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Abstract

The PF74 binding site in HIV-1 capsid protein (CA) is a compelling antiviral drug target.
Although PF74 confers mechanistically distinct antiviral phenotypes by competing against host
factors for CA binding, it suffers from prohibitively low metabolic stability. Therefore, there has
been increasing interest in designing novel sub-chemotypes of PF74 with similar binding mode
and improved metabolic stability. We report herein our efforts to explore the inter-domain
interacting indole moiety for designing novel CA-targeting small molecules. Our design includes
simple substitution on the indole ring, and more importantly, novel sub-chemotypes with the
indole moiety replaced with a few less electron-rich rings. All 56 novel analogs were synthesized
and evaluated for antiviral activity, cytotoxicity, and impact on CA hexamer stability. Selected
analogs were tested for metabolic stability in liver microsomes. Molecular modeling was
performed to verify compound binding to the PF74 site. In the end, 5-hydroxyindole analogs (8,9
and 12) showed improved potency (up to 20-fold) over PF74. Of the novel sub-chemotypes, a-
and p-naphthyl analogs (33 and 27) exhibited sub micromolar antiviral potencies comparable to
that of PF74. Interestingly, although only moderately inhibiting HIV-1 (single-digit micromolar
ECs0s), analogs of the 2-indolone sub-chemotype consistently lowered the melting point (T,,) of
CA hexamers, some with improved metabolic stability over PF74.
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1. Introduction

Although dozens of antivirals and fixed dose combinations [1] have been approved to treat
the infection of human immunodeficiency virus type 1 (HIV-1), these drugs are not curative
and HIV-1 remains a global healthcare challenge. Managing HIV-1 infection requires
lifelong treatment, and hence, the virus will eventually develop resistance to current drug
classes. Combating resistant viruses entails antivirals with novel molecular targets. The
multifunctional HIV-1 capsid protein (CA) [2-4], which is a key component of the HIV-1
gag polyprotein [5], represents an emerging and highly attractive target in HIV-1 drug
discovery [6-8]. CA is the building block of the mature HIV-1 capsid core [9, 10], and core
stability critically depends on CA-CA interactions. Disrupting these interactions in the early
stages of viral replication can perturb core stability to result in premature uncoating,
impaired reverse transcription, and loss of infection [11, 12]. In addition, CA also interacts
with multiple cellular factors [13] including TRIM5a [14, 15], cleavage and polyadenylation
specific factor 6 (CPSF6) [16, 17], nucleoporins 153 [18-20] and 358 [21, 22] (NUP153,
NUP358), MxB [23, 24], and Cyclophilin A (CypA) [25-27]. These CA-host interactions
regulate multiple post entry events, such as uncoating, cytoplasmic trafficking, reverse
transcription, nuclear transport, integration site distribution, and the evasion of innate
immunity [28]. During the late stage of viral replication, CA-CA interactions also drive the
assembly and maturation of new infectious viral particles [29]. Therefore, CA-targeting
small molecules could confer both early and late stage antiviral phenotypes.

Efforts targeting HIV-1 CA have identified a few chemotypes with distinct binding sites
(Figure 1) [6, 7, 33]. CAis highly helical consisting of an N terminal domain (CAnTp) and a
C terminal domain (CAcTtp) with a flexible linker in-between [30, 34, 35]. Although
CAcT1p-targeting compounds, such as polypeptide CAl [32], arylquinazoline (AQ) [36], and
the covalently binding ebselen [37], have been reported, considerably more efforts have been
directed toward targeting CAnTp. At the base of the CANTp is the binding site for three
chemical classes represented by BM-4 [31], BD-3 [31] and CAP-1 [38]. Interestingly, the
backbone of BM-4 is a benzoimidazole core flanked by a pyrazole ring and a phenyl ring
(Figure 1B). However, when the flanking moieties are reversed, the resulting compound C-4
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[39] binds to a completely different site near the top of the CAntp and around the base of
the cyclophilin A binding loop [40] (Figure 1A). In general, compounds binding to these two
sites perturbed CA assembly /in vitro and moderately inhibited HIV-1 in cell culture [6].
There was no evidence that they act in the early steps of viral replication, and no direct
evidence linking the antiviral activity to the targeting of CA. By contrast, by far the most
interesting CA-targeting compounds are the three chemical classes that bind to the PF74
binding site, which also include the BI compounds [41] and the GS-CA compounds [42]
(Figure 1B). These compounds all inhibited HIV-1 at both the early and the late stages of
viral replication. Not surprisingly, there appears to be a positive correlation between the
antiviral potency and the structural complexity: the simplest Bl compounds exhibited
moderate (low micromolar) antiviral activity and the structurally highly complex GS-CA
compounds demonstrated sub-nanomolar antiviral activity, whereas the structurally
elaborate, yet highly synthetically accessible peptidomimetic PF74 inhibited HIV-1 in the
sub-micromolar range. The binding mode [30] and the activity profile [43, 44] of PF74 have
been particularly well-characterized, revealing a dual antiviral mechanism of action: at low
concentrations PF74 competes against host factors for capsid binding; at high concentrations
it induces premature uncoating, and consequently, impairs reverse transcription [11].

The PF74 binding pocket is lined with residues in H3 and H4 of the CAntp (cyan) and H8
and H9 of the adjacent CActp (blue), where an extensive network of molecular interactions
defines the PF74 binding mode (Figure 2A) [30]. Structurally, PF74 features a
phenylalanine core, connected by an aniline moiety at the carboxylate end and an indole-3-
acetic acid at the amino end (Figure 2B). Although all three components provide key
molecular interactions for CA binding, the indole ring (boxed, Figure 2A) uniquely interacts
with both the CAnTp (via H-bond with Q63 and r-cation interaction with K70) and the
adjacent CActp (via Y169, R173 and K182) [30]. These interactions are lacking with the BI
compounds, which do not have a structural equivalent to the indole moiety of PF74, likely
accounting for their weaker antiviral potency. The core and the aniline moiety of PF74
engage extensively with the CAyTp [30] (Figure 2A): 1) the phenylalanine core forms two
H-bonds with N57, and an additional one with K70; 2) the aniline moiety makes contact
with N53 (via the N-methyl group) and A105, T107, and Y130 (via the phenyl ring); and 3)
the phenyl ring of the phenylalanine core forms hydrophobic interactions with residues M66
and L69. Since the indole moiety provides the unique inter-domain binding interactions,
there have been reported efforts replacing the indole moiety with a simpler and synthetically
more accessible 1,2,3-triazole ring, though the replacement resulted in substantially
decreased potency (by >10-fold) [45, 46]. However, a recent report showed that replacing
the indole ring with a piperazinone moiety yielded compounds with better antiviral activity
(up to 6-fold) than PF-74 [47]. We have previously conducted a comprehensive SAR on
PF74 with the synthesis of a large number of analogs [48], and have identified a structurally
novel and metabolically stable CA-targeting small molecule [49]. In the current report, we
describe our own efforts targeting the two-domain interactions (Figure 2B). We first
synthesized a series of PF74 analogs with a substituent on the indole ring, and then designed
and synthesized analogs of a few novel sub-chemotypes, each featuring a distinct ring
system to replace the indole. In the end, 56 analogs were synthesized and tested, many of
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which demonstrated significant anti-HIV-1 activity and interesting effects on CA hexamer
stability, and some exhibited improved metabolic stability over PF74.

2. Results and discussion

2.1 Chemistry

Briefly, commercially available (fert-butoxycarbonyl)-L-phenylalanine (58) was treated with
various amines under a well-established method using T3P or HATU as the coupling agent
in the presence of DIPEA as base to afford 59. After removal of Boc protecting group using
TFA, amine salts 60 were obtained which were further reacted with commercially available
acids 61 to produce analogs 1-57. Details about the synthesis of 59 and 60 were described in
the Supporting Information.

2.2 Biological assays and SAR

All analogs were first evaluated in a thermal shift assay, where the effect of a compound on
protein stability was measured by the change in protein melting point compared to DMSO
control (ATm). A positive value in ATm indicates a stabilizing effect and a negative value a
destabilizing effect on the protein. Of note, the CA protein used in the thermal shift assay is
in a covalently crosslinked hexameric state. Thus, the ATm values likely reflect local
changes that may affect stabilization and exclude inter-hexamer effects, which are important
correlates of overall capsid core stability. To simplify presentation of the data, we refer to the
effects of these compounds as stabilization or destabilization of “CA hexamer.” All
compounds were also screened at 20 UM in a cell-based antiviral assay against HIV-1.
Compounds demonstrating significant inhibition were then tested at 2 uM. Promising
compounds were further assessed in dose response fashion for antiviral ECsg values. All
compounds were also tested for cytotoxicity either by screening at 100 or 50 uM, or
determination of CCsgq values. For some compounds, % inhibition at two concentrations (2
UM and 20 pM) was reported instead of the ECgg. PF74 was resynthesized and tested in
these assays (1, ATm = 7.4 °C, ECgy = 0.61 pM, CCsq = 76 UM).

2.2.1. Substitutions at the indole (R1 and R2) and aniline ring (R3)—This series
features PF74 analogs with the indole ring substituted (R1) with an OMe (3-7) or an OH
(8-15). It is noteworthy that all these analogs lack the methyl group at R? (R2 = H). This is
because when compared to PF74 (R? = Me, ATm = 7.4 °C, ECsg = 0.61 uM) analog 2 (R? =
H, ATm = 6.1 °C, ECgy = 0.46 uM) showed a largely comparable activity profile. Hence, the
SAR within this series concerns mainly the effect of the H-bond enabling and electron
donating groups at R1, in combination with the substitution effects on the aniline ring (R3).
Notably, an OMe substitution at R by itself did not improve the activity profile (3 vs 2),
though slight improvement was observed when R3 is a para-Cl. This chlorine effect was
significant as revealed by the direct comparison between analogs 7 (R3 = 4-Cl, ATm = 8.0
°C, EC5p = 0.31 pM) and 3 (R3 = H, ATm = 4.9 °C, ECsq = 0.56 uM), possibly due to a
halogen bond (see molecular modeling for similar analogs). Among the compounds, 8-15,
substituted at R with OH, were found the most potent ones of the series. Particularly,
analogs 8 (ECgg = 0.053 uM), 9 (ECsg = 0.035 uM) and 12 (ECsg = 0.032 uM) conferred up
to ~20-fold higher potency than PF74 (ECsq = 0.61 pM) and analog 2 (ECgg = 0.46 pM).
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Furthermore, 9 (CCsq > 100 pM) and 12 (CCsq > 100 uM) showed lower toxicity than PF74
(CCsg = 76 uM). These results suggest that an R1 substituent capable of both H-bond
donating and H-bond accepting (e.g. OH) confers better antiviral potency than does an H-
bond accepting group (e.g. OMe). However, the significantly improved antiviral potency
with 8, 9 and 12 over PF74 is not correlated with results from the thermal shift assay, where
very similar ATm (6.3-6.8 °C for 8, 9, 12 vs 7.4 °C for PF74) was observed. It is possible
that the afore-mentioned OH group could affect capsid assembly via unknown post-binding
molecular mechanisms. In addition, PF74 is known to inhibit both the early and the late
stages of HIV-1 replication cycle. Mechanistic studies are currently underway to determine
if the most potent compounds (e.g. 8, 9, 12) from this series display similar antiviral profile.

2.2.2. Novel sub-chemotypes with indole bioisosteres (R®) and modifications
at the aniline ring (R3 and R*)—Table 2 summarizes our SAR studies on a few novel
sub-chemotypes featuring different ring structures as the indole replacement. The first new
sub-chemotype includes nine analogs (16-24) in which the indole moiety is replaced by an
indolin-2-one ring. The first four analogs (16-19) bear a 7-methyl group and the next five
(20-24) are 4,7-dimethyl substituted. Two prominent SAR trends were observed: the
additional 4-methyl group (20-24) led to improved antiviral potency (20 vs 16, 22 vs 19, 23
vs 17); and both 3-Cl and 4-Cl on the aniline moiety (R3) also enhanced potency (18 vs 16,
24/ 23 vs 20). A beneficial chlorine effect conferred by both a 3-Cl and a 4-Cl of the aniline
moiety (R3) was observed with this sub-chemotype only (see molecular modeling). With
PF74 and all other sub-chemotypes, only the 4-Cl is properly positioned for halogen
bonding. Overall, analogs of this series exhibited low micromolar potencies, and more
intriguingly, seem to destabilize the CA hexamer. The next series consists of twelve analogs
(25-36) with the indole moiety replaced by a naphthyl ring, either via a p substitution (25—
30) or an a. substitution (31-36). The substitution site (B vs a.) did not appear to impact
antiviral activity (32 vs 26, 33 vs 27) as prominently as the R3 group, where a 4-Me (26) or
4-Cl (27) conferred submicromolar activities, though in the a series (31-36) two additional
compounds (31 and 36, R3 = H) also demonstrated low micromolar antiviral activity. Next
we synthesized seven analogs (37-43) where R® is a 1,3-dimethyl-purine-2,6-dione ring
system. Unfortunately, none of them inhibited HIV-1 significantly at 2 uM. Discernible
impact on CA hexamer stability was not observed either. The last two sub-chemotypes
(44-57) synthesized both feature a [6,5] spiro ring system. Overall, analogs of these two sub-
chemotypes did not significantly impact CA hexamer stability. As for antiviral potency,
while many of the bicyclic analogs (44-53) inhibited HIV-1, such as compounds 44, 46, 47,
50, and 53, the four tricylic analogs (54-57) did not show any antiviral activity.

2.3. Metabolic stability in liver microsomes

Despite its potent antiviral activity, well-characterized mode of binding and easy synthetic
accessibility, PF74 is seriously flawed as an antiviral lead due to its prohibitively poor
metabolic stability. In human liver microsomes (HLMs), the half-life (t1/;) of PF74 was less
than 1 min [46, 50]. We have previously tested around 20 PF74 analogs in HLMs and they
all showed very poor metabolic stability (t1, = 0.6-2.1 min) [48]. However, an analog
featuring a quinazoline-2,4-dione as the indole replacement was found to be metabolically
stable in HLMs (t1/2 = 31 min) [49]. To gauge the metabolic stability of the sub-chemotypes

Eur J Med Chem. Author manuscript; available in PMC 2021 October 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Page 6

described herein, we tested selected compounds in HLMs and mouse liver microsomes
(MLMs) and the results are summarized in Table 3. Consistent with literature reports, the
t1o of PF74 in our metabolic assays was 0.7 min in HLMs and 0.6 min in MLMs.
Peptidomimetics, a compound class to which PF74 belongs, are particularly liable toward
phase | metabolism, presumably because they are good substrates for liver metabolizing
enzyme subfamily cytochrome P450 3A (CYP3A) [51]. This extensive liver metabolism
constitutes a major pharmacokinetic (PK) barrier for many FDA-approved HIV-1 protease
inhibitors [52]. For example, darunavir was reported to have a half-life (t12) of 3.6 minina
human liver microsomal incubation system with less CYP protein content compared to ours
(0.1 mg/mL vs 0.5 mg/mL) [53]. The main mitigating strategy has been to co-administer the
antiviral drugs with a CYP3A inhibitor, such as ritonavir [54] or Cobicistat (Cobi) [55], as a
PK enhancer [52]. Therefore, our metabolic stability assays were performed under two
distinct sets of conditions: with PK enhancer Cobi or without Cobi (Table 3). Without Cobi,
PF74 analogs (3 and 7) exhibited very short half-life (1.2 min and 1.8 min, respectively).
The metabolic stability remained poor for analogs of novel sub-chemotypes, though a few of
them, such as 16, 24, 37 and 46, did show substantially (7 to 10-fold) improved half-life over
PF74 in HLMs. For the five selected compounds tested in the presence of PK enhancer
Cobi, drastically improved metabolic stability was observed with all (Table 3). Collectively,
these results demonstrated that replacement of the indole moiety with a less electron-rich
ring could lead to metabolically more stable compounds, and that inhibiting CYP3A could
mitigate the phase | metabolic liability of this type of compounds.

