDTA, 0.05% (v/v) P20, 0.5% (w/v) DMSO) at a concentration of 100 nM at 10 pL/min. Each of the
compounds, 1-4, were titrated by SPR to determine their ability to inhibit the PD-1/PD-L1 interaction.
The concentration of PD-L1 was held constant at 500 nM. Compound 1-4 were also titrated in the
absence of PD-L1, to determine their ability to bind to the adsorbed PD-1.

3b. In vitro binding assay: Adsorbed Human PD-L1

Human biotinylated-PD-L1 (BPS Bioscience, Catalog 71105) was adsorbed to a gold surface by binding to
a separate SA chip (GE Healthcare). PD-L1 was immobilized from 100 nM aliquot with a final ligand
response (Rjigng) Of 2681.8 RU. Compounds 1-4 were flowed across the chip of adsorbed PD-L1 in the
presence of PD-1 (1 uM) to determine their efficacy as inhibitors in triplicate, unless otherwise stated.
Compound 1-4 were also titrated in the absence of PD-1, to determine their ability to bind to the
adsorbed PD-L1.

3c. In vitro binding assay: Adsorbed Human PD-L2

Human biotinylated-PD-L2 (BPS Bioscience, Catalog 71108) was adsorbed to a gold surface by binding to
another SA chip (GE Healthcare). The final response of the immobilized ligand was
3794.0 RU. Compounds 1-4 were titrated by flowing across the chip of adsorbed PD-L2 in the presence
of PD-1 (0.75 uM) to determine their efficacy as inhibitors HBS-EP* buffer in triplicate. Compound 1-4
were also titrated in the absence of PD-1, to determine their ability to bind to the adsorbed PD-L2.
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3d. In vitro binding assay: Adsorbed Human VISTA

Human biotinylated-VISTA (BPS Bioscience, Catalog 71327) was adsorbed to an SA chip (GE Healthcare)
under continuous flow of HBS-EP’. The final response of the immobilized ligand was 5482.6 RU.
Compounds 1-4 were flowed across the chip of adsorbed VISTA to detect any potential binding in HBS-
EP* buffer in triplicate.

4. Synthesis of Test Compounds

Compound 1 was synthesized by WuXi Apptec, following the protocol established in the patent from
Aurigene, with minor modifications. Compounds 2 and 3 were synthesized by Santai Labs, following the
protocol established in the patents from Aurigene. Compound 4 was synthesized in house, following the
general protocol established in the patent from Bristol-Myers Squibb, with minor modifications. All final
products were characterized by NMR and LCMS prior to use. Test solutions were assayed again by LCMS
at the conclusion to the research, to confirm that they had not degraded during the time required to
complete the measurements.

4a. Synthesis of Compound 1

HO

0 +TFA
N N. N
H,N N OH
2 H \ﬂ/
O O 0 >
H,c~ "“OH

NH,

Compound 1

This compound was described in US 2013/237580, Example 2 and similar chemistry was used herein to
prepare this material at WuXi Apptec Co, Ltd. The characterization data for the compound is shown
below. Nuclear Magnetic Resonance (NMR) analysis was conducted using a Varian 400 MHz
spectrometer with an appropriate deuterated solvent. LCMS analysis was conducted using an Agilent
1200 & 1956A Waters Atlantis HILIC Silica 5 pM, 2.1 x 50 mm column, eluting with 90:10 to 40:60
H,0:MeCN + 0.03% trifluoroacetic acid over 4 minutes at a flow rate of 0.6 mL/min. Detection methods
are diode array (DAD) and evaporative light scattering (ELSD) detection as well as positive electrospray
ionization. MS range was 100-1000.
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Preparation of Intermediate A: Benzyl O-(tert-butyl)-N-(1H-imidazole-1-carbonyl)-L-threoninate

Ho§ ho 9 Q o TR
N, BnBr, Cs,CO4 _N,, EtoNH H,N,, CDI N\\/N N,
Fmoc™ (g OH  ————> Fmoc” (" “OBn ——> " oBn —> Y on
(R)) DMF . CH,Cl, ) CH,Cl, %

HsC~ "Ot-Bu HsC~ “Ot-Bu HsC~ “Ot-Bu ,C~ “Ot-Bu

H-Thr(O'Bu)-O'Bu

Step 1: Synthesis of benzyl N-(((9H-fluoren-9-yl)methoxy)carbonyl)-O-(tert-butyl)-L-threoninate

