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ABSTRACT: Since dual inhibitors may vyield lower toxicity anekduce the
likelihood of drug resistance, as well as inhitstof HIV-1 PR and RT constitute the
core of chemotherapy for AIDS treatment, we hedsgsigned and synthesized new
coumarin derivatives characterized by various liakbat exhibited excellent potency
against PR and a weak inhibition of RT. Among whiclhmpounds6f and 7c
inhibited PR with IGy values of 15.5 and 62.1 nM, respectively, and \yeakected
also RT with 1@ values of 241.8 and 188uM, respectively, showing the possibility
in the future of developing dual HIV-1 PR/RT inhdnis. Creative stimulation for
further research of more potent dual HIV-1 inhibstovas got according to the
molecular docking studies.
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Inhibitors against PR and RT

1. Introduction

Highly active antiretroviral therapy (HAART) playan important role in the
treatment of AIDS patients. Nevertheless, the amvesffects, the risk of drug
interactions, and the emergence of cross-resisivitstrains brought by HAART
have promoted to discovering new strategy againgtIH[1,2]. Dual inhibitors are
single compounds that are able to inhibit two erzyativities, which could yield
lower toxicity, simplify dosing, and reduce thediihood of drug resistance. Dual
inhibitors have been reported in different diseasena, such as Alzheimer [3],
Parkinson [4], inflammation [5], cancer48), as well as virologic [9Particularly, an
increasing number of dual inhibitors research heenlkfocused on inhibiting HIV-1
replication, such as dual inhibitors targeting HlVintegrase (IN) and reverse
transcriptase (RT) or reverse transcriptase ribeagse H (RNase H) [121],
dual-action against HIV-1 CCR5 and integrase [2#],targeting HIV-1 reverse
transcriptase-associated RNase H and RNA-deperdii#t polymerase (RDDP)
functions [23], and so forth. However, researchdoal HIV-1 protease (PR) and
reverse transcriptase inhibitors is inappreciaB#® 5], and dual inhibitor is still not
available for clinical use to treat AIDS.

As inhibitors of HIV-1 PR and RT constitute the eaf chemotherapy for AIDS
treatment, and dual therapy with a PR inhibitor Bdinhibitors has been confirmed
to be safe and effective [26], our attention hasnbgiven to the design and synthesis
of dual inhibitors of HIV-1 PR and RT. HIV-1 PRrigsponsible for the production of
all viral enzymes and structural proteins necesgaproduce mature, virulent virions

[27]. PR is a homodimer of two 99 amino acid subunitsgd awo flexible



glycine-densg-sheets form a flap region over the top of thevacsite [28,29]. RT is
a 117 kDa heterodimer consisting of p66 and p5Lsitd [30], and is responsible for
the conversion of single-stranded viral RNA intadle-stranded proviral DNA.
Given that hydrogen bonding interactions are ineligable for both PR and RT to
combining with inhibitors [3632], it is possible that two scaffolds of RT and PR
inhibitors are merged into one scaffold with duetihaties, according to the Designed
Multifunctional Ligands (DMLs) [33] or “portmanteaunhibitors” [21]. In previous
studies, both naturally occurring and syntheticnocatin derivatives show potent RT
inhibition activity, such as Calanolide A)([34],fesumtuorin A 2) [35],and 4r 8) in
Figure 1 [36]. Inspired by the above, we introduced thengcatin moieties into the
HIV-1 protease inhibitors, and designed new inbiisitof pharmacophore fusion
types, which contained a coumarin moiety as nowlli§ands coupled with the
nonpeptide Pls structural scaffolds containing bysglethylsulfonamide isosteres

(Figure 2), aiming at obtaining RT inhibition and keepingcekent potency against
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PR at the same time.

Figure 1. Structures of coumarin derivatives active against R



4,R*=H, OH, OCH3, CH3, NH;, N(CH3),, or CH=CHO
R = COOH, CH,COOH, OH, or CH,CI
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Figure 2. Design of portmanteau inhibitors against RT and ¢&R)bining coumarin moieties
with PR inhibitor5.

2. Results and discussion

2.1.2.1. Chemistry

Synthesis of amine derivatives. Compounds9-11 were prepared from the
commercially available material $ 39-1,2-epoxy-3-(boc-amino)-4-phenylbutane

(12), as reported in the literature and showSameme 1[37,38].
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Scheme 1Syntheses of Amine3-11 Reagents and conditions: {éBuNH,, CH;CN, 80 °C, 6 h;

(b) Aryl sulfonyl chloride, DIEA, DMAP(Cat.), THF) °C ~ r.t, 3-5 h; (c) CkCl,-CRCOOH
(1:1), 0 °C~r.t, 3 h; (d) KH(gas), 50 psi, 10% Pd/C, GBH, r.t, 2 h.

Synthesis of target compounds-amide isosteres. The syntheses of inhibitoga-8i



shown inScheme 2were carried out by coupling coumarin acidsd with amines

9-11under an EDCI/HOBt/DMAP-mediated coupling metha4d][
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Scheme 2.Syntheses of Inhibitor§a-8i. Reagents and conditions: (e) EDCI, HOBt, DMAP,
anhydrous DMF, Argon, 0 °C~r.t, 3 h.

Synthesis of target compounds-carbamate isosteres. The syntheses of inhibitors
6j-7k shown inScheme 3were synthesized by hydroxycoumaritjs4k and amines
9, 10 under the condensing of bis(trichloromethyl) caelten BTC) undergoing an

one-pot reaction [39].
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Scheme 3Syntheses of inhibitoi§j-7k. Reagents and conditions: (f) DIEA, anhydrous DCM,
anhydrous THF, 0 °C ~r.t, 1.5 h.

Synthesis of target compounds-amine isosteres. The syntheses of inhibitoig-8|
shown inScheme 4were synthesized by chlorocoumariisand amine®-11 by

catalyzed of DIEA under the condition of refluxifp].
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Scheme 4Syntheses of inhibito8-8l. Reagents and conditions: (g) DIEA, anhydrous EtOH
reflux, 7 h.

2.2. Anti-PR activity assay

All newly synthesized compounds were testeditro PR activity assays against
HIV-1 wild-type protease using a fluorescence resme energy transfer (FRET)
method [41,42], and the results are summarizetainles 1 2, and3. Among these

compounds, amide derivatives were very potent Pibitors, showing 16 values in



the nanomolar range (298.4-0.40 nM), with the eioapof 7h and 7i, which
exhibited higher Ig values of 557 nM and 563 nM. In particularly, caupd 8a
with  2-ox0-2H-chromene-6-carboxamide as the P2 ligandd am
4-aminophenylsulfonamide as the P2' ligand exhibiteur-fold activity with 1Gg
value of 0.40 nM compared to the reference comp@ardinavir (DRV). This might
account for the exposure of both carbonyl and omygeom, which could form
strengthen hydrogen bonding interactions with thekbone atoms and residues in the
protease S2 subsite [43]. Meanwhile, compoé@ademonstrated comparable potency
as DRV with 1Gg value of 1.62 nM. Carboxamide substitution in 8aposition led to

a decrease in the activitplf—8d, IC5o value of 298.4-27.7 nM), compared with
substitution in the 6-position6é&—8a, ICso value of 2.60-0.40 nM). The rigid and
bulkier hindrance might impose restrictions on #tdity of hydrogen to bond with
the protease S2 subsite. But the introducing ofdwylin the 7-positon showed better
inhibitory activity 6¢-8c) than the substitution of hydrogen atorb<8b). It caused
slightly decreasing activity when hydroxy was regld by methoxyl grous@—8d).

Acetamide substitution in the 4-position showedivagt against PR with 1G
values in the low nanomolar range (55.8-1.62 nMjhwhe exception of massive
substitution in position 76G-8g, 1Cso value of 211.3-75.1 nM), but the shift of
acetamide substitution from position 4 to 3 gavedaoreased activity6b—8i, with
the IG, value range of 563-95.4 nM). Just as reportedipusly, phenylsulfonamide
derivatives with 4-methoxy6@-i) and 4-amino {a-i) groups displayed generally
higher potency than the corresponding substitu@upounds with 4-nitro 8a-i)
groups [4345].

However, carbamate isosteres decreased in theitacivith 1Cso values in the
range of 1.53-0.12M, as well as phenylsulfonamide derivatives witmdthoxy
(6j—k) groups displayed generally higher potency thandbrresponding substituted
compounds with 4-nitro 7§—k) groups by an order of magnitude. While amine
derivatives showed increasing activiél«{8l, ICso value of 143.5-53.0 nM).

In brief, amide derivatives exhibited higher potgnican those of carbamate and

amine isosteres, which might be due to the confoomal restrictions.



On the basis of these results above, selecteditorgbwvere further evaluated in
cell-based assays. In the assay, virus-producitgwere treated with the compounds
at 10uM, and the infectivity of the resultant virus waste&mined, which reflects the
effect of the compounds on the late stage of HIVf& cycle including viral
maturation [46]In particularly, the most active compours-8a were equipotent as
DRV. Notably, compounde showed a slightly decreased antiviral activity.@826
inhibition) compared with DRV, although equipotemtbiochemical assayi vitro.
While, the amine compoundd and 7| exhibited satisfactory active in cell-based
assays with inhibition of 88.80% and 73.17%, retipely. The results might suggest
a correlation between the activiiyp vitro and in vivo, as well as excellent cell
membrance penetration, as showi @bles 1and3.

To further confirm anti-HIV activity of these comads, we next investigated
their effect on the growth of wild type HIV-1 in 80l cells. Notably, inhibito6e
exhibited a promising inhibition ratio of 45.54% aagst wild-type HIV-1 at a
concentration of 100 nM, compared with the refeeeaempoundNevirapine (NVP)

with 77% inhibition, which was worthy for in-depsitudy [47].

2.3. Anti-RT activity assay

The amide derivatives were tested for RT inhibitismngin vitro RT-activity assay
[48], and the results were listedTiable 1. Unfortunately, all the compounds showed
limited potency compared with the reference compokfavirenz (EFV). Next, we
analyzed antiviral activity of all the compoundsHitiv-1 infected cells using a one
round infectivity assay, which was calculated apescentage of inhibition at a
concentration of 10uM [18]. Likewise, most of the compounds showed poor
inhibitory effect on the early step of viral re@twon including reverse transcription of
viral genome by RT.

Surprisingly, compoun@b was confirmed as a weak inhibitor, withs§Gralue of
75.25uM in invitro RT activity assay. An@f and7c exhibited 1G value of 241.8
and 188.7M, respectively.



Taken together, these results suggest that carbdgasuabstitution in the 3-position
with 7-hydoxy or 7-methoxy groups led to a decreagbe activity of RT, compared
with unsubstituted compounds in the 7-positionhsas 8bvs 8c, and 8d. The rigid
and bulkier hindrance might impose restrictions the ability of this kind of
derivatives to bind with the reverse transcriptdseaddition, acetamide substitution
in the 4-position with biggish substitution in pi@n 7 showed better activity against
RT than those with minor substitution in the 7-piosi (6f, 6gvs 6e). The shift of
acetamide substitution from position 4 to 3 ledatalecrease in the activity, but
compounds with 7-hydoxy groups displayed higheepoy than those with 7-amino

groups (8hvs 8i).

