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(57) ABSTRACT

A triazole bridged flavonoid dimer compound library was
efficiently constructed via the cycloaddition reaction of a
series of flavonoid-containing azides (Az 1-15) and alkynes
(Ac 1-17). These triazole bridged flavonoid dimers and their
precursor alkyne- and azide-containing flavonoids were
screened for their ability to modulate multidrug resistance
(MDR) in P-gp-overexpressed cell line (LCC6MDR),
MRP1-overexpressed cell line (2008/MRP1) and BCRP-
overexpressed cell line (HEK293/R2 and MCF7-MX100).
Generally, they displayed very promising MDR reversal
activity against P-gp-, MRP1- and BCRP-mediated drug
resistance. Moreover, they showed different levels of selec-
tivity for various transporters. Overall, they can be divided
into mono-selective, dual-selective and multi-selective
modulators for the P-gp, MRP1 and BCRP transporters. The
EC,, values for reversing paclitaxel resistance (141-340
nM) of LCC6MDR cells, DOX (78-590 nM) and vincristine
(82-550 nM) resistance of 2008/MRP1 cells and topotecan
resistance (0.9-135 nM) of HEK293/R2 and MCF7-MX100
cells were at nanomolar range. Importantly, a number of
compounds displayed ECs, at or below 10 nM in BCRP-
overexpressed cell lines, indicating that these bivalent tri-
azoles more selectively inhibit BCRP transporter than the
P-gp and MRP1 transporters. Most of the dimers are notably
safe MDR chemosensitizers as indicated by their high
therapeutic index values.

9 Claims, 31 Drawing Sheets
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ALKYNE-, AZIDE- AND
TRIAZOLE-CONTAINING FLAVONOIDS AS
MODULATORS FOR MULTIDRUG
RESISTANCE IN CANCERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 14/378,8609, filed Aug. 14, 2014 (pending); which is
a U.S. National Phase Application of International Applica-
tion No. PCT/CN2013/072058, filed Mar. 1, 2013; which
claims the benefit of U.S. Provisional Patent Application No.
61/605,299, filed Mar. 1, 2012. These applications are
incorporated herein by reference in their entirety.

FIELD OF THE INVENTION

The invention relates to novel alkyne-, azide- and triazole-
containing flavonoid compounds, methods of preparing the
same, and use of these compounds for reducing multidrug
resistance caused by overexpression of ABC transporters.

This invention relates to a new method of generating a
new series of compounds that can be used to reverse cancer
drug resistance.

This invention relates to the novelty of structure of the
alkyne-, azide- and triazole-containing flavonoids that show
highly potent activities toward P-gp, MPR1 and BCRP,
thereby reversing cancer drug resistance.

BACKGROUND OF THE INVENTION

The extensive multidrug resistance (MDR) in cancer cells
has been a major obstacle to successful cancer chemo-
therapy. An important mechanism for MDR is the enhanced
cellular efflux of anticancer agents due to over-expression of
ATP-binding cassette. (ABC) transporter proteins.! Among
the 48 ABC transporters identified so far, P-glycoprotein
(P-gp, ABCBI1), multidrug resistance protein (MRPI1,
ABCC1) and breast cancer resistance protein (BCRP,
ABCGQG?2) are three main efflux transporters associated with
MDR.? The structures and functions of ABC transporters
have been studied extensively by scientists. It is known that
all ABC proteins consist of transmembrane domains
(TMDs), and nucleotide-binding domains (NBDs).> P-gp
has been identified to possess cytosolic N- and C-termini,
two TMDs of 6 helices each, and two NBDs in a single
1280-residue polypeptide.>*S

The structure of the 1531-residue MRP1 is similar to that
of P-gp, but the protein possesses an extra N-terminal TMD
with 5 transmembrane (TM) helices, termed TMD,,, whose
function remains unclear.>”® BCRP is a 655-residue half-
transporter that possesses an N-terminal NBD and a 6-helix
TMD. The functional protein of BCRP is assumed to operate
as a homodimer.>>*"'°

However, the binding modes and binding sites of these
three transporter proteins with their substrates are not clear.
There is no common “pharmacophore” that can be used to
function as an inhibitor of these three ABC transporters.>
Structurally diverse inhibitors or modulators of ABC mul-
tidrug efflux pumps have been identified by homology
modeling, combinatorial chemistry, QSAR analysis, and
utilization of protein structure information.''-** There have
been three generations of P-gp inhibitors. The first genera-
tion P-gp inhibitors include calcium channel blocker vera-
pamil,">'”7 antimalarial drug quinidine,'® calmodulin
antagonists,’*?° the immunosuppressant cyclosporine
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2

and some steroids.>>” The second generation P-gp
chemosensitizer include dexverapamil,®® PSC833 (valspo-
dar),?%*° dexniguldipine,*® and VX-710 (biricodar).>*-*2

The third generation MDR modulators developed by
structure-activity relationships and combinatorial chemistry
approaches include zosuquidar [Y335979, tariquidar
XR9576, laniquidar R101933, elacridar GF120918 and the
substituted diarylimidazole ONT-090.%*** Among them,
only a very few were selected for clinical trial and none of
them has been approved yet for clinical application.