2.4 Molecular modeling

To evaluate the binding mode of the new analogs, we performed molecular modeling of key
compounds based on the co-crystal structure of native HIV-1 capsid protein bound to PF74
(PDB code: 4XFZ [30]). Analog 12 is found to orient in a similar fashion as the parent
compound PF74 (Figure 3A), and share common key interactions on CAnTp domain
including (i) hydrogen bonding with N57 via the carbonyl and NH of phenylalanine core,
with Q63 via indole N-H, and with K70 via the other carbonyl moiety; (ii) Cation-r
interaction with K70 via the indole moiety (Figure 3A). However, unlike PF74, the two
additional substituents of 12, 4-Cl on the aniline moiety and 5-OH of the indole ring, confer
a halogen bond (pink dashed line) and another hydrogen bond with K182 on the adjacent
CAc1p domain (black dotted line), respectively (Figure 3A). These additional interactions
are consistent with improved target binding affinity (Glide score: —7.6 kcal/mol for 12 vs
-5.8 kcal/mol for PF74) and largely increased potency (ECsq: 0.032 pM for 12 vs 0.61 uM
for PF74). Importantly, while the halogen bond conferred by the 4-Cl of the aniline moiety
appeared to be less important for potency than the hydrogen bond by the 5-OH (2 vs 8 vs
12), moving the Cl from 4 position to 3 (compound 13) led to a 10-fold potency drop, likely
due to the potential steric clash posed by the 3-Cl. Similar effects were observed with 3-Br
(14) and 3-CF3 (15). The potency difference between 3-Cl and 4-Cl aniline analog was
prominent throughout SAR studies (27 vs 28, 33 vs 34, and 50 vs 51). The only exception is
with the 4,7-dimethylindolin-2-one sub-chemotype where a beneficial halogen effect was
observed for both the 4-Cl analog 23 (Figure 3B) and the 3-Cl analog 24 (Figure 3C). In
both cases, the loss of the key H-bonding with Q63 and the cation- interactions with K70,
was compensated by a halogen-bond (pink dashed line) with N74 (4-Cl) and N53 (3-Cl),

Eur J Med Chem. Author manuscript; available in PMC 2021 October 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Page 7

respectively. Similarly, compound 27 having the 2-naphthyl ring in place of indole ring
exhibited an identical potency and protein binding affinity to PF74, despite the loss of a key
hydrogen-bonding with Q63 (Figure 3D). Possible orientation of the aniline ring of the
compound 27 as shown in Figure 3D could improve hydrophobic contacts with N53, G106,
and Y130, as a result of halogen bond between G106 and 4-Cl aniline, and could explain the
observed potency for this and another similar compound 33.

3. Conclusions

In this work, we have designed, synthesized and evaluated 56 compounds consisting of
PF74 analogs and a few novel PF74-like chemotypes featuring rings less electron-rich than
the indole ring. In the end, 5-hydroxyindole analogs (8, 9, 12) were up to 20-fold more
potent than the prototype PF74. Analogs with low to sub micromolar antiviral activities
were also identified from all sub-chemotypes, except for the 1,3-dimethyl-purine-2,6-dione
sub-chemotype. Of all sub-chemotypes studied herein, the naphthalene ring conferred the
best potency as both the a- and p-naphthyl analogs (33 and 27) exhibited antiviral potencies
comparable to that of PF74. Interestingly, the 2-indolone sub-chemotype lowered the Ty, of
CA hexamers, indicating a unique HIV-1 CA-destabilizing mechanism. The best 2-indolone
analog, 24, also showed 10-fold longer half-life in HLMs than PF74. These findings
necessitate future medicinal chemistry to further optimize these novel sub-chemotypes,
particularly the CA-destabilizing 2-indolone chemotype.

4. Experimental section

4.1 Chemistry

General Procedures.—All commercial chemicals were used as supplied unless otherwise
indicated. Flash chromatography was performed on a Teledyne Combiflash RF-200 with
RediSep columns (silica) and indicated mobile phase. H and 13C NMR spectra were
recorded on a Varian 600 MHz or Bruker 400 spectrometer. Diastereomeric ratio (dr) was
determined by 'H NMR analysis. Mass data were acquired using an Agilent 6230 TOF
LC/MS spectrometer. All NMR and mass spectrometers are located in the shared instrument
rooms at the Center for Drug Design, University of Minnesota.

4.1.1. Synthesis of 59 and 60—Synthesis of intermediates 59 and 60 are described in
Supporting Information.

4.1.2. Synthesis of (S)-N-Methyl-2-(2-(2-methyl-1H-indol-3-yl)acetamido)-N, 3-
diphenylpropanamide (1)—To a solution of commercially available 2-(2-methyl-1+-
indol-3-yl)acetic acid (100 mg, 0.53 mmol, 1 equiv.) in DMF (3 mL), HATU (402 mg, 1.06
mmol, 2 equiv.) and DIPEA (205 mg, 1.59 mmol, 3 equiv.) were added and the mixture was
stirred at room temperature for 20 min before (S)-2-amino- N-methyl-/N,3-
diphenylpropanamide (TFA salt, 235 mg, 0.64 mmol, 1.2 equiv.) was added. The mixture
was further stirred overnight at room temperature. Upon completion, H,O was added and the
reaction mixture was extracted with EtOAc (3x30 mL). The organic phases were combined
and washed with brine, dried over anhydrous MgSOy, filtered and concentrated. The product
was purified by Combiflash on silica gel using EtOAc/hexane (1:2 to 6:1) as eluent. Yield
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70%. IH NMR (600 MHz, DMSO-dj) 610.68 (s, 1H), 8.27 (d, /= 7.0 Hz, 1H), 7.38 (dd, J=
17.5, 6.5 Hz, 3H), 7.27 (dd, /= 18.7, 6.7 Hz, 3H), 7.18 (d, J= 7.6 Hz, 1H), 7.12 (s, 3H),
6.98 — 6.89 (m, 1H), 6.84 (d, J= 6.9 Hz, 1H), 6.79 (s, 2H), 4.41 (s, 1H), 3.51 — 3.31 (m, 2H),
3.15 (s, 3H), 2.82 (d, J= 11.5 Hz, 1H), 2.67 (d, /= 11.5 Hz, 1H), 2.23 (s, 3H); 13C NMR
(150 MHz, DMS0-dj) §171.5, 171.0, 143.3, 138.0, 135.4, 133.3, 130.0, 129.2, 128.8,
128.4,128.2,128.0, 126.7, 120.3, 118.4, 118.4, 110.5, 105.3, 52.2, 37.6, 37.4, 31.3, 11.7;
HRMS (ESI) ml/z calcd for Co7H26N30, [M — H]™ 424.2031, found 424.2029.

(S)-2-(2-(1H-1ndol-3-yl)acetamido)-N-methyl-N,3-diphenylpropanamide (2).: The
synthetic method was similar to that of compound 1 except that 2-(1A-indol-3-yl)acetic acid
(100 mg, 0.57 mmol, 1 equiv.) and (S)-2-amino-A-methyl- N, 3-diphenylpropanamide (TFA
salt, 252 mg, 0.68 mmol, 1.2 equiv.) were used as starting materials. Yield 65%. 1H NMR
(600 MHz, CD30D) 67.42 (d, /J=7.9 Hz, 1H), 7.37 — 7.31 (m, 4H), 7.18 — 7.05 (m, 5H),
7.03-6.94 (m, 3H), 6.75 (d, J= 7.3 Hz, 2H), 4.66 (t, J= 7.2 Hz, 1H), 3.61 (dd, /= 22.4,
15.8 Hz, 2H), 3.16 (s, 3H), 2.87 (dd, J= 13.3, 6.6 Hz, 1H), 2.64 (dd, J= 13.3, 6.6 Hz, 1H);
13C NMR (150 MHz, CD30D) §172.7, 171.7, 142.5, 136.7, 136.5, 129.4, 128.7, 128.0,
127.9,127.2,127.0, 126.4, 123.5, 121.1, 118.6, 118.0, 110.9, 107.7, 51.9, 37.7, 36.6, 32.2;
HRMS (ESI) (=) miz calcd for CygH24N30, [M — H]~ 410.1874, found 410.1878.

(S)-2-(2-(5-Methoxy-1H-indol-3-yl)acetamido)-N-methyl-N,3-diphenylpropanamide
(3).: The synthetic method was similar to that of compound 1 except that 2-(5-methoxy-1+-
indol-3-yl)acetic acid (100 mg, 0.49 mmol, 1 equiv.) and (S)-2-amino-A-methyl-\,3-
diphenylpropanamide (TFA salt, 217 mg, 0.59 mmol, 1.2 equiv.) were used as starting
materials. Yield 42%. 1H NMR (600 MHz, CDCl3) 68.34 (s, 1H), 7.36 — 7.31 (m, 3H), 7.26
- 7.24 (m, 1H), 7.13 (t, J= 7.4 Hz, 1H), 7.07 - 7.04 (m, 2H), 6.97 — 6.88 (m, 5H), 6.66 (d, J
=7.4 Hz, 2H), 6.30 (d, J= 8.0 Hz, 1H), 4.81 — 4.77 (m, 1H), 3.79 (s, 3H), 3.67 — 3.60 (m,
2H), 3.18 (s, 3H), 2.76 (dd, /= 13.3, 7.0 Hz, 1H), 2.56 (dd, /= 13.3, 7.1 Hz, 1H); 13C NMR
(150 MHz, CDCl3) §171.3,171.0, 154.4, 142.4, 136.0, 131.4, 129.7, 129.1, 128.3, 128.2,
127.4,127.3,126.7,124.4, 113.0, 112.1, 108.4, 100.1, 55.8, 51.3, 38.8, 37.6, 33.3; HRMS
(ESI) mizcalcd for Co7H2N303 [M — H]™ 440.1980, found 440.1983.

(S)-2-(2-(5-Methoxy-1H-indol-3-yl)acetamido)-N-methyl-3-phenyl-N-(p-
tolyl)propanamide (4).: The synthetic method was similar to that of compound 1 except
that 2-(5-methoxy-1A-indol-3-yl)acetic acid (100 mg, 0.49 mmol, 1 equiv.) and (S5)-2-
amino- A-methyl-3-phenyl-A-(p-tolyl)propanamide (TFA salt, 225 mg, 0.59 mmol, 1.2
equiv.) were used as starting materials. Yield 63%. H NMR (600 MHz, CDCl3) 68.60 (s,
1H), 7.22 (d, J= 8.7 Hz, 1H), 7.13 - 7.12 (m, 3H), 7.08 - 7.05 (m, 2H), 6.88 — 6.69 (M, 7H),
6.33 (d, /=8.2 Hz, 1H), 4.82 - 4.79 (m, 1H), 3.79 (s, 3H), 3.66 — 3.59 (m, 2H), 3.15 (s,
3H), 2.77 (dd, J=13.3, 7.0 Hz, 1H), 2.58 (dd, /= 13.3, 6.9 Hz, 1H), 2.35 (s, 3H); 13C NMR
(100 MHz, CDCl3) §171.5, 170.9, 154.3, 139.9, 138.1, 136.1, 131.5, 130.3, 129.2, 128.3,
127.4,127.0, 126.7, 124.5, 112.8, 112.2, 108.2, 100.1, 55.8, 51.2, 38.8, 37.7, 33.4, 21.1;
HRMS (ESI) miz calcd for CogHpgN303 [M — H]™ 454.2136, found 454.2139.

(S)-N-(4-Fluorophenyl)-2-(2-(5-methoxy-1H-indol-3-yl)acetamido)-N-methyl-3-
phenylpropanamide (5).: The synthetic method was similar to that of compound 1 except
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that 2-(5-methoxy-1A-indol-3-yl)acetic acid (100 mg, 0.49 mmol, 1 equiv.) and (S5)-2-
amino- N\-(4-fluorophenyl)- A-methyl-3-phenylpropanamide (TFA salt, 228 mg, 0.59 mmol,
1.2 equiv.) were used as starting materials. Yield 62%. 1H NMR (600 MHz, CD30D) 67.24
(d, J= 8.8 Hz, 1H), 7.17 - 7.12 (m, 3H), 7.06 (s, 1H), 7.01 — 6.98 (m, 3H), 6.86 — 6.76 (m,
5H), 4.57 (t, J=7.4 Hz, 1H), 3.79 (s, 3H), 3.57 (s, 2H), 3.11 (s, 3H), 2.89 (dd, /= 13.3, 7.5
Hz, 1H), 2.67 (dd, J=13.3, 7.3 Hz, 1H); 13C NMR (150 MHz, CD30D) & 174.15, 173.20,
163.35 (d, JoF = 246.9 Hz), 155.20, 139.96, 137.82, 133.26, 130.67 (d, Jcr = 7.8 Hz),
130.19, 129.50, 128.75, 127.92, 125.67, 117.37 (d, Jof = 23.0 Hz), 113.01 (d, Jo = 9.3 H2),
108.97, 101.28, 56.27, 53.23, 39.26, 38.07, 33.66; HRMS (ESI) m/zcalcd for Co7Ho5FN303
[M — H]~ 458.1885, found 458.1886.

(S)-N-(3-Fluorophenyl)-2-(2-(5-methoxy-1H-indol-3-yl)acetamido)-N-methyl-3-
phenylpropanamide (6).: The synthetic method was similar to that of compound 1 except
that 2-(5-methoxy-1H-indol-3-yl)acetic acid (100 mg, 0.49 mmol, 1 equiv.) and (S)-2-
amino- NV-(3-fluorophenyl)- A-methyl-3-phenylpropanamide (TFA salt, 228 mg, 0.59 mmol,
1.2 equiv.) were used as starting materials. Yield 59%. 1H NMR (600 MHz, CDCl3) §8.36
(s, 1H), 7.31 - 7.26 (m, 2H), 7.18 (t, /= 7.3 Hz, 1H), 7.12 - 7.10 (m, 2H), 7.03 — 7.00 (m,
2H), 6.90 - 6.87 (m, 2H), 6.77 — 6.73 (m, 3H), 6.28 (d, J= 7.9 Hz, 1H), 4.79 — 4.75 (m, 1H),
3.81 (s, 3H), 3.69 - 3.62 (m, 2H), 3.14 (s, 3H), 2.75 (dd, /= 13.1, 8.0 Hz, 1H), 2.61 (dd, J=
13.1, 6.5 Hz, 1H); 13C NMR (150 MHz, CDCl3) §171.3, 170.9, 162.8 (d, Jcg = 249.0 Hz),
154.4, 143.8, 135.8, 131.5, 130.7 (d, Jop = 9.0 Hz), 129.2, 128.4, 127.4, 126.9, 124.4, 123.3,
115.2 (d, Jop = 21.0 Hz), 114.7 (d, Jop = 22.8 Hz), 113.0, 112.2, 108.3, 100.1, 55.8, 51.4,
39.2, 37.5, 33.4; HRMS (ESI) miz calcd for Co7Ho5FN303 [M — H]~ 458.1885, found
458.1887.

(S)-N-(4-Chlorophenyl)-2-(2-(5-methoxy-1H-indol-3-yl)acetamido)-N-methyl-3-
phenylpropanamide (7).: The synthetic method was similar to that of compound 1 except
that 2-(5-methoxy-1A-indol-3-yl)acetic acid (100 mg, 0.49 mmol, 1 equiv.) and (S5)-2-
amino-A-(4-chlorophenyl)-A~methyl-3-phenylpropanamide (TFA salt, 237 mg, 0.59 mmol,
1.2 equiv.) were used as starting materials. Yield 80%. 1H NMR (600 MHz, CD30D) 67.25
- 7.22 (m, 3H), 7.17 = 7.12 (m, 3H), 7.06 (s, 1H), 6.99 (s, 1H), 6.82 — 6.75 (m, 5H), 4.57 {t,
J=7.4Hz, 1H), 3.78 (s, 3H), 3.57 (s, 2H), 3.09 (s, 3H), 2.88 (dd, J=13.2, 7.7 Hz, 1H), 2.67
(dd, J=13.2, 7.1 Hz, 1H); 13C NMR (100 MHz, CD30D) §174.1, 173.0, 155.3, 142.5,
137.8, 135.0, 133.3, 130.8, 130.2, 129.5, 128.8, 127.9, 125.7, 113.0, 113.0, 109.0, 101.4,
56.3, 53.3, 39.4, 37.9, 33.7; HRMS (ESI) miz calcd for Cy7Ho5CIN3O3 [M — H]™ 474.1590,
found 474.1595.