2.4. Evaluation of biological activity

To better rationalize structure—activity relatiomsh(SARS) of all the amide isosteres,
the 1Gs values in the inhibition of both PR and RT enzywesxe plotted against each
other in correlation plotsHgure 3). The compounds are distributed around two
perpendicular axes crossing the PRpléxis (X axis) at 150 nM and the RTsiaxis
(Y axis) at 250uM (bolded crosshair in the center of each graplhesg two axes
spliced the graph into four quarters correspontngR/RT dual inhibitors (lower left
guarter), RT selective inhibitors (lower right qieay, PR selective inhibitors (upper
left quarter), and inhibitors of lower potency (epgight quarter). However, these
graphs do not show any particular correlation betwT and PR inhibition. As can
be seen irFigure 3, most of the compounds are distributed in the teif of the
graph, suggesting of critical for PR inhibition bt critical for RT inhibition, which
confirms that the amide compounds are selective iRRbitors. Taking a
comprehensive view of the activity above, amidestisges6f and 7¢ emerged
possibility of developing dual HIV-1 PR/RT inhibmy which should be optimized

further.
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Table 1. Antiviral and Enzymatic Activity of Amide Compounds 6a-8i

o
o .
link O, 0
in er\ N
Ra N \
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Rd

PR RT
compd. R? linker R° RY  Inhibi ICs0o Inhibitio ICso
tion (nM)® n (%)"" (uM)®
()"
E
6a H 6-CO OCH H 9953 1.84+0.53 1.26 597.4+5.1
7a H 6-CO NG H 9854 2.60+0.40 - nd’
8a H 6-CO NH H 98.72 0.40+0.11 5.61 398+ 2.6
6b H 3-CO OCH H < 72.84+7.63  44.78  473.8+25
7b H 3-CO NQ@ H - 298.4+41.5 27.06 nd
8b H 3-CO NH H - 155.9+18.7 1.34 75.3+2.5
6c 7-OH 3-CO OCH H - 39.5+16.9 12.32 420.7+ 0
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Hs

99.97

62.1+36.2

27.7+¥16.9

46.7+£16.0

220.9+145.8

102.1+53.9

1.62+0.55

11.1+4.97

37.9+15.3

15.5+2.75

55.8+14.9

15.4+6.89

211.3+84.7

275.6+219.6

75.1+39.1

109.2+57.0

557+194.1

150.6+£36.1

222.3+63.5

563+193.1

95.4+56.6

1.72+0.73

91.04
27.04
8.28
0.45
23.24

3.91

17.72

43.72

7.72

43.75

14.65

18.37

31.91

34.41

23.51

19.90

24.80

11.26

188.7+0

554.4+ 2.5

370.4+0

nd

705.7+2.4

458.6+2.6

367.0+2.1

nd

241.8+25

372.8+7.6

410.6x0

355.1+0

nd

572.2+0

nd

375.4+ 5.00

450.8+ 0

nd

nd

nd

0.091+
0.008

A All assays were conducted in quadruplicate oficape.

B 1Cs0, half maximal inhibitory concentratiodll assays were conducted in triplicate, and tha daown represent

mean values (+1 standard deviation) derived froerésults of three independent experiments.

€. not determined, the inhibition was 0.

P nd: not determined, the value ofsj@xceeding 100QM.

E the inhibitory effect on virus-producing cell @ 1M



F the inhibitory effect on virus-infected cells & M

Table 2. Enzymatic Activity of Carbamate Compoundsj—7k

Joostdorn

compd. R R° PR IG, RT ICsg
(um)* (uM)*
6j 4-CH OCH; 0.1620.02 nd
7j 4-CHg NO, 1.02+0.56 nd
6k 6,7-CH=CHO OCHl 0.12+0.02 nd
7k 6,7-CH=CHO NG 1.53+0.59 nd
DRV 0.00057+0.00017
EFV 0.091+ 0.008

A ICs, half maximal inhibitory concentrationll assays were conducted in triplicate, and thia ghown represent
mean values (+1 standard deviation) derived froerésults of three independent experiments.
B nd: not determined, the value of;i@xceeding 100QM.

Table 3.Antiviral and Enzymatic Activity of Amine Compounds 61-8|

(0]
PR RT
compd. R® Inhibition (%) ICso ICso
(um)°® (um)®
6l  OCH 88.80 0.053+ 0.02 frd
71 NO, 73.17 0.14+ 0.06 nd
8l NH, - 0.11+ 0.05 nd
DRV 99.97 0.0017+0.0007
EFV 0.091+ 0.008

A All assays were conducted in quadruplicatee inhibitory effect on virus-producing cell at 1Bl

B ICs, half maximal inhibitory concentratiodll assays were conducted in triplicate, and tha dhown represent
mean values (x1 standard deviation) derived froerésults of three independent experiments.

€ nd: not determined, the value ofsj@xceeding 100QM.

2.5. Molecular modeling studies



To explore the antiviral action of the inhibitorsolecular docking studies were
performed on inhibitofi7e as a representative example, with highly potemiviac
against PR as well as less active RT inhibitione Bommon mode of inhibitory
binding was explored through molecular docking gsnHIV PR crystal structure
(PDB-ID: 4mc9) [49]and RT crystal structure (PDB-ID: 2yng) [5@gnificantly,
the inhibitor7efits perfectly into the PR binding site throughdhygen bonds and van
der Waals interactions. As can be seen, severaloggd-bonding interactions are
possible between the residues Arg8 and Gly48, disamezan der Waals interactions
with the outer enzyme atoms, both of which mightoamt for the promising HIV-1
PR inhibitory activity Figure 4). While, compound 7e with moiety of
2-0x0-2H-chromen could not be situated right in nlaerow pocket of RT by as much
as approximately thirty thousand-fold in contrasithw PR potency. Albeit
unsatisfactory, hydrogen-bonding interaction betwdbe residues Lys223 may
provide the weak activity against RT. Overall, nde@r to better rationalize the activity
of this kind of dual inhibitors, the coumarin masst for sterically hindering fitting of
the RT active site, could exert their RT inhibit@sgtivity by eliminating the bulkier
furanone ring and replacing by the miniature linkgrch as a flexible chain, which
would not affect the activity against PR meanwh#éecording to the molecular

docking studies.

Figure 4. (a) Binding mode of compourite within the HIV-1 PR model. (b) Binding mode of
compoundrewithin the HIV-1 RT model. Ligand exposures arpresented as purple spheres.
Amino acid side chains important for the ligandding are depicted as blue arrows.



2.6. Correation for amide isosteres as HIV PR

Further validation was achieved by correlationhaf SAR of docked inhibitor8a,
7a, 7b, 8b, 8¢, 7¢ 6g, 8g and8h, as shown irFigure 5. The correlation observed
between these two sets ofs§Qlata (exptvs calcd, correlation coefficiency = 0.86)
supports our docking model with a common mode oflinig as a valid platform for
PR inhibitor design. However, inhibitors should tetimized further for activity

against RT.

Correlation for Amide isosteres as HIV PR
-11.54

-12.01
R? = 0.8608

-12.5

-13.01 \

-13.51

-PR 1og(1/1C50) (Calc)

-140 T T T L] T 1
-30 -25 -20 -15 -10 -05 0.0
-PR log(1/1C50) (exp)

Figure 5. Strong correlation of docked amide isosteres gues supports a common mode of
binding for HIV PR

3. Conclusion

Since inhibitors of HIV-1 PR and RT constitute ttwee of chemotherapy for AIDS
treatment, and dual inhibitors might yield lowekitaty and reduce drug resistance,
our attention has been given to the design, syistteesd biological assays of dual
inhibitors of HIV-1 PR and RT. In this paper, wesdebe a series of new coumarin
derivatives that are characterized by various ligkall the compounds were tested in
HIV-1 PR and RT activity assay. Amide derivativesre very active PR inhibitors,
showing 1Gp values in the nanomolar range (298.4-0.40 nM)h @whe exception of
7h and 7i (557 nM and 563 nM, respectively), conferring eetactivity against
carbamate and amine isosteres. In particularly, poamd 8a with

2-0x0-2H-chromene-6-carboxamide as the P2 ligand d ana



4-aminophenylsulfonamide as the P2' ligand exhdbiftaur-fold activity with 1Gg
value 0.40 nM compared to clinically available PRibitor DRV, and the most active
compoundsa—8a were equipotent as DRV in cell-based assays v8tb3-98.72%
inhibition. Notably, inhibitor6e demonstrated comparable potency as DRV wita IC
value of 1.62 nM, and exhibited a promising inhdit ratio of 54.46% against
wild-type HIV-1 at a concentration of 100 nM.

However, these compounds showed poor inhibitioviacagainst RT if compared
to their anti-PR potency. Among which, compowidwas confirmed as a weak RT
inhibitor, with 1Gso value of 75.25M. Compoundsf and7c inhibited PR with 1Go
values of 15.5 and 62.1 nM, respectively, and aleakly affected RT with 16
values of 241.8 and 188, respectively, showing the possibility in theUte of
developing dual HIV-1 PR/RT inhibitors. Accordingthe molecular docking studies,
the 2-oxo-2H-chromen of coumarin moieties mighstexic hindrance for fitting into
the narrow pocket of RT active site. Eliminatinge tbulkier furanone ring and
replacing by a flexible, miniature linker may ex#iréir RT inhibitory activity and not
affect the activity against PR meanwhile.

In conclusion, the design of new coumarin derivegiconfirm the possibility of
developing dual HIV-1 PR/RT inhibitors and give dnhation for further

development of effective dual HIV-1 inhibitors.

4. Experimental section

4.1. Chemistry

All experiments requiring anhydrous conditions weanducted in flame-dried
glassware fitted with rubber septa under a posipuwessure of dry argon, unless
otherwise noted. THF was distilled under argon fsodium-benzophenone ketyl and
CH.Cl, was distilled under argon from calcium hydridel iactions were monitored
by thin-layer chromatography on silica gel plate€d-{254) and visualized with the

UV light. Flash column chromatography was perfornmeda CombiFlastRf 200



system employing silica gel (50-7#n, Qingdao Haiyang Chemical Co.,Ltd). Melting
points were taken on MP70 Melting Point System wéwised. High resolution mass
spectra were obtained on an Autospee Ultima-TORtspaeter.'H NMR and*°C
NMR spectra were recorded in CRCCD;0D, (CDs),CO or DMSOds; on a Bruker
AVANCE 1ll 400 MHz, 500 MHz or 600 MHz spectrometéBruker Inc) with
tetramethylsilane (TMS) as an internal referendge Themical shifts are given én
(ppm) referenced to the respective solvent peakQigBH, d = 7.26 ppm}°C, ¢ =
77.16 ppm; CBOD: *H, § = 3.31 ppm}°C, 6 = 49.00 ppm; (CB).CO: H, 6 = 2.05
ppm, °C, 6 = 30, 205 ppm; DMS@: *H, J = 2.49 ppm,**C, § = 39.5 ppm), and
coupling constants are reported in Hz. All the égargompounds were characterized

by *H and**C NMRs and HRMS spectra.

