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Construction of dansylated (fluorescent) amino
acid motifs via C(sp3)–H arylation

Debabrata Bhattacharya,†a Yashika Aggarwal,†a Subhankar Bodak,a Sampurna Pal,b
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We describe the construction of a library of novel dansylated (fluorescent) phenylalanine-type unnatural

amino acid scaffolds using a Pd(II)-catalyzed C(sp3)–H arylation method. A literature survey revealed that,

in general, the dansyl moiety is introduced at the N-terminus of amino acids. Various dansylated amino

acids and peptides have been used as fluorophores or probes and are known to show promising biologi-

cal activities. Our strategy involved the introduction of dansylated anilines into the backbone of amino

acids via a Pd(II)-catalyzed 8-aminoquinoline directing group-aided β-C(sp3)–H arylation strategy. We

have assembled novel racemic/enantioenriched dansylated α-amino acid scaffolds using norvaline,

phenylalanine, leucine, norleucine, and non-α-amino acid derivatives. A preliminary study was conducted

to show the application of representative dansylated phenylalanine-type molecules for detecting metal

cations. We conducted screening of a library of 58 small molecules (10 μM), and identified compounds

18a-(L) and 20b-(D) as potent inhibitors of IAV infection in the human lung alveolar cell line A549.

Introduction

Transition metal-catalyzed functionalization of sp3 C–H bonds
in small molecules has emerged as a pivotal chemical trans-
formation in organic synthesis.1–3 Site-selective incorporation
of functional groups into small molecules has been achieved
with the aid of various types of directing groups (DGs).2,3 In
particular, Pd(II)-catalyzed bidentate directing group (8-amino-
quinoline or picolinamide DG)-directed C–H functionalization
is a well-known method for incorporating functional groups
into the backbone of small molecules, including amino
acids.2–10 This route has enabled the diversification of amino
acids and the construction of new and functionalized nonpro-
teinogenic (unnatural/non-canonical) amino acid motifs.3,6–10

Unnatural amino acids, including D-amino acids, play a
pivotal role in the ever-expanding areas of organic synthesis,
chemical biology, and medicinal chemistry.11,12 They have
found applications as building blocks for synthesizing natural
and bioactive molecules and as molecular tools for studying
peptides, proteins, and enzymes. Incorporation of unnatural
amino acids into proteins has been an intriguing topic of

research in chemical biology.11 Given their vast applications,
there have been continuous efforts to develop new methods
affording modified unnatural amino acid motifs.11,12

Fluorescent and fluorophore moiety-containing molecules
are used as probes to study molecular functions and as
sensors to detect metal ions and small or macromolecules.13

The dansyl moiety is a widely employed fluorophore for label-
ling proteins, peptides, amino acids, and oligonucleotides and
for detecting transition metal cations and imaging living
systems (Fig. 1).14–21 In particular, N-terminus dansylated
amino acid motifs have been used as fluorescent probes for
detecting metal ions and intracellular measurements, and as
chiral molecular probes for apoptosis imaging and protein
tyrosine phosphatase assays.15–19 Furthermore, dansylated
compounds have been explored as bio-active compounds, for
example, as antagonists of human 5-HT4 receptors and antag-
onists of neuropeptide FF,20a,b and some molecules have been
found to exhibit cell-penetrating properties20c and strong
micro-agonist potency in vitro.20d Hohsaka,21a Chamberlin21b

and Schultz21c reported the incorporation of dansylated un-
natural amino acid motifs into proteins.

Markedly, there have been continuous efforts to develop
novel dansyl-based molecular architectures and explore their
applications.14–22

Recently, we reported the incorporation of photo-responsive
azobenzene or fluorene units into the backbone of amino
acids via a Pd(II)-catalyzed bidentate DG-aided β-C(sp3)–H ary-
lation method.6d,e Along this line, we herein report the appli-
cation of a Pd(II)-catalyzed DG-assisted C(sp3)–H arylation†These authors contributed equally.
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route for the construction of dansylated (fluorescent) phenyl-
alanine-type unnatural amino acid scaffolds (Scheme 1). We
aimed to introduce fluorescent dansylated anilines into the

backbone of amino acids via a Pd(II)-catalyzed 8-aminoquino-
line DG-assisted β-C(sp3)–H arylation strategy by using iodoani-
lines having a dansyl moiety as a coupling partner. This study
aimed to synthesize racemic (DL)/enantioenriched (L and D)
phenylalanine-type dansylated α-amino acid scaffolds using
norvaline, phenylalanine, leucine, norleucine, 2-aminobutyric
acid, 2-aminooctanoic acid, and non-α-amino acid derivatives.

Results and discussion

For the synthesis of dansyl-based unnatural amino acid deriva-
tives via a Pd(II)-catalyzed directing group-assisted β-C(sp3)–H
arylation protocol, first, the N-phthaloyl norleucine derivative
3a-(DL) possessing the bidentate directing group (DG) 8-ami-
noquinoline was synthesized from DL-norleucine. We then
attempted the Pd(II)-catalyzed 8-aminoquinoline DG-assisted
arylation of the prochiral β-C(sp3)–H bond6–9 of the norleucine
derivative 3a-(DL) with dansyl-linked 4-iodoaniline (4a, 5-(di-
methylamino)-N-(4-iodophenyl)naphthalene-1-sulfonamide).

Optimization of the reaction conditions was carried out by
using different metal catalysts and additives in different sol-
vents. First, we heated a mixture of the norleucine derivative
3a-(DL) possessing the bidentate directing group (DG) 8-ami-
noquinoline and dansyl-linked 4-iodoaniline (4a, 1 equiv.) in
the presence of Pd(OAc)2 (10 mol%) and AgOAc (as an iodide
ion scavenger, 2.2 equiv.) in toluene (2 mL) at 110 °C for
24 h.6d,e This reaction afforded the expected dansyl-based nor-
leucine unnatural amino acid 5a-(DL) in 28% yield (entry 1,
Table 1). Next, treatment of 3a-(DL) with 2 and 3 equiv. of 4a
in the presence of Pd(OAc)2 and AgOAc furnished product 5a-
(DL) in 45 and 68% yields, respectively (entries 2 and 3,
Table 1). These trials indicated that when the equiv. of 4a was
increased, the yield of product 5a-(DL) also increased.

Subsequently, we treated 3a-(DL) with 4 equiv. of 4a in the
presence of Pd(OAc)2 and AgOAc in toluene at 110 °C for 24 h.
The expected dansylated norleucine 5a-(DL) was obtained in
80% yield (entry 4, Table 1). We then minimized the catalyst
loading to 3–5 mol% under similar reaction conditions, and
correspondingly, 5a-(DL) was obtained in 15–55% yields
(entries 5 and 6, Table 1). Furthermore, changing the catalyst
from Pd(OAc)2 to Ni(OTf)2 failed to produce 5a-(DL) (entry 7,
Table 1). Next, we performed the reaction of 3a-(DL) with 4a
using 1–2 equiv. of AgOAc, which resulted in a decreased yield
of 5a-(DL) (35 and 58% respectively, entries 8 and 9, Table 1).

We then attempted the reaction with various additives such
as Ag2CO3 and K2CO3 instead of AgOAc. The Pd(II)-catalyzed
8-aminoquinoline DG-assisted β-C(sp3)–H arylation of 3a-(DL)
with 4a in the presence of Ag2CO3 in t-BuOH at 100 °C for 24 h
afforded 5a-(DL) in 30% yield (entry 10, Table 1). In contrast, a
similar reaction with K2CO3 as the additive failed to give the
expected product 5a-(DL) (entry 11, Table 1). Finally, we heated
a mixture of 3a-(DL) with 4a in the presence of Pd(OAc)2 and
AgOAc in o-xylene (instead of toluene) at 130 °C for 24 h, and
product 5a-(DL) was obtained in 74% yield (entry 12, Table 1).
We also tested the Pd(II)-catalyzed arylation of 3a-(DL) with 4a

Fig. 1 Examples of N-terminus dansylated amino acid and peptide
molecules and their applications.

Scheme 1 Introduction of dansylated anilines into the backbone of
amino acids via β-C(sp3)–H arylation and construction of dansylated
phenylalanine motifs.
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under microwave heating for 1–10 h, but the reactions were
not successful (entries 13 and 14, Table 1).

We then performed the Pd(II)-catalyzed β-C(sp3)–H arylation
of norleucine substrates 3f-(DL) and 3g-(DL) possessing other
DGs such as 2-(methylthio)aniline (MTA) or 4-amino-2,1,3-ben-
zothiadiazole (ABTD) with 4a. These trials failed to afford the
corresponding norleucine derivatives 5aa-(DL) and 5ab-(DL)
(Table 1). Accordingly, 8-aminoquinoline was found to be a

suitable directing group to conduct the Pd(II)-catalyzed β-C
(sp3)–H arylation of 3a-(DL), affording 5a-(DL).

In all these reactions, purification of the crude reaction
mixture through column chromatography afforded the norleu-
cine unnatural amino acid derivative 5a-(DL) with anti-stereo-
chemistry as the major compound. We did not obtain the
corresponding syn-isomer in characterizable amounts.
Consistent with previous reports, the Pd(II)-catalyzed 8-amino-
quinoline DG-assisted arylation of the prochiral β-C(sp3)–H
bonds of the norleucine derivative 3a-(DL) with 4a was found
to yield the anti-isomer.6–10 Accordingly, the anti-stereo-
chemistry of the major isomer 5a-(DL) was assigned based on
previous reports and our earlier experience.6d,e

Having established the suitable reaction conditions (entry
4, Table 1), we then explored the substrate scope and synthesis
of various dansylated phenylalanine-type unnatural amino
acid scaffolds via a diastereoselective methylene β-C(sp3)–H
arylation protocol. We aspired to accomplish the diastereo-
selective construction of various dansylated aniline-linked un-
natural amino acid scaffolds, including norleucine 5-(DL),
phenylalanine 6-(DL), leucine 7-(DL), and norvaline 8-(DL)
(Scheme 2).

We assembled the required 8-aminoquinoline DG-contain-
ing N-phthaloyl protected (DL)-carboxamides such as phenyl-
alanine 3b-(DL), leucine 3c-(DL), and norvaline 3d-(DL) deriva-
tives from their corresponding α-amino acids by using the
standard amide coupling procedures.6d,10 We treated norleu-
cine carboxamide 3a-(DL) with dansyl-linked 4-iodoaniline
(4a), dansyl-linked 4-iodo-2-methylaniline (4b) or dansyl-linked
3-iodoaniline (4c) in the presence of Pd(OAc)2 and AgOAc in
toluene at 110 °C for 24 h. These attempts furnished the
corresponding dansylated aniline-linked norleucine derivatives
5a-(DL), 5b-(DL), and 5c-(DL) in 75–80% yields (anti-isomers,
Scheme 2). Heating a mixture of phenylalanine carboxamide
3b-(DL) with the dansyl-linked iodoanilines 4a, 4b, and 4c
under similar reaction conditions afforded the corresponding
dansyl-based phenylalanine unnatural amino acid derivatives
6a-(DL), 6b-(DL) and 6c-(DL) in 80–82% yields (anti-isomers).
Similarly, the Pd(II)-catalyzed 8-aminoquinoline-directed β-C
(sp3)–H arylation reaction of leucine carboxamide 3c-(DL) with
4a, 4b and 4c successfully afforded the corresponding dansyl-
based leucine derivatives 7a-(DL), 7b-(DL) and 7c-(DL) in
68–76% yields (anti-isomers). Next, the treatment of norvaline
carboxamide 3d-(DL) with 4a, 4b and 4c under similar reaction
conditions produced the corresponding dansyl-linked norva-
line derivatives 8a-(DL), 8b-(DL) and 8c-(DL) in 80–84% yields
(anti-isomers, Scheme 2).

We then shifted our focus to the preparation of enantio-
enriched dansyl-based unnatural amino acid derivatives
(Schemes 3 and 4). We prepared the required bidentate DG
8-aminoquinoline containing enantioenriched N-phthaloyl L-
and D-carboxamides 3-(L) and 3-(D) from their respective
enantioenriched α-amino acids. First, we conducted the Pd(II)-
catalyzed 8-aminoquinoline-directed β-C(sp3)–H arylation reac-
tion of enantioenriched L-norleucine carboxamide 3a-(L) with
the dansyl-linked iodoanilines 4a, 4b and 4c in the presence of

Table 1 Optimization of reaction conditions. Preparation of the dansy-
lated norleucine motif 5a-(DL) via the Pd(II)-catalyzed arylation of the
C(sp3)–H bond of 3a-(DL) with 4a

Entry
Catalyst
(y mol%)

Additive
(z equiv.)

Solvent
(2 mL) t (h) T (°C)

5a-(DL):
yield (%)

1c Pd(OAc)2 (10) AgOAc (2.2) Toluene 24 110 28
2d Pd(OAc)2 (10) AgOAc (2.2) Toluene 24 110 45
3e Pd(OAc)2 (10) AgOAc (2.2) Toluene 24 110 68
4 Pd(OAc)2 (10) AgOAc (2.2) Toluene 24 110 80
5 Pd(OAc)2 (3) AgOAc (2.2) Toluene 24 110 15
6 Pd(OAc)2 (5) AgOAc (2.2) Toluene 24 110 55
7 Ni(OTf)2 (10) NaHCO3 (2) Toluene 24 110 0
8 Pd(OAc)2 (10) AgOAc (1) Toluene 24 110 35
9 Pd(OAc)2 (10) AgOAc (2) Toluene 24 110 58
10 Pd(OAc)2 (10) Ag2CO3 (2) t-BuOH 24 100 30
11 Pd(OAc)2 (10) K2CO3 (2) Toluene 24 110 0
12 Pd(OAc)2 (10) AgOAc (2.2) o-Xylene 24 130 74
13 f Pd(OAc)2 (10) AgOAc (2.2) Toluene 1–6 110 0
14 f Pd(OAc)2 (10) AgOAc (2.2) Toluene 10 110 <10

a All the reactions were conducted in a sealed tube (purged with N2).
b Isolated yields. In all the reactions, purification using column chrom-
atography yielded the anti-isomer (major) 5a-(DL) and the syn-isomer
(minor) was not obtained in characterizable amounts. c 1 equiv. of 4a.
d 2 equiv. of 4a. e 3 equiv. of 4a. f The reaction was performed under
microwave heating. g Substrate 3a-(DL) with the 8-aminoquinoline DG
was used. h Substrate 3f-(DL) with the 2-(methylthio)aniline DG was
used and the reaction was performed under the conditions shown in
entry 4. i Substrate 3g-(DL) with the 4-amino-2,1,3-benzothiadiazole DG
was used and the reaction was performed under the conditions shown
in entry 4.
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Pd(OAc)2 and AgOAc in toluene at 110 °C for 24 h. These
attempts afforded the corresponding enantioenriched dansyl-
based norleucine derivatives 5a-(L), 5b-(L), and 5c-(L) in
70–78% yields (anti-isomers, Scheme 3). Treatment of enantio-
enriched L-phenylalanine carboxamide 3b-(L) with 4a, 4b, and
4c under similar reaction conditions furnished the corres-
ponding enantioenriched dansyl-based phenylalanine deriva-

Scheme 2 Diastereoselective construction of dansyl-linked unnatural
amino acid derivatives 5–8-(DL) via Pd(II)-catalyzed methylene C(sp3)–H
functionalization.

Scheme 3 Diastereoselective construction of dansyl-linked enantio-
enriched L-unnatural amino acid derivatives 5–8-(L) via Pd(II)-catalyzed
methylene C(sp3)–H functionalization. a For 5a-(L) and 7c-(L), we could
not get a clear HPLC pattern under different HPLC analyses using
different chiral columns/methods. These compounds are believed to be
enantioenriched in analogy to similar compounds described and based
on specific rotation analysis.
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tives 6a-(L), 6b-(L) and 6c-(L) in 75–77% yields (anti-isomers,
Scheme 3). Performing a similar reaction of enantioenriched
L-leucine carboxamide 3c-(L) with 4a, 4b, and 4c gave the
corresponding enantioenriched dansyl-based leucine deriva-

tives 7a-(L), 7b-(L) and 7c-(L) in 60–66% yields (anti-isomers,
Scheme 3). Heating a mixture of enantioenriched L-norvaline
carboxamide 3d-(L) with 4a, 4b and 4c in the presence of Pd
(OAc)2 and AgOAc in toluene at 110 °C for 24 h furnished the
corresponding enantioenriched dansyl-based norvaline deriva-
tives 8a-(L), 8b-(L) and 8c-(L) in 75–82% yields (anti-isomers,
Scheme 3).

Next, enantioenriched D-norleucine carboxamide 3a-(D) was
treated with dansyl-linked iodoanilines 4a, 4b, and 4c in the
presence of Pd(OAc)2 and AgOAc in toluene at 110 °C for 24 h.
These reactions provided the corresponding enantioenriched
dansyl-based norleucine derivatives 5a-(D), 5b-(D), and 5c-(D)
in 68–77% yields (anti-isomers). Next, we performed the Pd(II)-
catalyzed β-C(sp3)–H arylation of enantioenriched
D-phenylalanine carboxamide 3b-(D) with 4a, 4b, and 4c under
similar reaction conditions. These attempts afforded the
corresponding enantioenriched dansyl-based phenylalanine
derivatives 6a-(D), 6b-(D) and 6c-(D) in 70–76% yields (anti-
isomers). The Pd(II)-catalyzed 8-aminoquinoline-directed β-C
(sp3)–H arylation of enantioenriched D-leucine carboxamide
3c-(D) with 4a, 4b and 4c in the presence of Pd(OAc)2 and
AgOAc in toluene at 110 °C for 24 h furnished the corres-
ponding enantioenriched dansyl-based leucine derivatives 7a-
(D), 7b-(D) and 7c-(D) in 55–62% yields (anti-isomers). We
then subjected enantioenriched D-norvaline carboxamide 3d-
(D) to the Pd(II)-catalyzed β-C(sp3)–H arylation with 4a, 4b and
4c. The corresponding enantioenriched dansyl-based norvaline
derivatives 8a-(D), 8b-(D) and 8c-(D) were obtained in 72–82%
yields (anti-isomers, Scheme 4).

Next, we attempted the preparation of dansylated phenyl-
alanines 9a-(DL) and 9b-(DL) via Pd(II)-catalyzed 8-aminoqui-
noline DG-aided methyl β-C(sp3)–H arylation of alanine car-
boxamide (Scheme 5).7–9 Accordingly, racemic N-phthaloyl
alanine carboxamide 3e-(DL) was treated with dansyl-linked
iodoaniline 4b or 4c in the presence of Pd(OAc)2 and AgOAc in
toluene at 110 °C for 24 h. Notably, this reaction furnished the
mono C(sp3)–H arylated products dansylated phenylalanine
derivatives 9a-(DL) and 9b-(DL) in 68–72% yields. Next, we per-
formed similar reactions using enantioenriched L-alanine car-
boxamide 3e-(L) with 4b or 4c and the corresponding enantio-
enriched dansylated phenylalanine derivatives 9a-(L) and 9b-
(L) were obtained in 60–68% yields. Then, enantioenriched
D-alanine carboxamide 3e-(D) was treated with 4b or 4c in the
presence of Pd(OAc)2 and AgOAc, which provided the corres-
ponding enantioenriched dansylated phenylalanine derivatives
9a-(D) and 9b-(D) in 62–65% yields (Scheme 5).

Subsequently, we aimed to construct dansyl-motif contain-
ing short, medium, and long chain-based non-α-amino acid
derivatives via the Pd(II)-catalyzed β-C(sp3)–H arylation method
(Scheme 5). Towards this, we assembled the required carboxa-
mides 10a–f possessing the 8-aminoquinoline DG from their
corresponding N-phthaloyl-protected aminoalkanoic acids.
Then, substrates 10a–f were subjected to the Pd(II)-catalyzed
β-C(sp3)–H arylation with dansyl-linked 4-iodoaniline 4a in the
presence of AgOAc in toluene at 110 °C for 24 h. These reac-
tions furnished a library of the corresponding dansyl-linked

Scheme 4 Diastereoselective construction of dansyl-linked enantio-
enriched D-unnatural amino acid derivatives 5–8-(D) via Pd(II)-catalyzed
methylene C(sp3)–H functionalization. a For 5a-(D) and 7c-(D), we could
not get a clear HPLC pattern under different HPLC analyses using
different chiral columns/methods. These compounds are believed to be
enantioenriched in analogy to similar compounds described and based
on specific rotation analysis.
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non-α-amino acid derivatives 11a–f in 78–84% yields
(Scheme 5).

Next, we shifted our focus towards the utility and synthetic
transformations of dansyl-linked unnatural amino acid deriva-
tives. We attempted the removal of the 8-aminoquinoline
directing group via previously reported standard procedures.4–6

We treated the dansyl-linked norvaline derivative 8a-(DL) with
PTSA (10 equiv.) in ethanol. This reaction afforded the DG-
removed, dansyl-linked norvaline ethyl ester derivative 12a-
(DL) in 72% yield (anti-isomer, Scheme 6). Subsequently, we
performed 8-aminoquinoline DG removal from substrates 8b-
(DL), 8c-(DL), and 6c-(DL) by using PTSA (10 equiv.) in
ethanol. These attempts furnished the corresponding DG-
removed, dansyl-linked norvaline, 12b-(DL) and 12c-(DL), and
phenylalanine, 12d-(DL), compounds in 73–77% yields (anti-
isomers). Along this line, enantioenriched 8b-(L) and 8c-(D)

were treated with PTSA (10 equiv.) in ethanol, which afforded
the corresponding enantioenriched dansyl-linked L-norvaline
12b-(L) and D-norvaline 12c-(D) in 74–78% yields (anti-isomers,
Scheme 6).

We then intended to obtain free amino group-containing
dansyl-linked unnatural amino acid derivatives (Scheme 7).
Accordingly, we attempted the N-Phth deprotection of the
dansyl-linked amino acid derivative 5a-(DL) with ethane-1,2-
diamine,6d–f which afforded the free amino group-containing
dansylated norleucine motif 13a-(DL) in 76% yield (anti-
isomer). Similarly, treatment of 6b-(DL) and 8c-(DL) with
ethane-1,2-diamine furnished the corresponding free amino
group-containing phenylalanine 13b-(DL) and norvaline 13c-
(DL) derivatives in 76–78% yields (anti-isomers). Along this
line, we treated enantioenriched derivatives 5a-(D), 6b-(L) and
8c-(D) with ethane-1,2-diamine. These reactions afforded the
corresponding enantioenriched free amino group-containing
D-norleucine 13a-(D), L-phenylalanine 13b-(L), and D-norvaline

Scheme 5 Construction of dansylated phenylalanine derivatives 9-(DL),
9-(L) and 9-(D) and non-α-amino acid derivatives 11a–f via Pd(II)-cata-
lyzed C(sp3)–H functionalization.

Scheme 6 Synthetic transformations. Removal of the 8-aminoquino-
line DG and construction of dansyl-linked unnatural amino acid ester
derivatives.
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13c-(D) derivatives in 74–76% yields (anti-isomers).
Additionally, compounds 12b-(DL) and 12c-(DL), and enantio-
enriched 12b-(L) and 12c-(D) were subjected to the ethane-1,2-

diamine-aided N-Phth deprotection conditions. These
attempts furnished the corresponding DG-removed, phthali-
mide-deprotected, dansyl-linked norvaline motifs 14a-(DL) and
14b-(DL), and enantioenriched L-norvaline 14a-(L) and
D-norvaline 14b-(D) in 85–89% yields (anti-isomers, Scheme 7).

Subsequently, phenylalanine 13b-(DL) and norvaline 13c-
(DL) derivatives containing the free amino (–NH2) group were
subjected to a standard peptide coupling reaction with N-Boc-
glycine. These reactions provided the corresponding dansyl-
based dipeptides Phe-Gly 19a-(DL) and norVal-Gly 19b-(DL)
(anti-isomers). Similarly, the corresponding enantioenriched
dansyl-based dipeptides Phe-Gly 19a-(L) and norVal-Gly 19b-
(D) were obtained from their respective substrates 13b-(L) and
13c-(D) (anti-isomers). Along this line, dansyl-linked norvaline
14a-(DL) and enantioenriched norvaline 14a-(L) were subjected
to peptide coupling with N-Boc-Gly-Gly-OH. These attempts
provided the corresponding dansyl-based norVal-Gly-Gly tri-
peptides 20a-(DL) and enantioenriched 20a-(L) (anti-isomers).
Similarly, dansyl-linked norvaline 14b-(DL) and enantio-
enriched norvaline 14b-(D) were subjected to peptide coupling
with N-Boc-Gly-OH. These attempts provided the corres-
ponding dansyl-based norVal-Gly dipeptide 20b-(DL) and
enantioenriched 20b-(D) (anti-isomers, Scheme 8).

Furthermore, we also attempted the construction of dansyl-
based unnatural amino acids and peptides via an alternative
methodology. Toward this, we synthesized directing group-
removed, aniline moiety-linked norleucine derivatives 15a-(DL)
and 15a-(L) (anti-isomers) using a previously reported two-step
procedure by our group.6d Accordingly, the synthesis of 15a-
(DL) and 15a-(L) (anti-isomers)6d was accomplished via the Pd
(II)-catalyzed 8-aminoquinoline directed β-C(sp3)–H arylation
reaction of norleucine carboxamides 3a-(DL) and 3a-(L) with
4-iodoacetanilide followed by treatment with ethanol in the
presence of BF3·OEt2 (Scheme 9). Next, norleucine derivatives
15a-(DL) and enantioenriched 15a-(L) (anti-isomers) were sub-
jected to a conventional amide coupling reaction with dansyl
chloride to successfully afford the directing group-removed,
dansyl-linked norleucine derivatives 16a-(DL) and enantio-
enriched 16a-(L) (anti-isomers) in 68–71% yields.
Subsequently, 16a-(DL) and enantioenriched 16a-(L) (anti-
isomers) were treated with ethane-1,2-diamine to furnish the
corresponding phthalimide group-deprotected norleucine
derivatives 17a-(DL) and enantioenriched 17a-(L) (anti-
isomers) in 78–85% yields. Finally, the conventional peptide
coupling reaction of 17a-(DL) and enantioenriched 17a-(L)
(anti-isomers) with N-Boc-glycine successfully afforded the
corresponding dansyl-based peptides norLeu-Gly 18a-(DL) and
enantioenriched 18a-(L) in 78–81% yields (Scheme 9).

It is well known that the Pd(II)-catalyzed bidentate directing
group-directed arylation of β-C(sp3)–H bonds in aliphatic car-
boxamide proceeds through a Pd(II)/Pd(IV) redox catalytic
cycle.4–6 Our attempts to obtain suitable crystals of products as
shown in Schemes 2–4 and 9 for performing X-ray structure
analysis were unsuccessful. Nevertheless, it is well documen-
ted that the diastereoselective arylation of the prochiral C(sp3)–
H bond of the aliphatic chains and amino acid chains

Scheme 7 Synthetic transformations. Construction of dansyl-linked
free amino group-containing unnatural amino acid derivatives.
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afforded products possessing anti-stereochemistry as the
major isomers.5g,6a,d–f,l,n,r Based on the mechanism proposed
in the literature,5,6 the coordination of the 8-aminoquinoline
DG in 3b-(L) to Pd(II) is followed by a concerted metalation–

deprotonation (CMP) process, generating the five-membered
Pd(II) species 21b. Oxidative addition of species 21b with aryl
iodide then generates the Pd(IV) species 21c, which undergoes
reductive elimination to furnish a new C–C bond in species
21d. Halide abstraction followed by proteolysis of species 21d
affords the β-C–H arylated product 6-(L) and regenerates the
Pd(II) species (Scheme 10). The formation of an anti-isomer as
the major product5–9 from the arylation of the prochiral
C(sp3)–H bond of the amino acid backbone aligns with the
involvement of possible conformations 22a or 22b of the

Scheme 8 Synthetic transformations. Construction of dansyl-based
peptides. aN-Boc-glycine (1.1 equiv.), EDC·HCl (1.1 equiv.), HOBt (1.1
equiv.), 0 °C–rt, 24 h. bN-Boc-Gly-glycine (1.1 equiv.), EDC·HCl (1.1
equiv.), HOBt (1.1 equiv.), 0 °C–rt, 24 h. cN-Cbz-glycine (1.1 equiv.),
EDC·HCl (1.1 equiv.), HOBt (1.1 equiv.), 0 °C–rt, 24 h.

Scheme 9 Construction of dansyl-linked amino acids and peptides via
an alternative route (involving the initial introduction of an iodoaniline
group into the amino acid backbone and then the introduction of the
dansyl moiety). a (i) 4-Iodoacetanilide (4 equiv.), Pd(OAc)2 (10 mol%),
AgOAc (2.2 equiv.), toluene (2 mL), 110 °C, 24 h, sealed tube. Then,
BF3·OEt2 (20 equiv.), EtOH (3 mL), 130 °C, 96 h, sealed tube. b (ii) Dansyl
chloride (1.1 equiv.), pyridine (3 equiv.), DCM (3 mL), 0 °C–rt, 24 h. c (iii)
Ethane-1,2-diamine (3 equiv.), t-BuOH (3 mL), rt, 48 h. d (iv) N-Boc-
glycine (1.1 equiv.), EDC·HCl (1.1 equiv.), HOBt (1.1 equiv.), 0 °C–rt, 24 h.
e (v) Compounds 15a-(DL) and 15a-(L) are known compounds6d and
compound 15-(L) is believed to be enantioenriched based on com-
pounds 16a-(L) and 17a-(L) and their HPLC analysis data.
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palladacycle intermediate (formed after the β-C–H activation
of 3b-(L)). This observation is supported by the Pd(II)-catalyzed
8-aminoquinoline-assisted deuteration experiments reported
by Daugulis et al.6a Daugulis observed 64% and less than 10%
deuterium incorporation at the 3S and 3R positions in product
23, respectively (Scheme 10). It is stated6a that since the proto-
nation likely takes place with retention of configuration, it is
anticipated that 21b has an anti arrangement of the N-Phth
and phenyl groups in the conformation 22b or Pd and N-Phth
groups in the conformation 22a. Accordingly, it was proposed
that the diastereoselectivity of the arylation in the backbone of
the amino acid 3b-(L) is established during the palladation
step.6a

In concurrence with literature reports, our earlier studies
and X-ray structure analysis of similar products,2f,6d–f,l,n the
C–H arylation reactions described in this work (Schemes 2–4
and 9) have been shown to afford the corresponding products
possessing anti-stereochemistry (major isomers). Accordingly,
compounds 5-(DL), 6-(DL), 7-(DL), 8-(DL), and 15-(DL), and
enantioenriched derivatives 5-(L), 6-(L), 7-(L), 8-(L), 5-(D),
6-(D), 7-(D), 8-(D) and 15-(L) possessing anti-stereochemistry

were obtained as the major compounds. Similarly, compounds
12-(DL), 13-(DL), 14-(DL), 16-(DL), 17-(DL), 18-(DL), 19-(DL),
and 20-(DL) and enantioenriched motifs 12-(L), 12-(D), 13-(L),
13-(D), 14-(L), 14-(D), 16-(L), 17-(L), 18-(L), 19-(L), 19-(D), 20-(L)
and 20-(D) possessing anti-stereochemistry were obtained from
their corresponding enantioenriched compounds (Schemes
5–8 and 9). For all the chiral products shown in Schemes 3–9,
the absolute stereochemistry was determined through exten-
sive chiral HPLC studies (except for 5a-(L), 7c-(L), 5a-(D) and
7c-(D)).