(S)-2-(2-(5-Hydroxy-1H-indol-3-yl)acetamido)-N-methyl-N,3-diphenylpropanamide
(8).: The synthetic method was similar to that of compound 1 except that 2-(5-hydroxy-1+-
indol-3-yl)acetic acid (100 mg, 0.52 mmol, 1 equiv.) and (S)-2-amino-A~methyl-\,3-
diphenylpropanamide (TFA salt, 232 mg, 0.63 mmol, 1.2 equiv.) were used as starting
materials. Yield 49%. 1H NMR (600 MHz, CDCl3) §8.42 (s, 1H), 7.30 — 7.27 (m, 3H), 7.13
- 7.11 (m, 2H), 7.08 - 7.06 (m, 2H), 6.90 (s, 1H), 6.86 — 6.77 (m, 4H), 6.68 (d, /= 7.3 Hz,
2H), 6.60 (d, J=8.1 Hz, 1H), 4.79 (q, /= 7.3 Hz, 1H), 3.55 (s, 2H), 3.17 (s, 3H), 2.79 (dd, J
=13.4, 7.0 Hz, 1H), 2.59 (dd, J= 13.4, 7.3 Hz, 1H); 13C NMR (100 MHz, CDCl3) §171.7,
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171.6, 150.4, 142.3, 136.0, 131.4, 129.8, 129.2, 128.3, 128.2, 127.8, 127.3, 126.7, 124.7,
112.5, 112.0, 107.6, 103.0, 51.4, 38.7, 37.8, 33; HRMS (ESI) m/zcalcd for CogHagN303 [M
— H]~ 426.1823, found 426.1826.

(S)-2-(2-(5-Hydroxy-1H-indol-3-yl)acetamido)-N-methyl-3-phenyl-N-(p-
tolyl)propanamide (9).: The synthetic method was similar to that of compound 1 except
that 2-(5-hydroxy-1AH-indol-3-yl)acetic acid (100 mg, 0.52 mmol, 1 equiv.) and (S)-2-amino-
N-methyl-3-phenyl-A-(p-tolyl)propanamide (TFA salt, 241 mg, 0.63 mmol, 1.2 equiv.) were
used as starting materials. Yield 80%. 1H NMR (600 MHz, CDCl3) §8.27 (s, 1H), 7.26 (s,
1H), 7.16 - 7.08 (m, 6H), 6.91 (s, 1H), 6.79 — 6.78 (m, 3H), 6.72 (d, /= 7.1 Hz, 2H), 6.53
(d, /=8.2 Hz, 1H), 6.27 (s, 1H), 4.83 - 4.79 (m, 1H), 3.57 (s, 2H), 3.15 (s, 3H), 2.80 (dd, J
=13.4, 6.9 Hz, 1H), 2.60 (dd, J= 13.4, 7.2 Hz, 1H), 2.33 (s, 3H); 13C NMR (150 MHz,
CDCl3) §171.7,171.3, 150.2, 139.7, 138.2, 136.1, 131.4, 130.3, 129.2, 128.3, 127.8, 127.0,
126.7,124.6, 1125, 112.0, 107.8, 103.1, 51.2, 38.7, 37.8, 33.2, 21.1; HRMS (ESI) m/z calcd
for Cy7Ho6N303 [M — H]™ 440.1980, found 440.1984.

(S)-N-(4-Fluorophenyl)-2-(2-(5-hydroxy-1H-indol-3-yl)acetamido)-N-methyl-3-
phenylpropanamide (10).: The synthetic method was similar to that of compound 1 except
that 2-(5-hydroxy-1AH-indol-3-yl)acetic acid (100 mg, 0.52 mmol, 1 equiv.) and (S)-2-amino-
N-(4-fluorophenyl)- A~methyl-3-phenylpropanamide (TFA salt, 241 mg, 0.63 mmol, 1.2
equiv.) were used as starting materials. Yield 49%. 'H NMR (600 MHz, CD30D) §7.19 -
7.14 (m, 5H), 7.03 - 7.00 (m, 3H), 6.86 — 6.82 (m, 4H), 6.69 (d, /= 8.6 Hz, 1H), 4.56 (t, /=
7.4 Hz, 1H), 3.54 (s, 2H), 3.11 (s, 3H), 2.88 (dd, /= 13.2, 7.7 Hz, 1H), 2.68 (dd, /= 13.2,
7.1 Hz, 1H); 13C NMR (150 MHz, CD30D) §174.2, 173.2, 163.4 (d, Jor = 246.9 Hz),
151.5, 140.96, 139.94, 137.8, 133.0, 130.7 (d, Jor = 8.8 Hz), 130.3, 129.5, 129.2, 127.9,
125.8, 117.4 (d, Jcr = 23.0 Hz), 112.8 (d, Jcr = 9.7 Hz), 108.3, 103.6, 53.2, 39.4, 38.1, 33.7;
HRMS (ESI) miz calcd for CygHp3FN303 [M — H]™ 444.1729, found 444.1732.

(S)-N-(3-Fluorophenyl)-2-(2-(5-hydroxy-1H-indol-3-yl)acetamido)-N-methyl-3-
phenylpropanamide (11).: The synthetic method was similar to that of compound 1 except
that 2-(5-hydroxy-1A-indol-3-yl)acetic acid (100 mg, 0.52 mmol, 1 equiv.) and (S)-2-amino-
N-(3-fluorophenyl)- A-methyl-3-phenylpropanamide (TFA salt, 241 mg, 0.63 mmol, 1.2
equiv.) were used as starting materials. Yield 39%. 'H NMR (600 MHz, CDCl3) 68.30 (s,
1H), 7.27 - 7.11 (m, 5H), 6.99 - 6.94 (m, 2H), 6.85 - 6.75 (m, 5H), 6.53 (d, /= 8.0 Hz,
1H), 6.47 (s, 1H), 6.32 (s, 1H), 4.78 — 4.74 (m, 1H), 3.59 (s, 2H), 3.12 (s, 3H), 2.78 (dd, J=
13.2, 8.1 Hz, 1H), 2.63 (dd, /= 13.2, 6.6 Hz, 1H); 13C NMR (150 MHz, CDCl3) §171.6,
171.5, 162.7 (d, Jof = 249.4 Hz), 150.4, 143.6, 135.8, 131.4, 130.8 (d, Jor = 9.5 Hz), 129.2,
128.4,127.7,126.9, 124.6, 123.3, 115.3 (d, Jof = 21.2 Hz), 114.6 (d, JoF = 20.9 Hz), 112.6,
112.1, 107.7, 103.0, 51.5, 39.0, 37.6, 33.2; HRMS (ESI) m/zcalcd for CogHo3FN3O3 [M —
H]™ 444.1729, found 444.1730.

(S)-N-(4-Chlorophenyl)-2-(2-(5-hydroxy-1H-indol-3-yl)acetamido)-N-methyl-3-
phenylpropanamide (12).: The synthetic method was similar to that of compound 1 except
that 2-(5-hydroxy-1AH-indol-3-yl)acetic acid (100 mg, 0.52 mmol, 1 equiv.) and (S)-2-amino-
N-(4-chlorophenyl)- A-methyl-3-phenylpropanamide (TFA salt, 254 mg, 0.63 mmol, 1.2
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equiv.) were used as starting materials. Yield 60%. 'H NMR (600 MHz, CDCl3) 68.16 (s,
1H), 7.25 - 7.12 (m, 6H), 7.00 (s, 1H), 6.82 — 6.71 (m, 5H), 6.50 (d, J= 8.0 Hz, 1H), 6.05
(s, 1H), 4.74 — 4.70 (m, 1H), 3.60 (s, 2H), 3.12 (s, 3H), 2.79 (dd, J=13.2, 8.0 Hz, 1H), 2.62
(dd, /= 13.2, 6.7 Hz, 1H); 13C NMR (150 MHz, CDCl3) §171.5, 171.4, 150.3, 140.8,
135.9, 134.0, 131.3, 129.8, 129.3, 128.7, 128.4, 127.7, 126.9, 124.6, 112.6, 112.0, 107.8,
103.0, 51.3, 38.9, 37.7, 33.2; HRMS (ESI) m/z calcd for CygHo3CIN3O3 [M — H]~
460.1433, found 460.1436.

(S)-N-(3-Chlorophenyl)-2-(2-(5-hydroxy-1H-indol-3-yl)acetamido)-N-methyl-3-
phenylpropanamide (13).: The synthetic method was similar to that of compound 1 except
that 2-(5-hydroxy-1A-indol-3-yl)acetic acid (100 mg, 0.52 mmol, 1 equiv.) and (S)-2-amino-
N-(3-chlorophenyl)- A-methyl-3-phenylpropanamide (TFA salt, 254 mg, 0.63 mmol, 1.2
equiv.) were used as starting materials. Yield 40%. 'H NMR (600 MHz, CD30D) 67.23 (d,
J=8.1Hz, 1H), 7.18 (t, /= 7.9 Hz, 1H), 7.12 - 7.06 (m, 5H), 6.96 (s, 1H), 6.77 — 6.74 (m,
4H), 6.60 (d, J= 8.6 Hz, 1H), 4.47 (t, J= 7.4 Hz, 1H), 3.49 — 3.43 (m, 2H), 3.02 (s, 3H),
2.78 (dd, J=13.1, 8.1 Hz, 1H), 2.60 (dd, /= 13.1, 6.7 Hz, 1H); 13C NMR (150 MHz,
CD30D) 6174.2,173.0, 151.5, 145.1, 137.6, 135.9, 133.1, 131.9, 130.2, 129.6, 129.5,
129.2,128.7,128.1, 127.2, 125.8, 112.8, 112.8, 108.3, 103.6, 53.4, 39.5, 37.9, 33.7; HRMS
(ESI) miz calcd for CogH23CIN3O3 [M — H]™ 460.1433, found 460.1430.

(S)-N-(3-Bromophenyl)-2-(2-(5-hydroxy-1H-indol-3-yl)acetamido)-N-methyl-3-
phenylpropanamide (14).: The synthetic method was similar to that of compound 1 except
that 2-(5-hydroxy-1A-indol-3-yl)acetic acid (100 mg, 0.52 mmol, 1 equiv.) and (S)-2-amino-
N-(3-bromophenyl)- A-methyl-3-phenylpropanamide (TFA salt, 282 mg, 0.63 mmol, 1.2
equiv.) were used as starting materials. Yield 65%. *H NMR (600 MHz, CD30D) & 7.47 (d,
J=8.0 Hz, 1H), 7.22 - 7.17 (m, 6H), 7.06 (s, 1H), 6.87 — 6.83 (m, 4H), 6.69 (d, /= 8.6 Hz,
1H), 4.57 (t, J= 7.4 Hz, 1H), 3.59 - 3.53 (m, 2H), 3.10 (s, 3H), 2.87 (dd, J=13.0, 8.2 Hz,
1H), 2.70 (dd, /= 13.1, 6.7 Hz, 1H); 13C NMR (150 MHz, CD30D) 6§174.2, 173.0, 151.5,
145.2, 137.6, 133.0, 132.4, 132.1, 131.5, 130.2, 129.6, 129.2, 128.1, 127.7, 125.8, 123.6,
112.8,112.8, 108.3, 103.6, 53.4, 39.5, 38.0, 33.7; HRMS (ESI) mi/ z calcd for
CyH23BrN3O3 [M - H]_ 504.0928, found 504.0930.

(S)-2-(2-(5-Hydroxy-1H-indol-3-yl)acetamido)-N-methyl-3-phenyl-N-(3-
(trifluoromethyl)phenyl)propanamide (15).: The synthetic method was similar to that of
compound 1 except that 2-(5-hydroxy-1A-indol-3-yl)acetic acid (100 mg, 0.52 mmol, 1
equiv.) and (S)-2-amino-A-methyl-3-phenyl-N-(3-(trifluoromethyl)phenyl)propanamide
(TFA salt, 275 mg, 0.63 mmol, 1.2 equiv.) were used as starting materials. Yield 49%. 1H
NMR (600 MHz, CD30D) 67.60 (d, /= 7.7 Hz, 1H), 7.47 (t, J=7.8 Hz, 1H), 7.18 - 7.12
(m, 6H), 7.04 (s, 1H), 6.86 (s, 1H), 6.81 (d, J=7.2 Hz, 2H), 6.68 (d, /= 8.6 Hz, 1H), 4.52 (t,
J=7.4Hz, 1H), 3.58 - 3.52 (m, 2H), 3.13 (s, 3H), 2.87 (dd, J=12.9, 8.3 Hz, 1H), 2.68 (dd,
J=13.0, 6.7 Hz, 1H); 13C NMR (150 MHz, CD30D) §174.2, 173.1, 151.4, 144.6, 137.6,
133.0, 132.7, 131.8, 130.1, 129.6, 129.10, 129.09, 128.0, 126.0, 125.7, 125.4, 124.9 (q, Jcr
=271.2 Hz), 112.8, 112.8, 112.7, 108.3, 53.4, 39.5, 38.0, 33.7; HRMS (ESI) m/z calcd for
Co7H23F3N303 [M — H]™ 494.1697, found 494.1693.
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(2S)-N-Methyl-2-(2-(7-methyl-2-oxoindolin-3-yl)acetamido)-N,3-diphenylpropanamide
(16).: The synthetic method was similar to that of compound 1 except that 2-(7-methyl-2-
oxoindolin-3-yl)acetic acid (100 mg, 0.49 mmol, 1 equiv.) and (S)-2-amino-/A-methyl-/,3-
diphenylpropanamide (TFA salt, 215 mg, 0.58 mmol, 1.2 equiv.) were used as starting
materials. (Yield 70%, dr 1.1:1). 1H NMR (600 MHz, CD30D) 67.36 — 7.31 (m, 3H), 7.22
- 7.17 (m, 3H), 6.99 - 6.95 (m, 2H), 6.88 — 6.83 (m, 3H), 6.75 (t, /= 7.6 Hz, 1H), 6.65 (d, J
=7.4Hz, 1H), 4.73 - 4.63 (m, 1H), 3.72 - 3.69 (m, 1H), 3.18 — 3.15 (m, 1H), 2.96 - 2.82
(m, 2H), 2.71 - 2.65 (m, 1H), 2.54 — 2.47 (m, 1H), 2.22 (s, 3H); 13C NMR (100 MHz,
CD30D) §181.8,181.7,173.1, 172.3, 172.0, 144.0, 143.9, 142.0, 141.9, 138.2, 138.1,
130.8, 130.5, 130.4, 130.3, 130.2, 130.0, 129.5, 129.3, 128.6, 127.9, 127.8, 123.3, 123.3,
122.9, 122.6, 120.5, 120.4, 53.5, 53.1, 39.5, 39.4, 38.1, 38.0, 37.1, 37.0, 16.7; HRMS (ESI)
mlz calcd for Cy7HogN30O3 [M — H]™ 440.1980, found 440.1985.

(2S)-N-(4-Chlorophenyl)-N-methyl-2-(2-(7-methyl-2-oxoindolin-3-yl)acetamido)-3-
phenylpropanamide (17).: The synthetic method was similar to that of compound 1 except
that 2-(7-methyl-2-oxoindolin-3-yl)acetic acid (100 mg, 0.49 mmol, 1 equiv.) and (S5)-2-
amino-A\-(4-chlorophenyl)-A~methyl-3-phenylpropanamide (TFA salt, 238 mg, 0.59 mmol,
1.2 equiv.) were used as starting materials. (Yield 70%, dr 1.1:1). 1H NMR (600 MHz,
CD30D) 67.30 — 7.21 (m, 5H), 6.99 - 6.86 (m, 4H), 6.81 — 6.75 (m, 2H), 6.62 (s, 1H), 4.63
- 4.55 (m, 1H), 3.73 - 3.68 (m, 1H), 3.13 - 3.08 (m, 3H), 2.96 - 2.82 (m, 2H), 2.71 - 2.53
(m, 2H), 2.23 - 2.22 (m, 3H); 13C NMR (100 MHz, CD30D) §181.8, 181.7, 173.1, 173.0,
172.2,171.9, 142.6, 142.5, 142.2, 142.0, 138.02, 134.92, 130.72, 130.50, 130.4, 130.3,
130.28, 130.19, 130.1, 130.0, 129.60, 128.0, 123.32, 122.8, 122.6, 120.5, 53.4, 52.9, 44.3,
44.2,39.71, 39.5, 38.0, 37.8, 37.1, 36.9, 16.7; HRMS (ESI) mi/z calcd for Co7H25CIN3O3
[M = H]™ 474.1590, found 474.1595.

