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ABSTRACT

In our attempt to optimize the lead HIV-1 entry antagonist, NBD-11021, we present in this study
the rational design and synthesis of 60 new analogs, determination of their antiviral activity in a
single-cycle and a multi-cycle infection assay to derive a comprehensive structure-activity
relationship (SAR). Two of these compounds, NBD-14088 and NBD-14107, showed significant
improvement in antiviral activity compared to the lead entry antagonist in a single-cycle assay
against a large panel of Env-pseudotyped viruses. The X-ray structure of a similar compound,
NBD-14010 confirmed the binding mode of the newly designed compounds. The in vitro ADMET
profiles of these compounds are comparable to that of the most potent attachment inhibitor BMS-
626529, a prodrug of which is currently undergoing Phase III clinical trials. The systematic study
presented here is expected to pave the way for improving the potency, toxicity and ADMET
profile of this series of compounds with the potential to be moved to the early preclinical

development.
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INTRODUCTION

Virus attachment and fusion to the host cell membrane are the critical steps for HIV-1 to enter the
host cells and initiate its life-cycle by using host cell machinery'. Therefore, virus attachment and
fusion (often collectively termed as “virus entry’’) have been the targets for new drug discovery for
many years now' . There are only two drugs currently on the market that target the entry pathway,

1> ¢ and Maraviroc, which

Fuzeone (Enfuvirtide), which targets the envelope glycoprotein gp4
targets the host cell receptor CCRS5 to prevent the entry of the virus'”. Despite the fact that HIV-1
gp120 is critical for virus entry and has been targeted to discover novel drugs there is no drug yet
approved by the FDA against this target. The most advanced drug in this class, BMS-663068,
which is a prodrug of 91 (1-(4-benzoylpiperazin-1-yl)-2-(4-methoxy-7-(3-methyl-1H-1,2,4-triazol-
1-yl)-1H-pyrrolo[2,3-c]pyridin-3-yl)ethane-1,2-dione; BMS-626529'") and showed its safety and
efficacy recently in a phase 2b clinical trials, is currently undergoing Phase III clinical trials''.
BMS-663068 in 2015 received US FDA breakthrough therapy designation, implicating the
importance of gp120 as a target to develop drugs in preventing virus entry into the host cells.

Our laboratory had focused on developing novel inhibitors targeted to the Phe43 cavity of
gp120 since 2005 when we first reported the discovery of NBD-series CD4-mimic, NBD-556".
Unfortunately, NBD-556 was demonstrated to enhance HIV-1 infection in CD4-CCR5" cells,
therefore, behaving as HIV-1 entry agonist'> ', Since this finding we and others have striven to
design CD4-mimics with not only higher potency and lower toxicity but also devoid of this

undesirable trait, thereby representing as HIV-1 entry antagonists'***

. We recently reported our
first success in converting NBD-556 to a full antagonist 89 (NBD-11021) " However, we

recognize that a concerted optimization effort is needed to improve the antiviral potency and

toxicity of this NBD-series compounds to obtain clinically relevant entry inhibitors. Towards that

3
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goal, we have co-crystallized the first antagonist, 89 with gp120, which provided us the structural
details of the binding mode of this molecule in the Phe43 cavity of gp120'*. We have utilized the
structural information to design and synthesized a series of next generation gp120 antagonists as
entry inhibitors. Here we report the details of the synthesis, antiviral evaluation, structure-activity
relationship (SAR) analysis of 60 novel analogs. Also, we present the X-ray structure
determination of one of this class of new generation compounds, 90 (NBD-14010), published
recently”. Furthermore, we incorporated in vitro absorption, distribution, metabolism, excretion
and toxicity (ADMET) study during the early phase of optimization effort which is recognized as a
critical step to avoid high attrition rate during the late-stage drug development programzs’ % The
optimization effort yielded valuable information on the key areas of the 89 type antagonist that can
be targeted for further structural optimization to produce next-generation NBD-series antagonists

suitable for further pre-clinical studies.

CHEMISTRY
Synthesis of CD4-mimics
We prepared the target compounds in a convergent manner from three fundamental building
blocks: carboxylic acid, protected thiazole and enantiopure imine (Schemes 1-5). We described the
synthesis of pyrrole-2-carboxylic acid 1 in our earlier work'®. The details of the other carboxylic
acid and their analogs (23, 39, 40, 79, and 80) will be published separately (in preparation).

A set of modified pyrrole-2-carboxylic acids including N-, 3- and 4-methylated and 4-MeO
substituted compounds (4, 8 and 12) were prepared using known compounds (5, 9 and 10) as per

27-31

the reported procedure or from commercially available compounds. Aryl imidazole carboxylic
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32,33

acids 20 and 22 were also prepared based on literature procedures’ *°. We synthesized thiazoles

36 and 73 using the method described previously'* .

Previously we reported the development of a general route for the synthesis of NBD-
compounds'’. An appropriately protected aldehyde (34, 53 and 54) was prepared from readily
available starting materials (see schemes 1-6 for details). Then aldehyde was treated with R- or S-
Ellman auxiliary under dehydration conditions. The resulting enantiopure imines (35, 55, 56, and
74) were treated with an appropriate thiazolyl lithium derivative to give a 1,2-additon product
(Schemes 3, 4 and 5). In all of the 1,2-addition reactions, only a single stereoisomer was isolated.
In most cases no other products were observed; in some cases, minor products could not be
isolated and characterized. Compounds derived from S-imines were marked as fS (from S-isomer).
Compounds derived from R-imines were marked fR (from R-isomer). The absolute configuration
of these compounds can be predicted using Felkin-Ahn model'’. However, it was not
unambiguously proved by any experiments.

Acidic cleavage of silyl and sulfinyl groups gave suitably protected diamines (38, 59, 60,
77, and 78). Preparation of amine 24 was described earlier'’. HBTU-mediated peptide coupling
with an appropriate acid, followed by Pd-catalyzed deprotection yielded the final compounds.
Reductive amination with formalin was used to obtain two series of dimethylated compounds (44-
46, 67-69, Schemes 3 and 4). It is important to note that all main building blocks (carboxylic
acids, protected thiazoles, enantiopure imines and protected diamines) were accessible in decagram
scale and bench-stable for an extended period (~one year). All of the synthetic procedures are

easily scalable, and all NBD-compounds were prepared on at least 100 mg scale.

RESULTS
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X-ray crystal structure of 90 in complex with HIV-1 gp120

The x-ray structure of 89 with gp120 reported earlier confirmed that the tetramethylpiperidine ring
of the 89 benefited from enabling its nitrogen atom to hydrogen bond with Asp368 of gp12014.
However, much of the hydrophobic portion of the piperidine ring was exposed to solvent, which
may lead to an undesirable thermodynamic penalty. Therefore, we replaced the piperidine ring
with a methylamine group to reduce solvent exposure of hydrophobic regions, while retaining the
amine for a hydrogen bonding with Asp368 of gp120. We also replaced the phenyl ring of the
molecule, which penetrates the Phe43 cavity, with a meta-fluoro substituted phenyl ring to enhance

surface complementarity between the compound and the cavity®* *°

. Furthermore, the piperidine
ring in our earlier compound, 89, introduced two chiral centers, which generated four isomers of
this compound. Multiple isomers complicate the separation process after synthesis whereas the
primary amine only has one chiral center and produces only two isomers. The new compound, 90,
showed much improved anti-HIV-1 activity, and more importantly, a substantially improved
cytotoxicity profile compared to that of 89",

To corroborate our rationale of designs and further understand the mechanism of improved
antiviral activity, we determined the crystal structure of 90 in complex with HIV-1 gp120 at 2.1-A
resolution (Figure 1a). This structure revealed the meta-fluoro substituted phenyl ring to have
improved surface complementarity with the Phe43 cavity. The surface complementarity by the
fluorine atom has now been demonstrated in Figure S1 using the structure of 90 with and without
fluoro group at the meta position. When superimposed with 89, 90 shared an almost identical mode
of binding to that of 89; the nitrogen in the amine group maintained the hydrogen bond with

Asp368 as observed in the previous 89-gp120 structure'®, but with much of the hydrophobic area

present in the tetramethylpiperidine removed (Figure 1b). Notably, the 90 structure revealed five

6

ACS Paragon Plus Environment



Page 7 of 125 Journal of Medicinal Chemistry

©CoO~NOUTA,WNPE

ordered water molecules that mediate a hydrogen bonding network, which encompassed the
nitrogen atom of the methylamine group of 90 and gp120 residues Asp368, Gly431, Asn432,
Asn425, and Gly473 (Figure 1c and 1d). The finding of the water molecule networks is a novel

finding and expected to help in guiding further optimization of this series of compounds.
Antiviral Screening and structure-activity relationship (SAR) analysis

We recently reported that our second generation compound 90", besides maintaining the HIV-1
entry antagonist trait, first reported for 89'* also shown better cytotoxicity and improved antiviral
activity compared to 89. Here, we describe the design of a new series of 60 novel NBD-series
compounds in an attempt to expand the series and derive a comprehensive structure-activity
relationship (SAR). We evaluated the HIV-1 inhibitory activity and cytotoxicity (Table 1) of these
molecules. The anti-HIV-1 activity was assessed in a single-cycle assay by infecting TZM-bl
indicator cells with the pseudovirus HIV-1pxg, and in a multi-cycle assay by infecting the human
T-cell MT-2 with the full-length lab-adapted virus HIV-1ys. To derive systematic SAR of this
series of NBD derivatives, initially, we concentrated in modifying only the Region I in the phenyl
ring and a primary amine in Region III. When we replaced the chloro at R, with fluoro, which
resulted in two compounds 25A and 25B, showed a reduction in cytotoxicity compared to 89 in
both assays but the HIV-1 inhibitory activity dropped slightly in the pseudovirus assay but
substantially against MT-2 cell-based assay. This decrease in activity in MT-2 cell-based assay
was somewhat unusual, and we could not find that with other NBD compounds.

The x-ray structures of 89 and 90 with gp120 indicate that the methyl group in the thiazole
ring does not contribute to any interactions with gp120 rather it is located at the solvent-exposed

region outside the Phe43 cavity. Therefore, we decided to remove the methyl group from the
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thiazole ring in Region III. We first synthesized this series with the primary amine (R4= NH,). The
resulting compounds 81A and 81B showed noticeable improvement in both antiviral activity and
cytotoxicity against both single- and multi-cycle assays. Most significantly the selectivity index
(SI) of 81B improved from 10.7 to 49.4 (~5-fold improvement) in single-cycle assay compared to
89. However, the SI value was slightly worse against multi-cycle assay. The reason for this
discrepant result is not apparent at this time. When we added a fluoro at the R; position keeping
chloro in the R, position (82A and 82B) we did not find any noticeable improvement in antiviral
potency or SI compared to their parent molecules. But when we substituted chloro with a CHj
group at R, and kept the fluoro at R, the antiviral activity of the resulting compounds [83A and
83B (NBD-14088)] improved by about 2-fold and the SI values by ~3-4-fold in single-cycle assay
but marginally enhanced in the multi-cycle assay. A further addition of a fluoro at the R3 position
resulted in 84A (NBD-14107) and 84B that showed similar activity as with 83A and 83B.
Although the antiviral activity and cytotoxicity did not improve significantly in these fluoro-
containing molecules, the addition of fluoro is known to help in producing molecules with more
metabolic stability than the unsubstituted ones. The introduction of OCHj3 in R; and R; resulted in
compounds 85A and 85B that had no anti-HIV-1 activity and cytotoxicity at the indicated doses.
Most likely the reduction of antiviral activity was due to the steric effect of the bulky OCHj3 group.
Then we modified R4 by introducing a CH3 in the primary amine moiety. Some of the resulting
compounds (86A -88B) showed further improvement in antiviral potency. However, they all turn
out to be more cytotoxic.

We then decided to retain 4-chloro and also use 4-CHj at the R, position and keep the 3-
fluoro unchanged at the R; position and introduced a CHj; in the primary amine group. The

antiviral activity of all the resulting compounds (41A - 43B) was similar to 89; however, they

8
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showed slightly reduced cytotoxicity. The introduction of N(CHj3), in the primary amine at R4
yielded compounds 44A-46B which were not cytotoxic at the doses we tested in both assays but
had no antiviral activity at all. The introduction of CH,NH, in R4 produced compounds 61A-63B
which did not show improvement in anti-HIV-1 activity, but when we substituted Chloro with the
methyl group in R;, the cytotoxicity reduced slightly. Replacing the CH,NH, group in R4 with
CHN(CH3;), (67A-69B) did not provide any improvement in antiviral activity in both single-cycle
and multi-cycle assays, but unlike in the previous series (44A -63B), compounds with 4-chloro and
3-fluoro retained similar activity as 89.

In the above SAR study, it was evident that introduction of a fluorine atom, the most
electronegative among halogens) at position R;/R; (meta) and R, (para) in the phenyl ring reduced
cytotoxicity (25A, 25B) considerably more than 82A and 82B where chloro replaced the fluoro at
R,. However, the antiviral potency of compounds with chloro at the R, position was ~3-6-fold
better. We also observed that when we introduced a methyl group at R,, which is electron
donating, the antiviral potency improved further. We also observed a marginal reduction of
cytotoxicity. Analyzing this series it was evident that the antiviral potency of the compounds
dependent more on the hydrophobic character of the R, substituent than its electronegativity. The
hydrophobic parameter (IT) is very similar for chloro and methyl group. Therefore, the introduction
of CI/CHj at R, and fluoro at Ri/Rj are critical for obtaining the best antiviral potency and lower
cytotoxicity in this series of compounds.

We observed that in general, the modifications in region II in the pyrrole ring (26A-31B),
especially in Rg position, made the compounds inactive. This observation was not surprising
because our earlier finding in the x-ray structure of 89 and also the structure reported here with

gp120 led to the observation that the NH of pyrrole makes an H-bond with the residue Asn425,

9

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry Page 10 of 125

which appears to be critical for the binding of this series of compounds in the Phe43 cavity. The
methylation of this NH (compounds 26A, 26B) may have two detrimental effects- loss of the H-
bond donor atom and also possibly a steric effect that interferes with the binding. However,
substituting H at R; and Rg with methyl yielded compounds with somewhat better or similar
activity as 89 (27A, 27B, 28A and 28B) in the single-cycle assay but slightly poorer activity in the
multi-cycle assay. Noticeably, one of the isomers of 28 (28B) showed very high cytotoxicity.
However, the underlying cause of cytotoxicity is not clear at this stage. When we introduced a
methoxy group at the R; position (29A and 29B) the antiviral activity was completely lost most
likely due to steric effect. Then, we moved to find out whether we could modify the pyrrole ring to
imidazole by introducing one additional “N” in the Rg or Rjy position. These modifications
resulted in compounds 30A-31B which, although showing much-reduced cytotoxicity, had no
antiviral activity. The SAR data obtained on pyrrole ring confirmed that modification in the
pyrrole ring was detrimental to the antiviral activity.

Among the 60 new compounds that we tested 83B, and 84A showed the highest SI of ~86
and ~62, respectively in single cycle assay, which represents an enhancement of ~8- and ~6-fold,
respectively, compared to 89. However, in the multi-cycle assay, the SI of those two compounds
were 50 and 38.5, respectively, which represent only ~2 and ~1.3-fold, respectively. Despite
marginal enhancement in activity and selectivity in the multi-cycle assay, these nor-methyl analogs
bring two distinct advantages over all other compounds reported earlier. 84A/84B and 88A/88B
are expected to be more metabolically stable; and the deletion of the methyl group in the thiazole
ring opened up the opportunity to introduce other groups, especially, solubilizing groups, which is
expected to make these molecules more water soluble and more suitable for further preclinical

studies. Therefore, we selected these two compounds for further research.

10
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83B and 84A prevent cell-to-cell fusion and retain the HIV-1 entry antagonist trait

Two essential features for the HIV-1 entry inhibitors that target the Phe43 cavity of HIV-1 gp120
are the capability to inhibit HIV-1 Env-mediated cell-to-cell fusion and have HIV-1 entry
antagonist property. First, we evaluated the inhibitory activity of the two best inhibitors, 83B and
84A, on the HIV-1 Env-mediated cell-to-cell fusion. To this end, we cocultured the indicator cells
MAGI-CCRS with the Env- and Tat-expressing HL2/3 cells in the presence of escalating doses of
compounds. We used NBD-556 and 89 as a control. Our results (Figure 2A) indicate that both
83B and 84A prevent the HIV-1 Env-mediated cell-to-cell fusion, but the ICsy were ~2-3-fold
higher than what we observed with NBD-556 and 89 (8.3+0.9 and 13.3+1.2 versus 2.94+0.1 and
6.1+£0.4, respectively). As next step, we wanted to verify whether 83B and 84A maintained the
HIV-1 entry antagonist property we previously reported for our lead compound 89'* and the
second generation compounds  N-{2-amino-1-[5-(hydroxymethyl)-4-methyl-1,3-thiazol-2-
yl]ethyl}-5-(4-chlorophenyl)- 1H-pyrrole-2-carboxamide (NBD-14009) and 90'". To this end, we
infected CD4-negative and CCR5-positive cells, Cf2Th-CCRS, with recombinant CD4-dependent
HIV-1apa virus in the presence of the compounds. We used NBD-556 (HIV-1 entry agonist) and
89 (HIV-1 viral entry antagonist) as a negative and a positive control, respectively. As expected,
NBD-556 enhanced the infection of the Cf2Th-CCRS cells, and 83B and 84A did not enhance
HIV-1 infectivity in these cells as was observed for 89, indicating that the HIV-1 entry antagonist

property is maintained in these compounds as well (Figure 2B).

Time-dependent HIV-1 inhibitory activity profiles of NBD compounds

11
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To further understand the mechanism of action of the NBD compounds we performed a time of
addition experiment. We used four known compounds as reference or control. As expected, we
found that all the compounds inhibited HIV-1 when added to the cells at the time of infection
(Figure 3). The co-receptor CXCR4 inhibitor, AMD3100, and the entry inhibitor BMS-378806
showed a decrease in efficacy when added to the culture 1 h post-infection (p.i.) and their
effectiveness continued dropping to disappear at 2-4 h p.i completely. Moreover, the efficacy of
the Reverse Transcriptase inhibitor, AZT decreased to about 50% when added 4 h p.i. while we
only detected a slight decline in the efficiency of the Integrase inhibitor, Raltegravir when added 8
h p.i. Finally, the NBD compounds showed some efficacy when added to the culture 4 h p.i. and
they gradually lost efficiency suggesting that 83B and 84A may also target the later phase of the
HIV-1 life cycle. Earlier we reported that 89 inhibits HIV-1 reverse transcriptase (RT) enzyme but
at much higher concentration. Based on that observation, we decided to test these compounds

against HIV-1 RT.

NBD compounds also target HIV-1 Reverse Transcriptase (RT)

The time of addition experiment suggested that 83B and 84A may also have an additional
mechanism of action. Consequently, we decide to evaluate the activity of 83B and 84A against
HIV-1 RT. We used 89, NBD-556, and Nevirapine as controls. As expected, NBD-556 did not
show any activity even at 300 uM and Nevirapine was extremely potent against HIV RT, with ICs
of 0.20 uM (Table 2). 89 inhibited HIV-1 RT with an ICsy of 47 uM while 83B and 84A had an
ICso of 7.2 and 8.4 puM, respectively. Comparing the ICsy values obtained with the NBD

compounds for the entry inhibition assay and the RT-inhibition assay we found that the ratio ICso-

12
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RT/ICso-HIV-1yxp, was similar for the three compounds, i.e., 21, 16 and 13 for 89, 83B and 84A,

respectively.

Antiviral activity of 83B and 84A against a large panel of HIV-1 Env-pseudotyped reference

viruses.

The first and second generation NBD compounds 89 and 90 showed a broad range of antiviral

activity against a large panel of clinical isolates of different subtype'* ',

In this study, we
evaluated the HIV-1 inhibitory activity of our newly selected compounds, 83B and 84A, against a
large panel of Env-pseudotyped viruses and we compared their activity with the 89 (Table 3). We
selected fifty-five HIV-1 clones of clinical isolates from 9 subtypes including primary and
transmitted/founder HIV-1 isolates and 12 recombinant HIV-1 clones. We found that both these
compounds exhibited improved anti-HIV-1 activity compared to 89. For example, we observed
that the overall mean of the ICsos determined for 89 against the panel of pseudoviruses was 1.64 £
0.12 pM (ICsps in the range of 0.32-4.4 pM). On the contrary, we found that the overall means of
the 1Csgs determined for 83B and 84A were 0.41 + 0.02 uM (ICsps in the range of 0.2-0.75 uM)
and 0.49 + 0.02 uM (ICss in the range of 0.27-0.94 uM), respectively. Additionally, we found that
although 84A was equally active against all the pseudoviruses regardless of the subtype, 89 was
slightly less active against the HIV-1 clones of subtype C (mean of 2.16 = 0.18, n = 16). By
contrast, 83B was ~6-fold more active against subtype C viruses (mean of 0.35 + 0.03, n = 16)
compared to 89. 83B had similar activity against subtype D (mean of 0.36 + 0.05, n = 5), subtype
A (mean of 0.43 + 0.04, n = 12) and subtype B (mean of 0.46 + 0.04, n = 15) viruses. The data
indicate that both 83B and 84A showed broad spectrum antiviral activity against a large number of
HIV-1 Env-pseudotyped viruses representing clinical isolates of diverse subtypes. Finally, both

13
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compounds 83B and 84A showed much poorer activity against the control pseudovirus VSV-G
displaying an ICsp of ~42.9 uM and ~26 puM respectively versus the ~7.1 uM observed for 89,

suggesting that the inhibitory activity of these compounds is specific to HIV-1.

In vitro ADMET study of NBD-series compounds

Early ADMET studies of drug molecules during discovery phase has been recognized as

25,26 Therefore, we decided to

critical to reducing the attrition rate in late stage drug development
initiate in vitro ADMET studies on 83B and 84A and compare the data with previously published
inhibitor, 89 of this class. We also used 91 as a control, a highly potent attachment inhibitor, the
pro-drug of which has been shown to be safe and efficacious and received “breakthrough therapy
designation for investigational HIV-1 attachment inhibitor in 2015 by the US FDA. The in vitro
ADMET data in Table 4 show that the new molecules 83B, 84A, and our earlier reported
compound 89, as well as the control inhibitor 91, have similar aqueous solubility profiles.
However, in the bidirectional Caco-2 cell permeability assay, which predicts the human intestinal
permeability potential of a molecule required for oral absorption, NBD compounds demonstrated
to have relatively moderate permeability compared to 91. The Caco-2 cell permeability in the
basolateral to apical side (B2A) was measured principally to calculate the efflux ratio (Mean Py

B2A / Mean P,,, A2B) of these molecules. A value greater than 2 indicates the possibility of these

molecules to be removed out of the basolateral site most likely by the efflux transporter(s).

Since the liver is the major organ where drug metabolism occurs, we decided to study the
metabolic stability of our molecules in human liver microsomes. The data in Table 4 indicate that

83B and 84A showed improved stability compared to 91, whereas 89 has similar stability to 91.

14
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We can classify all NBD molecules and 91 from their in vifro human intrinsic clearance data

(CLin) as low clearance compounds.

The NBD compounds were also tested for their human plasma protein binding potential
and compared with the control 91. The mean fraction unbound (fu) data in Table 4 indicate that
96%, 90% and 88.6% of 83B, 84A, and 89, respectively were bound to the plasma which is

slightly higher than 91, where 81.5% binding was observed.

We evaluated the NBD compounds and 91 against five CYP450 isoforms (CYP2C19,
CYP3A4, CYP2D6, CYP2C9, and CYP1A), which metabolizes more than 80% of the drugs to
identify any possible drug-drug interactions. All NBD compounds tested and the control 91
showed no inhibition of any of the isoforms tested. The only inhibition observed was for 83B
against CYPIA, with an ICso of 8.01 puM, implicating a moderate inhibition potential of this

particular molecule.

We also evaluated the potential of these molecules to inhibit hERG channel, known to be a
predictor of the development of acquired long QT syndrome that may lead to fatal ventricular
arrhythmia. All NBD compounds were tested along with the control 91. 84A and 91 showed weak
or no inhibition of the hERG channel. However, 89 and 83B showed moderate inhibition of hERG

channel.