To a solution of compound N-(((9H-fluoren-9-yl)methoxy)carbonyl)-O-(tert-butyl)-L-threonine (20.0 g,
50.3 mmol, 1.0 equiv, Fisher, CAS# 71989-35-0) in N,N-dimethylformamide (200 mL, 0.25 M) was added
cesium carbonate (19.6 g, 60.4 mmol, 1.2 equiv) at 15 °C, the mixture was cooled to 0 °C and benzyl
bromide (10.3 g, 60.4 mmol, 1.2 equiv) was added drop-wise. After stirring for 10 min, the mixture was
warmed up to 15 °C and stirred for 16 h. TLC (petroleum ether/ethyl acetate = 2:1, Rf (SM) = 0.07, Rf
(Prod) = 0.7) showed the starting material was consumed completely. The mixture was cooled to 5 °C
and diluted with water (500 mL) and ethyl acetate (300 mL). The aqueous layer was extracted with ethyl
acetate (2 x 200 mL) and the combined organic layers were washed with brine (200 mL), dried over
anhydrous sodium sulfate and concentrated in vacuum. The residue was purified by silica gel
chromatography (petroleum ether/ethyl acetate = 30:1-10:1) to give the title compound (22.8 g, 93%
yield) as a white solid.

'H NMR (400 MHz, CDCl;) & 7.70-7.68 (m, 2H), 7.65-7.50 (m, 2H), 7.32-7.23 (m, 9H), 5.55 (d, J = 9.0 Hz,
1H), 5.14 (d, J = 12.0 Hz, 1H), 5.01 (d, J = 12.0 Hz, 1H), 4.34-4.16 (m, 5H), 1.15 (d, J = 5.5 Hz, 3H), 1.03 (s,
9H).

Step 2: Synthesis of benzyl O-(tert-butyl)-L-threoninate

To a solution of benzyl N-(((9H-fluoren-9-yl)methoxy)carbonyl)-O-(tert-butyl)-L-threoninate (10.0 g, 20.5
mmol, 1.0 equiv) in anhydrous dichloromethane (100 mL, 0.2 M) was added N,N-diethylamine (7.5 g,
103 mmol, 5.0 equiv) at 15 °C, then the mixture was stirred at 15 °C for 12 h. TLC analysis (petroleum
ether / ethyl acetate = 5:1, R; (starting material = 0.4, product = 0)) showed the reaction was complete.
The reaction mixture was concentrated under reduced pressure to give a residue. The residue was
purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 10:1) to give the title
compound (4.5 g, 83% yield) as a yellow oil.

'H NMR (400 MHz, CDCl5) & 7.37-7.26 (m, 5H), 5.20 (d, J = 12.0 Hz, 1H), 5.05 (d, J = 12.0 Hz, 1H), 4.04-
3.99 (m, 1H), 3.32-3.31 (m, 1H), 1.23 (d, J = 6.0 Hz, 3H), 1.11 (s, 9H).

LRMS (LCMS, ESI+) calcd. for C;5sH,,NO3 [M+H]": 266, found 266.
Step 3: Synthesis of benzyl N-(((9H-fluoren-9-yl)methoxy)carbonyl)-O-(tert-butyl)-L-threoninate

To a solution of benzyl O-(tert-butyl)-L-threoninate (4.5 g, 16.9 mmol, 1.0 equiv)in anhydrous
dichloromethane (50 mL, 0.34 M) was added a solution of di(imidazol-1-yl)methanone (4.12 g, 25.4
mmol, 1.5 equiv) in anhydrous dichloromethane (20 mL) at -20 °C, then the mixture was stirred at 0 °C
for 2 h. LCMS showed the reaction was complete. The reaction was quenched with water (50 mL) and
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the mixture was separated using a separatory funnel and the aqueous phase was extracted with
dichloromethane (2 x 50 mL). The combined organic phases were washed with brine (50 mL), dried over
anhydrous sodium sulfate and concentrated under reduced pressure to give afford the title compound
(6.80 g, unpurified) as a colorless oil which was used directly in the next step.

LRMS (LCMS, ESI+) calcd. for C1oH,6N30,4 [M+H]": 360, found 360.