(2S)-N-(3-Chlorophenyl)-N-methyl-2-(2-(7-methyl-2-oxoindolin-3-yl)acetamido)-3-
phenylpropanamide (18).: The synthetic method was similar to that of compound 1 except
that 2-(7-methyl-2-oxoindolin-3-yl)acetic acid (100 mg, 0.49 mmol, 1 equiv.) and (5)-2-
amino-A-(3-chlorophenyl)-A~methyl-3-phenylpropanamide (TFA salt, 238 mg, 0.59 mmol,
1.2 equiv.) were used as starting materials. (Yield 72%, dr 1:1). 1H NMR (600 MHz,
CD30D) 67.31 - 7.24 (m, 6H), 7.01 - 6.88 (m, 5H), 6.81 — 6.77 (m, 1H), 6.67 (s, 1H), 4.62
- 4.55 (m, 1H), 3.76 — 3.71 (m, 1H), 3.13 - 3.09 (m, 3H), 2.96 — 2.84 (m, 2H), 2.73 - 2.69
(m, 1H), 2.55 — 2.51 (m, 1H), 2.23 (s, 3H); 13C NMR (100 MHz, CD;0D) §181.75, 173.0,
172.9,172.3,172.0, 145.2, 145.0, 142.1, 142.0, 137.9, 135.9, 131.8, 130.5, 130.3, 130.1,
130.0, 129.7, 129.6, 129.4, 128.8, 128.1, 127.24, 123.4, 123.3, 122.9, 122.7, 122.6, 120.5,
53.6,53.1, 44.3, 39.8, 39.7, 38.0, 37.8, 37.1, 36.9, 16.7; HRMS (ESI) m/z calcd for
Cy7H25CIN3O3 [M - H]~ 474.1590, found 474.1594.

(2S)-N-(3-Fluorophenyl)-N-methyl-2-(2-(7-methyl-2-oxoindolin-3-yl)acetamido)-3-
phenylpropanamide (19).: The synthetic method was similar to that of compound 1 except
that 2-(7-methyl-2-oxoindolin-3-yl)acetic acid (100 mg, 0.49 mmol, 1 equiv.) and (S5)-2-
amino- N-(3-fluorophenyl)- A-methyl-3-phenylpropanamide (TFA salt, 227 mg, 0.59 mmol,
1.2 equiv.) were used as starting materials. (Yield 69%, dr 1:1). 'H NMR (600 MHz,
CD30D) §7.34 - 7.22 (m, 4H), 7.08 - 7.05 (m, 1H), 7.00 - 6.87 (m, 5H), 6.79 — 6.73 (m,
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2H), 6.57 (s, 1H), 4.67 — 4.59 (m, 1H), 3.75 — 3.70 (m, 1H), 3.15 - 3.11 (m, 3H), 2.97 -
2.82 (m, 2H), 2.73 = 2.68 (M, 1H), 2.55 — 2.50 (m, 1H), 2.22 (s, 3H); HRMS (ESI) 1z
calcd for Cp7H,5FN3O3 [M — H]™ 458.1885, found 458.1890.

(2S)-2-(2-(4,7-Dimethyl-2-oxoindolin-3-yl)acetamido)-N-methyl-N,3-
diphenylpropanamide (20).: The synthetic method was similar to that of compound 1
except that 2-(4,7-dimethyl-2-oxoindolin-3-yl)acetic acid (100 mg, 0.46 mmol, 1 equiv.) and
(8)-2-amino-A-methyl- V,3-diphenylpropanamide (TFA salt, 203 mg, 0.55 mmol, 1.2 equiv.)
were used as starting materials. (Yield 58%, dr 1.2:1). TH NMR (600 MHz, CD30D) 67.30
- 7.24 (m, 2H), 7.20 — 7.14 (m, 4H), 6.92 - 6.82 (m, 3H), 6.69 - 6.62 (m, 1H), 6.45 (s, 1H),
4.58 - 4.52 (m, 1H), 3.68 — 3.67 (m, 1H), 3.14 - 3.06 (m, 3H), 3.01 - 2.81 (m, 3H), 2.65 -
2.59 (m, 1H), 2.23 - 2.16 (m, 6H); 13C NMR (100 MHz, CD30D) §182.1, 182.0, 173.1,
172.9,171.8,171.3, 143.9, 143.6, 142.5, 142.2, 138.1, 133.1, 132.8, 130.8, 130.6, 130.5,
130.4, 130.3, 130.2, 129.4, 129.2, 129.1, 128.5, 127.8, 125.0, 124.9, 117.9, 117.8, 53.1,
52.6, 39.8, 39.5, 38.0, 37.8, 36.1, 36.0, 18.6, 16.4; HRMS (ESI) 1/ z calcd for CogHogN3O3
[M - H]™ 454.2136, found 454.2145.

(2S)-2-(2-(4,7-Dimethyl-2-oxoindolin-3-yl)acetamido)-N-(4-fluorophenyl)-N-methyl-3-
phenylpropanamide (21).: The synthetic method was similar to that of compound 1 except
that 2-(4,7-dimethyl-2-oxoindolin-3-yl)acetic acid (100 mg, 0.46 mmol, 1 equiv.) and (S5)-2-
amino- A-(4-fluorophenyl)- A-methyl-3-phenylpropanamide (TFA salt, 212 mg, 0.55 mmol,
1.2 equiv.) were used as starting materials. (Yield 65%, dr 1.1:1). TH NMR (600 MHz,
CD30D) 68.27 - 8.14 (m, 1H), 7.31 - 7.18 (m, 3H), 6.99 - 6.82 (m, 6H), 6.70 — 6.64 (m,
1H), 6.31 (s, 1H), 4.53 — 4.46 (m, 1H), 3.69 — 3.65 (m, 1H), 3.10 - 3.01 (m, 3H), 2.99 -
2.85 (m, 3H), 2.65 - 2.61 (m, 1H), 2.23 - 2.17 (m, 6H); HRMS (ESI) m/z calcd for
CogH27FN303 [M — H]™ 472.2042, found 472.2047.

(2S)-2-(2-(4,7-Dimethyl-2-oxoindolin-3-yl)acetamido)-N-(3-fluorophenyl)-N-methyl-3-
phenylpropanamide (22).: The synthetic method was similar to that of compound 1 except
that 2-(4,7-dimethyl-2-oxoindolin-3-yl)acetic acid (100 mg, 0.46 mmol, 1 equiv.) and (S5)-2-
amino- N-(3-fluorophenyl)- A-methyl-3-phenylpropanamide (TFA salt, 212 mg, 0.55 mmol,
1.2 equiv.) were used as starting materials. (Yield 68%, dr 1:1). 1H NMR (600 MHz,
CD30D) 6§7.28 - 7.11 (m, 4H), 7.05 - 6.86 (m, 4H), 6.69 — 6.41 (m, 2H), 6.19 — 6.04 (m,
1H), 4.56 - 4.50 (m, 1H), 3.70 — 3.65 (m, 1H), 3.11 - 3.02 (m, 3H), 3.00 - 2.85 (m, 3H),
2.67 - 2.64 (m, 1H), 2.21 - 2.17 (m, 6H); HRMS (ESI) ml/zcalcd for CogHy7FN303 [M =
H]~ 472.2042, found 472.2046.

(2S)-N-(4-Chlorophenyl)-2-(2-(4,7-dimethyl-2-oxoindolin-3-yl)acetamido)-N-methyl-3-
phenylpropanamide (23).: The synthetic method was similar to that of compound 1 except
that 2-(4,7-dimethyl-2-oxoindolin-3-yl)acetic acid (100 mg, 0.46 mmol, 1 equiv.) and (S5)-2-
amino- N-(4-chlorophenyl)- A-methyl-3-phenylpropanamide (TFA salt, 222 mg, 0.55 mmol,
1.2 equiv.) were used as starting materials. (Yield 72%, dr 1:1). 'H NMR (600 MHz,
CD30D) §7.24 - 7.18 (m, 4H), 7.08 (d, J= 8.6 Hz, 1H), 6.92 — 6.85 (m, 3H), 6.70 — 6.63
(m, 2H), 6.23 (s, 1H), 4.51 — 4.45 (m, 1H), 3.68 - 3.63 (m, 1H), 3.09 — 2.99 (m, 3H), 2.91 -
2.84 (m, 3H), 2.65 - 2.60 (m, 1H), 2.23 - 2.16 (m, 6H); 13C NMR (100 MHz, CD30D) &
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182.1,181.9,173.0,172.7,171.8,171.1, 142.7, 142.5, 142.2, 138.0, 134.9, 134.7, 133.0,
132.8, 130.7, 130.6, 130.5, 130.4, 130.3, 130.1, 129.5, 127.9, 127.8, 127.7, 125.0, 124.9,
117.9, 117.8,53.0,52.4, 44.2, 44.1, 39.9, 39.6, 37.9, 37.6, 36.0, 18.6, 16.4; HRMS (ESI) m/
z calcd for CogHo7CIN3O3 [M — H]™ 488.1746, found 488.1750.

(2S)-N-(3-Chlorophenyl)-2-(2-(4,7-dimethyl-2-oxoindolin-3-yl)acetamido)-N-methyI-3-
phenylpropanamide (24).: The synthetic method was similar to that of compound 1 except
that 2-(4,7-dimethyl-2-oxoindolin-3-yl)acetic acid (100 mg, 0.46 mmol, 1 equiv.) and (S5)-2-
amino- A-(3-chlorophenyl)-A~methyl-3-phenylpropanamide (TFA salt, 222 mg, 0.55 mmol,
1.2 equiv.) were used as starting materials. (Yield 79%, dr 1:1). 'H NMR (600 MHz,
CD30D) §7.27 — 7.07 (m, 6H), 6.91 - 6.85 (m, 3H), 6.68 — 6.63 (m, 1H), 6.29 (s,1H), 4.51
- 4.46 (m, 1H), 3.70 — 3.65 (m, 1H), 3.07 — 2.99 (m, 3H), 2.96 — 2.84 (m, 3H), 2.66 — 2.63
(m, 1H), 2.21 - 2.16 (m, 6H); 13C NMR (100 MHz, CD30D) §182.0, 181.9, 172.9, 172.7,
171.8,171.3, 145.0, 144.7, 142.5, 142.1, 137.9, 137.8, 135.8, 135.6, 133.0, 132.8, 131.8,
131.6, 130.5, 130.3, 129.6, 129.3, 128.6, 128.0, 127.8, 127.2, 127.1, 125.0, 124.9, 117.9,
117.8,53.1, 52.6, 44.2, 39.8, 37.9, 37.7, 36.1, 18.6, 16.5; HRMS (ESI) m/z calcd for
CogHo7CIN3O3 [M — H]™ 488.1746, found 488.1751.

(S)-N-Methyl-2-(2-(naphthalen-2-yl)acetamido)-N,3-diphenylpropanamide (25).: The
synthetic method was similar to that of compound 1 except that 2-(naphthalen-2-yl)acetic
acid (100 mg, 0.54 mmol, 1 equiv.) and (S)-2-amino-A-methyl-,3-diphenylpropanamide
(TFA salt, 239 mg, 0.65 mmol, 1.2 equiv.) were used as starting materials. Yield 79%. 1H
NMR (600 MHz, CD30D) §8.26 (d, J= 7.5 Hz, 1H), 7.81 - 7.74 (m, 3H), 7.64 (s, 1H),
7.46 —7.42 (m, 2H), 7.35 - 7.34 (m, 3H), 7.28 — 7.27 (m, 1H), 7.15 - 7.03 (m, 4H), 6.81 (d,
J=17.2 Hz, 2H), 4.69 — 4.65 (m, 1H), 3.66 — 3.61 (m, 2H), 3.19 (s, 3H), 2.95 (dd, J=13.4,
6.4 Hz, 1H), 2.72 (dd, J= 13.4, 8.4 Hz, 1H); 13C NMR (150 MHz, CD30D) §173.4, 173.3,
144.0, 138.1, 135.0, 134.2, 133.9, 130.9, 130.1, 129.4, 129.4, 129.1, 128.8, 128.7, 128.6,
128.6, 128.3, 127.8, 127.1, 126.7, 53.6, 43.5, 39.0, 38.1; HRMS (ESI) m/z calcd for
CogHo5N20, [M — H]™ 421.1922, found 421.1927.

(S)-N-Methyl-2-(2-(naphthalen-2-yl)acetamido)-3-phenyl-N-(p-tolyl)propanamide
(26).: The synthetic method was similar to that of compound 1 except that 2-(naphthalen-2-
yl)acetic acid (100 mg, 0.54 mmol, 1 equiv.) and (S)-2-amino-A-methyl-3-phenyl-A-(p-
tolyl)propanamide (TFA salt, 249 mg, 0.65 mmol, 1.2 equiv.) were used as starting
materials. Yield 58%. H NMR (600 MHz, CDCl3) 67.83 - 7.77 (m, 3H), 7.63 (s, 1H), 7.49
- 7.45 (m, 2H), 7.28 — 7.26 (m, 1H), 7.14 — 7.05 (m, 5H), 6.79 - 6.75 (m, 4H), 6.17 (d, J=
8.2 Hz, 1H), 4.84 — 4.80 (m, 1H), 3.67 — 3.62 (m, 2H), 3.17 (s, 3H), 2.81 (dd, /= 13.4, 6.9
Hz, 1H), 2.62 (dd, J= 13.4, 7.1 Hz, 1H), 2.35 (s, 3H); 13C NMR (100 MHz, CDCl3) §
171.4,170.0, 139.9, 138.1, 136.1, 133.6, 132.5, 132.2, 130.4, 129.2, 128.6, 128.3, 128.1,
127.7,127.7,127.3, 127.0, 126.7, 126.2, 125.9, 51.0, 43.8, 38.8, 37.7, 21.1; HRMS (ESI) m/
zcalcd for CogHo7N,05 [M = H]™ 435.2079, found 435.2083.

(S)-N-(4-Chlorophenyl)-N-methyl-2-(2-(naphthalen-2-yl)acetamido)-3-
phenylpropanamide (27).: The synthetic method was similar to that of compound 1 except
that 2-(naphthalen-2-yl)acetic acid (100 mg, 0.54 mmol, 1 equiv.) and (S)-2-amino-/N-(4-

Eur J Med Chem. Author manuscript; available in PMC 2021 October 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wang et al.

Page 15

chlorophenyl)-A~methyl-3-phenylpropanamide (TFA salt, 262 mg, 0.65 mmol, 1.2 equiv.)
were used as starting materials. Yield 70%. 1H NMR (600 MHz, CD30D) §7.80 — 7.74 (m,
3H), 7.65 (s, 1H), 7.45 - 7.41 (m, 2H), 7.30 — 7.26 (m, 3H), 7.18 - 7.13 (m, 3H), 6.88 -
6.87 (m, 4H), 4.59 (t, J= 7.5 Hz, 1H), 3.65 — 3.61 (m, 2H), 3.12 (s, 3H), 2.95 (dd, /= 13.3,
7.5 Hz, 1H), 2.74 (dd, /= 13.3, 7.5 Hz, 1H); 13C NMR (100 MHz, CD30D) §173.3, 173.2,
142.6, 137.9, 135.0, 134.2, 133.9, 130.8, 130.3, 129.5, 129.1, 128.8, 128.7, 128.6, 128.3,
128.0, 127.1, 126.7, 53.5, 43.4, 39.2, 38.0; HRMS (ESI) m/z calcd for CogH24CIN,O, [M =
H]~ 455.1532, found 455.1531.