DISCUSSION

The HIV-1 gp120 binding site on the human primary cell receptor CD4 has been long recognized

4, 36

as one of the major sites for developing entry inhibitors™ °°. The major success came with the

discovery of the first attachment inhibitor BMS-378806 with high potency, which, however, could

15
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not proceed further for development due to a deficiency in its bioavailability that leads to the
development of next generation BMS analogs with improved pharmacokinetics profiles. One such
drug, BMS-663068 is currently in phase III clinical trials. We'*'” and others'® '#-20- 2224 34. 35. 3740
have validated Phe43 cavity of HIV-1 gpl120 as a target for discovering a new class of entry
inhibitor drugs. Our success in converting a full agonist (NBD-556) to an antagonist (89)
motivated us to optimize this molecule further to more potent and less toxic inhibitors that
maintain the antagonist trait. Towards that goal, we recently reported the X-ray structure of 89
with HIV-1 gp120'. An in-depth analysis of the structure indicated that despite the introduction of
a piperidine ring which enabled an H-bond interaction with Asp368 of gpl120, the ring had a
significant hydrophobic component which was located in the solvent exposed area, which may be
undesirable for binding to gp120 due to high thermodynamic penalty. Therefore, to avoid such
adverse effect, we recently reported the synthesis of a few new molecules by replacing piperidine
ring with primary amines'’. One of these molecules 90 showed improvement in antiviral potency
against a large panel of Env-pseudotyped viruses. The x-ray structure of 90, reported in this study,
confirmed that this modification still could maintain the critical H-bond interaction with Asp368.
This confirmation prompted us to synthesize a large number of analogs to derive a comprehensive
SAR to guide in further optimization of this class of inhibitors. We have initially tested these
molecules in a single-cycle and a multi-cycle HIV-1 inhibition assay and identified two molecules,
83B and 84A with improved antiviral activity and selectivity index. A further test with a large
panel of Env-pseudotyped HIV-1 representing clinical isolates of different subtypes showed their
broad-spectrum antiviral potency. The improvement of the mean ICs values of 83B and 84A when
compared with 89 among the same set of Env-pseudoviruses, was ~4-fold. Most significantly,

these two molecules showed much improved antiviral potency across multiple subtypes (A-D)

16

ACS Paragon Plus Environment



Page 17 of 125 Journal of Medicinal Chemistry

©CoO~NOUTA,WNPE

tested unlike BMS-378806, which despite its low nM antiviral potency against subtype B, it
showed relatively weak potency against A, C and D subtypes*'. The cytotoxicity values of the
NBD series molecules presented here showed an only marginal reduction in our best compounds.
However, in the assay against a large panel of pseudoviruses containing the envelope from clinical
isolates we see substantial improvement in antiviral activity, which leads to the belief that further
modifications will result in compounds with higher potency, thereby, with higher selectivity index.

The time of addition data with 83B and 84A showed that there might be additional
inhibitory activity besides inhibiting entry because these compounds show some activity even after
adding beyond 2 h, indicative of some other target. Earlier we reported that some next generation
NBD compounds, such as, 89 showed activity against HIV-1 RT enzyme. We also confirmed in
this study that like 89, 83B and 84A also target RT at higher doses. Despite the fact that the
activity against HIV-1 RT of these two molecules was more potent than 89, the relative ratio of
IC50-RT/IC50-HIV-14xp> remained almost same, i.e., 21, 16 and 13 for 89, 83B, and 84A,
respectively. The data demonstrates that entry is the dominant mechanism of action of these
inhibitors. It is worth noting that the new generation compounds, such as 83B and 84A, are

several-fold more potent entry inhibitors against HIV-1 than 89.

Poor physicochemical properties, pharmacokinetics, and toxicity are the principal cause of
late-stage failure in drug development™. Use of in vitro evaluation of ADMET of drugs is
especially attractive in this phase due to high cost with in vivo procedures involving an animal. We
have decided to address this critical issue in our early optimization phase of developing these entry
inhibitors as future clinical candidates. Published report demonstrated that addition of a fluoro

group in the phenyl ring of NBD-556 series compounds enhances the antiviral potency38 although
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we observed mixed results in our study'’. However, it is well-established that fluorine in medicinal
chemistry has been used quite extensively to improve physicochemical properties and metabolic

profiles of drugs**™*

. We utilized that knowledge and added additional fluorine atom(s) in the most
vulnerable positions in the phenyl ring of the NBD-series of compounds. Therefore, it was
imperative for us to evaluate the effect on physicochemical and pharmacokinetic profiles of the
two most active compounds in this study by in vitro ADMET studies. The in vitro ADMET data in
Table 4 indicate that NBD-series compounds have similar ADMET profiles to that of the clinical
candidate, 91, except Caco-2 permeability which is slightly lower. The Caco-2 permeability
(expressed as Papp, 10-° x cms'l) of 83B, 84A and 89 have P, values of 2.56, 1.17 and 2.31 x 10°
cms™, respectively compared to 7.62 x 10 cms™ of 91. However, the Caco-2 permeability value
(Papp of >1 x 10 cms™) of a molecule is considered to have an acceptable permeability in drug
development program45. The oral drug, atenolol, used as a control in our experiment, has a Py, of
0.220 x 10 cms™. The bi-directional Caco-2 cell permeability data also indicate that all the NBD
compounds and 91 have high efflux ratio demonstrating that all these molecules may be subject to
P-gp mediated efflux. However, the role of other transporters, such as BCRP, MRP2, etc could not
be ruled out™. The results on metabolic stability in human microsomes indicate that all the NBD
compounds are stable up to the 45 min limit of the experimental protocol. The intrinsic clearance
data (CL;y, pL/min/mg protein) also indicate that these compounds have low clearance potential. It
is worthwhile to mention that drugs with high clearance are considered unfavorable because they
may be cleared rapidly in vivo and the drugs may have a short duration of action and require

multiple/repeat dosing.
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The protein binding data in Table 4, expressed as mean fraction unbound (fu), indicate that
all NBD compounds and 91 bind strongly to plasma protein. However, Smith et al. from Pfizer
Global Research, in 2010 convincingly illustrated that we need to be cautious in interpreting the
plasma binding data and optimizing molecules based on those data because the efficacy of a drug
is often dependent on the free drug concentration surrounding the drug target rather than the free

drug fraction .

Cytochrome P450 enzymes (CYP450) are essential for the metabolism of many drugs48.
However, inhibition of these enzymes may lead to drug-drug interaction when two or more drugs
are co-administered through inhibition of CYP450 enzymes specific for one or other drugs.
Inhibition of metabolism may lead to increased level of drug concentration in the system which
may lead to toxicity. We have selected five isoforms (CYP2C19, CYP3A4, CYP2D6, CYP2C9
and CYP1A) responsible for the metabolism of the majority drugs. All NBD compounds and 91
showed a low level of inhibition of all five isoforms tested (ICsyp >25 uM except 83B has ICsy of
8.01 uM against CYP1A) indicating that these compounds are less likely to have toxicity due to

drug-drug-interactions associated with drug metabolism®.

Several drugs either had to be withdrawn or imposed restricted use due to cardiac toxicity.
Many drugs are known to induce acquired long QT syndrome by prolonging QT interval and
cardiac action potential due to inhibition of human ether-a-go-go-related gene (hERG) that encode
the inward rectifying voltage-gated potassium channel®. Therefore, it was prudent for us to
evaluate the inhibitory potential of the NBD compounds against hERG and compare that with the
control, 91. The data in Table 4 demonstrate that all these compounds have uM ICs, values. 84A
inhibited hERG with similar potency as the 91 control. 89 showed the highest inhibition of hERG
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but our next generation compounds 83B and 84A showed some improvement. It is worthwhile to
mention that the drugs that had to be either taken out of the market or imposed restriction in use all
had nM level inhibitory activity. It was evident from the above data that the best NBD compounds

in this study have very similar ADMET profiles to that of the control 91.

CONCLUSIONS

In our continuous effort to optimize the first HIV-1 entry antagonist, 89, we have synthesized 60
new analogs, determined their antiviral potency and experimentally evaluated in vitro ADMET
profile of two of the most active compounds. 83B and 84A showed measurable progress in
improving the antiviral potency and the selectivity index compared to 89. The x-ray structure
confirms the binding mode of this class of molecules as well as provides structural details, which is
expected to provide additional guidance in further optimizing these new molecules. The data
presented here show that these molecules have the broad-spectrum potency against a large panel of
Env-pseudotyped viruses representing clinical isolates of a wide variety of subtypes. These
molecules also have comparable in vitro ADMET profiles to that of the clinical attachment
inhibitor, 91. The systematic study presented here is expected to pave the way for improving
further the potency, toxicity and ADMET profile of this series of compounds with the potential to

be moved to the early preclinical development.

EXPERIMENTAL SECTION

Cells and viruses
MT-2 cells’', TZM-bl cells’, '"MAGI-CCRS cells™, U87CD4+CXCR4+ cells™ and HL2/3 cells™
were obtained through the NIH ARP. HEK 293T cells were purchased from ATCC. CD4-negative

20

ACS Paragon Plus Environment



Page 21 of 125 Journal of Medicinal Chemistry

©CoO~NOUTA,WNPE

Cf2Th-CCR5+ cells and Env expression vector pSVIllenv-ADA were kindly provided by Dr. J. G.
Sodroski®®. HIV-1 Env molecular clone expression vector pHXB2-env (X4) DNA was also
obtained through the NIH ARP’’. HIV-1 Env molecular clones of gp160 genes for HIV-1 Env
pseudovirus production were obtained as follows: clones representing the standard panels A, A/D,
A2/D, D and C (QB099.391M.Env.B1) were obtained through the NIH ARP from Dr. J.
Overbaugh® *°. The HIV-1 Env molecular clones panel of subtype A/G and A/E (CRFO1_AE
clone 269) Env clones were obtained through the NIH ARP from Drs. D. Ellenberger, B. Li, M.
Callahan and S. Butera®. The AE clone AA058 was kindly provided by Drs. R. J. McLinden and
A. L. Chenine from US Military HIV Program, Henry M. Jackson Foundation (Silver Spring,
MD). The HIV-1 Env panel of standard reference subtype B Env clones was obtained through the
NIH ARP from Drs. D. Montefiori, F. Gao and M. Li (PVO, clone 4 (SVPB11); TRO, Clone 11
(SVPB12); AC10.0, clone 29 (SVPB13); QH0692, clone 42 (SVPB6); SC422661, clone B
(SVPBS)); from Drs. B. H. Hahn and J. F. Salazar-Gonzalez (pREJO4541, clone 67 (SVPB16);
pRHPAA4259, clone 7 (SVPB14)); from Drs. B. H. Hahn and D. L. Kothe (pTHRO4156 clone 18
(SVPB15), pCAAN5342 clone A2 (SVPB19))°" %2, The subtype B clones pWEAUd15.410.5017,
pl058 11.B11.1550, p1054.TC4.1499, p9014 01.TB1.4769 and p9021 14.B2.4571 were obtained
through the NIH ARP from Drs. B. H. Hahn, B. F. Keele and G. M. Shaw®. The subtype C HIV-1
reference panel of Env clones were also obtained through the NIH ARP from Drs. D. Montefiori,
F. Gao, S. A. Karim and G. Ramjee (Du 156.12; Dul72.17); from Drs. D. Montefiori, F. Gao, C.
Williamson and S. A. Karim (Du422.1), from Drs. B. H. Hahn, Y. Li and J. F. Salazar-Gonzalez
(ZM197M.PB7; ZM249M.PL1); from Drs. E. Hunter and C. Derdeyn (ZM53M.PBI12;
ZMI135M.PL10a; ZM109F.PB4); from Drs. L. Morris, K. Mlisana and D. Montefiori,

(CAP45.2.00.G3; CAP210.2.00.E8)**. The HIV-1 Subtype C Panel of Indian gp160 Env Clones
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HIV-16055-2 clone 3, HIV-16936-2 clone 21, HIV-25711-2 clone 4, HIV-225925-2 clone 22 and
HIV-26191-2, clone 48 were obtained through the NIH ARP from Drs. R. Paranjape, S. Kulkarni
and D. Montefiori®. HIV-1 Env molecular clones MF535.WOM.Env.C1 and BF535.W6M.Env.Al
of subtype D/A were obtained through the NIH ARP from Dr. J. Overbaugh®. The Env-
pseudotyped genes of BG505.T332N, KNH1144 and B41 were kindly provided by Dr. J. P. Moore
of the Weil Cornell Medical College, NY.

The Env-deleted pro-viral backbone plasmid and pSG3A™ DNA (Drs. J. C. Kappes and X. Wu)**
62 was obtained through the NIH ARP. MLV gag-pol-expressing vector pVPack-GP, Env-
expressing vector pVPack-VSV-G and a pFB-luc vector were obtained from Stratagene (La Jolla,
CA).

HIV-1yys laboratory adapted strain was obtained through the NIH ARP. Full-length clinical

isolates HIV-1 clones were obtained through the NIH ARP.

Pseudovirus preparation

Pseudoviruses capable of single cycle infection were prepared as previously described with a
minor modification'> . Briefly, 5 x 10° HEK293T cells were transfected in a 15 ml volume of a
solution containing 8 pg of an HIV-1 Env-deleted pro-viral backbone plasmid pSG3**™, and 8 pg
of an HIV-1 Env-expression plasmid with FuGENE 6 (Roche). VSV-G pseudovirus was prepared
by transfecting the HEK293T cells with a combination of the Env-expressing plasmid pVPack-
VSV-G, the MLV gag-pol-expressing plasmid pVPack-GP, the pFB-luc plasmid and FuGENE 6.
Pseudovirus-containing supernatants were collected two days after transfection, filtered, tittered

and stored in aliquots at —80 °C.

Measurement of antiviral activity
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Single-cycle infection assay in TZM-bl cells. The NBD compounds were tested against the
pseudovirus HIV-1 expressing the Env from the lab-adapted HIV-1yxp, (X4) in a single-cycle
infection assay. Moreover, the small molecules 89, 83B, and 84A were also tested against a large
group of HIV-1 pseudotyped viruses expressing the Env from the panel of clinical isolates as
previously described'” . Briefly, TZM-bl cells were plated in a 96-well tissue culture plate at 1 x
10* / well and cultured at 37 °C. Following overnight incubation, aliquots of HIV-1 pseudovirus
pre-treated with graded concentrations of the small molecules for 30 min were added to the cells
and incubated for 3 days. Cells were washed and lysed with 50 pl of lysis buffer (Promega). 20 pl
of the lysates were transferred to a white plate and mixed with the luciferase assay reagent
(Promega). The luciferase activity was measured immediately with a Tecan Infinite M1000 reader,
and the percent inhibition by the compounds and ICs (the half maximal inhibitory concentration)

values were calculated using the GraphPad Prism software.

Single-cycle infection assay in U87-CD4-CXCR4 cells. The small molecules 89, 83B and 84A
were also tested against control pseudovirus VSV-G, obtained as described above. Briefly, U87-
CD4-CXCR4 cells were plated in a 96-well tissue culture plate at 1 x 10* / well and cultured
overnight. The following day, aliquots of VSV-G pseudovirus pre-treated with graded
concentrations of the small molecules for 30 min were added to the cells and incubated for three
days. Cells were washed and lysed with 40 pl of lysis buffer. The lysates were then transferred to a
white plate and mixed with the luciferase assay reagent. The luciferase activity was immediately
measured to calculate the percent of inhibition and ICsy values by using the GraphPad Prism

software.

Multi-cycle infection assay in MT-2 cells. The NBD small molecules were evaluated against the
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full-length laboratory-adapted HIV-ly as previously described®®. Briefly, MT-2 cells were
infected with HIV-1y5 at 100 TCIDs, and pre-incubated with graded concentrations of compounds
for 30 min. The following day, the culture supernatants were replaced with fresh media. Four days
post-infection, the supernatants were collected and mixed with an equal volume of 5 % Triton X-
100 and tested for p24 antigen by sandwich-ELISA. The percent inhibition of p24 production and

ICs values were calculated by the GraphPad Prism software.
Evaluation of cytotoxicity

TZM-bl cells. The cytotoxicity of the small molecules in TZM-bl cells was measured by the
colorimetric XTT method as previously described'*. Briefly, TZM-bl cells were plated in a 96-well
tissue culture plate at 1 x 10*/ well and cultured at 37 °C. F ollowing overnight incubation, the cells
were incubated with 100 ul of the compounds at graded concentrations and cultured for three days.
The XTT solution was added to the cells and four h later the soluble intracellular formazan was
quantitated at 450 nm. The percent of cytotoxicity and the CCsy (the concentration for 50 %

cytotoxicity) values were calculated as above.

MT-2 cells. The cytotoxicity of the small molecules in MT-2 cells which ran parallel to the
neutralization assay was also measured with the colorimetrical XTT method as previously
described®®. Briefly, 100 pl of a small molecule at graded concentrations was added to an equal
volume of cells (10° cells/ml) in 96-well plates. The following day, the culture supernatants were
replaced with fresh media and incubated for four days. Four hours after the addition of XTT the
soluble intracellular formazan was quantitated, and the percent of cytotoxicity and the CCs, values

were calculated as above.
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HIV-1 mediated cell-to-cell fusion inhibition assay.

14,69, 70 __ -
d'* %70 With

The HIV-1 mediated cell-to-cell fusion assay was performed as previously describe
some minor modifications. We used the indicator cells MAGI-CCRS, a HeLa cell line expressing
CD4, CXCR4, and CCRS, and HIV-LTR-B-gal under control of HIV-1 Tat as target cells. And
HL2/3 cells, a HeLa cell line which expresses HIV-1yxg, Env on the surface and Tat, Gag, Rev
and Nef proteins in the cytoplasm but does not produce mature virions, as effector cells. Briefly,
MAGI-CCRS5 cells were plated in a 96-well 1.5 x 10* / well and cultured for four h at 37 °C. Then,
the cells were incubated for one h with escalating concentrations of NBD-compounds. HL2/3 cells
were then added to the culture at 7.5 x 10° cells/well and cultured for 24 h. B-gal expression was

quantified with the Beta-Glo Assay system (Promega) following the manufacturer’s instructions.

The percent inhibition and the ICs, values were calculated using the GraphPad Prism software

Assay in Cf2Th-CCRS cells

CD4-negative Cf2Th-CCR5 cells were plated at 6 x 10° cells/well in a 96-well tissue culture plate
and incubated overnight. The cells were infected with the luciferase expressing recombinant CD4-
dependent pseudovirus HIV-1aps as previously described’. Briefly, following overnight
incubation, aliquots of HIV-1,ps pseudovirus pre-treated with graded concentrations of the small
molecules for 30 min were added to the cells and cultured for 48 h. Cells were washed with PBS
and lysed with 40 pl of cell lysis reagent. Lysates were transferred to a white 96-well plate and
mixed with 100 ul of luciferase assay reagent. The luciferase activity was immediately measured
to obtain the relative infection compared to the untreated control. The Relative virus infectivity
indicates the amount of infection detected in the presence of the compounds divided by the amount
of infection detected in the absence of the compounds.
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Time of addition assay

TZM-bl cells were plated in a 96-well tissue culture plate at 1 x 10* / well and cultured at 37 °C
overnight. On the day of the infection, aliquots of the pseudovirus HIV 1yxg, were added to the
cells. The plates were immediately spun for 30 min at 2090 g at 4 °C and subsequently incubated at
37 °C for 90 min. Afterward, the medium was removed to eliminate unbound virus, and the cells
were washed one time with PBS. Fresh medium was added to the cells. The cells were treated

1.*" at the time of

with 10-15 times their respective ICsg values as previously described Lin PF. Et a
infection (Time “0”) or 30 min, 1, 2, 4, 6 and 8 h postinfection (p.i.). As a control, cells were
treated with AMD3100 (co-receptor CXCR4 inhibitor), BMS-378806 (entry inhibitor) Zidovudine
(AZT, Nucleoside Reverse Transcriptase Inhibitor (NRTI)) and Raltegravir (Integrase inhibitor).
Forty-eight hours post-infection, the cells were washed two times with PBS and lysed. The

luciferase activity was immediately measured as described above. Two independent experiments

were performed in triplicate, and the graph is representative of one experiment.

Quantitative determination of HIV-1 Reverse Transcriptase activity.

The inhibitory effect of the NBD compounds on the HIV-1 Reverse Transcriptase activity was
determined by using the Colorimetric Reverse Transcriptase Assay (Roche) by following the
manufacturer’s instructions. NBD-556 and Nevirapine (Non-nucleoside Reverse Transcriptase

Inhibitor (NNRTT)) were used as a control.

Crystallization, structure determination and refinement
Clade A/E gpl120 core. H375S was produced by transient expression and purified as described

previous1y71. The protein was concentrated to ~10 mg/ml in 5 mM Tris-HCI pH 7.5, 150 mM
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NaCl, and 0.02% NaN; and mixed with 5 mM 90 in 50% DMSO in 10 to 1 ratio prior to
crystallization. The protein and 90 mixture was then set up for crystallization by mixing 0.5 pl of
the mixture and 0.5 pl of the reservoir solution containing 10-16% PEG 3350, 5% isopropanol, and
0.IM HEPES 7.5 by hanging drop vapor diffusion. Good diffracting quality crystals grew at 14%
PEG3350, 5% isopropanol, and 0.1M HEPES 7.5. Crystals were flash-frozen with cryoprotectant
containing 30% ethylene glycol, 14% PEG3350, 5% isopropanol, and 0.1M HEPES 7.5 for data
collection at synchrotron beamline (SER-CAT ID22, Advanced Photon Source, Argonne National
Laboratory). The diffraction data were processed and scaled with HKL2000"* and the structure
was determined by molecular replacement using Phaser””. The molecule was built with Coot™ and
refined with PHENIX"®. The refinement statistics were summarized in Table S1. Figures were
generated using PyMOL (The PyMOL Molecular Graphics System, Version 2.0, Schrodinger,
LLC).

Turbidimetric Aqueous Solubility

Test compound (10 mM in DMSO) was serially diluted to give solutions of 0.1, 0.3, 1 and 3 mM
in DMSO. Each test compound concentration was then further diluted 1 in 100 in buffer (typically
0.01 M phosphate buffered saline pH 7.4) so that the final DMSO concentration was 1 % and the
final test compound concentrations were 1, 3, 10, 30 and 100 uM. The experiment was performed
at 37 °C and each concentration was incubated in 7 replicate wells. The plates were incubated for
2 hr at 37 °C before the absorbance was measured at 620 nm. Nicardipine and pyrene were
included as control compounds. The solubility of nicardipine is pH dependent whereas the
solubility of pyrene is pH independent.

Data Analysis
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The solubility was estimated from the concentration of test compound that produced an increase in
absorbance above vehicle control (i.e., 1 % DMSO in the buffer).

Caco-2 Permeability (Bi-directional)

Caco-2 cells obtained from the ATCC were used between passage numbers 40 - 60. Cells were
seeded onto Millipore Multiscreen Transwell plates at 1 x 10° cells/cm®. The cells were cultured in
DMEM and media was changed every two or three days. On day 20 the permeability study was
performed. Cell culture and assay incubations were carried out at 37 °C in an atmosphere of 5 %
CO; with a relative humidity of 95 %. On the day of the assay, the monolayers were prepared by
rinsing both basolateral and apical surfaces twice with Hanks Balanced Salt Solution (HBSS) at
the desired pH warmed to 37 °C. Cells were then incubated with HBSS at the desired pH in both
apical and basolateral compartments for 40 min to stabilize physiological parameters.

The dosing solutions were prepared by diluting test compound with assay buffer to give a
final test compound concentration of 10 uM (final DMSO concentration of 1% v/v). The
fluorescent integrity marker lucifer yellow was also included in the dosing solution. Analytical
standards were prepared from test compound DMSO dilutions and transferred to buffer,
maintaining a 1 % v/v DMSO concentration.

Assay buffer was composed of supplemented HBSS pH 7.4.

For assessment of A-B permeability, HBSS was removed from the apical compartment and
replaced with test compound dosing solution. The apical compartment insert was then placed into
a companion plate containing a fresh buffer (containing 1 % v/v DMSO). For assessment of B-A
permeability, HBSS was removed from the companion plate and replaced with test compound
dosing solution. Fresh buffer (containing 1 % v/v DMSO) was added to the apical compartment

insert, which is then placed into the companion plate.
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At 120 min the apical compartment inserts and the companion plates were separated and
apical and basolateral samples diluted for analysis. Test compound permeability was assessed in
duplicate. Compounds of known permeability characteristics were run as controls on each assay
plate.

Test and control compounds were quantified by LC-MS/MS cassette analysis using an
8-point calibration with an appropriate dilution of the samples. Cyprotex generic analytical
conditions were used. The starting concentration (Cy) was determined from the dosing solution
and the experimental recovery calculated from C, and both apical and basolateral compartment
concentrations.

The integrity of the monolayer throughout the experiment was checked by monitoring lucifer
yellow permeation using fluorimetric analysis. Lucifer yellow permeation is high if monolayers
have been damaged.

Data Analysis

The permeability coefficient (Pyp,) for each compound was calculated from the following equation:

= (2L5)

Where dQ/dt is the rate of permeation of the drug across the cells, Cy is the donor compartment
concentration at time zero and A is the area of the cell monolayer. C, was obtained from analysis
of the dosing solution.

For bi-directional experiments, an efflux ratio (ER) was calculated from mean A-B and B-A data.

This 1s derived from:

P -
ER = —2PR(B-A)

Papp(a-B)
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Three control compounds were screened alongside the test compounds, atenolol (human

absorption 50 %), propranolol (human absorption 90 %) and talinolol (a substrate for P-gp).

Microsomal Metabolic Stability

Pooled liver microsomes were purchased from a reputable commercial supplier. Microsomes were
stored at -80 °C prior to use. Microsomes (final protein concentration 0.5 mg/mL), 0.1 M
phosphate buffer pH 7.4 and test compound (final substrate concentration 3 uM; final DMSO
concentration 0.25 %) were pre-incubated at 37 °C before the addition of NADPH (final
concentration 1 mM) to initiate the reaction. The final incubation volume was 50 uL. A minus
cofactor control incubation was included for each compound tested where 0.1 M phosphate buffer
pH 7.4 was added instead of NADPH (minus NADPH). Two control compounds were included
with each species. All incubations were performed singularly for each test compound.