4.1.1.
N-((2S 3R)-3-hydroxy-4-((N-isobutyl-4-methoxyphenyl )sulfonami do)-1-phenyl butan-2
-yl)-2-0x0-2H-chromene-6-carboxamide (6a)
N-(3-DimethylaminopropylN'-ethylcarbodiimide hydrochloride (EDCI, 0.029 g,
0.15 mmol) and 1-hydroxybenzotriazole (HOBt, 0.085 0.11 mmol) were
sequentially added in batches to a stirring sotutio of
2-0x0-2H-chromene-6-carboxylic acid 4 0.019 g, 0.10 mmol) and
N-((2R,39)-3-amino-2-hydroxy-4-phenylbutyl\-isobutyl-4-
methoxybenzenesulfonamid®, (0.043 g, 0.105 mmol) in dry DMF (1 mL) at 0 °C
under an argon atmosphere. The reaction mixturestuasd for 10 min at 0 °C and
then additional 1 hour at room temperature. 4-Dityle@minopyridine (DMAP,
0.0024 g, 0.020 mmol) was added and the reactiottunei was stirred for another 2
hours at room temperature. The solvent was remawneér reduced pressure. Water
(4 mL) was added to the residue and extracted etitlyl acetate (3 x 4 mL). The
combined organic phases were dried ovesS{y, and evaporatednivacuo. The
residue was purified by chromatography on a sijeacolumn (30 x 6 cm). Elution
with 1:1 to 2:3 hexanesthyl acetate gavéa as pale yellow crystalline powder: yield
0.050 g (87%); mp 11820 °C;*H NMR (400 MHz, CROD) 6 7.97 (s, 1H), 7.92 (d,



J=9.6 Hz, 1H), 7.84 (d] = 8.6 Hz, 1H), 7.66 (d] = 8.0 Hz, 2H), 7.35 (d] = 8.6 Hz,
1H), 7.28 (dJ = 7.4 Hz, 2H), 7.21 () = 7.4 Hz, 2H), 7.12 () = 7.2 Hz, 1H), 6.93
(d, J = 8.0 Hz, 2H), 6.47 (d] = 9.6 Hz, 1H), 4.25 (dd] = 9.4, 4.3 Hz, 1H), 4.00 —
3.96 (m, 1H), 3.80 (s, 3H), 3.46 (@= 15.0 Hz, 1H), 3.10 (dd, = 13.3, 8.5 Hz, 1H),
3.00 (d,J = 13.4 Hz, 1H), 2.95 — 2.91 (m, 1H), 2.83 — 2.@% 2H), 2.08 — 1.99 (m,
1H), 0.92 (dJ = 6.4 Hz, 3H), 0.85 (d] = 6.4 Hz, 3H)*C NMR (101 MHz, CROD)

0 168.4, 164.9, 164.5, 161.9, 157.1, 145.1, 14082.3 131.8, 130.6, 130.3, 129.3,
128.8, 127.3, 120.0, 118.1, 117.7, 115.3, 74.7,,386.2, 56.1, 54.4, 36.6, 28.0, 20.5,
20.4; HRMS (ESI) m/z calcd. forsgH3zsN2.O;S ([M - H]): 577.2015, found 577.2024.

4.1.2.
N-((2S,3R)-3-hydroxy-4-((N-isobutyl-4-nitrophenyl)sulfonamido)-1-phenyl butan-2-yl)
-2-0X0-2H-chromene-6-carboxamide (7a)

The title compound was obtained Ha which was coupled withlO through
EDCI/HOBt/DMAP coupling procedure in 78% vyield (wéipowder) as described for
6a mp 178180 °C;*H NMR (400 MHz, CROD) ¢ 8.27 (d,J = 8.0 Hz, 2H), 7.99 (d,
J=8.0 Hz, 2H), 7.93 (d] = 9.6 Hz, 1H), 7.87 (s, 1H), 7.83 @= 9.6 Hz, 1H), 7.36
(d,J = 8.6 Hz, 1H), 7.27 — 7.19 (m, 4H), 7.12J& 7.2 Hz, 1H), 6.48 (d] = 9.6 Hz,
1H), 4.21 — 4.19 (m, 1H), 3.92 (= 7.6 Hz, 1H), 3.49 (d] = 15.0 Hz, 1H), 3.24 (dd,

J =134, 10.2 Hz, 2H), 3.15 (dd,= 15.0, 8.9 Hz, 1H), 2.98 — 2.95 (m, 1H), 2.82 —
2.75 (m, 1H), 2.10 — 2.00 (m, 1H), 0.92 {c= 6.4 Hz, 3H), 0.86 (d] = 6.4 Hz, 3H);

¥c NMR (101 MHz, CROD) ¢ 168.5, 161.9, 157.1, 151.4, 146.7, 145.0, 140.1,
132.2, 131.7, 130.3, 129.8, 129.4, 128.9, 127.83,31220.1, 118.2, 117.8, 73.8, 58.1,
56.3, 53.5, 36.6, 27.8, 20.4, 20.3; HRMS (ESI) naked. for GoHziNsOsS ([M - H]):
592.1766, found 592.1772.

4.1.3.
N-((2S 3R)-4-((4-amino-N-isobutyl phenyl )sulfonami do)-3-hydr oxy-1-phenyl butan-2-y
1)-2-0x0-2H-chromene-6-car boxamide (8a)

The title compound was obtained Hya which was coupled withl1 through



EDCI/HOBt/DMAP coupling procedure in 84% vyield (palellow powder) as
described foea: mp 155157 °C;'H NMR (400 MHz, CD30D) 7.97 (brs, 2H),
7.91 (d,J = 9.6 Hz, 1H), 7.84 (d] = 8.6 Hz, 1H), 7.39 (d] = 8.0 Hz, 2H), 7.35 (d]

= 8.6 Hz, 1H), 7.28 (dJ = 8.0 Hz, 2H), 7.21 () = 7.3 Hz, 2H), 7.12 (t) = 7.2 Hz,
1H), 6.56 (dJ = 8.0 Hz, 2H), 6.46 (d] = 9.6 Hz, 1H), 4.26 (t] = 9.2 Hz, 1H), 3.99
(t, J = 7.6 Hz, 1H), 3.43 (d] = 15.0 Hz, 1H), 3.04 (dd, = 13.3, 8.6 Hz, 2H), 2.91 —
2.83 (M, 1H), 2.80 — 2.73 (m, 2H), 2.07 — 1.97 (i), 0.93 (d,J = 6.4 Hz, 3H), 0.86
(d,J=6.4 Hz, 3H)fL3C NMR (101 MHz, CROD) 6 168.5, 164.9, 157.0, 154.3, 145.1,
140.3, 132.4, 131.8, 130.4, 130.3, 129.3, 128.§8,.22125.6, 120., 118.1, 117.7,
114.3, 74.9, 59.5, 56.2, 54.7, 36.9, 28.1, 20.65;2BIRMS (ESI) m/z calcd. for
CaoH3aN30sS ([M - H]): 562.2018, found 562.2043.

4.1.4.

N-((2S 3R)-3-hydroxy-4-((N-isobutyl-4-methoxyphenyl )sulfonami do)-1-phenyl butan-2
-yl)-2-0x0-2H-chromene-3-carboxamide (6b)

The title compound was obtained l#p which was coupled witl® through
EDCI/HOBt/DMAP coupling procedure in 98% yield (k@ oil) as described fdda:
mp 152155 °C;*H NMR (500 MHz, CDC}) 5 8.94 (d,J = 8.3 Hz, 1H), 8.79 (s, 1H),
7.74 (d,J = 8.3 Hz, 2H), 7.67 (dd] = 15.4, 7.9 Hz, 2H), 7.39 (dd,= 15.8, 8.1 Hz,
2H), 7.29 — 7.26 (m, 4H), 7.20 (d,= 5.7 Hz, 1H), 6.98 (dJ = 8.3 Hz, 2H), 4.37 —
4.35 (m, 1H), 3.98- 3.97 (m, 1H), 3.86 (s, 3H),53-23.17 (m, 2H), 3.11 (d,= 15.0
Hz, 1H), 3.02- 2.97 (m, 2H), 2.85 (d#iz 13.3, 6.7 Hz, 1H), 1.86 (d,= 13.5, 6.6 Hz,
1H), 0.92 (dJ = 6.3 Hz, 3H), 0.86 (d] = 6.3 Hz, 3H)}*C NMR (126 MHz, CDG)
0162.9, 161.8, 161.1, 154.4, 148.6, 137.5, 13438,11, 129.8, 129.5, 129.46, 128.5,
126.5, 125.3, 118.5, 117.8, 116.7, 114.3, 72.%,35.6, 54.8, 53.4, 35.9, 27.1, 20.1,
19.9; HRMS (ESI) m/z calcd. forsgHz4N20O7S ([M - H]): 577.2003, found 577.1974.

4.1.5.
N-((2S,3R)-3-hydroxy-4-((N-isobutyl-4-nitrophenyl)sul fonamido)-1-phenyl butan-2-yl)
-2-0X0-2H-chromene-3-carboxamide (7b)

The title compound was obtained B which was coupled witli0 through



EDCI/HOBt/DMAP coupling procedure in 96% vyield (palellow powder) as
described folba: mp 201204 °C:;*H NMR (500 MHz, CROD) ¢ 8.71 (s, 1H), 8.34
(d,J = 8.6 Hz, 2H), 8.04 (d] = 8.6 Hz, 2H), 7.81 (d] = 7.6 Hz, 1H), 7.75 (§ = 7.8
Hz, 1H), 7.45 — 7.42 (m, 2H), 7.26 @z 7.2 Hz, 2H), 7.22 (t) = 7.4 Hz, 2H), 7.14
(t, J = 7.0 Hz, 1H), 4.29 (dt] = 9.5, 5.0 Hz, 1H), 3.81 — 3.78 (m, 1H), 3.54 (dd;
15.0, 3.0 Hz, 1H), 3.26 — 3.23 (m, 1H), 3.20 — Jrh7 1H), 3.13 (ddJ = 13.9, 4.0 Hz,
1H), 3.03 (ddJ = 13.6, 7.0 Hz, 1H), 2.82 (dd,= 13.9, 9.8 Hz, 1H), 2.07 — 2.01 (m,
1H), 0.93 (dJ = 6.5 Hz, 3H), 0.87 (d] = 6.5 Hz, 3H)*C NMR (151 MHz, CROD)

0 163.3, 162.5, 155.9, 149.5, 147.0, 144.2, 13933,7, 131.3, 130.6, 129.8, 129.4,
127.5, 126.6, 125.4, 119.8, 119.3, 117.5, 72.58,5%5.6, 52.8, 36.2, 27.7, 20.3;
HRMS (ESI) m/z calcd. for £gH31N30gS ([M - H]): 592.1748, found 592.1739.

4.1.6.
N-((2S 3R)-4-((4-amino-N-isobutyl phenyl )sulfonami do)-3-hydr oxy-1-phenyl butan-2-y
1)-2-0x0-2H-chromene-3-car boxamide (8b)

The title compound was obtained ¥y which was coupled witill through
EDCI/HOBt/DMAP coupling procedure in 22% vyield (kek granular solid) as
described folba: mp 177179 °C;*H NMR (500 MHz, CROD) ¢ 8.69 (s, 1H), 7.79
(d,J = 7.5 Hz, 1H), 7.73 () = 7.7 Hz, 1H), 7.60 (d] = 8.5 Hz, 2H), 7.44 — 7.40 (m,
2H), 7.28 (dJ = 7.5 Hz, 2H), 7.22 () = 7.5 Hz, 2H), 7.14 (f) = 7.5 Hz, 1H), 6.94
(d,J = 8.5 Hz, 2H), 4.36 (dt] = 9.5, 5.0 Hz, 1H), 3.94 — 3.91 (m, 1H), 3.45 (3¢,
15.0, 3.5 Hz, 1H), 3.21 (dd, = 13.9, 3.5 Hz, 1H), 3.06 (dd,= 13.5, 8.0 Hz, 1H),
2.95 (dd,J = 15.0, 8.0 Hz, 1H), 2.84 — 2.77 (m, 2H), 2.01.961(m, 1H), 0.92 (d) =
6.5 Hz, 3H), 0.86 (dJ = 6.5 Hz, 3H)**C NMR (151 MHz, CROD) § 163.2, 162.5,
157.1, 155.8, 149.5, 139.6, 135.6, 131.3, 130.6.812129.7, 129.3, 127.4, 126.5,
119.9, 119.2, 117.5, 113.2, 73.5, 59.1, 55.6 536, 28.1, 20.6, 20.5; HRMS (ESI)
m/z calcd. for GoH33N3O6S ([M - H]): 562.2018, found 562.2040.