(S)-N-(3-Chlorophenyl)-N-methyl-2-(2-(naphthalen-2-yl)acetamido)-3-
phenylpropanamide (28).: The synthetic method was similar to that of compound 1 except
that 2-(naphthalen-2-yl)acetic acid (100 mg, 0.54 mmol, 1 equiv.) and (S)-2-amino- N-(3-
chlorophenyl)- A-methyl-3-phenylpropanamide (TFA salt, 262 mg, 0.65 mmol, 1.2 equiv.)
were used as starting materials. Yield 90%. 1H NMR (600 MHz, CD30D) 67.79 — 7.74 (m,
3H), 7.67 (s, 1H), 7.44 — 7.40 (m, 2H), 7.32 = 7.24 (m, 3H), 7.19 — 7.13 (m, 3H), 6.93 -
6.76 (m, 4H), 4.58 (t, J= 7.4 Hz, 1H), 3.64 (s, 2H), 3.11 (s, 3H), 2.95 (dd, /= 13.1, 7.9 Hz,
1H), 2.75 (dd, /= 13.1, 7.3 Hz, 1H); 13C NMR (100 MHz, CD30D) §173.4, 173.1, 145.1,
137.8, 135.9, 135.0, 134.2, 133.9, 131.9, 130.2, 129.6, 129.4, 129.1, 128.8, 128.7, 128.7,
128.6,128.3,128.1, 127.2, 127.1, 126.7, 53.6, 43.4, 39.4, 38.0; HRMS (ESI) ml/z calcd for
C23H24C|N202 [M - H]_ 455.1532, found 455.1533.

(S)-N-(3-Fluorophenyl)-N-methyl-2-(2-(naphthalen-2-yl)acetamido)-3-
phenylpropanamide (29).: The synthetic method was similar to that of compound 1 except
that 2-(naphthalen-2-yl)acetic acid (100 mg, 0.54 mmol, 1 equiv.) and (S)-2-amino-N-(3-
fluorophenyl)-A~methyl-3-phenylpropanamide (TFA salt, 251 mg, 0.65 mmol, 1.2 equiv.)
were used as starting materials. Yield 79%. 1H NMR (600 MHz, CD30D) §7.79 - 7.73 (m,
3H), 7.66 (s, 1H), 7.44 — 7.40 (m, 2H), 7.31 - 7.27 (m, 2H), 7.17 - 7.11 (m, 3H), 7.06 (t, /=
7.9 Hz, 1H), 6.87 - 6.81 (m, 3H), 6.62 (s, 1H), 4.63 (t, /= 7.4 Hz, 1H), 3.66 — 3.61 (m, 2H),
3.13 (s, 3H), 2.95 (dd, J=13.2, 7.5 Hz, 1H), 2.74 (dd, J= 13.2, 7.6 Hz, 1H); 13C NMR (100
MHz, CD30D) §173.4, 173.2, 164.2 (d, Jcf = 247.4 Hz), 145.4 (d, Jor = 9.7 Hz), 137.9,
135.0, 134.2, 133.9, 132.1 (d, Jog = 9.1 Hz), 130.2, 129.5, 129.1, 128.8, 128.7, 128.6, 128.3,
128.0,127.1, 126.7, 124.7, 116.2 (d, Jof = 21.3 Hz), 115.9 (d, Jof = 23.1 Hz), 53.6, 43.4,
39.3, 38.0; HRMS (ESI) mil z calcd for CogHosFN2O, [M — H]™ 439.1827, found 439.1830.

(S)-N-Ethyl-2-(2-(naphthalen-2-yl)acetamido)-N,3-diphenylpropanamide (30).: The
synthetic method was similar to that of compound 1 except that 2-(naphthalen-2-yl)acetic
acid (100 mg, 0.54 mmol, 1 equiv.) and (S)-2-amino- A-ethyl-,3-diphenylpropanamide
(TFA salt, 249 mg, 0.65 mmol, 1.2 equiv.) were used as starting materials. Yield 80%. 1H
NMR (600 MHz, CDCl3) 67.83 - 7.78 (m, 3H), 7.64 (s, 1H), 7.50 — 7.45 (m, 2H), 7.36 -
7.34 (m, 3H), 7.27 - 7.26 (m, 1H), 7.14 (t, J= 7.4 Hz, 1H), 7.06 (t, J= 7.6 Hz, 2H), 6.91 —
6.86 (m, 1H), 6.73 (d, /= 7.3 Hz, 2H), 6.08 (d, /= 8.1 Hz, 1H), 4.72 - 4.68 (m, 1H), 3.81 -
3.75 (m, 1H), 3.67 — 3.62 (m, 2H), 3.59 - 3.53 (m, 1H), 2.82 (dd, /= 13.4, 6.9 Hz, 1H), 2.60
(dd, J=13.4, 7.1 Hz, 1H), 1.06 (t, J= 7.2 Hz, 3H); 13C NMR (100 MHz, CDCls3) §170.7,
169.9, 140.8, 136.1, 133.6, 132.5, 132.2, 129.7, 129.3, 128.6, 128.4, 128.3, 128.1, 127.7,
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127.7,127.3,126.8, 126.2, 125.9, 51.4, 44.6, 43.8, 38.8, 12.8; HRMS (ESI) m/z calcd for
CagH27N,05 [M — H]™ 435.2079, found 435.2081.

(S)-N-Methyl-2-(2-(naphthalen-1-yl)acetamido)-N,3-diphenylpropanamide (31).: The
synthetic method was similar to that of compound 1 except that 2-(naphthalen-1-yl)acetic
acid (100 mg, 0.54 mmol, 1 equiv.) and (S)-2-amino-A~methyl- ,3-diphenylpropanamide
(TFA salt, 239 mg, 0.65 mmol, 1.2 equiv.) were used as starting materials. Yield 70%. 1H
NMR (600 MHz, CD30D) 67.86 - 7.83 (m, 2H), 7.76 (d, J= 8.2 Hz, 1H), 7.46 — 7.42 (m,
2H), 7.39 — 7.36 (m, 1H), 7.33 = 7.29 (m, 4H), 7.17 - 7.10 (m, 3H), 7.00 (m, 2H), 6.77 (d, J
= 7.3 Hz, 2H), 4.68 — 4.66 (m, 1H), 3.94 (s, 2H), 3.17 (s, 3H), 2.92 (dd, /= 13.4, 6.3 Hz,
1H), 2.70 (dd, J= 13.4, 8.4 Hz, 2H); 13C NMR (150 MHz, CD30D) 6§173.3, 173.2, 143.9,
138.0, 135.3, 133.5, 132.8, 130.8, 130.1, 129.6, 129.4, 129.3, 129.0, 128.8, 128.6, 127.8,
127.3, 126.7, 126.5, 124.9, 53.5, 40.9, 39.0, 38.1; HRMS (ESI) m/z calcd for CygHo5N205
[M - H]™ 421.1922, found 421.1928.

(S)-N-Methyl-2-(2-(naphthalen-1-yl)acetamido)-3-phenyl-N-(p-tolyl)propanamide
(32).: The synthetic method was similar to that of compound 1 except that 2-(naphthalen-1-
ylacetic acid (100 mg, 0.54 mmol, 1 equiv.) and (S)-2-amino-/N-methyl-3-phenyl-A-(o-
tolyl)propanamide (TFA salt, 249 mg, 0.65 mmol, 1.2 equiv.) were used as starting
materials.

Yield 69%. IH NMR (600 MHz, CDCl3) 67.87 — 7.85 (m, 2H), 7.80 (d, /= 8.2 Hz, 1H),
7.50 = 7.41 (m, 3H), 7.35 (d, /= 6.9 Hz, 1H), 7.13 - 7.08 (m, 3H), 7.01 (t, /= 7.6 Hz, 2H),
6.75 (s, 1H), 6.60 (d, /= 7.4 Hz, 2H), 6.08 (d, /= 8.3 Hz, 1H), 4.82 — 4.78 (m, 1H), 3.99 -
3.90 (m, 2H), 3.12 (s, 3H), 2.68 (dd, J=13.3, 6.9 Hz, 1H), 2.51 (dd, /= 13.4, 7.0 Hz, 1H),
2.35 (s, 3H); 13C NMR (100 MHz, CDCl3) §171.2, 169.9, 139.8, 138.1, 136.0, 133.9,
132.1, 131.0, 130.4, 129.1, 128.7, 128.3, 128.2, 128.2, 127.0, 126.6, 126.5, 126.0, 125.7,
123.8,51.0, 41.6, 38.7, 37.6, 21.1; HRMS (ESI) ml/z calcd for CogHp7N20, [M — H]™
435.2079, found 435.2085.

(S)-N-(4-Chlorophenyl)-N-methyl-2-(2-(naphthalen-1-yl)acetamido)-3-
phenylpropanamide (33).: The synthetic method was similar to that of compound 1 except
that 2-(naphthalen-1-yl)acetic acid (100 mg, 0.54 mmol, 1 equiv.) and (S)-2-amino- N-(4-
chlorophenyl)-A~methyl-3-phenylpropanamide (TFA salt, 262 mg, 0.65 mmol, 1.2 equiv.)
were used as starting materials. Yield 80%. 1H NMR (600 MHz, CD30D) 67.90 — 7.84 (m,
2H), 7.77 (d, J= 8.2 Hz, 1H), 7.46 — 7.45 (m, 2H), 7.40 — 7.37 (m, 1H), 7.32 (d, /= 6.9 Hz,
1H), 7.25 - 7.15 (m, 5H), 6.86 — 6.85 (m, 4H), 4.59 (t, /= 7.5 Hz, 1H), 3.98 — 3.93 (m, 2H),
3.12 (s, 3H), 2.93 (dd, J=13.3, 7.4 Hz, 1H), 2.74 (dd, J= 13.3, 7.6 Hz, 1H); 13C NMR (100
MHz, CD30D) §173.3, 173.2, 142.6, 138.0, 135.4, 135.0, 133.6, 132.8, 130.8, 130.3, 130.2,
129.7,129.6, 129.1, 128.9, 128.0, 127.3, 126.8, 126.6, 124.9, 53.5, 40.8, 39.2, 38.0; HRMS
(ESI) miz calcd for CogH24CINoO, [M — H]™ 455.1532, found 455.1534.

(S)-N-(3-Chlorophenyl)-N-methyl-2-(2-(naphthalen-1-yl)acetamido)-3-
phenylpropanamide (34).: The synthetic method was similar to that of compound 1 except
that 2-(naphthalen-1-yl)acetic acid (100 mg, 0.54 mmol, 1 equiv.) and (S)-2-amino-/N-(3-
chlorophenyl)- A~methyl-3-phenylpropanamide (TFA salt, 262 mg, 0.65 mmol, 1.2 equiv.)
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were used as starting materials. Yield 82%. 1H NMR (600 MHz, CD30D) 67.91 — 7.90 (m,
1H), 7.85 - 7.83 (m, 1H), 7.76 (d, J= 8.2 Hz, 1H), 7.47 - 7.44 (m, 2H), 7.40 - 7.16 (m,
8H), 6.91 — 6.85 (m, 3H), 4.60 — 4.57 (m, 1H), 3.99 - 3.93 (m, 2H), 3.11 (s, 3H), 2.93 (dd, J
=13.1, 7.8 Hz, 1H), 2.74 (dd, J= 13.1, 7.3 Hz, 1H); 13C NMR (100 MHz, CD30D) §173.3,
173.1, 145.1, 137.8, 135.9, 135.3, 133.6, 132.8, 131.9, 130.2, 129.7, 129.6, 129.4, 129.0,
128.9, 128.7, 128.1, 127.3, 127.2, 126.8, 126.6, 124.9, 53.6, 40.8, 39.3, 38.0; HRMS (ESI)
miz calcd for CogHo4CIN2O, [M — H]™ 455.1532, found 455.1535.

(S)-N-(3-Fluorophenyl)-N-methyl-2-(2-(naphthalen-1-yl)acetamido)-3-
phenylpropanamide (35).: The synthetic method was similar to that of compound 1 except
that 2-(naphthalen-1-yl)acetic acid (100 mg, 0.54 mmol, 1 equiv.) and (S5)-2-amino-N-(3-
fluorophenyl)-A~methyl-3-phenylpropanamide (TFA salt, 251 mg, 0.65 mmol, 1.2 equiv.)
were used as starting materials. Yield 65%. 1H NMR (600 MHz, CD30D) §8.23 (d, /= 6.7
Hz, 1H), 7.90 - 7.76 (m, 3H), 7.46 — 7.26 (m, 6H), 7.20 - 7.14 (m, 3H), 7.05 (t, /= 7.8 Hz,
1H), 6.85 - 6.80 (m, 3H), 6.61 (s, 1H), 4.66 — 4.63 (m, 1H), 3.96 (s, 2H), 3.13 (s, 3H), 2.94
(dd, J=13.2, 7.3 Hz, 1H), 2.74 (dd, J= 13.1, 7.7 Hz, 1H); 13C NMR (100 MHz, CD30D) &§
173.4,173.1,164.2 (d, J=247.5 Hz), 145.4 (d, J= 9.5 Hz), 137.9, 135.3, 133.6, 132.7,
132.1 (d, /=9.2 Hz), 130.2, 129.7, 129.5, 129.0, 128.8, 128.0, 127.3, 126.8, 126.5, 124.9,
124.7,116.2 (d, J=21.1 Hz), 115.9 (d, J= 22.7 Hz), 53.5, 40.8, 39.2, 37.9; HRMS (ESI) m/
zcaled for CogHo4FN2O5 [M — H]™ 439.1827, found 439.1831.

(S)-N-Ethyl-2-(2-(naphthalen-1-yl)acetamido)-N,3-diphenylpropanamide (36).: The
synthetic method was similar to that of compound 1 except that 2-(naphthalen-1-yl)acetic
acid (100 mg, 0.54 mmol, 1 equiv.) and (S)-2-amino-N-ethyl-V,3-diphenylpropanamide
(TFA salt, 249 mg, 0.65 mmol, 1.2 equiv.) were used as starting materials. Yield 69%. 1H
NMR (600 MHz, CDCl3) 67.87 — 7.85 (m, 2H), 7.80 (d, /= 8.2 Hz, 1H), 7.50 - 7.41 (m,
3H), 7.36 — 7.32 (m, 4H), 7.09 (t, J= 7.4 Hz, 1H), 7.02 - 6.99 (m, 2H), 6.83 (s, 1H), 6.60 (d,
J=17.4Hz, 2H), 6.07 (d, /=8.3 Hz, 1H), 4.70 — 4.66 (m, 1H), 3.99 - 3.90 (m, 2H), 3.74 -
3.71 (m, 1H), 3.53 — 3.47 (m, 1H), 2.69 (dd, /= 13.3, 6.9 Hz, 1H), 2.50 (dd, /=13.3, 7.0
Hz, 1H), 1.01 (t, J= 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) §170.5, 169.9, 140.7,
136.0, 133.9, 132.1, 131.0, 129.7, 129.2, 128.7, 128.4, 128.3, 128.2, 128.2, 126.6, 126.5,
126.0, 125.7, 123.8, 51.3, 44.6, 41.6, 38.8, 12.7; HRMS (ESI) m/z calcd for CogH27N20,
[M - H]™ 435.2079, found 435.2083.

(S)-2-(2-(1,3-Dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7H-purin-7-yl)acetamido)-N-
methyl-N,3-diphenylpropanamide (37).: The synthetic method was similar to that of
compound 1 except that 2-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7 H-purin-7-yl)acetic
acid (100 mg, 0.42 mmol, 1 equiv.) and (S)-2-amino-A~methyl-,3-diphenylpropanamide
(TFA salt, 184 mg, 0.50 mmol, 1.2 equiv.) were used as starting materials. Yield 77%. 1H
NMR (600 MHz, CD30D) 67.85 (s, 1H), 7.31 = 7.29 (m, 4H), 7.19 — 7.15 (m, 3H), 6.91 -
6.87 (m, 3H), 5.06 - 5.00 (m, 2H), 4.66 (t, /= 7.4 Hz, 1H), 3.53 (s, 3H), 3.30 (s, 3H), 3.17
(s, 3H), 2.98 (dd, J=13.4, 7.4 Hz, 1H), 2.75 (dd, J= 13.4, 7.5 Hz, 1H); 13C NMR (150
MHz, CD30D) §172.9, 168.1, 156.5, 153.2, 149.7, 144.6, 143.8, 137.9, 130.8, 130.2, 129.5,
129.3, 128.6, 127.9, 108.4, 53.4, 49.5, 39.3, 38.1, 30.2, 28.2; HRMS (ESI) ml/z calcd for
CosHosNgO4 [M — H]™ 473.1943, found 473.1945.
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(S)-2-(2-(1,3-Dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7H-purin-7-yl)acetamido)-N-
methyl-3-phenyl-N-(p-tolyl)propanamide (38).: The synthetic method was similar to that
of compound 1 except that 2-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7 H-purin-7-
yl)acetic acid (100 mg, 0.42 mmol, 1 equiv.) and (S)-2-amino- AV-methyl-3-phenyl-A-(p-
tolyl)propanamide (TFA salt, 191 mg, 0.50 mmol, 1.2 equiv.) were used as starting
materials. Yield 72%. *H NMR (600 MHz, CD30D) §7.82 (s, 1H), 7.14 — 7.07 (m, 5H),
6.87 — 6.77 (m, 4H), 5.00 (s, 2H), 4.66 (t, J= 7.4 Hz, 1H), 3.47 (s, 3H), 3.24 (s, 3H), 3.13 (s,
3H), 2.94 (dd, J=13.4, 7.3 Hz, 1H), 2.72 (dd, J= 13.4, 7.5 Hz, 1H), 2.27 (s, 3H); 13C NMR
(100 MHz, CD30D) §172.9, 168.0, 156.4, 153.2, 149.7, 144.6, 141.2, 139.5, 137.9, 131.3,
130.2, 129.4, 128.2, 127.9, 108.4, 53.3, 39.4, 38.1, 30.2, 28.2, 21.1; HRMS (ESI) miz calcd
for CogHo7NgO4 [M — H]™ 487.2100, found 487.2104.