Each compound was incubated for 0, 5, 15, 30 and 45 min. The control (minus NADPH) was
incubated for 45 min only. The reactions were stopped by transferring 20 uL of incubate to 60 pL.
methanol at the appropriate time points. The termination plates were centrifuged at 2,500 rpm for
20 min at 4 °C to precipitate the protein.

Quantitative Analysis

Following protein precipitation, the sample supernatants were combined in cassettes of up to 4
compounds, an internal standard was added, and samples analyzed using Cyprotex generic
LC-MS/MS conditions.

Data Analysis
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From a plot of In peak area ratio (compound peak area/internal standard peak area) against time,
the gradient of the line was determined. Subsequently, half-life and intrinsic clearance were
calculated using the equations below:

Elimination rate constant (k) = (- gradient)

Half-life (t,))(min) = ==

V x0.693

Intrinsic clearance (CLjy)(pL/min/mg protein) =
a

where V = Incubation volume (uL)/Microsomal protein (mg)

Relevant control compounds were assessed, ensuring intrinsic clearance values fell within the
specified limits (if available). Any failures were rejected and the experiment repeated.

Plasma Protein Binding (100 %)

Solutions of test compound (5 uM, 0.5 % final DMSO concentration) were prepared in buffer
(pH 7.4) and 100 % species-specific plasma. The experiment was performed using equilibrium
dialysis with the two compartments separated by a semi-permeable membrane. The buffer
solution was added to one side of the membrane and the plasma solution to the other side. After
equilibration, samples were taken from both sides of the membrane. Standards were prepared in
plasma and buffer and were incubated at 37 °C. Test compound incubations were performed in
duplicate. A control compound was included in each experiment.

The solutions for each batch of compounds were combined into two groups (protein free and
protein containing), then cassette analyzed by LC-MS/MS using two sets of calibration standards
for protein free (7 points) and protein containing solutions (6 points). Cyprotex generic LC-
MS/MS conditions were used. Samples were quantified using standard curves prepared in the

equivalent matrix.
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Data Analysis

The fraction unbound in plasma (fu) was calculated using the following equation:

fcorrected — P F
; {(PC-PF)xV,

comeiont + PF

PC = sample concentration in protein containing side

PF = sample concentration in protein free side

Veorrection = correction factor for the volume shift i.e. ratio of the volume of the protein after
dialysis to that before dialysis (1.166 for human, previously determined)

Cytochrome P450 Inhibition (ICs9 Determination)

CYP1A Inhibition

Six test compound concentrations (0.1, 0.25, 1, 2.5, 10, 25 uM; final DMSO concentration 0.3 %)
were incubated with human liver microsomes (0.25 mg/mL) and NADPH (1 mM) in the presence
of the probe substrate ethoxyresorufin (0.5 uM) for 5 min at 37 °C. The selective CYP1A
inhibitor, alpha-naphthoflavone, was screened alongside the test compound as a positive control.
Formation of the metabolite resorufin was monitored.

CYP2C9 Inhibition

Six test compound concentrations (0.1, 0.25, 1, 2.5, 10, 25 uM; final DMSO concentration 0.25 %)
were incubated with human liver microsomes (1 mg/mL) and NADPH (1 mM) in the presence of
the probe substrate tolbutamide (120 uM) for 60 min at 37 °C. The selective CYP2C9 inhibitor,
sulfaphenazole, was screened alongside the test compound as a positive control. Formation of the

metabolite 4-hydroxytolbutamide was monitored.

CYP2C19 Inhibition
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Six test compound concentrations (0.1, 0.25, 1, 2.5, 10, 25 uM; final DMSO concentration 0.25 %)
were incubated with human liver microsomes (0.5 mg/mL) and NADPH (1 mM) in the presence of
the probe substrate mephenytoin (25 uM) for 60 min at 37 °C. The selective CYP2C19 inhibitor,
tranylcypromine, was screened alongside the test compound as a positive control. Formation of
the metabolite 4-hydroxymephenytoin was monitored.

CYP2D6 Inhibition

Six test compound concentrations (0.1, 0.25, 1, 2.5, 10, 25 uM; final DMSO concentration 0.25 %)
were incubated with human liver microsomes (0.5 mg/mL) and NADPH (1 mM) in the presence of
the probe substrate dextromethorphan (5 uM) for 5 min at 37 °C. The selective CYP2D6 inhibitor,
quinidine, was screened alongside the test compound as a positive control. Formation of the
metabolite dextrorphan was monitored.

CYP3A4 Inhibition (Midazolam)

Six test compound concentrations (0.1, 0.25, 1, 2.5, 10, 25 uM; final DMSO concentration 0.26 %)
were incubated with human liver microsomes (0.1 mg/mL) and NADPH (1 mM) in the presence of
the probe substrate midazolam (2.5 uM) for 5 min at 37 °C. The selective CYP3A4 inhibitor,
ketoconazole, was screened alongside the test compounds as a positive control. Formation of the
metabolite 1-hydroxymidazolam was monitored.

Sample Analysis

The reactions were terminated by methanol. For CYP1A, aliquots of the termination solutions
were transferred to the relevant wells of clear bottomed 96-well plates and the formation of the
metabolite, resorufin, was monitored by fluorescence (excitation wavelength 535 nm, emission
wavelength 595 nm). For all other substrates, the termination plates were centrifuged at 2500 rpm

for 30 min at 4 °C and an aliquot of the supernatant was transferred to fresh 96-well plates.
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Formic acid in deionised water (final concentration 0.1 %) containing internal standard was added
to the supernatants prior to analysis by LC-MS/MS using Cyprotex generic methods.
Data Analysis
A decrease in the formation of the metabolite compared to vehicle control is used to calculate an
ICs¢ value (test compound concentration which produces 50 % inhibition).
LC-MS/MS Analysis for CYP450 inhibition (CYP2C9, CYP2C19, CYP2D6 and CYP3A4
(Midazolam)
This system consisted of an Acquity™ Binary Solvent Manager (BSM), Acquity™ 4-position
heated column manager, 2777 Ultra High-Pressure Autosampler and a Xevo-TQ MS Triple
Quadrupole mass spectrometer (Waters Ltd, Herts, UK). The analysis was performed using the
following solvent system and gradient:

XBridge™ Phenyl-Hexyl (2.5 um) 2.1 x 30 mm (Waters Ltd, Herts,
Column:

UK)
Column Temp.: 70 °C
Injection Vol.: 8 uL

Mobile Phase A: 10 mM ammonium formate + 0.1 % v/v formic acid in water

Mobile Phase B: Methanol

Flow Rate | % Mobile | % Mobile | Gradient
Gradient Profile: | Time (min)
(uL/min) Phase A Phase B Profile

0.00 700 90 10 6
1.20 700 5 95 6
1.60 700 90 10 11
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1.90 700 90 10 6

hERG Channel Inhibition (ICs9 Determination)

The experiments were performed on an TonWorks™ automated patch clamp instrument (Molecular
Devices LLC), which simultaneously performs electrophysiology measurements for 48 single cells
in a specialized 384-well plate (PatchPlate™). All cell suspensions, buffers, and test compound
solutions were at room temperature during the experiment.

The cells used were Chinese hamster ovary (CHO) cells stably transfected with hERG (cell-line
obtained from Cytomyx, UK). A single-cell suspension was prepared in extracellular solution
(Dulbecco’s phosphate buffered saline with calcium and magnesium pH 7.2) and aliquots added
automatically to each well of a PatchPlate™. The cells were then positioned over a small hole at
the bottom of each well by applying a vacuum beneath the plate to form an electrical seal. The
vacuum was applied through a single compartment common to all wells which was filled with
intracellular solution (buffered to pH 7.2 with HEPES). The resistance of each seal was measured
via a common ground-electrode in the intracellular compartment and individual electrodes placed
into each of the upper wells.

Electrical access to the cell was then achieved by circulating a perforating agent, amphotericin B,
underneath the PatchPlate™. The pre-compound hERG current was then measured. An electrode
was positioned in the extracellular compartment, and a holding potential of -80 mV applied for
15 sec. The hERG channels were then activated by applying a depolarizing step to +40 mV for
5 sec and then clamped at -50 mV for 4 sec to elicit the hERG tail current, before returning

to -80 mV for 0.3 sec.
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Compound dilutions were prepared by diluting a DMSO solution (default 10 mM) of the test
compound using a factor 5 dilution scheme into DMSO, followed by dilution into extracellular
buffer such that the final concentrations tested were typically 0.008, 0.04, 0.2, 1, 5, 25 uM (final
DMSO concentration 0.25 %). The TonWorks™ instrument automatically adds test compound
dilutions to the upper wells of the PatchPlate™. The test compound was left in contact with the
cells for 300 sec before recording currents using the same voltage-step protocol as in the pre-
compound scan. Quinidine, an established hERG inhibitor, was included as a positive control, and
vehicle control (0.25 % DMSO) as a negative control.

Each concentration was tested in 4 replicate wells on the PatchPlate™ (maximum of 24 data
points). Filters were applied to ensure only acceptable cells are used to assess hERG inhibition.
The cell must maintain a seal resistance of greater than 50 MOhm and a pre-compound current of
at least 0.1 nA, and ensure cell stability between pre-and post-compound measurements.

Data Analysis

For each replicate the hERG response was calculated using the following equation:

Post — compound current (nA)
% hERG response = x 100
Pre — compound current (nA)

The % hERG response was plotted against concentration for the test compound and, where
concentration-dependent inhibition is observed, the data are fitted to the following equation and an
1Csp value calculated:

_ Ymax ~ Ymin

S Ymin
1+ (—I(;SO

Where:

y = hERG response
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Ymax = mean vehicle control response
X = concentration
ICsp = concentration required to inhibit current by 50 %

s = Hill slope
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Chemistry

General. We used commercial reagents and solvents without further purification. We also
performed all reactions in the air atmosphere unless otherwise stated. Reactions were monitored by
thin-layer chromatography (TLC) carried out on Merck TLC Silica gel plates (60 F254), using UV
light for visualization and basic aqueous potassium permanganate or iodine fumes as a developing
agent. '"H and >C NMR spectra were recorded on Bruker Avance 400 instrument with operating
frequency of 400 and 100 MHz respectively and calibrated using residual undeuterated chloroform
(0H = 7.28 ppm) and CDCl; (8C = 77.16 ppm), or undeuterated DMSO (6H = 2.50 ppm) and
DMSO-ds (6C = 39.51 ppm) as internal references. The following abbreviations are used to set
multiplicities: s = singlet, d = doublet, t = triplet, ¢ =quartet, m = multiplet, br. = broad. The purity
of the final compounds was checked by LCMS in a Shimadzu LCMS-2010A using three types of

detection systems such as EDAD, ELSD, and UV and was found to be >95%.

methyl 5-(4-chlorophenyl)-1H-pyrrole-2-carboxylate (2)

The acid 1 (10.0 g, 45.1 mmol) was dissolved in DMF (45 mL) and finely grounded K,COs (6.20
g, 44.9 mmol) was added followed by Mel (3.10 mL, 49.8 mmol, 1.10 equiv). The reaction
mixture was stirred for 1 day at rt and evaporated. The residue was suspended in DCM and dry
loaded on silica. Elution with hexane\EtOAc (10:1, 1:1) provided the title compound as a yellow
solid. M =5.21 g. Yield = 49%.

"H NMR (CDCl;, 400 MHz): & = 3.89 (s, 3 H), 6.54 (dd, J=3.9, 2.8 Hz, 1 H), 6.98 (dd, J=3.9, 2.4

Hz, 1 H), 7.38 (d, J=8.6 Hz, 2 H), 7.57 (d, J=8.7 Hz, 2 H), 9.93 (br. s, 1 H).
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13C NMR (CDCls, 100 MHz): 6 = 51.8, 108.5, 117.2, 123.5, 126.2 (2C), 129.3 (2C), 130.0, 133.6,

136.1, 162.0.

methyl 5-(4-chlorophenyl)-1-methyl-1H-pyrrole-2-carboxylate (3)

The ester 2 (7.20 g, 30.6 mmol) was dissolved in DMF (31 mL) and NaH (60% suspension in
mineral oil, 2.45 g, 61.3 mmol, 2 equiv) was added in several portions. Mel (5.70 mL, 91.6 mmol,
3 equiv) was added after 5 min . The reaction mixture was stirred for 1 day at rt. The excess NaH
was quenched by dropwise addition of methanol (~5 mL) then the reaction mixture was
evaporated. The residue was suspended in DCM and dry loaded on silica. Elution with
hexane\EtOAc (10:1) yielded the title compound as a yellow solid. M = 7.11 g. Yield = 93%.

"H NMR (CDCl3, 400 MHz): 6 = 3.86 (s, 3 H), 3.88 (s, 3 H), 6.20 (d, J=4.0 Hz, 1 H), 7.03 (d,
J=4.0 Hz, 1 H), 7.33 (dt, J= 8.7, 2.2 Hz, 2H), 7.42 (dt,J = 8.7, 2.2 Hz, 2H).

BC NMR (CDCl;, 100 MHz): & = 34.4, 51.1, 109.4, 117.7, 123.8, 128.8 (2C), 130.6 (2C), 134.2,

140.3, 161.9.

5-(4-chlorophenyl)-1-methyl-1H-pyrrole-2-carboxylic acid (4)

The ester 3 (1.51 g, 6.05 mmol) was suspended in ethanol (6 mL) and a solution of NaOH (0.48 g,
12 mmol, 2.0 equiv) in water (6 mL) was added. The resulting mixture was heated under reflux for
1 day, cooled to rt and acidified with conc. HCI (1.00 mL) and the precipitate was filtered. M =
1.21 g. Yield = 85%.

"H NMR: (DMSO-ds, 400 MHz) & = 3.81 (s, 3 H), 6.25 (d, J=3.3 Hz, 1 H), 6.90 (d, J/=3.3 Hz, |

H), 7.51 (dd, J=12.2, 8.3 Hz, 4 H).
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BC NMR (DMSO-ds, 100 MHz): & = 34.4, 109.3, 117.6, 124.7, 129.0 (2C), 129.4, 130.8, 131.0

(2C), 133.1, 139.6, 162.5.

1-tert-butyl 2-methyl 5-(4-chlorophenyl)-3-methyl-1H-pyrrole-1,2-dicarboxylate (6)

In a Schlenk tube, PdCIy(PPhs), (0.75 g, 0.8 mmol, 5 mol %) was added under an argon
atmosphere to a solution of 5 (7.37 g, 21.6 mmol) in anhydrous DMF (80 mL) and the reaction was
left stirring for about 5 min at rt. Then the p-Cl-phenyl acetylene (4.40 g, 32.2 mmol, 1.5 equiv),
Cul (0.81 g, 4.3 mmol, 20 mol %) and Cs,CO;3 (14.00 g, 43.0 mmol, 2.0 equiv) were successively
added, and the solution was stirred at 50 °C for several hours. The reaction was monitored by TLC,
following the disappearance of the dehydroamino acid. After cooling, the reaction mixture was
diluted with ether and washed three times with water. Then the organic layer was collected, dried
over MgSOQy, filtered and concentrated under reduced pressure. The resulting oil was purified by
column chromatography (eluent hexanes/EtOAc, 10:1). M =4.64 g. Yield = 61%.

'H NMR (CDCls, 400 MHz): & = 1.43 (s, 9 H), 2.32 (s, 3 H), 3.88 (s, 3 H), 7.37 (s, 4 H).

methyl 5-(4-chlorophenyl)-3-methyl-1H-pyrrole-2-carboxylate (7)

N-Boc pyrrole 6 (4.64 g, 13.3 mmol) was dissolved in MeOH (46 mL) and NaH (60% suspension
in mineral oil, 0.64 g, 16 mmol, 1.2 equiv) was added in several portions under nitrogen
atmosphere. The reaction mixture was stirred for 1 day and the precipitate was filtered. M = 2.07 g.
Yield = 62%.

"H NMR: (DMSO-d;, 400 MHz) 6 = 2.28 (s, 3 H), 3.79 (s, 3 H), 6.53 (s, 1 H), 7.42 (d, J=7.8 Hz,

2 H), 7.85 (d, J=8.0 Hz, 2 H), 11.75 (br. 5., 1 H).
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sodium 5-(4-chlorophenyl)-3-methyl-1H-pyrrole-2-carboxylate (8)

The ester 7 (2.07 g, 8.3 mmol) was suspended in ethanol (4.1 mL) - THF (4.1 mL) mixture and a
solution of NaOH (332 mg, 8.3 mmol) in water (4.1 mL) was added. The resulting mixture was
heated under reflux for a week, filtered and evaporated. When acidification was attempted,
immediate decarboxylation was observed. M = 1.79 g. Yield = 84%.

"H NMR: (DMSO-d;, 400 MHz) 6 = 2.28 (s, 3 H), 6.31 (s, 1 H), 7.27 (d, J=8.6 Hz, 2 H), 7.73 (d,
J=8.6 Hz, 2 H), 10.72 (br. s, 1 H).

BC NMR (DMSO-ds, 100 MHz): 6 = 12.8, 109.2, 121.3, 125.5 (2C), 127.9, 128.4 (2C), 129.5,

129.5,131.8, 167.1.

ethyl 1-acetyl-5-(4-chlorophenyl)-4-methyl-1H-pyrrole-2-carboxylate (11)

A mixture of the enamide 9 (2.89 g, 18.4 mmol), the alkyne 10 (3.60 g, 23.9 mmol, 1.1 equiv.),
[RuCly(p-cymene)], (563 mg, 0.92 mmol, 5.0 mol %), Cu(OAc),'H,O (8.14 g, 40.8 mmol, 2.2
equiv) and AgOTf (0.95 g, 3.7 mmol, 20 mol %) were successively dissolved in a mixture of DCE
(92 mL) and MeOH (92 mL). The mixture was stirred at 110 °C in a pressure vessel for 12 h under
Ar atmosphere (no reaction proceeded when heated under reflux). Afterwards, it was diluted with
DCM and transferred to a round bottom flask. Silica was added to the flask and volatiles were
evaporated under reduced pressure. The purification was performed by flash column
chromatography on silica gel (eluent: hexane/EtOAc, 10:1). M =4.32 g. Yield = 77%.

"H NMR (CDCl3, 400 MHz): & = 1.37 (t, J=7.2 Hz, 3 H), 1.99 (s, 3 H), 2.34 (s, 3 H), 4.32 (q,
J=7.1 Hz, 2 H), 6.88 (s, 1 H), 7.25 (d, J/=8.6 Hz, 2 H), 7.41 (d, J/=8.6 Hz, 2 H).

BC NMR (CDCl3, 100 MHz): & = 11.1, 14.3, 28.7, 60.8, 120.0, 120.5, 123.3, 128.7 (2C), 129.5,

131.3 (2C), 134.4, 134.6, 160.7, 173 .4.
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5-(4-chlorophenyl)-4-methyl-1H-pyrrole-2-carboxylic acid (12)

N-Acetyl pyrrole 11 (4.32 g, 14.1 mmol) was suspended in ethanol (70 mL) and a solution of
NaOH (2.85 g, 71.3 mmol, 4.0 equiv) in water (70 mL) was added. The resulting mixture was
heated under reflux for 4 h, cooled to rt and acidified with conc. HCI (5.94 mL) and the acid was
filtered off. M =2.98 g. Yield = 90%.

"H NMR: (DMSO-ds, 400 MHz) 6 = 2.16 (s, 3 H), 6.68 (s, 1 H), 7.46 (d, J=7.9 Hz, 2 H), 7.58 (d,
J=79Hz,2H), 11.72 (s, 1 H), 12.15 (br. s, 1 H).

BC NMR (DMSO-ds, 100 MHz): 6 = 12.5, 117.5, 117.9, 122.5, 128.4 (2C), 129.1 (2C), 131.0,

131.4,132.0,161.8

methyl 4-(2-chloroacetyl)-5-(4-chlorophenyl)-1H-pyrrole-2-carboxylate (13)

Chloroacetyl chloride (7.06 mL, 88.6 mmol, 4.0 equiv) was added dropwise to an ice-cooled
suspension of AICl; (11.5 g, 86.3 mmol, 3.9 equiv) in anhydrous DCM (90 mL), Pyrrole 2 (5.21 g,
22.2 mmol) was added to the resulting mixture in several portions, and the mixture was stirred for
2 h at rt. The reaction was quenched by pouring the mixture into the brine. The aqueous layer was
extracted with EtOAc, and the organic phase was washed with a saturated NaHCOj solution, brine
and then dried over Na,SO4. The solvent was evaporated under reduced pressure to give the
residue which was used without purification. M = 6.76 g. Yield = 98%.

"H NMR (CDCl;, 400 MHz): 6 = 3.87 (s, 3 H), 4.47 (s, 2 H), 7.36 (d, J=2.6 Hz, 1 H), 7.44 (dt, J

=8.6,2.2 Hz, 2 H), 7.59 (dt, J= 8.7, 2.2 Hz, 2 H), 9.74 (br. s, 1 H).

methyl 4-(2-chloroacetoxy)-5-(4-chlorophenyl)-1H-pyrrole-2-carboxylate (14)
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Na,HPO4 (12.30 g, 86.6 mmol, 4 equiv) and m-chloroperbenzoic acid 70 % (10.7 g, 43.4 mmol, 2
equiv) were added to a suspension of pyrrole 13 (6.76 g, 21.7 mmol) in DCM (90 mL). During the
addition of mCPBA a slightly exothermic reaction occurred accompanied by dissolution of the
starting material. The mixture was stirred for 5 h at rt, washed with water and saturated NaHCO;
solution, and then dried (Na,SO4). The solvent was evaporated under reduced pressure to give a
crude material, which was purified by crystallization from MeOH. M = 5.19 g. Yield = 73%.

"H NMR (CDCl3, 400 MHz): 6 = 3.87 (s, 3 H), 4.30 (s, 2 H), 7.01 (d, J=2.8 Hz, 1 H), 7.42 (d,

J=8.7 Hz, 2 H), 7.57 (d, J=8.4 Hz, 2 H), 9.61 (br. 5., 1 H).

methyl 5-(4-chlorophenyl)-4-hydroxy-1H-pyrrole-2-carboxylate (15)

A solution of K,CO;3 (3.27 g, 23.7 mmol, 1.5 equiv) in water (32 mL) was added to a solution of
pyrrole 14 (5.19 g, 15.8 mmol) in MeOH (142 mL), and the mixture was stirred at rt for 15 min.
After evaporation of the solvent in vacuo, a crude material was obtained. After the addition of
water, it was acidified (2 N HCI pH =5-6) and extracted with EtOAc (3x100 mL). The combined
organic phases were washed with brine and dried (Na,SO4). The solvent was evaporated, and the
residue purified by chromatography (eluent hexane\EtOAc, 3:1) and then triturated in the same
system to give the pure compound. M = 1.167 g. Yield = 29%.

"H NMR: (DMSO-ds, 400 MHz) & = 3.75 (s, 3 H), 6.36 (d, J=2.6 Hz, 1 H), 7.38 (d, J=8.8 Hz, 2
H), 7.98 (d, J/=8.7 Hz, 2 H), 9.25 (s, 1 H), 11.50 (br. s., 1 H).

BC NMR (DMSO-ds, 100 MHz): 6 = 51.1, 104.7, 118.4, 119.0, 126.4 (2C), 128.2 (2C), 129.8,

130.4, 143.1, 160.6.

methyl 5-(4-chlorophenyl)-4-methoxy-1H-pyrrole-2-carboxylate (16)
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The ester 15 (712 mg, 2.84 mmol) was dissolved in DMF (7.1 mL) and under a nitrogen
atmosphere at 0 °C NaH (60% suspension in mineral oil, 113 mg, 2.83 mmol) was added in several
portions. After 5 min Mel (0.177 mL, 2.84 mmol) was added. The reaction mixture was stirred for
1 day at rt. The reaction mixture was evaporated. The residue was suspended in DCM and dry
loaded on silica. Elution with hexane\EtOAc (10:1) gave the title compound as a yellow solid. M =
455 mg. Yield = 61%.

"H NMR (CDCl3, 400 MHz): 6 = 3.87 (s, 3 H), 3.88 (s, 3 H), 6.66 (d, J/=2.8 Hz, 1 H), 7.36 (d,
J=8.8 Hz, 2 H), 7.67 (d, J/=8.8 Hz, 2 H), 9.00 (br. s, 1 H).

BC NMR (CDCl;, 100 MHz): & = 51.8, 58.4, 102.0, 118.8, 119.8, 126.1 (2C), 129.1 (2C), 129.2,
132.4, 146.8, 161.6.

A dimethylated (211 mg, 27%) product was also isolated:

methyl 5-(4-chlorophenyl)-4-methoxy-1-methyl-1H-pyrrole-2-carboxylate

"H NMR (CDCls, 400 MHz): 6 =3.75 (s, 3 H), 3.82 (s, 3 H), 3.84 (s, 3 H), 6.70 (s, 1 H), 7.35 (dt,

J=8.6,2.2 Hz, 2 H), 7.40 - 7.44 (dt, J=8.7, 2.2 Hz, 2 H).

5-(4-chlorophenyl)-4-methoxy-1H-pyrrole-2-carboxylic acid (17)

The ester 16 (455 mg, 1.72 mmol) was suspended in ethanol (5 mL) and a solution of NaOH (206
mg, 5.15 mmol, 3.0 equiv) in water (5 mL) was added. The resulting mixture was heated under
reflux for 1 day, cooled to rt and acidified with conc. HCI (0.43 mL). The precipitate was filtered
and air dried. M = 405 mg. Yield = 94%.