4.1.7.
7-Hydroxy-N-((2S,3R)-3-hydr oxy-4-((N-isobutyl-4-methoxyphenyl )sulfonamido)- 1-ph



enyl butan-2-yl)-2-oxo-2H-chromene-3-carboxamide (6¢)

The title compound was obtained l#¢ which was coupled witt® through
EDCI/HOBt/DMAP coupling procedure in 98% vyield (payellow oil) as described
for 6a mp 188190 °C;'H NMR (400 MHz, CROD) & 8.58 (s, 1H), 7.69 (d] = 8.0
Hz, 2H), 7.59 (d,J = 8.0 Hz, 1H), 7.26 — 7.18 (m, 4H), 7.12J& 7.2 Hz, 1H), 6.96
(d, J = 8.0 Hz, 2H), 6.85 (d] = 8.6 Hz, 1H), 6.75 (s, 1H), 4.32 — 4.29 (m, 1BB9 —
3.85 (m, 1H), 3.41 (ddj = 15.0, 3.2 Hz, 1H), 3.17 (dd,= 13.8, 3.2 Hz, 1H), 3.09
(dd,J = 13.5, 8.0 Hz, 1H), 2.98 — 2.93 (m, 1H), 2.87.7242(m, 2H), 2.03 — 1.96 (m,
1H), 0.91 (d,) = 6.6 Hz, 3H), 0.85 (d] = 6.6 Hz, 3H);*C NMR (101 MHz, CQOD)

0 165.8, 164.8, 164.5, 164.0, 158.2, 149.8, 13B23D, 131.9, 130.6, 130.5, 129.3,
127.4, 115.8, 115.3, 114.1, 114.0, 112.7, 103.14,58B.8, 56.1, 55.5, 53.8, 36.9, 28.0,
20.5, 20.4; HRMS (ESI) m/z calcd. forsfEi34N20OsS ([M - HJ]): 593.1964, found
593.1955.

4.1.8.
7-Hydroxy-N-((2S,3R)-3-hydr oxy-4-((N-isobutyl-4-nitr ophenyl )sulfonami do)- 1-phenyl
butan-2-yl)-2-oxo-2H-chromene-3-car boxamide (7¢)

The title compound was obtained By which was coupled witHl O through
EDCI/HOBt/DMAP coupling procedure in 94% yield (k@b crystalline powder) as
described folba: mp 252254 °C:;*H NMR (400 MHz, CROD) ¢ 8.59 (s, 1H), 8.30
(d, J = 8.2 Hz, 2H), 8.00 (d] = 8.2 Hz, 2H), 7.60 (d] = 8.6 Hz, 1H), 7.23 — 7.17 (m,
4H), 7.11 (tJ = 6.8 Hz, 1H), 6.85 (d] = 8.6 Hz, 1H), 6.74 (s, 1H), 4.30 — 4.19 (m,
1H), 3.76 — 3.74 (m, 1H), 3.51 (@@= 15.0 Hz, 1H), 3.25 — 3.14 (m, 2H), 3.09 (dd;
13.9, 4.0 Hz, 1H), 3.04 — 3.00 (m, 1H), 2.82 — AM6 1H), 2.07 — 1.97 (m, 1H), 0.91
(d,J = 6.4 Hz, 3H), 0.85 (d] = 6.4 Hz, 3H);"*C NMR (101 MHz, CROD) § 165.9,
164.9, 164.0, 158.3, 151.4, 149.9, 146.9, 139.3.(13130.6, 129.8, 129.3, 127.5,
125.4, 115.8, 114.0, 112.7, 103.1, 72.6, 57.7,,5248, 36.9, 27.7, 20.3; HRMS (ESI)
m/z calcd. for GogH31N30¢S ([M - H]): 608.1709, found 608.1700.

4.1.9.



N-((2S3R)-4-((4-amino-N-isobutyl phenyl )sulfonami do)-3-hydroxy- 1-phenyl butan-2-y
)-7-hydroxy-2-oxo-2H-chromene-3-car boxamide (8c)

The title compound was obtained g which was coupled withHl1 through
EDCI/HOBt/DMAP coupling procedure in 88% yield (payellow oil) as described
for 6a mp 267270 °C;*H NMR (400 MHz, CROD) & 8.58 (s, 1H), 7.59 (d] = 8.6
Hz, 1H), 7.43 (dJ = 8.0 Hz, 2H), 7.26 — 7.17 (m, 4H), 7.11Jt 7.0 Hz, 1H), 6.84
(d,J=8.6 Hz, 1H), 6.74 (s, 1H), 6.61 (= 8.0 Hz, 2H), 4.35 — 4.31 (m, 1H), 3.87 (t,
J=8.6 Hz, 1H), 3.39 (dd} = 14.9, 3.6 Hz, 1H), 3.17 (dd,= 13.9, 3.8 Hz, 1H), 3.03
—2.99 (m, 1H), 2.90 (dd} = 15.0, 8.0 Hz, 1H), 2.80 — 2.72 (m, 2H), 1.99931(m,
1H), 0.90 (dJ = 6.6 Hz, 3H), 0.84 (d] = 6.6 Hz, 3H)*C NMR (101 MHz, CROD)

0 165.8, 164.9, 158.2, 154.3, 149.8, 139.6, 1330,3, 125.89, 115.7, 114.4, 114.2,
114.1, 112.7, 103.1, 73.6, 59.1, 55.5, 54.1, 37802, 20.6, 20.5; HRMS (ESI) m/z
calcd. for GoH33N30O;S ([M - H]): 578.1967, found 578.1991.

4.1.10.
N-((2S 3R)-3-hydroxy-4-((N-isobutyl-4-methoxyphenyl )sulfonami do)-1-phenyl butan-2
-yl)-7-methoxy-2-oxo-2H-chromene-3-carboxamide (6d)

The title compound was obtained iyl which was coupled wit® through
EDCI/HOBt/DMAP coupling procedure in 68% yield (odess oil) as described for
6a mp 177179 °C;'H NMR (600 MHz, CROD) 6 8.61 (s, 1H), 7.70 (dl = 8.6 Hz,
2H), 7.66 (dJ = 8.6 Hz, 1H), 7.26 (d] = 7.4 Hz, 2H), 7.21 (t) = 7.6 Hz, 2H), 7.13
(t, J = 7.3 Hz, 1H), 6.99 — 6.97 (m, 4H), 4.32 (ddg& 10.0, 5.9, 4.2 Hz, 1H), 3.92 (s,
3H), 3.89- 3.86 (m, 1H), 3.79 (s, 3H), 3.43 (dds 15.0, 3.7 Hz, 1H), 3.18 (dd,=
14.0, 4.0 Hz, 1H), 3.10 (dd,= 13.6, 8.1 Hz, 1H), 2.98 — 2.95 (m, 1H), 2.87.84m,
1H), 2.78 (dd) = 14.0, 10.0 Hz, 1H), 2.04 — 1.97 (m, 1H), 0.92Xd 6.6 Hz, 3H),
0.85 (d,J = 6.6 Hz, 3H);13C NMR (151 MHz, CROD) ¢ 166.9, 164.5, 163.7, 162.9,
158.1, 149.6, 139.5, 132.5, 132.0, 130.6, 130.9.312127.4, 115.3, 115.2, 115.1,
113.5, 101.3, 73.4, 58.8, 56.8, 56.1, 55.5, 53634,328.1, 20.5, 20.4; HRMS (ESI)
m/z calcd. for GzH3eN20gS ([M - H]): 607.2120, found 607.2100.



41.11.
N-((2S,3R)-3-hydroxy-4-((N-isobutyl-4-nitrophenyl)sul fonamido)-1-phenyl butan-2-yl)
- 7-methoxy-2-oxo-2H-chromene-3-carboxamide (7d)

The title compound was obtained Byl which was coupled with O through
EDCI/HOBt/DMAP coupling procedure in 50% yield (i@t crystalline powder) as
described foba: mp 263265 °C:;'H NMR (600 MHz, CROD) ¢ 8.65 (s, 1H), 8.32
(d, J = 8.9 Hz, 2H), 8.02 (d] = 8.9 Hz, 2H), 7.70 (d] = 8.6 Hz, 1H), 7.24 (d] = 8.6
Hz, 2H), 7.21 (tJ = 7.2 Hz, 1H), 7.13 (t) = 7.2 Hz, 1H), 7.01 (dt) = 7.1, 2.3 Hz,
2H), 4.26 (ddd,) = 10.0, 6.0, 4.3 Hz, 1H), 3.76 (ddili= 9.0, 6.2, 3.2 Hz, 1H), 3.52
(dd,J = 15.2, 3.2 Hz, 1H), 3.24 (dd,= 13.6, 8.1 Hz, 1H), 3.18 (dd,= 15.2, 8.7 Hz,
1H), 3.11 (ddJ = 14.0, 4.2 Hz, 1H), 3.04 — 2.99 (m, 1H), 2.81, (¢ 14.0, 9.6 Hz,
1H), 2.07 — 2.02 (m, 1H), 0.93 (@= 6.6 Hz, 3H), 0.87 (d] = 6.6 Hz, 3H)*C NMR
(151 MHz, CQXOD) ¢ 167.0, 163.8, 163.0, 158.2, 151.4, 149.7, 14730,2, 132.6,
130.6, 129.8, 129.4, 127.5, 125.4, 115.3, 115.8,611101.3, 72.6, 57.8, 56.8 55.5,
52.8, 36.3, 27.7, 20.3; HRMS (ESI) m/z calcd. faitGsNz0eS ([M - H]): 622.1866,
found 622.1842.

4.1.12.
N-((2S 3R)-4-((4-amino-N-isobutyl phenyl )sulfonami do)-3-hydr oxy-1-phenyl butan-2-y
[)-7-methoxy-2-oxo-2H-chromene-3-car boxamide (8d)

The title compound was obtained gl which was coupled witil1l through
EDCI/HOBt/DMAP coupling procedure in 83% vyield (i@l crystalline powder) as
described foba: *H NMR (600 MHz, CROD) 6 8.60 (s, 1H), 7.97 (s, 1H), 7.64 (#,
= 8.6 Hz, 1H), 7.45 (d] = 8.6 Hz, 2H), 7.27 (d] = 7.2 Hz, 2H), 7.21 (t) = 7.6 Hz,
2H), 7.12 (tJ = 7.2 Hz, 1H), 6.97 — 6.94 (m, 2H), 6.63 J& 8.6 Hz, 2H), 4.35 (ddd,
J=10.0, 5.6, 4.2 Hz, 1H), 3.92 — 3.89 (m, 4H),23(dd,J = 15.0, 4.0 Hz, 1H), 3.19
(dd,J = 13.9, 4.0 Hz, 1H), 3.02 (dd,= 13.5, 8.1 Hz, 1H), 2.93 (dd,= 14.9, 8.0 Hz,
1H), 2.82 — 2.75 (m, 2H), 2.02 — 1.95 (m, 1H), 08D = 6.6 Hz, 3H), 0.85 (d] =
6.6 Hz, 3H);*C NMR (151 MHz, CROD) ¢ 166.9, 164.8, 163.7, 162.9, 158.1, 154.3,
149.6, 139.6, 132.5, 130.6, 130.5, 129.3, 127.5,9.2115.2, 114.4, 113.5, 101.3,



73.6, 59.2, 56.77 (s), 55.5, 54.1, 36.9, 28.2, ,2B065; HRMS (ESI) m/z calcd. for
Ca1H3sN305S ([M - H]): 592.2124, found 592.2092.