Preparation of (((S)-1-(2-(L-seryl)hydrazinyl)-4-amino-1,4-dioxobutan-2-yl)carbamoyl)-L-threonine
trifluoracetate

N
HO “Cbz
o
t-BuO. t-BuO t-BuO. t- BuO
CH,N, NH,NH,H,0 H NH,
Boc.. OH ——> Boc. OMe — > Boc. N. S —— Boc\
” MeOH H MeOH ” NH,  DCC, HOBT, DMF
e} o} o

t-BuO
t-BuO /}\ o
Pd OH), Boc N\\/N H/, BOC\N
~meon ’ > oo Tor
€0 Puc” "otBu CHLCl H,C” “Ot-Bu
HO
t-BuO o o *TFA
N NN
Pd/C, H2 Boc\ T TFA HoN \H T . oH
—_—
MeOH o) DCM o O 0 y
HsC” “Ot-Bu HsC™ "OH
Hy NH,
Compound 1

Step 1: Synthesis of methyl N-(tert-butoxycarbonyl)-O-(tert-butyl)-L-serinate

A solution of diazomethane (0.77 M, 397 mL, 4.0 equiv) in ether was decanted portion-wise to a solution
of N-(tert-butoxycarbonyl)-O-(tert-butyl)-L-serine (20 g, 76.5 mmol, 1.0 equiv, Alfa Aesar CAS# 13734-38-
8) in methanol (200 mL, 0.1 M) at -5 °C. After addition, the mixture was warmed to 15 °C and stirred for
16 h at this temperature. TLC analysis (methanol/dichloromethane = 10:1, Rf (SM) = 0.3, petroleum
ether/ethyl acetate = 2:1, Rf (Prod) = 0.7) showed the starting material was consumed completely. The
mixture was concentrated in vacuum to give the title compound (22.8 g, unpurified) as a colorless oil,
which was used directly for the next step.

'H NMR (400 MHz, CDCls) & 5.37 (d, J = 9.0 Hz, 1H), 4.35 (d, J = 9.0 Hz, 1H), 3.74 (dd, J; = 3.0 Hz, J, = 9.0
Hz 1H), 3.69 (s, 3H), 3.74 (dd, J; = 3.0 Hz, J, = 9.0 Hz 1H), 1.40 (s, 9H), 1.11 (s, 9H).
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Step 2: Synthesis of tert-butyl (S)-(3-(tert-butoxy)-1-hydrazinyl-1-oxopropan-2-yl)carbamate

To a solution of methyl N-(tert-butoxycarbonyl)-O-(tert-butyl)-L-serinate (23 g, 83.5 mmol, 1.0 equiv) in
methanol (230 mL, 0.36 M) was added hydrazine monohydrate (25.1 g, 501 mmol, 6.0 equiv) at 15 °C.
The mixture was stirred at 15 °C for 16 h. TLC analysis (petroleum ether/ethyl acetate = 3:1, Rf (SM) =
0.7, methanol/dichloromethane = 15:1, Rf (Prod) = 0.4) showed the starting material was consumed
completely. The mixture was concentrated under reduced pressure to remove the methanol. The
residue was dissolved in ethyl acetate (150 mL) and washed with aqueous sodium bicarbonate (2 x 60
mL). The combined organic phases were dried over anhydrous sodium sulfate, filtered and the filtrate
was concentrated under vacuum to give the title compound (15 g, 65% yield) as a colorless oil, which
was used directly for the next step.

'H NMR (400 MHz, CDCl) 6 7.76 (br.s, 1H), 5.39 (br.s, 1H), 4.18 (s, 1H), 3.89 (br.s, 2H), 3.75 (dd, J; = 2.8
Hz, J, = 9.0 Hz, 1H), 3.38 (t, J = 8.0 Hz, 1H), 1.43 (s, 9H), 1.16 (s, 9H).

Step 3: Synthesis of tert-butyl ((55,10S)-5-(2-amino-2-oxoethyl)-13,13-dimethyl-3,6,9-trioxo-1-phenyl-
2,12-dioxa-4,7,8-triazatetradecan-10-yl)carbamate