"H NMR: (DMSO-ds, 400 MHz) & = 3.78 (s, 3 H), 6.62 (s, 1 H), 7.36 (d, J = 8.0 Hz, 2H), 7.89 (d,

J=8.6 Hz, 2H), 11.71 (br. s, 1 H), 12.37 (br. s, 1 H).
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13C NMR (DMSO-ds, 100 MHz): & = 58.0, 101.6, 118.7, 119.9, 126.7 (2C), 128.3 (2C), 129.9,

130.1, 146.3, 161.6.

1-(4-chlorophenyl)-2,2-dihydroxyethanone (18)

To a stirred solution of the 1-(4-chlorophenyl)ethanone (26 mL, 200 mmol) in 340 mL of DMSO
was added slowly 58 mL (600 mmol, 3 equiv) of 48% aqueous HBr (8.8 M). The solution was
stirred in an open flask at 55 °C, and the reaction was monitored by TLC. When the starting
material was consumed, the solution was poured onto ice. The crude product was extracted into
EtOAc, and the solution was washed with brine, dried, and concentrated. M = 19.57 g. Yield =
52%.

"H NMR (CDCl;, 400 MHz): 6 = 4.84 (br. 5., 2 H), 6.29 (s, 1 H), 7.45 (d, J=8.6 Hz, 2 H), 8.07 (d,

J=8.6 Hz, 2 H).

ethyl 5-(4-chlorophenyl)-1H-imidazole-2-carboxylate (19)

To a solution of ammonium acetate (24.3 g, 315 mmol, 3 equiv) in water (72 mL) and acetonitrile
(144 mL) at 0 °C was added ethyl glyoxylate (50% soln. in toluene, 62 mL, 313 mmol, 3 equiv)
followed by 1-(4-chlorophenyl)-2,2-dihydroxyethanone 18 (19.57 g, 104.9 mmol) in acetonitrile
(144 mL) over a period of 20 min at 0 °C. The mixture was stirred at 0-5 °C for 30 min and at rt
overnight. After removal of acetonitrile, the mixture was partitioned between ethyl acetate (~200
mL) and water (~100 mL). The organic layer was washed with brine and dried over Na;SOy,
filtered and concentrated. The residue was triturated with hot hexane\EtOAc 1:1 mixture (100 mL)

and filtered to provide 5.72 g (22%) of a pale yellow solid.
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"H NMR: (DMSO-ds, 400 MHz) 5 = 1.33 (t, J=7.1 Hz, 3 H), 4.35 (g, J=7.1 Hz, 2 H), 7.44 (d,
J=8.3 Hz, 2 H), 7.88 (d, J=8.4 Hz, 2 H), 7.96 (br. s, 1 H), 13.51 (br. s, 1 H).
13C NMR (DMSO-ds, 100 MHz): 5 = 14.2, 60.8, 117.9 (br.), 126.4 (2C), 128.6 (2C), 131.4, 132.6

(br.), 137.4, 141.3 (br.), 158.4.

5-(4-chlorophenyl)-1H-imidazole-2-carboxylic acid (20)

The ester 19 (4.72 g, 18.8 mmol) was suspended in ethanol (95 mL) and a solution of NaOH (3.80
g, 95.0 mmol, 5.0 equiv) in water (95 mL) was added. The resulting mixture was heated under
reflux for 1 day, cooled to rt and acidified with conc. HCl (7.9 mL). The acid was filtered and
dried on air. M =4.31 g. Yield = 100%.

"H NMR: (DMSO-ds, 400 MHz) 6 = 6.53 (br. s, 2 H), 7.43 (d, J=8.3 Hz, 2 H), 7.86 (d, J=8.0 Hz,
2 H), 7.87 (s, 1H).

BC NMR (DMSO-dg, 100 MHz): & = 118.6, 126.5 (2C), 128.7 (2C), 131.5, 132.0, 138.9, 139.8,

159.5.

2-(4-chlorophenyl)-5-(trifluoromethyl)-1H-imidazole (21)

10.85 g (5.00 mL, 40.2 mmol) of 1,1-dibromo-3,3,3-trifluoro acetone was dissolved in 20 mL of
water containing sodium acetate (6.60 g, 80.5 mmol, 2 equiv). It was stirred at 90° C. for 30 min,
then cooled to ambient temperature, and 5.65 g (40.2 mmol) of p-Cl-benzaldehyde was added as a
solution in the mixture of 70 ml methanol and 70 ml of aqueous ammonia. The reaction mixture
was stirred overnight. Then the methanol was evaporated. The remaining aqueous phase was
extracted with ethyl acetate and the organic phase was further washed with brine. The organic

phase was dried over Na,SO,, filtered and evaporated. The residue was subjected to the
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chromatographic purification. Eluent: hexane/EtOAc (10:1) first fraction is unreacted p-Cl-
benzaldehyde than the title compound (2.85 g, 29%). After that eluent was changed to the
hexane/EtOAc (3:1) a side product-nitrile was obtained (1.87 g, 23%)).

"H NMR: (DMSO-ds, 400 MHz) & = 7.56 (d, J=8.6 Hz, 2 H), 7.94 (s, 1 H), 7.99 (d, J=8.4 Hz, 2
H), 13.27 (br. s, 1 H).

BC NMR (DMSO-ds, 100 MHz): 6 = 119.2 (q, J = 3.7 Hz), 122.2 (q, J = 266.4 Hz), 127.1 (2C),
128.3, 129.0 (2C), 130.8 (q, J = 38.1 Hz), 133.7, 146.3.

For 2-(4-chlorophenyl)-1H-imidazole-5-carbonitrile:

"H NMR: (DMSO-ds, 400 MHz) & = 7.58 (d, J=8.7 Hz, 2 H), 7.97 (d, J=8.7 Hz, 2 H), 8.28 (s, 1

H), 13.52 (br. s, 1 H).

2-(4-chlorophenyl)-1H-imidazole-5-carboxylic acid (22)

Imidazole 21 (2.85 g, 11.6 mmol) was suspended in the solution of NaOH (4.63 g, 116 mmol, 10
equiv) in water (46 mL) and heated under reflux for 1 day. The reaction mixture was cooled to rt
and acidified with conc. HCI (9.65 mL). The precipitate was filtered. M =1.649 g. Yield = 64%.
Nitrile did not react under the same conditions.

"H NMR: (DMSO-ds, 400 MHz) & = 7.52 (d, 2 H), 7.75 (s, 1 H), 8.07 (d, J=8.3 Hz, 2 H). two
exchangeable protons are missing.

BC NMR (DMSO-ds, 100 MHz): & = 127.3 (2C), 128.8 (2C), 128.9, 133.3, 146.1, 163.4. two

signals are missing, probably due to broadening.

General procedure for amide coupling
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DIPEA (10 mmol) was added to an appropriate acid (10 mmol) followed by DMF (10 mL per 1 g
of acid) and then HBTU (10 mmol). The resulting solution was stirred for 10 min and added to a
solution of appropriate amine (10 mmol) in DMF (10 mL per 1 g of amine) in several portions.
The reaction mixture was stirred overnight; DMF was evaporated, and the residue was dissolved in
DCM (50 mL) and successively washed with 5% aqueous NaOH and 10% tartaric acid solutions
(50 mL). The organic layer was dried over Na,SOy, filtered, evaporated and dry loaded on silica.
Eluting with hexanes/EtOAc (1:1, then pure EtOAc) gave the target compounds.

The products were used in the next step without analysis.

General procedure for deprotection

To a solution containing protected compound (5 mmol) and N,N'-diethyl barbituric acid
(NDMBA, 15 mmol, 3 equiv) in MeOH (50 mL), PPh; (10 mol. %) was added under a nitrogen
atmosphere followed by Pd(dba), (5 mol. %). The mixture was stirred for 1 day under reflux. After
cooling, 50 ml DCM was added, and the organic phase was shaken with 10% aqueous K,CO; (50
mL) to remove the unreacted NDMBA. The organic layer was separated, and the aqueous layer
was extracted with DCM/EtOH (~4:1, 2-4 x 50 mL). The combined organic layers were dried over
Na,S0q, filtered and concentrated. Purification by flash chromatography (eluent: DCM/MeOH
(saturated with NH3;~ 7M), 10:1) afforded amine as a slightly brown or yellowish solid.

HCI salt of the amine: pure amine was dissolved in a minimal amount of 1M MeOH-HCI, and
evaporated. The added mass exactly corresponds to two molecules of HCI per one molecule of

amine.
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N-(2-amino-1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)ethyl)-5-(3,4-difluorophenyl)-1H-
pyrrole-2-carboxamide (25)

Compound 25 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 24 and acid 23.

fS-25A: m =255 mg. Yield = 38% (over two steps).

‘R = 1.159 min. Purity = 100%. LC-MS: m/z [M+H]" = 393 Da.

/R-25B: m = 204 mg. Yield = 30% (over two steps).

‘R = 1.156 min. Purity = 100%. LC-MS: m/z [M+H]" = 393 Da.

mp = 105-110 °C.

"H NMR: (DMSO-d, 400 MHz) 6 = 1.74 (br. s, 2 H), 2.25 (s, 3 H), 2.96 (dd, J=13.1, 7.8 Hz, 1
H), 3.09 (dd, J=13.2, 5.3 Hz, 1 H), 4.52 (s, 2 H), 5.13 (dd, J=13.4, 7.9 Hz, 1 H), 5.36 (br. s., 1 H),
6.66 (d, /=3.8 Hz, 1 H), 6.99 (d, J/=3.9 Hz, 1 H), 7.42 (dd, J=19.3, 8.7 Hz, 1 H), 7.61 - 7.68 (m, 1
H), 7.94 (ddd, J=12.6, 7.8, 2.0 Hz, 1 H), 8.51 (d, /=7.7 Hz, 1 H), 11.85 (br. s, 1 H).

BC NMR (DMSO-ds, 100 MHz): 6 = 14.8, 45.6, 54.3, 55.0, 107.9, 112.7, 113.5 (d, J = 19.0 Hz),
117.7 (d,J=17.6 Hz), 121.4 (dd, J=5.9, 2.9 Hz), 127.7, 129.6 (dd, J = 7.3, 3.7 Hz), 132.5, 132.8,
146.8, 148.1 (dd, J=245.9, 13.2 Hz), 149.6 (dd, J =244.4, 12.4 Hz), 160.4, 169.3.

HRMS (ESI): m/z calcd for C;sH9FoN40,S [M+H]" 393.1191, found 393.1186.

N-(2-amino-1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)ethyl)-5-(4-chlorophenyl)-1-methyl-
1H-pyrrole-2-carboxamide (26)

Compound 26 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 24 and acid 4.

fS-26A: M =373 mg. Yield =29% (over two steps).
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‘R = 1.282 min. Purity = 96%. LC-MS: m/z [M+H]" = 405 Da.

fR-26B: M =290 mg. Yield = 37% (over two steps).

‘R = 1.315 min. Purity = 95%. LC-MS: m/z [M+H]" = 405 Da.

mp = 85-90°C.

"H NMR: (DMSO-ds, 400 MHz) & = 2.26 (s, 3 H), 2.98 (dd, /= 13.2, 8.1 Hz, 1 H), 3.10 (dd, J =
13.2, 5.1 Hz, 1 H), 3.33 (br. s., 2 H), 3.79 (s, 3 H), 4.54 (s, 2 H), 5.10 (td, J=7.7, 5.3 Hz, 1 H), 5.37
(br. s., 1 H), 6.26 (d, J=3.9 Hz, 1 H), 7.05 (d, /=4.0 Hz, 1 H), 7.47 - 7.55 (m, 4 H), 8.51 (d, J=7.9
Hz, 1 H).

BC NMR (DMSO-ds, 100 MHz): & = 14.8, 34.1, 45.6, 54.5, 55.0, 108.4, 113.1, 127.1, 128.6
(20), 130.6 (2C), 130.8, 132.3, 132.5, 137.8, 146.9, 161.5, 169.7

HRMS (ESI): m/z calcd for C19H,CIN4O,S [M+H]+ 405.1147, found 405.1146.

N-(2-amino-1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)ethyl)-5-(4-chlorophenyl)-3-methyl-
1H-pyrrole-2-carboxamide (27)

Compound 27 was obtained following the general procedure for amide coupling (sodium salt was
used, no DIPEA was added) and then the general procedure for deprotection from amine 24 and
acid 8.

fS-27A: M =99.3 mg. Yield = 22% (over two steps).

‘R = 1.443 min. Purity = 89%. LC-MS: m/z [M+H]" = 405 Da.

/R-27B: M = 97.4 mg. Yield = 18% (over two steps).

‘R = 1.356 min. Purity = 100%. LC-MS: m/z [M+H]" = 405 Da.

mp = 140-160 °C (decomp).
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'H NMR (CDCls, 400 MHz): 5 = 2.28 (s, 3 H), 2.34 (s, 3 H), 3.13 (dd, J = 13.2, 5.0 Hz, | H),
3.22 (dd, J = 13.2, 5.8 Hz, 1 H), 3.74 (br. s., 5 H), 4.60 (s, 2 H), 5.34 (t, J=5.4 Hz, 1 H), 6.29 (s, 1
H), 7.26 (d, J=8.6 Hz, 2 H), 7.47 (d, J=8.6 Hz, 2 H).

"H NMR: (DMSO-d, 400 MHz) & = 2.26 (s, 3 H), 2.30 (s, 3 H), 3.06 (dd, J= 13.2, 7.7 Hz, 1 H),
3.12 -3.19 (m, 2 H), 3.38 (br. s, 1H), 4.53 (s, 2 H), 5.21 (q, J=6.6 Hz, 1 H), 5.37 (br. s., | H), 6.49
(s, 1 H), 7.44 (d, J=8.2 Hz, 2 H), 7.77 (d, /=8.2 Hz, 2 H), 8.42 (d, J=7.9 Hz, 1 H), 11.46 (br. s., 1
H).

3C NMR (DMSO-d¢, 100 MHz): & = 12.9, 14.8, 45.0, 53.0, 55.0, 110.1, 122.8, 126.1, 126.3
(2C), 128.7 (2C), 130.6, 131.1, 131.6, 132.7, 146.9, 160.8, 168.7.

HRMS (ESI): m/z calcd for C19H,CIN4O,S [M+H]+ 405.1147, found 405.1141.

N-(2-amino-1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)ethyl)-5-(4-chlorophenyl)-4-methyl-
1H-pyrrole-2-carboxamide (28)

Compound 28 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 24 and acid 12.

fS-28A: M = 141.1 mg. Yield = 12% (over two steps).

‘R = 1.386 min. Purity = 100%. LC-MS: m/z [M+H]" = 405 Da.

/R-28B: M = 635 mg. Yield = 33% (over two steps).

‘R = 1.507 min. Purity = 100%. LC-MS: m/z [M+H]" = 405 Da.

mp = 120-125°C.

"H NMR (CDCl;, 400 MHz): & = 2.12 (s, 3 H), 2.19 (s, 3 H), 2.50 - 3.60 (br. s, 3H), 2.99 (d,
J=8.9 Hz, 1 H), 3.15 (d, J/=8.4 Hz, 1 H), 4.58 (s, 2 H), 5.21 (br. s., 1 H), 6.68 (s, 1 H), 7.21 (d,
J=8.3 Hz, 2 H), 7.31 (d, J/=8.1 Hz, 2 H), 7.81 (d, J=6.1 Hz, 1 H), 10.73 (br. s., 1 H).
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13C NMR (CDCls, 100 MHz): & = 12.6, 14.8, 45.3, 52.7, 55.9, 114.7, 118.1, 124.3, 128.3 (2C),
128.7 (2C), 131.0, 132.1, 132.3, 132.6, 148.7, 161.4, 168.2.

HRMS (ESI): m/z calcd for C19H,CIN4O,S [M+H]+ 405.1147, found 405.1155.

N-(2-amino-1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)ethyl)-5-(4-chlorophenyl)-4-methoxy-
1H-pyrrole-2-carboxamide (29)

Compound 29 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 24 and acid 17.

fS-29A: M = 149.7 mg. Yield = 59% (over two steps).

‘R = 1.293 min. Purity = 100%. LC-MS: m/z [M+H]" = 421 Da.

fR-29B: M = 188.7 mg. Yield = 45% (over two steps).

‘R = 1.295 min. Purity = 98%. LC-MS: m/z [M+H]" = 421 Da.

mp = 115-120°C.

"H NMR: (DMSO-ds, 400 MHz) & = 1.51 - 1.94 (br. s, 2 H), 2.25 (s, 3 H), 2.96 (dd, J=13.1, 7.9
Hz, 1 H), 3.09 (dd, J=13.1, 5.4 Hz, 1 H), 3.81 (s, 3 H), 4.52 (s, 2 H), 5.12 (dd, J=13.0, 7.7 Hz, 1
H), 5.35 (br. s., 1 H), 6.86 (s, 1 H), 7.39 (d, J/=8.7 Hz, 2 H), 7.87 (d, J=8.6 Hz, 2 H), 8.47 (d, J=7.7
Hz, 1 H), 11.39 (br. s, 1 H).

BC NMR (DMSO-ds, 100 MHz): 6 = 14.8, 45.7, 54.3, 55.0, 57.9, 98.9, 116.9, 122.9, 126.2 (2C),
128.3 (2C), 129.7, 130.2, 132.4, 146.1, 146.8, 160.1, 169.1.

HRMS (ESI): m/z caled for CoHx»CIN4O3S [M+H]" 421.1096, found 421.1093.

N-(2-amino-1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)ethyl)-5-(4-chlorophenyl)-1H-
imidazole-2-carboxamide (30)
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10 fS-30A: M =225 mg. Yield = 11% (over two steps).

12 ‘R = 1.253 min. Purity = 100%. LC-MS: m/z [M+H]" = 392 Da.

/R-30B: M = 167 mg. Yield = 14% (over two steps).

17 ‘R = 1.287 min. Purity = 95%. LC-MS: m/z [M+H]" = 392 Da.

19 mp = 120-125°C.

> "H NMR: (DMSO-ds, 400 MHz) = 2.27 (s, 3 H), 3.08 (dd, J = 13.0, 5.3 Hz, 1 H), 3.15 (dd, J =
24 13.1, 6.6 Hz, 1 H), 3.20 - 3.56 (br. s, 2 H), 4.54 (s, 2 H), 5.15 (q, J=5.8 Hz, 1 H), 5.46 (br. s., 2 H),
26 7.45 (d, J=8.6 Hz, 2 H), 7.85 (br. s., 1 H), 7.91 (d, J=8.6 Hz, 2 H), 8.84 (d, J=7.6 Hz, 1 H).

29 BC NMR (DMSO-ds, 100 MHz): & = 14.8, 45.0, 53.4, 55.0, 117.2 (br.), 126.4, 128.5, 131.2,
31 132.7, 140.9, 146.9, 158.2, 168.2. several signals are missing due to broadening.

HRMS (ESI): m/z calcd for C;7H;9CIN5O,S [M+H]" 392.0942, found 392.0943.

38 N-(2-amino-1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)ethyl)-2-(4-chlorophenyl)-1H-

a1 imidazole-5-carboxamide(31)

43 Compound 31 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 24 and acid 22.

48 fS-31A: M =200 mg. Yield = 24% (over two steps).

50 ‘R = 0.913 min. Purity = 100%. LC-MS: m/z [M+H]" = 392 Da.

52 /R-31B: M =229 mg. Yield = 32% (over two steps).

55 ‘R = 0.980 min. Purity = 100%. LC-MS: m/z [M+H]" = 392 Da.

57 mp = 125-130°C.
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'"H NMR: (DMSO-ds, 400 MHz) 3 = 2.27 (s, 3 H), 3.06 (dd, J = 13.0, 5.2 Hz, 1 H), 3.13 (dd, J =
12.9, 6.3 Hz, 1 H), 3.33 (br. s, 3 H), 4.53 (s, 2 H), 5.15 (dd, J = 13.5, 5.8 Hz, 1 H), 5.38 (br. s, 1
H), 7.56 (d, J=8.6 Hz, 2 H), 7.85 (s, 1 H), 8.04 (d, J/=8.6 Hz, 2 H), 8.46 (d, J=6.6 Hz, 1 H).

13C NMR (DMSO-dg, 100 MHz): & = 14.9, 45.2, 53.0, 55.0, 122.0 (br.), 127.1 (2C), 128.7, 128.9
(2C), 132.6, 133.3, 144.9 (br.), 146.9, 161.6 (br.), 168.9.

HRMS (ESI): m/z calcd for C;7H;9CIN5O,S [M+H]" 392.0942, found 392.0944.

allyl (2,2-dimethoxyethyl)(methyl)carbamate (33)

Allyl 2,2-dimethoxyethylcarbamate 32'* (91.59 g, 484 mmol) was dissolved in DMF (500 mL) and
NaH (60% dispersion in mineral oil, 23.2 g, 580 mmol, 1.20 equiv) was added in several portions.
When hydrogen evolution stopped Mel (39 mL, 626 mmol, 1.30 equiv) was added dropwise with
external water bath cooling. After 10 min the TLC shows the disappearance of the starting
material. The reaction mixture was diluted with water (1000 mL) and extracted with EtOAc
(3x200 mL). The combined organic layers were washed with brine (200 mL), dried over Na,;SOs,
filtered and evaporated. M = 91.92 g. Yield = 93%.

"H NMR (CDCl3, 400 MHz): 6 = (3.35, 3.35) (s, 3H), (3.39, 3.41) (bs., 6H), 3.94 - 4.02 (m, 1H),
4.43 - 4.55 (m, 1H), 4.59 - 4.66 (m, 1H), 5.08 - 5.25 (m, 2H), 5.31 (d, J = 17.0 Hz, 1H), 5.71 -

5.85 (m, 1H), 5.86 - 6.01 (m, 1H).

allyl methyl(2-oxoethyl)carbamate (34)
33 (91.92 g, 452 mmol) was dissolved in formic acid (500 mL) and water (50 mL) was added to
the solution. After 30 min TLC shows disappearance of the starting material. After 1 day HCOOH

and water was evaporated to provide a residue which is pure enough (~95% yield). To obtain very
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pure compound it was distilled under reduced pressure. bp = 90 - 110 °C (2-3 torr). The product
was obtained as slightly yellow oil. M = 55.73 g. Yield = 78%.
"H NMR (CDCl;, 400 MHz): & = 2.97 (s, 3H), 4.04 (d, J = 16.4 Hz, 2H), 4.55 (dd, J = 16.3, 5.3
Hz, 2H), 5.11 - 5.33 (m, 2H), 5.77 - 5.97 (m, 1H), 9.58 (s, 1H).
BC NMR (CDCl3, 100 MHz): 6 = (35.5, 36.2), (58.8, 59.1), (66.4, 66.5), (117.5, 117.7), (132.6,

132.7), (197.8, 197.9).

(E)-allyl (2-((tert-butyl sulfinyl)imino)ethyl)(methyl)carbamate (35)

To a solution of aldehyde 34 (7.80 g, 49.6 mmol) in DCM (22 mL) was added commercially
available (S)-N-fert-butyl sulfinyl amide (6.62 g, 54.6 mmol, 1.10 equiv), PPTS (0.62 g, 0.050
equiv) and MgSQOy4 (29.77 g, 248.1 mmol, 5.000 equiv). The mixture was stirred at rt for 30 h; the
inorganic material was filtered and washed several times with DCM. The filtrate was concentrated
in vacuo to yield pure enough title compound (S)-35. Chromatographic purification:
Hexanes/EtOAc 3:1. The product always contains an inseparable mixture of aldehyde. M = 13.32
g. Yield > 100 %.

(R)-35 was prepared using the same procedure from aldehyde 34 (7.90 g). M = 14.68 g. Yield >
100 %.

Alternatively 35 was prepared using the following method (faster reaction times, lower yields):

To a solution of aldehyde 34 (5.00 g, 31.8 mmol) in Et;,0 (32 mL) was added commercially
available (S)-N-tert-butylsulfinylamide (4.25 g, 35.1 mmol, 1.10 equiv) followed by Ti(OiPr),
(10.4 mL, 35.1 mmol, 1.1 equiv). The mixture was stirred at rt for 8 h, diluted with Et,O (100 mL)
silica gel (~50 mL) was added and water (2.53 mL, 140.4 mmol, 4.4 equiv) was added under

vigorous stirring. After 10 min the mixture was evaporated. Chromatographic purification gave
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imine (eluent: EtOAc). The product always contains inseparable mixture of aldehyde. M = 6.20 g.
Yield = 75%.

(R)-35 was prepared using the same alternate procedure from aldehyde 34 (5.00 g). M = 6.27 g.
Yield = 75%.

"H NMR (CDCl;, 400 MHz): & = 1.19 (s, 9H), 3.00 (d, J = 1.8 Hz, 3H), 4.21 - 4.40 (m, 2H), 4.50
-4.66 (m, 2H), 5.17 - 5.35 (m, 2H), 5.83 — 6.00 (m, 1H), 7.98 (t, J = 2.8 Hz, 1H).

BC NMR (CDCls, 100 MHz): 6 = 14.2, (22.2, 22.4) (3C), 24.8, 28.2, 29.8, (35.2, 35.9), (53.3,

53.6), 57.2, (66.4, 66.5), (117.5, 117.9), (132.7, 132.9), (155.9, 156.4), (164.6, 164.8).