4.1.13.
2-(7-Hydroxy-2-oxo-2H-chromen-4-yl)-N-((2S 3R)-3-hydr oxy-4-((N-isobutyl-4-metho
xyphenyl)sulfonamido)- 1-phenyl butan-2-yl)acetamide (6€)

The title compound was obtained l#¢ which was coupled witt® through
EDCI/HOBt/DMAP coupling procedure in 92% yield (odess oil) as described for
6a mp 132135 °C;*H NMR (400 MHz, CROD) § 7.62 (d,J = 8.8 Hz, 2H), 7.18 (d,
J=9.2 Hz, 1H), 7.09 — 7.08 (m, 4H), 7.06 — 7.04 {iH), 6.95 (d,J = 8.8 Hz, 2H),
6.56 (d,J = 9.2 Hz, 2H), 5.89 (s, 1H), 4.01 — 3.95 (m, 1Bi}7 (s, 3H), 3.74 — 3.69
(m, 1H), 3.31 (ddJ = 14.8, 3.2 Hz, 1H), 3.08 (dd,= 13.8, 3.2 Hz, 1H), 2.95 — 2.92
(m, 1H), 2.84 — 2.78 (m, 1H), 2.74 — 2.70 (m, 1&52 (dd,J = 13.8, 11.6 Hz, 1H),
1.88 (dg,J = 20.4, 6.8 Hz, 1H), 0.79 (d,= 6.6 Hz, 3H), 0.73 (d] = 6.6 Hz, 3H)°C
NMR (101 MHz, CROD) ¢ 168.8, 163.1, 161.9, 161.4, 155.3, 150.8, 13830,6l
129.2, 128.8, 127.8, 126.2, 125.9, 113.9, 113.0,611111.5, 102.1, 72.8, 57.5, 54.8,
54.1, 52.6, 38.7, 35.0, 26.6, 19.1, 19.0; HRMS JESE calcd. for GH3eN20sS ([M
- H]"): 607.2109, found 607.2132.

4.1.14.
2-(7-Hydroxy-2-oxo-2H-chromen-4-yl)-N-((2S 3R)-3-hydr oxy-4-((N-isobutyl-4-nitrop
henyl)sulfonamido)-1-phenyl butan-2-yl)acetamide (7€)

The title compound was obtained Hy which was coupled witH O through
EDCI/HOBt/DMAP coupling procedure in 72% yield (wipowder) as described for
6a mp 223225 °C;*H NMR (400 MHz, CROD) § 8.37 (d,J = 8.0 Hz, 2H), 8.02 (d,
J=8.0 Hz, 2H), 7.32 (d) = 9.2 Hz, 1H), 7.24 — 7.13 (m, 5H), 6.67 — 6.66 BH),
6.00 (s, 1H), 4.05 — 4.02 (m, 1H), 3.79 — 3.75 (i), 3.50 — 3.45 (m, 1H), 3.18 —
3.09 (m, 3H), 2.99 — 2.95 (m, 1H), 2.62Jt= 12.6 Hz, 1H), 2.00 (dql = 13.6, 6.8
Hz, 1H), 0.89 (dJ = 6.4 Hz, 3H), 0.84 (d) = 6.4 Hz, 3H);"*C NMR (101 MHz,
CDs0D) ¢ 170.4, 163.4, 162.9, 156.7, 152.2, 151.4, 14730,7, 130.2, 129.8, 129.3,



127.6, 127.4, 125.4, 114.4, 113.1, 113.0, 103.6l,B¥.9, 55.7, 53.2, 40.2, 36.4, 27.8,
20.3; HRMS (ESI) m/z calcd. forsgH33N306S ([M - H]): 622.1854, found 622.1888.

4.1.15.
N-((2S 3R)-4-((4-amino-N-isobutyl phenyl )sulfonami do)-3-hydr oxy-1-phenyl butan-2-y
1)-2-(7-hydr oxy-2-oxo-2H-chromen-4-yl)acetamide (8e)

The title compound was obtained By which was coupled withHl1 through
EDCI/HOBt/DMAP coupling procedure in 51% vyield (k@ powder) as described
for 6a mp 179181 °C;*H NMR (500 MHz, CROD) ¢ 7.76 (brs, 2H), 7.41 (d} =
12.0 Hz, 1H), 7.31 (d] = 8.0 Hz, 1H), 7.24 — 7.15 (m, 7H), 6.67 (brs, 2#)11 (m,
2H), 3.85 (m, 1H), 3.64 (m, 3H), 3.37 (m, 2H), 200, 2H), 2.69 (dJ = 10.0 Hz,
1H), 1.97 (m, 1H), 0.86 (d} = 10.0 Hz, 6H)**C NMR (101 MHz, CROD) 6 166.2,
162.6, 156.4, 152.2, 143.5, 139.6, 134.8, 130.9.313130.1, 129.1, 127.5, 127.2,
120.6, 114.3, 112.9, 112.8, 103.3, 73.5, 58.4,46%), 53.5, 31.6, 27.8, 20.3, 20.2;
HRMS (ESI) m/z calcd. for £2H35N30;S ([M - H]): 592.2112, found 592.2136.

4.1.16.
N-((2S 3R)-3-hydroxy-4-((N-isobutyl-4-methoxyphenyl )sulfonami do)-1-phenyl butan-2
-y1)-2-(7-methoxy-2-oxo-2H-chromen-4-yl)acetamide (6f)

The title compound was obtained B which was coupled witt® through
EDCI/HOBt/DMAP coupling procedure in 48% yield (patellow crystalline powder)
as described foBa: mp 115117 °C;*H NMR (400 MHz, CROD) ¢ 7.69 (brs, 2H),
7.34 (d,J = 5.0 Hz, 1H), 7.16 (m, 5H), 7.02 (brs, 2H), 6(&4 4H), 6.75 — 6.74 (m,
1H), 6.02 (brs, 1H), 4.07 (brs, 1H), 3.84 (s, 68159 — 3.54 (m, 2H), 3.42 — 3.38 (m,
1H), 3.17 - 3.14 (m, 1H), 2.97 -2.83 (m, 4H), 2-62.57 (m, 1H), 1.98 (brs, 1H), 0.83
(d, J = 22.0 Hz, 6H);**C NMR (101 MHz, CROD) § 170.2, 164.6, 164.5, 163.1,
156.7, 152.0, 139.9, 132.1, 130.6, 130.3, 129.3,4.2127.3, 115.4, 114.0, 113.7,
101.8, 74.2, 59.0, 56.4, 56.2, 55.6, 54.1, 40.4,38.1, 20.5, 20.4; HRMS (ESI) m/z
calcd. for GaHzsN20gS ([M - H]): 621.2277, found 621.2276.



41.17.
N-((2S,3R)-3-hydroxy-4-((N-isobutyl-4-nitrophenyl)sul fonamido)-1-phenyl butan-2-yl)
-2-(7-methoxy-2-oxo-2H-chromen-4-yl)acetamide (7f)

The title compound was obtained By which was coupled witHLO through
EDCI/HOBt/DMAP coupling procedure in 39% vyield (wéipowder) as described for
6a: mp 266268 °C;'"H NMR (600 MHz, CROD) § 8.36 (d,J = 8.6 Hz, 2H), 8.02 (d,
J=8.6 Hz, 2H), 7.40 (d] = 8.8 Hz, 1H), 7.19 — 7.14 (m, 5H), 6.86 (s, 16{)8 (d,J
= 8.8 Hz, 1H), 6.05 (s, 1H), 4.05 — 4.03 (m, 1HB73(s, 3H), 3.78 — 3.76 (1,= 5.6
Hz, 1H), 3.57 (ddJ = 32.6, 14.9 Hz, 2H), 3.47 (d,= 13.2 Hz, 1H), 3.17 — 3.09 (m,
3H), 2.98 (dd,) = 12.8, 5.6 Hz, 1H), 2.64 — 2.60 (m, 1H), 2.01981(m, 1H), 0.89 (d,
J = 6.6 Hz, 3H), 0.84 (d) = 6.6 Hz, 3H);'*C NMR (151 MHz, CQOD) § 170.3,
164.5, 163.1, 156.7, 152.0, 151.4, 147.0, 139.0.213129.8, 129.3, 127.4, 125.4,
113.9, 113.8, 113.7, 101.8, 73.5, 57.9, 56.4, 38372, 40.2, 36.4, 27.8, 20.3; HRMS
(ESI) m/z calcd. for H3sN3O0sS ([M - H]): 636.2022, found 636.2060.

4.1.18.
N-((2S 3R)-4-((4-amino-N-isobutyl phenyl )sulfonami do)-3-hydr oxy-1-phenyl butan-2-y
)-2-(7-methoxy-2-oxo-2H-chromen-4-yl )acetamide (8f)

The title compound was obtained y which was coupled withl1 through
EDCI/HOBt/DMAP coupling procedure in 30% vyield (k@i powder) as described
for 6a mp 215217 °C;*H NMR (600 MHz, CROD) § 7.46 (d,J = 8.6 Hz, 2H), 7.34
(dt,J = 8.8, 3.2 Hz, 1H), 7.18 — 7.16 (m, 4H), 7.14 H17(m, 1H), 6.85 (dJ = 2.4 Hz,
1H), 6.76 (dd,) = 8.8, 2.4 Hz, 1H), 6.68 (d,= 8.6 Hz, 2H), 6.03 (d] = 2.4 Hz, 1H),
4.11 — 4.08 (m, 1H), 3.86 (s, 3H), 3.84 — 3.81 i), 3.57 — 3.54 (m, 1H), 3.38 (dd,
J=14.8, 3.6 Hz, 1H), 3.19 (dd,= 14.0, 3.6 Hz, 1H), 2.97 — 2.95 (m, 1H), 2.87Xd,
= 4.8 Hz, 1H), 2.84 (m, 1H), 2.77 (ddi= 13.8, 6.6 Hz, 1H), 2.61 (dd,= 14.0, 11.4
Hz, 1H), 1.96 (dtJ = 13.9, 6.6 Hz, 1H), 0.89 (d,= 6.6 Hz, 3H), 0.83 (d] = 6.6 Hz,
3H); 3¢ NMR (151 MHz, CROD) ¢ 170.2, 164.9, 164.4, 163.1, 156.6, 154.3, 152.0,
139.9, 130.5, 130.3, 129.3, 127.4, 127.3, 114.4,01113.9, 113.7, 101.8, 74.4, 59.3,
56.4, 55.5, 54.3, 40.2, 36.9, 28.2, 20.6, 20.5; MRNESI) m/z calcd. for



C3oH37N307S ([M - H]) 606.2280, found 606.2298.