To a solution of tert-butyl (S)-(3-(tert-butoxy)-1-hydrazinyl-1-oxopropan-2-yl)carbamate (14.4 g, 53.9
mmol, 1.1 equiv) in N,N-dimethylformamide (140 mL, 0.39 M) was added dicyclohexylcarbodiimide (25.3
g, 123 mmol, 2.5 equiv) and HOBt (13.3 g, 98.1 mmol, 2.0 equiv) at 0°C. The resulting mixture was stirred
0 °C for 5 min and to the mixture was added drop-wise a solution of ((benzyloxy)carbonyl)-L-asparagine
(13.5 g, 49 mmol, 1.0 equiv, Alfa Aesar CAS# 2304-96-3) in N,N-dimethylformamide (80 mL) at O °C. The
mixture was stirred at this temperature for 1 h and then allowed to warm to 15 °C and stirred at 15 °C
for 16 h. The resulting mixture was filtered to remove formed solid and the filtrate was poured into ice-
water (300 mL) and a precipitate formed. The mixture was filtered and the filtered cake was dried under
vacuum. The filter cake was dissolved in N,N-dimethylformamide (250 mL) and poured into water (300
mL). The solid was separated out by filtration and the filtrate was dried in vacuum to give the title (9.6 g,
unpurified) as an off-white solid. This solid contained N, N-dimethylformamide and urea byproduct.

'H NMR (400 MHz, CD;0D) & 7.50-7.20 (m, 5 H), 5.12 (s, 2H), 4.63 (br. s, 1H), 4.26 (br. s, 1H), 3.62 (d, J =
4.5 Hz, 2H), 2.78 (dd, J = 15.5, 5.0 Hz, 1H), 2.64 (dd, J = 15.5, 8.0 Hz, 1H), 1.45 (s, 9H), 1.19 (s, 9H).

Step 4: Synthesis of tert-butyl ((S)-1-(2-(L-asparaginyl)hydrazinyl)-3-(tert-butoxy)-1-oxopropan-2-
yl)carbamate

To a solution of tert-butyl ((55,10S)-5-(2-amino-2-oxoethyl)-13,13-dimethyl-3,6,9-trioxo-1-phenyl-2,12-
dioxa-4,7,8-triazatetradecan-10-yl)carbamate (7.0 g, 13.4 mmol, 1.00 equiv) in methanol (500 mL, 0.13
M) was added 10 wt% palladium hydroxide on carbon (3.0 g) and the mixture was stirred at 30 °C under
a hydrogen atmosphere (50 psi) for 12 h. The reaction mixture was filtered through a celite pad, the
filter cake was washed with methanol (3 x 150 mL), and the combined filtrate was concentrated under
vacuum to give the title compound (6 g) as a purple solid which was used directly without purification in
the next step.

'H NMR (400 MHz, CDCl5) & 5.82-5.37 (m, 3H), 4.35-4.29 (m, 2 H), 3.79-3.71 (m, 2H), 3.48-3.44 (m, 2H),
2.74-2.70 (m, 1H), 2.01-1.89 (m, 2H), 1.46 (s, 9H), 1.22 (s, 9H).

LRMS (LCMS, ESI+) calcd. for C1H3,NsOg [M+H]™: 390, found 390.
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Step 5: Synthesis of benzyl  N-(((S)-4-amino-1-(2-(N-(tert-butoxycarbonyl)-O-(tert-butyl)-L-
seryl)hydrazinyl)-1,4-dioxobutan-2-yl)carbamoyl)-O-(tert-butyl)-L-threoninate

To a solution of tert-butyl ((S)-1-(2-(L-asparaginyl)hydrazinyl)-3-(tert-butoxy)-1-oxopropan-2-
yl)carbamate (7.7 g, 19.8 mmol, 1.0 equiv) in anhydrous dichloromethane (70 mL, 0.28 M) was added
a solution of benzyl O-(tert-butyl)-N-(1H-imidazole-1-carbonyl)-L-threoninate (6.82 g, 19.0 mmol, 0.96
equiv) in anhydrous dichloromethane (30 mL) at 0 °C, then the mixture was stirred at 15 °C for 12 h. The
reaction mixture was concentrated under vacuum and the residue was purified by preparative-HPLC
(Column Daiso 250 x 50 mm, 10 um, eluting with 35% to 65% MeCN in water (+0.1% TFA) over 20
minutes, followed by 100% MeCN in water (+0.1% TFA) for 15 minutes at a flow rate of 80 mL/min. The
sample was loaded onto the column over 16 injections. The desired compound (1.4 g, 10% yield) was
obtained as a light yellow solid.