Dansylated amino acid motifs and peptides have found
applications as fluorescent reagents/probes for detecting tran-
sition metals and as bio-active substrates.15,20 Inspired by pre-
vious literature reports, we recorded the UV-Vis absorption
spectra (λmax (absorption)) of representative compounds syn-
thesized in this work (Fig. 2 and 3). We conducted a prelimi-
nary examination of the fluorescence emission of representa-
tive dansylated amino acid motifs obtained via the C–H aryla-
tion method (Fig. 3). A preliminary metal-binding study of the
representative dansyl-based amino acid motifs prepared in this
work was performed. The fluorescence response was examined
in the presence of different metal ions. Emission spectra
(Fig. 4 and 5) show the fluorescence response of dansyl-based
amino acid motifs 8a-(DL), 5c-(DL), 12d-(DL), 20b-(DL), and
19a-(DL), respectively, in the presence of various metal ions
(such as Sn2+, Zn2+, Cu2+, Al3+, and Fe2+ having chloride and
Hg2+ having acetate as the counter anions) in DMSO/water (in
all cases, at first, the initial emission spectra of compounds in
DMSO were recorded. After this, the corresponding solution of
the compound in DMSO and the metal salt in water were
mixed (ratio = 2 : 1 v/v) and allowed to stand for 5 min, and
then the emission spectra were recorded).

The dansylated amino acid motifs 8a-(DL), 5c-(DL), 12d-
(DL), 20b-(DL), and 19a-(DL) responded to Hg2+ ions predomi-
nantly and we noted a considerable decrease in the fluo-
rescence intensity of these compounds in the presence of Hg2+

(charts D–F, Fig. 4 and charts G and H, Fig. 5). The dansylated
amino acid motifs 8a-(DL), 5c-(DL), 12d-(DL), 20b-(DL), and
19a-(DL) did not largely respond to metal ions including Sn2+,
Al3+, and Zn2+ and there was no substantial change in the fluo-
rescence intensity of these compounds in the presence of Sn2+,
Al3+, and Zn2+ ions. It may be noted that, apart from Hg2+ ions,
in some cases, we observed minor changes in the fluorescence
intensity of compounds 8a-(DL), 5c-(DL), 12d-(DL), 20b-(DL),

Fig. 2 Structures of dansylated derivatives whose UV absorption/emis-
sion spectra were recorded.

Scheme 10 Proposed mechanism of diastereoselective arylation of the
prochiral C(sp3)–H bond of the aliphatic chains in concurrence with lit-
erature reports.5g,6a,d–f,l,n,r
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Fig. 3 (Chart A) Absorption spectra of 5c-(DL), 8a-(DL), 8b-(DL), 12d-
(DL), and 20b-(DL) in CHCl3 (concentration of solution = 0.7 mg per
10 mL). Absorption (λmax (nm)) value for the compounds, 5c-(DL) = 318,
8a-(DL) = 321, 8b-(DL) = 320, 12d-(DL) = 344, 20b-(DL) = 343. (Chart B)
Emission spectra of 20b-(DL) in CHCl3 at an excitation wavelength of
340 nm at different concentrations. (Chart C) Emission spectra of 5c-
(DL), 8a-(DL), 8b-(DL), 12d-(DL), and 20b-(DL) in CHCl3 at an excitation
wavelength of 340 nm (concentration of all the solutions was 21.2 mM).
λmax (emission) (nm) = 5c-(DL): 498, 8a-(DL): 502, 8b-(DL): 498, 12d-
(DL): 498, 20b-(DL): 502 (at the excitation wavelength of 340 nm).

Fig. 4 (Chart D) Emission spectra of P1 = 8a-(DL) (concentration =
100 µM, at the excitation wavelength of 340 nm) in the presence of
various metal ions (10 equiv.). (Chart E) Emission spectra of P2 = 5c-(DL)
(concentration = 100 µM, at the excitation wavelength of 340 nm) in the
presence of various metal ions (10 equiv.). (Chart F) Emission spectra of
P3 = 12d-(DL) (concentration = 100 µM, at the excitation wavelength of
340 nm) in the presence of various metal ions (10 equiv.). P in P1/P2/P3
refers to probe.
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and 19a-(DL) in the presence of Cu2+ and Fe2+ ions.
Additionally, we recorded the fluorescence response of the
dansyl-based amino acid motif 8a-(DL) in the presence of
different concentrations of Hg2+ ions (chart I, Fig. 5). In this

titration attempt, we noted a gradual decrease in the fluo-
rescence/emission intensity of 8a-(DL) when the concentration
of Hg2+ was increased gradually. These preliminary experi-
ments revealed that compounds 8a-(DL), 5c-(DL), 12d-(DL),
20b-(DL), and 19a-(DL) can predominantly detect Hg2+ ions
and to some extent Cu2+ and Fe2+ ions.

Experiments were also performed to see the changes in
emission intensity after adding mixtures of metal salts to the
solution of P1 8a-(DL). The addition of 10 equiv. of Zn2+ to the
solution of P1 8a-(DL) did not result in any change in intensity
(Fig. 6). Then, a mixture containing 10 equiv. each of the
metal ions Zn2+ and Sn2+ did not result in any considerable
change in emission intensity. Next, a mixture containing 10
equiv. each of the metal ions Zn2+, Sn2+ and Fe2+ also did not
result in any considerable change in emission intensity. But
when a mixture containing 10 equiv. each of the metal ions
Zn2+, Sn2+, Fe2+ and Hg2+ was added to the solution, we
observed a drastic decrease in emission intensity, suggesting
the detection of Hg2+ ions by compound 8a-(DL). When a
mixture containing 10 equiv. each of the metal ions Zn2+, Sn2+,
Fe2+, Cu2+ and Hg2+ was added to the solution, there was a
change in emission intensity, suggesting the detection of both
Hg2+ and Cu2+ ions by compound 8a-(DL). However, the
change in intensity was not as drastic as in the previous case,
which involved the detection of only Hg2+, suggesting that
there seems to be a competition between Cu2+ and Hg2+ for
interacting with compound 8a-(DL). These results confirm that
the probe P1 8a-(DL) was successfully able to selectively detect
Hg2+ and Cu2+ to some extent from the mixture of metal ions.
While we have conducted a preliminary study, we are in the
process of expanding the application of the synthesized dansy-
lated amino acid motifs and peptides in detecting and moni-
toring metal ions (e.g., Hg2+ or Cd2+) in aqueous solution and
live cells. Detailed analytical studies will be conducted and
reported in our future work.

Fig. 5 (Chart G) Emission spectra of P4 = 20b-(DL) (concentration =
100 µM, at the excitation wavelength of 340 nm) in the presence of
various metal ions (10 equiv.). (Chart H) Emission spectra of P5 = 19a-
(DL) (concentration = 100 µM, at the excitation wavelength of 340 nm)
in the presence of various metal ions (10 equiv.). λmax (emission) (nm) =
19a-(DL): 537 (concentration = 100 µM, at the excitation wavelength of
340 nm). (Chart I) Emission spectra of P1 = 8a-(DL) (concentration =
100 µM, at the excitation wavelength of 340 nm) with increasing con-
centration of Hg2+ ions. P in P1/P4/P5 stands for probe.

Fig. 6 (Chart J) Emission spectra of P1 = 8a-(DL) (concentration =
100 µM, at the excitation wavelength of 340 nm) after adding mixtures
of metal ions. P in P1 stands for probe.

Organic & Biomolecular Chemistry Paper

This journal is © The Royal Society of Chemistry 2025 Org. Biomol. Chem., 2025, 23, 8499–8534 | 8509

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
A

ug
us

t 2
02

5.
 D

ow
nl

oa
de

d 
on

 2
/7

/2
02

6 
9:

04
:3

4 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ob01017a


High-content screening and identification of 18a-(L) and 20b-
(D) as inhibitors of IAV infection

There is a precedence of dansylated molecules tested for anti-
viral activities.22 Vermeire et al. examined the cellular kinetics
of dansyl-labelled cyclotriazadisulfonamide (CADA) derivatives
with anti-HIV and CD4 receptor downmodulating activities.
Wojaczyńska et al. prepared chiral dansylated motifs and eval-
uated their antiviral activity. Bonora et al. reported the antiviral
properties of dansyl thymidines. Using a previously described
imaging-based high-content screening strategy,23a,b we con-
ducted an initial screening of a library of 58 small molecules
(10 μM) and identified 18a-(L) and 20b-(D) as potent inhibitors
of IAV infection in the human lung alveolar cell line A549. In
the screening, DMSO (solvent) was included as the negative
control, while bafilomycin A1 (BafA1), a selective inhibitor of
the vacuolar-type H+-ATPase (v-ATPase) complex that prevents
endosomal acidification, served as the positive control.

The screening was performed using the IAV X-31 (H3N2)
strain at a multiplicity of infection (MOI) of 0.01, and the
intensity of viral nucleoprotein (NP) per cell at 10 hours post-
infection (h.p.i.), as detected by indirect immunofluorescence
(IIF), was used as the infection readout (Fig. 8A). After hit
identification in the initial screening (in duplicates), we per-
formed focused validation of the hits and found that treatment
of A549 cells with 18a-(L) or 20b-(D) (10 μM) reduced IAV infec-
tion by 79 and 81%, respectively (Fig. 8B and C). Next, we
determined the half maximal inhibitory concentration (IC50)
of 18a-(L) and 20b-(D) against IAV X-31 in A549 cells, with
DMSO and BafA1 serving as controls. The compounds were
serially diluted from 50 μM to 0.5 μM and cells were infected
with the virus in the presence of varying concentrations of
these compounds. At 10 h.p.i., the cells were fixed and pro-
cessed for IIF to detect NP. Using a non-linear regression func-
tion and plotting the compounds vs. normalised response-vari-
able slope, we determined the IC50 values for 18a-(L) and 20b-
(D) to be 1.56 μM and 2.01 μM, respectively (Fig. 8D). Together,
these findings position 18a-(L) and 20b-(D) as promising lead
compounds with strong potential as novel anti-influenza
therapeutics.

After identifying 18a-(L) and 20b-(D) as potent inhibitors of
IAV infection, we next sought to determine which step of the
viral life cycle is blocked by these compounds. To this end, we
monitored viral entry by high-content imaging as previously
described.23a–c The multistep entry of IAV begins with virion
attachment to the cell surface, followed by endocytosis. Once
internalized, the virions are trafficked through early endo-
somes and are subsequently delivered to late endosomes. In
the acidic lumen of the late endosome, viral hemagglutinin
(HA) undergoes pH-dependent conformational rearrange-
ments, rendering the virions fusion competent. As the virions
fuse with the limiting membrane of the late endosome, the
viral M1 capsid uncoats with the aid of distinct host factors,23d

releasing viral nucleoprotein complexes (vRNPs). These vRNPs
are subsequently imported into the nucleus for transcription
and replication. We monitored IAV X-31 entry in the presence

Fig. 8 High-content screening against IAV infection identified the anti-
viral properties of 18a-(L) and 20b-(D). A: Heatmap showing percentage
of NP intensity (in duplicate) in a high-content screening of 58 com-
pounds (10 µM) against IAV X-31 (H3N2) infection for 10 h in A549 cells.
BafA1 (50 nM) and DMSO served as positive and negative controls,
respectively. B: High-content confocal microscopy images of IAV-
infected cells in the presence of DMSO, 18a-(L), 20b-(D), or BafA1,
respectively. Images showing cell nuclei stained with Hoechst (magenta)
and IAV NP (green), visualised by IIF. C: Quantification of IAV infection
assay. D: Graph showing concentration-dependent antiviral effects of
18a-(L) and 20b-(D) against IAV X-31 infection in A549 cells for 10 h. The
half-maximal inhibitory concentrations (IC50) for each compound were
determined using a non-linear regression function. Scale bars, 50 µm.
The P values were determined using one-way ANOVA with multiple
comparisons w.r.t. DMSO. P values <0.05 were considered significant.
The bar graphs show the mean of n = 3 ± SD, and all data except the
high-content screening are representative of three biological replicates
(N = 3).

Fig. 7 Lead compounds 18a-(L) and 20b-(D) identified as inhibitors of
IAV infection during the initial screening.
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of 18a-(L) or 20b-(D) (10 μM). To prevent the synthesis of new
viral proteins, cycloheximide (1 mM) was added to the
medium. Although we did not observe any significant differ-
ence in IAV endocytosis (Fig. 9A), HA acidification (Fig. 9B) or

M1 uncoating (Fig. 9C) between 18a-(L) or 20b-(D) and DMSO-
treated cells, vRNP nuclear import was significantly reduced in
cells treated with 18a-(L) or 20b-(D), compared to the control
(Fig. 9D and E). Collectively, our data indicate that compounds
18a-(L) and 20b-(D) (Fig. 7) attenuate IAV infection by blocking
the transport of vRNPs into the nucleus during viral entry.
Further studies to profile the potential of these lead com-
pounds will be carried out in our future work.

Conclusions

In summary, we have shown the construction of a library of
novel dansylated phenylalanine-type unnatural amino acid
motifs using the Pd(II)-catalyzed C(sp3)–H arylation route. The
β-C(sp3)–H arylation is a well-regarded method for the
functionalization of aliphatic chains.2–6,24 Our strategy
involved the introduction of dansylated anilines into the back-
bone of α-amino acids or non-α-amino acids via a Pd(II)-cata-
lyzed 8-aminoquinoline DG-assisted C(sp3)–H arylation strat-
egy.25 Various examples of racemic (DL) and enantioenriched
(L and D) dansylated α-amino acid scaffolds, including norvaline,
phenylalanine, leucine, norleucine, and non-α-amino acid
derivatives, were synthesized. We performed the removal of the
8-aminoquinoline DG and the phthalimide moiety, and the
subsequent assembly of dansylated phenylalanine derivatives
possessing free amino and carboxylate groups. Then, we also
showed the preparation of peptides using dansylated phenyl-
alanine derivatives. We conducted a preliminary study of detect-
ing metal cations using representative dansylated phenyl-
alanines obtained in this work. Some dansylated phenylalanines
were able to detect Hg2+ and Cu2+ ions. A high-content screen-
ing against IAV infection identified the antiviral properties of
18a-(L) and 20b-(D) (as potent inhibitors of IAV infection).
Various dansylated amino acids and peptides are known in the
literature and in general, the dansyl moiety has been introduced
at the N-terminus of amino acids/peptides. This investigation
deals with introducing dansylated anilines into the backbone of
amino acids, generating dansylated phenylalanine-type amino
acid motifs. It is well documented that dansylated amino acids
and peptides are versatile fluorophores/probes in chemical
biology and some compounds have biological activities.
Accordingly, this work on constructing dansylated phenyl-
alanine unnatural amino acid derivatives is expected to enrich
the library of dansylated amino acid scaffolds.

Experimental
General

Reactions were performed in oven-dried round-bottom flasks/
sealed tubes using anhydrous solvents under a nitrogen atmo-
sphere. TLC analyses were performed on silica gel or silica gel
60 F254 pre-coated plates. The components were visualized
with exposure to iodine vapour or by irradiation under a UV
lamp. Column chromatography purification was performed

Fig. 9 Compounds 18a-(L) and 20b-(D) block IAV vRNP import during
viral entry. Quantification of IAV endocytosis (A), HA acidification (B), M1
uncoating (C), and vRNP nuclear import (D). In IAV endocytosis, chlor-
promazine (CPZ) was included as a positive control, whereas BafA1
served as the positive control in HA acidification, M1 uncoating, and
vRNP nuclear import. E: High-content confocal images showing vRNP
nuclear import in the presence of DMSO, 18a-(L), 20b-(D) and BafA1.
Cell nuclei were stained with Hoechst (magenta) and IAV NP (green) was
detected by IIF. The P values were determined using one-way ANOVA
with multiple comparisons w.r.t. DMSO. P values <0.05 were considered
significant. The bar graphs show the mean of n = 3 ± SD, and all data are
representative of three biological replicates (N = 3).
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using silica gel (100–200 mesh) (eluent = ethyl acetate :
hexane). 1H NMR and 13C{1H} NMR spectra were recorded on
400 and ∼101 MHz spectrometers (using TMS as an internal
standard). HRMS data were obtained on a QTOF mass analyzer
using the electrospray ionization (ESI) method. The IR spectra
of samples were recorded either using neat samples or in an
appropriate solvent. For finding the specific rotations of enan-
tiopure samples, the solutions were prepared in CHCl3.
Polarimeter analysis data were recorded at 589 nm wavelength
using a cell length of 100 mm; concentration (c) is expressed
as g per 100 mL. All HPLC analysis patterns were determined
using isolated compounds. Despite repeated trials and using
different chiral columns, for some compounds, the HPLC
profile was obtained with broad peaks and some other minor
signals, presumably due to rotamers or solvent impurities. The
HPLC analysis results are reported as obtained using the best
possible conditions and chiral columns. All the yields reported
are isolated yields and the yields are not optimized.
Sometimes there were marginal/considerable variations in
yields/enantiomeric ratios for the racemic/enantiopure pairs.
This is perhaps due to inadvertent handling/processing errors
and manual gathering of all possible pure fractions. While
there seems to be partial racemization under the experimental
conditions, the observed best er values in HPLC analysis are
reported. The observed er values were checked for some
selected pairs by repeating the reaction once again. The
dansyl-based aryl iodides in this work were prepared via a stan-
dard amide coupling method using dansyl chloride and the
corresponding anilines. For 5a-(L), 7c-(L), 5a-(D) and 7c-(D), we
could not get a clear HPLC pattern under different HPLC ana-
lyses using different chiral columns/methods. Compound 13a-
(D), derived from 5a-(D), was successfully characterized via
HPLC. By analogy, 5a-(D) is believed to be enantioenriched.
We measured the specific optical rotation of compounds 5a-
(L), 7c-(L), 5a-(D) and 7c-(D), which indicated their optical
activities. Accordingly, compounds 5a-(L), 7c-(L), and 7c-(D)
are believed to be enantioenriched in analogy to other similar
compounds described.

Biological activity studies: Materials
and methods
Cells and viruses

The human alveolar lung epithelial cell line A549 was purchased
from ATCC. A549 cells were cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM) (Gibco), supplemented with 10% fetal
bovine serum (FBS) (Merck), 1% nonessential amino acid (NEAA)
(Invitrogen), 1% penicillin–streptomycin, and glutamine
(Invitrogen) at 37 °C in a 5% CO2 incubator. The purified influ-
enza A virus (IAV) X-31 (H3N2) strain was purchased from M/s
Microbiologics, USA (formerly Virapur LLC).

High-content screening of compounds against IAV infection

A549 cells (8 × 104 cells per ml) were seeded in each well of a
96-well optical-bottom plate (Greiner). When the cells reached

75–80% confluency, they were washed once with the infection
medium (DMEM, 50 mM HEPES pH 6.8, and 0.2% bovine
serum albumin (BSA)). After washing, the cells were then
infected with IAV X-31 (H3N2) at a multiplicity of infection (M.
O.I.) of 0.001 in the presence of compounds (10 μM) diluted in
infection medium. All compounds were previously dissolved in
DMSO to generate 10 mM stock solutions. DMSO at equivalent
volumes was used as a negative control. Bafilomycin A1
(BafA1) (50 nM) was used as the positive control for IAV infec-
tion. At 10 h post-infection (h.p.i.), the cells were washed twice
with phosphate-buffered saline (PBS, pH 7.4) and fixed with
4% formaldehyde at room temperature (RT) for 20 min.
Indirect immunofluorescence (IIF) against IAV NP was per-
formed to detect infected cells. Briefly, the fixed cells were per-
meabilised with permeabilization solution (PS) (5% FBS, 1%
BSA, 0.1% saponin in PBS) at RT for 30 min. The cells were
then incubated with anti-NP (HB65) antibody diluted in PS
(1 : 30) for 2 h at RT. After washing thrice with 1× PBS, the cells
were incubated with anti-mouse Alexa Flour (AF) 488-conju-
gated secondary antibody (1 : 1000) and Hoechst (1 : 10 000) in
PS for 1 h at RT. After staining, the cells were thoroughly
washed with PBS and imaged using a high-content spinning-
disk confocal quantitative image cytometer (CQ1, Yokogawa)
with maximum intensity projection of five Z-stacked images.
NP intensity was calculated using ImageJ and GraphPad Prism
9 was used to plot the data. The screening was performed in
duplicate. Compounds inhibiting IAV infection by >50% were
further validated in a follow-up infection assay, performed in
triplicate.

Determination of IC50

A549 cells were seeded at a density of 8 × 104 cells per mL in
96-well optical-bottom plates (Greiner). To calculate IC50

values, the respective compounds were serially diluted (50 μM
to 500 nM) in the infection medium. IAV X-31 (H3N2) was
added at an M.O.I. of 0.01 in the presence of serially diluted
compounds when the cells were 75–80% confluent. At 10 h.p.
i., the cells were fixed and IIF against NP was performed to
detect infected cells, as previously described. IC50 values were
calculated using a non-linear regression function. IC50 values
have been plotted as (inhibitor) vs. normalised response-vari-
able slope in GraphPad Prism 9.

IAV cellular entry assays

IAV cellular entry assays (IAV endocytosis, HA acidification, M1
uncoating, and vRNP nuclear import) were performed as pre-
viously described.23a–c Briefly, A549 cells (8 × 104 cells per ml)
were seeded in each well of a 96-well optical-bottom plate
(Greiner). When the cells reached 75–80% confluency, the IAV
entry assays were performed. For all the assays, 0.25 μl of puri-
fied IAV X-31 was added to each well in the presence of 10 μM
of the respective compounds diluted in infection media.
DMSO was added as an equal volume of compounds and
served as a negative control. Following viral addition, the cells
were incubated to allow virus internalization for various time
points and subsequently fixed with 4% formaldehyde. All the
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IAV entry assays were performed in the presence of 1 mM cyclo-
heximide to prevent the de novo synthesis of viral proteins. For
the endocytosis assay, virus particles were allowed to interna-
lise for 30 min. Chlorpromazine (CPZ) (25 μg ml−1) was used
as the positive control for the IAV endocytosis assay, and bafi-
lomycin A1 (BafA1) (50 nM) was used as positive control in HA
acidification, M1 uncoating and vRNP nuclear import assays.
Virions were allowed to internalize for 1 h, 2.5 h and 4 h to
detect HA acidification, M1 uncoating, and vRNP nuclear
import, respectively. Following virus internalization, the cells
were fixed with 4% formaldehyde at respective time points and
processed for IIF. To detect endocytosed virus particles, first,
the HA of surface-bound viruses was incubated with a saturat-
ing concentration of rabbit polyclonal anti-HA antibody
(1 : 1000) diluted in blocking solution (BS) containing 5% FBS
and 1% BSA in PBS in non-permeabilized cells to block all HA
epitopes. Following blocking of HA epitopes, the cells were
incubated with anti-rabbit Alexa Flour (AF) 647-conjugated sec-
ondary antibody (1 : 1000 in BS). Subsequently, the cells were
re-fixed and permeabilised with PS at RT for 30 min. Next, the
permeabilized cells were incubated with mouse monoclonal
anti-HA1 antibody ((H3SKE) 1 : 100 in PS) for 1 h, and further
incubated with anti-mouse Alexa Flour (AF) 488-conjugated
secondary antibody (1 : 1000) and Hoechst (1 : 10 000) in PS for
1 h. Acidic pH-induced conformational changes in HA (HA
acidification) were detected using mouse monoclonal antibody
A1 (1 : 1000 in PS) that specifically reacts to the acid confor-
mation of HA. M1 uncoating was detected using mouse mono-
clonal anti-M1 (HB64) antibody (1 : 10 in PS), and vRNP
nuclear import was detected using mouse monoclonal anti-NP
(HB65) antibody (1 : 30 in PS). Anti-mouse Alexa Flour (AF)
488-conjugated secondary antibody (1 : 1000) in PS was used to
visualise acidified HA, M1, and NP. Imaging was performed in
a high-content spinning-disk confocal quantitative image cyt-
ometer (CQ1, Yokogawa) with maximum intensity projection
of five Z-stacked images. The intensity of HA (internalized) and
HA (acid) per cell was calculated using ImageJ. Cytosolic M1
(dispersed) was used as a readout for M1 uncoating, and the
percentage of cells displaying dispersed M1 was quantified.
For vRNP nuclear import, the NP intensity within the nucleus
was calculated. GraphPad Prism 9 was used to plot the data.

Statistical analysis

Statistical analysis was performed using Graphpad Prism 9. All
data except for the high-content screening are represented as
mean ± SD. All data are representative of three biological repli-
cates (N = 3) and P values were determined using one-way
ANOVA with multiple comparisons w.r.t. DMSO. P values <0.05
were considered statistically significant.

Procedure for the synthesis of dansylated unnatural amino
derivatives 5a–c/6a–c/7a–c/8a–c/9a, 9b/11a–f via the Pd(II)-
catalyzed 8-aminoquinoline-aided β-C–H arylation of amino
acid carboxamides

A mixture of an appropriate amino acid carboxamide 3a–e or
10a–f (0.1–0.15 mmol), an appropriate dansyl-based aryl

iodide 4a–c (4 equiv.), Pd(OAc)2 (10 mol%) and AgOAc26 (2.2
equiv.) in anhydrous toluene (2 mL) was heated at 110 °C for
24 h under a nitrogen atmosphere. After the reaction period,
the reaction mixture was concentrated under reduced pressure
to afford a crude reaction mixture, which was purified by
column chromatography on silica gel (eluent = EtOAc/hexane)
to give the corresponding dansyl-based unnatural amino acid
derivative (see the corresponding table/scheme for the specific
entry).

Procedure for the removal of the 8-aminoquinoline directing
group towards the preparation of dansylated amino acid ester
derivatives 12a–d

Dansylated amino acid carboxamide 6c or 8a–c (0.1 mmol, 1
equiv.), p-TsOH·H2O (10 equiv.) and anhydrous ethanol (3 mL)
were added to a screw-cap sealed tube containing a magnetic
bead. The tube containing the mixture was flushed with nitro-
gen and sealed before submerging into a silicon oil bath pre-
heated to 130 °C. After 48 h, the reaction solution was cooled to
rt and the excess solvent was removed under reduced pressure.
Following this, the reaction mixture was poured into a separ-
ating funnel and diluted with water; then the aqueous phase
was extracted with EtOAc (3 times). The collected organic layers
were dried over anhydrous Na2SO4, and the solvent was evapor-
ated under reduced pressure to afford a crude mixture, which
was purified by column chromatography to afford the corres-
ponding dansylated amino acid ester derivative (see the corres-
ponding table/scheme for the specific entry).

Procedure for the synthesis of dansylated amino acid motif
16a

To the appropriate free-amine containing amino acid deriva-
tive (15a) were added anhydrous DCM and pyridine (3 equiv.).
To this reaction mixture, dansyl chloride (1.1 equiv.) was
added at 0 °C, and the reaction mixture was then stirred at
room temperature for 24 h. After 24 h, the reaction mixture
was washed with water and NaHCO3. The collected organic
layers were dried over anhydrous Na2SO4, and the solvent was
evaporated under reduced pressure to afford a crude reaction
mixture, which was purified by column chromatography to
afford the corresponding dansylated amino acid derivative (see
the corresponding table/scheme for the specific entry).

Procedure for the deprotection of the phthalimide group and
synthesis of Phth-free amino acid derivatives 13a–c/14a, 14b/
17a

To an appropriate Phth-protected amino acid derivative 5/6/8/
12/16 (0.057–0.1 mmol, 1 equiv.) in t-BuOH (3 mL), ethylene-
diamine (ethane-1,2-diamine, 10 equiv.) was added. The reac-
tion mixture was stirred at rt for 24 h and then the solvent was
removed under reduced pressure. The resultant reaction
mixture was diluted with EtOAc (5–7 mL) and washed with
water. The combined organic layers were dried over anhydrous
Na2SO4 and concentrated under reduced pressure. The result-
ing crude reaction mixture was purified by column chromato-
graphy to afford the corresponding phthalimide-free amino
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acid derivatives 13a–c/14a, 14b/17a (see the corresponding
table/scheme for the specific entry).

Typical procedure for the synthesis of dansylated peptides
(18a, 19a, 19b, 20a and 20b)

The appropriate free-amine containing dansylated amino acid
derivative 13b, 13c/14a, 14b/17a was dissolved in anhydrous
DCM, and then EDCI (1.1 equiv.), HOBt (1.1 equiv.) and DMAP
(0.1 equiv.) were added at 0 °C. After 30 min, glycine
N-protected glycine (1 equiv.) or N-protected Gly–Gly (1 equiv.)
was added and stirred at rt for 24 h. The reaction was moni-
tored by TLC, and after completion, the crude product was
extracted with DCM and water and washed thoroughly with
NaHCO3. The organic layers were collected and dried over
anhydrous Na2SO4. The solvent was evaporated to afford a
crude reaction mixture, which was purified by column chrom-
atography to afford the corresponding dansyl-based peptide
18a/19a, 9b/20a, 20b (see the corresponding table/scheme for
the specific entry).