4.1.19.
2-(7-(Dimethylamino)-2-oxo-2H-chromen-4-yl)-N-((2S 3R)-3-hydr oxy-4-((N-isobutyl-
4-methoxyphenyl)sulfonami do)-1-phenyl butan-2-yl)acetamide (6Q)

The title compound was obtained l#g which was coupled witt® through
EDCI/HOBt/DMAP coupling procedure in 63% yield (patellow crystalline powder)
as described foBa: mp 133135 °C;*H NMR (400 MHz, CROD) ¢ 7.70 (d,J = 8.0
Hz, 2H), 7.26 (dJ = 9.0 Hz, 1H), 7.19 — 7.18 (m, 4H), 7.15 — 7.13 (i), 7.03 (d,)
= 8.0 Hz, 2H), 6.56 (d] = 9.0 Hz, 1H), 6.48 (s, 1H), 5.85 (s, 1H), 4.082.64 (m, 1H),
3.85 (s, 3H), 3.81 (] = 7.2 Hz, 1H), 3.51 (d] = 9.0 Hz, 2H), 3.42 (dd] = 14.9, 2.8
Hz, 1H), 3.17 (ddJ = 13.9, 2.4 Hz, 1H), 3.03 (s, 6H), 2.92 (dd; 14.9, 8.5 Hz, 2H),
2.83 — 2.79 (m, 1H), 2.66 — 2.60 (m, 1H), 2.04 921(m, 1H), 0.87 (dJ = 6.6 Hz,
3H), 0.82 (d,J = 6.6 Hz, 3H);**C NMR (101 MHz, CROD) § 170.5, 164.9, 164.5,
157.1, 154.6, 152.5, 139.9, 132.1, 130.6, 130.3,312127.3, 127.0, 115.4, 110.7,
110.5, 109.8, 98.7, 74.2, 58.9, 56.2, 55.6, 54012,440.1, 36.9, 28.1, 20.5, 20.4;
HRMS (ESI) m/z calcd. for £H41N30;S ([M - H]): 634.2593, found 634.2593.

4.1.20.
2-(7-(Dimethylamino)-2-oxo-2H-chromen-4-yl)-N-((2S 3R)-3-hydr oxy-4-((N-isobutyl-
4-nitrophenyl)sulfonamido)-1-phenyl butan-2-yl )acetamide (7g)

The title compound was obtained g which was coupled withlO through
EDCI/HOBt/DMAP coupling procedure in 35% yield (k@ powder) as described
for 6a mp 233235 °C;*H NMR (600 MHz, CROD) ¢ 8.33 (d,J = 8.4 Hz, 2H), 7.99
(d,J = 8.4 Hz, 2H), 7.34 (d] = 9.0 Hz, 1H), 7.20 — 7.15 (m, 5H), 6.61 Jd; 9.0 Hz,
1H), 6.51 (s, 1H), 5.88 (s, 1H), 4.03 — 4.00 (m),1378 — 3.75 (m, 1H), 3.53 — 3.45
(m, 4H), 3.20 (ddJ = 12.8, 5.2 Hz, 1H), 3.10 (d,= 4.5 Hz, 1H), 3.05 (s, 6H), 2.98 —
2.95 (m, 1H), 2.65 — 2.60 (m, 1H), 1.99 — 1.94 {id), 0.88 (dJ = 6.6 Hz, 3H), 0.83
(d, J = 6.6 Hz, 3H);:**C NMR (126 MHz, DMSOdg) ¢ 167.3, 160.6, 155.3, 152.6,
149.5, 145.2, 139.0, 129.1, 128.5, 128.1, 127.9012625.8, 124.4, 109.4, 108.8,



108.1, 97.4, 55.6, 53.5, 51.3, 40.3, 34.8, 25.83,190.7; HRMS (ESI) m/z calcd. for
CaaH3sN40sS ([M - H]): 649.2338, found 649.2306.

4.1.21.
N-((2S 3R)-4-((4-amino-N-isobutyl phenyl )sulfonami do)-3-hydr oxy-1-phenyl butan-2-y
[)-2-(7-(dimethylamino)-2-oxo-2H-chromen-4-yl)acetamide (8g)

The title compound was obtained kg which was coupled withl1l through
EDCI/HOBt/DMAP coupling procedure in 32% yield (k@ oil) as described fda:
mp 197200 °C;*H NMR (600 MHz, CROD) 6 7.45 (d,J = 8.8 Hz, 2H), 7.25 (d] =
9.0 Hz, 1H), 7.19 — 7.18 (m, 4H), 7.16 — 7.12 (id),16.67 (d,J = 8.8 Hz, 2H), 6.56
(dd,J = 9.0, 2.4 Hz, 1H), 6.49 (d,= 2.4 Hz, 1H), 5.85 (s, 1H), 4.08 (ddbz= 10.8,
6.6, 3.6 Hz, 1H), 3.82 (ddd,= 8.4, 6.9, 3.6 Hz, 1H), 3.55 — 3.47 (m, 2H), 3(8d,J
= 14.9, 3.6 Hz, 1H), 3.18 (dd,= 13.9, 3.6 Hz, 1H), 2.99 (s, 3H), 2.94 (dd: 13.8,
8.4 Hz, 1H), 2.88 — 2.85 (m, 1H), 2.86 (s, 3H),72(@d,J = 13.6, 6.9 Hz, 1H), 2.62
(dd,J = 14.0, 11.4 Hz, 1H), 1.97 — 1.92 (m, 1H), 0.88](d 6.6 Hz, 3H), 0.83 (d] =
6.6 Hz, 3H);13C NMR (151 MHz, CROD) ¢ 170.5, 164.3, 157.1, 154.7, 154.3, 152.5,
139.9, 130.5, 130.3, 129.3, 127.3, 126.9, 125.9.41110.7, 110.6, 109.8, 98.7, 74.4,
59.3, 55.6, 54.4, 40.2, 36.9, 36.5, 28.2, 20.65;26IRMS (ESI) m/z calcd. for
CaaHaoN4O6S ([M - H]): 619.2597, found 619.2621.

4.1.22.
N-((2S 3R)-3-hydroxy-4-((N-isobutyl-4-methoxyphenyl )sulfonami do)-1-phenyl butan-2
-yl)-2-(7-hydr oxy-4-methyl -2-oxo-2H-chromen-3-yl )acetamide (6h)

The title compound was obtained #h which was coupled wit® through
EDCI/HOBt/DMAP coupling procedure in 87% vyield (palellow powder) as
described foba: mp 196198 °C;*H NMR (400 MHz, CROD) ¢ 7.76 (d,J = 7.6 Hz,
2H), 7.53 (d,J = 8.8 Hz, 1H), 7.16 (q] = 7.4 Hz, 4H), 7.08 — 7.04 @,= 8.5 Hz, 3H),
6.80 (d,J = 8.8 Hz, 1H), 6.68 (s, 1H), 4.06 {t= 5.8 Hz, 1H), 3.86 (s, 3H), 3.80 (dd,
J=10.3, 4.8 Hz, 1H), 3.45 — 3.38 (m, 3H), 3.18J¢, 13.6 Hz, 1H), 3.06 — 3.01 (m,
1H), 2.92 (dd,J = 15.0, 8.6 Hz, 1H), 2.85 — 2.81 (m, 1H), 2.61)(t 12.5 Hz, 1H),



2.08 (s, 3H), 2.04 — 1.98 (m, 1H), 0.91 Jd 6.4 Hz, 3H), 0.85 (d] = 6.4 Hz, 3H);

3C NMR (101 MHz, CROD) & 172.2, 164.5, 164.3, 162.4, 155.3, 152.2, 140.0,
132.0, 130.6, 130.3, 129.2, 127.6, 127.2, 116.3,411114.3, 114.2, 103.2, 74.2, 59.1
56.2, 55.4, 54.2, 36.7, 35.1, 28.0, 20.5, 20.44;16RMS (ESI) m/z calcd. for
CaaH3sN20sS ([M - H]): 621.2277, found 621.2300.

4.1.23.
N-((2S,3R)-3-hydroxy-4-((N-isobutyl-4-nitrophenyl)sul fonamido)-1-phenyl butan-2-yl)
-2-(7-hydroxy-4-methyl-2-oxo-2H-chromen-3-yl)acetamide (7h)

The title compound was obtained i which was coupled withO through
EDCI/HOBt/DMAP coupling procedure in 63% yield (wéipowder) as described for
6a: mp 293295 °C;'"H NMR (400 MHz, CROD) § 8.40 (d,J = 8.0 Hz, 2H), 8.08 (d,
J = 8.0 Hz, 2H), 7.55 (d) = 8.8 Hz, 1H), 7.17 — 7.15 (m, 4H), 7.09 — 7.07 {H),
6.81 (d,J = 8.8 Hz, 1H), 6.69 (s, 1H), 3.99 Jt= 6.8 Hz, 1H), 3.76 (] = 8.0 Hz, 1H),
3.50 — 3.47 (m, 1H), 3.42 (d,= 13.6 Hz, 2H), 3.20 — 3.06 (M, 3H), 2.98 (d& 13.6,
6.4 Hz, 1H), 2.60 (tJ = 12.4 Hz, 1H), 2.13 (s, 3H), 2.03 (dt= 13.2, 6.8 Hz, 1H),
0.91 (d,J = 6.4 Hz, 3H), 0.86 (d] = 6.4 Hz, 3H);"*C NMR (101 MHz, CROD) §
172.3, 164.3, 162.5, 155.4, 152.2, 151.4, 146.8,93130.3, 129.9, 129.3, 127.7,
127.2, 125.4, 116.7, 114.3, 114.2, 103.3, 73.&@,35.6, 53.5, 36.9, 35.1, 27.8, 20.4,
20.3, 15.4; HRMS (ESI) m/z calcd. forsfi3sN30eS ([M - HJ): 636.2022, found
636.2047.

4.1.24.
N-((2S 3R)-4-((4-amino-N-isobutyl phenyl )sulfonami do)-3-hydr oxy-1-phenyl butan-2-y
[)-2-(7-hydroxy-4-methyl-2-oxo-2H-chromen-3-yl)acetamide (8h)

The title compound was obtained n which was coupled witill through
EDCI/HOBt/DMAP coupling procedure in 58% vyield (i@k oil) as described fdéa:
mp 232234 °C;'H NMR (400 MHz, CROD) d 7.54 — 7.49 (m, 3H), 7.18 — 7.11 (m,
4H), 7.03 (tJ = 7.0 Hz, 1H), 6.80 (d] = 8.8 Hz, 1H), 6.73 (d] = 7.8 Hz, 2H), 6.67
(s, 1H), 4.10 — 4.05 (m, 1H), 3.79 Jt= 7.2 Hz, 1H), 3.43 (brs, 2H), 3.36 (t= 13.6



Hz, 1H), 3.17 (dJ = 13.6 Hz, 1H), 2.96 — 2.94 (m, 1H), 2.91 — 2.80 {H), 2.78 (dd,
J=13.2, 6.8 Hz, 1H), 2.60 (§,= 12.4 Hz, 1H), 2.07 (s, 3H), 1.99 — 1.94 (m, 1H),
0.90 (d,J = 6.4 Hz, 3H), 0.85 (d] = 6.4 Hz, 3H);"*C NMR (101 MHz, CQOD) §
172.2, 164.9, 162.4, 155.3, 153.7, 152.3, 140.0,5,3130.4, 129.2, 127.7, 127.1,
126.4, 116.7, 114.9, 114.3, 114.2, 103.2, 74.8,585.3, 54.4, 36.9, 35.1, 28.1, 20.6,
20.5, 15.4; HRMS (ESI) m/z calcd. forsfi3/N30;S ([M - HJ]): 606.2280, found
606.2289.