General procedure for 1,2-addition

Appropriate thiazole (130 mmol, 1.3 equiv) was dissolved in THF (130 mL) and cooled to -78 °C.
At this temperature n-BuLi (2.5 M, 140 mmol, 1.4 equiv) was added dropwise under a nitrogen
atmosphere. The reaction mixture was stirred for 20 min at -78 °C, and appropriate imine (100
mmol) was added dropwise as a solution in THF (100 mL). The reaction mixture was slowly (~1
h) warmed to 0 °C, and poured into water (0.5 L). The biphasic mixture was extracted with DCM
(3x100 mL). The combined organic phases were dried over Na,SQOy, filtered and evaporated to
give a brown oil which was purified by column chromatography. Eluent: hexanes/EtOAc (10:1,

5:1, 1:1, 0:1).

allyl (2-(5-(((tert-butyldimethylsilyl)oxy)methyl)-4-methylthiazol-2-yl)-2-(1,1-
dimethylethylsulfinamido)ethyl)(methyl)carbamate (37)
Compound 37 was obtained following the general procedure for 1,2-addition from imine 35 and

thiazole 36. Rf = 0.5 (EtOAc)
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fS-37: M =16.50 g. Yield = 65%.

fR-37: M =11.07 g. Yield = 44%.

"H NMR (CDCl3, 400 MHz): & = 0.08 (s, 6H), 0.89 (s, 9H), 1.26 (s, 9H), 2.31 (s, 3H), 2.98 (s,
3H), 3.48 (dd, J = 14.5, 2.9 Hz, 1H), 4.01 (dd, J = 14.5, 10.0 Hz, 1H), 4.53 - 4.67 (m, 2H), 4.75 (s,
2H), 4.84 - 491 (m, 1H), 5.19 (d, J = 10.5 Hz, 1H), 5.30 (dd, J=17.2, 1.6 Hz, 1H), 5.37 (d, J =
3.1 Hz, 1H), 5.93 (ddt, J=16.8, 11.0, 5.4, 5.4 Hz, 1H).

BC NMR (CDCl3, 100 MHz): 6 = -5.2 (2C), 15.3, 18.3, 22.9, 25.8 (3C), 35.1, 54.4, 56.2, 57.3,

58.0,66.7,117.5,132.9, 133.1, 147.9, 158.7, 170.5.

General procedure for amine deprotection:

IM HCI-MeOH solution was prepared by dropwise addition of AcCl to a MeOH (100 mmol). The
resulting solution was cooled to an ambient temperature and added to a flask containing
appropriately protected compound (10 mmol). After dissolution the reaction mixture was stirred
for 1 h, evaporated, dissolved in DCM and washed with 10 % aqueous K,COs. The organic layer
was dried over Na,SOy, filtered and evaporated and loaded on silica. Eluting with DCM/MeOH

(50:1) provided pure amine as a yellow oil.

allyl (2-amino-2-(5-(hydroxymethyl)-4-methylthiazol-2-yl)ethyl)(methyl)carbamate (38)
Compound 38 was obtained following the general procedure for amine deprotection from 37.
fS-38: M =5.99 g. Yield = 65%.

JR-38 M =5.39 g. Yield = 86%.
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'H NMR (CDCls, 400 MHz): & = 2.25 (s, 3H), 2.84 (s + br. s, 3-2H), 3.37 - 3.67 (m, 2H), 4.30
(dd, J=7.8, 5.6 Hz, 1H), 4.49 (br. s., 2H), 4.64 (s, 2H), 5.14 (d, J= 10.3 Hz, 1H), 5.23 (d, J=17.2
Hz, 1H), 5.76 - 5.92 (m, 1H).

13C NMR (CDCl;, 100 MHz): 8 = 14.9, 35.1, 35.6, 52.7, (55.6, 56.0), 56.1, 66.2, (117.3, 117.7),

131.8, 132.8, 148.5, (156.3, 157.0), (171.6, 172.2).

5-(4-chlorophenyl)-N-(1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)-2-(methylamino)ethyl)-
1H-pyrrole-2-carboxamide (41)

Compound 41 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 38 and acid 1.

fS-41A: M = 1.393 g. Yield = 44% (over two steps).

‘R = 1.409 min. Purity = 100%. LC-MS: m/z [M+H]" = 405 Da.

/R-41B: M = 1.146 g. Yield = 49% (over two steps).

‘R = 1.230 min. Purity = 100%. LC-MS: m/z [M+H]" = 405 Da.

mp = 120-125 °C.

"H NMR (CDCl;, 400 MHz): 6 = 2.25 (s, 3H), 2.45 (s, 3H), 2.99 - 3.09 (m, 1H), 3.30 (m, J =
11.6, 5.9 Hz, 1H), 3.35 - 3.95 (br. s, 2H), 4.64 (s, 2H), 5.44 - 5.55 (m, 1H), 6.43 (d, J = 3.7 Hz,
1H), 6.86 (d, J=3.7 Hz, 1H), 7.24 (d, J = 8.2 Hz, 2H), 7.50 (d, J = 8.4 Hz, 2H), 7.92 (br. s, 1H),
10.64 (br. s, 1H)

BC NMR (CDCl;, 100 MHz): 6 = 15.0, 35.9, 50.2, 54.2, 56.2, 107.9, 113.5, 126.1 (2C), 127.6,
129.0 (2C), 130.2, 132.4, 133.0, 135.5, 148.9, 161.4, 168.3.

HRMS (ESI): m/z calcd for C19H,CIN4O,S [M+H]+ 405.1147, found 405.1144.
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5-(4-chloro-3-fluorophenyl)-N-(1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)-2-
(methylamino)ethyl)-1H-pyrrole-2-carboxamide (42)

Compound 42 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 38 and acid 39.

fS-42A: M =1.17 g. Yield = 37% (over two steps).

‘R = 1.425 min. Purity = 92%. LC-MS: m/z [M+H]" = 423 Da.

fR-42B: M = 1.55 g. Yield = 60% (over two steps).

‘R = 1.297 min. Purity = 94%. LC-MS: m/z [M+H]" = 423 Da.

mp = 120-125 °C.

"H NMR (CDCl3, 400 MHz): 6 = 2.22 (s, 3H), 2.40 (s, 3H), 2.97 (dd, J = 12.2, 4.4 Hz, 1H), 3.29
(dd, J=12.2, 5.1 Hz, 1H), 3.20 - 3.90 (br. s, 2H), 4.63 (s, 2H), 5.37 - 5.50 (m, 1H), 6.43 (d,J =3.9
Hz, 1H), 6.83 (d, J=3.9 Hz, 1H), 7.20 - 7.31 (m, 2H), 7.36 (d, J = 10.9 Hz, 1H), 7.89 (d, J=7.3
Hz, 1H), 10.97 (br. s, 1H).

BC NMR (CDCl;, 100 MHz): 6 = 15.0, 36.1, 50.4, 54.4, 56.2, 108.4, 112.9 (d, J = 22.7 Hz),
113.2,119.4 (d, J=17.6 Hz), 121.1, 126.8, 131.0, 132.2, 132.4 (d, /= 7.3 Hz), 134.3, 149.0, 158.4
(d,/=248.1 Hz), 161.3, 168.4.

HRMS (ESI): m/z calcd for C19H21CIFN4028 [M+H]+ 423. 1052, found 423.1049.

5-(3-fluoro-4-methylphenyl)-N-(1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)-2-
(methylamino)ethyl)-1H-pyrrole-2-carboxamide (43)

Compound 43 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 38 and acid 40.

fS-43A: M =796 mg. Yield = 28% (over two steps).
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‘R = 1.409 min. Purity = 98%. LC-MS: m/z [M+H]" = 403 Da.

fR-43B: M = 1.447 g. Yield = 57% (over two steps).

‘R = 1.244 min. Purity = 98%. LC-MS: m/z [M+H]" = 403 Da.

mp = 115-120 °C.

"H NMR (CDCl;, 400 MHz): 6 = 2.23 (s, 3H), 2.24 (s, 3H), 2.43 (s, 3H), 3.03 (dd, J = 12.1, 4.4
Hz, 1H), 3.31 (dd, J = 12.2, 5.8 Hz, 1H), 3.84 (br. s, 2H), 4.63 (s, 2H), 5.46 - 5.55 (m, 1H), 6.41
(d, J=3.8 Hz, 1H), 6.86 (d, J= 3.8 Hz, 1H), 7.10 (t, J= 7.9 Hz, 1H), 7.19 - 7.28 (m, 2H), 7.96 (d,
J=6.0 Hz, 1H), 10.63 (br. s, 1H).

3C NMR (CDClLs, 100 MHz): 6 = 14.4 (d, J = 2.9 Hz), 14.9, 35.9, 50.3, 54.4, 56.1, 107.6, 111.4
(d, J=24.2 Hz), 113.3, 120.2 (d, J = 2.9 Hz), 123.8 (d, J = 16.8 Hz), 126.1, 131.3 (d, J = 8.8 Hz),
131.9 (d, J=5.1 Hz), 132.2, 135.5, 148.9, 161.33, 161.6 (d, J = 244.4 Hz), 168.5.

HRMS (ESI): m/z calcd for C20H24FN4028 [M+H]+ 4031599, found 403.1593.

General procedure for reductive amination:

Amine was dissolved in MeOH (0.1 M), formic acid (10 equiv) was added followed by
formaldehyde solution (37 wt. % in H,0, contains 10-15% methanol, 10 equiv) and NaBH;CN (4
equiv, gas evolution!). The reaction mixture was stirred for a day, quenched with a saturated
aqueous K,COj solution (volume is equal to the volume of methanol) and dry loaded on silica.
Chromatography using CHCI3/MeOH 10:1 mixture gave the title compounds as white or slightly

brown solids.

5-(4-chlorophenyl)-N-(2-(dimethylamino)-1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)ethyl)-
1H-pyrrole-2-carboxamide (44)

60

ACS Paragon Plus Environment



Page 61 of 125 Journal of Medicinal Chemistry

©CoO~NOUTA,WNPE

Compound 44 was obtained following the general procedure for reductive amination from 41.
fS-44A: M = 183 mg. Yield = 35%.

‘R = 1.446 min. Purity = 100%. LC-MS: m/z [M+H]" = 419 Da.

/R-44B: M =212 mg. Yield = 39%.

‘R = 1.419 min. Purity = 97%. LC-MS: m/z [M+H]" = 419 Da.

mp = 110-115 °C.

"H NMR: (CDCl3, 400 MHz) 6 = 2.27 (s, 6H), 2.30 (s, 3H), 2.76 (dd, J = 11.6, 4.5 Hz, 1H), 2.93
(t,J =10.3 Hz, 1H), 3.34 - 4.03 (br. s, 1H), 4.70 (s., 2H), 5.27 - 5.37 (m, 1H), 6.44 - 6.50 (m, 1H),
6.79 - 6.84 (m, 1H), 7.24 - 7.30 (m, 2H), 7.49 (dd, J = 8.6, 3.7 Hz, 2H), 7.55 (br. s, 1H), 10.48 (br.
s, 1H).

BC NMR (CDCl;, 100 MHz): & = 15.0, 45.3, 49.7, 56.6, 62.1, 76.8, 77.2, 77.5, 107.9, 113.0,
126.1, 126.4, 129.1, 130.3, 131.7, 133.1, 135.3, 149.0, 161.5, 169.4.

HRMS (ESI): m/z calcd for CyoH4CIN4O,S [M+H]+ 419.1303, found 419.1298.

5-(4-chloro-3-fluorophenyl)-N-(2-(dimethylamino)-1-(5-(hydroxymethyl)-4-methylthiazol-2-
yl)ethyl)-1H-pyrrole-2-carboxamide (45)

Compound 45 was obtained following the general procedure for reductive amination from 42.
fS-45A: M =454 mg. Yield = 48%.

‘R = 1.478 min. Purity = 91%. LC-MS: m/z [M+H]" = 437 Da.

/R-45B: M = 580 mg. Yield = 55%.

‘R = 1.369 min. Purity = 94%. LC-MS: m/z [M+H]" = 437 Da.

mp = 115-120 °C.
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'H NMR: (CDCls, 400 MHz) & = 2.28 (s., 6H), 2.29 (s., 3H), 2.76 (dd, J = 12.7, 5.7 Hz, 1H),
2.94 (dd, J = 12.1, 9.0 Hz, 1H), 3.49 (br. s, 1H), 4.70 (s, 2H), 5.33 (q, J = 6.4 Hz, 1H), 6.46 - 6.50
(m, 1H), 6.79 - 6.83 (m, 1H), 7.29 - 7.40 (m, 3H), 7.53 - 7.61 (m, 1H), 10.62 (br. s, 1H).

13C NMR (CDCls, 100 MHz): 8 = 15.0, 45.4, 49.8, 56.5, 62.2, 108.5, 112.8, 113.0 (d, J = 3.7 Hz),
119.5 (d, J = 18.3 Hz), 121.1 (d, J = 2.9 Hz), 126.9, 131.1, 131.7, 132.4 (d, J = 7.3 Hz), 134.2,
149.0, 158.4 (d, J = 248.1 Hz), 161.5, 169.3.

HRMS (ESI): m/z calcd for C20H23CIFN4028 [M+H]+ 437. 1209, found 437.1204.

N-(2-(dimethylamino)-1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)ethyl)-5-(3-fluoro-4-
methylphenyl)-1H-pyrrole-2-carboxamide (46)

Compound 46 was obtained following the general procedure for reductive amination from 43.
fS-46A: M =191 mg. Yield = 39%.

‘R = 1.425 min. Purity = 96%. LC-MS: m/z [M+H]" = 417 Da.

/R-46B: M =450 mg. Yield = 57%.

‘R = 1.449 min. Purity = 97%. LC-MS: m/z [M+H]" = 417 Da.

mp = 140-150 °C (decomp.; dihydrochloride).

"H NMR: (CDCl3, 400 MHz) & = 2.27 (s, 9H), 2.30 (s, 3H), 2.75 (dd, J = 12.4, 5.8 Hz, 1H), 2.90
(dd, J = 12.0, 9.4 Hz, 1H), 3.60 (br. s, 1H), 4.70 (s, 2H), 5.33 (dt, J = 8.5, 6.1 Hz, 1H), 6.46 (dd, J
=3.6, 2.7 Hz, 1H), 6.78 - 6.83 (m, 1H), 7.10 - 7.17 (m, 1H), 7.18 - 7.25 (m, 2H), 7.52 (d, J = 5.7
Hz, 1H), 10.28 (br. s., 1H).

3C NMR (CDCl;, 100 MHz): 6 = 14.4 (d, J = 3.2 Hz), 15.1, 45.3 (2C), 49.8, 56.7, 62.2, 107.7,
111.4 (d, J = 24.1 Hz), 112.8, 120.1, 124.0 (d, J = 17.7 Hz), 126.1, 131.3 (d, J = 8.0 Hz), 131.5,

132.1 (d, /J=4.8 Hz), 135.2, 149.1, 161.4, 161.7 (d, J = 244.1 Hz), 169.4.
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HRMS (ESI): m/z caled for Co1HagFN40,S [M+H]" 417.1755, found 417.1754.

allyl (3-((zert-butyldimethylsilyl)oxy)propyl)carbamate (48)

52 (36.7 g, 0.231 mol) was dissolved in DCM (230 mL), imidazole (18.8 g, 0.276 mol, 1.2 equiv)
was added in one portion followed by portion wise addition of TBSCI (38.3 g, 0.254 mol, 1.1
equiv) with cooling on a water bath. The reaction mixture was stirred overnight and diluted with
water (0.5 L). The organic layer was separated, and the aqueous layer was extracted with DCM
(100 mL). The combined organic phases were dried over Na;SO4 and evaporated to give a clear
oil, which was pure enough for all purposes. The title compound can be purified by flash
chromatography on silica using hexanes/EtOAc 10:1 mixture as an eluent.

M =654 g, Yield >100%.

"H NMR (CDCl3, 400 MHz): 6 = 0.07 (s, 6H), 0.91 (s, 9H), 1.73 (quin, J = 6.0 Hz, 1H), 3.32 (q,
J=5.7Hz, 1H), 3.72 (t,J = 5.6 Hz, 1H), 4.56 (d, J = 4.9 Hz, 1H), 5.20 (d, J = 10.4 Hz, 1H), 5.25
- 5.34 (m, 2H), 5.92 (ddt, J = 16.7, 10.9, 5.3 Hz, 1H).

BC NMR (CDCl;, 100 MHz): & = -5.4 (2C), 18.1, 26.0 (3C), 32.1, 39.6, 62.0, 65.4, 117.3, 133.2,

156.4.

allyl allyl(3-((zert-butyldimethylsilyl)oxy)propyl)carbamate (49)

48 (65.4 g, 239 mmol) was dissolved in THF (360 mL) and NaH (60% dispersion in mineral oil,
12.5 g, 313 mmol, 1.30 equiv) was added in several portions. When hydrogen evolution stops allyl
bromide (31 mL, 0.36 mol, 1.5 equiv) was added dropwise. The reaction mixture was heated under

reflux. After 1 h TLC shows the disappearance of the starting material. The excess of NaH was
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quenched by careful dropwise addition of ethanol (~100 mL). The reaction mixture was poured
into water (500 mL) and extracted with DCM (3x100 mL). Combined organic layers were dried
over Na,SO4 and evaporated to yield a clear oil.

In the case of an incomplete reaction, the title compound was separated by flash chromatography
on silica using hexanes/EtOAc 20:1 mixture as an eluent.

M =70.7 g. Yield = 94%.

"H NMR (CDCl3, 400 MHz): 6 = 0.06 (s, 6H), 0.91 (s, 9H), 1.77 (quin, J = 6.5 Hz, 2H), 3.34 (t, J
= 7.0 Hz, 2H), 3.65 (t, J = 5.7 Hz, 2H), 3.87 - 3.94 (m, 2H), 4.61 (d, J = 5.5 Hz, 2H), 5.11 - 5.23
(m, 3H), 5.31 (d, J = 16.8 Hz, 1H), 5.81 (ddt, J = 16.7, 10.8, 5.6 Hz, 1H), 5.95 (ddt, J = 11.2,

11.2, 5.5 Hz, 1H).

Allyl 3-(tert-butyldimethylsilyloxy)propyl(methyl)carbamate (50)

48 (50.17 g, 183.5 mmol) was dissolved in THF (190 mL) and NaH (60% dispersion in mineral
oil, 14.7 g, 368 mmol, 2.00 equiv) was added in several portions. When hydrogen evolution stops
Mel (34 mL, 0.546 mol, 3.0 equiv) was added dropwise. The reaction mixture was heated under
reflux. After 1 h TLC shows the disappearance of the starting material. The excess of NaH was
quenched by careful dropwise addition of ethanol (~100 mL). The reaction mixture was poured
into water (500 mL) and extracted with DCM (3x100 mL). Combined organic layers were dried
over Na,SO, filtered and evaporated. The residue was used without purification. M = 41.78 g.
Yield = 79%.

"H NMR (CDCl;, 400 MHz): & = 0.06 (s, 6 H), 0.91 (s, 9 H), 1.72 - 1.81 (m, 2 H), 2.94 (s, 3 H),
3.36 (t, J=7.2 Hz, 2 H), 3.65 (t, J/=5.6 Hz, 2 H), 4.59 (d, J=5.5 Hz, 2 H), 5.20 (d, /=10.4 Hz, 1 H),
5.31(dd, J=17.2, 1.5 Hz, 1 H), 5.88 - 6.01 (m, 1 H).
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allyl allyl(3-hydroxypropyl)carbamate (51)

To a solution of 49 (70.7 g, 226 mmol) in MeOH (230 mL) was added KF*2H,0 (63.7 g, 0.677
mol, 3 equiv) and the resulting solution was heated under reflux for 24 h. When TLC showed the
disappearance of the starting material, the reaction mixture was cooled to rt, diluted with water
(0.5 L) and extracted with DCM (3x100 mL). Combined organic layers were dried over Na,SOy,
filtered and evaporated. The residue contains the title compound along with a large amount of
unknown TBS-containing admixture, but it was used in the next step without purification.

M =37.75 g. Yield = 84%.

"H NMR (CDCl;, 400 MHz): 6 = 1.66 - 1.74 (m, 1H), 3.43 (t, J = 5.1 Hz, 1H), 3.58 (t, J = 4.9
Hz, 1H), 3.85 (d, J = 4.1 Hz, 1H), 4.61 (d, J = 5.5 Hz, 1H), 5.16 (d, /= 11.3 Hz, 1H), 5.22 (d, J =
10.6 Hz, 1H), 5.30 (d, J = 17.2 Hz, 1H), 5.79 (ddt, J = 15.7, 10.8, 5.7 Hz, 1H), 5.93 (ddt, J = 15.4,

9.8, 4.7 Hz, 1H).

allyl (3-hydroxypropyl)(methyl)carbamate (52)

To a solution of 50 (41.78 g, 145.3 mmol) in MeOH (150 mL) was added KF*2H,0O (41.0 g, 0.436
mol, 3 equiv) and the resulting solution was heated under reflux for 24 h. When TLC showed the
disappearance of the starting material, the reaction mixture was cooled to rt, diluted with water
(0.5 L) and extracted with DCM (3x100 mL). The combined organic layers were dried over
Na,SO4 and evaporated. The resulting product was subjected to a gradient chromatography
purification (Hexanes/EtOAc 3:1, 1:1, pure EtOAc), leading to the title compound along with an
admixture of unknown TBS-based compounds. This admixture was used in the next step without

purification.
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M =17.1 g Yield = 68%.

"H NMR (CDCl, 400 MHz): & = 1.65 - 1.80 (m, 2 H), 2.90 (s, 3 H), 3.08 (br. s, 1 H), 3.36 - 3.45
(m, 2 H), 3.51 - 3.66 (m, 2 H), 4.58 (d, J=5.5 Hz, 2 H), 5.21 (d, J=1.2 Hz, 1 H), 5.29 (dq, J=17.2,
1.5 Hz, 1 H), 5.84 - 5.99 (m, 1 H).

BC NMR (CDCl3, 100 MHz): & =29.8, 34.0, 45.2, 58.3, 66.3, 117.4, 133.0, 157.4.

allyl allyl(3-oxopropyl)carbamate (53)

A solution of oxalyl chloride (18 mL, 212 mmol, 1.5 equiv) in DCM (150 mL) was added
dropwise at —70 to —80 °C, to 25 mL of DMSO. The reaction mixture was stirred for 10 min and a
solution of 51 (28.5 g, 143 mmol) in DCM (150 mL), was added dropwise at the same
temperature. After 15 min, Et;N (99 mL, 0.71 mol, 5.0 equiv) was added, and after 5 min the
reaction mixture was allowed to warm to ambient temperature (~1-2 h). The reaction mixture was
quenched with water (500 mL), and the layers were separated. The organic layer was dried over
Na,SO,, filtered, and evaporated to give pure enough compound as yellow oil (Mixture of
rotamers). If necessary, the substance can be purified using chromatography (hexanes/EtOAc 10:1,
3:1).

M =28.05 g. Yield = 99%.

'H NMR (CDCls, 400 MHz): & = 2.72 (t, J = 5.8 Hz, 2H), 3.55 (t, J = 6.7 Hz, 2H), 3.89 (d, J =
4.9 Hz, 2H), 4.57 (d, J = 4.3 Hz, 2H), 5.08 - 5.22 (m, 3H), 5.27 (d, J = 17.2 Hz, 1H), 5.70 - 5.82
(m, 1H), 5.90 (m, J = 10.9, 5.2, 5.2 Hz, 1H), 9.77 (s, 1H).

13C NMR (CDCLs, 100 MHz): 8 = (40.2, 41.2), (43.1, 43.5), 50.3, 66.1, (116.9, 117.8), 117.4,

132.9,133.6, 155.8, (200.5, 200.9).
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allyl methyl(3-oxopropyl)carbamate (54)

A solution of oxalyl chloride (13 mL, 154 mmol, 1.5 equiv) in DCM (108 mL) was added
dropwise at —70 to —80 °C to 18 mL of DMSO. The reaction mixture was stirred for 10 min and a
solution of 52 (17.1 g, 98.8 mmol) in DCM (108 mL), was added dropwise at the same
temperature. After 15 min, Et;N (69 mL, 0.495 mol, 5.0 equiv) was added, and after 5 min the
reaction mixture was allowed to warm to ambient temperature (~1-2 h). The reaction mixture was
quenched with water (500 mL), and the layers were separated. The organic layer was dried over
Na,S0q,, filtered and evaporated to give pure enough compound as yellow oil (Mixture of
rotamers). M = 15.35 g. Yield = 91%.

"H NMR (CDCl;, 400 MHz): & =2.69 (t, J=6.5 Hz, 2 H), 2.91 (s, 3 H), 3.57 (t, J=6.6 Hz, 2 H),
4.54 (d, /3.9 Hz, 2 H), 5.17 (d, J=10.4 Hz, 1 H), 5.26 (dd, J=17.2, 1.5 Hz, 1 H), 5.83 - 5.95 (m, 1
H), 9.78 (s, 1 H).

BC NMR (CDCl;, 100 MHz): & = 42.5, (42.8, 43.2), 45.8, 66.1, (117.3, 117.6), 132.9, 156.5,

(200.5, 200.9).