(2R*,3S*)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)hexanamide
(5a-(DL)). Following the general procedure, 5a-(DL) was
obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 70 : 30) as a brown coloured semi-
solid (anti isomer, 80%, 85 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50 : 50) 0.40; IR (DCM): 3284, 2925, 1714, 1384, 721 cm−1; 1H
NMR (400 MHz, CDCl3): δH 9.90 (s, 1H), 8.60 (dd, J1 = 4.2 Hz,
J2 = 1.6 Hz, 1H), 8.49 (dd, J1 = 7.3 Hz, J2 = 1.6 Hz, 1H), 8.34 (d, J
= 8.5 Hz, 1H), 8.29 (d, J = 8.6 Hz, 1H), 8.02 (dd, J1 = 8.3 Hz, J2 =
1.6 Hz, 1H), 7.98 (dd, J1 = 7.4 Hz, J2 = 1.0 Hz, 1H), 7.89 (dd, J1 =
5.4 Hz, J2 = 3.0 Hz, 2H), 7.73 (dd, J1 = 5.5 Hz, J2 = 3.0 Hz, 2H),
7.48 (t, J = 8.4 Hz, 1H), 7.40 (dd, J1 = 8.2 Hz, J2 = 1.6 Hz, 1H),
7.36 (t, J = 8.2 Hz, 1H), 7.28 (dd, J1 = 8.3 Hz, J2 = 4.2 Hz, 1H),
7.23 (d, J = 8.4 Hz, 2H), 7.17–7.13 (m, 1H), 7.09 (d, J = 7.5 Hz,
1H), 7.00 (s, 1H), 6.90 (d, J = 8.4 Hz, 2H), 5.21 (d, J = 11.6 Hz,
1H), 3.96 (td, J1 = 11.4 Hz, J2 = 3.6 Hz, 1H), 2.82 (s, 6H),
1.66–1.59 (m, 1H), 1.46–1.40 (m, 1H), 0.93–0.82 (m, 2H), 0.53
(t, J = 7.3 Hz, 3H); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC
168.2, 165.7, 148.2, 138.3, 137.6, 135.9, 135.5, 134.3, 134.0,
133.9, 131.6, 130.6, 130.1, 129.6, 129.6, 129.3, 128.5, 127.6,
127.0, 123.7, 122.9, 122.3, 121.8, 121.5, 118.5, 116.7, 115.1,
60.8, 45.3, 43.1, 35.1, 19.6, 13.7; HRMS (ESI): m/z (M + H)+

calcd for C41H38N5O5S: 712.2594; found: 712.2573.
(2S,3R)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)

phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)hexanamide
(5a-(L)). Following the general procedure, 5a-(L) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 70 : 30) as a brown coloured semi-solid (anti
isomer, 78%, 67 mg, 0.12 mmol); Rf (EtOAc/hexanes = 50 : 50)
0.40; IR (CHCl3): 3274, 2926, 1715, 1385, 720 cm−1; 1H NMR
(400 MHz, CDCl3): δH 9.88 (s, 1H), 8.61 (dd, J1 = 4.2 Hz, J2 = 1.6
Hz, 1H), 8.48 (dd, J1 = 7.4 Hz, J2 = 1.4 Hz, 1H), 8.34 (d, J = 8.5
Hz, 1H), 8.27 (d, J = 8.6 Hz, 1H), 8.04 (dd, J1 = 8.3 Hz, J2 = 1.4
Hz, 1H), 7.97 (dd, J1 = 7.3 Hz, J2 = 1.0 Hz, 1H), 7.90 (dd, J1 = 5.4
Hz, J2 = 3.0 Hz, 2H), 7.74 (dd, J1 = 5.5 Hz, J2 = 3.0 Hz, 2H), 7.48
(t, J = 8.4 Hz, 1H), 7.41 (dd, J1 = 8.2 Hz, J2 = 1.4 Hz, 1H),

7.39–7.35 (m,1H), 7.30 (dd, J1 = 8.3 Hz, J2 = 4.2 Hz, 1H), 7.23
(d, J = 8.4 Hz, 2H), 7.17–7.09 (m, 2H), 6.92 (s, 1H) 6.87 (d, J =
8.4 Hz, 2H), 5.18 (d, J = 11.6 Hz, 1H), 4.06 (td, J1 = 11.3 Hz, J2 =
3.9 Hz, 1H), 2.82 (s, 6H), 1.51–1.41 (m, 2H), 0.89–0.82 (m, 2H),
0.69 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (∼101 MHz, CDCl3): δC
168.2, 165.7, 151.9, 148.1, 138.2, 137.5, 135.9, 135.5, 134.3,
134.0, 133.8, 131.6, 130.6, 130.1, 129.6, 129.5, 129.3, 128.5,
127.6, 127.0 123.7, 122.8, 122.2, 121.8, 121.5, 118.4, 116.7,
115.1, 60.7, 45.3, 43.1, 35.1, 19.6, 13.7; (α)25D = −14.00 (c =
0.02 g per 100 mL, CHCl3); HRMS (ESI): m/z (M + H)+ calcd for
C41H38N5O5S: 712.2594; found: 712.2562.

(2R,3S)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)hexanamide
(5a-(D)). Following the general procedure, 5a-(D) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 70 : 30) as a brown coloured semi-solid (anti
isomer, 77%, 55 mg, 0.1 mmol); Rf (EtOAc/hexanes = 50 : 50)
0.40; IR (CHCl3): 3279, 2927, 1715, 1387, 720 cm−1; 1H NMR
(400 MHz, CDCl3): δH 9.88 (s, 1H), 8.61 (dd, J1 = 4.2 Hz, J2 = 1.6
Hz, 1H), 8.48 (dd, J1 = 7.4 Hz, J2 = 1.4 Hz, 1H), 8.34 (d, J = 8.5
Hz, 1H), 8.27 (d, J = 8.6 Hz, 1H), 8.04 (dd, J1 = 8.3 Hz, J2 = 1.5
Hz, 1H), 7.96 (dd, J1 = 7.3 Hz, J2 = 1.0 Hz, 1H), 7.90 (dd, J1 = 5.4
Hz, J2 = 3.0 Hz, 2H), 7.74 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.48
(t, J = 8.3 Hz, 1H), 7.41 (dd, J1 = 8.2 Hz, J2 = 1.4 Hz, 1H),
7.39–7.35 (m, 1H), 7.30 (dd, J1 = 8.3 Hz, J2 = 4.2 Hz, 1H), 7.23
(d, J = 8.4 Hz, 2H), 7.17–7.10 (m, 2H), 6.88–6.86 (m, 3H), 5.18
(d, J = 11.6 Hz, 1H), 4.06 (td, J1 = 11.4 Hz, J2 = 3.9 Hz, 1H), 2.83
(s, 6H), 1.52–1.41 (m, 2H), 0.97–0.89 (m, 2H), 0.69 (t, J = 7.3
Hz, 3H); 13C{1H} NMR (∼101 MHz, CDCl3): δC 168.2, 165.7,
151.9, 148.2, 138.3, 137.6, 135.9, 135.5, 134.3, 134.0, 133.8,
131.6, 130.6, 130.1, 129.6, 129.5, 129.3, 128.5, 127.6, 127.0,
123.7, 122.8, 122.2, 121.8, 121.5, 118.4, 116.7, 115.1, 60.8, 45.3,
43.1, 35.1, 19.6, 13.7; (α)25D = +13.00 (c = 0.02 g per 100 mL,
CHCl3); HRMS (ESI): m/z (M + Na)+ calcd for C41H37N5NaO5S:
734.2413; found: 734.2410.

(2R*,3S*)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)-
3-methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)
hexanamide (5b-(DL)). Following the general procedure, 5b-
(DL) was obtained after purification by column chromato-
graphy on silica gel (EtOAc : hexanes = 70 : 30) as a brown
coloured semi-solid (anti isomer, 75%, 82 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50 : 50) 0.40; IR (DCM): 3289, 2926, 1712,
1381, 726 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.86 (s, 1H),
8.64 (dd, J1 = 4.2 Hz, J2 = 1.4 Hz, 1H), 8.51 (dd, J1 = 7.2 Hz, J2 =
1.6 Hz, 1H), 8.37 (d, J = 8.5 Hz, 1H), 8.28 (d, J = 8.6 Hz, 1H),
8.02 (dd, J1 = 8.3 Hz, J2 = 1.4 Hz, 1H), 7.90–7.87 (m, 3H), 7.72
(dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.43–7.35 (m, 3H), 7.31 (dd, J1
= 8.3 Hz, J2 = 4.2 Hz, 1H), 7.17–7.11 (m, 3H), 7.07–7.03 (m,
2H), 6.67 (s, 1H), 5.20 (d, J = 11.6 Hz, 1H), 4.07 (td, J1 = 11.2
Hz, J2 = 4.2 Hz, 1H), 2.82 (s, 6H), 1.86 (s, 3H), 1.56–1.43 (m,
2H), 1.02–0.88 (m, 2H), 0.72 (t, J = 7.3 Hz, 3H); 13C{1H} NMR
(∼101.0 MHz, CDCl3): δC 168.2, 165.8, 151.8, 148.1, 138.2,
138.1, 135.9, 134.6, 134.2, 133.8, 133.6, 131.9, 131.6, 130.6,
130.5, 129.9, 129.6, 129.5, 128.2, 127.6, 126.9, 124.2, 123.6,
122.8, 121.7, 121.5, 118.6, 116.6, 115.0, 60.8, 45.3, 43.1, 35.0,
19.6, 17.6, 13.7. The enantiomeric ratio of compound 5b-(DL)

Paper Organic & Biomolecular Chemistry

8514 | Org. Biomol. Chem., 2025, 23, 8499–8534 This journal is © The Royal Society of Chemistry 2025

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
A

ug
us

t 2
02

5.
 D

ow
nl

oa
de

d 
on

 2
/7

/2
02

6 
9:

04
:3

4 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ob01017a


was determined using the Daicel Chiralpak AD column,
hexane/i-PrOH 70 : 30, flow rate 1.0 mL min−1, UV detection at
254 nm, tD = 45.25 min, tL = 61.11 min; HRMS (ESI): m/z (M +
H)+ calcd for C42H40N5O5S: 726.2750; found: 726.2744.

(2S,3R)-3-(4-((5-(Dmethylamino)naphthalene)-1-sulfonamido)-
3-methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)
hexanamide (5b-(L)). Following the general procedure, 5b-(L)
was obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 70 : 30) as a brown coloured semi-
solid (anti isomer, 77%, 56 mg, 0.1 mmol scale); Rf (EtOAc/
hexanes = 50 : 50) 0.4; IR (CHCl3): 3293, 2927, 1713, 1382,
720 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.87 (s, 1H), 8.66 (dd,
J1 = 4.2 Hz, J2 = 1.4 Hz, 1H), 8.50 (dd, J1 = 7.4 Hz, J2 = 1.2 Hz,
1H), 8.38 (d, J = 8.5 Hz, 1H), 8.25 (d, J = 8.7 Hz, 1H), 8.08–8.06
(m, 1H), 7.91–7.86 (m, 3H), 7.74 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz,
2H), 7.45–7.41 (m, 2H), 7.39–7.34 (m, 2H), 7.17–7.07 (m, 4H),
7.00 (d, J = 8.2 Hz, 1H), 6.39 (s, 1H), 5.18 (d, J = 11.6 Hz, 1H),
4.06 (td, J1 = 11.2 Hz, J2 = 4.5 Hz, 1H), 2.83 (s, 6H), 1.84 (s, 3H),
1.55–1.44 (m, 2H), 1.04–0.92 (m, 2H), 0.73 (t, J = 7.2 Hz, 3H);
13C{1H} NMR (∼101 MHz, CDCl3): δC 168.2, 165.8, 151.8, 148.2,
138.3, 138.2, 135.9, 134.6, 134.3, 133.9, 133.6, 131.8, 131.6,
130.7, 130.6, 130.0, 129.6, 129.5, 128.3, 127.6, 127.0, 124.2,
123.7, 122.9, 121.8, 121.6, 118.6, 116.7, 115.0, 60.9, 45.3, 43.2,
35.0, 19.7, 17.6, 13.8; (α)25D = −5.00 (c = 0.02 g per 100 mL,
CHCl3). The enantiomeric ratio (er 94 : 6) of compound 5b-(L)
was determined using the Daicel Chiralpak AD column,
hexane/i-PrOH 70 : 30, flow rate 1.0 mL min−1, UV detection at
254 nm, tD = 46.71 min, tL = 63.08 min; HRMS (ESI): m/z (M +
H)+ calcd for C42H40N5O5S: 726.2750; found: 726.2751.

(2R,3S)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)-
3-methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)hex-
anamide (5b-(D)). Following the general procedure, 5b-(D) was
obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 70 : 30) as a brown coloured semi-
solid (anti isomer, 77%, 56 mg, 0.1 mmol); Rf (EtOAc/hexanes
= 50 : 50) 0.4; IR (CHCl3): 3294, 2927, 1714, 1383, 720 cm−1; 1H
NMR (400 MHz, CDCl3): δH 9.87 (s, 1H), 8.66 (d, J = 2.9 Hz,
1H), 8.50 (d, J = 7.2 Hz, 1H), 8.38 (d, J = 8.5 Hz, 1H), 8.25 (d, J =
8.6 Hz, 1H), 8.06 (d, J = 8.2 Hz, 1H), 7.90–7.86 (m, 3H), 7.74
(dd, J1 = 5.1 Hz, J2 = 3.0 Hz, 2H), 7.45–7.40 (m, 2H), 7.38–7.34
(m, 2H), 7.17–7.07 (m, 4H), 7.00 (d, J = 8.0 Hz, 1H), 6.43–6.40
(m, 1H), 5.18 (d, J = 11.5 Hz, 1H), 4.06 (td, J1 = 11.4 Hz, J2 = 3.6
Hz, 1H), 2.83 (s, 6H), 1.84 (s, 3H), 1.53–1.43 (m, 2H), 1.01–0.92
(m, 2H), 0.73 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (∼101 MHz,
CDCl3): δC 168.2, 165.8, 151.9, 148.2, 138.3, 138.2, 135.9, 134.6,
134.2, 133.9, 133.6, 131.9, 131.7, 130.7, 130.6, 130.0, 129.6,
129.5, 128.3, 127.6, 127.0, 127.0, 124.3, 123.7, 122.9, 121.8,
121.5, 118.6, 116.7, 115.0, 60.9, 45.3, 43.2, 35.1, 19.7, 17.6,
13.8; (α)25D = +6.25 (c = 0.02 g per 100 mL, CHCl3). The enantio-
meric ratio (er 93 : 7) of compound 5b-(D) was determined
using the Daicel Chiralpak AD column, hexane/i-PrOH 70 : 30,
flow rate 1.0 mL min−1, UV detection at 254 nm, tD =
46.87 min, tL = 64.15 min; HRMS (ESI): m/z (M + H)+ calcd for
C42H40N5O5S: 726.2750; found: 726.2744.

(2R*,3S*)-3-(3-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)hexanamide

(5c-(DL)). Following the general procedure, 5c-(DL) was
obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 70 : 30) as a brown coloured semi-
solid (anti isomer, 78%, 83 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50 : 50) 0.40; IR (DCM): 3285, 2930, 1711, 1381, 723 cm−1; 1H
NMR (400 MHz, CDCl3): δH 9.53 (s, 1H), 8.40–8.39 (m, 2H),
8.28 (d, J = 8.4 Hz, 1H), 8.21 (d, J = 8.4 Hz, 1H), 8.03 (d, J = 7.2
Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.82 (dd, J1 = 5.4 Hz, J2 = 3.0
Hz, 2H), 7.65 (dd, J1 = 5.2 Hz, J2 = 3.0 Hz, 2H), 7.44 (t, J = 8.0
Hz, 1H), 7.29–7.22 (m, 2H), 7.18–7.13 (m, 3H), 7.02–6.94 (m,
4H), 6.87 (d, J = 7.7 Hz, 1H), 5.10 (d, J = 11.6 Hz, 1H), 3.88 (td,
J1 = 11.4 Hz, J2 = 3.3 Hz, 1H), 2.66 (s, 6H), 1.36–1.18 (m, 2H),
0.66–0.53 (m, 5H); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC
168.2, 165.6, 151.8, 148.0, 141.8, 138.1, 137.2, 135.7, 134.2,
133.7, 133.5, 131.6, 130.6, 130.6, 129.8, 129.5, 129.5, 128.6,
127.5, 126.9, 125.7, 123.6, 122.8, 121.7, 121.4, 120.9, 120.6,
118.3, 116.6, 115.1, 60.3, 45.2, 43.6, 35.3, 19.4, 13.6. The enan-
tiomeric ratio of compound 5c-(DL) was determined using the
Daicel Chiralpak IA column, hexane/i-PrOH 80 : 20, flow rate
1.0 mL min−1, UV detection at 254 nm, tL = 70.13 min, tD =
94.53 min; HRMS (ESI): m/z (M + H)+ calcd for C41H38N5O5S:
712.2594; found: 712.2596.

(2S,3R)-3-(3-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)hexanamide
(5c-(L)). Following the general procedure, 5c-(L) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 70 : 30) as a brown coloured semi-solid (anti
isomer, 70%, 50 mg, 0.1 mmol); Rf (EtOAc/hexanes = 50 : 50)
0.4; IR (CHCl3): 3287, 2924, 1715, 1384, 754 cm−1; 1H NMR
(400 MHz, CDCl3): δH 9.62 (s, 1H), 8.51–8.49 (m, 2H), 8.37 (d, J
= 8.6 Hz, 1H), 8.31 (d, J = 8.4 Hz, 1H), 8.13 (d, J = 7.2 Hz, 1H),
7.99 (dd, J1 = 8.2 Hz, J2 = 1.0 Hz, 1H), 7.92 (dd, J1 = 5.5 Hz, J2 =
3.0 Hz, 2H), 7.76 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.55 (t, J =
8.4 Hz, 1H), 7.40–7.33 (m, 2H), 7.29–7.21 (m, 3H), 7.13–7.07
(m, 4H), 6.97 (d, J = 7.8 Hz, 1H), 5.20 (d, J = 11.6 Hz, 1H), 3.97
(td, J1 = 12.4 Hz, J2 = 4.0 Hz, 1H), 2.77 (s, 6H), 1.47–1.43 (m,
1H), 1.36–1.30 (m, 1H), 0.92–0.69 (m, 2H), 0.63 (t, J = 5.9 Hz,
3H); 13C{1H} NMR (∼101 MHz, CDCl3): δC 168.2, 165.6, 151.9,
148.0, 141.8, 138.1, 137.2, 135.7, 134.2, 133.7, 133.4, 131.6,
130.6, 130.6, 129.8, 129.5, 129.4, 128.6, 127.5, 126.9, 125.7,
123.7, 122.8, 121.7, 121.4, 120.9, 120.6, 118.3, 116.6, 115.1,
60.3, 45.2, 43.5, 35.3, 19.4, 13.6; (α)25D = −16.00 (c = 0.02 g per
100 mL, CHCl3). The enantiomeric ratio (er 97 : 3) of com-
pound 5c-(L) was determined using the Daicel Chiralpak IA
column, hexane/i-PrOH 80 : 20, flow rate 1.0 mL min−1, UV
detection at 254 nm, tL = 70.75 min, tD = 96.86 min; HRMS
(ESI): m/z (M + H)+ calcd for C41H38N5O5S: 712.2594; found:
712.2592.

(2R,3S)-3-(3-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)hexanamide
(5c-(D)). Following the general procedure, 5c-(D) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 70 : 30) as a brown coloured semi-solid (anti
isomer, 68%, 48 mg, 0.1 mmol scale); Rf (EtOAc/hexanes =
50 : 50) 0.4; IR (CHCl3): 3281, 2925, 1712, 1386, 753 cm−1; 1H
NMR (400 MHz, CDCl3): δH 9.62 (s, 1H), 8.51–8.49 (m, 2H),
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8.38 (d, J = 8.6 Hz, 1H), 8.31 (d, J = 8.4 Hz, 1H), 8.13 (d, J = 7.2
Hz, 1H), 8.00 (d, J = 8.2 Hz, 1H), 7.92 (dd, J1 = 5.5 Hz, J2 = 3.0
Hz, 2H), 7.76 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.55 (t, J = 8.2
Hz, 1H), 7.40–7.33 (m, 2H), 7.27–7.23 (m, 3H), 7.12–7.05 (m,
4H), 6.97 (d, J = 7.8 Hz, 1H), 5.20 (d, J = 11.6 Hz, 1H), 3.97 (td,
J1 = 11.5 Hz, J2 = 3.8 Hz, 1H), 2.77 (s, 6H), 1.46–1.42 (m, 1H),
1.36–1.30 (m, 1H), 0.90–0.85 (m, 1H), 0.74–0.69 (m, 1H), 0.63
(t, J = 5.9 Hz, 3H); 13C{1H} NMR (∼101 MHz, CDCl3): δC 168.2,
165.6, 151.8, 148.0, 141.8, 138.1, 137.2, 135.7, 134.2, 133.7,
133.4, 131.6, 130.6, 130.6, 129.8, 129.5, 129.4, 128.6, 127.5,
126.9, 125.7, 123.7, 122.8, 121.7, 121.4, 120.9, 120.6, 118.3,
116.6, 115.1, 60.3, 45.2, 43.5, 35.3, 19.4, 13.6; (α)25D = +20.00 (c =
0.02 g per 100 mL, CHCl3). The enantiomeric ratio (er 93 : 7) of
compound 5c-(D) was determined using the Daicel Chiralpak
IA column, hexane/i-PrOH 80 : 20, flow rate 1.0 mL min−1, UV
detection at 254 nm, tL = 68.35 min, tD = 93.73 min; HRMS
(ESI): m/z (M + H)+ calcd for C41H38N5O5S: 712.2594; found:
712.2595.

(2R*,3S*)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-3-phenyl-N-(quinolin-8-yl)
propanamide (6a-(DL)). Following the general procedure, 6a-
(DL) was obtained after purification by column chromato-
graphy on silica gel (EtOAc : hexanes = 60 : 40) as a brown
coloured semi-solid (anti isomer, 82%, 92 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50 : 50) 0.40; IR (DCM): 3283, 2925, 1710,
1383, 725 cm−1; 1H NMR (400 MHz, CDCl3): δH 10.08 (s, 1H),
8.57–8.55 (m, 2H), 8.33 (d, J = 8.5 Hz, 1H), 8.23 (d, J = 8.6 Hz,
1H), 8.03 (d, J = 7.4 Hz, 1H), 8.00 (dd, J1 = 8.3 Hz, J2 = 1.0 Hz,
1H), 7.69 (dd, J1 = 5.5 Hz, J2 = 3.1 Hz, 2H), 7.57–7.55 (m, 2H),
7.42–7.35 (m, 5H), 7.25–7.22 (m, 4H), 7.18–7.14 (m, 1H),
7.10–7.03 (m, 3H), 6.98 (t, J = 7.4 Hz, 1H), 6.91 (d, J = 7.6 Hz,
2H), 5.83 (d, J = 12.3 Hz, 1H), 5.48 (d, J = 12.3 Hz, 1H), 2.79 (s,
6H); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC 167.8, 165.3,
151.8, 148.2, 140.4, 138.2, 137.0, 135.8, 134.2, 134.0, 133.8,
131.2, 130.7, 130.0, 129.6, 129.4, 128.9, 128.6, 128.4, 127.6,
127.6, 126.9, 126.9, 123.4, 122.9, 122.0, 121.6, 121.4, 118.4,
116.7, 115.1, 58.3, 49.5, 45.3. The enantiomeric ratio of com-
pound 6a-(DL) was determined using the Daicel Chiralpak IA
column, hexane/i-PrOH 20 : 30, flow rate 0.5 mL min−1, UV
detection at 254 nm, tL = 39.62 min, tD = 48.22 min; HRMS
(ESI): m/z (M + H)+ calcd for C44H36N5O5S: 746.2437; found:
746.2430.

(2S,3R)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-3-phenyl-N-(quinolin-8-yl)
propanamide (6a-(L)). Following the general procedure, 6a-(L)
was obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 60 : 40) as a brown coloured semi-
solid (anti isomer, 75%, 62 mg, 0.11 mmol scale); Rf (EtOAc/
hexanes = 50 : 50) 0.4; IR (CHCl3): 3282, 2929, 1712, 1384,
749 cm−1; 1H NMR (400 MHz, CDCl3): δH 10.09 (s, 1H), 8.55 (d,
J = 5.1 Hz, 2H), 8.32 (d, J = 8.5 Hz, 1H), 8.26–8.24 (m, 1H), 8.03
(d, J = 7.3 Hz, 1H), 7.98 (m, 1H), 7.68 (dd, J1 = 5.4 Hz, J2 = 3.1
Hz, 2H), 7.54 (dd, J1 = 5.3 Hz, J2 = 2.9 Hz, 2H), 7.44–7.34 (m,
6H), 7.25–7.22 (m, 3H), 7.15 (t, J = 8.1 Hz, 1H), 7.08 (t, J = 7.6
Hz, 2H), 7.02 (d, J = 7.5 Hz, 1H), 6.99–6.96 (m, 1H), 6.93–6.91
(m, 2H), 5.84 (d, J = 12.3 Hz, 1H), 5.47 (d, J = 12.3 Hz, 1H), 2.78

(s, 6H); 13C{1H} NMR (∼101 MHz, CDCl3): δC 167.8, 165.3,
151.8, 148.2, 140.4, 138.2, 136.9, 135.9, 135.8, 134.3, 134.3,
134.0, 133.8, 131.2, 130.6, 129.9, 129.6, 129.5, 128.9, 128.5,
128.4, 127.6, 127.5, 126.9, 126.9, 123.3, 122.9, 121.9, 121.5,
121.4, 118.5, 116.7, 115.1, 58.3, 49.5, 45.3; (α)25D = +10.00 (c =
0.02 g per 100 mL, CHCl3). The enantiomeric ratio (er 92 : 8) of
compound 6a-(L) was determined using the Daicel Chiralpak
IA column, hexane/i-PrOH 20 : 30, flow rate 0.5 mL min−1, UV
detection at 254 nm, tL = 39.78 min, tD = 47.46 min; HRMS
(ESI): m/z (M + H)+ calcd for C44H36N5O5S: 746.2437 found:
746.2435.

(2R,3S)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-3-phenyl-N-(quinolin-8-yl)
propanamide (6a-(D)). Following the general procedure, 6a-(D)
was obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 60 : 40) as a brown coloured semi-
solid (anti isomer, 70%, 52 mg, 0.1 mmol scale); Rf (EtOAc/
hexanes = 50 : 50) 0.4; IR (CHCl3): 3283, 2925, 1717, 1385,
755 cm−1; 1H NMR (400 MHz, CDCl3): δH 10.09 (s, 1H),
8.57–8.55 (m, 2H), 8.33 (d, J = 8.5 Hz, 1H), 8.24 (d, J = 8.5 Hz,
1H), 8.04–7.99 (m, 2H), 7.69 (dd, J1 = 5.4 Hz, J2 = 3.1 Hz, 2H),
7.56 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.41–7.35 (m, 5H),
7.28–7.22 (m, 4H), 7.16 (m, 1H), 7.08 (t, J = 7.6 Hz, 2H), 7.04
(d, J = 7.6 Hz, 1H), 7.00–6.97 (m, 1H), 6.91 (d, J = 8.4 Hz, 2H),
5.83 (d, J = 12.3 Hz, 1H), 5.48 (d, J = 12.3 Hz, 1H), 2.79 (s, 6H);
13C{1H} NMR (∼101 MHz, CDCl3): δC 167.8, 165.3, 151.8, 148.2,
140.4, 138.2, 137.0, 135.9, 135.8, 134.3, 134.0 133.8, 131.2,
130.7, 129.9, 129.6, 129.5, 128.9, 128.6, 128.4, 127.6, 127.6,
126.9, 126.9, 123.4, 122.9, 121.9, 121.6, 121.5, 118.5, 116.8,
115.1, 58.3, 49.5, 45.3; (α)25D = −9.00 (c = 0.02 g per 100 mL,
CHCl3). The enantiomeric ratio (er >90 : 10) of compound 6a-
(D) was determined using the Daicel Chiralpak IA column,
hexane/i-PrOH 20 : 30, flow rate 0.5 mL min−1, UV detection at
254 nm, tL = 40.17 min, tD = 47.48 min; HRMS (ESI): m/z (M +
H)+ calcd for C44H36N5O5S: 746.2437; found: 746.2439.

(2R*,3S*)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)-
3-methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-3-phenyl-N-(quinolin-
8-yl)propanamide (6b-(DL)). Following the general procedure,
6b-(DL) was obtained after purification by column chromato-
graphy on silica gel (EtOAc : hexanes = 70 : 30) as a brown
coloured semi-solid (anti isomer, 82%, 94 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50 : 50) 0.40; IR (DCM): 3288, 2925, 1711,
1380, 726 cm−1; 1H NMR (400 MHz, CDCl3): δH 10.07 (s, 1H),
8.64–8.63 (m, 1H), 8.58 (dd, J1 = 7.0 Hz, J2 = 1.5 Hz, 1H), 8.37
(d, J = 8.5 Hz, 1H), 8.17 (d, J = 8.6 Hz, 1H), 8.05 (d, J = 8.2 Hz,
1H), 7.93 (d, J = 7.3 Hz, 1H), 7.70 (dd, J1 = 5.2 Hz, J2 = 3.1 Hz,
2H), 7.59–7.57 (m, 2H), 7.45–7.40 (m, 2H), 7.35–7.30 (m, 2H),
7.28–7.25 (m, 4H), 7.18–7.10 (m, 3H), 7.05–7.00 (m, 3H),
6.57–6.53 (m, 1H), 5.84 (d, J = 12.3 Hz, 1H), 5.48 (d, J = 12.3
Hz, 1H), 2.81 (s, 6H), 1.86 (s, 3H); 13C{1H} NMR (∼101.0 MHz,
CDCl3): δC 167.7, 165.4, 151.8, 148.3, 140.4, 138.3, 137.9, 135.9,
134.6, 134.0, 133.9, 131.6, 131.3, 130.6, 130.4, 129.9, 129.6,
129.5, 128.8, 128.6, 128.2, 127.7, 127.6, 127.0, 126.9, 126.3,
123.7, 123.4, 123.0, 121.9, 121.6, 118.5, 116.8, 115.1, 58.4, 49.6,
45.3, 17.6. The enantiomeric ratio of compound 6b-(DL) was
determined using the Daicel Chiralpak IA column, hexane/
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i-PrOH 50 : 50, flow rate 1.0 mL min−1, UV detection at
254 nm, tD = 23.19 min, tL = 28.55 min; HRMS (ESI): m/z (M +
H)+ calcd for C45H38N5O5S: 760.2594; found: 760.2574.