4.1.25.
2-(7-Amino-4-methyl-2-oxo-2H-chromen-3-y1)-N-((2S,3R)-3-hydr oxy-4-((N-isobutyl -4
-methoxyphenyl)sulfonamido)-1-phenyl butan-2-yl)acetamide (6i)

The title compound was obtained Iy which was coupled witt® through
EDCI/HOBt/DMAP coupling procedure in 87% vyield (k@b oil) as described fdta:
mp 253255 °C;*H NMR (500 MHz, CROD) 6 7.74 (d,J = 8.0 Hz, 2H), 7.38 (d] =
8.5 Hz, 1H), 7.19 — 7.11 (m, 4H), 7.05 — 7.02 (iH),36.63 (d,J = 8.5 Hz, 1H), 6.49
(brs, 1H), 4.04 — 4.02 (m, 1H), 3.85 (s, 3H), 38 = 6.0 Hz, 1H), 3.42 — 3.35 (m,
3H), 3.15 (ddJ = 13.5, 2.5 Hz, 1H), 3.02 (dd,= 13.5, 8.0 Hz, 1H), 2.92 (dd,=
15.0, 8.5 Hz, 1H), 2.84 — 2.81 (m, 1H), 2.62 — %7 1H), 2.04 (s, 3H), 2.01 — 1.97
(m, 1H), 0.90 (dJ = 6.5 Hz, 3H), 0.85 (dJ = 6.5 Hz, 3H);"*C NMR (101 MHz,
CDs0D) ¢ 172.6, 165.0, 164.5, 155.9, 154.0, 152.9, 13%89,0, 130.6, 130.3, 129.2,
127.4,127.2,115.4, 114.1, 113.2, 111.8, 100.4,,59.0, 56.2, 55.3, 54.1, 36.7, 35.1,
28.0, 20.5, 15.3; HRMS (ESI) m/z calcd. fogsBseNs0;S (M - H]): 620.2437,
found 620.2452.

4.1.26.
2-(7-Amino-4-methyl-2-oxo-2H-chromen-3-y1)-N-((2S,3R)-3-hydr oxy-4-((N-isobutyl -4
-nitrophenyl)sulfonamido)- 1-phenyl butan-2-yl)acetamide (7i)

The title compound was obtained By which was coupled witHLO through
EDCI/HOBt/DMAP coupling procedure in 97% vyield (palellow powder) as
described folba: mp 253255 °C;*H NMR (500 MHz, DMSO€s) J 8.39 (d,J = 8.5



Hz, 2H), 8.07 (dJ = 8.5 Hz, 2H), 7.79 (d] = 8.5 Hz, 1H), 7.37 (d] = 8.5 Hz, 1H),
7.20 — 7.13 (m, 5H), 6.56 (d,= 8.5 Hz, 1H), 3.81 — 3.74 (m, 1H), 3.57 (brs, 1H)
3.42 (brs, 1H), 3.34 — 3.31 (m, 1H), 3.22 J& 16.0 Hz, 1H), 3.13 (dd}, = 13.5, 9.0
Hz, 1H), 3.02 — 2.96 (m, 2H), 2.89 — 2.87 (s, 1M55 (brs, 1H), 1.99 — 1.95 (m, 1H),
1.95 (s, 3H), 0.85 (d] = 6.5 Hz, 3H), 0.79 (d] = 6.5 Hz, 3H);*C NMR (101 MHz,
CDs;0D) 6 172.8, 164.9, 156.0, 151.4, 146.8, 139.9, 13(®9,9, 129.3, 127.4, 127.2,
125.4, 119.4, 116.9, 114.0, 113.1, 108.0, 100.4,5B8.0, 55.5, 53.3, 37.0, 31.7, 27.7,
20.4, 15.3; HRMS (ESI) m/z calcd. forsfi36N4OsS ([M - HJ]): 635.2182, found
635.2153.

4.1.27.
2-(7-Amino-4-methyl-2-oxo-2H-chromen-3-y1)-N-((2S,3R)-4-((4-amino-N-isobutyl phe
nyl)sulfonamido)-3-hydr oxy-1-phenyl butan-2-yl)acetamide (8i)

The title compound was obtained By which was coupled withHl1 through
EDCI/HOBt/DMAP coupling procedure in 26% yield (k@ powder) as described
for 6a mp 253255 °C;*H NMR (500 MHz, CROD) § 7.50 (d,J = 8.5 Hz, 2H), 7.40
(d,J=8.0 Hz, 1H), 7.18 — 7.17 (m, 2H), 7.14 — 7.11 ), 7.04 (tJ = 7.0 Hz, 1H),
6.72 (d,J = 8.5 Hz, 2H), 6.66 (d] = 8.0 Hz, 1H), 6.51 (s, 1H), 4.08 (dbz 10.0, 3.5
Hz, 1H), 3.81 (dJ = 5.5 Hz, 1H), 3.41 — 3.38 (m, 2H), 3.35 Jc; 2.5 Hz, 1H), 3.17
(dd,J = 13.7, 2.6 Hz, 1H), 2.98 — 2.95 (m, 1H), 2.93.902(m, 1H), 2.80 (ddJ =
13.5, 7.0 Hz, 1H), 2.64 — 2.59 (m, 1H), 2.06 (s),3H99 (dt,J = 13.5, 7.0 Hz, 1H),
0.92 (d,J = 6.5 Hz, 3H), 0.87 (d] = 6.5 Hz, 3H);*3C NMR (126 MHz, CROD) &
172.2, 164.8, 155.6, 154.0, 153.7, 152.6, 139.6.203130.0, 128.9, 127.1, 126.8,
125.7, 114.2, 113.8, 112.9, 111.5, 100.2, 73.9),9%5.0, 54.0, 39.5, 36.3, 27.9, 20.3,
20.2, 15.0; HRMS (ESI) m/z calcd. fors#l3gN4sO6S ([M - H]): 605.2440, found
605.2422.

4.1.28. 4-Methyl-2-oxo0-2H-chromen-7-yl  ((2S,3R)-3-hydroxy-4-((N-isobutyl-4-meth
oxyphenyl)sulfonamido)- 1-phenyl butan-2-yl)carbamate (6})

To an oven-dried, argon-flushed round-bottom flasls added bis(trichloromethyl)



caebonateBTC, 16, 0.059¢g, 0.20 mmol) and anhydrous £ (2 mL) at O °C, and
the mixture of 7-hydroxy-4-methyl-2H-chromen-2-of@, 0.035 g, 0.20 mmol) and
diisopropylethylamineIEA, 0.036 mL, 0.22 mmol) in anhydrous THF (2 mL) was
added dropwise to form pale yellow solution, whiehs stirred for 5 minutes at 0 °C
and additional 30 min of continuous stirring at 25. To another an oven-dried,
argon-flushed round-bottom flask was added
N-((2R,39)-3-amino-2-hydroxy-4-phenylbutyl\-isobutyl-4- methoxybenzene
sulfonamide 9, 0.089 g, 0.22 mmol) and diisopropylethylamimdEA, 0.036 mL,
0.22 mmol) in dry CHCI, (2 mL) for 30 min of continuous stirring at 25 °@hd the
mixture was added dropwise to pale yellow soluabove at 0 °C. Then the reaction
was stirred for additional 1 hour at 25 °C. Theveat was removed under reduced
pressure. ChCl, (5 mL) was added to the sludge and washed withraiad
ammonium chloride (3 x 5 mL). The organic layer whged over NgSO,, and
evaporated, n vacuo. A crude product as the yellow oil was purified by
chromatography on a silica gel column (30 x 6 cilution with 2:1 to 1:1
hexanesethyl acetate gav@ as white powder: yield 0.092 g (76%); mp 1447 °C;

'H NMR (500 MHz, CDCY) § 7.74 (d,J = 8.1 Hz, 2H), 7.55 (d] = 8.5 Hz, 1H), 7.41
—7.36 (M, 3H), 7.32 - 7.31 (m, 3H), 7.02 — 6.99 &), 6.26 (s, 1H), 4.01 — 3.97 (m,
2H), 3.90 (s, 3H), 3.23 — 3.20 (m, 1H), 3.11J&; 10.6 Hz, 1H), 3.05 — 3.00 (M, 3H),
2.84 (ddJ = 13.0, 6.2 Hz, 1H), 2.43 (s, 3H), 1.94 — 1.82 {id), 0.97 (d,) = 6.2 Hz,
3H), 0.92 (d,J = 6.2 Hz, 3H);"*C NMR (126 MHz, CDGJ) ¢ 163.1, 160.6, 153.5,
153.3, 151.9, 137.3, 129.6, 129.5, 129.4, 128 K51&6.8, 125.7, 117.8, 117.1, 115.0,
114.4, 114.2, 110.1, 72.4, 58.9, 55.6, 55.3, 53673, 27.3, 20.2, 19.9, 18.7, HRMS
(ESI) m/z calcd. for H3eN20gS ([M - H]): 607.2109, found 607.2108.

4.1.29.  4-Methyl-2-oxo-2H-chromen-7-yl ((2S5,3R)-3-hydroxy-4-((N-isobutyl-4-
nitrophenyl)sulfonamido)- 1-phenyl butan-2-yl )carbamate (7})

The title compound was obtained WMy and 10 under the condensing of BTC
undergoing an one-pot reaction in 49% vyield (wihptavder) as described fdj:
mp222224 °C;*H NMR (500 MHz, CROD) § 8.37 (d,J = 8.5 Hz, 2H), 7.94 (d] =



8.5 Hz, 2H), 7.83 (dJ = 8.0 Hz, 1H), 7.37 — 7.35 (m, 2H), 7.30 — 7.23 &H), 6.34

(s, 1H), 4.34 (9) = 7.7 Hz, 1H), 3.75 (brs, 1H), 3.58 — 3.51 (m, 2Bl)l6 (dd,J =
13.5, 9.0 Hz, 1H), 2.94 (dd,= 14.5, 6.0 Hz, 2H), 2.82 (dd,= 14.0, 8.5 Hz, 1H),
2.50 (s, 3H), 1.98 — 1.92 (m, 1H), 0.94 Jd 6.5 Hz, 3H), 0.86 (d] = 6.5 Hz, 3H);

3C NMR (151 MHz, CROD) § 162.5, 160.6, 155.3, 155.1, 155.0, 154.8, 151.5,
146.2, 138.4, 130.1, 130.0, 129.9, 128.00 (s),3,2125.5, 118.8, 115.0, 110.7, 79.4,
57.7, 56.6, 56.3, 36.5, 27.6, 20.2, 20.1, 18.7; HRNESI) m/z calcd. for
Ca1H33N306S ([M - H]): 622.1854, found 622.1819.