(S)-2-(2-(1,3-Dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7H-purin-7-yl)acetamido)-N-(4-
fluorophenyl)-N-methyl-3-phenylpropanamide (39).: The synthetic method was similar to
that of compound 1 except that 2-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7 H-purin-7-
yl)acetic acid (100 mg, 0.42 mmol, 1 equiv.) and (S)-2-amino-/A-(4-fluorophenyl)- A=
methyl-3-phenylpropanamide (TFA salt, 193 mg, 0.50 mmol, 1.2 equiv.) were used as
starting materials. Yield 67%. IH NMR (600 MHz, CD30D) 68.53 (d, /= 7.5 Hz, 1H), 7.85
(s, 1H), 7.21 - 7.20 (m, 3H), 7.01 - 6.93 (m, 5H), 5.06 — 5.00 (m, 2H), 4.61 (q, J= 7.4 Hz,
1H), 3.52 (s, 3H), 3.29 (s, 3H), 3.13 (s, 3H), 2.99 (dd, J=13.2, 8.1 Hz, 1H), 2.78 (dd, J=
13.3, 7.0 Hz, 1H); 13C NMR (150 MHz, CD30D) §172.9, 168.0, 163.3 (d, J= 247.0 Hz),
156.4, 153.2, 149.7, 144.6, 139.9 (d, /= 3.2 Hz), 137.8, 130.6, 130.3, 129.6, 128.0, 117.3 (d,
J=23.0 Hz), 108.4, 53.3, 49.4, 39.4, 38.1, 30.2, 28.2; HRMS (ESI) milz calcd for
CosHp4FNgO, [M — H]~ 491.1849, found 491.1845.

(S)-2-(2-(1,3-Dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7H-purin-7-yl)acetamido)-N-(3-
fluorophenyl)-N-methyl-3-phenylpropanamide (40).: The synthetic method was similar to
that of compound 1 except that 2-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7 H-purin-7-
yDacetic acid (100 mg, 0.42 mmol, 1 equiv.) and (S)-2-amino-/\-(3-fluorophenyl)- \-
methyl-3-phenylpropanamide (TFA salt, 193 mg, 0.50 mmol, 1.2 equiv.) were used as
starting materials. Yield 75%. *H NMR (600 MHz, CD30D) §8.57 (d, /= 7.3 Hz, 1H), 7.86
(s, 1H), 7.29 = 7.20 (m, 4H), 7.03 (t, /= 8.3 Hz, 1H), 6.94 - 6.93 (m, 2H), 6.71 — 6.54 (m,
1H), 5.04 (s, 2H), 4.67 - 4.63 (m, 1H), 3.52 (s, 3H), 3.30 (s, 3H), 3.14 (s, 3H), 2.99 (dd, J=
13.1, 8.4 Hz, 1H), 2.79 (dd, /= 13.2, 6.7 Hz, 1H); 13C NMR (150 MHz, CD30D) §172.7,
168.0, 164.1 (d, J= 247.4 Hz), 156.5, 153.2, 149.7, 145.2 (d, J= 9.6 Hz), 144.6, 137.7,
132.0 (d, /=9.2 Hz), 130.3, 129.6, 128.0, 124.6, 116.1 (d, /= 21.2 Hz), 115.9 (d, /= 22.6
Hz), 108.4, 53.4, 49.4, 39.6, 37.9, 30.2, 28.2; HRMS (ESI) miz calcd for CosHo4FNgO4 [M
- H]™ 491.1849, found 491.1843.

(S)-N-(4-Chlorophenyl)-2-(2-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7H-purin-7-
ylacetamido)-N-methyl-3-phenylpropanamide (41).: The synthetic method was similar to
that of compound 1 except that 2-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7 H-purin-7-
ylacetic acid (100 mg, 0.42 mmol, 1 equiv.) and (S)-2-amino-/N-(4-chlorophenyl)- -
methyl-3-phenylpropanamide (TFA salt, 201 mg, 0.50 mmol, 1.2 equiv.) were used as
starting materials. Yield 90%. 1H NMR (600 MHz, CDCl3) §7.67 (d, J= 8.1 Hz, 1H), 7.63
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(s, 1H), 7.27 = 7.25 (m, 2H), 7.20 — 7.15 (m, 3H), 6.90 — 6.89 (M, 2H), 6.75 (s, 1H), 4.98 —
4.87 (m, 2H), 4.78 (g, J= 7.7 Hz, 1H), 3.59 (s, 3H), 3.37 (s, 3H), 3.18 (s, 3H), 2.96 (dd, J=
13.4, 7.9 Hz, 1H), 2.80 (dd, J= 13.4, 7.1 Hz, 1H); 13C NMR (100 MHz, CDCl3) §171.2,
165.2, 155.5, 151.5, 148.7, 142.3, 140.8, 135.8, 134.1, 129.9, 129.2, 128.7, 128.4, 127.0,
106.8, 51.4, 49.2, 39.0, 37.7, 29.8, 29.7, 28.0; HRMS (ESI) i/ zcalcd for CosH,4CINGO,
[M — H]~ 507.1553, found 507.1548.

(S)-N-(3-Chlorophenyl)-2-(2-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7H-purin-7-
yl)acetamido)-N-methyl-3-phenylpropanamide (42).: The synthetic method was similar to
that of compound 1 except that 2-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7 H-purin-7-
yl)acetic acid (100 mg, 0.42 mmol, 1 equiv.) and (S)-2-amino-/\-(3-chlorophenyl)- A-
methyl-3-phenylpropanamide (TFA salt, 201 mg, 0.50 mmol, 1.2 equiv.) were used as
starting materials. Yield 82%. IH NMR (600 MHz, CDCls3) §7.63 (s, 1H), 7.50 (d, /= 8.0
Hz, 1H), 7.28 - 7.17 (m, 5H), 6.90 — 6.89 (m, 3H), 6.58 (s, 1H), 4.96 — 4.84 (m, 2H), 4.79 -
4.75 (m, 1H), 3.59 (s, 3H), 3.38 (s, 3H), 3.17 (s, 3H), 2.95 (dd, J=13.3, 8.3 Hz, 1H), 2.80
(dd, /= 13.3, 6.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) §170.9, 164.9, 155.5, 151.5,
148.8, 143.4, 142.2, 135.6, 135.0, 130.6, 129.1, 128.5, 127.5, 127.1, 125.7, 106.8, 51.4,
49.4, 39.1, 37.6, 29.8, 28.0; HRMS (ESI) m/z calcd for Co5H24CINgO4 [M — H]~ 507.1553,
found 507.1559.

(S)-2-(2-(1,3-Dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7H-purin-7-yl)acetamido)-N-ethyl-
N.3-diphenylpropanamide (43).: The synthetic method was similar to that of compound 1
except that 2-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7 H-purin-7-yl)acetic acid (100 mg,
0.42 mmol, 1 equiv.) and (S)-2-amino- A-ethyl-N,3-diphenylpropanamide (TFA salt, 191 mg,
0.50 mmol, 1.2 equiv.) were used as starting materials. Yield 75%. 1H NMR (600 MHz,
CDCl3) §7.57 (s, 1H), 7.37 — 7.33 (m, 4H), 7.15 - 7.09 (m, 3H), 6.90 - 6.81 (m, 3H), 4.95
—4.76 (m, 2H), 4.74 - 4.70 (m, 1H), 3.86 — 3.80 (m, 1H), 3.62 —3.58 (m, 1H), 3.58 (s, 3H),
3.38 (s, 3H), 2.94 (dd, /= 13.7, 6.7 Hz, 1H), 2.73 (dd, /= 13.7, 7.8 Hz, 1H), 1.09 (t, /= 7.2
Hz, 3H); 13C NMR (100 MHz, CDCl3) §170.3, 164.8, 155.5, 151.6, 148.7, 142.0, 140.6,
136.0, 129.7, 129.1, 128.4, 128.4, 128.2, 126.7, 106.7, 51.4, 49.5, 44.7, 38.7, 29.8, 28.0,
12.8; HRMS (ESI) miz calcd for CygH27NgO4 [M — H]™ 487.2100, found 487.2105.

2-(2-(2,4-Dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetamido)-N-methyl-N,3-
diphenylpropanamide (44).: The synthetic method was similar to that of compound 1
except that 2-(2,4-dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetic acid (100 mg, 0.44 mmol, 1
equiv.) and (S)-2-amino-A-methyl- V,3-diphenylpropanamide (TFA salt, 195 mg, 0.53
mmol, 1.2 equiv.) were used as starting materials. Yield 65%. 'H NMR (600 MHz, DMSO-
ap) 68.65 (s, 1H), 8.53 (d, /=7.8 Hz, 1H), 7.45-7.32 (m, 3H), 7.20 - 7.12 (m, 4H), 6.82 —
6.77 (m, 2H), 4.42 — 4.38 (m, 1H), 3.95 — 3.82 (m, 2H), 3.13 (s, 3H), 2.81 (dd, J=13.2, 6.2
Hz, 1H), 2.61 (dd, J= 13.5, 9.2 Hz, 1H), 1.64 — 1.59 (m, 4H), 1.57 — 1.45 (m, 5H), 1.29 -
1.24 (m, 1H); 13C NMR (150 MHz, DMSO-a) 6§176.9, 171.0, 166.1, 155.8, 143.1, 137.7,
130.0, 129.2, 129.2, 128.6, 128.3, 127.9, 126.9, 61.5, 52.1, 37.8, 37.6, 33.7, 24.8, 21.2;
HRMS (ESI) mlzcaled for CogH31N4O4 [M + H]* 463.2340, found 463.2337.
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2-(2-(2,4-Dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetamido)-N,3-diphenylpropanamide.
(45).: The synthetic method was similar to that of compound 1 except that 2-(2,4-dioxo-1,3-
diazaspiro[4.5]decan-3-yl)acetic acid (100 mg, 0.44 mmol, 1 equiv.) and (S)-2-amino-N,3-
diphenylpropanamide (TFA salt, 188 mg, 0.53 mmol, 1.2 equiv.) were used as starting
materials. Yield 70%. 'H NMR (600 MHz, DMSO-a) 6 10.04 (s, 1H), 8.67 (s, 1H), 8.55 (d,
J=7.9Hz, 1H), 7.54 (d, J= 7.8 Hz, 2H), 7.30 = 7.24 (m, 4H), 7.20 — 7.15 (m, 1H), 7.04 (t, J
=7.4 Hz, 1H), 4.64 — 4.59 (m, 1H), 4.00 - 3.89 (m, 2H), 3.02 (dd, J=13.7, 5.8 Hz, 1H),
2.88 (dd, /=13.7, 8.5 Hz, 1H), 1.65 — 1.55 (m, 4H), 1.54 — 1.46 (m, 5H), 1.29 — 1.25 (m,
1H); 13C NMR (150 MHz, DMSO-d4) 6177.0, 170.1, 166.4, 155.9, 139.1, 137.7, 129.6,
129.1, 128.6, 126.9, 123.9, 119.9, 61.5, 55.4, 38.3, 33.7, 33.7, 24.8, 21.2; HRMS (ESI) mlz
calcd for Co5HogN4O4 [M + H]* 449.2183, found 449.2186.

2-(2-(2,4-Dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetamido)-N-(4-methoxyphenyl)-N-
methyl-3-phenylpropanamide (46).: The synthetic method was similar to that of
compound 1 except that 2-(2,4-dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetic acid (100 mg,
0.44 mmol, 1 equiv.) and (S)-2-amino- N-(4-methoxyphenyl)-A~methyl-3-
phenylpropanamide (TFA salt, 211 mg, 0.53 mmol, 1.2 equiv.) were used as starting
materials. Yield 62%. 1H NMR (600 MHz, DMSO-a) 68.65 (s, 1H), 8.50 (d, /= 7.9 Hz,
1H), 7.20 — 7.14 (m, 3H), 7.07 — 6.99 (m, 2H), 6.93 (d, /= 8.3 Hz, 2H), 6.84 (d, /= 7.0 Hz,
2H), 4.41 - 4.35 (m, 1H), 3.95 - 3.79 (m, 2H), 3.76 (s, 3H), 3.08 (s, 3H), 2.83 (dd, J=13.5,
5.3 Hz, 1H), 2.61 (dd, J=13.4, 8.8 Hz, 1H), 1.64 — 1.58 (m, 4H), 1.54 — 1.42 (m, 5H), 1.30
—1.23 (m, 1H); 13C NMR (150 MHz, DMSO-d5) §176.9, 171.2, 166.0, 158.9, 155.8, 137.7,
135.8,129.5, 129.1, 128.8, 128.4, 127.1, 115.3, 114.9, 61.5, 55.9, 55.7, 52.0, 51.8, 37.9,
33.7,24.9, 21.2; HRMS (ESI) miz calcd for Co7H33N405 [M + H]* 493.2445, found
493.2449.

2-(2-(2,4-Dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetamido)-N-methyl-3-phenyl-N-(p-
tolyl)propanamide (47).: The synthetic method was similar to that of compound 1 except
that 2-(2,4-dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetic acid (100 mg, 0.44 mmol, 1 equiv.)
and (S)-2-amino- A-methyl-3-phenyl- AV-(p-tolyl)propanamide (TFA salt, 203 mg, 0.53
mmol, 1.2 equiv.) were used as starting materials. Yield 61%. 1H NMR (600 MHz, DMSO-
ap) 68.65 (s, 1H), 8.50 (d, J=7.9 Hz, 1H), 7.20 — 7.15 (m, 4H), 6.98 (d, /= 7.1 Hz, 2H),
6.85 — 6.80 (m, 2H), 4.44 — 4.39 (m, 1H), 3.96 — 3.82 (m, 2H), 3.09 (s, 3H), 2.82 (dd, J=
12.5, 7.4 Hz, 1H), 2.61 (dd, J= 13.2, 8.9 Hz, 1H), 2.31 (s, 3H), 1.66 — 1.59 (m, 4H), 1.54 -
1.44 (m, 5H), 1.31 - 1.24 (m, 1H); 13C NMR (150 MHz, DMSO-g) §176.9, 171.0, 166.0,
155.8, 140.6, 137.7, 137.7, 130.5, 129.7, 129.3, 128.6, 127.6, 126.9, 61.5, 51.9, 38.0, 37.6,
33.7,24.8,21.2, 21.1; HRMS (ESI) miz calcd for Cy7H33N4O4 [M + H]* 477.2496, found
477.2494.