(2S,3R)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)-
3-methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-3-phenyl-N-(quino-
lin-8-yl)propenamide (6b-(L)). Following the general procedure,
6b-(L) was obtained after purification by column chromato-
graphy on silica gel (EtOAc : hexanes = 70 : 30) as a brown
coloured semi-solid (anti isomer, 77%, 59 mg, 0.1 mmol
scale); Rf (EtOAc/hexanes = 50 : 50) 0.4; IR (CHCl3): 3286, 2926,
1713, 1382, 751 cm−1; 1H NMR (400 MHz, CDCl3): δH 10.07 (s,
1H), 8.65–8.64 (m, 1H), 8.58 (dd, J1 = 7.2 Hz, J2 = 1.5 Hz 1H),
8.37 (d, J = 8.5 Hz, 1H), 8.16 (d, J = 8.6 Hz, 1H), 8.07 (d, J = 8.2
Hz, 1H), 7.93 (d, J = 7.3 Hz, 1H), 7.71 (dd, J1 = 5.4 Hz, J2 = 3.1
Hz, 2H), 7.59 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.46–7.40 (m,
2H), 7.37–7.25 (m, 6H), 7.19–7.11 (m, 3H), 7.04–7.00 (m, 3H),
6.47–6.45 (m, 1H), 5.83 (d, J = 12.3 Hz, 1H), 5.47 (d, J = 12.3
Hz, 1H), 2.81 (s, 6H), 1.86 (s, 3H); 13C{1H} NMR (∼101 MHz,
CDCl3): δC 167.7, 165.4, 148.2, 140.4, 138.2, 137.9, 135.9, 134.7,
134.0, 134.0, 133.8, 131.6, 131.2, 130.6, 130.5, 130.5, 130.4,
129.9, 129.4, 128.5, 128.1, 127.7, 127.6, 127.0, 126.9, 126.3,
123.7, 123.3, 123.1, 121.9, 121.6, 116.8, 115.2, 58.3, 49.5, 45.3,
17.7; (α)25D = −25.00 (c = 0.02 g per 100 mL, CHCl3). The enan-
tiomeric ratio (er 95 : 5) of compound 6b-(L) was determined
using the Daicel Chiralpak IA column, hexane/i-PrOH 50 : 50,
flow rate 1.0 mL min−1, UV detection at 254 nm, tD =
22.88 min, tL = 27.31 min; HRMS (ESI): m/z (M + H)+ calcd for
C45H38N5O5S: 760.2594; found: 760.2605.

(2R,3S)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)-
3-methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-3-phenyl-N-(quinolin-
8-yl)propanamide (6b-(D)). Following the general procedure, 6b-
(D) was obtained after purification by column chromatography
on silica gel (EtOAc : hexanes = 70 : 30) as a brown coloured
semi-solid (anti isomer, 75%, 57 mg, 0.1 mmol scale); Rf
(EtOAc/hexanes = 50 : 50) 0.4; IR (CHCl3): 3287, 2928, 1713,
1382, 750 cm−1; 1H NMR (400 MHz, CDCl3): δH 10.07 (s, 1H),
8.65 (d, J = 3.7 Hz, 1H), 8.59 (d, J = 7.2 Hz, 1H), 8.37 (d, J = 8.5
Hz, 1H), 8.16 (d, J = 8.6 Hz, 1H), 8.07 (d, J = 7.4 Hz, 1H), 7.93
(d, J = 7.3 Hz, 1H), 7.71 (dd, J1 = 5.2 Hz, J2 = 3.1 Hz, 2H), 7.59
(dd, J1 = 5.4 Hz, J2 = 2.9 Hz, 2H), 7.46–7.42 (m, 2H), 7.37–7.25
(m, 6H), 7.19–7.11 (m, 3H), 7.04–7.00 (m, 3H), 6.49–6.44 (m,
1H), 5.84 (d, J = 12.2 Hz, 1H), 5.48 (d, J = 12.3 Hz, 1H), 2.81 (s,
6H), 1.86 (s, 3H); 13C{1H} NMR (∼101 MHz, CDCl3): δC 167.7,
165.4, 151.4, 148.2, 140.4, 138.3, 137.9, 135.9, 134.7, 134.0,
133.8, 131.7, 131.2, 130.5, 130.4, 129.9, 129.5, 129.4, 128.5,
128.2, 127.7, 127.6, 127.0, 126.9, 126.3, 123.8, 123.4, 123.3,
123.1, 122.0, 121.6, 118.8, 116.8, 115.1, 58.4, 49.5, 45.3, 17.6;
(α)25D = +30.00 (c = 0.02 g per 100 mL, CHCl3). The enantiomeric
ratio (er 98 : 2) of compound 6b-(D) was determined using the
Daicel Chiralpak IA column, hexane/i-PrOH 50 : 50, flow rate
1.0 mL min−1, UV detection at 254 nm, tD = 23.52 min, tL =
28.38 min; HRMS (ESI): m/z (M + H)+ calcd for C45H38N5O5S:
760.2594; found: 760.2596.

(2R*,3S*)-3-(3-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-3-phenyl-N-(quinolin-8-yl)
propanamide (6c-(DL)). Following the general procedure, 6c-

(DL) was obtained after purification by column chromato-
graphy on silica gel (EtOAc : hexanes = 80 : 20) as a brown
coloured semi-solid (anti isomer, 80%, 90 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50 : 50) 0.30; IR (DCM): 3282, 2924, 1713,
1385, 712 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.90 (s, 1H),
8.56 (dd, J1 = 7.0 Hz, J2 = 1.9 Hz, 1H), 8.51–8.49 (m, 1H), 8.30
(d, J = 8.6 Hz, 1H), 8.26 (d, J = 8.5 Hz, 1H), 8.03–8.00 (m, 2H),
7.72 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.61–7.59 (m, 2H),
7.50–7.46 (m, 1H), 7.43–7.36 (m, 2H), 7.29–7.24 (m, 3H),
7.15–6.98 (m, 9H), 6.83–6.81 (m, 1H), 5.79 (d, J = 12.2 Hz, 1H),
5.41 (d, J = 12.3 Hz, 1H), 2.77 (s, 6H); 13C{1H} NMR
(∼101.0 MHz, CDCl3): δC 167.7, 165.2, 151.9, 148.1, 141.8,
140.2, 138.3, 137.3, 135.8, 134.0, 133.8, 133.6, 131.3, 130.7,
130.5, 130.0, 129.6, 129.4, 128.6, 127.6, 127.6, 127.0, 126.9,
125.0, 123.4, 122.9, 121.9, 121.5, 120.2, 120.2, 118.3, 116.8,
115.1, 58.0, 50.0, 45.3. The enantiomeric ratio of compound
6c-(DL) was determined using the Daicel Chiralpak IA column,
hexane/i-PrOH 50 : 50, flow rate 1.0 mL min−1, UV detection at
254 nm, tL = 38.79 min, tD = 88.06 min; HRMS (ESI): m/z (M +
H)+ calcd for C44H36N5O5S: 746.2437; found: 746.2435.

(2S,3R)-3-(3-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-3-phenyl-N-(quinolin-8-yl)
propanamide (6c-(L)). Following the general procedure, 6c-(L)
was obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 80 : 20) as a brown coloured semi-
solid (anti isomer, 77%, 69 mg, 0.12 mmol scale); Rf (EtOAc/
hexanes = 50 : 50) 0.3; IR (CHCl3): 3279, 2926, 1713, 1386,
752 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.93 (s, 1H), 8.59 (dd,
J1 = 7.1 Hz, J2 = 1.8 Hz, 1H), 8.53 (dd, J1 = 4.2 Hz, J2 = 1.6 Hz,
1H), 8.32 (d, J = 8.7 Hz, 1H) 8.29 (d, J = 8.5 Hz, 1H), 8.05–8.03
(m, 2H), 7.75 (dd, J1 = 5.5 Hz, J2 = 3.1 Hz, 2H), 7.63 (dd, J1 = 5.4
Hz, J2 = 3.0 Hz, 2H), 7.51 (t, J = 8.4 Hz, 1H), 7.45–7.41 (m, 2H),
7.32–7.27 (m, 3H), 7.17–7.03 (m, 9H), 6.85 (d, J = 7.8 Hz, 1H),
5.82 (d, J = 12.3 Hz, 1H), 5.44 (d, J = 12.3 Hz, 1H), 2.80 (s, 6H);
13C{1H} NMR (∼101 MHz, CDCl3): δC 167.7, 165.2, 151.9, 148.1,
141.8, 140.2, 138.2, 137.3, 135.8, 134.0, 133.8, 133.5, 131.3,
130.7, 130.5, 130.0, 129.5, 129.4, 128.6, 127.6, 127.6, 127.0,
126.9, 125.0, 123.4, 122.9, 121.9, 121.5, 120.1, 118.2, 116.8,
115.1, 58.0, 50.0, 45.2; (α)25D = −24.00 (c = 0.02 g per 100 mL,
CHCl3). The enantiomeric ratio (er >98 : 2) of compound 6c-(L)
was determined using the Daicel Chiralpak IA column,
hexane/i-PrOH 50 : 50, flow rate 1.0 mL min−1, UV detection at
254 nm, tL = 38.18 min, tD = 87.61 min; HRMS (ESI): m/z (M +
H)+ calcd for C44H36N5O5S: 746.2437; found: 746.2438.

(2R,3S)-3-(3-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-3-phenyl-N-(quinolin-8-yl)
propanamide (6c-(D)). Following the general procedure, 6c-(D)
was obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 80 : 20) as a brown coloured semi-
solid (anti isomer, 76%, 57 mg, 0.1 mmol scale); Rf (EtOAc/
hexanes = 50 : 50) 0.3; IR (CHCl3): 3281, 2925, 1713, 1385,
752 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.93 (s, 1H), 8.59 (dd,
J1 = 7.1 Hz, J2 = 1.7 Hz, 1H), 8.53 (dd, J1 = 4.2 Hz, J2 = 1.4 Hz,
1H), 8.33–8.28 (m, 2H), 8.05–8.03 (m, 2H), 7.75 (dd, J1 = 5.4
Hz, J2 = 3.1 Hz, 2H), 7.63 (dd, J1 = 5.5 Hz, J2 = 3.1 Hz, 2H), 7.51
(t, J = 8.3 Hz, 1H), 7.46–7.41 (m, 2H), 7.32–7.27 (m, 3H),
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7.17–7.03 (m, 9H), 6.85 (d, J = 8.3 Hz, 1H), 5.81 (d, J = 12.3 Hz,
1H), 5.44 (d, J = 12.3 Hz, 1H), 2.80 (s, 6H); 13C{1H} NMR
(∼101 MHz, CDCl3): δC 167.7, 165.2, 151.9, 148.1, 141.8, 140.2,
138.2, 137.3, 135.8, 134.0, 133.8, 133.5, 131.3, 130.7, 130.5,
130.0, 129.5, 129.4, 128.6, 127.6, 127.6, 127.0, 126.9, 125.0,
123.4, 122.9, 121.9, 121.5, 120.2, 118.2, 116.8, 115.1, 58.0, 50.0,
45.3; (α)25D = +25.00 (c = 0.02 g per 100 mL, CHCl3). The enan-
tiomeric ratio (er 97 : 3) of compound 6c-(D) was determined
using the Daicel Chiralpak IA column, hexane/i-PrOH 50 : 50,
flow rate 1.0 mL min−1, UV detection at 254 nm, tL =
37.11 min, tD = 89.41 min; HRMS (ESI): m/z (M + H)+ calcd for
C44H36N5O5S: 746.2437; found: 746.2432.

(2R*,3S*)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-4-methyl-N-(quinolin-8-yl)pen-
tanamide (7a-(DL)). Following the general procedure, 7a-(DL)
was obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 70 : 30) as a brown coloured semi-
solid (anti isomer, 76%, 81 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50 : 50) 0.40; IR (DCM): 3284, 2929, 1712, 1383, 723 cm−1; 1H
NMR (400 MHz, CDCl3): δH 9.95 (s, 1H), 8.55 (dd, J1 = 4.2 Hz,
J2 = 1.6 Hz, 1H), 8.46 (dd, J1 = 7.4 Hz, J2 = 1.4 Hz, 1H), 8.32 (d, J
= 8.6 Hz, 2H), 7.99 (dd, J1 = 8.3 Hz, J2 = 1.6 Hz, 1H), 7.94 (d, J =
7.2 Hz, 1H), 7.89 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.72 (dd, J1 =
5.5 Hz, J2 = 3.0 Hz, 2H), 7.47 (t, J = 8.4 Hz, 1H), 7.37 (dd, J1 =
8.2 Hz, J2 = 1.4 Hz, 1H), 7.33 (t, J = 8.1 Hz, 1H), 7.24–7.21 (m,
3H), 7.12–7.07 (m, 3H), 6.93 (d, J = 8.5 Hz, 2H), 5.49 (d, J = 12.4
Hz, 1H), 4.12 (dd, J1 = 12.4 Hz, J2 = 3.3 Hz, 1H), 2.81 (s, 6H),
1.94–1.86 (m, 1H), 0.67 (d, J = 6.8 Hz, 3H), 0.63 (d, J = 6.8 Hz,
3H); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC 168.4, 165.9,
151.9, 148.1, 138.3, 135.8, 135.7, 134.3, 134.0, 133.9, 133.3,
131.7, 130.6, 130.1, 129.6, 129.5, 128.5, 127.5, 126.9, 123.7,
122.8, 121.8, 121.5, 121.4, 118.4, 116.7, 115.1, 57.6, 47.7, 45.3,
28.9, 21.3, 16.1. The enantiomeric ratio of compound 7a-(DL)
was determined using the Daicel Chiralpak IA column,
hexane/i-PrOH 30 : 70, flow rate 1.0 mL min−1, UV detection at
254 nm, tL = 13.46 min, tD = 17.73 min; HRMS (ESI): m/z (M +
H)+ calcd for C41H38N5O5S: 712.2594; found: 712.2583.

(2S,3R)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-4-methyl-N-(quinolin-8-yl)
pentanamide (7a-(L)). Following the general procedure, 7a-(L)
was obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 70 : 30) as a brown coloured semi-
solid (anti isomer, 60%, 64 mg, 0.15 mmol scale); Rf (EtOAc/
hexanes = 50 : 50) 0.4; IR (CHCl3): 3278, 2925, 1714, 1384,
754 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.96 (s, 1H), 8.59 (dd,
J1 = 4.2 Hz, J2 = 1.4 Hz, 1H), 8.47 (d, J = 7.4 Hz, 1H), 8.33–8.28
(m, 2H), 8.02 (dd, J1 = 8.2 Hz, J2 = 1.2 Hz, 1H), 7.92–7.90 (m,
1H), 7.89 (dd, J1 = 5.6 Hz, J2 = 3.3 Hz, 2H), 7.73 (dd, J1 = 5.4 Hz,
J2 = 3.0 Hz, 2H), 7.49 (t, J = 8.3 Hz, 1H), 7.41–7.33 (m, 2H),
7.29–7.22 (m, 3H), 7.12–7.06 (m, 2H), 6.91–6.87 (m, 3H), 5.49
(d, J = 12.3 Hz, 1H), 4.13 (dd, J1 = 12.4 Hz, J2 = 3.2 Hz, 1H),
2.82 (s, 6H), 1.92–1.86 (m, 1H), 0.68 (d, J = 6.8 Hz, 3H), 0.64 (d,
J = 6.8 Hz, 3H); 13C{1H} NMR (∼101 MHz, CDCl3): δC 168.4,
165.9, 152.0, 148.1, 138.3, 135.8, 135.7, 134.3, 134.0, 134.0,
133.5, 131.7, 130.7, 130.2, 129.6, 129.6, 128.5, 127.6, 127.0,
123.7, 122.8, 121.8, 121.6, 121.5, 118.4, 116.7, 115.1, 57.6, 47.7,

45.3, 28.8, 21.4, 16.1; (α)25D = +17.00 (c = 0.02 g per 100 mL,
CHCl3). The enantiomeric ratio (er >95 : 5) of compound 7a-(L)
was determined using the Daicel Chiralpak IA column,
hexane/i-PrOH 30 : 70, flow rate 1.0 mL min−1, UV detection at
254 nm, tL = 12.81 min, tD = 16.30 min; HRMS (ESI): m/z (M +
H)+ calcd for C41H38N5O5S: 712.2594; found: 712.2590.

(2R,3S)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-4-methyl-N-(quinolin-8-yl)
pentanamide (7a-(D)). Following the general procedure, 7a-(D)
was obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 70 : 30) as a brown coloured semi-
solid (anti isomer, 60%, 64 mg, 0.15 mmol scale); Rf (EtOAc/
hexanes = 50 : 50) 0.4; IR (CHCl3): 3282, 2926, 1714, 1385,
756 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.96 (s, 1H), 8.59 (dd,
J1 = 4.1 Hz, J2 = 1.4 Hz, 1H), 8.47 (dd, J1 = 7.5 Hz, J2 = 1.2 Hz,
1H), 8.33–8.28 (m, 2H), 8.02 (dd, J1 = 8.3 Hz, J2 = 1.4 Hz, 1H),
7.92–7.90 (m, 1H), 7.89 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.73
(dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.49 (t, J = 8.3 Hz, 1H),
7.41–7.33 (m, 2H), 7.29–7.22 (m, 3H), 7.12–7.05 (m, 2H), 6.90
(d, J = 8.3 Hz, 2H), 6.85 (s, 1H), 5.49 (d, J = 12.4 Hz, 1H), 4.13
(dd, J1 = 12.4 Hz, J2 = 3.2 Hz, 1H), 2.82 (s, 6H), 1.94–1.87 (m,
1H), 0.68 (d, J = 6.8 Hz, 3H), 0.64 (d, J = 6.8 Hz, 3H); 13C{1H}
NMR (∼101 MHz, CDCl3): δC 168.4, 165.9, 152.0, 148.1, 138.4,
135.8, 135.7, 134.3, 134.0, 134.0, 133.6, 131.7, 130.7, 130.2,
129.6, 129.6, 128.5, 127.6, 127.0, 123.7, 122.8, 121.8, 121.7,
121.5, 118.4, 116.7, 115.1, 57.7, 47.7, 45.3, 28.8, 21.4, 16.1;
(α)25D = −12.00 (c = 0.02 g per 100 mL, CHCl3). The enantio-
meric ratio (er >95 : 5) of compound 7a-(D) was determined
using the Daicel Chiralpak IA column, hexane/i-PrOH 30 : 70,
flow rate 1.0 mL min−1, UV detection at 254 nm, tL =
13.47 min, tD = 17.66 min; HRMS (ESI): m/z (M + H)+ calcd for
C41H38N5O5S: 712.2594; found: 712.2581.

(2R*,3S*)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)-
3-methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-4-methyl-N-(quinolin-
8-yl)pentanamide (7b-(DL)). Following the general procedure,
7b-(DL) was obtained after purification by column chromato-
graphy on silica gel (EtOAc : hexanes = 70 : 30) as a brown
coloured semi-solid (anti isomer, 72%, 79 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50 : 50) 0.40; IR (DCM): 3290, 2925, 1713,
1381, 725 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.97 (s, 1H),
8.65–8.64 (m, 1H), 8.49 (d, J = 7.4 Hz, 1H), 8.36 (d, J = 8.5 Hz,
1H), 8.27 (d, J = 8.6 Hz, 1H), 8.05 (d, J = 8.2 Hz, 1H), 7.89 (dd,
J1 = 5.3 Hz, J2 = 3.0 Hz, 2H), 7.83 (d, J = 7.3 Hz, 1H), 7.73 (dd, J1
= 5.4 Hz, J2 = 3.0 Hz, 2H), 7.45–7.32 (m, 4H), 7.14–7.03 (m,
5H), 6.46 (s, 1H), 5.50 (d, J = 12.3 Hz, 1H), 4.12 (dd, J1 = 12.3
Hz, J2 = 3.1 Hz, 1H), 2.83 (s, 6H), 1.91 (s, 3H), 1.93–1.88 (m,
1H), 0.72 (d, J = 6.8 Hz, 3H), 0.68 (d, J = 6.7 Hz, 3H); 13C{1H}
NMR (∼101.0 MHz, CDCl3): δC 168.3, 166.0, 151.9, 148.1,
138.4, 135.9, 134.5, 134.2, 134.0, 133.8, 131.7, 131.2, 130.6,
130.0, 129.6, 129.6, 128.4, 127.6, 127.0, 123.7, 122.8, 121.8,
121.5, 118.6, 116.7, 115.1, 57.7, 47.7, 45.3, 28.8, 21.4, 17.7,
16.3. The enantiomeric ratio of compound 7b-(DL) was deter-
mined using the Daicel Chiralpak IA column, hexane/i-PrOH
70 : 30, flow rate 1.0 mL min−1, UV detection at 254 nm, tL =
17.72 min, tD = 21.21 min; HRMS (ESI): m/z (M + H)+ calcd for
C42H40N5O5S: 726.2750; found: 726.2747.
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(2S,3R)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)-
3-methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-4-methyl-N-(quino-
lin-8-yl)pentanamide (7b-(L)). Following the general procedure,
7b-(L) was obtained after purification by column chromato-
graphy on silica gel (EtOAc : hexanes = 70 : 30) as a brown
coloured semi-solid (anti isomer, 66%, 62 mg, 0.13 mmol
scale); Rf (EtOAc/hexanes = 50 : 50) 0.4; IR (CHCl3): 3290, 2926,
1714, 1384, 756 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.97 (s,
1H), 8.64 (dd, J1 = 4.2 Hz, J2 = 1.6 Hz, 1H), 8.49 (dd, J1 = 7.5 Hz,
J2 = 1.5 Hz, 1H), 8.36 (d, J = 8.5 Hz, 1H), 8.27 (d, J = 8.6 Hz,
1H), 8.05 (dd, J1 = 8.3 Hz, J2 = 1.6 Hz, 1H), 7.89 (dd, J1 = 5.5 Hz,
J2 = 3.0 Hz, 2H), 7.83 (dd, J1 = 7.3 Hz, J2 = 1.0 Hz, 1H), 7.74 (dd,
J1 = 5.5 Hz, J2 = 3.0 Hz, 2H), 7.45–7.32 (m, 4H), 7.12–7.04 (m,
5H), 6.49 (s, 1H), 5.50 (d, J = 12.4 Hz, 1H), 4.15–4.10 (m, 1H),
2.83 (s, 6H), 1.93–1.92 (m, 1H), 1.92 (s, 3H), 0.72 (d, J = 6.8 Hz,
3H), 0.68 (d, J = 6.8 Hz, 3H); 13C{1H} NMR (∼101 MHz, CDCl3):
δC 168.4, 166.0, 151.9, 148.1, 138.4, 135.9, 134.5, 134.3, 134.2,
134.0, 133.8, 131.7, 131.1, 130.6, 130.0, 129.6, 129.5, 128.4,
127.6, 127.0, 123.7, 123.6, 122.8, 121.8, 121.5, 118.5, 116.7,
115.0, 57.7, 47.7, 45.3, 28.8, 21.4, 17.7, 16.2; (α)25D = −9.00 (c =
0.02 g per 100 mL, CHCl3). The enantiomeric ratio (er 90 : 10)
of compound 7b-(L) was determined using the Daicel
Chiralpak IA column, hexane/i-PrOH 70 : 30, flow rate 1.0 mL
min−1, UV detection at 254 nm, tL = 17.48 min, tD = 21.00 min;
HRMS (ESI): m/z (M + H)+ calcd for C42H40N5O5S: 726.2750;
found: 726.2762.

(2R,3S)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)-
3-methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-4-methyl-N-(quinolin-
8-yl)pentanamide (7b-(D)). Following the general procedure, 7b-
(D) was obtained after purification by column chromatography
on silica gel (EtOAc : hexanes = 70 : 30) as a brown coloured
semi-solid (anti isomer, 62%, 58 mg, 0.128 mmol scale); Rf
(EtOAc/hexanes = 50 : 50) 0.4; IR (CHCl3): 3288, 2926, 1714,
1384, 756 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.97 (s, 1H),
8.64 (d, J = 2.9 Hz, 1H), 8.50–8.48 (m, 1H), 8.36 (d, J = 8.5 Hz,
1H), 8.27 (d, J = 8.6 Hz, 1H), 8.06 (d, J = 8.2 Hz, 1H), 7.89 (dd,
J1 = 5.2 Hz, J2 = 3.0 Hz, 2H), 7.83 (d, J = 7.2 Hz, 1H), 7.74 (dd, J1
= 5.3 Hz, J2 = 3.0 Hz, 2H), 7.45–7.32 (m, 4H), 7.14–7.03 (m,
5H), 6.43 (s, 1H), 5.50 (d, J = 12.3 Hz, 1H), 4.12 (dd, J1 = 12.4
Hz, J2 = 3.3 Hz, 1H), 2.83 (s, 6H), 1.93–1.91 (m, 1H), 1.91 (s,
3H), 0.72 (d, J = 6.8 Hz, 3H), 0.68 (d, J = 6.8 Hz, 3H); 13C{1H}
NMR (∼101 MHz, CDCl3): δC 168.3, 166.0, 151.9, 148.1, 138.4,
135.9, 134.5, 134.3, 134.2, 134.0, 133.8, 131.7, 131.2, 130.6,
130.0, 129.6, 129.6, 128.4, 127.7, 127.0, 123.7, 122.8, 121.8,
121.5, 118.6, 116.7, 115.1, 57.7, 47.4, 45.3, 28.8, 21.4, 17.7,
16.3; (α)25D = +10.00 (c = 0.02 g per 100 mL, CHCl3). The enan-
tiomeric ratio (er 95 : 5) of compound 7b-(D) was determined
using the Daicel Chiralpak IA column, hexane/i-PrOH 70 : 30,
flow rate 1.0 mL min−1, UV detection at 254 nm, tL =
17.27 min, tD = 21.49 min; HRMS (ESI): m/z (M + H)+ calcd for
C42H40N5O5S: 726.2750; found: 726.2749.

(2R*,3S*)-3-(3-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-4-methyl-N-(quinolin-8-yl)
pentanamide (7c-(DL)). Following the general procedure, 7c-
(DL) was obtained after purification by column chromato-
graphy on silica gel (EtOAc : hexanes = 70 : 30) as a brown

coloured semi-solid (anti isomer, 68%, 73 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50 : 50) 0.40; IR (DCM): 3284, 2926, 1710,
1380, 724 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.61 (s, 1H),
8.44 (d, J = 3.0 Hz, 1H), 8.38 (d, J = 7.4 Hz, 1H), 8.28 (d, J = 8.6
Hz, 1H), 8.19 (d, J = 8.5 Hz, 1H), 8.01 (d, J = 7.1 Hz, 1H), 7.89
(d, J = 8.2 Hz, 1H), 7.81 (dd, J1 = 5.4 Hz, J2 = 3.1 Hz, 2H), 7.65
(dd, J1 = 5.4 Hz, J2 = 3.1 Hz, 2H), 7.44 (t, J = 8.2 Hz, 1H),
7.29–7.23 (m, 2H), 7.21–7.09 (m, 3H), 7.05–6.98 (m, 4H), 6.89
(s, 1H), 5.36 (d, J = 12.2 Hz, 1H), 3.93 (dd, J1 = 12.3 Hz, J2 = 3.3
Hz, 1H), 2.67 (s, 6H), 1.75–1.70 (m, 1H), 0.38 (d, J = 6.4 Hz,
3H), 0.27 (d, J = 6.4 Hz, 3H); 13C{1H} NMR (∼101.0 MHz,
CDCl3): δC 168.4, 165.9, 151.9, 148.0, 138.2, 137.7, 136.6, 135.7,
134.2, 133.8, 133.5, 131.7, 130.6, 130.6, 129.6, 129.4, 129.2,
128.6, 127.5, 126.9, 123.7, 122.9, 121.7, 121.4, 121.1, 118.3,
116.7, 115.1, 57.4, 48.1, 45.2, 28.8, 21.1, 15.8; HRMS (ESI): m/z
(M + H)+ calcd for C41H38N5O5S: 712.2594; found: 712.2597.

(2S,3R)-3-(3-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-4-methyl-N-(quinolin-8-yl)
pentanamide (7c-(L)). Following the general procedure, 7c-(L)
was obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 70 : 30) as a brown coloured semi-
solid (anti isomer, 60%, 64 mg, 0.15 mmol scale); Rf (EtOAc/
hexanes = 50 : 50) 0.4; IR (CHCl3): 3285, 2925, 1713, 1385,
754 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.71 (s, 1H), 8.57 (d, J
= 3.2 Hz, 1H), 8.48 (dd, J1 = 7.6 Hz, J2 = 1.0 Hz, 1H), 8.35 (d, J =
8.6 Hz, 1H), 8.30 (d, J = 8.3 Hz, 1H), 8.08 (d, J = 7.0 Hz, 1H),
8.02 (dd, J1 = 8.2 Hz, J2 = 1.3 Hz, 1H), 7.92 (dd, J1 = 5.4 Hz, J2 =
3.1 Hz, 2H), 7.77 (dd, J1 = 5.4 Hz, J2 = 3.1 Hz, 2H), 7.56 (t, J =
8.2 Hz, 1H), 7.41–7.35 (m, 2H), 7.32 (dd, J1 = 8.3 Hz, J2 = 4.3
Hz, 1H), 7.21 (t, J = 8.0 Hz, 1H), 7.16–7.06 (m, 5H), 6.94 (s, 1H),
5.44 (d, J = 12.3 Hz, 1H), 4.02 (dd, J1 = 12.4 Hz, J2 = 3.4 Hz,
1H), 2.79 (s, 6H), 1.85–1.83 (m, 1H), 0.47 (d, J = 6.4 Hz, 3H),
0.36 (d, J = 6.3 Hz, 3H); 13C{1H} NMR (∼101 MHz, CDCl3): δC
168.4, 165.9, 151.9, 148.0, 138.2, 137.7, 136.5, 135.8, 134.3,
133.8, 133.5, 131.7, 130.7, 130.6, 129.6, 129.4, 129.4, 129.3,
128.7, 127.5, 126.9, 123.7, 122.9, 121.8, 121.5, 121.3, 118.2,
116.7, 115.1, 57.4, 48.1, 45.3, 28.8, 21.1, 15.8; (α)25D = −21.00 (c
= 0.02 g per 100 mL, CHCl3); HRMS (ESI): m/z (M + H)+ calcd
for C41H38N5O5S: 712.2594; found: 712.2587.