4.1.30. 7-Oxo-7H-furo[ 3,2-g] chromen-9-yl
((2S,3R)-3-hydroxy-4-((N-isobutyl -4-methoxyphenyl )sulfonami do)- 1-phenyl butan-2-yl
)carbamate (6k)

The title compound was obtained ¥k and 9 under the condensing of BTC
undergoing an one-pot reaction in 78% vyield (p&koy powder) as described f6y:
mp 302303 °C;*H NMR (400 MHz, CROD) § 7.98 (d,J = 9.2 Hz, 1H), 7.82 (s, 1H),
7.59 (d,J = 7.8 Hz, 2H), 7.36 — 7.32 (m, 3H), 7.26 — 7.23 @), 7.02 (d,) = 7.8 Hz,
2H), 6.89 (s, 1H), 6.33 (d, = 9.2 Hz, 1H), 4.30 (dd] = 14.6, 7.2 Hz, 1H), 3.86 (s,
3H), 3.54 (dJ = 15.4 Hz, 1H), 3.33 — 3.30 (m, 1H), 3.25J& 14.2 Hz, 1H), 3.04 —
2.98 (m, 1H), 2.94 — 2.85 (m, 1H), 2.80 — 2.75 (1id,13.9, 7.4 Hz, 2H), 1.94 (dl,=
13.6, 6.4 Hz, 1H), 0.92 (d,= 6.4 Hz, 3H), 0.84 (d] = 6.4 Hz, 3H):}*C NMR (101
MHz, CDsOD) ¢ 164.6, 163.0, 160.8, 148.3, 147.0, 138.4, 13136,4, 130.0, 129.9,
127.9,127.3, 117.8, 115.4, 114.6, 111.3, 107.94,88.5, 56.7, 56.2, 49.8, 36.6, 27.8,
20.3; HRMS (ESI) m/z calcd. forsgH3zsN20S ([M - H]): 633.1901, found 633.1893.

4.1.31. 7-Oxo-7H-furo[ 3,2-g] chromen-9-yl  ((2S3R)-3-hydroxy-4-((N-isobutyl-4-
nitrophenyl)sulfonamido)-1-phenyl butan-2-yl)car bamate (7k)

The title compound was obtained B% and 10 under the condensing of BTC
undergoing an one-pot reaction in 66% vyield (padloy acicular crystal) as
described folj: mp342345 °C:'H NMR (400 MHz, CROD) § 8.35 (d,J = 8.4 Hz,
2H), 8.06 (d,J = 9.6 Hz, 1H), 7.93 (dJ = 9.2 Hz, 3H), 7.82 (s, 1H), 7.35 {t= 7.2



Hz, 2H), 7.29 — 7.25 (m, 3H), 7.02 (s, 1H), 6.41Xd 9.6 Hz, 1H), 4.32 (ddl = 14.8,
7.6 Hz, 1H), 4.24 (brs, 1H), 3.57 — 3.48 (m, 2H)1.43(dd,J = 13.6, 9.0 Hz, 1H), 2.92
(dd,J = 13.6, 6.2 Hz, 2H), 2.80 (dd,= 14.0, 8.4 Hz, 1H), 1.99 — 1.89 (m, 1H), 0.93
(d, J = 6.4 Hz, 3H), 0.85 (d] = 6.4 Hz, 3H):*C NMR (101 MHz, CROD) 6 161.6,
160.6, 154.3, 151.5, 149.3, 148.3, 147.1, 146.8.43128.0, 127.7, 119.1, 117.8,
115.4, 111.2, 108.2, 79.4, 57.7, 57.0, 56.6, 38756, 20.2, 20.1; HRMS (ESI) m/z
calcd. for GoH31N3010S ([M - H]): 648.1646, found 648.1640.

4.1.32.
N-((2R,39)-2-hydroxy-3-(((7-hydroxy-2-oxo-2H-chromen-4-yl )methyl Jamino)-4-pheny
[ butyl)-N-isobutyl-4-methoxybenzenesul fonamide (6l)

To an anhydrous EtOH (3 mL) solution of
4-(chloromethyl)-7-hydroxy-2H-chromen-2-onedl,( 0.021 g, 0.10 mmol) and
N-((2R,39)-3-amino-2-hydroxy-4-phenylbutyl\-isobutyl-4-
methoxybenzenesulfonamids, (0.041 g, 0.10 mmol) were added dropwise DIEA
(0.032 g, 0.25 mmol). After refluxing for 7 h, teelvent was removed under reduced
pressure. Water (4 mL) was added to the residuesgindcted with ethyl acetate (3 x
4 mL). The combined organic phases were dried dleeS0,, and evaporatedni
vacuo. The residue was purified by chromatography oilieasgel column (30 x 6
cm). Elution with 1:10 hexanesthyl acetate gav@l as yellow powder: yield 0.033 g
(57%); mp 106108 °C;*H NMR (400 MHz, CROD) 6 7.75 (d,J = 8.8 Hz, 2H), 7.70
(d, J = 8.8 Hz, 1H), 7.36 — 7.20 (m, 7H), 7.07 Jcs 8.8 Hz, 2H), 7.03 (d] = 8.8 Hz,
1H), 3.86 (s, 3H), 3.81 — 3.77 (m, 1H), 3.40 (d¢ 14.9, 3.6 Hz, 1H), 3.14 (di,=
8.8, 4.4 Hz, 1H), 3.09 — 3.06 (m, 1H), 3.04 — 194 3H), 2.87 (ddJ = 13.6, 7.2 Hz,
2H), 2.57 (ddJ = 13.6, 9.2 Hz, 1H), 2.03 — 1.87 (m, 1H), 0.88J¢& 6.6 Hz, 3H),
0.85 (d,J = 6.6 Hz, 3H),13C NMR (101 MHz, CROD) ¢ 164.56, 157.1, 157.0, 140.0,
132.0, 130.7, 130.6, 130.5, 130.4, 129.7, 129.5,62126.8, 115.4, 109.3, 103.9,
73.5, 63.5, 59.0, 57.0, 56.2, 53.1, 38.6, 28.15,200.4; HRMS (ESI) m/z calcd. for
CaiH3eN207S ([M - H]): 579.2171, found 579.2154.



4.1.33.
N-((2R,39)-2-hydr oxy-3-(((7-hydr oxy-2-oxo-2H-chromen-4-yl )methyl )ami no)-4-pheny
[butyl)-N-isobutyl-4-nitrobenzenesulfonamide (71)

The title compound was synthesized4yand10 by catalyzed of DIEA under the
condition of refluxing in 57% vyield (yellow oil) adescribed fo6l: mp 143145 °C;
'H NMR (400 MHz, CROD) s 8.38 (d,J = 8.8 Hz, 2H), 8.34 (d) = 8.8 Hz, 1H),
8.06 (d,J = 8.8 Hz, 2H), 8.00 (d] = 8.8 Hz, 1H), 7.33 — 7.29 (m, 2H), 7.26 — 7.17 (m
5H), 3.77 (dJ = 14.8 Hz, 1H), 3.71 — 3.67 (m, 1H), 3.49 (dd 14.8, 2.8 Hz, 1H),
3.28 — 3.21 (m, 1H), 3.18 — 3.12 (m, 1H), 3.10872m, 4H), 2.57 (ddJ = 13.6, 8.8
Hz, 1H), 2.03 — 1.92 (m, 1H), 0.90 @= 6.6 Hz, 3H), 0.86 (d] = 6.6 Hz, 3H)°C
NMR (101 MHz, CROD) ¢ 164.2, 157.1, 157.0, 151.4, 147.0, 140.0, 13035,4]
129.9, 129.8, 129.7, 129.6, 127.6, 125.3, 115.9,410103.9, 72.8, 63.6, 57.8, 57.3,
51.9, 39.2, 27.8, 203., 20.2; HRMS (ESI) m/z calcd. for §H3asN3OsS ([M - H]):
594.1916, found 594.1942.

4.1.34.
4-Amino-N-((2R,39)-2-hydroxy-3-(((7-hydroxy-2-oxo-2H-chromen-4-yl )methyl Jamino
)-4-phenyl butyl)-N-isobutyl benzenesul fonamide (8l)

The title compound was synthesized4dyand11 by catalyzed of DIEA under the
condition of refluxing in 27% vyield (pale yellow wder) as described fdl: mp
117-119 °C;*H NMR (600 MHz, CROD) § 7.48 (d,J = 8.8 Hz, 2H), 7.45 (d] = 8.8
Hz, 1H), 7.34 — 7.30 (m, 4H), 7.26 — 7.22 (m, 361Y,0 (d,J = 8.8 Hz, 2H), 6.68 (d]
= 8.8 Hz, 1H), 3.38 — 3.33 (m, 2H), 3.08 (dd+ 13.8, 4.8 Hz, 1H), 2.98 — 2.89 (m,
4H), 2.85 — 2.77 (m, 2H), 2.68 — 2.64 (m, 1H), 1(88J = 13.8, 6.6 Hz, 1H), 0.89 (d,
J = 6.6 Hz, 3H), 0.85 (dJ = 6.6 Hz, 3H)**C NMR (151 MHz, CROD) § 164.1,
157.0, 156.8, 154.4, 139.3, 130.5, 130.4, 129.8,512127.8, 125.6, 114.6, 114.5,
114.4, 109.9, 103.6, 72.7, 61.5, 59.5, 56.9, 58649, 28.3, 20.6, 20.5; HRMS (ESI)
m/z calcd. for GoH3sN306S ([M - H]): 564.2175, found 564.2154.

4.2. Invitro HIV-1 PR activity assay



The inhibitory effect of all new designed inhibgorwere measured using
fluorescence resonance energy transfer (FRET) rdet#® described previously

[38,41,42].

4.3. Invitro HIV-1 RT activity assay

To quantify the activity of HIV-1 reverse transddpe (RT) in vitro, we exploited a
novel one-step RT-PCR assay [48]. HIV-1 RT has lbsived from clone HI\ 43
and belongs to Group B of HIV-1, which was a gifbrh Ying Guo (Institute of
Materia Medica, PUMC). RT were used in the firgsdf Real-time PCR reaction for
converting RNA to DNA. Real-time PCR reaction wasrfprmed using one step
RT-PCR Kit (Takara, RRO66A) according to the marfuah the manufacturer. Each
reaction mixture had a total volume of2Q comprising 2X reaction buffer 1Q,
random mRNA 20 ng (template), GAPDH primers¥D(primer), compoundsyil at
different concentrations, Ex Taq HS (polymerase) 480 mU HIV-1 RT. Primer
sequence was as followed: GAPDH-forward: GAAGGTGABABCGGAGT;
GAPDH-reverse: GAAGATGGTGATGGGATTTC. The results reeenormalized

using the DMSO group levels and calculated by fhé% comparative method.

4.4. Oneround HIV-1 infectivity assay

The inhibitory effect of compounds on HIV-1 infagty was determined using a
single-round HIV-1 infectivity assay [46]. For apahg effect on the late stage of
HIV-1 life cycle, the compounds were added intau@ medium of virus-producing
cells at 5 hours of post-transfection. After inclutg for 48 hours, pseudotyped
viruses in supernatant were used to infect SupT$ ¢er 48 hours, followed by
measuring luciferase activity of newly infectedlgelsing Centro LB960 (Berthold).
For analyzing effect on the early stage of HIV4{& lcycle, SupT1 cells were firstly

infected with pseudotyped viruses, and then treafiétd the compound for 48 hours,



followed by measurement of luciferase activity.

4.5. Wild type HIV-1 infectivity assay

1x10 SupT1 cells were infected with HIV-1 NL4-3 in tipeesence of 100 nM
chemicals and 1@g/mL polybrene using a spin infection method [4X{.48 hpi,
viruses were harvested and used to infect TZM-liks,céollowed by measuring

luciferase activity in the infected cells.
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We reported a series of new coumarin derivatives characterized by various linkers that exhibited
good potency against PR and weak inhibition of RT in this manuscript.

Compound 6f and 7c inhibited PR with 1Csy values of 15.5 and 62.1 nM, respectively, and
weakly affected also RT with 1Cgy values of 241.8 and 188.7uM, respectively, showing the
possibility in the future of developing dual HIV-1 PR/RT inhibitors.

New inspiration for further research of effective dual HIV-1 inhibitors was obtained according
to the molecular docking studies.
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