'H NMR (400 MHz, CDCl;) & 7.40-7.30 (m, 5H), 6.88-6.86 (m, 1H), 6.75 (br.s, 1H), 6.68 (br.s, 1H), 6.01
(br.s, 1H), 5.47 (d, J = 6.0 Hz, 1H), 5.17 (d, J = 12.0 Hz, 1H), 5.07-5.03 (m, 1H), 4.92-4.89 (m, 1H), 4.54 (d, J
= 9.0 Hz, 1H), 4.27 (br.s, 1H), 4.18-4.15 (m, 1H), 3.75-3.73 (m, 1H), 3.36 (t, J = 8.5 Hz, 1H), 3.10 (t, J = 13.5
Hz, 1H), 2.59 (dd, J ;= 15.5 Hz, J ,= 4.0 Hz, 1H), 1.43 (s, 9H), 1.21 (s, 9H), 1.17 (d, J = 6.4 Hz, 3H), 1.06 (s,
9H).

LRMS (LCMS, ESI+) calcd. for C3,Hs3NgO10 [M+H]™: 681, found 681.

Step 6: Synthesis of N-(((S)-4-amino-1-(2-(N-(tert-butoxycarbonyl)-O-(tert-butyl)-L-seryl)hydrazinyl)-1,4-
dioxobutan-2-yl)carbamoyl)-O-(tert-butyl)-L-threonine

To a solution of benzyl N-(((S)-4-amino-1-(2-(N-(tert-butoxycarbonyl)-O-(tert-butyl)-L-seryl)hydrazinyl)-
1,4-dioxobutan-2-yl)carbamoyl)-O-(tert-butyl)-L-threoninate (1.4 g, 2.37 mmol, 1.0 equiv) in methanol
(50 mL, 0.05 M) was added 10 wt% palladium on carbon (700 mg) and the mixture was stirred at 30 °C
under a hydrogen atmosphere (50 psi) for 3 h. The reaction mixture was filtered through a pad of celite,
the filter cake was washed with methanol (3 x 50 mL) and the combined filtrate was concentrated under
vacuum to afford the unpurified solid. The resulting solid was purified by preparative-HPLC (Instrument:
Gilson 281 semi-preparative HPLC system) using a gradient of 65:35 to 35:65 H,0:MeCN (+0.075% TFA)
over 10 minutes, flushing with 100% MeCN for 2 minutes after the run. The column used was a Boston
Green ODS 150 x 30 mm, 5 um particle size, with a flow rate of 25 mL/min and monitoring at 220 and
254 nm wavelengths. The title compound (710 mg, 58% yield) was obtained as a white solid.

'H NMR (400 MHz, ds-DMSO) & 9.92 (br.s, 1H), 9.80 (br.s, 1H), 6.86 (br.s, 1H), 6.75 (br.s, 1H), 6.57 (d, J =
8.5 Hz, 1H), 6.18 (d, J = 9.0 Hz, 1H), 4.45 (br.s, 1H), 4.07-4.04 (m, 4H), 3.48-3.44 (m, 1H), 3.39-3.35 (m,
1H), 2.42-2.41(m, 1H), 2.34-2.28 (m, 1H), 1.35 (s, 9H), 1.09 (s, 9H), 1.07 (s, 9H), 1.03 (d, J = 6.5 Hz, 3H).

LRMS (LCMS, ESI+) calcd. for CosHa7NgO10 [M+H]': 591, found 591.

Step 7: Synthesis of (((S)-1-(2-(L-seryl)hydrazinyl)-4-amino-1,4-dioxobutan-2-yl)carbamoyl)-L-threonine
trifluoracetate

To a solution of N-(((S)-4-amino-1-(2-(N-(tert-butoxycarbonyl)-O-(tert-butyl)-L-seryl)hydrazinyl)-1,4-
dioxobutan-2-yl)carbamoyl)-O-(tert-butyl)-L-threonine (700 mg, 1.19 mmol, 1.0 equiv) in
dichloromethane (30 mL) was added trifluoroacetic acid (30 mL) and the resulting mixture was stirred at
15 °C for 12 h. The reaction mixture was concentrated under vacuum to afford a residue. The resulting
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residue was purified by preparative-HPLC (Instrument: Gilson 281 semi-preparative HPLC system) using
a gradient of 5:95 to 10:90 H,0:MeCN (+0.075% TFA) over 12 minutes, flushing with 100% MeCN for 7
minutes after the run. The column used was an Atlantis Hilic Silica 150 x 19 mm, 5 um particle size, with
a flow rate of 25 mL/min and monitoring at 220 and 254 nm wavelengths. The title compound
(trifluoroacetate salt, 102 mg, 23 % yield) was obtained as a white solid.