(2R,3S)-3-(3-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-4-methyl-N-(quinolin-8-yl)
pentanamide (7c-(D)). Following the general procedure, 7c-(D)
was obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 70 : 30) as a brown coloured semi-
solid (anti isomer, 55%, 50 mg, 0.128 mmol scale); Rf (EtOAc/
hexanes = 50 : 50) 0.4; IR (CHCl3): 3287, 2926, 1714, 1385,
756 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.70 (s, 1H), 8.55 (d, J
= 3.6 Hz, 1H), 8.46 (dd, J1 = 7.5 Hz, J2 = 1.4 Hz, 1H), 8.33 (d, J =
8.6 Hz, 1H), 8.28 (d, J = 8.4 Hz, 1H), 8.06 (d, J = 7.0 Hz, 1H),
8.00 (d, J = 8.0 Hz, 1H), 7.90 (dd, J1 = 5.4 Hz, J2 = 3.1 Hz, 2H),
7.74 (dd, J1 = 5.5 Hz, J2 = 3.1 Hz, 2H), 7.54 (t, J = 8.2 Hz, 1H),
7.39–7.33 (m, 2H), 7.30 (dd, J1 = 8.3 Hz, J2 = 4.2 Hz, 1H)
7.21–7.18 (m, 1H), 7.14–7.08 (m, 5H), 6.93 (s, 1H), 5.42 (d, J =
12.3 Hz, 1H), 4.00 (dd, J1 = 12.3 Hz, J2 = 3.4 Hz, 1H), 2.77 (s,
6H), 1.83–1.77 (m, 1H), 0.45 (d, J = 6.4 Hz, 3H), 0.34 (d, J = 6.4
Hz, 3H); 13C{1H} NMR (∼101 MHz, CDCl3): δC 168.4, 165.9,
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151.9, 148.0, 138.2, 137.7, 136.5, 135.8, 134.3, 133.8, 133.5,
131.7, 130.7, 130.6, 129.6, 129.4, 129.3, 128.6, 127.5, 126.9,
123.7, 122.9, 121.8, 121.5, 121.2, 118.2, 116.7, 115.1, 57.4, 48.1,
45.2, 28.8, 21.1, 15.8; (α)25D = +30.00 (c = 0.02 g per 100 mL,
CHCl3); HRMS (ESI): m/z (M + H)+ calcd for C41H38N5O5S:
712.2594; found: 712.2590.

(2R*,3S*)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)pentanamide
(8a-(DL)). Following the general procedure, 8a-(DL) was
obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 60 : 40) as a brown coloured semi-
solid (anti isomer, 84%, 88 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50 : 50) 0.50; IR (DCM): 3284, 2925, 1712, 1383, 724 cm−1; 1H
NMR (400 MHz, CDCl3): δH 9.82 (s, 1H), 8.50–8.49 (m, 1H),
8.41 (dd, J1 = 7.2 Hz, J2 = 1.2 Hz, 1H), 8.27–8.23 (m, 2H), 7.91
(d, J = 7.2 Hz, 2H), 7.80 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.64
(dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.37 (t, J = 8.2 Hz, 1H),
7.31–7.25 (m, 2H), 7.18–7.14 (m, 4H), 7.07 (t, J = 8.1 Hz, 1H),
7.00 (d, J = 7.5 Hz, 1H), 6.84 (d, J = 8.3 Hz, 2H), 5.13 (d, J = 11.6
Hz, 1H), 3.87 (td, J1 = 11.4 Hz, J2 = 3.3 Hz, 1H), 2.73 (s, 6H),
1.60–1.52 (m, 1H), 1.39–1.29 (m, 1H), 0.45 (t, J = 7.3 Hz, 3H);
13C{1H} NMR (∼101.0 MHz, CDCl3): δC 168.2, 165.6, 148.1,
138.2, 137.0, 135.8, 135.7, 134.3, 134.2, 133.8, 131.6, 130.6,
130.1, 129.5, 129.4, 128.4, 127.6, 126.9, 123.7, 122.9, 122.0,
121.8, 121.5, 118.6, 116.6, 115.1, 60.5, 45.3, 44.8, 26.2, 10.9.
The enantiomeric ratio of compound 8a-(DL) was determined
using the Daicel Chiralpak IA column, hexane/i-PrOH 50 : 50,
flow rate 1.0 mL min−1, UV detection at 254 nm, tL =
21.37 min, tD = 34.31 min; HRMS (ESI): m/z (M + H)+ calcd for
C40H36N5O5S: 698.2437; found: 698.2436.

(2S,3R)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)pentanamide
(8a-(L)). Following the general procedure, 8a-(L) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 60 : 40) as a brown coloured semi-solid (anti
isomer, 75%, 79 mg, 0.15 mmol scale); Rf (EtOAc/hexanes =
50 : 50) 0.5; IR (CHCl3): 3283, 2929, 1712, 1383, 748 cm−1; 1H
NMR (400 MHz, CDCl3): δH 9.90 (s, 1H), 8.55 (dd, J1 = 4.2 Hz,
J2 = 1.5 Hz, 1H), 8.47 (dd, J1 = 7.3 Hz, J2 = 1.6 Hz, 1H),
8.34–8.31 (m, 2H), 8.02 (d, J = 7.3 Hz, 1H), 7.96 (dd, J1 = 8.3 Hz,
J2 = 1.3 Hz, 1H), 7.87 (dd, J1 = 5.5 Hz, J2 = 3.1 Hz, 2H), 7.69 (dd,
J1 = 5.5 Hz, J2 = 3.0 Hz, 2H), 7.59 (s, 1H) 7.45–7.41 (m, 1H),
7.37–7.30 (m, 2H), 7.22 (d, J = 8.4 Hz, 2H), 7.20–7.13 (m, 2H),
7.05 (d, J = 7.6 Hz, 1H), 6.95 (d, J = 8.4 Hz, 2H), 5.23 (d, J = 11.6
Hz, 1H), 3.95 (td, J1 = 11.6 Hz, J2 = 3.5 Hz, 1H), 2.79 (s, 6H),
1.66–1.59 (m, 1H), 1.45–1.37 (m, 1H), 0.52 (t, J = 7.2 Hz, 3H);
13C{1H} NMR (∼101 MHz, CDCl3): δC 168.2, 165.7, 151.7, 148.1,
138.1, 136.7, 135.8, 135.7, 134.2, 134.2, 133.7, 131.5, 130.5,
129.9, 129.5, 129.5, 129.3, 128.4, 127.5, 126.8, 123.6, 122.8,
121.8, 121.7, 121.5, 118.5, 116.6, 115.0, 60.4, 45.2, 45.2, 44.7,
26.2, 10.9; (α)25D = +14.00 (c = 0.02 g per 100 mL, CHCl3). The
enantiomeric ratio (er >98 : 2) of compound 8a-(L) was deter-
mined using the Daicel Chiralpak IA column, hexane/i-PrOH
50 : 50, flow rate 1.0 mL min−1, UV detection at 254 nm, tL =
20.22 min, tD = 30.58 min; HRMS (ESI): m/z (M + H)+ calcd for
C40H36N5O5S: 698.2437; found: 698.2429.

(2R,3S)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)pentanamide
(8a-(D)). Following the general procedure, 8a-(D) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 60 : 40) as a brown coloured semi-solid (anti
isomer, 82%, 57 mg, 0.1 mmol scale); Rf (EtOAc/hexanes =
50 : 50) 0.5; IR (CHCl3): 3280, 2927, 1713, 1387, 755 cm−1; 1H
NMR (400 MHz, CDCl3): δH 9.91 (s, 1H), 8.62 (d, J = 2.8 Hz,
1H), 8.49 (dd, J1 = 7.4 Hz, J2 = 1.2 Hz, 1H), 8.36 (d, J = 8.1 Hz,
1H), 8.29 (d, J = 8.6 Hz, 1H), 8.06–8.04 (m, 1H), 7.97 (d, J = 7.2
Hz, 1H), 7.89 (dd, J1 = 5.4 Hz, J2 = 3.1 Hz, 2H), 7.74 (dd, J1 = 5.4
Hz, J2 = 3.0 Hz, 2H), 7.49 (t, J = 8.3 Hz, 1H), 7.43–7.36 (m, 2H),
7.31 (dd, J1 = 8.3 Hz, J2 = 4.2 Hz, 1H), 7.24 (d, J = 8.4 Hz, 2H),
7.17–7.11 (m, 2H), 6.88 (d, J = 8.3 Hz, 2H), 6.83 (s, 1H), 5.20 (d,
J = 11.6 Hz, 1H), 3.96 (td, J1 = 10.9 Hz, J2 = 3.6 Hz, 1H), 2.84 (s,
6H), 1.65–1.39 (m, 2H), 0.54 (t, J = 7.2 Hz, 3H); 13C{1H} NMR
(∼101 MHz, CDCl3): δC 168.2, 165.6, 148.2, 138.3, 137.3, 135.9,
135.5, 134.3, 134.1, 133.9, 131.6, 130.6, 130.2, 129.5, 129.4,
128.5, 127.6, 127.0, 123.7, 123.0, 122.3, 121.8, 121.5, 116.7,
115.2, 60.6, 45.4, 44.8, 26.1, 11.0; (α)25D = −12.00 (c = 0.02 g per
100 mL, CHCl3). The enantiomeric ratio (er 95 : 5) of com-
pound 8a-(D) was determined using the Daicel Chiralpak IA
column, hexane/i-PrOH 50 : 50, flow rate 1.0 mL min−1, UV
detection at 254 nm, tL = 21.35 min, tD = 33.59 min; HRMS
(ESI): m/z (M)+ calcd for C40H35N5O5S: 697.2359; found:
697.2350.

(2R*,3S*)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)-
3-methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)penta-
namide (8b-(DL)). Following the general procedure, 8b-(DL) was
obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 60 : 40) as a brown coloured semi-
solid (anti isomer, 80%, 86 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50 : 50) 0.50; IR (DCM): 3291, 2926, 1711, 1380, 727 cm−1; 1H
NMR (400 MHz, CDCl3): δH 9.90 (s, 1H), 8.67–8.66 (m, 1H),
8.51 (d, J = 7.2 Hz, 1H), 8.38 (d, J = 8.4 Hz, 1H), 8.26 (d, J = 8.6
Hz, 1H), 8.07 (d, J = 8.2 Hz, 1H), 7.90–7.87 (m, 3H), 7.74 (dd, J1
= 5.1 Hz, J2 = 3.0 Hz, 2H), 7.46–7.35 (m, 4H), 7.17–7.08 (m,
4H), 7.02 (d, J = 8.1 Hz, 1H), 6.39 (s, 1H), 5.20 (d, J = 11.6 Hz,
1H), 3.96 (td, J1 = 11.2 Hz, J2 = 3.0 Hz, 1H), 2.83 (s, 6H), 1.86 (s,
3H), 1.68–1.63 (m, 1H), 1.50–1.44 (m, 1H), 0.60 (t, J = 7.2 Hz,
3H); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC 168.2, 165.8,
151.8, 148.1, 138.3, 137.8, 135.9, 134.6, 134.2, 133.9, 133.7,
131.9, 131.6, 130.8, 130.6, 130.0, 129.6, 129.5, 128.3, 127.6,
127.1, 127.0, 124.2, 123.6, 122.9, 121.8, 121.5, 118.6, 116.6,
115.1, 60.6, 45.3, 44.9, 26.0, 17.6, 11.1. The enantiomeric ratio
of compound 8b-(DL) was determined using the Daicel
Chiralpak ADH column, hexane/i-PrOH 80 : 20, flow rate
1.0 mL min−1, UV detection at 254 nm, tD = 77.64 min, tL =
108.81 min; HRMS (ESI): m/z (M + H)+ calcd for C41H38N5O5S:
712.2594; found: 712.2589.

(2S,3R)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)-
3-methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)
pentanamide (8b-(L)). Following the general procedure, 8b-(L)
was obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 60 : 40) as a brown coloured semi-
solid (anti isomer, 82%, 58 mg, 0.1 mmol scale); Rf (EtOAc/
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hexanes = 50 : 50) 0.5; IR (CHCl3): 3294, 2927, 1713, 1382,
751 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.90 (s, 1H), 8.65 (d, J
= 3.2 Hz, 1H), 8.50 (d, J = 7.1 Hz, 1H), 8.37 (d, J = 8.4 Hz, 1H),
8.28 (d, J = 8.4 Hz, 1H), 8.04 (d, J = 8.0 Hz, 1H), 7.89–7.87 (m,
3H), 7.73–7.71 (m, 2H), 7.44–7.37 (m, 3H), 7.34 (dd, J1 = 8.0
Hz, J2 = 4.2 Hz, 1H), 7.17–7.02 (m, 5H), 6.62 (s, 1H), 5.22 (d, J =
11.6 Hz, 1H), 3.96 (dd, J1 = 11.9 Hz, J2 = 3.9 Hz, 1H), 2.82 (s,
6H), 1.86 (s, 3H), 1.67–1.63 (m, 1H), 1.48–1.43 (m, 1H), 0.59 (t,
J = 7.1 Hz, 3H); 13C{1H} NMR (∼101 MHz, CDCl3): δC 168.2,
165.8, 151.8, 148.1, 138.3, 137.8, 135.9, 134.6, 134.3, 134.2,
133.8, 133.7, 131.9, 131.6, 130.7, 130.6, 129.9, 129.6, 129.5,
128.3, 127.6, 127.0, 127.0, 127.0, 124.2, 123.6, 122.8, 121.8,
121.5, 118.6, 116.6, 115.0, 60.6, 45.3, 44.8, 26.0, 17.6, 11.1;
(α)25D = −5.00 (c = 0.02 g per 100 mL, CHCl3). The enantiomeric
ratio (er 98 : 2) of compound 8b-(L) was determined using the
Daicel Chiralpak ADH column, hexane/i-PrOH 80 : 20, flow rate
1.0 mL min−1, UV detection at 254 nm, tD = 84.25 min, tL =
114.02 min; HRMS (ESI): m/z (M + H)+ calcd for C41H38N5O5S:
712.2594; found: 712.2595.

(2R,3S)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)-
3-methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)pen-
tanamide (8b-(D)). Following the general procedure, 8b-(D) was
obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 60 : 40) as a brown coloured semi-
solid (anti isomer, 78%, 55 mg, 0.1 mmol scale); Rf (EtOAc/
hexanes = 50 : 50) 0.5; IR (CHCl3): 3291, 2930, 1712, 1383,
750 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.91 (s, 1H), 8.65 (d, J
= 2.8 Hz, 1H), 8.50 (d, J = 7.0 Hz, 1H), 8.37 (d, J = 8.4 Hz, 1H),
8.28 (d, J = 8.4 Hz, 1H), 8.05 (d, J = 7.9 Hz, 1H), 7.89–7.87 (m,
3H), 7.72 (dd, J1 = 5.7 Hz, J2 = 3.0 Hz, 2H), 7.45–7.37 (m, 3H),
7.34 (dd, J1 = 7.7 Hz, J2 = 3.8 Hz, 1H), 7.17–7.02 (m, 5H), 6.59
(s, 1H), 5.21 (d, J = 11.6 Hz, 1H), 3.96 (td, J1 = 11.2 Hz, J2 = 3.0
Hz, 1H), 2.82 (s, 6H), 1.86 (s, 3H), 1.68–1.62 (m, 1H), 1.48–1.43
(m, 1H), 0.59 (t, J = 7.1 Hz, 3H); 13C{1H} NMR (∼101 MHz,
CDCl3): δC 168.2, 165.8, 151.8, 148.1, 138.3, 137.8, 135.9, 134.6,
134.2, 133.9, 133.7, 131.9, 131.6, 130.8, 130.6, 130.0, 129.6,
129.5, 128.3, 127.6, 127.1, 127.0, 124.2, 123.6, 122.9, 121.8,
121.5, 118.6, 116.7, 115.0, 60.6, 45.3, 44.9, 26.0, 17.6, 11.1;
(α)25D = +3.66 (c = 0.02 g per 100 mL, CHCl3). The enantiomeric
ratio (er >90 : 10) of compound 8b-(D) was determined using
the Daicel Chiralpak ADH column, hexane/i-PrOH 80 : 20, flow
rate 1.0 mL min−1, UV detection at 254 nm, tD = 80.49 min, tL
= 110.09 min; HRMS (ESI): m/z (M + H)+ calcd for
C41H38N5O5S: 712.2594; found: 712.2609.

(2R*,3S*)-3-(3-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)pentanamide
(8c-(DL)). Following the general procedure, 8c-(DL) was
obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 60 : 40) as a brown coloured semi-
solid (anti isomer, 83%, 87 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50 : 50) 0.50; IR (DCM): 3285, 2924, 1712, 1383, 722 cm−1; 1H
NMR (400 MHz, CDCl3): δH 9.63 (s, 1H), 8.49–8.48 (m, 2H),
8.35 (dd, J1 = 8.3 Hz, J2 = 2.5 Hz, 1H), 8.28 (d, J = 8.6 Hz, 1H),
8.11–8.08 (m, 1H), 8.00–7.98 (m, 1H), 7.90 (dd, J1 = 5.4 Hz, J2 =
3.0 Hz, 2H), 7.74 (dd, J1 = 5.3 Hz, J2 = 3.1 Hz, 2H), 7.57–7.52
(m, 1H), 7.39–7.32 (m, 2H), 7.29–7.20 (m, 2H), 7.10–6.97 (m,

6H), 5.18 (dd, J1 = 11.6 Hz, J2 = 2.1 Hz, 1H), 3.84 (td, J1 = 11.4
Hz, J2 = 3.4 Hz, 1H), 2.75 (s, 6H), 1.59–1.50 (m, 1H), 1.30–1.19
(m, 1H), 0.30 (t, J = 7.3 Hz, 3H); 13C{1H} NMR (∼101.0 MHz,
CDCl3): δC 168.2, 165.6, 151.8, 148.0, 141.4, 138.1, 137.2, 135.6,
134.2, 133.7, 133.4, 131.6, 130.6, 129.8, 129.5, 129.4, 128.6,
127.5, 126.8, 125.9, 123.6, 122.8, 121.7, 121.4, 121.0, 120.7,
118.3, 116.5, 115.1, 60.0, 45.3, 45.2, 26.3, 10.8. The enantio-
meric ratio of compound 8c-(DL) was determined using the
Daicel Chiralpak IA column, hexane/i-PrOH 50 : 50, flow rate
1.0 mL min−1, UV detection at 254 nm, tL = 22.30 min, tD =
30.63 min; HRMS (ESI): m/z (M + H)+ calcd for C40H36N5O5S:
698.2437; found: 698.2432.

(2S,3R)-3-(3-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)pentanamide
(8c-(L)). Following the general procedure, 8c-(L) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 60 : 40) as a brown coloured semi-solid (anti
isomer, 76%, 80 mg, 0.15 mmol scale); Rf (EtOAc/hexanes =
50 : 50) 0.5; IR (CHCl3): 3285, 2926, 1715, 1386, 756 cm−1; 1H
NMR (400 MHz, CDCl3): δH 9.64 (s, 1H), 8.48–8.46 (m, 2H),
8.38 (d, J = 8.5 Hz, 1H), 8.27 (d, J = 8.6 Hz, 1H), 8.12 (d, J = 7.2
Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.89 (dd, J1 = 5.2 Hz, J2 = 3.1
Hz, 2H), 7.73 (dd, J1 = 5.2 Hz, J2 = 3.1 Hz, 2H), 7.51 (t, J = 8.1
Hz, 1H), 7.41 (s, 1H), 7.36–7.31 (m, 2H), 7.25–7.21 (m, 2H),
7.07–7.02 (m, 4H), 6.99–6.97 (m, 1H), 5.21 (d, J = 11.6 Hz, 1H),
3.85 (td, J1 = 12.1 Hz, J2 = 3.2 Hz, 1H), 2.73 (s, 6H), 1.59–1.50
(m, 1H), 0.89–0.81 (m, 1H), 0.30 (t, J = 7.2 Hz, 3H); 13C{1H}
NMR (∼101 MHz, CDCl3): δC 168.2, 165.6, 151.9, 148.0, 141.5,
138.1, 137.2, 135.7, 134.3, 133.7, 133.4, 131.6, 130.7, 129.8,
129.6, 129.4, 128.6, 127.5, 126.9, 125.9, 123.7, 122.9, 121.8,
121.5, 121.2, 120.8, 118.2, 116.6, 115.1, 60.1, 45.2, 45.2, 26.3,
10.8; (α)25D = −10.00 (c = 0.02 g per 100 mL, CHCl3). The enan-
tiomeric ratio (er 98 : 2) of compound 8c-(L) was determined
using the Daicel Chiralpak IA column, hexane/i-PrOH 50 : 50,
flow rate 1.0 mL min−1, UV detection at 254 nm, tL =
22.37 min, tD = 28.99 min; HRMS (ESI): m/z (M + H)+ calcd for
C40H36N5O5S: 698.2437; found: 698.2445.

(2R,3S)-3-(3-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)pentanamide
(8c-(D)). Following the general procedure, 8c-(D) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 60 : 40) as a brown coloured semi-solid (anti
isomer, 72%, 75 mg, 0.15 mmol scale); Rf (EtOAc/hexanes =
50 : 50) 0.5; IR (CHCl3): 3285, 2931, 1712, 1384, 752 cm−1; 1H
NMR (400 MHz, CDCl3): δH 9.64 (s, 1H), 8.49–8.47 (m, 2H),
8.35 (d, J = 8.6 Hz, 1H), 8.28 (d, J = 8.5 Hz, 1H), 8.10 (d, J = 7.3
Hz, 1H), 7.98 (dd, J1 = 8.2 Hz, J2 = 1.1 Hz, 1H), 7.89 (dd, J1 = 5.3
Hz, J2 = 3.0 Hz, 2H), 7.74 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.54
(t, J = 8.3 Hz, 1H), 7.38–7.32 (m, 2H), 7.28–7.21 (m, 2H), 7.16
(s, 1H), 7.10–7.04 (m, 3H), 7.00–6.96 (m, 2H), 5.18 (d, J = 11.6
Hz, 1H), 3.84 (td, J1 = 11.4 Hz, J2 = 3.3 Hz, 1H), 2.74 (s, 6H),
1.58–1.52 (m, 1H), 1.28–1.21 (m, 1H), 0.30 (t, J = 7.2 Hz, 3H);
13C{1H} NMR (∼101 MHz, CDCl3): δC 168.2, 165.6, 151.9, 148.0,
141.5, 138.2, 137.2, 135.7, 134.3, 133.7, 133.4, 131.7, 130.7,
129.8, 129.6, 129.5, 128.6, 127.5, 126.9, 125.9, 123.6, 122.9,
121.8, 121.5, 121.2, 120.8, 118.3, 116.6, 115.1, 60.1, 45.3, 45.2,
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26.3, 10.8; (α)25D = +12.00 (c = 0.02 g per 100 mL, CHCl3). The
enantiomeric ratio (er 98 : 2) of compound 8c-(D) was deter-
mined using the Daicel Chiralpak IA column, hexane/i-PrOH
50 : 50, flow rate 1.0 mL min−1, UV detection at 254 nm, tL =
18.54 min, tD = 25.39 min; HRMS (ESI): m/z (M + H)+ calcd for
C40H36N5O5S: 698.2437; found: 698.2442.

3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)-3-methyl-
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)propanamide
(9a-(DL)). Following the general procedure, 9a-(DL) was
obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 80 : 20) as a brown coloured semi-
solid (anti isomer, 68%, 70 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50 : 50) 0.30; IR (DCM): 3302, 2926, 1712, 1383, 724 cm−1; 1H
NMR (400 MHz, CDCl3): δH 10.17 (s, 1H), 8.62–8.60 (m, 1H),
8.50–8.49 (m, 1H), 8.39 (d, J = 8.4 Hz, 1H), 8.23 (d, J = 8.6 Hz,
1H), 8.03 (d, J = 8.2 Hz, 1H), 7.94 (d, J = 7.2 Hz, 1H), 7.73 (dd,
J1 = 5.3 Hz, J2 = 3.2 Hz, 2H), 7.64 (dd, J1 = 5.2 Hz, J2 = 3.1 Hz,
2H), 7.44–7.41 (m, 3H), 7.31–7.23 (m, 2H), 7.06 (d, J = 7.5 Hz,
1H), 6.86–6.79 (m, 3H), 6.42 (s, 1H), 5.23 (dd, J1 = 9.6 Hz, J2 =
6.9 Hz, 1H), 3.57–3.54 (m, 2H), 2.79 (s, 6H), 1.79 (s, 3H); 13C
{1H} NMR (∼101.0 MHz, CDCl3): δC 167.8, 166.2, 151.9, 148.3,
138.4, 136.2, 134.5, 134.4, 134.2, 133.7, 133.4, 131.9, 131.5,
131.4, 130.7, 130.2, 129.7, 129.5, 128.4, 127.8, 127.2, 124.0,
123.5, 123.0, 122.0, 121.6, 118.5, 116.7, 115.1, 56.0, 45.4, 34.0,
17.5. The enantiomeric ratio of compound 9a-(DL) was deter-
mined using the Daicel Chiralpak IA column, hexane/i-PrOH
30 : 70, flow rate 1.0 mL min−1, UV detection at 254 nm, tD =
30.43 min, tL = 40.21 min; HRMS (ESI): m/z (M + H)+ calcd for
C39H34N5O5S: 684.2281; found: 684.2275.

(S)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)-3-
methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)propa-
namide (9a-(L)). Following the general procedure, 9a-(L) was
obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 80 : 20) as a brown coloured semi-
solid (anti isomer, 60%, 41 mg, 0.1 mmol scale); Rf (EtOAc/
hexanes = 50 : 50) 0.3; IR (CHCl3): 3325, 2926, 1715, 1383,
753 cm−1; 1H NMR (400 MHz, CDCl3): δH 10.25 (s, 1H), 8.70–8.68
(m, 1H), 8.58 (dd, J1 = 4.1 Hz, J2 = 1.4 Hz, 1H), 8.46 (d, J = 8.5 Hz,
1H), 8.30 (d, J = 8.7 Hz, 1H), 8.11 (dd, J1 = 8.2 Hz, J2 = 1.3 Hz, 1H),
8.02 (d, J = 7.3 Hz, 1H), 7.81 (dd, J1 = 5.4 Hz, J2 = 3.1 Hz, 2H), 7.72
(dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.53–7.49 (m, 3H), 7.39–7.31 (m,
2H), 7.14 (d, J = 7.6 Hz, 1H), 6.94–6.86 (m, 3H), 6.43 (s, 1H), 5.30
(dd, J1 = 9.7 Hz, J2 = 6.9 Hz, 1H), 3.65–3.62 (m, 2H), 2.87 (s, 6H),
1.86 (s, 3H); 13C{1H} NMR (∼101 MHz, CDCl3): δC 167.8, 166.2,
152.0, 148.3, 138.4, 136.2, 134.5, 134.4, 134.2, 133.7, 133.4, 131.8,
131.5, 131.4, 130.7, 130.2, 129.7, 129.5, 128.4, 127.8, 127.2, 124.0,
123.6, 123.0, 122.0, 121.6, 118.5, 116.7, 115.1, 56.0, 45.4, 34.0,
17.5; (α)25D = −65.00 (c = 0.02 g per 100 mL, CHCl3). The enantio-
meric ratio (er 97 : 3) of compound 9a-(L) was determined using
the Daicel Chiralpak IA column, hexane/i-PrOH 30 : 70, flow rate
1.0 mL min−1, UV detection at 254 nm, tD = 30.83 min, tL =
38.97 min; HRMS (ESI): m/z (M + H)+ calcd for C39H34N5O5S:
684.2281; found: 684.2280.

(R)-3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)-3-
methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)propa-
namide (9a-(D)). Following the general procedure, 9a-(D) was

obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 80 : 20) as a brown coloured semi-
solid (anti isomer, 62%, 63 mg, 0.15 mmol scale); Rf (EtOAc/
hexanes = 50 : 50) 0.3; IR (CHCl3): 3295, 2928, 1713, 1383,
752 cm−1; 1H NMR (400 MHz, CDCl3): δH 10.24 (s, 1H),
8.69–8.67 (m, 1H), 8.57 (dd, J1 = 4.2 Hz, J2 = 1.6 Hz, 1H), 8.45
(d, J = 8.5 Hz, 1H), 8.32 (d, J = 8.7 Hz, 1H), 8.09 (dd, J1 = 8.3
Hz, J2 = 1.6 Hz, 1H), 8.02 (dd, J1 = 7.4 Hz, J2 = 1.2 Hz, 1H), 7.80
(dd, J1 = 5.6 Hz, J2 = 3.1 Hz, 2H), 7.71 (dd, J1 = 5.4 Hz, J2 = 3.1
Hz, 2H), 7.51–7.47 (m, 3H), 7.37–7.31 (m, 2H), 7.13 (d, J = 7.5
Hz, 1H), 6.93–6.87 (m, 3H), 6.59 (s, 1H), 5.31 (dd, J1 = 9.8 Hz,
J2 = 6.8 Hz, 1H), 3.65–3.62 (m, 2H), 2.86 (s, 6H), 1.86 (s, 3H);
13C{1H} NMR (∼101 MHz, CDCl3): δC 167.8, 166.2, 151.9, 148.2,
138.3, 136.2, 134.4, 134.4, 134.2, 133.7, 133.3, 131.8, 131.5,
131.4, 130.7, 130.2, 129.7, 129.4, 128.4, 127.7, 127.2, 123.9,
123.5, 123.0, 122.0, 121.6, 118.5, 116.6, 115.1, 56.0, 45.3, 34.0,
17.5; (α)25D = +73.00 (c = 0.02 g per 100 mL, CHCl3). The enan-
tiomeric ratio (er 97 : 3) of compound 9a-(D) was determined
using the Daicel Chiralpak IA column, hexane/i-PrOH 30 : 70,
flow rate 1.0 mL min−1, UV detection at 254 nm, tD =
28.93 min, tL = 40.74 min; HRMS (ESI): m/z (M + Na)+ calcd for
C39H33N5NaO5S: 706.2100; found: 706.2083.