Fewer MRP1 inhibitors have been identified. Most MRP1
substrates, as well as inhibitors, are anionic compounds that
enter cells poorly, thus making it difficult to design a good
inhibitor for MRP1 compared to P-gp. The Leukotriene C4
(LTC4) analogue (MKS571),> glibenclamide,®
probenecid®” and some non-specific inhibitors of organic
anion transporters like NSAIDs (e.g. indomethacin)*®-°
have been described as MRP1 modulators. Pantoprazole,
fumitremorgin C, and its derivatives Ko132, Ko134 and
Ko143** are specific ABCG2 inhibitors. Besides, some
third generation P-gp inhibitors such as elacridar* and
tariquidar*? also modulate ABCG2 activity.

Flavonoids are polyphenolic compounds commonly
found in fruits, vegetables, and plant-derived products of the
human diet.*® Because humans consume large amounts of
flavonoids daily, it is generally accepted that flavonoids are
not toxic. Moreover, it has been reported that some fla-
vonoids have been found to reverse cancer MDR. Some
flavonoids like genistein, chrysin, biochanin, quercetin,
kaempferol and naringenin have inhibitory activity on P-gp
mediated transport of **-*°

Other flavonoids like aglycones and glycosides have been
shown to inhibit MRP1-mediated transport to various
degree.’**> Many flavonoids have also been shown to
interact with BCRP transporter. They significantly inhibit
the BCRP-mediated transport of topotecan and mitoxan-
trone in BCRP-overexpressing cancer cells.>*>° Flavonoids
are therefore promising candidates for development of novel
modulators of MDR.

A21—24

OBIJECTS OF THE INVENTION

It is an object of the invention to develop novel flavonoid
derivatives having improved activities and/or selectivity to
resolve or ameliorate at least one or more of the problems
associated with the prior art. As a minimum, it is an object
of this invention to provide the public with a useful choice.

SUMMARY OF THE INVENTION

In a first aspect, the present invention provides a com-
pound of formula I:

flavonoid-linker-(flavonoid),, I

wherein
the flavonoid is selected from the group consisting of
chalcone, flavone, flavonol, flavanone, anthocyanin,
and isoflavonoid;

nis 1 or2; and

the linker is a group having at least one triazole bridged

unit.

The linker may have 1 to 10 triazole bridged unit, and
more preferably a 1 to 5 triazole bridged unit or a 1 to 3
triazole bridged unit.

The at least one triazole bridged unit may further com-
prises at least one polyethylene glycol unit.
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In a second aspect, the present invention provides a
compound of formula II comprising of a flavonoid contain-
ing an acetylene group:

flavonoid-linker-CCH I

wherein
the flavonoid is selected from the group consisting of
chalcone, flavone, flavonol, flavanone, anthocyanin,
and isoflavonoid; and
the linker is a group having at least one carbon atom.
Preferably, the linker is selected from the group consisting
of alkylene group, group having a plurality of ethylene
glycol units, group having a plurality of propylene glycol
units, group having a plurality of amino alkyl units, and
combinations thereof.
In a third aspect, the present invention provides a com-
pound of formula III comprising of a flavonoid containing
an azide group:

Flavonoid-linker-N; I

wherein
the flavonoid is selected from the group consisting of
chalcone, flavone, flavonol, flavanone, anthocyanin,
and isoflavonoid; and

the linker is a group having at least one carbon atom.

Preferably the linker is selected from the group consisting
of alkylene group, group having a plurality of ethylene
glycol units, group having a plurality of propylene glycol
units, group having a plurality of amino alkyl units, and
combinations thereof.

In a fourth aspect, the present invention provides a
process of synthesizing a compound of the formula I as
defined in the first aspect, comprising reacting a compound
of formula II as defined in the second aspect with a com-
pound of formula III as defined by the third aspect by
catalytic 1,3-dipolar cycloaddition.