2-(2-(2,4-Dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetamido)-N-(4-fluorophenyl)-N-
methyl-3-phenylpropanamide (48).: The synthetic method was similar to that of
compound 1 except that 2-(2,4-dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetic acid (100 mg,
0.44 mmol, 1 equiv.) and (S)-2-amino- A-(4-fluorophenyl)- A-methyl-3-phenylpropanamide
(TFA salt, 205 mg, 0.53 mmol, 1.2 equiv.) were used as starting materials. Yield 69%. 1H
NMR (600 MHz, CD30D) §7.32 — 7.23 (m, 5H), 7.03 — 7.00 (m, 2H), 6.98 — 6.96 (m, 2H),
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4.60 - 4.58 (m, 1H), 4.16 — 4.04 (m, 2H), 3.13 (s, 3H), 2.97 (dd, J= 13.1, 8.4 Hz, 1H), 2.75
(dd, J=13.1, 6.6 Hz, 1H), 1.83 - 1.77 (m, 4H), 1.66 — 1.63 (m, 3H), 1.58 — 1.53 (m, 2H),
1.43 - 1.37 (m, 1H); 13C NMR (150 MHz, CD30D) §172.9, 168.0, 163.3 (d, J= 246.8 Hz),
157.7, 139.9, 139.9, 137.9, 130.6 (d, J= 7.6 Hz), 130.4, 129.6, 128.0, 117.4 (d, J= 23.0 Hz),
63.3, 53.2, 40.9, 39.6, 38.1, 34.6, 25.8, 22.5; HRMS (ESI) /m/zcalcd for CogHogFN4O4 [M -
H]~ 479.2100, found 479.2106.

2-(2-(2,4-Dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetamido)-N-(3-fluorophenyl)-N-
methyl-3-phenylpropanamide (49).: The synthetic method was similar to that of
compound 1 except that 2-(2,4-dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetic acid (100 mg,
0.44 mmol, 1 equiv.) and (S)-2-amino- N-(3-fluorophenyl)- A-methyl-3-phenylpropanamide
(TFA salt, 205 mg, 0.53 mmol, 1.2 equiv.) were used as starting materials. Yield 70%. 1H
NMR (600 MHz, CD30D) 67.33 - 7.23 (m, 5H), 7.06 (t, /= 8.3 Hz, 1H), 6.97 — 6.96 (m,
2H), 6.73 (s, 1H), 6.47 (s, 1H), 4.64 — 4.61 (m, 1H), 4.17 — 4.05 (m, 2H), 3.14 (s, 3H), 2.97
(dd, J=13.0, 8.6 Hz, 1H), 2.77 (dd, /= 13.1, 6.4 Hz, 1H), 1.84 — 1.79 (m, 4H), 1.67 — 1.64
(m, 3H), 1.59 — 1.52 (m, 2H), 1.43 — 1.37 (m, 1H); 13C NMR (150 MHz, CD30D) §178.9,
172.7,168.1, 164.2 (d, J= 247.4 Hz), 157.8, 145.3 (d, /= 9.6 Hz), 137.8, 132.1 (d, /=9.1
Hz), 130.4, 129.6, 128.1, 124.6, 116.1 (d, J= 21.1 Hz), 115.8 (d, /= 22.9 Hz), 63.3, 53.4,
40.9, 39.8, 37.9, 34.6, 25.8, 22.5; HRMS (ESI) miz calcd for CogHogFN4O4 [M — H]™
479.2100, found 479.2100.

N-(4-Chlorophenyl)-2-(2-(2,4-dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetamido)-N-
methyl-3-phenylpropanamide (50).: The synthetic method was similar to that of
compound 1 except that 2-(2,4-dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetic acid (100 mg,
0.44 mmol, 1 equiv.) and (S)-2-amino-/N-(4-chlorophenyl)- A-methyl-3-phenylpropanamide
(TFA salt, 213 mg, 0.53 mmol, 1.2 equiv.) were used as starting materials. Yield 56%. 1H
NMR (400 MHz, DMSO-ds) 68.67 (s, 1H), 8.60 (d, J= 7.7 Hz, 1H), 7.45 (d, /= 8.5 Hz,
2H), 7.22 = 7.18 (m, 3H), 7.10 (d, /= 8.1 Hz, 2H), 6.91 — 6.87 (m, 2H), 4.40 — 4.32 (m, 1H),
3.98 - 3.82 (m, 2H), 2.90 — 2.83 (m, 1H), 2.66 (dd, J=13.2, 8.3 Hz, 1H), 1.70 — 1.60 (m,
4H), 1.56 — 1.41 (m, 5H), 1.31 — 1.28 (m, 1H); 13C NMR (100 MHz, DMSO-g) §177.0,
170.9, 166.2, 155.8, 142.0, 137.5, 132.8, 130.0, 129.8, 129.3, 128.7, 127.1, 61.6, 52.0, 38.0,
37.5, 33.7, 24.8, 21.3; HRMS (ESI) mizcalcd for CogH30CIN4O4 [M + H]* 497.1950, found
497.1952.

N-(3-Chlorophenyl)-2-(2-(2,4-dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetamido)-N-
methyl-3-phenylpropanamide (51).: The synthetic method was similar to that of
compound 1 except that 2-(2,4-dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetic acid (100 mg,
0.44 mmol, 1 equiv.) and (S)-2-amino-A-(3-chlorophenyl)- A~methyl-3-phenylpropanamide
(TFA salt, 213 mg, 0.53 mmol, 1.2 equiv.) were used as starting materials. Yield 72%. 1H
NMR (600 MHz, CD30D) §7.32 — 7.25 (m, 7H), 6.98 — 6.96 (m, 2H), 4.60 — 4.58 (m, 1H),
4.17 - 4.05 (m, 2H), 3.12 (s, 3H), 2.97 (dd, /= 13.0, 9.0 Hz, 1H), 2.77 (dd, J= 13.0, 6.2 Hz,
1H), 1.84 - 1.78 (m, 4H), 1.68 — 1.64 (m, 3H), 1.59 — 1.53 (m, 2H), 1.44 — 1.37 (m, 1H);
HRMS-ESI (=) miz calcd for CygH2gCIN4O4 [M — H]™ 495.1805, found 495.1810.
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N-(3-Bromophenyl)-2-(2-(2,4-dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetamido)-N-
methyl-3-phenylpropanamide (52).: The synthetic method was similar to that of
compound 1 except that 2-(2,4-dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetic acid (100 mg,
0.44 mmol, 1 equiv.) and (S)-2-amino-/N-(3-bromophenyl)-A~methyl-3-phenylpropanamide
(TFA salt, 237 mg, 0.53 mmol, 1.2 equiv.) were used as starting materials. Yield 68%. 1H
NMR (600 MHz, DMSO-¢) 68.65 (s, 1H), 8.60 (d, J= 7.3 Hz, 1H), 7.54 (d, /= 7.9 Hz,
1H), 7.33 (t, /= 8.0 Hz, 1H), 7.20 — 7.13 (m, 5H), 6.88 — 6.87 (m, 2H), 4.34 — 4.31 (m, 1H),
3.95-3.84 (m, 2H), 3.08 (s, 3H), 2.86 (dd, /= 13.4, 5.9 Hz, 1H), 2.66 (dd, /= 14.4, 7.2 Hz,
1H), 1.63 - 1.48 (m, 9H), 1.29 — 1.23 (m, 1H); 13C NMR (100 MHz, DMSO-g) §177.0,
171.0, 166.2, 155.8, 144.6, 137.5, 131.7, 131.3, 130.7, 129.3, 128.8, 127.2, 127.1, 122.3,
61.6,52.2,38.1, 37.5, 33.7, 24.9, 21.3; HRMS (ESI) m/z calcd for CogHpgBrN4O4 [M — H]™
539.1299, found 539.1297.

2-(2-(2,4-Dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetamido)-N-ethyl-N,3-
diphenylpropanamide (53).: The synthetic method was similar to that of compound 1
except that 2-(2,4-dioxo-1,3-diazaspiro[4.5]decan-3-yl)acetic acid (100 mg, 0.44 mmol, 1
equiv.) and (S)-2-amino-/A-ethyl-N,3-diphenylpropanamide (TFA salt, 203 mg, 0.53 mmol,
1.2 equiv.) were used as starting materials. Yield 58%. 1H NMR (400 MHz, DMSO-d) &
8.65 (s, 1H), 8.49 (d, /=7.9 Hz, 1H), 7.46 — 7.39 (m, 3H), 7.20 — 7.16 (m, 3H), 7.08 — 7.04
(m, 2H), 6.86 — 6.81 (m, 2H), 4.35 - 4.28 (m, 1H), 3.98 — 3.83 (m, 2H), 3.69 — 3.55 (m, 2H),
2.86 (dd, J=13.4,5.5 Hz, 1H), 2.62 (dd, /= 13.4, 8.5 Hz, 1H), 1.65 - 1.53 (m, 4H), 1.56 —
1.45 (m, 5H), 1.34 — 1.25 (m, 1H), 0.97 (t, J= 7.1 Hz, 3H); 13C NMR (100 MHz, DMSO-
as) 6170.0, 170.4, 166.0, 155.8, 141.3, 137.7, 130.0, 129.4, 128.9, 128.6, 128.5, 127.0,
61.5,52.3,44.2, 38.0, 33.7, 24.9, 21.3, 13.1; HRMS (ESI) mlzcalcd for Co7H33N404 [M +
H]* 477.2496, found 477.2500.

2-(2-(2,5-Diox0-3’,4’-dihydro-2’H-spiro[imidazolidine-4,1’-naphthalen]-1-
ylacetamido)-N-methyl-N,3-diphenylpropanamide (54).: The synthetic method was
similar to that of compound 1 except that 2-(2,5-dioxo-3’,4’-dihydro-2’ H-
spiro[imidazolidine-4,1’-naphthalen]-1-yl)acetic acid (100 mg, 0.36 mmol, 1 equiv.) and
(5)-2-amino-A-methyl-V,3-diphenylpropanamide (TFA salt, 158 mg, 0.43 mmol, 1.2 equiv.)
were used as starting materials. Yield 52%. 1H NMR (600 MHz, DMSO-a) §8.83 (s, 1H),
8.63 (d, /=8.0 Hz, 1H), 7.46 — 7.32 (m, 3H), 7.31 - 7.04 (m, 9H), 6.84 (d, /= 6.4 Hz, 2H),
4.46 — 4.41 (m, 1H), 4.09 — 3.94 (m, 2H), 3.12 (s, 3H), 2.86 (dd, J=13.3, 5.3 Hz, 1H), 2.75
—2.60 (m, 2H), 2.63 — 2.60 (m, 1H), 2.09 — 1.82 (m, 4H); HRMS (ESI) 1/ z calcd for
C3oH31N404 [M + H]* 511.2340, found 511.2340.

2-(2-(2,5-Diox0-3’,4’-dihydro-2’H-spiro[imidazolidine-4,1’-naphthalen]-1-
yl)acetamido)-N,3-diphenylpropanamide (55).: The synthetic method was similar to that
of compound 1 except that 2-(2,5-dioxo-3’,4’-dihydro-2’ H-spiro[imidazolidine-4,1’-
naphthalen]-1-yl)acetic acid (100 mg, 0.36 mmol, 1 equiv.) and (S)-2-amino-/,3-
diphenylpropanamide (TFA salt, 152 mg, 0.43 mmol, 1.2 equiv.) were used as starting
materials. Yield 72%. H NMR (600 MHz, DMSO-dg) 610.09 (s, 1H), 8.87 (s, 1H), 8.68 (s,
1H), 7.54 (s, 2H), 7.26 — 6.94 (m, 10H), 4.72 (s, 1H), 4.15 — 4.05 (m, 2H), 3.05 (s, 2H), 2.91
(s, 1H), 2.76 (s, 2H), 2.08 — 1.81 (m, 4H); 13C NMR (150 MHz, DMSO-a) §176.6, 170.0,
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166.4, 155.7, 139.0, 138.1, 137.7, 134.6, 129.6, 129.6, 129.5, 129.1, 128.6, 128.5, 128.0,
119.9, 126.9, 123.9, 62.8, 55.4, 38.5, 34.1, 28.9, 18.9; HRMS (ESI) /n/z calcd for
CagH2gN4O4 [M + H]* 497.2183, found 497.2182.

2-(2-(2,5-Diox0-3’,4’-dihydro-2’H-spiro[imidazolidine-4,1’-naphthalen]-1-
yl)acetamido)-N-(4-methoxyphenyl)-N-methyl-3-phenylpropanamide (56).: The
synthetic method was similar to that of compound 1 except that 2-(2,5-dioxo-3’,4’-
dihydro-2’ H-spiro[imidazolidine-4,1’-naphthalen]-1-yl)acetic acid (100 mg, 0.36 mmol, 1
equiv.) and (S)-2-amino-/A-(4-methoxyphenyl)- A-methyl-3-phenylpropanamide (TFA salt,
171 mg, 0.43 mmol, 1.2 equiv.) were used as starting materials. Yield 67%. H NMR (600
MHz, DMSO-gg) 68.83 (s, 1H), 8.61 — 8.57 (m, 1H), 7.25-7.11 (m, 7H), 7.06 — 6.96 (m,
2H), 6.95 - 6.92 (m, 2H), 6.91 — 6.86 (m, 2H), 4.44 — 4.34 (m, 1H), 4.10 — 3.98 (m, 2H),
3.77 (s, 3H), 3.08 (s, 3H), 2.87 (dd, /= 13.1, 5.5 Hz, 1H), 2.77 — 2.75 (m, 2H), 2.66 — 2.61
(m, 1H), 2.15-2.02 (m, 2H), 1.92 - 1.80 (m, 2H); HRMS (ESI) m/z calcd for C31H33N405
[M + H]* 541.2445, found 541.2446.

2-(2-(2,5-Diox0-3’,4’-dihydro-2’H-spiro[imidazolidine-4,1’-naphthalen]-1-
yl)acetamido)-N-methyl-3-phenyl-N-(p-tolyl)propanamide (57).: The synthetic method
was similar to that of compound 1 except that 2-(2,5-dioxo-3’,4’-dihydro-2’ H-
spiro[imidazolidine-4,1’-naphthalen]-1-yl)acetic acid (100 mg, 0.36 mmol, 1 equiv.) and
(S)-2-amino-A-methyl-3-phenyl- A-(p-tolyl)propanamide (TFA salt, 164 mg, 0.43 mmol, 1.2
equiv.) were used as starting materials. Yield 55%. 'H NMR (600 MHz, DMSO-a) &8.83
(s, 1H), 8.60 (d, J= 7.9 Hz, 1H), 7.29 (d, J= 7.8 Hz, 1H), 7.29 — 7.12 (m, 8H), 6.95 (d, J=
7.1 Hz, 2H), 6.87 (d, J= 7.4 Hz, 2H), 4.46 — 4.40 (m, 1H), 4.13 — 3.92 (m, 2H), 3.08 (s, 3H),
2.87 (dd, J=13.5, 5.8 Hz, 1H), 2.77 — 2.72 (m, 2H), 2.64 (dd, J= 13.3, 8.4 Hz, 1H), 2.32 (s,
3H), 2.08 — 1.80 (m, 4H); 13C NMR (150 MHz, DMSO-a) 6176.6, 171.0, 166.0, 155.7,
138.1, 137.7, 137.6, 134.6, 130.4, 129.5, 129.4, 128.6, 128.5, 127.6, 126.9, 62.7, 51.8, 38.1,
37.6, 34.0, 28.9, 21.1, 18.9; HRMS (ESI) mi/z calcd for C31H33N404 [M + H]* 525.2496,
found 525.2498.

4.2 Thermal Shift Assays (TSAS) to test compounds for HIV-1 CA hexamer stability

Compounds were screened for their effect on CA stability using purified covalently-
crosslinked hexameric CAAI4C/E45CIW1B4A/MIBSA (CA121). CA121 cloned in a pET11a
expression plasmid was kindly provided by Dr. Owen Pornillos (University of Virginia,
Charlottesville, VA). Protein was expressed in £. co/i BL21(DE3)RIL and purified as
reported previously [34]. The TSA has been previously described [56-58]. Briefly, the TSA
was conducted on the PikoReal Real-Time PCR System (Thermo Fisher Scientific) or the
QuantStudio 3 Real-Time PCR system (Thermo Fisher Scientific). Each reaction contained
7.5 UM CA121, 1x Sypro Orange Protein Gel Stain (Life Technologies), 50 mM sodium
phosphate buffer (pH 8.0) and 1% DMSO (control) or 20 pM compound. The plate was
heated from 25 to 95 °C with a heating rate of 0.2 °C every 10 sec. The fluorescence
intensity was measured with an Ex range of 475-500 nm and Em range of 520-590 nm. The
differences in the melting temperature (AT,) of CA hexamer in DMSO (Tg) verses in the
presence of compound (T,,) were calculated using the following formula: AT=Tm~To.
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4.3 Virus Production

The wild-type laboratory HIV-1 strain, HIV-1y 4-3 [59], was produced using a pNL4-3
vector that was obtained through the NIH AIDS Reagent Program, Division of AIDS,
NIAID, NIH. HIV-1y 43 was generated by transfecting HEK 293FT cells in a T75 flask
with 10 pg of the pNL4-3 vector and FUGENE®HD Transfection Reagent (Promega).
Supernatant was harvested 48—72 hours post-transfection and transferred to MT2 cells for
viral propagation. Virus was harvested when syncytia formation was observed, which took
3-5 days. The viral supernatant was then concentrated using 8% w/v PEG 8,000 overnight at
4 °C, followed by centrifugation for 40 min at 3,500 rpm. The resulting viral-containing
pellet was concentrated 10-fold by resuspension in DMEM without FBS and stored at —80
°C.