3-(3-((5-(Dimethylamino)naphthalene)-1-sulfonamido)phenyl)-
2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)propanamide (9b-
(DL)). Following the general procedure, 9b-(DL) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 80 : 20) as a brown coloured semi-solid (anti
isomer, 72%, 72 mg, 0.15 mmol); Rf (EtOAc/hexanes = 50 : 50)
0.30; IR (DCM): 3279, 2924, 1712, 1383, 725 cm−1; 1H NMR
(400 MHz, CDCl3): δH 10.18 (s, 1H), 8.69–8.66 (m, 1H), 8.52
(dd, J1 = 4.2 Hz, J2 = 1.0 Hz, 1H), 8.42 (d, J = 8.5 Hz, 1H), 8.29
(d, J = 8.6 Hz, 1H), 8.10–8.06 (m, 2H), 7.81 (dd, J1 = 5.4 Hz, J2 =
3.2 Hz, 2H), 7.69 (dd, J1 = 5.3 Hz, J2 = 3.1 Hz, 2H), 7.53 (t, J =
8.2 Hz, 1H), 7.51–7.48 (m, 2H), 7.39–7.33 (m, 3H), 7.13 (d, J =
7.6 Hz, 1H), 6.96–6.95 (m, 3H), 6.76–6.74 (m, 1H), 5.30 (dd, J1
= 9.6 Hz, J2 = 7.0 Hz, 1H), 3.65–3.62 (m, 2H), 2.82 (s, 6H); 13C
{1H} NMR (∼101.0 MHz, CDCl3): δC 167.8, 166.1, 151.9, 148.2,
138.3, 138.0, 136.9, 136.1, 134.2, 134.0, 133.6, 131.5, 130.7,
130.2, 129.7, 129.5, 129.5, 128.6, 127.7, 127.2, 125.7, 123.6,
123.1, 122.0, 121.8, 121.6, 119.5, 118.4, 116.7, 115.1, 55.8, 45.3,
29.7. The enantiomeric ratio of compound 9b-(DL) was deter-
mined using the Daicel Chiralpak IA column, hexane/i-PrOH
50 : 50, flow rate 1.0 mL min−1, UV detection at 254 nm, tD =
23.35 min, tL = 39.49 min; HRMS (ESI): m/z (M + H)+ calcd for
C38H32N5O5S: 670.2124; found: 670.2125.

(S)-3-(3-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)propanamide
(9b-(L)). Following the general procedure, 9b-(L) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 80 : 20) as a brown coloured semi-solid (anti
isomer, 68%, 68 mg, 0.15 mmol scale); Rf (EtOAc/hexanes =
50 : 50) 0.3; IR (CHCl3): 3279, 2928, 1713, 1385, 751 cm−1; 1H
NMR (400 MHz, CDCl3): δH 10.19 (s, 1H), 8.70–8.68 (m, 1H),
8.52 (d, J = 3.7 Hz, 1H), 8.43 (d, J = 8.5 Hz, 1H), 8.33 (d, J = 8.7
Hz, 1H), 8.12–8.08 (m, 2H), 7.81 (dd, J1 = 5.2 Hz, J2 = 3.2 Hz,
2H), 7.69 (dd, J1 = 5.2 Hz, J2 = 3.2 Hz, 2H), 7.54–7.48 (m, 3H),
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7.41–7.29 (m, 3H), 7.13 (d, J = 7.6 Hz, 1H), 7.00–6.96 (m, 3H),
6.79 (d, J = 6.7 Hz, 1H), 5.36–5.32 (m, 1H), 3.67–3.65 (m, 2H),
2.83 (s, 6H); 13C{1H} NMR (∼101 MHz, CDCl3): δC 167.8, 166.1,
151.9, 148.2, 138.3, 138.0, 137.0, 136.1, 134.2, 134.1, 133.6,
131.4, 130.7, 130.1, 129.7, 129.5, 129.4, 128.5, 127.7, 127.1,
125.6, 123.5, 123.0, 122.0, 121.6, 121.6, 119.4, 118.4, 116.7,
115.1, 55.8, 45.3, 34.4; (α)25D = +68.00 (c = 0.02 g per 100 mL,
CHCl3). The enantiomeric ratio (er 97 : 3) of compound 9b-(L)
was determined using the Daicel Chiralpak IA column,
hexane/i-PrOH 50 : 50, flow rate 1.0 mL min−1, UV detection at
254 nm, tD = 23.88 min, tL = 39.49 min; HRMS (ESI): m/z (M +
H)+ calcd for C38H32N5O5S: 670.2124; found: 670.2122.

(R)-3-(3-((5-(Dimethylamino)naphthalene)-1-sulfonamido)
phenyl)-2-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)propanamide
(9b-(D)). Following the general procedure, 9b-(D) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 80 : 20) as a brown coloured semi-solid (anti
isomer, 65%, 65 mg, 0.15 mmol scale); Rf (EtOAc/hexanes =
50 : 50) 0.3; IR (CHCl3): 3280, 2926, 1713, 1385, 754 cm−1; 1H
NMR (400 MHz, CDCl3): δH 10.20 (s, 1H), 8.71–8.69 (m, 1H),
8.54 (d, J = 4.2 Hz, 1H), 8.45 (d, J = 8.5 Hz, 1H), 8.31 (d, J = 8.6
Hz, 1H), 8.12–8.08 (m, 2H), 7.83 (dd, J1 = 5.1 Hz, J2 = 3.2 Hz,
2H), 7.71 (dd, J1 = 5.2 Hz, J2 = 3.2 Hz, 2H), 7.55 (t, J = 8.2 Hz,
1H), 7.51–7.50 (m, 2H), 7.41–7.37 (m, 2H), 7.15 (d, J = 7.6 Hz,
1H), 7.01–6.97 (m, 4H), 6.78–6.76 (m, 1H), 5.32 (dd, J1 = 9.4
Hz, J2 = 7.1 Hz, 1H), 3.67–3.65 (m, 2H), 2.85 (s, 6H); 13C{1H}
NMR (∼101 MHz, CDCl3): δC 167.8, 166.1, 151.9, 148.2, 138.3,
138.0, 136.9, 136.1, 134.2, 134.0, 133.6, 131.5, 130.7, 130.2,
129.7, 129.5, 129.5, 128.6, 127.7, 127.2, 125.7, 123.6, 123.1,
122.0, 121.8, 121.6, 119.6, 118.4, 116.7, 115.1, 55.8, 45.3, 34.4;
(α)25D = −70.00 (c = 0.02 g per 100 mL, CHCl3). The enantio-
meric ratio (er 90 : 10) of compound 9b-(D) was determined
using the Daicel Chiralpak IA column, hexane/i-PrOH 50 : 50,
flow rate 1.0 mL min−1, UV detection at 254 nm, tD =
23.29 min, tL = 40.09 min; HRMS (ESI): m/z (M + H)+ calcd for
C38H32N5O5S: 670.2124; found: 670.2122.

3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)phenyl)-
5-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)pentanamide (11a).
Following the general procedure, 11a was obtained after purifi-
cation by column chromatography on silica gel
(EtOAc : hexanes = 60 : 40) as a brown coloured semi-solid
(80%, 84 mg, 0.15 mmol); Rf (EtOAc/hexanes = 50 : 50) 0.50; IR
(DCM): 2929, 1704, 1522, 1326, 723 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.51 (s, 1H), 8.63 (dd, J1 = 4.2 Hz, J2 = 1.6 Hz, 1H),
8.54 (t, J = 4.5 Hz, 1H), 8.27 (d, J = 8.5 Hz, 1H), 8.20 (d, J = 8.6
Hz, 1H), 8.04 (dd, J1 = 8.3 Hz, J2 = 1.6 Hz, 1H), 7.95 (dd, J1 = 7.3
Hz, J2 = 1.0 Hz, 1H), 7.64 (dd, J1 = 5.5 Hz, J2 = 3.1 Hz, 2H), 7.52
(dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.42–7.38 (m, 3H), 7.32 (dd, J1
= 8.2 Hz, J2 = 4.2 Hz, 1H), 7.15–7.11 (m, 1H), 7.02–6.96 (m,
2H), 7.01 (d, J = 8.3 Hz, 2H), 6.73 (d, J = 8.5 Hz, 2H), 3.52–3.36
(m, 2H), 3.23–3.16 (m, 1H), 2.74 (s, 6H), 2.74–2.68 (m, 1H),
2.01–1.96 (m, 1H), 2.02–1.97 (m, 2H); 13C{1H} NMR
(∼101.0 MHz, CDCl3): δC 169.3, 168.2, 151.9, 148.1, 139.7,
138.1, 136.2, 135.0, 134.2, 134.1, 133.7, 131.9, 130.6, 130.0,
129.6, 129.5, 128.4, 128.2, 127.8, 127.2, 123.0, 121.9, 121.5,
121.5, 118.5, 116.4, 115.1, 45.5, 45.3, 39.7, 36.3, 33.8; HRMS

(ESI): m/z (M + H)+ calcd for C40H36N5O5S: 698.2437; found:
698.2452.

3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)phenyl)-
6-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)hexanamide (11b).
Following the general procedure, 11b was obtained after purifi-
cation by column chromatography on silica gel
(EtOAc : hexanes = 70 : 30) as a brown coloured semi-solid
(78%, 83 mg, 0.15 mmol); Rf (EtOAc/hexanes = 50 : 50) 0.40; IR
(DCM): 2926, 1705, 1523, 1327, 722 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.51 (s, 1H), 8.65 (dd, J1 = 4.1 Hz, J2 = 1.4 Hz, 1H),
8.54–8.52 (m, 1H), 8.25 (d, J = 8.5 Hz, 1H), 8.20 (d, J = 8.6 Hz,
1H), 8.04 (dd, J1 = 8.3 Hz, J2 = 1.4 Hz, 1H), 7.92 (d, J = 7.3 Hz,
1H), 7.69 (dd, J1 = 5.3 Hz, J2 = 3.1 Hz, 2H), 7.59 (dd, J1 = 5.5 Hz,
J2 = 3.1 Hz, 2H), 7.42–7.38 (m, 3H), 7.34 (dd, J1 = 8.3 Hz, J2 =
4.2 Hz, 1H), 7.12 (t, J = 8.2 Hz, 1H), 7.01 (d, J = 7.5 Hz, 1H),
6.94 (d, J = 8.4 Hz, 2H), 6.89 (s, 1H), 6.73 (d, J = 8.3 Hz, 2H),
3.50 (t, J = 7.2 Hz, 2H), 3.15–3.08 (m, 1H), 2.77–2.50 (m, 2H),
2.74 (s, 6H), 1.73–1.65 (m, 1H), 1.58–1.42 (m, 2H), 1.35–1.28
(m, 1H); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC 169.7, 168.3,
151.9, 148.1, 140.7, 138.1, 136.2, 134.9, 134.2, 134.2, 133.8,
132.0, 130.5, 130.1, 129.6, 129.6, 128.4, 128.2, 127.8, 127.3,
123.1, 122.9, 122.4, 121.6, 121.4, 118.5, 116.4, 115.0, 45.3, 45.2,
41.5, 37.7, 33.2, 26.4; HRMS (ESI): m/z (M + H)+ calcd for
C41H38N5O5S: 712.2594; found: 712.2615.

3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)phenyl)-
7-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)heptanamide (11c).
Following the general procedure, 11c was obtained after purifi-
cation by column chromatography on silica gel
(EtOAc : hexanes = 65 : 35) as a brown coloured semi-solid
(84%, 92 mg, 0.15 mmol); Rf (EtOAc/hexanes = 50 : 50) 0.40; IR
(DCM): 2928, 1704, 1523, 1328, 723 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.60 (s, 1H), 8.72–8.71 (m, 1H), 8.65–8.63 (m, 1H),
8.35 (d, J = 8.6 Hz, 1H), 8.31 (d, J = 8.6 Hz, 1H), 8.10 (d, J = 8.3
Hz, 1H), 8.02 (d, J = 7.3 Hz, 1H), 7.78 (dd, J1 = 5.4 Hz, J2 = 3.1
Hz, 2H), 7.65 (dd, J1 = 5.3 Hz, J2 = 3.1 Hz, 2H), 7.47–7.44 (m,
3H), 7.38 (dd, J1 = 8.2 Hz, J2 = 4.2 Hz, 1H), 7.21 (t, J = 8.2 Hz,
1H), 7.13–7.07 (m, 2H), 6.99 (d, J = 8.2 Hz, 2H), 6.82 (d, J = 8.3
Hz, 2H), 3.54 (t, J = 7.3 Hz, 2H), 3.18–3.11 (m, 1H), 2.81 (s, 6H),
2.76–2.63 (m, 2H), 1.75–1.67 (m, 1H), 1.62–1.49 (m, 3H),
1.18–1.04 (m, 2H); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC
169.9, 168.3, 151.8, 148.0, 140.9, 138.1, 136.2, 134.8, 134.3,
134.1, 133.8, 131.9, 130.5, 129.9, 129.6, 129.5, 129.5, 128.3,
128.1, 127.7, 127.2, 125.7, 123.0, 122.9, 122.0, 121.5, 121.4,
118.6, 116.4, 115.0, 45.3, 41.5, 37.6, 35.4, 28.2, 24.4, 19.6;
HRMS (ESI): m/z (M + H)+ calcd for C42H40N5O5S: 726.2750;
found: 726.2803.

3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)phenyl)-
8-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)octanamide (11d).
Following the general procedure, 11d was obtained after purifi-
cation by column chromatography on silica gel
(EtOAc : hexanes = 70 : 30) as a brown coloured semi-solid
(78%, 87 mg, 0.15 mmol); Rf (EtOAc/hexanes = 50 : 50) 0.40; IR
(DCM): 2930, 1706, 1524, 1328, 723 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.52 (s, 1H), 8.66 (dd, J1 = 4.2 Hz, J2 = 1.6 Hz, 1H),
8.57 (dd, J1 = 5.0 Hz, J2 = 3.9 Hz, 1H), 8.27 (d, J = 8.5 Hz, 1H),
8.20 (d, J = 8.6 Hz, 1H), 8.05 (dd, J1 = 8.2 Hz, J2 = 1.5 Hz, 1H),
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7.94 (dd, J1 = 7.4 Hz, J2 = 1.1 Hz, 1H), 7.73 (dd, J1 = 5.4 Hz, J2 =
3.1 Hz, 2H), 7.61 (dd, J1 = 5.4 Hz, J2 = 3.1 Hz, 2H), 7.42–7.39
(m, 3H), 7.34 (dd, J1 = 8.3 Hz, J2 = 4.2 Hz, 1H), 7.15–7.11 (m,
1H), 7.02 (d, J = 7.6 Hz, 1H), 6.95–6.90 (m, 1H), 6.94 (d, J = 8.4
Hz, 2H), 6.74 (d, J = 8.4 Hz, 2H), 3.50 (t, J = 7.2 Hz, 2H),
3.09–3.02 (m, 1H), 2.74 (s, 6H), 2.69–2.55 (m, 2H), 1.63–1.57
(m, 1H), 1.50–1.43 (m, 3H), 1.28–1.05 (m, 4H); 13C{1H} NMR
(∼101.0 MHz, CDCl3): δC 170.0, 168.4, 151.9, 148.1, 141.3,
138.1, 136.2, 134.6, 134.2, 133.8, 132.0, 130.5, 130.1, 129.6,
129.5, 128.4, 128.1, 127.8, 127.3, 123.1, 122.9, 122.2, 121.6,
121.4, 118.5, 116.4, 115.0, 45.5, 45.3, 41.8, 37.8, 35.9, 28.3,
26.8, 26.7; HRMS (ESI): m/z (M + H)+ calcd for C43H42N5O5S:
740.2907; found: 740.2937.

3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)phenyl)-
11-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)undecanamide (11e).
Following the general procedure, 11e was obtained after purifi-
cation by column chromatography on silica gel
(EtOAc : hexanes = 80 : 20) as a brown coloured semi-solid
(82%, 96 mg, 0.15 mmol); Rf (EtOAc/hexanes = 50 : 50) 0.30; IR
(DCM): 2923, 1708, 1526, 1397, 721 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.61 (s, 1H), 8.71 (dd, J1 = 4.2 Hz, J2 = 1.6 Hz, 1H), 8.65
(dd, J1 = 5.6 Hz, J2 = 3.4 Hz, 1H), 8.34 (d, J = 8.5 Hz, 1H), 8.33 (d, J
= 8.6 Hz, 1H), 8.09 (dd, J1 = 8.3 Hz, J2 = 1.6 Hz, 1H), 8.05 (dd, J1 =
7.3 Hz, J2 = 1.0 Hz, 1H), 7.81 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.66
(dd, J1 = 5.5 Hz, J2 = 3.1 Hz, 2H), 7.54 (s, 1H), 7.47–7.41 (m, 3H),
7.37 (dd, J1 = 8.2 Hz, J2 = 4.2 Hz, 1H), 7.21–7.17 (m, 1H), 7.06 (d, J
= 7.5 Hz, 1H), 7.01 (d, J = 8.4 Hz, 2H), 6.88 (d, J = 8.4 Hz, 2H), 3.62
(t, J = 7.4 Hz, 2H), 3.17–3.10 (m, 1H), 2.80 (s, 6H), 2.76–2.63 (m,
2H), 1.68–1.55 (m, 3H), 1.52–1.48 (m, 1H), 1.31–1.11 (m, 10H); 13C
{1H} NMR (∼101.0 MHz, CDCl3): δC 170.2, 168.4, 151.7, 148.0,
141.2, 138.0, 136.2, 134.7, 134.4, 134.1, 133.7, 132.0, 130.4, 129.9,
129.5, 128.2, 128.1, 127.7, 127.2, 123.0, 122.8, 121.9, 121.5, 121.4,
118.6, 116.4, 114.9, 45.4, 45.2, 41.7, 37.9, 35.9, 29.1, 29.0, 28.8,
28.4, 26.9, 26.6; HRMS (ESI): m/z (M + H)+ calcd for C46H48N5O5S:
782.3376; found: 782.3395.

3-(4-((5-(Dimethylamino)naphthalene)-1-sulfonamido)phenyl)-
12-(1,3-dioxoisoindolin-2-yl)-N-(quinolin-8-yl)dodecanamide (11f).
Following the general procedure, 11f was obtained after purifi-
cation by column chromatography on silica gel
(EtOAc : hexanes = 80 : 20) as a brown coloured semi-solid
(79%, 94 mg, 0.15 mmol); Rf (EtOAc/hexanes = 50 : 50) 0.30; IR
(DCM): 2926, 1705, 1523, 1328, 723 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.61 (s, 1H), 8.71–8.71 (m, 1H), 8.65–8.64 (m, 1H),
8.35–8.32 (m, 2H), 8.09 (d, J = 8.2 Hz, 1H), 8.05 (d, J = 7.2 Hz,
1H), 7.82–7.81 (m, 2H), 7.66 (dd, J1 = 5.2 Hz, J2 = 2.9 Hz, 2H),
7.53–7.42 (m, 4H), 7.38 (dd, J1 = 8.2 Hz, J2 = 4.2 Hz, 1H), 7.19
(t, J = 8.2 Hz, 1H), 7.07 (d, J = 7.6 Hz, 1H), 7.01 (d, J = 8.0 Hz,
2H), 6.87 (d, J = 8.0 Hz, 2H), 3.63 (t, J = 7.2 Hz, 2H), 3.17–3.12
(m, 1H), 2.81 (s, 6H), 2.76–2.63 (m, 2H), 1.68–1.49 (m, 5H),
1.25–1.22 (m, 11H); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC
170.2, 168.4, 151.7, 148.0, 141.2, 138.1, 136.2, 134.7, 134.4,
134.2, 133.8, 132.0, 130.4, 129.9, 129.6, 128.2, 128.1, 127.7,
127.2, 123.1, 122.8, 121.9, 121.5, 121.4, 118.7, 116.4, 115.0,
45.5, 45.2, 41.7, 38.0, 36.0, 29.3, 29.1, 28.9, 28.5, 27.0, 26.7;
HRMS (ESI): m/z (M + H)+ calcd for C47H50N5O5S: 796.3533;
found: 796.3541.

(2R*,3S*)-Ethyl 3-(4-((5-(dimethylamino)naphthalene)-1-sul-
fonamido)phenyl)-2-(1,3-dioxoisoindolin-2-yl)pentanoate (12a-
(DL)). Following the general procedure, 12a-(DL) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 30 : 70) as a brown coloured semi-solid (anti
isomer, 72%, 43 mg, 0.10 mmol); Rf (EtOAc/hexanes = 50 : 50)
0.60; IR (DCM): 2924, 1718, 1386, 1157, 724 cm−1; 1H NMR
(400 MHz, CDCl3): δH 8.43 (d, J = 8.4 Hz, 1H), 8.28 (d, J = 8.6
Hz, 1H), 8.09 (d, J = 7.3 Hz, 1H), 7.80 (dd, J1 = 5.4 Hz, J2 = 3.1
Hz, 2H), 7.68 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.49 (t, J = 8.3
Hz, 1H), 7.35 (t, J = 8.2 Hz, 1H), 7.12 (d, J = 7.5 Hz, 1H), 7.02
(d, J = 8.3 Hz, 2H), 6.82 (d, J = 8.3 Hz, 2H), 6.83–6.81 (m, 1H),
4.86 (d, J = 10.4 Hz, 1H), 3.86–3.78 (m, 2H), 3.49 (td, J1 = 11.3
Hz, J2 = 3.6 Hz, 1H), 2.81 (s, 6H), 1.47–1.41 (m, 1H), 1.31–1.25
(m, 1H), 0.80 (t, J = 7.1 Hz, 3H), 0.41 (t, J = 7.3 Hz, 3H); 13C{1H}
NMR (∼101.0 MHz, CDCl3): δC 168.2, 167.6, 138.7, 135.0,
134.3, 134.2, 131.6, 130.7, 130.4, 129.7, 129.6, 129.2, 128.5,
123.6, 123.1, 121.8, 118.6, 115.2, 61.4, 56.9, 45.5, 45.4, 25.3,
13.7, 11.2; HRMS (ESI): m/z (M + H)+ calcd for C33H34N3O6S:
600.2168; found: 600.2163.

(2R*,3S*)-Ethyl 3-(4-((5-(dimethylamino)naphthalene)-1-sul-
fonamido)-3-methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)pentanoate
(12b-(DL)). Following the general procedure, 12b-(DL) was
obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 40 : 60) as a brown coloured semi-
solid (anti isomer, 73%, 45 mg, 0.10 mmol); Rf (EtOAc/hexanes
= 50 : 50) 0.50; IR (DCM): 2923, 1715, 1385, 1149, 722 cm−1; 1H
NMR (400 MHz, CDCl3): δH 8.44 (d, J = 8.4 Hz, 1H), 8.29 (d, J =
8.6 Hz, 1H), 8.08 (d, J = 7.3 Hz, 1H), 7.79 (dd, J1 = 5.4 Hz, J2 =
3.0 Hz, 2H), 7.67 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.45 (t, J =
8.2 Hz, 1H), 7.35 (t, J = 8.1 Hz, 1H), 7.10 (d, J = 7.6 Hz, 1H),
6.98–6.96 (m, 1H), 6.90–6.89 (m, 2H), 6.53 (s, 1H), 4.87 (d, J =
10.4 Hz, 1H), 3.88–3.79 (m, 2H), 3.47 (td, J1 = 11.3 Hz, J2 = 3.6
Hz, 1H), 2.80 (s, 6H), 1.91 (s, 3H), 1.47–1.39 (m, 1H), 1.32–1.24
(m, 1H), 0.82 (t, J = 7.1 Hz, 3H), 0.45 (t, J = 7.3 Hz, 3H); 13C{1H}
NMR (∼101.0 MHz, CDCl3): δC 168.2, 167.6, 151.8, 139.2,
134.8, 134.3, 133.1, 131.6, 131.3, 130.8, 130.7, 130.2, 129.7,
129.6, 128.4, 126.7, 123.7, 123.6, 123.1, 118.8, 115.2, 61.3, 56.9,
45.4, 45.4, 25.2, 17.7, 13.7, 11.2. The enantiomeric ratio of
compound 12b-(DL) was determined using the Daicel
Chiralpak ODH column, hexane/i-PrOH 90 : 10, flow rate
1.0 mL min−1, UV detection at 254 nm, tL = 34.90 min, tD =
45.61 min; HRMS (ESI): m/z (M + H)+ calcd for C34H36N3O6S:
614.2325; found: 614.2319.

(2S,3R)-Ethyl 3-(4-((5-(dimethylamino)naphthalene)-1-sulfo-
namido)-3-methylphenyl)-2-(1,3-dioxoisoindolin-2-yl)pentano-
ate (12b-(L)). Following the general procedure, 12b-(L) was
obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 40 : 60) as a brown coloured semi-
solid (anti isomer, 78%, 48 mg, 0.1 mmol scale); Rf (EtOAc/
hexanes = 50 : 50) 0.5; IR (CHCl3): 2921, 1717, 1379, 1161,
722 cm−1; 1H NMR (400 MHz, CDCl3): δH 8.44 (d, J = 8.4 Hz,
1H), 8.28 (d, J = 8.6 Hz, 1H), 8.08 (d, J = 7.3 Hz, 1H), 7.80 (dd,
J1 = 5.4 Hz, J2 = 3.1 Hz, 2H), 7.68 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz,
2H), 7.46 (t, J = 8.4 Hz, 1H), 7.36 (t, J = 8.1 Hz, 1H), 7.10 (d, J =
7.5 Hz, 1H), 6.97–6.95 (m, 1H), 6.89 (s, 2H), 6.46 (s, 1H), 4.87
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(d, J = 10.4 Hz, 1H), 3.85–3.82 (m, 2H), 3.47 (td, J1 = 11.2 Hz, J2
= 3.6 Hz, 1H), 2.81 (s, 6H), 1.91 (s, 3H), 1.47–1.41 (m, 1H),
1.32–1.26 (m, 1H), 0.82 (t, J = 7.1 Hz, 3H), 0.45 (t, J = 7.2 Hz,
3H); 13C{1H} NMR (∼101 MHz, CDCl3): δC 168.2, 167.6, 139.3,
134.8, 134.3, 133.1, 131.6, 131.3, 130.9, 130.7, 130.2, 129.7,
129.6, 128.4, 126.7, 123.7, 123.6, 123.1, 118.8, 115.2, 61.4, 56.9,
45.5, 45.4, 25.3, 17.7, 13.7, 11.3; (α)25D = −15.00 (c = 0.02 g per
100 mL, CHCl3). The enantiomeric ratio (er >95 : 5) of com-
pound 12b-(L) was determined using the Daicel Chiralpak
ODH column, hexane/i-PrOH 90 : 10, flow rate 1.0 mL min−1,
UV detection at 254 nm, tL = 35.69 min, tD = 45.60 min; HRMS
(ESI): m/z (M + H)+ calcd for C34H36N3O6S: 614.2325; found:
614.2319.

(2R*,3S*)-Ethyl 3-(3-((5-(dimethylamino)naphthalene)-1-sul-
fonamido)phenyl)-2-(1,3-dioxoisoindolin-2-yl)pentanoate (12c-
(DL)). Following the general procedure, 12c-(DL) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 35 : 65) as a brown coloured semi-solid (anti
isomer, 75%, 45 mg, 0.10 mmol); Rf (EtOAc/hexanes = 50 : 50)
0.60; IR (DCM): 2925, 1715, 1386, 1148, 720 cm−1; 1H NMR
(400 MHz, CDCl3): δH 8.40 (d, J = 8.3 Hz, 1H), 8.29 (d, J = 8.6
Hz, 1H), 8.12 (d, J = 7.3 Hz, 1H), 7.81 (dd, J1 = 5.4 Hz, J2 = 3.1
Hz, 2H), 7.68 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H), 7.52 (t, J = 8.3
Hz, 1H), 7.34 (t, J = 8.1 Hz, 1H), 7.11 (d, J = 7.5 Hz, 1H), 7.02 (t,
J = 7.8 Hz, 1H), 6.92–6.83 (m, 3H), 6.72 (s, 1H), 4.79 (d, J = 10.4
Hz, 1H), 3.84–3.76 (m, 2H), 3.38 (td, J1 = 11.5 Hz, J2 = 3.6 Hz,
1H), 2.78 (s, 6H), 1.40–1.31 (m, 1H), 1.16–1.07 (m, 1H), 0.80 (t,
J = 7.1 Hz, 3H), 0.21 (t, J = 7.3 Hz, 3H); 13C{1H} NMR
(∼101.0 MHz, CDCl3): δC 168.1, 167.6, 142.8, 136.4, 134.3,
133.8, 131.6, 130.8, 130.6, 129.6, 129.6, 129.1, 128.6, 125.5,
123.6, 123.2, 121.6, 120.2, 118.6, 115.3, 61.4, 56.6, 45.8, 45.4,
25.2, 13.6, 11.1. The enantiomeric ratio of compound 12c-(DL)
was determined using the Daicel Chiralpak IA column,
hexane/i-PrOH 50 : 50, flow rate 1.0 mL min−1, UV detection at
254 nm, tD = 12.39 min, tL = 15.61 min; HRMS (ESI): m/z (M +
H)+ calcd for C33H34N3O6S: 600.2168; found: 600.2163.

(2R,3S)-Ethyl 3-(3-((5-(dimethylamino)naphthalene)-1-sulfo-
namido)phenyl)-2-(1,3-dioxoisoindolin-2-yl)pentanoate (12c-
(D)). Following the general procedure, 12c-(D) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 35 : 65) as a brown coloured semi-solid (anti
isomer, 74%, 44 mg, 0.1 mmol scale); Rf (EtOAc/hexanes =
50 : 50) 0.6; IR (CHCl3): 2925, 1716, 1388, 1145, 719 cm−1; 1H
NMR (400 MHz, CDCl3): δH 8.40 (d, J = 8.1 Hz, 1H), 8.29 (d, J =
8.6 Hz, 1H), 8.11 (d, J = 7.2 Hz, 1H), 7.81 (dd, J1 = 5.4 Hz, J2 =
3.1 Hz, 2H), 7.69 (dd, J1 = 5.3 Hz, J2 = 3.0 Hz, 2H), 7.53 (t, J =
8.2 Hz, 1H), 7.34 (t, J = 8.0 Hz, 1H), 7.12 (d, J = 7.4 Hz, 1H),
7.03 (t, J = 7.8 Hz, 1H), 6.91 (d, J = 7.6 Hz, 1H), 6.83 (d, J = 8.2
Hz, 1H), 6.79 (s, 1H), 6.71 (s, 1H), 4.79 (d, J = 10.4 Hz, 1H),
3.83–3.77 (m, 2H), 3.38 (td, J1 = 11.4 Hz, J2 = 3.4 Hz, 1H), 2.79
(s, 6H), 1.37–1.33 (m, 1H), 1.12–1.07 (m, 1H), 0.80 (t, J = 7.1
Hz, 3H), 0.22 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (∼101 MHz,
CDCl3): δC 168.1, 167.6, 142.9, 136.4, 134.3, 134.3, 133.8, 131.6,
130.8, 130.6, 129.6, 129.6, 129.6, 129.1, 128.6, 125.6, 123.6,
123.2, 121.6, 120.3, 115.3, 61.4, 56.6, 45.8, 45.4, 25.2, 13.6,
11.1; (α)25D = +35.500 (c = 0.04 g per 100 mL, CHCl3). The enan-

tiomeric ratio (er 98 : 2) of compound 12c-(D) was determined
using the Daicel Chiralpak IA column, hexane/i-PrOH 50 : 50,
flow rate 1.0 mL min−1, UV detection at 254 nm, tD =
10.02 min, tL = 13.51 min; HRMS (ESI): m/z (M + H)+ calcd for
C33H34N3O6S: 600.2168; found: 600.2172.