(E)-allyl allyl(3-((fert-butyl sulfinyl)imino)propyl)carbamate (55)

To a solution of aldehyde 53 (7.30 g, 37.0 mmol) in DCM (37 mL) was added (S)-N-tert-butyl
sulfinyl amide (4.71 g, 38.9 mmol, 1.05 equiv), PPTS (0.46 g, 0.050 equiv) and MgSO, (22.2 g,
185 mmol, 5.00 equiv). To control the progress of the reaction, 0.5 mL of the DCM solution from
the reaction mixture was evaporated and analyzed by NMR (once a day).The mixture was stirred at

rt for 3-7 days; the inorganic material was filtered and washed several times with DCM. The
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filtrate was concentrated in vacuo to give pure enough title compound as a clear oil. M = 10.98 g.
Yield = 99% (not purified).

The reaction with (R)-N-tert-butyl sulfinyl amide was conducted in the same manner, but the
product was purified by flash chromatography on silica using hexanes/EtOAc 1:1, 0:1 mixture as
an eluent.

M =12.30 g. Yield = 81%.

"H NMR (CDCl3, 400 MHz): & = 1.19 (s, 9H), 2.73 - 2.85 (m, 2H), 3.58 (d, J = 12.7 Hz, 1H),
3.87-3.95 (m, 2H), 4.60 (d, J = 4.7 Hz, 2H), 5.12 - 5.23 (m, 3H), 5.29 (d, J = 17.2 Hz, 1H), 5.73 -
5.85 (m, 1H), 5.85 - 6.00 (m, 1H), 8.08 (t,/ =4.2 Hz, 1H).

BC NMR (CDCl;, 100 MHz): 6 = 22.4 (3C), 24.8, 25.8, 28.2, (35.0, 35.5), (42.8, 43.6), 50.2,

56.7,66.2,117.0,(117.4,117.6), 132.9, 133.6, 155.8, 167.0.

(E)-allyl (3-((tert-butyl sulfinyl)imino)propyl)(methyl)carbamate (56)

To a solution of aldehyde 54 (7.60 g, 44.4 mmol) in DCM (44 mL) was added commercially
available (S)-N-tert-butyl sulfinyl amide (5.65 g, 46.6 mmol, 1.05 equiv), PPTS (0.56 g, 0.05
equiv) and MgSOy (26.6 g, 222 mmol, 5.00 equiv). To control the progress of the reaction, 0.5 mL
of the DCM solution from the reaction mixture was evaporated and analyzed by NMR (once a
day).The mixture was stirred at rt for 3-7 days; the inorganic material was filtered and washed
several times with DCM. The filtrate was concentrated in vacuo to give pure enough title
compound as a clear oil. M = 12.26 g. Yield = 100% (not purified).

The reaction with (R)-N-tert-butyl sulfinyl amide was conducted in the same manner.

M = 12.18 g. Yield = 100%.
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"H NMR (CDCLs, 400 MHz): 8 = 1.16 (s, 9 H), 2.71 - 2.81 (m, 2 H), 2.92 (s, 3 H), 3.58 (t, J=7.2
Hz, 2 H), 4.55 (d, J=5.1 Hz, 2 H), 5.17 (dd, J=10.5, 1.2 Hz, 1 H), 5.26 (dd, J=17.2, 1.4 Hz, 1 H),
5.85-5.96 (m, 1 H), 8.06 (t, J=4.2 Hz, 1 H).

13C NMR (CDCl;, 100 MHz): & = 22.3 (3C), 24.7, 25.9, 28.2, (34.4, 34.9), (45.1, 45.6), 56.7,

(66.1, 66.2), (117.3, 117.5), 133.0, 155.9 (br.), (166.8, 167.0).

allyl allyl(3-(5-(((zert-butyldimethylsilyl)oxy)methyl)-4-methylthiazol-2-yl)-3-(1,1-
dimethylethylsulfinamido)propyl)carbamate (57)

Compound 57 was obtained following the general procedure for 1,2-addition from imine 55 and
thiazole 36.

fS-57: M =9.90 g. Yield = 50%.

fR-57: M =9.80 g. Yield = 44%.

"H NMR (CDCl;, 400 MHz): = 0.08 (s, 3H), 0.09 (s, 3H), 0.90 (s, 9H), 1.26 (br. s., 3H), 1.30
(d, J = 5.7 Hz, 6H), 2.09 - 2.58 (m, 6H), 3.11 - 3.37 (m, 1H), 3.55 - 3.97 (m, 3H), 4.36 - 4.70 (m,
3H), 4.74 (d, J = 6.7 Hz, 2H), 5.05 - 5.43 (m, 4H), 5.63 - 5.98 (m, 2H).

BC NMR (CDCls;, 100 MHz): 6 = -5.2, 15.3, 18.4, 22.9, 25.9, 33.9, 42.4, 49.3, 56.6, 56.9, 57.9,

66.2,117.0, 117.1, 133.0, 133.4, 147.3, 156.0. (Few signals are missing due to broadening).

allyl (3-(5-(((tert-butyldimethylsilyl)oxy)methyl)-4-methylthiazol-2-yl)-3-(1,1-
dimethylethylsulfinamido)propyl)(methyl)carbamate (58)

Compound 58 was obtained following the general procedure for 1,2-addition from imine 56 and
thiazole 36.

fS-58: M =10.09 g. Yield = 44%.
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fR-58: M =7.12 g. Yield = 31%.
"H NMR (CDCl;, 400 MHz): 6 =0.09 (s, 6 H), 0.91 (s, 9 H), 1.32 (s, 9 H), 2.30 (m, 3H), 2.18 -
2.38 (m, 1 H), 2.56 - 2.98 (m, 4 H), 3.06 - 3.93 (m, 3 H), 4.34 - 4.64 (m, 2 H), 4.64 - 4.81 (m, 2 H),

5.11-5.35 (m, 2 H), 5.45 (br. s, 1 H), 5.78 - 6.00 (m, 1H).

allyl allyl(3-amino-3-(5-(hydroxymethyl)-4-methylthiazol-2-yl)propyl)carbamate (59)
Compound 59 was obtained following the general procedure for amine deprotection from 57.
fS-59: M =5.20 g. Yield = 88%.

JR-59: M = 6.46 g. Yield = 100%.

"H NMR (CDCl3, 400 MHz): 6 = 1.78 - 1.95 (m, 1H), 2.09 - 2.23 (m, 1H), 2.33 (s, 3H), 2.69 (br.
s., 3H), 3.23 - 3.47 (m, 1H), 3.50 - 3.66 (m, 1H), 3.71 - 3.99 (m, 2H), 4.13 (dd, J = 8.0, 4.9 Hz,
1H), 4.57 (d, J = 4.5 Hz, 2H), 4.72 (s, 2H), 5.15 (s, 3H), 5.28 (d, J = 17.0 Hz, 1H), 5.76 (ddt, J =
16.0,11.2, 5.7, Hz, 1H), 5.90 (ddt, J = 15.6, 10.1, 5.1, 5.1 Hz, 1H).

BC NMR (CDCl;, 100 MHz): = 15.0, 21.6, (36.5, 37.0), (43.2, 43.4), (49.3, 49.8), (51.8, 52.0),

56.5,66.2,117.4,(117.0, 117.7), 131.1, 132.9, 133.5, 148.7, (155.9, 156.4), 174.3.

allyl (3-amino-3-(5-(hydroxymethyl)-4-methylthiazol-2-yl)propyl)(methyl)carbamate (60)
Compound 60 was obtained following the general procedure for amine deprotection from 58.
fS-60: M =2.00 g. Yield = 34%.

fR-60: M = 1.95 g. Yield = 47%.

"H NMR (CDCl;, 400 MHz): & = 1.74 - 1.93 (m, 1 H), 2.08 - 2.23 (m, 1 H), 2.31 (s, 3 H), 2.57 -

2.76 (m, 2 H), 2.88 (s, 3 H), 3.19 - 3.29 (m, 1 H), 3.30 - 3.50 (m, 1 H), 3.63 (dt, /=14.1, 7.2 Hz, 1
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H), 4.10 (dd, J=8.7, 4.6 Hz, 1 H), 4.54 (d, J=5.3 Hz, 2 H), 4.69 (s, 2 H), 5.18 (dd, /=10.4, 1.3 Hz, 1
H), 5.27 (dd, J=17.2, 1.5 Hz, 1 H), 5.84 - 5.96 (ddt, /=17.1, 10.6, 5.4 Hz, 1 H).
13C NMR (CDCls, 100 MHz): 8 = 15.0, (34.0, 34.7), (36.0, 36.5), 45.7, (51.6, 51.9), 56.4, 66.2,

(117.3, 117.7), 131.2, 133.0, 148.6, (156.1, 156.6), (174.2, 174.4).

N-(3-amino-1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)propyl)-5-(4-chlorophenyl)-1H-
pyrrole-2-carboxamide (61)

Compound 61 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 59 and acid 1.

fS-61A: M = 580 mg. Yield = 44% (over two steps).

‘R = 1.249 min. Purity = 100%. LC-MS: m/z [M+H]" =405 Da.

/R-61B: M = 845 mg. Yield = 46% (over two steps).

‘R = 1.329 min. Purity = 100%. LC-MS: m/z [M+H]" =405 Da.

mp = 230-240 °C (decomp.; dihydrochloride).

"H NMR (CD;0D, 400 MHz): 6 = 2.08 (s, 1H), 2.18 - 2.30 (m, 1H), 2.35 (s, 3H), 2.75 - 2.82 (m,
2H), 4.67 (s, 2H), 5.46 (dd, J = 9.6, 5.1 Hz, 1H), 6.57 (d, J = 3.9 Hz, 1H), 6.98 (d, J = 3.9 Hz,
1H), 7.37 (d, J = 8.4 Hz, 2H), 7.65 (d, J = 8.6 Hz, 2H). (Five exchangeable protons are missing)
3C NMR (CD;0D, 100 MHz): 6 = 14.9, 39.0, 39.5, 50.8, 56.7, 108.9, 114.7, 127.4 (2C), 127.9,
130.1 (2C), 132.2, 133.4, 133.9, 136.6, 149.7, 163.3, 173.1.

HRMS (ESI): m/z calcd for C19H,CIN4O,S [M+H]+ 405.1147, found 405.1144.

N-(3-amino-1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)propyl)-5-(4-chloro-3-fluorophenyl)-
1H-pyrrole-2-carboxamide (62)
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Compound 62 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 59 and acid 39.

fS-62A: M = 820 mg. Yield = 61% (over two steps).

‘R=1.325 min. Purity = 89%. LC-MS: m/z [M+H]" =423 Da.

fR-62B: M =986 mg. Yield = 50% (over two steps).

‘R = 1.406 min. Purity = 100%. LC-MS: m/z [M+H]" =423 Da.

mp = 220-230 °C (decomp.; dihydrochloride).

"H NMR (CD;0D, 400 MHz): & = 2.04 - 2.15 (m, 1H), 2.18 - 2.30 (m, 1H), 2.36 (s, 3H), 2.75 -
2.84 (m, 1H), 4.68 (s, 2H), 5.46 (dd, J = 9.8, 5.1 Hz, 1H), 6.63 (d, J = 3.9 Hz, 1H), 6.98 (d,J = 3.9
Hz, 1H), 7.43 - 7.51 (m, 1H), 7.59 (dd, J = 10.7, 1.9 Hz, 1H). (Five exchangeable protons are
missing).

BC NMR (CD;0D, 100 MHz): & = 14.9, 39.0, 39.5, 50.8, 56.7, 109.6, 113.8 (d, J = 22.7 Hz),
114.5, 120.0 (d, J = 18.3 Hz), 122.6 (d, J = 3.7 Hz), 128.4, 132.2, 133.4, 134.5 (d, J = 8.1 Hz),
135.4,149.7, 159.8 (d, J = 246.6 Hz), 163.1, 173.1.

HRMS (ESI): m/z calcd for C19H21CIFN4OZS [M+H]+ 423. 1052, found 423.1051.

N-(3-amino-1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)propyl)-5-(3-fluoro-4-methylphenyl)-
1H-pyrrole-2-carboxamide (63)

Compound 63 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 59 and acid 40.

fS-63A: M = 880 mg. Yield = 69% (over two steps).

‘R = 1.279 min. Purity = 93%. LC-MS: m/z [M+H]" =403 Da.

fR-63B: M =719 mg. Yield = 45% (over two steps).
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‘R = 1.385 min. Purity = 100%. LC-MS: m/z [M+H]" =403 Da.

mp = 220-230 °C (decomp.; dihydrochloride).

"H NMR (CD;0D, 400 MHz): 6 = 2.03 - 2.15 (m, 1H), 2.19 - 2.31 (m, 1H), 2.26 (s, 3H), 2.35 (s,
3H), 2.73 - 2.86 (m, 2H), 4.67 (s, 2H), 5.46 (dd, J = 9.8, 5.1 Hz, 1H), 6.55 (d, J = 3.9 Hz, 1H),
6.97 (d, J = 3.9 Hz, 1H), 7.23 (t, J = 8.1 Hz, 1H), 7.33 - 7.40 (m, 2H). (Five exchangeable protons
are missing).

3C NMR (CD;OD, 100 MHz): & = 14.4 (d, J= 3.7 Hz), 14.9, 38.9, 39.4, 50.8, 56.7, 108.7, 112.2
(d, J=24.2 Hz), 114.7,121.5 (d, J= 3.7 Hz), 124.7 (d, J = 17.6 Hz), 127.5, 133.1 (d, /= 5.1 Hz),
133.2 (d,J=8.1 Hz), 133.5, 136.7, 149.7, 163.1 (d, J = 243.0 Hz), 163.3, 173.1.

HRMS (ESI): m/z calcd for C20H24FN4OZS [M+H]+ 4031599, found 403.1597.

5-(4-chlorophenyl)-N-(1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)-3-(methylamino)propyl)-
1H-pyrrole-2-carboxamide (64)

Compound 64 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 60 and acid 1.

fS-64A: M =498 mg. Yield = 51% (over two steps).

‘R = 1.279 min. Purity = 100%. LC-MS: m/z [M+H]" =419 Da.

fR-64B: M = 644 mg. Yield = 65% (over two steps).

‘R = 1.407 min. Purity = 100%. LC-MS: m/z [M+H]" =419 Da.

mp = 215-220°C (decomp.; dihydrochloride).

"H NMR (CDCl3, 400 MHz): 6 =2.07 - 2.22 (m, 3 H), 2.27 (s, 3 H), 2.43 (s, 3 H), 2.70 - 2.82 (m,
2 H), 3.83 (br. s, 1 H), 4.66 (s, 2 H), 5.40 (t, J=5.0 Hz, 1 H), 6.45 (d, /=3.8 Hz, 1 H), 6.76 (d, J=3.8
Hz, 1 H), 7.23 (d, J=8.6 Hz, 2 H), 7.51 (d, J=8.6 Hz, 2 H), 9.26 (br. s., 1 H), 10.61 (br. s., 1 H).
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13C NMR (CDCls, 100 MHz): & = 15.0, 32.9, 35.8, 48.1, 51.4, 56.3, 107.8, 112.6, 126.1 (2C),
126.8, 129.0 (2C), 130.4, 131.7, *132.9, 135.2, 149.1, 161.3, 171.0.

HRMS (ESI): m/z caled for Co0Ha4CIN4O,S [M+H]" 419.1303, found 419.1299.

5-(4-chloro-3-fluorophenyl)-N-(1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)-3-
(methylamino)propyl)-1H-pyrrole-2-carboxamide (65)

Compound 65 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 60 and acid 39.

fS-65A: M = 508 mg. Yield = 51% (over two steps).

‘R = 1.293 min. Purity = 92%. LC-MS: m/z [M+H] =437 Da.

fR-65B: M =596 mg. Yield = 59% (over two steps).

‘R = 1.462 min. Purity = 94%. LC-MS: m/z [M+H] =437 Da.

mp = 215-220°C (decomp.; dihydrochloride).

"H NMR (CDCl;, 400 MHz): 6 =2.08 - 2.21 (m, 2 H), 2.25 (s, 3 H), 2.46 (s, 3 H), 2.72 - 2.84 (m,
2 H), 3.76 (br. s., 2 H), 4.66 (s, 2 H), 5.38 (t, J/=5.3 Hz, 1 H), 6.47 (d, J/=3.9 Hz, 1 H), 6.75 (d,
J=3.9Hz, 1H),7.24-7.29 (m, 1 H), 7.30 - 7.34 (m, 1 H), 7.40 (dd, J=10.3, 1.8 Hz, 1 H), 9.36 (br.
s., 1 H), 10.79 (br. s., 1 H).

BC NMR (CDCl;, 100 MHz): & = 15.0, 32.6, 35.6, 48.0, 51.5, 56.3, 108.5, 112.7, 112.9 (d, J =
17.6 Hz), 119.3 (d, J=19.0 Hz), 121.2 (d, J = 2.9 Hz), 127.2, 131.0, 131.6, 132.4 (d, J = 7.3 Hz),
134.1, 149.1, 158.4 (d, J = 247.4 Hz), 161.3, 170.8.

HRMS (ESI): m/z calcd for C20H23CIFN4028 [M+H]+ 437. 1209, found 437.1205.
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5-(3-fluoro-4-methylphenyl)-N-(1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)-3-
(methylamino)propyl)-1H-pyrrole-2-carboxamide (66)

Compound 66 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 60 and acid 40.

fS-66A: M =424 mg. Yield = 47% (over two steps).

‘R = 1.265 min. Purity = 97%. LC-MS: m/z [M+H] =417 Da.

fR-66B: M = 528 mg. Yield = 54% (over two steps).

‘R = 1.383 min. Purity = 98%. LC-MS: m/z [M+H] =417 Da.

mp = 210-220°C (decomp.; dihydrochloride).

"H NMR (CDCl3, 400 MHz): 6 = 2.04 - 2.19 (m, 2 H), 2.25 (s, 6 H), 2.42 (s, 3 H), 2.73 (t, J=5.5
Hz, 2 H), 3.68 (br. s., 2 H), 4.65 (s, 2 H), 5.34 - 5.43 (m, 1 H), 6.44 (d, /=3.8 Hz, 1 H), 6.75 (d,
J=3.7Hz, 1 H), 7.11 (t,J=7.9 Hz, 1 H), 7.20 - 7.27 (m, 2 H), 9.25 (br. s., 1 H), 10.55 (br. s., 1 H).
3C NMR (CDCls;, 100 MHz): & = 14.5 (d, J = 2.9 Hz), 15.0, 32.7, 35.4, 48.0, 51.3, 56.4, 107.7,
111.4 (d, J=23.4 Hz), 112.9, 120.2 (d, /= 2.9 Hz), 123.9 (d, /= 17.6 Hz), 126.4, 131.3 (d,J=7.3
Hz), 131.7,132.0 (d, /= 5.9 Hz), 135.2, 149.1. 161.3, 161.7 (d, J = 244.4 Hz), 170.8.

HRMS (ESI): m/z caled for CoHagFN40,S [M+H]" 417.1755, found 417.1749.

5-(4-chlorophenyl)-N-(3-(dimethylamino)-1-(5-(hydroxymethyl)-4-methylthiazol-2-
yD)propyl)-1H-pyrrole-2-carboxamide (67)

Compound 67 was obtained following the general procedure for reductive amination from 61.
fS-67A: M =236 mg. Yield = 90%.

‘R = 1.313 min. Purity = 100%. LC-MS: m/z [M+H]" =433 Da.

fR-67B: M =338 mg. Yield = 84%.
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‘R = 1.313 min. Purity = 97%. LC-MS: m/z [M+H]" =433 Da.

"H NMR (CDCl;, 400 MHz): 6 = 2.07 - 2.18 (m, 1H), 2.18 - 2.28 (m, 2H), 2.33 (s 6H), 2.34 (s,
3H), 2.29 - 2.43 (m, 1H), 2.55 - 2.64 (m, 1H), 3.68 (br. s, 1H), 4.71 (s, 2H), 5.43 (q, J = 5.2 Hz,
1H), 6.49 (d, J = 3.5 Hz, 1H), 6.66 (d, J = 3.5 Hz, 1H), 7.24 (d, J = 8.4 Hz, 1H), 7.52 (d, J = 8.4
Hz, 2H), 9.69 (d, J = 6.3 Hz, 1H), 10.59 (br. s, 1H).

For dihydrochloride:

mp = 150-155 °C.

"H NMR: (DMSO-ds, 400 MHz) & = 2.27 (s, 3 H), 2.38 - 2.53 (m, 2 H), 2.75 (s, 3 H), 2.77 (s, 3
H), 3.16 - 3.32 (m, 2 H), 4.54 (s, 2 H), 5.28 - 5.36 (m, 1 H), 6.46 (br. s., 2 H), 6.64 (t, J=2.7 Hz, 1
H), 6.96 (t, J = 2.6 Hz, 1 H), 7.40 (d, /=8.3 Hz, 1 H), 7.92 (d, J/=8.3 Hz, 2 H), 9.36 (d, J = 8.0 Hz,
1 H), 10.68 (br. s., 1 H), 12.27 (s, 1 H).

BC NMR (DMSO-ds, 100 MHz): & = 14.6, 28.2, 41.8, 42.5, 48.8, 54.1, 55.0, 107.5, 114.1, 126.4
(20), 127.2, 128.6, 130.6, 131.1, 133.6, 133.9, 146.1, 160.0, 169.9.

HRMS (ESI): m/z calcd for C,;H6CIN4O,S [M+H]+ 433.1460, found 433.1455.

5-(4-chloro-3-fluorophenyl)-N-(3-(dimethylamino)-1-(5-(hydroxymethyl)-4-methylthiazol-2-
yD)propyl)-1H-pyrrole-2-carboxamide (68)

Compound 68 was obtained following the general procedure for reductive amination from 62.
fS-68A: M = 190 mg. Yield = 59%.

‘R = 1.396 min. Purity = 96%. LC-MS: m/z [M+H]" =451 Da.

/R-68B: M =418 mg. Yield = 82%.

‘R = 1.435 min. Purity = 96%. LC-MS: m/z [M+H] =451 Da.
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"H NMR (CDCl;, 400 MHz): 6 = 2.12 - 2.23 (m, 1H), 2.31 (s, 3H), 2.24 - 2.36 (m, 1H), 2.40 (s,
6H), 2.46 - 2.57 (m, 1H), 2.62 - 2.73 (m, 1H), 3.68 (br. s, 1H), 4.70 (s, 2H), 5.41 (q, J = 4.9 Hz,
1H), 6.51 (d, J = 3.1 Hz, 1H), 6.69 (d, J = 2.9 Hz, 1H), 7.30 - 7.38 (m, 2H), 7.42 (d, J = 10.4 Hz,
1H), 9.66 - 9.79 (br. s, 1H), 10.63 - 10.82 (br. s, 1H).

For dihydrochloride:

mp = 160-165 °C.

"H NMR: (DMSO-ds, 400 MHz) & = 2.27 (s, 3 H), 2.41 - 2.48 (m, 2 H), 2.76 (s, 3 H), 2.77 (s, 3
H), 3.16 - 3.32 (m, 2 H), 4.54 (s, 2 H), 5.27 -5.37 (m, 1 H), 6.39 (br. s, 2 H), 6.74 (s, 1 H), 6.97 (s,
1 H), 7.54 (t, J=8.2 Hz, 1 H), 7.76 (d, J=8.4 Hz, 1 H), 8.04 (d, J=11.4 Hz, 1 H), 9.41 (d, J=7.9 Hz,
1 H), 10.69 (br. s, 1 H), 12.40 (s, 1 H).

BC NMR (DMSO-ds, 100 MHz): 6 = 14.5,28.2, 41.8, 42.5, 48.8, 54.0, 55.0, 108.5, 112.7 (d, J =
22.7 Hz), 114.1, 117.1 (d, J= 17.6 Hz), 121.8 (d, J = 3.7 Hz), 127.7, 130.8, 132.85, 132.93, 133.6,
146.0, 157.5 (d, J = 244.4 Hz), 159.9, 169.9.

HRMS (ESI): m/z calcd for C21H25CIFN4028 [M+H]+ 451 1365, found 451.1363.

N-(3-(dimethylamino)-1-(5-(hydroxymethyl)-4-methylthiazol-2-yl)propyl)-5-(3-fluoro-4-
methylphenyl)-1H-pyrrole-2-carboxamide (69)

Compound 69 was obtained following the general procedure for reductive amination from 63.
fS-69A: M =203 mg. Yield = 66%.

‘R = 1.332 min. Purity = 94%. LC-MS: m/z [M+H] =431 Da.

/R-69B: M =201 mg. Yield = 89%.

‘R = 1.417 min. Purity = 95%. LC-MS: m/z [M+H] =431 Da.
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"H NMR (CDCl;, 400 MHz): & = 2.07 - 2.19 (m, 1H), 2.28 (s, 3H), 2.20 -2.30 (m, 1H), 2.32 (s,
3H), 2.34 (s, 6H), 2.30 - 2.42 (m, 1H), 2.54 - 2.66 (m, 1H), 3.10 - 3.52 (m, 1H), 4.71 (s, 2H), 5.44
(q,J = 5.1 Hz, 1H), 6.48 (t, J = 2.5 Hz, 1H), 6.61 - 6.65 (m, 1H), 7.15 (t, J = 7.9 Hz, 1H), 7.24 (s,
2H), 9.65 -9.75 (br. s., 1H), 10.08 - 10.32 (br. s, 1H).