'H NMR (400 MHz, D,0) & 4.70-4.65 (m, 1H), 4.34-4.30 (m, 1H), 4.25-4.22 (m, 2H), 4.02-3.99 (m, 2H),
2.92-2.75 (m, 2H), 1.20 (d, J = 2.8 Hz, 3H).

LRMS (LCMS, ESI+) calcd. for C;5H23NgOg [M+H]™: 379, found 379.
4b. Synthesis of Compound 2

NH,

HO 07& +2HCI

N N
HN 0 T ONH,
N-O
Compound 2

This compound was described in WO 2015/033299, Example 1 and identical chemistry was used herein
to prepare this material at Santai Labs. The characterization data for the final compound is shown
below. Nuclear Magnetic Resonance (NMR) analysis was conducted using a Bruker 400 MHz
spectrometer with an appropriate deuterated solvent. LCMS analysis was conducted using a Shimadzu
LC-ATvp with an APl 150EX detector using an Agilent Zorbax Eclipse IDB-C18 3.5 uM, 2.1 x 50 mm
column, eluting with 95:5 to 20:80 H,0:MeCN + 0.02% formic acid over 4 minutes.

O

tBu-O CI)J\OEt tBu-O TFAA tBu-O NH,OH+HCI
Boc . OH - =
H NMM BOC\NJ\H/NHZ pyridine Bc'C\N CN K,CO4
o) lig. NHs / THF H o H EtOH, 90°C
_CPh, HN=CFhs
tBu-O HN %\
)\ 1)BAST,NMM  {B,-0 o
Boc\N NH, + o~ % N :
: Boc~ N ~Fmoc
H |\ HOW(\N/FmOC 2) NaOAc H lil—g/\n
OH o H EtOH, 90 °C
HN-CPhs NH;
_ oA HO oA 2o
Et,NH tBu-0 N TFA, CH,Cl, N
N N 7y \7/\
Boc- 7S HoN \ NH,
CHxCl; N N_g/\NHZ then salt exchange N-O

Compound 2

'H NMR (400 MHz, CD;0D) & 5.21-5.19 (bs, 1H), 4.07 (bs, 1H), 4.03-4.00 (m, 2H), 3.23-3.22 (m, 2H).
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13C NMR (100 MHz, D,0) & 176.36, 172.26, 166.06, 59.89, 49.20, 44.86, 34.66.

LRMS (LCMS, ESI+) calcd. for C;H:3NsNaO; [M+Na]*: 238, found 238.

4c. Synthesis of Compound 3

*HCI

\\\ HaC~ +OH
/N‘\>\<N\ - N)J\N OH
L }\1 %H H

Compound 3

This compound was described in WO 2016/142886, Example 32 and identical chemistry was used herein
to prepare this material at Santai Labs. The characterization data for the final compound is shown
below. Nuclear Magnetic Resonance (NMR) analysis was conducted using a Bruker 400 MHz
spectrometer with an appropriate deuterated solvent. LCMS analysis was conducted using a Shimadzu
LC-ATvp with an APl 150EX detector using an Agilent Zorbax Eclipse IDB-C18 3.5 uM, 2.1 x 50 mm

column, eluting with 95:5 to 20:80 H,0:MeCN + 0.02% formic acid over 4 minutes.
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'H NMR (400 MHz, CD;0D) & 9.33 (s, 1H), 8.79 (d, J = 7.0 Hz, 2H), 5.39 (t, J = 6.0 Hz, 1H), 4.31 (d, J = 7.0
Hz), 4.25 (s, 1H), 2.98 (m, 2H), 2.45 (s, 1H), 1.21 (d, J = 6.0 Hz).

LRMS (LCMS, ESI+) calcd. for C;sH17NgOs [M+H]": 361, found 361.

4d. Synthesis of Compound 4

HyCO 0 O
o H
N LU

OCHs  Hco,H

Compound 4

This compound was described in WO 2015/034820 and similar chemistry was used herein to prepare
this material at Inception Sciences Vancouver. Nuclear Magnetic Resonance (NMR) analysis was
conducted using a Varian Mercury 300 MHz spectrometer with an appropriate deuterated solvent. LCMS
analysis was conducted using a Waters Acquity UPLC with a QDA MS detector using a Waters C18 BEH
1.7 uM, 2.1 x 50 mm column, eluting with 95:5 to 0:100 H,0:MeCN + 0.1% formic acid at a flow rate of
0.6 mL/min over 3.5 minutes. The QDA MS detector was set up to scan under both positive and negative
mode ions ranging from 100-1200 Daltons.