(2R*,3S*)-Ethyl 3-(3-((5-(dimethylamino)naphthalene)-1-sul-
fonamido)phenyl)-2-(1,3-dioxoisoindolin-2-yl)-3-phenylpropanoate
(12d-(DL)). Following the general procedure, 12d-(DL) was
obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 30 : 70) as a brown coloured semi-
solid (anti isomer, 77%, 50 mg, 0.10 mmol); Rf (EtOAc/hexanes
= 50 : 50) 0.60; IR (DCM): 2922, 1713, 1385, 1146, 709 cm−1; 1H
NMR (400 MHz, CDCl3): δH 8.40 (d, J = 8.4 Hz, 1H), 8.26 (d, J =
8.6 Hz, 1H), 8.10 (d, J = 7.3 Hz, 1H), 7.64 (dd, J1 = 5.2 Hz, J2 =
3.1 Hz, 2H), 7.55 (dd, J1 = 4.9 Hz, J2 = 3.2 Hz, 2H), 7.47 (t, J =
8.2 Hz, 1H), 7.30 (t, J = 8.2 Hz, 1H), 7.11 (d, J = 7.4 Hz, 1H),
7.06–7.02 (m, 2H), 7.00–6.90 (m, 6H), 6.71 (d, J = 7.8 Hz, 1H),
5.44 (d, J = 11.9 Hz, 1H), 5.00 (d, J = 11.9 Hz, 1H), 3.87–3.81
(m, 2H), 2.79 (s, 6H), 0.79 (t, J = 7.0 Hz, 3H); (the signal corres-
ponding to the NH group was not clearly located in the proton
NMR); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC 167.9, 167.2,
142.9, 139.8, 136.7, 134.0, 133.9, 131.2, 130.7, 130.6, 129.6,
129.5, 129.4, 128.6, 128.4, 127.8, 126.9, 124.6, 123.3, 123.2,
120.2, 119.6, 118.6, 115.3, 61.7, 54.7, 50.2, 45.4, 13.6; HRMS
(ESI): m/z (M + H)+ calcd for C37H34N3O6S: 648.2168; found:
648.2175.

(2R*,3S*)-2-Amino-3-(4-((5-(dimethylamino)naphthalene)-1-
sulfonamido)phenyl)-N-(quinolin-8-yl)hexanamide (13a-(DL)).
Following the general procedure, 13a-(DL) was obtained after
purification by column chromatography on silica gel
(EtOAc : hexanes = 70 : 30) as a brown coloured semi-solid (anti
isomer, 76%, 44 mg, 0.10 mmol); Rf (EtOAc/hexanes = 50 : 50)
0.40; IR (DCM): 2925, 1666, 1522, 1327, 790 cm−1; 1H NMR
(400 MHz, CDCl3): δH 11.22 (s, 1H), 8.80–8.77 (m, 2H), 8.44 (d,
J = 8.5 Hz, 1H), 8.34 (d, J = 8.6 Hz, 1H), 8.15–8.10 (m, 2H),
7.49–7.46 (m, 3H), 7.40 (dd, J1 = 8.2 Hz, J2 = 4.2 Hz, 1H), 7.35
(t, J = 7.9 Hz, 1H), 7.12 (d, J = 7.5 Hz, 1H), 7.06 (d, J = 8.2 Hz,
2H), 6.91 (d, J = 8.0 Hz, 2H), 3.61 (d, J = 3.3 Hz, 1H), 3.39–3.36
(m, 1H), 2.84 (s, 6H), 1.74–1.67 (m, 1H), 1.59–1.52 (m, 1H),
1.09–1.03 (m, 2H), 0.74 (t, J = 7.3 Hz, 3H); (the signal corres-
ponding to the NH group was not clearly located in the proton
NMR); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC 172.2, 151.9,
148.5, 138.9, 138.4, 136.1, 135.2, 134.5, 134.1, 130.6, 130.0,
129.7, 129.6, 128.9, 128.4, 128.0, 127.2, 123.0, 121.8, 121.6,
121.5, 118.7, 116.4, 115.1, 61.8, 47.3, 45.3, 29.6, 20.5, 13.9. The
enantiomeric ratio of compound 13a-(DL) was determined
using the Daicel Chiralpak ODH column, hexane/i-PrOH
50 : 50, flow rate 1.0 mL min−1, UV detection at 254 nm, tD =
11.02 min, tL = 28.35 min; HRMS (ESI): m/z (M + H)+ calcd for
C33H36N5O3S: 582.2539; found: 582.2540.

(2R,3S)-2-Amino-3-(4-((5-(dimethylamino)naphthalene)-1-
sulfonamido)phenyl)-N-(quinolin-8-yl)hexanamide (13a-
(D)). Following the general procedure, 13a-(D) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 70 : 30) as a brown coloured semi-solid (anti
isomer, 74%, 43 mg, 0.1 mmol scale); Rf (EtOAc/hexanes =
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50 : 50) 0.4; IR (CHCl3): 2926, 1664, 1518, 1326, 751 cm−1; 1H
NMR (400 MHz, CDCl3): δH 11.25 (s, 1H), 8.81–8.78 (m, 2H),
8.45 (d, J = 8.5 Hz, 1H), 8.34 (d, J = 8.6 Hz, 1H), 8.16–8.12 (m,
2H), 7.51–7.47 (m, 3H), 7.41 (dd, J1 = 8.2 Hz, J2 = 4.3 Hz, 1H),
7.36 (t, J = 8.0 Hz, 1H), 7.13 (d, J = 7.4 Hz, 1H), 7.06 (d, J = 8.3
Hz, 2H), 6.91 (d, J = 8.2 Hz, 2H), 3.61 (d, J = 3.2 Hz, 1H),
3.40–3.38 (m, 1H), 2.84 (s, 6H), 1.75–1.68 (m, 1H), 1.57–1.52
(m, 1H), 1.08–1.05 (m, 2H), 0.74 (t, J = 7.3 Hz, 3H); (the signal
corresponding to the NH group was not clearly located in the
proton NMR); 13C{1H} NMR (∼101 MHz, CDCl3): δC 172.3,
151.9, 148.5, 138.9, 138.4, 136.2, 135.2, 134.4, 134.1, 130.6,
130.0, 129.7, 129.6, 128.9, 128.4, 128.0, 127.2, 123.0, 121.8,
121.6, 121.5, 118.6, 116.4, 115.1, 61.8, 47.3, 45.3, 29.5, 20.5,
13.9; (α)25D = +13.00 (c = 0.02 g per 100 mL, CHCl3). The enan-
tiomeric ratio (er 96 : 4) of compound 13a-(D) was determined
using the Daicel Chiralpak ODH column, hexane/i-PrOH
50 : 50, flow rate 1.0 mL min−1, UV detection at 254 nm, tD =
11.43 min, tL = 28.25 min; HRMS (ESI): m/z (M + H)+ calcd for
C33H36N5O3S: 582.2539; found: 582. 2538.

(2R*,3S*)-2-Amino-3-(4-((5-(dimethylamino)naphthalene)-1-
sulfonamido)-3-methylphenyl)-3-phenyl-N-(quinolin-8-yl)propana-
mide (13b-(DL)). Following the general procedure, 13b-(DL) was
obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 70 : 30) as a brown coloured semi-
solid (anti isomer, 78%, 49 mg, 0.10 mmol); Rf (EtOAc/hexanes
= 50 : 50) 0.40; IR (DCM): 2924, 1672, 1524, 1324, 735 cm−1; 1H
NMR (400 MHz, CDCl3): δH 10.71 (s, 1H), 8.70–8.69 (m, 1H),
8.58–8.56 (m, 1H), 8.35 (d, J = 8.5 Hz, 1H), 8.17 (d, J = 8.6 Hz,
1H), 8.05–8.02 (m, 1H), 7.91 (d, J = 7.3 Hz, 1H), 7.47–7.32 (m,
5H), 7.22–7.15 (m, 5H), 7.11–7.07 (m, 1H), 7.02 (d, J = 7.5 Hz,
1H), 6.92–6.84 (m, 3H), 4.46 (d, J = 7.0 Hz, 1H), 4.18 (d, J = 7.1
Hz, 1H), 2.76 (s, 6H), 1.76 (s, 3H); (the signal corresponding to
the NH2 group was not clearly located in the proton NMR); 13C
{1H} NMR (∼101.0 MHz, CDCl3): δC 172.0, 151.8, 148.4, 139.9,
139.4, 138.7, 136.1, 134.7, 134.0, 133.1, 131.6, 130.7, 130.6,
130.0, 129.7, 129.5, 129.0, 128.7, 128.2, 127.9, 127.1, 126.9,
126.3, 123.8, 123.0, 121.7, 121.5, 118.6, 116.4, 115.1, 60.4, 54.5,
45.3, 17.6. The enantiomeric ratio of compound 13b-(DL) was
determined using the Daicel Chiralpak ODH column, hexane/
i-PrOH 50 : 50, flow rate 1.0 mL min−1, UV detection at
254 nm, tD = 17.54 min, tL = 25.96 min; HRMS (ESI): m/z (M +
H)+ calcd for C37H36N5O3S: 630.2539; found: 630.2556.

(2S,3R)-2-Amino-3-(4-((5-(dimethylamino)naphthalene)-1-sulfo-
namido)-3-methylphenyl)-3-phenyl-N-(quinolin-8-yl)propanamide
(13b-(L)). Following the general procedure, 13b-(L) was
obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 70 : 30) as a brown coloured semi-
solid (anti isomer, 76%, 48 mg, 0.10 mmol); Rf (EtOAc/hexanes
= 50 : 50) 0.40; IR (DCM): 2924, 1672, 1523, 1324, 734 cm−1; 1H
NMR (400 MHz, CDCl3): δH 10.78 (s, 1H), 8.76–8.75 (m, 1H),
8.65–8.63 (m, 1H), 8.42 (d, J = 8.5 Hz, 1H), 8.25 (d, J = 8.6 Hz,
1H), 8.09 (d, J = 8.2 Hz, 1H), 7.98 (d, J = 7.3 Hz, 1H), 7.46–7.37
(m, 5H), 7.28–7.21 (m, 5H), 7.17–7.15 (m, 1H), 7.08 (d, J = 7.4
Hz, 1H), 6.99–6.86 (m, 3H), 4.54 (d, J = 7.0 Hz, 1H), 4.25 (d, J =
7.0 Hz, 1H), 2.83 (s, 6H), 1.82 (s, 3H); (the signal corres-
ponding to the NH2 group was not clearly located in the

proton NMR); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC 172.0,
151.8, 148.4, 139.8, 139.3, 138.6, 136.1, 134.7, 134.0, 133.1,
131.7, 130.7, 130.5, 129.9, 129.6, 129.5, 128.9, 128.6, 128.2,
127.8, 127.1, 126.9, 126.3, 123.8, 123.0, 121.7, 121.5, 118.6,
116.4, 115.0, 60.3, 54.5, 45.3, 17.6; (α)25D = −12.00 (c = 0.02 g per
100 mL, CHCl3). The enantiomeric ratio (er 96 : 4) of com-
pound 13b-(L) was determined using the Daicel Chiralpak
ODH column, hexane/i-PrOH 50 : 50, flow rate 1.0 mL min−1,
UV detection at 254 nm, tD = 17.95 min, tL = 25.51 min; HRMS
(ESI): m/z (M + H)+ calcd for C37H36N5O3S: 630.2539; found:
630.2546.

(2R*,3S*)-2-Amino-3-(3-((5-(dimethylamino)naphthalene)-1-
sulfonamido)phenyl)-N-(quinolin-8-yl)pentanamide (13c-(DL)).
Following the general procedure, 13c-(DL) was obtained after
purification by column chromatography on silica gel
(EtOAc : hexanes = 65 : 35) as a brown coloured semi-solid (anti
isomer, 76%, 43 mg, 0.10 mmol); Rf (EtOAc/hexanes = 50 : 50)
0.40; IR (DCM): 2925, 1664, 1524, 1323, 736 cm−1; 1H NMR
(400 MHz, CDCl3): δH 11.21 (s, 1H), 8.76–8.75 (m, 1H), 8.72
(dd, J1 = 6.3 Hz, J2 = 2.4 Hz, 1H), 8.37 (d, J = 8.4 Hz, 1H), 8.29
(d, J = 8.5 Hz, 1H), 8.10 (d, J = 7.2 Hz, 1H), 8.05 (d, J = 8.2 Hz,
1H), 7.46–7.41 (m, 3H), 7.34 (dd, J1 = 8.3 Hz, J2 = 4.2 Hz, 1H),
7.30 (t, J = 8.2 Hz, 1H), 7.05 (d, J = 7.5 Hz, 1H), 6.99 (t, J = 7.8
Hz, 1H), 6.89–6.84 (m, 2H), 6.76 (s, 1H), 3.37 (d, J = 3.5 Hz,
1H), 3.18–3.14 (m, 1H), 2.75 (s, 6H), 1.54–1.44 (m, 2H), 0.46 (t,
J = 7.2 Hz, 3H); (the signal corresponding to the NH group and
NH2 was not clearly located in the proton NMR); 13C{1H} NMR
(∼101.0 MHz, CDCl3): δC 172.4, 151.9, 148.5, 142.8, 138.9,
136.8, 136.2, 134.1, 134.0, 130.7, 130.4, 129.6, 129.6, 129.3,
128.5, 128.0, 127.2, 125.5, 123.0, 121.8, 121.5, 121.2, 120.2,
118.5, 116.4, 115.2, 61.7, 49.5, 45.3, 20.0, 12.0. The enantio-
meric ratio of compound 13c-(DL) was determined using the
Daicel Chiralpak ADH column, hexane/i-PrOH 50 : 50, flow rate
1.0 mL min−1, UV detection at 254 nm, tD = 18.98 min, tL =
30.87 min; HRMS (ESI): m/z (M + H)+ calcd for C32H34N5O3S:
568.2382; found: 568.2386.

(2R,3S)-2-Amino-3-(3-((5-(dimethylamino)naphthalene)-1-sul-
fonamido)phenyl)-N-(quinolin-8-yl)pentanamide (13c-(D)).
Following the general procedure, 13c-(D) was obtained after
purification by column chromatography on silica gel
(EtOAc : hexanes = 65 : 35) as a brown coloured semi-solid (anti
isomer, 74%, 42 mg, 0.10 mmol); Rf (EtOAc/hexanes = 50 : 50)
0.40; IR (DCM): 2923, 1674, 1525, 1323, 736 cm−1; 1H NMR
(400 MHz, CDCl3): δH 11.26 (s, 1H), 8.83–8.82 (m, 1H), 8.79
(dd, J1 = 6.2 Hz, J2 = 2.4 Hz, 1H), 8.45 (d, J = 8.5 Hz, 1H), 8.37
(d, J = 8.5 Hz, 1H), 8.18 (d, J = 7.2 Hz, 1H), 8.12 (d, J = 8.2 Hz,
1H), 7.53–7.48 (m, 3H), 7.42 (dd, J1 = 8.3 Hz, J2 = 4.2 Hz, 1H),
7.38 (t, J = 8.2 Hz, 1H), 7.13 (d, J = 7.6 Hz, 1H), 7.07 (t, J = 7.8
Hz, 1H), 6.96–6.92 (m, 2H), 6.84 (s, 1H), 3.45 (d, J = 3.2 Hz,
1H), 3.25–3.20 (m, 1H), 2.82 (s, 6H), 1.62–1.54 (m, 2H), 0.54 (t,
J = 7.2 Hz, 3H); (the signal corresponding to the NH group and
NH2 was not clearly located in the proton NMR); 13C{1H} NMR
(∼101.0 MHz, CDCl3): δC 172.4, 151.9, 148.5, 142.8, 138.9,
136.8, 136.1, 134.1, 134.0, 130.7, 130.4, 129.6, 129.6, 129.3,
128.5, 128.0, 127.2, 125.5, 123.0, 121.8, 121.5, 121.1, 120.1,
118.6, 116.4, 115.2, 61.7, 49.5, 45.3, 20.0, 12.0; (α)25D = +17.00

Paper Organic & Biomolecular Chemistry

8526 | Org. Biomol. Chem., 2025, 23, 8499–8534 This journal is © The Royal Society of Chemistry 2025

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
A

ug
us

t 2
02

5.
 D

ow
nl

oa
de

d 
on

 2
/7

/2
02

6 
9:

04
:3

4 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ob01017a


(c = 0.02 g per 100 mL, CHCl3). The enantiomeric ratio (er
>95 : 5) of compound 13c-(D) was determined using the Daicel
Chiralpak ADH column, hexane/i-PrOH 50 : 50, flow rate
1.0 mL min−1, UV detection at 254 nm, tD = 18.77 min, tL =
30.50 min; HRMS (ESI): m/z (M + H)+ calcd for C32H34N5O3S:
568.2382; found: 568.2390.

(2R*,3S*)-Ethyl 2-amino-3-(4-((5-(dimethylamino)naphtha-
lene)-1-sulfonamido)-3-methylphenyl)pentanoate (14a-(DL)).
Following the general procedure, 14a-(DL) was obtained after
purification by column chromatography on silica gel
(EtOAc : hexanes = 70 : 30) as a brown coloured semi-solid (anti
isomer, 88%, 26 mg, 0.061 mmol); Rf (EtOAc/hexanes = 50 : 50)
0.40; IR (DCM): 2929, 1726, 1323, 1149, 733 cm−1; 1H NMR
(400 MHz, CDCl3): δH 8.42 (d, J = 8.5 Hz, 1H), 8.27 (d, J = 8.6
Hz, 1H), 8.07 (d, J = 7.2 Hz, 1H), 7.43 (t, J = 8.2 Hz, 1H), 7.34 (t,
J = 8.0 Hz, 1H), 7.08 (d, J = 7.5 Hz, 1H), 6.95–6.92 (m, 1H),
6.75–6.67 (m, 2H), 3.87–3.82 (m, 2H), 3.37 (d, J = 6.2 Hz, 1H),
2.79 (s, 6H), 2.60–2.54 (m, 1H), 1.88 (s, 3H), 1.76–1.66 (m, 1H),
1.58–1.49 (m, 1H), 0.92 (t, J = 7.1 Hz, 3H), 0.61 (t, J = 7.3 Hz,
3H); (the signal corresponding to the NH group and NH2 was
not clearly located in the proton NMR); 13C{1H} NMR
(∼101.0 MHz, CDCl3): δC 174.5, 151.8, 138.6, 135.0, 133.2,
131.4, 130.8, 130.6, 130.0, 129.7, 129.6, 128.2, 126.5, 123.7,
123.0, 118.7, 115.1, 60.5, 59.6, 51.3, 45.3, 23.0, 17.6, 13.8, 12.0.
The enantiomeric ratio of compound 14a-(DL) was determined
using the Daicel Chiralpak IC column, hexane/i-PrOH 30 : 70,
flow rate 1.0 mL min−1, UV detection at 254 nm, tD =
10.33 min, tL = 22.49 min; HRMS (ESI): m/z (M + H)+ calcd for
C26H34N3O4S: 484.2270; found: 484.2268.

(2S,3R)-Ethyl 2-amino-3-(4-((5-(dimethylamino)naphtha-
lene)-1-sulfonamido)-3-methylphenyl)pentanoate (14a-(L)).
Following the general procedure, 14a-(L) was obtained after
purification by column chromatography on silica gel
(EtOAc : hexanes = 70 : 30) as a brown coloured semi-solid (anti
isomer, 89%, 27 mg, 0.063 mmol scale); Rf (EtOAc/hexanes =
50 : 50) 0.4; IR (CHCl3): 2925, 1732, 1327, 1147, 736 cm−1; 1H
NMR (400 MHz, CDCl3): δH 8.44 (d, J = 8.4 Hz, 1H), 8.25 (d, J =
8.6 Hz, 1H), 8.08 (d, J = 7.3 Hz, 1H), 7.45 (t, J = 8.2 Hz, 1H),
7.36 (t, J = 8.2 Hz, 1H), 7.09 (d, J = 7.5 Hz, 1H), 6.94–6.92 (m,
1H), 6.77 (s, 2H), 3.87 (q, J = 7.1 Hz, 2H), 3.41 (d, J = 6.2 Hz,
1H), 2.80 (s, 6H), 2.61–2.59 (m, 1H), 1.89 (s, 3H), 1.75–1.69 (m,
1H), 1.57–1.52 (m, 1H), 0.94 (t, J = 7.1 Hz, 3H), 0.62 (t, J = 7.3
Hz, 3H); (the signal corresponding to the NH group and NH2

was not clearly located in the proton NMR); 3C{1H} NMR
(∼101 MHz, CDCl3): δC 174.3, 152.0, 138.5, 134.9, 133.3, 131.1,
130.9, 130.7, 130.1, 129.8, 129.6, 128.4, 126.7, 123.6, 123.1,
118.7, 115.2, 60.6, 59.6, 51.2, 45.4, 23.2, 17.7, 13.9, 12.0; (α)25D =
−12.00 (c = 0.02 g per 100 mL, CHCl3). The enantiomeric ratio
(er >90 : 10) of compound 14a-(L) was determined using the
Daicel Chiralpak IC column, hexane/i-PrOH 30 : 70, flow rate
1.0 mL min−1, UV detection at 254 nm, tD = 10.90 min, tL =
22.51 min; HRMS (ESI): m/z (M + H)+ calcd for C26H34N3O4S:
484.2270; found: 484.2265.

(2R*,3S*)-Ethyl 2-amino-3-(3-((5-(dimethylamino)naphtha-
lene)-1-sulfonamido)phenyl)pentanoate (14b-(DL)). Following
the general procedure, 14b-(DL) was obtained after purification

by column chromatography on silica gel (EtOAc : hexanes =
80 : 20) as a brown coloured semi-solid (anti isomer, 85%,
40 mg, 0.10 mmol); Rf (EtOAc/hexanes = 50 : 50) 0.30; IR
(DCM): 2928, 1729, 1318, 1148, 701 cm−1; 1H NMR (400 MHz,
CDCl3): δH 8.39 (d, J = 8.5 Hz, 1H), 8.28 (d, J = 8.6 Hz, 1H), 8.09
(d, J = 7.4 Hz, 1H), 7.47 (t, J = 8.3 Hz, 1H), 7.33 (t, J = 8.2 Hz,
1H), 7.08 (d, J = 7.5 Hz, 1H), 6.97 (t, J = 7.8 Hz, 1H), 6.80–6.75
(m, 2H), 6.67 (s, 1H), 3.83 (q, J = 7.1 Hz, 2H), 3.30 (d, J = 6.1
Hz, 1H), 2.77 (s, 6H), 2.55–2.50 (m, 1H), 1.69–1.59 (m, 1H),
1.44–1.33 (m, 1H), 0.91 (t, J = 7.1 Hz, 3H), 0.44 (t, J = 7.3 Hz,
3H); (the signal corresponding to the NH group and NH2 was
not clearly located in the proton NMR); 13C{1H} NMR
(∼101.0 MHz, CDCl3): δC 174.4, 152.0, 142.1, 136.5, 134.0,
130.7, 130.4, 129.7, 129.6, 129.0, 128.5, 125.4, 123.0, 121.4,
120.0, 118.5, 115.1, 60.6, 59.5, 51.6, 45.3, 23.0, 13.9, 11.8. The
enantiomeric ratio of compound 14b-(DL) was determined
using the Daicel Chiralpak ODH column, hexane/i-PrOH
96 : 04, flow rate 0.5 mL min−1, UV detection at 254 nm, tL =
172.34 min, tD = 193.02 min; HRMS (ESI): m/z (M + H)+ calcd
for C25H32N3O4S: 470.2113; found: 470.2108.

(2R,3S)-Ethyl 2-amino-3-(3-((5-(dimethylamino)naphtha-
lene)-1-sulfonamido)phenyl)pentanoate (14b-(D)). Following
the general procedure, 14b-(D) was obtained after purification
by column chromatography on silica gel (EtOAc : hexanes =
80 : 20) as a brown coloured semi-solid (anti isomer, 86%,
23 mg, 0.057 mmol scale); Rf (EtOAc/hexanes = 50 : 50) 0.3; IR
(CHCl3): 2923, 1730, 1325, 1143, 702 cm−1; 1H NMR (400 MHz,
CDCl3): δH 8.39 (d, J = 8.5 Hz, 1H), 8.26 (d, J = 8.6 Hz, 1H), 8.08
(d, J = 7.3 Hz, 1H), 7.49 (t, J = 8.2 Hz, 1H), 7.33 (t, J = 8.1 Hz,
1H), 7.09 (d, J = 7.5 Hz, 1H), 6.97 (t, J = 7.8 Hz, 1H), 6.80–6.76
(m, 2H), 6.66 (s, 1H), 3.84 (q, J = 7.1 Hz, 2H), 3.30 (d, J = 6.0
Hz, 1H), 2.78 (s, 6H), 2.54–2.51 (m, 1H), 1.67–1.61 (m, 1H),
1.42–1.35 (m, 1H), 0.92 (t, J = 7.1 Hz, 3H), 0.45 (t, J = 7.3 Hz,
3H); (the signal corresponding to the NH group and NH2 was
not clearly located in the proton NMR); 13C{1H} NMR
(∼101 MHz, CDCl3): δC 174.4, 152.0, 142.2, 136.4, 133.9, 130.7,
130.5, 129.7, 129.6, 129.0, 128.5, 125.6, 123.0, 121.6, 120.2,
118.5, 115.2, 60.6, 59.5, 51.6, 45.3, 23.0, 13.9, 11.9; (α)25D =
+32.50 (c = 0.04 g per 100 mL, CHCl3). The enantiomeric ratio
(er 98 : 2) of compound 14b-(D) was determined using the
Daicel Chiralpak ODH column, hexane/i-PrOH 96 : 04, flow
rate 0.5 mL min−1, UV detection at 254 nm, tL = 172.47 min, tD
= 188.82 min; HRMS (ESI): m/z (M + H)+ calcd for
C25H32N3O4S: 470.2113; found: 470.2108.

(2R*,3S*)-Ethyl 3-(4-((5-(dimethylamino)naphthalene)-1-sul-
fonamido)phenyl)-2-(1,3-dioxoisoindolin-2-yl)hexanoate (16a-
(DL)). Following the general procedure, 16a-(DL) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 50 : 50) as a brown coloured semi-solid (anti
isomer, 71%, 65 mg, 0.15 mmol); Rf (EtOAc/hexanes = 50 : 50)
0.60; IR (DCM): 3276, 2929, 1712, 1383, 725 cm−1; 1H NMR
(400 MHz, CDCl3): δH 8.49 (d, J = 8.5 Hz, 1H), 8.36 (d, J = 8.6
Hz, 1H), 8.19 (dd, J1 = 7.3 Hz, J2 = 1.1 Hz, 1H), 7.88 (dd, J1 = 5.5
Hz, J2 = 3.1 Hz, 2H), 7.75 (dd, J1 = 5.4 Hz, J2 = 3.0 Hz, 2H),
7.56–7.52 (m, 1H), 7.44–7.40 (m, 1H), 7.18–7.16 (m, 2H), 7.09
(d, J = 8.5 Hz, 2H), 6.91 (d, J = 8.5 Hz, 2H), 4.91 (d, J = 10.4 Hz,
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1H), 3.91–3.83 (m, 2H), 3.70–3.64 (m, 1H), 2.86 (s, 6H),
1.39–1.34 (m, 2H), 0.89–0.79 (m, 2H), 0.85 (t, J = 7.2 Hz, 3H),
0.65 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC
168.2, 167.7, 151.9, 138.7, 135.0, 134.3, 134.2, 131.5, 130.7,
130.3, 129.7, 129.6, 129.1, 128.5, 123.7, 123.0, 121.4, 118.5,
115.1, 61.4, 57.0, 45.3, 43.5, 34.2, 19.7, 13.6, 13.6. The enantio-
meric ratio of compound 16a-(DL) was determined using the
Daicel Chiralpak AD column, hexane/i-PrOH 35 : 15, flow rate
0.5 mL min−1, UV detection at 254 nm, tL = 79.31 min, tD =
110.84 min; HRMS (ESI): m/z (M + H)+ calcd for C34H36N3O6S:
614.2325; found: 614.2324.

(2S,3R)-Ethyl 3-(4-((5-(dimethylamino)naphthalene)-1-sulfo-
namido)phenyl)-2-(1,3-dioxoisoindolin-2-yl)hexanoate (16a-
(L)). Following the general procedure, 16a-(L) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 50 : 50) as a brown coloured semi-solid (anti
isomer, 68%, 42 mg, 0.1 mmol scale); Rf (EtOAc/hexanes =
50 : 50) 0.6; IR (CHCl3): 3278, 2931, 1712, 1386, 754 cm−1; 1H
NMR (400 MHz, CDCl3): δH 8.49 (d, J = 8.5 Hz, 1H), 8.34 (d, J =
8.6 Hz, 1H), 8.18 (dd, J1 = 7.3 Hz, J2 = 1.0 Hz, 1H), 7.88 (dd, J1 =
5.4 Hz, J2 = 3.1 Hz, 2H), 7.76 (dd, J1 = 5.5 Hz, J2 = 3.0 Hz, 2H),
7.57–7.53 (m, 1H), 7.44–7.40 (m, 1H), 7.17 (d, J = 7.6 Hz, 1H),
7.09 (d, J = 8.4 Hz, 2H), 7.02 (s, 1H), 6.90 (d, J = 8.4 Hz, 2H),
4.91 (d, J = 10.4 Hz, 1H), 3.92–3.83 (m, 2H), 3.70–3.64 (m, 1H),
2.87 (s, 6H), 1.39–1.34 (m, 2H), 0.89–0.81 (m, 2H), 0.85 (t, J =
7.2 Hz, 3H), 0.66 (t, J = 7.3 Hz, 3H); 13C{1H} NMR (∼101 MHz,
CDCl3): δC 168.2, 167.6, 151.9, 138.7, 135.0, 134.3, 134.2, 131.5,
130.7, 130.3, 129.7, 129.6, 129.1, 128.5, 123.6, 122.9, 121.5,
118.6, 115.1, 61.4, 60.4, 57.0, 45.3, 43.5, 34.3, 19.7, 13.6; (α)25D =
−15.00 (c = 0.02 g per 100 mL, CHCl3). The enantiomeric ratio
(er >95 : 5) of compound 16a-(L) was determined using the
Daicel Chiralpak AD column, hexane/i-PrOH 35 : 15, flow rate
0.5 mL min−1, UV detection at 254 nm, tL = 78.09 min, tD =
109.80 min; HRMS (ESI): m/z (M + H)+ calcd for C34H36N3O6S:
614.2325; found 614.2326.