For dihydrochloride:

mp = 165-170 °C.

"H NMR: (DMSO-ds, 400 MHz) & = 2.21 (s, 3 H), 2.28 (s, 3 H), 2.42 - 2.51 (m, 2 H), 2.76 (s, 3
H), 2.77 (s, 3 H), 3.17 - 3.34 (m, 2 H), 4.54 (s, 2 H), 5.29 - 5.37 (m, 1 H), 6.55 - 6.62 (m, 2 H),
6.63 (s, 1 H), 6.94 (s, 1 H), 7.24 (t, J/=8.2 Hz, 1 H), 7.62 (d, J/=7.9 Hz, 1 H), 7.74 (d, J=11.6 Hz, 1
H), 9.39 (d, J/=7.8 Hz, 1 H), 10.71 (br. s, 1 H), 12.24 (s, 1 H).

BC NMR (DMSO-ds, 100 MHz): 6 = 13.9 (d, /=2.9 Hz), 14.4,28.2, 41.8, 42.5, 48.8, 54.0, 55.0,
107.4, 111.0 (d, J = 23.4 Hz), 114.1, 120.5, 122.4 (d, J = 16.8 Hz), 126.9, 131.6 (d, J = 8.8 Hz),
131.8 (d,J=5.1 Hz), 133.8, 134.1 (d, J = 2.2 Hz), 145.8, 160.0, 161.0 (d, J = 242.2 Hz), 170.2.

HRMS (ESI): m/z calcd for C2,HpsFN4O,S [MJrH]Jr 431.1912, found 431.1910.

ethyl 2-chloro-3-oxopropanoate (70)

NaOsBu (106 g, 1.1 mol, 1.1 eqiuv) was dissolved in THF (2L) and the solution was cooled to 0
°C. At this temperature with a vigorous mechanical stirring, a mixture of ethyl chloroacetate (108
mL, 1.0 mol) and ethyl formate (104 mL, 1.3 moles, 1.3 equiv) was added dropwise. The mixture
was left overnight, and aqueous HCI (100 mL +400 mL H,O) was added. The resulting solution
was extracted with DCM (3x200 mL). The combined organic layers were dried over Na;SOy,
filtered and evaporated. The residue was distilled at reduced pressure (bp = 60 - 90 °C, 30 torr) to

give a viscous oil which crystallizes upon standing. M = 71.28 g, yield = 47%.
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"H NMR: (DMSO-ds, 400 MHz) & = 1.20 (td, J=7.1, 0.6 Hz, 3 H), 4.13 (q, J=7.1 Hz, 2 H), 7.93
(s, 1 H), 11.75 (br. s., 1 H).

3C NMR (CDCls;, 100 MHz): 6 = 14.2, 60.7, 100.4, 154.1, 163.5.

ethyl thiazole-5-carboxylate (71)

To a solution of formamide (19.2 mL, 0.483 mol, 1.5 equiv) in 1,4-dioxane (130 mL), P,Ss (21.50
g, 96.7 mmol, 0.3 equiv) was added in small portions in the course of 0.5 h under vigorous stirring.
The reaction mixture was stirred for 0.5 h, and melted 70 (48.6 g, 0.323 mol) was added in several
portions. The reaction mixture was heated at ~60 °C for 8 h, poured into water (300 mL), and
extracted with DCM (3x100 mL). The combined organic phases were washed with 5% K,CO;,
dried over anhydrous Na;SO,, filtered, evaporated and purified using column chromatography
(eluent hexane/EtOAc, 20:1, 10:1). M = 45.01 g (total mass from two identical batches). Yield =
44%. The reaction can be scaled up to 30 ml of formamide. When larger quantities were used, the
reaction mixture could not be stirred even on a mechanical stirrer.

"H NMR (CDCl;, 400 MHz): = 1.38 (t, J=7.2 Hz, 3 H), 4.38 (q, J=7.1 Hz, 2 H), 8.49 (s, 1 H),
8.93 (s, 1 H).

3C NMR (CDCls;, 100 MHz): 6 = 14.3, 61.8, 103.1, 148.7, 158.0, 161.2.

thiazol-5-ylmethanol (72)

A solution of 71 (45.01 g, 0.287 mol) in THF (280 mL) was added dropwise to a suspension of
LiAlH4 (10.90 g, 0.287 mmol) in THF (280 mL) at 0 °C. The reaction mixture was stirred for 30
min at 0 °C (at this point TLC indicated consumption of the SM). It was then quenched by

successive addition of EtOAc (50 mL), water (11 mL), 10% NaOH (11 mL) solution, and water
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(33 mL) (the temperature should not exceed 0 °C). The precipitate was filtered and washed several
times with THF. The filtrate was evaporated to give 72 which was used without purification. M =
29.67 g. Yield = 90%.

"H NMR (CDCl;, 400 MHz): 6 = 3.51 (br. s, 1 H), 4.88 (s, 2 H), 7.71 (s, 1 H), 8.73 (s, 1 H).

3C NMR (CDCls;, 100 MHz): 6 = 57.0, 139.4, 140.6, 153.6.

5-(((tert-butyldimethylsilyl)oxy)methyl)thiazole (73)

Alcohol 72 (29.67 g, 0.258 mol) was dissolved in DMF (250 mL), and imidazole (26.3 g, 0.387
mol, 1.5 equiv) was added in one portion, followed by portion wise addition of TBSCI (58.4 g,
0.388 mol, 1.5 equiv). The reaction mixture was stirred overnight at 50—60 °C, cooled to rt, diluted
with water (0.5 L), and extracted with hexane (3x100 mL). The combined organic phases were
dried over anhydrous Na,SO,, filtered and evaporated to give an oil, which was purified by
distillation at reduced pressure (bp = 80 -120 °C, 2 torr). M = 45.14 g, yield = 76%.

"H NMR (CDCl;, 400 MHz): 6 = 0.12 (s, 6 H), 0.93 (s, 9 H), 4.94 (d, J=0.7 Hz, 2 H), 7.74 (s, 1
H), 8.78 (s, 1 H).

13C NMR (CDCls, 100 MHz): 6 = -5.2 (2C), 18.4, 25.9 (3C), 58.3, 139.5, 140.0, 153.0.

allyl allyl(2-(5-(((tert-butyldimethylsilyl)oxy)methyl)thiazol-2-yl)-2-(1,1-
dimethylethylsulfinamido)ethyl)carbamate (75)

Compound 75 was obtained following the general procedure for 1,2-addition from imine 74'* and
thiazole 73.

fS-75: M =6.10 g. Yield = 66%.

fR-75: M =9.54 g. Yield = 79%.
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"H NMR (CDCls, 400 MHz): 5 = 0.05 - 0.16 (m, 6 H), 0.86 - 0.95 (m, 9 H), 1.29 (s, 9 H), 3.59

(dd, J=14.7, 2.5 Hz, 1 H), 3.85 (dd, J=15.8, 5.6 Hz, 1 H), 3.93 - 4.06 (m, 2 H), 4.57 - 4.70 (m, 2

©CoO~NOUTA,WNPE

10 H), 4.86 (s, 2 H), 4.93 - 4.99 (m, 1 H), 5.12 - 5.26 (m, 3 H), 5.32 (d, J=17.2 Hz, 1 H), 5.61 (d,

12 J=2.7 Hz, 1 H), 5.83 (dddd, J=16.6, 10.9, 5.6, 5.4 Hz, 1 H), 5.87 - 6.00 (m, 1 H), 7.55 (s, 1 H).

17 allyl (2-(5-(((tert-butyldimethylsilyl)oxy)methyl)thiazol-2-yl)-2-(1,1-
19 dimethylethylsulfinamido)ethyl)(methyl)carbamate (76)

2 Compound 76 was obtained following the general procedure for 1,2-addition from imine 35 and
24 thiazole 73.

26 75-76: M = 6.88 g. Yield = 58%.

29 JR-76: M = 6.14 g. Yield = 53%.

31 "H NMR (CDCl;, 400 MHz): & = 0.09 (s, 6 H), 0.90 (s, 9 H), 1.27 (s, 9 H), 2.97 (s, 3 H), 4.03 (dd,
J=14.5,9.8 Hz, 1 H), 4.53 - 4.67 (m, 2 H), 4.84 (s, 2 H), 4.89 - 4.97 (m, 1 H), 5.20 (d, J/=10.4 Hz,
36 1 H), 5.31 (dd, J=17.2, 1.5 Hz, 1 H), 5.41 (d, J=2.8 Hz, 1 H), 5.86 - 6.00 (m, 1 H), 7.54 (s, 1 H).

38 (NH proton is missed)

43 allyl allyl(2-amino-2-(5-(hydroxymethyl)thiazol-2-yl)ethyl)carbamate (77)

Compound 77 was obtained following the general procedure for amine deprotection from 75.

48 fS-77: M =2.44 g. Yield = 69%.

50 fR-77: M =4.04 g. Yield = 73%.

o2 '"H NMR (CDCl;, 400 MHz): 6 = 2.86 (br. s, 3 H), 3.50 - 3.72 (m, 2 H), 3.75 - 3.83 (m, 1 H), 3.84

s -3.97 (m, 1 H), 4.4 (t, J=6.6 Hz, 1 H), 4.58 (d, J=5.3 Hz, 2 H), 4.78 (s, 2 H), 5.07 - 5.18 (m, 2 H),
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5.20 (dq, J=10.5, 1.3 Hz, 1 H), 5.29 (dq, J=17.2, 1.5 Hz, 1 H), 5.68 - 5.82 (ddt, J=16.4, 10.7, 5.3,
5.3 Hz, 1 H), 5.84 - 5.97 (ddt, J=17.2, 10.7, 5.4, 5.4 Hz, 1 H), 7.51 (s, 1 H).
3C NMR (CDCls, 100 MHz): 8 = (50.6, 50.7), 53.3, 54.0, 57.0, 66.5, (117.1, 118.0), 117.5,

132.7,133.1, 139.4, 139.9, (156.1, 156.9), (174.4, 174.9).

allyl (2-amino-2-(5-(hydroxymethyl)thiazol-2-yl)ethyl)(methyl)carbamate (78)

Compound 78 was obtained following the general procedure for amine deprotection from 76.
fS-78: M =221 g. Yield = 58%.

fR-78: M =2.69 g. Yield = 79%.

"H NMR (CDCl;, 400 MHz): 6 =2.20 - 3.18 (br. s, 3H), 2.85 (s, 3 H), 3.43 - 3.70 (m, 2 H), 4.34 -
442 (m, 1 H), 4.52 (s, 2 H), 4.74 (s, 2 H), 5.17 (d, /=10.4 Hz, 1 H), 5.25 (d, J/=17.0 Hz, 1 H), 5.79
-5.95(m, 1 H), 7.46 (s, 1 H).

BC NMR (CDCls, 100 MHz): & = (35.3, 35.8), 52.9, (55.7, 56.1), 57.1, 66.3, (117.5, 117.9),

132.8, 139.4, 140.0, (156.3, 157.1), (174.6, 175.2).

N-(2-amino-1-(5-(hydroxymethyl)thiazol-2-yl)ethyl)-5-(4-chlorophenyl)-1H-pyrrole-2-
carboxamide (81)

Compound 81 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 77 and acid 1.

fS-81A: M =252 mg. Yield = 40% (over two steps).

‘R = 1.234 min. Purity = 97%. LC-MS: m/z [M+H] =377 Da.

/R-81B: M =364 mg. Yield = 43% (over two steps).

‘R = 1.184 min. Purity = 97%. LC-MS: m/z [M+H] =377 Da.
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mp = 200-205 °C.

"H NMR: (DMSO-ds, 400 MHz) & = 1.71 (br. s, 2 H), 3.01 (dd, /=13.2, 7.8 Hz, 1 H), 3.14 (dd,
J=13.2,52 Hz, 1 H), 4.61 (s, 2 H), 5.20 (dd, J=13.0, 7.6 Hz,1 H), 5.48 (br. s., 1 H), 6.65 (d, /=3.8
Hz, 1 H), 7.01 (d, J/=3.8 Hz, 1 H), 7.43 (d, J=8.6 Hz, 2 H), 7.55 (s, 1 H), 7.84 (d, J/=8.6 Hz, 2 H),
8.55(d, /=79 Hz, 1 H), 11.74 (br. s, 1 H).

BC NMR (DMSO-ds, 100 MHz): & = 45.6, 54.4, 55.8, 107.6, 113.0, 126.4 (2), 127.5, 128.6 (2C),
130.7, 131.1, 133.7, 139.0, 140.0, 160.4, 172.0.

HRMS (ESI): m/z calcd for C;7H;3CIN,O,S [M+H]" 377.0834, found 377.0827.

N-(2-amino-1-(5-(hydroxymethyl)thiazol-2-yl)ethyl)-5-(4-chloro-3-fluorophenyl)-1H-pyrrole-
2-carboxamide (82)

Compound 82 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 77 and acid 39.

fS-82A: M =474 mg. Yield = 51% (over two steps).

‘R = 1.229 min. Purity = 96%. LC-MS: m/z [M+H]" =395 Da.

fR-82B: M =396 mg. Yield = 33% (over two steps).

‘R = 1.199 min. Purity = 97%. LC-MS: m/z [M+H]" =395 Da.

mp = 145-150 °C.

"H NMR: (DMSO-ds, 400 MHz) & = 1.81 (br. s., 2 H), 3.01 (dd, J=13.1, 7.9 Hz, 1 H), 3.14 (dd,
J=13.1, 53 Hz, 1 H), 4.61 (s, 2 H), 5.20 (dd, J= 13.1, 7.3 Hz, 1 H), 5.47 (br. s., 1 H), 6.75 (d,
J=3.9 Hz, 1 H), 7.02 (d, /=3.8 Hz, 1 H), 7.52 - 7.61 (m, 2 H), 7.69 (dd, J=8.4, 1.7 Hz, 1 H), 7.94

(dd, /=114, 1.8 Hz, 1 H), 8.58 (d, /=7.7 Hz, 1 H), 11.87 (br. s., | H).
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3C NMR (DMSO-ds, 100 MHz): 6 = 45.6, 54.4, 55.7, 108.6, 112.6 (d, J=22.7 Hz), 112.8, 117.0
(d, /= 17.6 Hz), 121.8 (d, J= 2.9 Hz), 128.0, 130.8, 132.6 (d, J= 2.2 Hz), 132.9 (d, J= 8.1 Hz),
139.0, 140.0, 157.5 (d, J= 244.4 Hz), 160.4, 171.9.

HRMS (ESI): m/z calcd for C17H;7CIFN,40,S [M+H]" 395.0739, found 395.0737.

N-(2-amino-1-(5-(hydroxymethyl)thiazol-2-yl)ethyl)-5-(3-fluoro-4-methylphenyl)-1H-pyrrole-
2-carboxamide (83)

Compound 83 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 77 and acid 40.

fS-83A: M =383 mg. Yield = 50% (over two steps).

‘R = 1.201 min. Purity = 97%. LC-MS: m/z [M+H]" =375 Da.

/R-83B: M =304 mg. Yield = 40% (over two steps).

‘R = 1.224 min. Purity = 100%. LC-MS: m/z [M+H]" =375 Da.

mp = 160-170 °C.

"H NMR: (DMSO-ds, 400 MHz) & = 1.77 (br. s., 2 H), 2.23 (s, 3 H), 3.01 (dd, J=13.0, 8.0 Hz, 1
H), 3.14 (dd, J=13.4, 5.1 Hz, 1 H), 4.61 (s, 2 H), 5.20 (dd, J=13.0, 7.6 Hz, 1 H), 5.48 (br. s., 1 H),
6.65 (d, /=3.8 Hz, 1 H), 6.99 (d, /=3.8 Hz, 1 H), 7.27 (t, J/=8.1 Hz, 1 H), 7.52 - 7.58 (m, 2 H), 7.66
(d, J/=11.4 Hz, 1 H), 8.53 (d, /=7.9 Hz, 1 H), 11.75 (br. s., 1 H).

BC NMR (DMSO-ds, 100 MHz): 6 = 13.9 (d, J= 2.9 Hz), 45.6, 54.4, 55.8, 107.4, 111.1 (d, J=
24.2 Hz), 112.9, 120.4 (d, J= 2.2 Hz), 122.3 (d, J= 17.6 Hz), 127.2, 131.6 (d, J= 8.1 Hz), 131.8 (d,
J=5.1Hz), 133.9, 139.0, 140.0, 160.4, 161.0 (d, J=241.5 Hz), 172.0.

HRMS (ESI): m/z calcd for C1sH0FN40,S [M+H]" 375.1286, found 375.1285.
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N-(2-amino-1-(5-(hydroxymethyl)thiazol-2-yl)ethyl)-5-(4-chloro-3,5-difluorophenyl)-1H-
pyrrole-2-carboxamide (84)

Compound 84 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 77 and acid 79.

fS-84A: M = 30 mg (after pHPLC). Yield = ~3% (over two steps).

‘R = 1.360 min. Purity = 90%. LC-MS: m/z [M+H] =413 Da.

/R-84B: M = 724 mg. Yield = 28% (over two steps).

‘R = 1.355 min. Purity = 98%. LC-MS: m/z [M+H] =413 Da.

mp = 165-170 °C.

"H NMR: (DMSO-ds, 400 MHz) & = 1.76 (br. s., 2 H), 2.99 (dd, J=13.1, 7.8 Hz, 1 H), 3.13 (dd,
J=13.3, 5.2 Hz, 1 H), 4.59 (s, 2 H), 5.18 (dd, J= 13.3, 7.2 Hz, 1 H), 5.46 (br. s., 1 H), 6.84 (d,
J=3.8 Hz, 1 H), 7.02 (d, /=3.9 Hz, 1 H), 7.53 (s, 1 H), 7.85 (d, J/=9.3 Hz, 2 H), 8.61 (d, /=7.7 Hz, 1
H), 12.04 (br. s., 1 H).

3C NMR (DMSO-dg, 100 MHz): 6 = 45.5, 54.5, 55.7, 105.3, (t, J = 21.2 Hz), 108.3 (d, J = 25.6
Hz, 2C), 109.5, 112.7, 128.5, 131.8 (t, J = 2.6 Hz), 132.8 (t, J = 10.2 Hz), 139.0, 140.1, 158.3 (dd,
J=2459,4.4 Hz, 2C), 160.3. 171.8.

HRMS (ESI): m/z calcd for C17H16C1F2N4OQS [M+H]+ 4130645, found 413.0645.

N-(2-amino-1-(5-(hydroxymethyl)thiazol-2-yl)ethyl)-5-(3,4-dimethoxyphenyl)-1H-pyrrole-2-
carboxamide (85)

Compound 85 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 77 and acid 80.

fS-85A: M = 342 mg, yield = 36% (over two steps).
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‘R = 1.081 min. Purity = 100%. LC-MS: m/z [M+H]" =403 Da.

/R-85B: M =430 mg, yield = 42% (over two steps).

‘R = 1.085 min. Purity = 100%. LC-MS: m/z [M+H]" =403 Da.

mp = 100-105 °C.

"H NMR: (DMSO-ds, 400 MHz) & = 1.75 (br. s, 2 H), 3.00 (dd, /=13.1, 7.9 Hz, 1 H), 3.13 (dd,
J=13.1, 5.3 Hz, 1 H), 3.75 (s, 3 H), 3.82 (s, 3 H), 4.59 (s, 2 H), 5.18 (dd, J=13.2, 7.6 Hz, 1 H), 5.45
(br. s., 1 H), 6.51 (d, J=3.5 Hz, 1 H), 6.93 (d, J=8.6 Hz, 1 H), 6.98 (d, J=3.7 Hz, 1 H), 7.30 (dd,
J=8.3, 1.6 Hz, 1 H), 7.47 (s, 1 H), 7.53 (s, 1 H), 8.45 (d, J=7.8 Hz, 1 H), 11.69 (br. s, 1 H).

BC NMR (DMSO-ds, 100 MHz): 6 = 45.6, 54.4, 55.5, 55.6, 55.8, 106.1, 108.8, 112.0, 112.7,
117.2,124.9, 126.3, 135.4, 139.0, 140.0, 147.8, 148.9, 160.7, 172.3.

HRMS (ESI): m/z calcd for C19H23N404S [M+H]+ 4031435, found 403.1443.

5-(4-chloro-3-fluorophenyl)-N-(1-(5-(hydroxymethyl)thiazol-2-yl)-2-(methylamino)ethyl)-1H-
pyrrole-2-carboxamide (86)

Compound 86 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 78 and acid 39.

fS-86A: M =473 mg. Yield = 58% (over two steps).

‘R = 1.328 min. Purity = 96%. LC-MS: m/z [M+H]" =409 Da.

/R-86B: M =392 mg. Yield = 48% (over two steps).

‘R = 1.184 min. Purity = 97%. LC-MS: m/z [M+H]" =409 Da.

mp = 100-110 °C.

"H NMR: (DMSO-ds, 400 MHz) & = 1.88 (br. s, 1 H), 2.32 (s, 3 H), 3.00 (dd, J = 12.4, 8.3 Hz,

1H), 3.07 (dd, J = 12.5, 5.6 Hz, 1H), 4.60 (d, J=2.6 Hz, 2 H), 5.40 (dd, J = 8.1, 5.6 Hz, 1H), 5.45
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(br. s, 1H), 6.73 (d, J/=3.8 Hz, 1 H), 6.99 (d, J=3.8 Hz, 1 H), 7.51 - 7.58 (m, 2 H), 7.67 (dd, J=8.5,

1.7 Hz, 1 H), 7.92 (dd, J=11.2, 1.8 Hz, 1 H), 8.58 (d, /=8.1 Hz, 1 H), 11.81 (br. s, 1 H).
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10 BC NMR (DMSO-ds, 100 MHz): 6 = 35.5, 50.4, 54.5, 55.7, 108.5, 112.6 (d, J = 23.4 Hz), 112.8,
12 117.0 (d, J = 17.6 Hz), 121.7 (d, J = 3.7 Hz), 128.0, 130.7, 132.6, 132.9 (d, J = 8.1 Hz), 138.9,
140.1, 157.5 (d, J=245.2 Hz), 160.2, 171.9.

17 HRMS (ESI): m/z caled for CgH 9CIFN,0,S [M+H]" 409.0896, found 409.0894.

22 5-(3-fluoro-4-methylphenyl)-N-(1-(5-(hydroxymethyl)thiazol-2-yl)-2-(methylamino)ethyl)-

24 1H-pyrrole-2-carboxamide (87)

Compound 87 was obtained following the general procedure for amide coupling and then the
29 general procedure for deprotection from amine 78 and acid 40.

31 fS-87A: M =414 mg. Yield = 51% (over two steps).

‘R = 1.298 min. Purity = 100%. LC-MS: m/z [M+H]" =389 Da.

36 /R-87B: M =535 mg. Yield = 64% (over two steps).

38 ‘R = 1.144 min. Purity = 100%. LC-MS: m/z [M+H]" =389 Da.

mp = 100-110 °C.

43 "H NMR: (DMSO-ds, 400 MHz) & = 1.95 (br. s., 1 H), 2.21 (s, 3 H), 2.32 (s, 3 H), 3.00 (dd, J =
45 12.5, 8.6 Hz, 1H), 3.05 (dd, J = 12.2, 5.4 Hz, 1H), 4.60 (d, J=2.6 Hz, 2 H), 5.40 (dd, J=13.7, 7.9
48 Hz, 1 H), 5.46 (br. s., 1 H), 6.63 (d, J=3.5 Hz, 1 H), 6.96 (d, J/=3.5 Hz, 1 H), 7.25 (t, J=8.1 Hz, 1
50 H), 7.53 (d, J/=3.9 Hz, 2 H), 7.64 (dd, J/=11.7, 0.9 Hz, 1 H), 8.53 (d, /=8.1 Hz, 1 H), 11.77 (s, 1 H).
52 BC NMR (DMSO-ds, 100 MHz): & = 13.9 (d, J= 2.9 Hz), 35.5, 50.4, 54.5, 55.7, 107.4, 110.9 (d,
55 J =242 Hz), 1129, 120.4 (d, J = 2.9 Hz), 122.3 (d, J = 17.6 Hz), 127.2, 131.6 (d, J = 8.8 Hz),

57 131.8 (d, J=5.9 Hz), 133.8 (d, J=2.2 Hz), 138.9, 140.1, 160.2, 161.0 (d, J = 241.5 Hz), 172.0.
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HRMS (ESI): m/z caled for C1oH»»FN40,S [M+H]" 389.1442, found 389.1441.

5-(4-chloro-3,5-difluorophenyl)-N-(1-(5-(hydroxymethyl)thiazol-2-yl)-2-(methylamino)ethyl)-
1H-pyrrole-2-carboxamide (88)

Compound 88 was obtained following the general procedure for amide coupling and then the
general procedure for deprotection from amine 78 and acid 79.

/S-88A: M = 500 mg. Yield = 29% (over two steps).

‘R = 1.362 min. Purity = 96%. LC-MS: m/z [M+H]" =427 Da.

/R-88B: M =980 mg. Yield = 39% (over two steps).

‘R = 1.352 min. Purity = 92%. LC-MS: m/z [M+H] =427 Da.

mp = 105-110 °C.