HsCO OH O
HO DIAD, PPh3
O
Y ; CH, THF, 23 °C, 18 h

25% yield

H OCH;,

L NH,
H4CO 0 O HC™ N o HaCO 0 ‘
Op/ CH O )J\ H CH O
3 3
NaBH, HsC H/\/

H OCHj3 MeOH/DMF OCHg
23°C,1h
Compound 4
31% yield

Step 1: Synthesis of 2,6-dimethoxy-4-((2-methyl-[1,1'-biphenyl]-3-yl)methoxy)benzaldehyde

Into a 20 mL sample vial equipped with a magnetic stir bar and under N, was added 3-hydroxymethyl 2-
methylbiphenyl (1.08 g, 5.49 mmol, 1.0 equiv, TCl CAS# 76350-90-8), 2,6-dimethoxy-4-
hydroxybenzaldehyde (1.00 g, 5.49 mmol, 1.0 equiv, Aldrich CAS# 22080-96-2), triphenylphosphine
(2.16 g, 8.23 mmol, 1.5 equiv) and THF (2.0 mL, 2.8 M). The solution was treated with drop-wise addition
of di-iso-propyl azodicarboxylate (1.62 mL, 8.23 mmol, 1.5 equiv) over 10 minutes and the red-orange
solution was stirred at 23 °C for 18 h overnight. The reaction mixture was loaded directly onto a 20 g
silica gel pre-cartridge and dried. Purification by column chromatography through silica gel (80 g) on an
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automated Teledyne ISCO Rf200, eluting with 80:20 to 20:80 hexanes:EtOAc as a gradient over 25
minutes, collecting all peaks. The desired product was isolated, concentrated and dried under vacuum to
afford an off-white solid (535 mg, 27% yield).

'H NMR (300 MHz, CDCl5) 6 10.37 (s, 1H), 7.41-7.26 (m, 8H), 6.20 (s, 2H), 5.16 (s, 2H), 3.89 (s, 6H), 2.27
(s, 3H).

LRMS (LCMS, ESI+) calcd. for Cy3H,30, [M+H]": 363, found 363.

Step 2: Synthesis of N-(2-((2,6-dimethoxy-4-((2-methyl-[1,1'-biphenyl]-3-yl)methoxy)benzyl)amino)ethyl)
acetamide

Into a 20 mL sample vial equipped with a magnetic stir bar and under N, was added 2,6-dimethoxy-4-
((2-methyl-[1,1'-biphenyl]-3-yl)methoxy)benzaldehyde (250 mg, 0.69 mmol, 1.0 equiv), DMF (2 mL, 0.35
M), acetic acid (40 pL, 0.69 mmol, 1.0 equiv) and N-(2-amino)ethyl acetamide (211 mg, 2.07 mmol, 3.0
equiv). The yellow-orange mixture was heated to 40 °C for 1 h and then cooled to room temperature.
The solution was treated with NaBH, (76 mg, 2.07 mmol, 3.0 equiv) added portion-wise over 10 minutes
and the mixture was stirred at 23 °C for 1 h. LCMS analysis after this time reveals product formation. The
mixture was cooled to 0 °C and quenched with drop-wise addition of water (3 mL) and concentrated
under reduced pressure. The unpurified reaction mixture was suspended in MeOH and loaded ontoa5 g
C18 pre-cartridge and dried. Purification by reverse-phase column chromatography through C18 media
(26 g) on an automated Teledyne ISCO Rf200, eluting with 100:0 to 40:60 H,0:MeCN + 0.1% HCO,H as a
gradient over 20 minutes afforded the formate salt of the desired compound as a clear film (106 mg,
31% yield).

'H NMR (300 MHz, CDCl;) & 8.47 (br.s, 1H), 7.42-7.26 (m, 8H), 6.23 (s, 2H), 5.08 (s, 2H), 4.13 (br.s, 2H),
3.83 (s, 6H), 3.49 (br.s, 2H), 2.98 (br.s, 2H), 2.26 (3H, s), 1.96 (3H, s).

LRMS (LCMS, ESI+) calcd. for Cy;H5N,0, [M+H]": 449, found 449.
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