(2R*,3S*)-Ethyl 2-amino-3-(4-((5-(dimethylamino)naphtha-
lene)-1-sulfonamido)phenyl)hexanoate (17a-(DL)). Following
the general procedure, 17a-(DL) was obtained after purification
by column chromatography on silica gel (EtOAc : hexanes =
80 : 20) as a brown coloured semi-solid (anti isomer, 85%,
41 mg, 0.10 mmol); Rf (EtOAc/hexanes = 50 : 50) 0.30; IR
(DCM): 2922, 1733, 1461, 1186, 751 cm−1; 1H NMR (400 MHz,
CDCl3): δH 8.48 (d, J = 8.5 Hz, 1H), 8.35 (d, J = 8.6 Hz, 1H), 8.19
(dd, J1 = 7.4 Hz, J2 = 1.1 Hz, 1H), 7.50 (t, J = 8.2 Hz, 1H),
7.43–7.39 (m, 1H), 7.14 (d, J = 7.5 Hz, 1H), 6.94 (d, J = 8.5 Hz,
2H), 6.88 (d, J = 8.6 Hz, 2H), 3.92–3.86 (m, 2H), 3.44 (d, J = 6.6
Hz, 1H), 2.85 (s, 6H), 2.79–2.74 (m, 1H), 1.71–1.53 (m, 2H),
1.05–0.89 (m, 2H), 0.93 (t, J = 7.1 Hz, 3H), 0.77 (t, J = 7.4 Hz,
3H); (the signal corresponding to the NH group and NH2 was
not clearly located in the proton NMR); 13C{1H} NMR
(∼101.0 MHz, CDCl3): δC 174.6, 151.8, 137.6, 135.3, 134.5,
130.5, 130.0, 129.6, 129.6, 129.0, 128.3, 122.9, 120.9, 118.6,
115.1, 60.5, 59.8, 49.1, 45.3, 32.2, 20.3, 13.8. The enantiomeric
ratio of compound 17a-(DL) was determined using the Daicel
Chiralpak IC column, hexane/i-PrOH 50 : 50, flow rate 1.0 mL
min−1, UV detection at 254 nm, tL = 17.83 min, tD = 27.13 min;

HRMS (ESI): m/z (M + H)+ calcd for C26H34N3O4S: 484.2270;
found: 484.2266.

(2S,3R)-Ethyl 2-amino-3-(4-((5-(dimethylamino)naphtha-
lene)-1-sulfonamido)phenyl)hexanoate (17a-(L)). Following the
general procedure, 17a-(L) was obtained after purification by
column chromatography on silica gel (EtOAc : hexanes =
80 : 20) as a brown coloured semi-solid (anti isomer, 78%,
19 mg, 0.05 mmol scale); Rf (EtOAc/hexanes = 50 : 50) 0.3; IR
(CHCl3): 2925, 1728, 1461, 1153, 758 cm−1; 1H NMR (400 MHz,
CDCl3): δH 8.49 (d, J = 8.5 Hz, 1H), 8.36 (d, J = 8.7 Hz, 1H), 8.20
(dd, J1 = 7.4 Hz, J2 = 1.1 Hz, 1H), 7.53 (t, J = 8.2 Hz, 1H), 7.43
(dd, J1 = 8.4 Hz, J2 = 7.5 Hz, 1H), 7.16 (d, J = 7.5 Hz, 1H), 6.96
(d, J = 8.5 Hz, 2H), 6.89 (d, J = 8.5 Hz, 2H), 3.92–3.89 (m, 2H),
3.45 (d, J = 6.3 Hz, 1H), 2.87 (s, 6H), 2.79–2.76 (m, 1H),
1.72–1.55 (m, 2H), 1.05–1.01 (m, 1H), 0.97 (t, J = 7.1 Hz, 3H),
0.92–0.85 (m, 1H) 0.78 (t, J = 7.4 Hz, 3H); (the signal corres-
ponding to the NH group and NH2 was not clearly located in
the proton NMR); 13C{1H} NMR (∼101 MHz, CDCl3): δC 174.6,
151.8, 137.7, 135.2, 134.5, 130.6, 130.0, 129.7, 129.6, 129.0,
128.4, 122.9, 121.0, 118.6, 115.1, 60.6, 59.8, 49.1, 45.3, 32.2,
29.6, 20.3, 13.8; (α)25D = −14.00 (c = 0.02 g per 100 mL, CHCl3).
The enantiomeric ratio (er 95 : 5) of compound 17a-(L) was
determined using the Daicel Chiralpak IC column, hexane/
i-PrOH 50 : 50, flow rate 1.0 mL min−1, UV detection at
254 nm, tL = 18.06 min, tD = 27.24 min; HRMS (ESI): m/z (M +
H)+ calcd for C26H34N3O4S: 484.2270; found: 484.2268.

(2R*,3S*)-Ethyl 2-(2-((tert-butoxycarbonyl)amino)acet-
amido)-3-(4-((5-(dimethylamino)naphthalene)-1-sulfonamido)
phenyl)hexanoate (18a-(DL)). Following the general procedure,
18a-(DL) was obtained after purification by column chromato-
graphy on silica gel (EtOAc : hexanes = 50 : 50) as a brown
coloured semi-solid (anti isomer, 81%, 52 mg, 0.10 mmol); Rf
(EtOAc/hexanes = 50 : 50) 0.60; IR (DCM): 3276, 2930, 1669,
1147, 789 cm−1; 1H NMR (400 MHz, CDCl3): δH 8.41 (d, J = 8.5
Hz, 1H), 8.27 (d, J = 8.6 Hz, 1H), 8.12 (dd, J1 = 7.3 Hz, J2 = 1.0
Hz, 1H), 7.78–7.73 (m, 1H), 7.44 (t, J = 8.2 Hz, 1H), 7.37–7.33
(m, 1H), 7.08 (d, J = 7.6 Hz, 1H), 6.82 (s, 4H), 6.67–6.67 (m,
1H), 5.22–5.22 (m, 1H), 4.59–4.55 (m, 1H), 3.77–3.63 (m, 4H),
2.78 (s, 6H), 1.59–1.46 (m, 2H), 1.35 (s, 9H), 0.94–0.86 (m, 2H),
0.75 (t, J = 6.6 Hz, 3H), 0.66 (t, J = 7.3 Hz, 3H); (one signal
corresponding to the NH group was not clearly located in the
proton NMR); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC 171.2,
169.4, 156.1, 151.8, 136.0, 135.7, 134.4, 130.6, 130.1, 129.7,
129.6, 129.0, 128.4, 123.0, 120.8, 118.6, 115.1, 80.2, 61.1, 56.9,
47.9, 45.3, 44.2, 33.0, 28.2, 20.2, 13.7, 13.6. The enantiomeric
ratio of compound 18a-(DL) was determined using the Daicel
Chiralpak IC column, hexane/i-PrOH 20 : 80, flow rate 0.1 mL
min−1, UV detection at 323 nm, tD = 80.73 min, tL = 92.86 min;
HRMS (ESI): m/z (M + H)+ calcd for C33H45N4O7S: 641.3009;
found: 641.3024.

(2S,3R)-Ethyl 2-(2-((tert-butoxycarbonyl)amino)acetamido)-3-
(4-((5-(dimethylamino)naphthalene)-1-sulfonamido)phenyl)
hexanoate (18a-(L)). Following the general procedure, 18a-(L)
was obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 50 : 50) as a brown coloured semi-
solid (anti isomer, 78%, 15 mg, 0.03 mmol scale); Rf (EtOAc/
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hexanes = 50 : 50) 0.6; IR (CHCl3): 3345, 2932, 1667, 1142,
751 cm−1; 1H NMR (400 MHz, CDCl3): δH 8.51 (d, J = 8.5 Hz,
1H), 8.33 (d, J = 8.6 Hz, 1H), 8.19 (dd, J1 = 7.3 Hz, J2 = 1.1 Hz,
1H), 7.57 (dd, J1 = 8.5 Hz, J2 = 7.9 Hz, 1H), 7.45 (dd, J1 = 8.5 Hz,
J2 = 7.4 Hz, 1H), 7.19 (d, J = 7.5 Hz, 1H), 7.12 (s, 1H), 6.92 (d, J
= 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 6.58 (d, J = 8.6 Hz, 1H),
5.15–5.13 (m, 1H), 4.67 (dd, J1 = 8.8 Hz, J2 = 7.4 Hz, 1H),
3.91–3.70 (m, 4H), 2.89 (s, 6H), 2.85–2.81 (m, 1H), 1.69–1.60
(m, 2H), 1.45 (s, 9H), 1.06–0.99 (m, 2H), 0.91 (t, J = 7.1 Hz, 3H),
0.78 (t, J = 7.4 Hz, 3H); 13C{1H} NMR (∼101 MHz, CDCl3): δC
171.0, 169.1, 151.9, 135.5, 134.3, 130.7, 130.2, 129.7, 129.6,
129.1, 128.9, 128.5, 123.0, 121.3, 118.5, 115.2, 80.4, 61.1, 56.7,
48.1, 45.4, 45.3, 33.1, 28.2, 20.3, 13.7, 13.7; (α)25D = −18.00 (c =
0.02 g per 100 mL, CHCl3). The enantiomeric ratio (er 92 : 8) of
compound 18a-(L) was determined using the Daicel Chiralpak
IC column, hexane/i-PrOH 20 : 80, flow rate 0.1 mL min−1, UV
detection at 323 nm, tD = 78.65 min, tL = 93.57 min; HRMS
(ESI): m/z (M + H)+ calcd for C33H45N4O7S: 641.3009; found:
641.3004.

(1S*,2R*)-tert-Butyl (2-((1-(4-((5-(dimethylamino)naphtha-
lene)-1-sulfonamido)-3-methylphenyl)-3-oxo-1-phenyl-3-(quino-
lin-8-ylamino)propan-2-yl)amino)-2-oxoethyl)carbamate (19a-
(DL)). Following the general procedure, 19a-(DL) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 50 : 50) as a brown coloured semi-solid (anti
isomer, 76%, 30 mg, 0.05 mmol); Rf (EtOAc/hexanes = 50 : 50)
0.60; IR (DCM): 3301, 2924, 1666, 1325, 735 cm−1; 1H NMR
(400 MHz, CDCl3): δH 9.82 (s, 1H), 8.64 (d, J = 3.0 Hz, 1H), 8.46
(d, J = 6.7 Hz, 1H), 8.29 (d, J = 8.1 Hz, 1H), 8.09 (d, J = 8.5 Hz,
1H), 8.03 (d, J = 8.0 Hz, 1H), 7.73 (d, J = 6.7 Hz, 1H), 7.41–7.26
(m, 4H), 7.19–7.18 (m, 4H), 7.14–7.11 (m, 1H), 7.04 (t, J = 7.8
Hz, 1H), 6.99–6.93 (m, 3H), 6.79 (d, J = 8.0 Hz, 1H), 6.69 (d, J =
8.6 Hz, 1H), 6.35 (s, 1H), 5.41–5.37 (m, 1H), 4.91 (s, 1H), 4.45
(d, J = 9.3 Hz, 1H), 3.64–3.53 (m, 2H), 2.75 (s, 6H), 1.69 (s, 3H),
1.28 (s, 9H); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC 169.4,
168.6, 155.6, 151.5, 148.3, 139.5, 138.1, 137.9, 136.2, 134.6,
133.5, 133.5, 131.7, 130.5, 129.9, 129.5, 129.4, 128.7, 128.4,
128.2, 127.7, 127.2, 127.0, 126.3, 123.9, 123.0, 122.1, 121.7,
118.7, 116.7, 115.1, 80.2, 57.2, 52.7, 45.4, 44.1, 28.2, 17.5. The
enantiomeric ratio of compound 19a-(DL) was determined
using the Daicel Chiralpak ADH column, hexane/i-PrOH
50 : 50, flow rate 1.0 mL min−1, UV detection at 254 nm, tD =
11.66 min, tL = 21.35 min; HRMS (ESI): m/z (M + H)+ calcd for
C44H47N6O6S: 787.3278; found: 787.3276.

(1R,2S)-tert-Butyl (2-((-1-(4-((5-(dimethylamino)naphtha-
lene)-1-sulfonamido)-3-methylphenyl)-3-oxo-1-phenyl-3-(quino-
lin-8-ylamino)propan-2-yl)amino)-2-oxoethyl)carbamate (19a-
(L)). Following the general procedure, 19a-(L) was obtained
after purification by column chromatography on silica gel
(EtOAc : hexanes = 50 : 50) as a brown coloured semi-solid (anti
isomer, 77%, 32 mg, 0.053 mmol); Rf (EtOAc/hexanes = 50 : 50)
0.60; IR (DCM): 3299, 2923, 1664, 1324, 733 cm−1; 1H NMR
(400 MHz, CDCl3): δH 9.87 (s, 1H), 8.71–8.70 (m, 1H), 8.54 (d, J
= 6.9 Hz, 1H), 8.33 (d, J = 8.5 Hz, 1H), 8.16 (d, J = 8.6 Hz, 1H),
8.09 (d, J = 8.2 Hz, 1H), 7.80 (d, J = 7.0 Hz, 1H), 7.49–7.33 (m,
4H), 7.26–7.25 (m, 4H), 7.21–7.19 (m, 1H), 7.10 (t, J = 7.8 Hz,

1H), 7.05–7.00 (m, 3H), 6.86 (d, J = 8.0 Hz, 1H), 6.71 (d, J = 8.8
Hz, 1H), 6.38 (s, 1H), 5.48–5.44 (m, 1H), 4.96–4.91 (m, 1H),
4.52 (d, J = 9.4 Hz, 1H), 3.73–3.60 (m, 2H), 2.81 (s, 6H), 1.76 (s,
3H), 1.35 (s, 9H); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC 169.3,
168.6, 155.5, 151.8, 148.4, 139.5, 138.2, 137.9, 136.0, 134.6,
133.6, 133.5, 131.7, 130.6, 130.5, 129.9, 129.6, 129.4, 128.7,
128.4, 128.2, 127.7, 127.2, 127.0, 126.3, 123.9, 122.9, 122.1,
121.7, 118.5, 116.5, 115.0, 80.2, 57.2, 52.7, 45.3, 44.1, 28.2,
17.5; (α)25D = −16.00 (c = 0.02 g per 100 mL, CHCl3). The enan-
tiomeric ratio (er 96 : 4) of compound 19a-(L) was determined
using the Daicel Chiralpak ADH column, hexane/i-PrOH
50 : 50, flow rate 1.0 mL min−1, UV detection at 254 nm, tD =
12.01 min, tL = 21.64 min; HRMS (ESI): m/z (M + H)+ calcd for
C44H47N6O6S: 787.3278; found: 787.3279.

(2R*,3S*)-tert-Butyl (2-((3-(3-((5-(dimethylamino)naphtha-
lene)-1-sulfonamido)phenyl)-1-oxo-1-(quinolin-8-ylamino)pentan-
2-yl)amino)-2-oxoethyl)carbamate (19b-(DL)). Compound 19b-
(DL) was obtained after purification by column chromato-
graphy on silica gel (EtOAc : hexanes = 80 : 20) as a brown
colour semi-solid (70%, 15 mg, 0.03 mmol scale); Rf (EtOAc/
hexanes = 50 : 50) 0.3; IR (CHCl3): 3310, 2924, 1673, 1530,
735 cm−1; 1H NMR (400 MHz, CDCl3): δ 9.74 (s, 1H), 8.66–8.65
(m, 1H), 8.43 (d, J = 7.1 Hz, 1H), 8.38 (d, J = 8.5 Hz, 1H), 8.26
(d, J = 7.8 Hz, 1H), 8.06–8.02 (m, 2H), 7.42–7.25 (m, 6H),
7.05–7.03 (m, 1H), 6.92–6.90 (m, 2H), 6.82–6.80 (m, 2H), 6.66
(s, 1H), 5.28–5.22 (m, 1H), 4.83–4.79 (m, 1H), 3.81–3.68 (m,
2H), 2.78 (s, 6H), 1.80–1.68 (m, 2H), 1.41 (s, 9H), 0.39 (t, J = 7.1
Hz, 3H); (one signal corresponding to the NH group was not
clearly located in the proton NMR); 13C{1H} NMR (∼101 MHz,
CDCl3): δ 169.5, 168.5, 156.2, 148.3, 140.7, 138.0, 137.0, 136.3,
136.0, 134.3, 133.2, 130.4, 130.2, 129.6, 129.3, 128.3, 127.8,
127.0, 125.2, 123.1, 122.2, 121.7, 121.4, 120.0, 115.2, 114.0,
113.4, 80.6, 58.5, 45.4, 31.9, 28.3, 22.7, 14.1, 11.7; (the carbon
NMR of these compounds showed additional minor signals in
the aliphatic region, which are attributed to the presence of
rotamers); The enantiomeric ratio of compound 19b-(DL) was
determined using the Daicel Chiralpak IA column, hexane/
i-PrOH 70 : 30, flow rate 1.0 mL min−1, UV detection at
254 nm, tD = 19.91 min, tL = 28.35 min; HRMS (ESI): m/z (M +
H)+ calcd for C39H45N6O6S: 725.3121; found: 725.3126.

(2R,3S)-tert-Butyl (2-((3-(3-((5-(dimethylamino)naphthalene)-
1-sulfonamido)phenyl)-1-oxo-1-(quinolin-8-ylamino)pentan-2-yl)
amino)-2-oxoethyl)carbamate (19b-(D)). Compound 19b-(D) was
obtained after purification by column chromatography on
silica gel (EtOAc : hexanes = 80 : 20) as a brown coloured semi-
solid (68%, 15.3 mg, 0.031 mmol scale); Rf (EtOAc/hexanes =
50 : 50) 0.3; IR (CHCl3): 3311, 2924, 1670, 1529, 737 cm−1; 1H
NMR (400 MHz, CDCl3): δ 9.75 (s, 1H), 8.68–8.67 (m, 1H), 8.44
(d, J = 6.3 Hz, 1H), 8.41–8.40 (m, 1H), 8.28 (d, J = 9.0 Hz, 1H),
8.10–8.03 (m, 2H), 7.46–7.27 (m, 6H), 7.09–7.07 (m, 1H),
6.94–6.80 (m, 4H), 6.63 (s, 1H), 5.28–5.23 (m, 1H), 4.81–4.77
(m, 1H), 3.81–3.67 (m, 2H), 2.80 (s, 6H), 1.76–1.70 (m, 2H),
1.42 (s, 9H), 0.40 (t, J = 7.4 Hz, 3H); (one signal corresponding
to the NH group was not clearly located in the proton NMR);
13C{1H} NMR (∼101 MHz, CDCl3): δ 169.5, 168.5, 156.2, 148.3,
140.7, 138.0, 137.0, 134.3, 133.2, 130.4, 130.2, 129.6, 129.6,

Organic & Biomolecular Chemistry Paper

This journal is © The Royal Society of Chemistry 2025 Org. Biomol. Chem., 2025, 23, 8499–8534 | 8529

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
A

ug
us

t 2
02

5.
 D

ow
nl

oa
de

d 
on

 2
/7

/2
02

6 
9:

04
:3

4 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ob01017a


129.3, 128.3, 128.0, 127.8, 127.2, 127.1, 125.3, 123.2, 122.2,
121.7, 121.6, 120.1, 116.7, 115.3, 114.4, 80.7, 58.5, 45.4, 31.4,
28.3, 22.7, 14.1, 11.8; (the carbon NMR of these compounds
showed additional minor signals in the aliphatic region, which
are attributed to the presence of rotamers); (α)25D = +19.0 (c =
0.02 g per 100 mL, CHCl3); The enantiomeric ratio (er >95 : 5)
of compound 19b-(D) was determined using the Daicel
Chiralpak IA column, hexane/i-PrOH 70 : 30, flow rate 1.0 mL
min−1, UV detection at 254 nm, tD = 20.02 min, tL = 28.68 min;
HRMS (ESI): m/z (M + H)+ calcd for C39H45N6O6S: 725.3121;
found: 725.3120.

Ethyl (R*)-12-((S*)-1-(4-((5-(dimethylamino)naphthalene)-1-
sulfonamido)-3-methylphenyl)propyl)-2,2-dimethyl-4,7,10-trioxo-3-
oxa-5,8,11-triazatridecan-13-oate (20a-(DL)). Following the
general procedure, 20a-(DL) was obtained after purification by
column chromatography on silica gel (EtOAc : hexanes =
50 : 50) as a brown coloured semi-solid (anti isomer, 82%,
36 mg, 0.063 mmol); Rf (EtOAc/hexanes = 50 : 50) 0.50; IR
(DCM): 3308, 2927, 1664, 1508, 735 cm−1; 1H NMR (400 MHz,
CDCl3): δH 8.44 (d, J = 8.4 Hz, 1H), 8.26 (d, J = 8.6 Hz, 1H), 8.06
(d, J = 7.3 Hz, 1H), 7.45 (t, J = 8.4 Hz, 1H), 7.36 (t, J = 8.1 Hz,
1H), 7.10 (d, J = 7.5 Hz, 1H), 6.93–6.85 (m, 3H), 6.78–6.68 (m,
3H), 5.30–5.29 (m, 1H), 4.57 (t, J = 8.1 Hz, 1H), 3.90–3.77 (m,
4H), 3.71 (d, J = 5.2 Hz, 2H), 2.80 (s, 6H), 2.68–2.63 (m, 1H),
1.87 (s, 3H), 1.71–1.65 (m, 1H), 1.58–1.50 (m, 1H), 1.37 (s, 9H),
0.84 (t, J = 7.1 Hz, 3H), 0.60 (t, J = 7.2 Hz, 3H); 13C{1H} NMR
(∼101.0 MHz, CDCl3): δC 171.0, 170.2, 168.4, 156.2, 151.8,
136.9, 134.9, 133.6, 131.6, 130.8, 130.6, 130.1, 129.7, 129.6,
128.3, 126.6, 123.9, 123.1, 118.8, 115.2, 80.4, 61.1, 56.9, 49.8,
45.4, 44.2, 42.9, 28.3, 24.0, 17.6, 13.7, 11.9. The enantiomeric
ratio of compound 20a-(DL) was determined using the Daicel
Chiralpak IC column, hexane/i-PrOH 70 : 30, flow rate 1.0 mL
min−1, UV detection at 254 nm, tD = 172.50 min, tL =
220.26 min; HRMS (ESI): m/z (M + H)+ calcd for C35H48N5O8S:
698.3223; found:698.3218.

Ethyl (S)-12-((R)-1-(4-((5-(dimethylamino)naphthalene)-1-sul-
fonamido)-3-methylphenyl)propyl)-2,2-dimethyl-4,7,10-trioxo-3-
oxa-5,8,11-triazatridecan-13-oate (20a-(L)). Following the
general procedure, 20a-(L) was obtained after purification by
column chromatography on silica gel (EtOAc : hexanes =
50 : 50) as a brown coloured semi-solid (anti isomer, 78%,
26 mg, 0.048 mmol scale); Rf (EtOAc/hexanes = 50 : 50) 0.5; IR
(CHCl3): 3308, 2926, 1661, 1503, 735 cm−1; 1H NMR (400 MHz,
CDCl3): δH 8.45 (d, J = 8.3 Hz, 1H), 8.26 (d, J = 8.6 Hz, 1H), 8.06
(d, J = 7.3 Hz, 1H), 7.45 (t, J = 8.3 Hz, 1H), 7.36 (t, J = 8.0 Hz,
1H), 7.10 (d, J = 7.4 Hz, 1H), 6.93–6.68 (m, 6H), 5.29 (s, 1H),
4.57 (1H, t, J = 8.2 Hz), 3.90–3.78 (m, 4H), 3.71 (d, J = 5.2 Hz,
2H), 2.81 (s, 6H), 2.68–2.63 (m, 1H), 1.87 (s, 3H), 1.71–1.65 (m,
1H), 1.58–1.52 (m, 1H), 1.37 (s, 9H), 0.85 (t, J = 7.1 Hz, 3H),
0.60 (t, J = 7.2 Hz, 3H); 13C{1H} NMR (∼101 MHz, CDCl3): δC
171.0, 170.2, 168.4, 156.2, 151.7, 136.9, 135.0, 133.6, 131.6,
130.8, 130.6, 130.1, 129.7, 129.6, 128.3, 126.6, 123.9, 123.1,
118.9, 115.2, 80.4, 61.1, 56.9, 49.8, 45.4, 44.2, 42.9, 28.3, 24.0,
17.6, 13.7, 11.9; (α)25D = −18.00 (c = 0.02 g per 100 mL, CHCl3).
The enantiomeric ratio (er >95 : 5) of compound 20a-(L) was
determined using the Daicel Chiralpak IC column, hexane/

i-PrOH 70 : 30, flow rate 1.0 mL min−1, UV detection at
254 nm, tD = 171.50 min, tL = 222.26 min; HRMS (ESI): m/z (M
+ H)+ calcd for C35H48N5O8S: 698.3223; found:698.3228.

(2R*,3S*)-Ethyl 2-(2-(((benzyloxy)carbonyl)amino)acet-
amido)-3-(3-((5-(dimethylamino)naphthalene)-1-sulfonamido)
phenyl)pentanoate (20b-(DL)). Following the general pro-
cedure, 20b-(DL) was obtained after purification by column
chromatography on silica gel (EtOAc : hexanes = 40 : 60) as a
brown coloured semi-solid (anti isomer, 80%, 33 mg,
0.062 mmol); Rf (EtOAc/hexanes = 50 : 50) 0.60; IR (DCM): 3273,
2925, 1672, 1519, 736 cm−1; 1H NMR (400 MHz, CDCl3): δH 8.39
(d, J = 8.4 Hz, 1H), 8.28 (d, J = 8.6 Hz, 1H), 8.09 (d, J = 7.3 Hz, 1H),
7.83 (s, 1H), 7.42 (t, J = 8.1 Hz, 1H), 7.34–7.24 (m, 6H), 7.07 (d, J =
7.5 Hz, 1H), 6.97 (t, J = 7.8 Hz, 1H), 6.86 (d, J = 6.5 Hz, 1H), 6.68
(d, J = 7.3 Hz, 1H), 6.58 (s, 1H), 6.51 (d, J = 8.4 Hz, 1H), 5.56 (s,
1H), 5.14–5.07 (m, 2H), 4.64–4.60 (m, 1H), 3.94–3.88 (m, 2H), 3.73
(d, J = 5.9 Hz, 2H), 2.77 (s, 6H), 2.71–2.68 (m, 1H), 1.63–1.56 (m,
1H), 1.47–1.40 (m, 1H), 0.96 (t, J = 6.9 Hz, 3H), 0.46 (t, J = 7.2 Hz,
3H); 13C{1H} NMR (∼101.0 MHz, CDCl3): δC 170.8, 168.6, 156.9,
151.7, 140.0, 136.8, 136.0, 134.4, 130.5, 130.2, 129.7, 129.6, 129.1,
128.5, 128.3, 128.2, 128.1, 124.7, 123.1, 121.7, 120.0, 118.9, 115.2,
67.4, 61.5, 56.4, 49.7, 45.4, 44.4, 23.4, 13.8, 11.9. The enantiomeric
ratio of compound 20b-(DL) was determined using the Daicel
Chiralpak IA column, hexane/i-PrOH 70 : 30, flow rate 0.5 mL
min−1, UV detection at 254 nm, tD = 31.30 min, tL = 35.29 min;
HRMS (ESI): m/z (M + H)+ calcd for C35H41N4O7S: 661.2696;
found: 661.2690.

(2R,3S)-Ethyl 2-(2-(((benzyloxy)carbonyl)amino)acetamido)-
3-(3-((5-(dimethylamino)naphthalene)-1-sulfonamido)phenyl)
pentanoate (20b-(D)). Following the general procedure, 20b-
(D) was obtained after purification by column chromatography
on silica gel (EtOAc : hexanes = 40 : 60) as a brown coloured
semi-solid (anti isomer, 75%, 23 mg, 0.046 mmol scale); Rf
(EtOAc/hexanes = 50 : 50) 0.6; IR (CHCl3): 3338, 2926, 1671, 1524,
737 cm−1; 1H NMR (400 MHz, CDCl3): δH 8.40 (d, J = 8.3 Hz, 1H),
8.28 (d, J = 8.6 Hz, 1H), 8.09 (d, J = 7.3 Hz, 1H), 7.79–7.72 (m, 1H),
7.43 (t, J = 8.1 Hz, 1H), 7.34–7.22 (m, 6H), 7.08 (d, J = 7.4 Hz, 1H),
6.97 (t, J = 7.8 Hz, 1H), 6.86 (d, J = 7.2 Hz, 1H), 6.69 (d, J = 7.4 Hz,
1H), 6.58 (s, 1H), 6.49 (s, 1H), 5.54 (s, 1H), 5.15–5.07 (m, 2H),
4.64–4.60 (m, 1H), 3.94–3.89 (m, 2H), 3.73 (d, J = 6.0 Hz, 2H), 2.78
(s, 6H), 2.71–2.69 (m, 1H), 1.63–1.58 (m, 1H), 1.47–1.42 (m, 1H),
0.97 (t, J = 6.5 Hz, 3H), 0.47 (t, J = 7.2 Hz, 3H); 13C{1H} NMR
(∼101 MHz, CDCl3): δC 170.8, 168.6, 156.9, 140.0, 137.6, 136.8,
136.0, 134.4, 130.5, 130.2, 129.6, 129.1, 128.5, 128.3, 128.2, 128.1,
124.7, 123.2, 123.1, 121.8, 120.0, 120.0, 115.2, 67.4, 61.5, 56.4,
49.7, 45.4, 44.5, 23.3, 13.8, 11.9; (α)25D = +37.00 (c = 0.04 g per
100 mL, CHCl3). The enantiomeric ratio (er 97 : 3) of compound
20b-(D) was determined using the Daicel Chiralpak IA column,
hexane/i-PrOH 70 : 30, flow rate 0.5 mL min−1, UV detection at
254 nm, tD = 31.40 min, tL = 35.25 min; HRMS (ESI): m/z (M + H)+

calcd for C35H41N4O7S: 661.2696; found: 661.2690.
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