"H NMR: (DMSO-ds, 400 MHz) & = 1.90 (br. s., 1 H), 2.32 (s, 3 H), 3.00 (dd, J=12.5, 8.4 Hz, 1
H), 3.07 (dd, J=12.5, 5.6 Hz, 1 H), 4.60 (s, 2 H), 5.40 (dd, J=13.7, 8.1 Hz, 1 H), 5.46 (br. s., 1 H),
6.84 (d, /=3.9 Hz, 1 H), 7.01 (d, /=3.9 Hz, 1 H), 7.53 (s, 1 H), 7.85 (d, J=9.0 Hz, 2 H), 8.62 (d,
J=8.2 Hz, 1 H), 12.01 (br. s., 1 H)

3C NMR (DMSO-ds, 100 MHz): & = 35.5, 50.5, 54.4, 55.7, 105.3, (t, J=21.7 Hz), 108.3 (d, J =
24.1 Hz, 2C), 109.5, 112.7, 128.5, 131.8, 132.8 (t, J = 9.6 Hz), 138.9, 140.2, 158.3 (dd, J = 245.8,
4.0 Hz, 2C), 160.1. 171.8.

HRMS (ESI): m/z calcd for C13H18C1F2N4OQS [M+H]+ 4270802, found 427.0800.

ASSOCIATED CONTENT
Supporting Information

Table S1. Crystallographic data collection and refinement statistics
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Figure S1. Comparison of Surface/Shape Complementarity of 90 in the absence (a and c) and
presence (b and d) of fluorine.

Molecular formula strings are also available.

Accession Codes

X-ray crystallographic structure of 90 with HIV-1 Clade A/E gp120 core. H375S (PDB ID: SU6E)

has been deposited at RCSB PDB (http://www.pdb.org).
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FIGURE LEGENDS

Figure 1. Crystal structures of 90 in complex with HIV-1 gp120. (a) 90 inserting into the Phe43
cavity of gp120 shown in stick representation with 2fo-fc electron density map (blue mesh)
contoured at 1o. (b) Superimposition of 89 (magenta) and 90 (orange). (¢, d) Ordered water
molecules (red spheres) hydrogen bonding with 90 and gp120. The nitrogen atom in the amine

group of 90 makes a direct hydrogen bond with Asp368. Dotted lines represent hydrogen bonds.
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Figure 2. A. HIV-1 mediated cell-to-cell fusion inhibition assay. Indicator cells MAGI-CCRS
were cocultured with Env- and Tat-expressing HL2/3 cells in the presence of escalating
concentrations of NBD compounds. Two independent experiments were performed in triplicate,
and the graph is representative of one experiment; the values represent the mean + standard
deviation.

B. Infectivity of Cf2Th—CCRS cells by CD4-dependent HIV-1,ps. Cf2Th—CCRS cells were
infected with CD4-dependent HIV-1,p4 in the presence of NBD compounds. The Relative virus
infectivity indicates the amount of infection detected in the presence of the compounds divided by
the amount of infection detected in the absence of the compounds. Three independent experiments
were performed in triplicate, and the graph is representative of one experiment; the values

represent the mean + standard deviation.

Figure 3. Time-of-Addition of NBD compounds and reference compounds. TZMb-1 cells were
infected with HIV-1yxp, and compounds were added to the culture at the time of infection (Time
“0”) and at 30 min, 1, 2, 4, 6 and 8 h postinfection (p.i.). Two independent experiments were
performed in triplicate, and the graph is representative of one experiment; the values represent the

mean =+ standard deviation.
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Table 1. Anti-HIV-1 activity (ICs) and cytotoxicity (CCsy) of NBD compounds in single-cycle

(TZM-bl cells) and multi-cycle (MT-2 cells) assays.

A.
TZM-bl Cells MT-2 Cells
Comp Structure (Mean = SD) (Mean £ SD)
aNe. IC cC cC
50 50 50
IC M
M) | M) o M) ()
a : 0.85+ 24.8+2.
89 | | 23.6£1.1 0.06 3
Region | i Region Il i Region Il
B.
Rs
Rj — OH
R H O N>\\S(\
2 N
], AR
R4
TZM-bl Cells MT-2 Cells
Comp
+ +
ound | R R, Rs |Rs Re (Mean £ SD) (Mean £ SD)
No. |C5o CC50 CCSO
IC M
M) | M) o M) ()
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25A F NH, O 134507 |57.3104 | 6209 21'21“2'
258 F NH; CFs 133103 | 586202 |4.8:08 84'612'
41A Ci NHCH; | ™| 3.4106 |284212 | 55104 27'2“
418 Ci NHCH; | ™| 33105 |31.7:0.7 |3.1206 36'4i1'
42A Ci NHCH; | ™| 16501 |206:0.7 | 24205 ?1'710'
428 Ci NHCH; | % | 16106 |213:0.3 | 2108 ;8'“0'
43A e NHCH; | ™| 2.1209 |335:0.3 | 1.120.3 24'410'
438 e NHCH; | ™| 16506 |34.2:0.7 |09550.2 2’0'6i1'
44A Cl NH(CHa), CHs | o410 >40 >40 40
44B Cl NH(CHa), CHs | o410 >40 >40 >40
45A cl NH(CHs), | €T | 16721 | >40 >20 40
458 Cl NH(CHa)z | 7 | 1921 >40 19.240.7 | >40
46A Chs NH(CHa), | €T | 540 >40 >20 40
46B Chs NH(CHs), | 12 | 540 >40 >20 40
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61A Cl CH,NH, CHa | 51401 | 40305 | 4.640.1 21'“1‘
61B Cl CH,NH, CHa | 55101 | 392406 |5.1+1.3 23'810‘
CHs
62A Cl CH,NH, 6.6+2 255+0.6 |7.8415 |25.1+1
62B Cl CH,NH, CHa | 6101 245+0.6 |9.3+0.2 24'911‘

+
63A CHa CH,NH, CHa | 57105 | 3324 1.840.2 ‘:’5'8‘1'
+
63B CHa CH,NH, CHa | 2 6417 | 382416 |3+1.1 24'7‘2'
64A Cl CHNHC | CHa | ot 4 23106 |7.8:04 | 25120
Hs 6
64B Cl CHNHC | CHa | g 504 [ 23412  [104:05 |249%0-
Hs 5
65A Cl CH:HZNHC CHa | 4 5104 |22:06 |3.950.1 ?2.61‘0.
3
CH 2+1.
65B Cl CH:HZNHC 3146401 |22.3+0.6 |5.7+0.3 242 1
3
CH CH 9+1.
66A 3 CHoNHC 141402 [38.9+2.1 |4.1+0.2 25.9+1
Hs 2
CH CH 31,
66B 3 CHoNHC 149403 [36.4+2.6 |5+0.1 25.311
Hs 5
67A Cl C;HZN(CH CHa | 410440 fg'%io‘ 13.840.2 | 26+0.6
3)2
67B Cl C;HZN(CH CHa | 142407 | 28.940.6 |12.8+1 24'410‘
3)2
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68A |F |cCl S?ZN(CH CHa | 4 5103 | 213206 |3.720.1 ;9'“1‘
68B |F |Cl S?ZN(CH CHa | 4 8201 | 2241 44102 | 22+16
soa |F | CHe S?ZN(CH CHs | 19501 |237108 |21203 | 25142
eoB |F | Mo CHN(CH 1CHs | 6102 | 235415 | 2941 23.5£0.
3)2 6
81A |H |cCl NH; H |1.3t01 |38%15 |1.440.2 |35.6%1
81B |H |cCl NH; H |0.75:0.2 | 37.1£0.3 | 1.840.3 24'510‘
82A |F |cCl NH; H |1.110.8 |37.4£0.3 |0.94+0.1 | 321
82B |F |cCl NH; H ?'5710'0 33:0.2 [1.2¢0.4 | 3605
gan  |F | CH NH, H 2'8510'0 39.240.8 | 1.6+0.08 25'210'
gsg |F | CH NH; H 2'4510'0 38.8£0.8 |0.76+0.3 | 381
84A |F |cCl NH; H 2'641'0'0 39.5+2.3 [0.96+0.1 | 3715
84B |F |cCl NH; H |0.48+0.1 | 20.6£0.2 |0.97+0.2 17‘410'
85A (|-)|30 SCH NH; H |>50 >50 >50 >50
85B (|-)|30 SCH NH; H |>50 >50 >50 >50
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18.4+0
86A F Cl NHCH3 H 1.4+0.05 | 17.4t0.4 | 3.910.6 8
+
86B F Cl NHCH3 H 2'95_0'0 17.310.5 |4+0.3 18.3+1
CH .6+
87A F ’ NHCH3 H 2+0.3 22.31t0.8 | 4.410.2 2661
CH 3t
87B F ’ NHCH3 H 1+0.2 27.4+0.8 | 0.99+0.01 2832
+
88A F Cl NHCH3 H 2'36_0'0 10.4+0.8 | 0.361£0.06 | 14+0.2
11.9£0
88B F Cl NHCH3 H 0.42+0.2 | 13.9+0.7 | 0.36+0.05 3
C.
>§(\OH
Re N S
of N
AR
R7 Rg H2N
TZM-bl Cells MT-2 Cells
Comp (Mean = SD) (Mean = SD)
d. No. R6 R7 R8
1Cs0 (MM) CCso (UM) | ICs0 (UM) CCso (UM)
CH;
26A H H 25.8+1.1 36.7£0.4 >25 26.61£0.3
CH;
26B H H 26+1.4 35.840.3 >25 32.1£0.4
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27A H CHs H 1.1£0.3 26.410.7 | 3.910.6 20.2+3.1
CHs
27B H H 2.2+0.8 27.2¢0.8 |4.1+0.3 24 9+2.2
CHs
28A H H 3.61£0.4 22.2+¢0.3 |5.3+0.8 18+0.4
28B H H 2.6x0.1 5.24+0.3 6.1£0.3 4.1+0.7
CHs
29A H H 22.2+0.7 254427 | >24 25+0.9
OCHj;
29B H H OCHj; 16.9+0.3 16.4+1 >24 15.7+0.3
D.
— . "OH
cl H O \_S
N
p@ Lol
R1o7Ro
H,N
TZM-bl Cells MT-2 Cells
Comp (Mean = SD) (Mean = SD)
d. No. Rg R10
1Cs0 (UM) CCso (UM) | ICs0 (UM) CCso (UM)
30A N CH ~51 >51 >26 >51
30B N CH 3543 >51 >26 >51
31A CH N >51 >51 >26 >51
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31B

CH

>51

>51

>26

>51

a, Data from re

The reported ICs, values represent the meanst standard deviations (SD), n=3.
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Table 2. Antiviral activity of NBD compounds against HIV-1 Reverse Transcriptase

13 Inhibitors
14 ICs0 (M)

17 89 47

19 83B 7.2

21 84A 8.4

23 NBD-556 (control) >300

26 Nevirapine (control) 0.2
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Table 3. Neutralization activity of NBD compounds against a panel of HIV-1 Env

Pseudoviruses
1Cso (uM)°
Subtype NIH # ENVs 89 83B 84A
11887 Q259%env.wb
11888 QB726.70M.ENV.C4 0.51+0.02 0.51+0.03
11890 QF495.23M.ENV.A1
A 11891 QF495.23M.ENV.A3 0.88+0.4° 0.6+0.01
11892 QF495.23M.ENV.B2 0.6+0.4° 0.68+0.06
BG505-T332N 1+0.1°
KNH1144 0.5310.09
11901 QA790.2041.ENV.A4 0.57+0.08
A/D 11903 QA790.2041.ENV.C8 0.54+0.17
11904 QA790.2041.ENV.E2 0.71+0.09° 0.61+0.03
11906 QG393.60M.ENV.B7 0.8+0.3¢
A2/D
11907 QG393.60M.ENV.B8
11603 CRFO1_AE clone 269 0.62+0.05
A/E
AAO058
A/G 11601 CRFO2_AG clone 263 0.6+0.09
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CRFO2_AG clone 266 1+0.2°

11605

CRFO2_AG clone 278 0.64+0.1

11563

11578

B41 0.68+0.1° 0.51+0.03

p1058_11.B11.1550°

pWEAUd15.410.5017

b

11018

QHO0692, clone 42 0.52+0.1°

11022

PVO, clone 4 0.72+0.03

11023

11024

11035

11036

11037

TRO, clone 11 0.65+0.1 0.83+0.2
AC10.0, clone 29

pREJO4541 clone 67 0.57+0.06 0.74+0.1

pRHPA4259 clone 7 0.5710.08

pTHRO4156 clone 18 1+0.2° 0.75+0.07 0.54+0.05

11038

11058

11561

11571

11572

pCAAN5342 clone A2 0.6+0.07¢

0.51+0.1 0.6+0.03

SC422661.8 0.53+0.05

p1054.TC4.1499 0.65+0.03

p9014_01.TB1.4769

p9021_14.B2.4571

11306

Dul56, clone 12

0.62+0.2

11307

Dul72, clone 17

0.62+0.08 0.61+0.05

11308

Du422, clone 1
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11309 ZM197M.PB7
11312 ZM249M.PL1
11313 ZM53M.PB12
11314 ZM109F.PB4
11315 ZM135M.PL10a
11316 CAP45.2.00.G3
11317 CAP210.2.00.E8
11502 HIV-16055-2, clone 3
HIV-16936-2, clone
11504
21
11506 HIV-25711-2, clone 4
HIV-225925-2, clone
11507
22
HIV-26191-2, clone
11508
48
11908 QB099.391M.ENV.B1
11911 QAO013.701.ENV.H1
11912 QAO013.701.ENV.M12
11916 QD435.100M.ENV.B5
11917 QD435.100M.ENV.A4
11918 QD435.100M.ENV.E1

ACS Paragon Plus Environment
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0.64+0.01

0.66+0.08

0.53+0.1

0.61+0.03

0.52+0.06

0.79+0.08
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D/A

11526
(Mother
clone)
11517
(Infant

clone)

MF535.WOM.ENV.C1

BF535.W6M.ENV.A1

0.55+0.08 0.94+0.03

Control

VSV-G

42.9+0.6

ICs0 (MM)

Color code

Mean £ SEM (uM)

1.64+0.12 0.41+0.02 0.49+0.02

* The reported ICsg values represent the means + standard deviations (n = 3).

b R5X4-tropic viruses; all the rest were CCRS5-tropic viruses.

¢ Data previously published'* !
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Table 4. In vitro ADMET profile of NBD compounds

Page 116 of 125

Compounds
In vitro ADMET
83B 84A 89 91
*Solubility (uM) >100 65 65 >100
A2B (pH 7.4/7.4) 2.56 1.17 2.31 7.62
Caco-2
permeability
[Mesan Pap1p B2A (pH 7.4/7.4) 19.5 17.2 31.3 37.4
(10 cms™) | Efflux Ratio (Mean Papp B2A/
Mean P,,, A2B 7.61 14.7 13.5 4.91
Metabolic 2Compounds remaining at 45
stability min (% of 0 min) 101 97.4 84.0 87.0
(human . .
microsomes) CLint (ML/min/mg protein) <10 <10 <10 <10
Protein binding (human plasma) 0.0400 0.100 0114 0.185
(Mean fu) ' ' ' '
CYP2C19
(Substrate=mephenytoin) >25 >25 >25 >25
CYP3A4
Cytochrome (Substrate=midazolam) >25 >25 >25 >25
P450 CYP2D6
inhibition, ICsy | (Substrate=dextromethorphan) >25 >25 >25 >25
(MM) CYP2C9
(Substrate=tolbutamide) >25 >25 >25 >25
CYP1A
(Substrate=ethoxyresorufin) 8.01 >25 >25 >25
hERG Channel inhibition (uM) 9.98 14.1 3.80 17.4
*Solubility based upon calculated mid-range from Turbidimetric Aqueous Solubility Assay
A 45 minute was the limit of the assay
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Sy

11 A PH Kkco, OMF_ OMe N, DMF N Y neon ! 3!
12 N Mol ﬂ‘ E:ONN0 ! r:_k :
13 cl a N "o '
] ]

1

14 1 2 (49%) 3(93%)

% S ——
16 )@/ o~ 1 o
o e e
17 BocNH _CO;Me NaH N\ NsOH : N\ -
L}
L}
)

I = . N - —
| Pd(PhyP).Cl;, Cul Boc MeOH H EIOHH;0

CaCOs, OMF 1
19 5 6(61%) 7 (62%) L 8 (84%)

% 5 i A i i ~

1
22 Me ) P | \ PH!
23 Et /Q/ [Ruip-cymena)Clzk: . NsOH !
O NH - - -
CUOAS) HL0, AgOT! b EXOMM,0 H '
24 ﬁ/ a e v 1Cl :
9 . '

DCE, McOM
10 120°C 11(77%)

0
28 \ oMe 0 OMe  mCP8A A M
29 \)‘c Na:HPO, B
N H -
30 AIC, (‘N Cl CH,Cl,
cl

31 2 13 (38%) 14 (73%)

OMe OMe ' OM
34 K2COy 3 NaH, DME 3 NaOH ! 3
35 e —— N — L. N
MeOH H pael H EIOHH0 1 -
36 Cl Cl e

'
37 15(29%) 16 (61%) ' 17 (94%)

'

o NaOAc N7 ! N OH |

46 H Br H;0-MaOM N CF:  NaOH . H .
. Fy —————e N - A .

47 Cl r NH, H.0 ' 4 .
cl ‘o '

1 '

21 (29%)

52 Scheme-1: Outline of synthesis to acid key intermediates 4, 8, 12, 17, 20 and 22.
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H | N
NH,  1.DIPEA, HBTU N F
B OH AllocN OME HZN/I N
F N + N > N, O F
N © | S_N 2. DMBA, MeOH S N
. Pd(dba),, PhaP 8—& 25A (38%)
25B (30%)
23 24 OH OH
fS:
R, 1O Ri=Me, Ry=H, Ry=H: 26A (29%)
H I \ / \ R¢=H, Ry=Me, Rs=H: 27A (22%)
1.0;\(;9 ;48TU NN N __)=Cl Ry=H, Ry=H, Ry=Me: 28A (12%)
' ' \ = = = . 0,
4or8or12017 _ /L S5 R 7 R1. H, Ry=H, Ry=MeO: 29A (59%)
2. DMBA, MeOH S N fR:
Pd(dba),, PhsP = Ry=Me, Ry=H, Ry=H: 26B (37%)
Ry=H, Ry=Me, Rs=H: 27B (18%)
OH Ry=H, Ry=H, Ry=Me: 28B(33%)
R1=H, R2=H, R3=MeO: 29B (450/0)
-Y
1. DIPEA, HBTU N x' \>@~
. , N\n/k Cl fS:
. N —
2000 22 DMF, 24 ‘HZ"‘/\/[ I H X=N, Y=CH: 30A (11%)
o = =N- °
> DMBA. MeOH sy );R.CH.Y N: 31A (24%)
Pd(dba),. PhsP 2_« X=N, Y=CH: 308 (14%)
X=CH, Y=N: 31B (32%)

OH

Scheme-2: Coupling-cleavage tandem reactions leading to target compounds 25-31.
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32

n-BuLi
AN

OTBS

THF

oTBS
£S-37 (65%)
fR-37 (44%)

R,-H. R,=Cl, Ry=H: 1
R:=F, Ry=Cl, Rs=H: 39
Ry=F, Ry=Me, Ry=H: 40

R;  CH,0

HCOOH _
NaBchN

MeOH
41-43

OH
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H,

MgSO., DCM
PPTS

(S)-35 (100%)

(R)-35 (100%)

£S-38 (65%)
fR-38 (86%)

Ao

UNVIBA
MeOH

Pd(dba),
PhsP

MeNH

fS:
Ry =H, Ry = Cl: 41A (44%) R; =H, Ry = Cl: 41B (49%)
Ry =F, Ry, =Cl: 42A (37%) R;=F,R;=Cl: 42B (60%)
R; = F, R, = Me: 43A (28%) R, = F, R, = Me: 43B (57%)

Cl: 44A (35%)
Cl: 45A (48%)

Ma- ARA /20040
o

=
WIS, VM (U9 79)

VT2R

.'“.'“I

X
N
2 z
\;)I

pr

. R, = Cl: 44B (39%)
_R; = Cl: 458 (55%)
. Rz = Me: 46B (57%)

XD
"nnn

-

mm™m

Scheme-3: Synthetic approach leading to target compounds 41-46.
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AllocCl AlBrMel
Et;N T8SCI, Im NaH N/\/\Oras
HO”™S"NH, — ™ HO” ""NHAle ———— 18507 " "“NHAlloe ———* A
DCM M THF. A loc
47 (45%) 48 (100%) R=Allyl 49 (94%)
R=Me 50 (79%)
0
KE, MeOH R Cosy R A. R S f'-s?
. Me "}‘/\/\OH DMSO .t?/\/§o -Bu” "NH; WS N By
Alloc Et;N, DCM Alloc MaSO.. DCM Anee
78 - PPT
R=Allyl 51 (84%) 78°C R=Allyl 53 (39%) s R=Allyl (S}-55 (99%)
R=Me 52 (66%) R=Me 54 (91%) R=Allyt (R}-55 (81%)
R=Me (S)-56 (100%)
R=Me (R)-56 (100%)
R R
Alloch N_ _t8u AllocN NH
n-Buli . ‘s’ HCl . 2
MeCH
THF 87N s \N R=Allyl S-57 (50%) 87NN R=Allyl £5-59 (88%)
= R=Allyl fR-57 (44%) —={ R=Allyl fR-59 (100%}
R=Me f5-58 (44%) R=Me f5-60 (34%)
88 R=Me fR-58 (31%) H R=Ma fR-60 (47%)
36
AN R
| DIPEA, HBTU DMBA MeOH

. AIIocN\/\/( N
H H
59 or 60 DMF
’
,Ry=CIL1 QH

H I\ fs:
NH N N 1 Ry=H, Rz-C' 61A(44n]
\/I H Ry=F,R,=Cl: 62A (61%
g7 © Rz

Ry =F, Ry = Ma: 63A (69%)

Ry = H, R, = CI: 61B (46%)
Ry =F, R, = Cl: 62B (50%)

H Ry = F, R, = Me: 63B (45%)
o I\
CH,0 Me;N N N
_HCOOH _ \/\/[ e
"NaBHCN N S” N Re

g—« MeCH €=<
H o 61.63 H

Scheme-4: Synthetic approach leading to target compounds 61-69.
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Pd(coa), Ph,P

R=Me
B.
Ry =H, Ry = Cl: 64A (51%)
R, =F, R, = Cl: 65A (51%)
Ry =F, R, = Me: 66A (47%)
R-

R; = H, R, = Cl: 64B (65%)
R, =F, R, = Cl: 65B (59%)
R, = F, R, = Me: 66B (54%)

[SH

R, = H, R, = Cl: 67A (90%)
Ry = F, R, = Cl. 68A (53%)
Ry = F, Ry = Me: 69A (66%)

R

R, = H, R, = CI: 67B (84%)
R; = F, R, = Cl: 68B (82%)
R, = F, R, = Ma: 698 (35%)
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ZT

NH

12 -..t-Bu 2
13 R N. _tBu BuLi Allochl § /j: R=Allyl £S-77(69%)
NN it R @ ﬁ R=Allyl fR-77 (73%)

14 — S”N

1l
-~ R=Me fS-78 (58%
15 Alloc O THE SN 8=/ R=Allyl 5-75 (66%) MeO ReMo 8 (100
R
R
R=

16 — Allyl fR-75 (79%)

R=Allyl 74 OTBS R=Me S-76 (58%) OH
17 _
18 R=Me 35 OTBS

Me fR-76 (53%)
19 73

R,
21 . IR
22 Ry N DIPEA, HBTU AIIocN N DMBA, MeOH
23 H O ’ H

3

77 or 78 d(dba),, Ph3P

24 R; DMF
25 Rj
26 Ry=H, Ry=Cl, Ry=H: 1
27 Ry=F, Ry=Cl, Ry=H: 39 OH
o8 Ry=F, Ry=Me, Ry=H: 40
29 Ry=F, R,=Cl, Ry=F: 79

R4=OCHj, Ry= OCHs , R3=H: 80 R=H R=Me
30 fS: R1 H, R, = Cl, Ry=H: 81A (40%) fs:
31 =F, R, = Cl, Ry=H: 82A (51%) Ry =F, Ry = Cl: 86A (58%)
32 M = F, Ry = Me, Ry=H: 83A (50%) R =F, R, = Me: 87A (51%)0
33 RNH/j: R1 F, Rp=Cl, Ry=F: 84A (NBD-14107) (3%) 1 Re=Cl. Rs=F:88A (29%)

Iz

R4=OCHj, R,= OCHj , R3=H: 85A (36%) Ry =F. R, = Cl: 86B (48%)
Rs fR: R; = H, R, = Cl, Ry=H: 81B (43%) Ry = F, Ry = Me: 87B (64%)
36 Rq =F, Ry = Cl, R3=H: 82B (33%) R;=F, R,=Cl, Ry=F: 88B (39%)
37 R, =F, R, = Me, Ry=H: 83B (NBD-14088) (40%)
38 OH Ry=F, R,=Cl, Ry=F: 84B (28%)
39 R;=OCHs, Ry,= OCH3 , Ry=H: 85B (42%)

44 Scheme-5: Synthetic approach leading to target compounds 81-88.
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