4.4  Anti-HIV-1 and Cytotoxicity assays

Anti-HIV-1 activity of PF74 and PF74-related analogs were examined in TZM-GFP cells.
The potency of HIV-1 inhibition by a compound was based on its inhibitory effect on viral
LTR-activated GFP expression compared with that of compound-free (DMSO) controls.
Briefly, TZM-GFP cells were plated at density of 1 x 10% cells per well in a 96-well plate.
24 h later, media was replaced with increasing concentrations of compound. 24 h post
treatment, cells were exposed to an HIV-1 strain (MOI = 1). After incubation for 48 h, anti-
HIV-1 activity was assessed by counting the number of GFP positive cells on a Cytation™ 5
Imaging Reader (BioTek) and 50% effective concentration (ECsp) values were determined.

Cytotoxicity of each compound was also determined in TZM-GFP cells. Cells were plated at
a density of 1x 10 cells per well in a 96-well plate and were continuously exposed to
increasing concentrations of a compound for 72 hours. The number of viable cells in each
well was determined using a Cell Proliferation Kit I (XTT), and 50% cytotoxicity
concentration (CCsgg) values were determined. All the cell-based assays were conducted in
duplicate and in at least two independent experiments.

For the ECg and CCsgq dose responses, values were plotted in GraphPad Prism 5 and
analyzed with the log (inhibitor) vs. normalized response — variable slope equation. Final
values were calculated in each independent assay and the average values were determined.
Statistical analysis (calculation of standard deviation) was performed by using Microsoft
Excel.

4.5 Microsomal stability assay.

The in vitro microsomal stability assay was conducted in duplicate in mouse and human
liver microsomal systems, which were supplemented with nicotinamide adenine dinucleotide
phosphate (NADPH) as a cofactor. Briefly, a compound (1 uM final concentration) was pre-
incubated, in the absence or presence of 0.5 pM Cobicistat (CYP 3A inhibitor, purchased
from medchemexpress.com and verified with LCMS), with the reaction mixture containing
liver microsomal protein (0.5 mg/mL final concentration) and MgCl, (1 mM final
concentration) in 0.1 M potassium phosphate buffer (pH 7.4) at 37 °C for 15 minutes. The
reaction was initiated by addition of 1 mM NADPH, followed by incubation at 37 °C. A
negative control was performed in parallel in the absence of NADPH to measure any
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chemical instability or non-NADPH dependent enzymatic degradation for each compound.
At various time points (0, 5, 15, 30, and 60 min), 1 volume of reaction aliquot was taken and
quenched with 3 volumes of acetonitrile containing an appropriate internal standard and
0.1% formic acid. The samples were then vortexed and centrifuged at 15,000 rpm for 5 min
at 4 °C. The supernatants were collected and analyzed by LC-MS/MS to determine the /in
vitro metabolic half-life (t1/2).

4.6 Molecular modeling

Molecular modeling was performed using the Schrédinger small molecule drug discovery
suite 2019-1 [60]. The crystal structure of native full length HIV-1 capsid protein in
complex with PF74 was retrieved from the protein data bank (PDB code: 4XFZ) [30]. The
above structure was analyzed using Maestro [61] (Schrddinger Inc.) and subjected to a
docking protocol that involves several steps including preparing the protein of interest, grid
generation, ligand preparation, and docking. The crystal structure was refined using the
protein preparation wizard [62] (Schrédinger Inc.) in which missing hydrogen atoms, side
chains, and loops were added using prime and minimized using the OPLS 3e force field [63]
to optimize the hydrogen bonding network and converge the heavy atoms to an rmsd of 0.3
A. The receptor grid generation tool in Maestro (Schrédinger Inc.) was used to define an
active site around the native ligand PF74 to cover all the residues within 12 A. All the
compounds were drawn using Maestro and subjected to LigPrep [64] to generate
conformers, possible protonation at pH of 7+2 that serves as an input for docking process.
All the dockings were performed using Glide XP [65](Glide, version 8.2) with the van der
Waals radii of nonpolar atoms for each of the ligands scaled by a factor of 0.8. The solutions
were further refined by post docking and minimization under implicit solvent to account for
protein flexibility. The residue numbers of HIV-1 capsid protein used in the discussion and
the figures were based on the native full length HI\-1 capsid protein.
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Highlights

. Design of novel analogs and sub-chemotypes of HI\V-1 CA-targeting antiviral
PF74.

. 5-Hydroxyindole analogs (8,9 and 12) showed much improved potency over
PF74

. 2-Indolone analogs (16-24) decreased the Ty, of CA hexamers

. The potencies of a- and B-naphthyl analogs (33 and 27) were comparable to
PF74
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Figure 1.
Compound binding sites and chemotypes targeting HIV-1 CA. (A) Ligand binding sites.

Three distinct small molecule binding sites at CAntp are known for C-4, PF74 and BM-4,
respectively. Host factor cyclophilin A binds to the loop on top. Polypeptide CAl binds to
the CActp. Binding modes were reproduced in Maestro based on PDB 4XFZ [30] with
ligands C-4 & BM-4 (PDB: 4E92 [31]) and CAI (PDB: 2BUO [32]) aligned. The picture
was created in PyMOL while shadows of binding sites were rendered in PowerPoint; (B)
major chemotypes binding to each site: BI-2 and GS-CA1 bind to the PF74 site; BD-3 and
CAP-1 bind to the BM-4 site; arylquinazoline (AQ) and ebselen bind to CAcTp.
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Novel analogs

Binding mode of PF74 based on PDB 4XFZ [30] and the design of novel analogs. (A)
Detailed molecular interaction network of PF74 (magenta sticks) with residues (lines) in
both the CANTp (transparent cyan surface) and the adjacent CActp (blue dot). The indole
moiety of PF74 (boxed) interacts with Q63, K70 of CAnTp and Y169, R173, and K182 of
the adjacent CActp; (B) Novel analogs designed to explore the two-domain interactions of

the indole moiety.
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Figure 3.
Docking poses of key compounds based on native HIV-1 capsid protein bound to PF74

(Glide score: -5.8) (PDB code: 4XFZ [30]). (A) Predicted binding mode of compound 12
(Glide score: 7.6 kcal/mal). (B) Predicted binding mode of 23 (Glide score: —6.4 kcal/mal).
(C) Predicted binding mode of 24 (Glide score: —6.8 kcal/mol). (D) Predicted binding mode
of 27 (Glide score: —6.1 kcal/mol). Hydrogen-bonding, halogen-bonding and cation-mn
interactions are depicted as black dotted lines, pink dashed lines, and double headed arrows,
respectively. CA with key residues around the binding site, and ligands 12, 23, 24, and 27
are colored grey and violet, respectively. The nitrogen, oxygen, and chlorine atoms are
colored blue, red, and green, respectively.
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Scheme 1. Synthesis of novel PF74 analogs.
Reagents and conditions: (a) amine, HATU (or T3P), DIPEA, DMF, rt, 12 h; (b) TFA; DCM,

rt, 4-6 h; (c) HATU, DIPEA, DMF, rt, 12 h.
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Table 1.

Anti-HIV-1 activity, cytotoxicity, and CA hexamer stability profiles of PF74 analogs (modifications at R, R?,
R3).

[ 9 [ IR
NT T NF
H
R1
Compd R! R2 R3 ECs2(1M) CC’uM)  TSACATm (°C)
PF74(1) H Me H 061+0.2 769 7.4
2 H H H 046401 >100 6.1
3 OMe H H 056+0.3 48+5 49
4 OMe H 4-Me 0.28%0.02 > 50 54
5 OMe H 4-F 0.57 £0.02 >50 6.6
6 OMe H 3F 0.99 + 0.002 >50 42
7 OMe H 4-Cl 0.31+0.02 > 50 8.0
8 OH H H 0.053 £ 0.02 5542 6.8
9 OH H 4-Me 0.035 + 0.004 >100 6.3
10 OH H 4F 0.46 % 0.03 > 50 31
11 OH H 3-F 0.3240.02 4746 44
12 OH H 4-Cl 0.032 +0.01 >100 6.6
13 OH H 3-Cl 0.31+0.01 >100 6.9
14 OH H 3-Br 038201 >100 538
15 OH H 3-CF, 0.48 % 0.02 65+ 18 6.8

a . S - - .
Concentration of compound inhibiting HIV-1 replication by 50%, expressed as the mean + standard deviation from at least two independent
experiments.

b ’ . I~ . .
Concentration of compound causing 50% cell death, expressed as the mean + standard deviation from at least two independent experiments.

CTSA: thermal shift assay. ATm: change of CA hexamer melting point in presence of compound compared to DMSO control.
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Table 2.

Anti-HIV-1 activity, cytotoxicity, and CA hexamer stability profiles of novel analogs (R3, R, R).

R4
|

o O N
| R
Rf’\)I\N N
H

Page 37

C
Inhibition% at 2 pM / 20 TSA
Compd RS R4 R3 ot M H ECs2(UM) CCs®(UM)  ATm
(°C)
PF74 (1) éf\ Me H 91/98 0.61%0.2 769 7.4
O
HNI
16 r’r‘ Me H 0/91 ND > 50 -12
O
HN\//(
17 s-‘"J Me 4-Cl 17/96 ND ~50 -04
O
HNI
18 r‘:‘ Me 3-Cl 147857 33£03 > 100 -1.7
O
HN\//(
19 s_‘_,-' Me 3-F 0/93 ND > 50 -0.9
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R4
[
@) N
@) N
5 | JR®
R N ""! /
H
Cc
Inhibition% at 2 uM / 20 TSA
Compd RS R R3 M M ECs2(UM) CCs®(iM)  ATm
(°C)
O
HN
20 ,.rt' Me H o2 49+03 > 100 -18
O
HN
21 ’_‘{' Me 4-F or70? 54+05 > 100 -17
O
HN
22 j.r’.',‘ Me 3-F or70? 52+0.4 60 +6 -18
O
HN
23 ,r':‘ Me 4-Cl 10/98¢ 28+0.1 63+ 13 -13
O
21402 43+2 -2.4

HN
24 ,r':‘ Me 3-Cl 271997
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R4
I
O N
O X
5 | TR3
R N ""! /
H
C
Inhibition% at 2 uM / 20 TSA
Compd RS R R3 M M ECs2(UM) CCs®(iM)  ATm
(°C)
25 és Me H 40/98 ND <50 48
26 .,55 Me 4-Me 80/99 0.99 + 0.005 <50 6.4
27 és Me 4-Cl 95/100 0.63 +0.02 <50 7.0
28 -.-’5 Me 3-Cl 0/94 ND <50 4.3
29 és Me 3-F 0/97 ND <50 5.2
30 és Et H 46/97 ND <50 43
31 Me H 66/100 1.1+0.04 <50 6.0
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R4
I
O N
O X
5 | TR3
R N 1,, /
H
C
Inhibition% at 2 uM / 20 TSA
Compd RS R R3 M M ECs2(UM) CCs®(iM)  ATm
(°C)
32 ' Me 4-Me 96/100 1.0£0.2 <50 5.7
33 ' Me 4-Cl 98/100 0.83 +0.03 <50 7.2
34 ' Me 3-Cl 53/96 ND <50 4.4
35 ' Me 3-F 44/97 ND <50 5.4
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R4
[
O N
(@) N,
rs_J | R
N~ N
H
ibition% TsA®
Compd RS R R3 Inhibition {”\;\t 2uM /20 EC5oa M) Ccsob (M) ATM
(°C)
36 Et H 53/98 1.8+0.00 <50 49
N=
N
NN\ N;g
37 05{ T Me H 10/94 ND >50 0.9
N
/ 0]
N"-\-\-
Nk )
NN\ N;;f
38 OC:(N T Me 4-Me 18/98 ND >50 16
/ (0]
N""-\-
X £
N\ N:s,'
39 0:_-:( T Me 4F 14/85 ND > 50 0
N
/ 3]
N""-\-
LY =)
N7\ N;‘,S
40 0:_-:( T Me 3F 167 ND >50 05
N
/ (0]
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R4
I
@) N
X
RE’\)(:)I\ j/ \O_Rfi
N~ N
H
ibiti TsAS
Compd RS R RS '”h'b'“ono/:,\‘j}tz“M/ 0 Ece®uM) oMy ATm
(°C)
=
NTX\_N.
41 "{ Me 4-cl 6/96 ND > 50 15
N
/ (@]
=
NN\ _N.
42 ‘}i Me 3-Cl 071 ND > 50 0
N
/ (0]
sy
N\ _N.
43 "{ Et H 0/94 ND > 50 038
/ (0]
0]
HN\(
44 N}g Me H -/89 89+15 >100 13
(0]
O
HN\-(
45 N}g H H -0 >20 >100 0
0]
0]
HN\{
46 4-OMe /93 5142 >100 18

Npg Me

0
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R4
I
@) N
rs_J | R
N N
H
ibiti TsAS
Compd RS R4 R3 |nh|b|t|0n°/uo,\§|lt 2puM /20 EC5oa M) Ccsob M) %;I;:n;
0]
HN \(
47 N ]si Me 4-Me -/92 19205 >100 27
(0]
0]
HN\.‘//
48 N ?é Me 4F /99 ND >50 3.1
0]
0]
HN \{
49 N :sg Me 3-F 24/98 ND >50 13
(0]
0]
HN \-(
50 N ;f Me 4-Cl -/96 25+05 >100 2.2
(0]
O
HN«{
51 N }f Me 3-Cl 0/98 ND <50 33
0]
0]
HN \{
52 N ;f Me 3-Br -136 >20 >50 15
(0]
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R4
I
@) N
o] N,
rs_J | R
N~ N
H
ibiti TsAS
Compd RS R RS '”h'b't'onoﬁ’,\‘j}t ZUHMI20 po aimy ce’@M)  aTm
(°C)
O
HN \-(
53 N :sg Et H -192 7.6£0.9 >100 2.0
(0]
0]
HN\(
54 N;,s Me H -i32 >20 >100 0
(0]
@]
HNs-(
55 N; H H =122 >20 >100 06
(0]
@]
%Fgl‘*‘//
56 Me 4-OMe 120 >20 >100 038
g
(0]
@]
HN\(
57 Me 4-Me 141 > 20 >100 0.8
(0]

a . A " . .
Concentration of compound inhibiting HIV-1 replication by 50%, expressed as the mean + standard deviation from at least two independent

experiments.

b . . o . .
Concentration of compound causing 50% cell death, expressed as the mean + standard deviation from at least two independent experiments.
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c . . .
TSA: thermal shift assay. ATm: change of CA hexamer melting point in presence of compound compared to DMSO control.

dFor these compounds, % inhibition is reported at 1 uM / 10 pM.
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Table 3.

Phase | metabolic stability in liver microsomes ty;, (min).

Compd  HLM?  HLM2(+Cobi® MLMP  MLMP (+Cobi%)

pE74¢ 07 o1 0.6 34
3 1.2 - 05 -
7 18 - 0.6 -
16 7.0 - 1 -
20 15 - 0.6 -
24 6.7 107 14 34
25 18 - 05 -
27 2.7 >120 14 18
31 0.6 - 05 -
33 11 102 0.6 7.4
37 4.7 - 12 -
46 5.2 - 0.7 -
47 33 - 12 -
48 11 - 05 -
50 25 >120 11 20

a . .
HLM: human liver microsome

b . .
MLM: mouse liver microsome

cMicrosomaI stability measured in the presence of CYP3A inhibitor Cobi.
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