The catalytic 1,3-dipolar cycloaddition may be regiose-
lective, and the catalytic 1,3-dipolar cycloaddition may be
Cu(]) catalyzed or Ru catalyzed.

In a fitth aspect, the present invention provides a method
of reducing P-glycoprotein based multidrug resistance
including the step of administering an effective amount of a
compound of formula I as defined in the first aspect or a
compound of formula II as defined in the second aspect or
a compound of formula III as defined in the third aspect.

In a sixth aspect, the present invention provides a method
of reducing MRP1-based multidrug resistance including the
step of administering an effective amount of a compound of
formula 1 as defined in the first aspect or a compound of
formula II as defined in the second aspect or a compound of
formula III as defined in the third aspect.

In a seventh aspect, the present invention provides a
method of reducing BCRP-based multidrug resistance
including the step of administering an effective amount of a
compound of formula I as defined in the first aspect or a
compound of formula II as defined in the second aspect or
a compound of formula III as defined in the third aspect.

In an eighth aspect, the present invention provides a
method of reducing resistance of a drug caused by overex-
pression of ABC transporters including the step of admin-
istering an effective amount of a compound of formula I as
defined in the first aspect or a compound of formula II as
defined in the second aspect or a compound of formula III
as defined in the third aspect.

In a ninth aspect, the present invention provides a method
of treating drug-resistance cancers caused by overexpression
of ABC transporters including the step of administering an
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effective amount of a compound of formula I as defined in
the first aspect or a compound of formula II as defined in the
third aspect or a compound of formula III as defined in the
third aspect.

In a tenth aspect, the present invention provides a use of
an effective amount of a compound of formula I as defined
in the first aspect or a compound of formula II as defined in
the second aspect or a compound of formula III as defined
in the third aspect, in the manufacturing of a medicament for
reducing P-glycoprotein based multidrug resistance.

In a further aspect, the present invention provides a use of
an effective amount of a compound of formula I as defined
in the first aspect or a compound of formula II as defined in
the second aspect or a compound of formula III as defined
in the third aspect in the manufacturing of a medicament for
reducing MRP-1 based multidrug resistance.

In another aspect, the present invention provides a use of
an effective amount of a compound of formula I as defined
in the first aspect or a compound of formula II as defined in
the second aspect or a compound of formula III as defined
in the third aspect in the manufacturing of a medicament for
reducing BCRP-based multidrug resistance.

In yet a further aspect, the present invention provides a
use of an effective amount of a compound of formula I as
defined in the first aspect or a compound of formula II as
defined in the second aspect or a compound of formula III
as defined in the third aspect in the manufacturing of a
medicament for reducing resistance of a drug caused by
overexpression of ABC transporters.

In yet another aspect, the present invention provides a use
of an effective amount of a compound of formula I as
defined in the first aspect or a compound of formula II as
defined in the second aspect or a compound of formula III
as defined in the third aspect in the manufacturing of a
medicament for treating drug-resistant cancers caused by
overexpression of ABC transporters.

In still another aspect, the present invention provides a
medicament for reducing P-glycoprotein based multidrug
resistance or for reducing MRP-1 based multidrug resistance
or for reducing BCRP-based multidrug resistance, said
medicament including a compound of formula I as defined
in the first aspect or a compound of formula II as defined in
the second aspect or a compound of formula III as defined
in the third aspect.

In still a further aspect, the present invention provides a
medicament for reducing resistance of a drug caused by
overexpression of ABC transporter, said medicament includ-
ing a compound of formula I as defined in the first aspect or
a compound of formula II as defined in the second aspect or
a compound of formula IIT as defined in the third aspect.

In yet still another aspect, the present invention provides
a medicament for treating drug-resistant cancers caused by
overexpression of ABC transporter, said medicament includ-
ing a compound of formula I defined in the first aspect or a
compound of formula II as defined in the second aspect or
a compound of formula IIT as defined in the third aspect.

In yet still a further aspect, the present invention provides
a method of generating a library of a predetermined number
of compounds of the formula I as defined in the first aspect
comprising:

a) providing a flavonoid containing an acetylene group of
formula II as defined in the second aspect;

b) selectively reacting the flavonoid containing an acety-
lene group of formula H as defined in the second aspect with
the flavonoid containing an azido group of formula III as
defined in the third aspect; and
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¢) repeating steps (a) and (b) a predetermined number of
times to obtain a predetermined number of compounds of
the formula I as defined in the first aspect.

In still yet an alternate aspect, the present invention
provides a use of a library of compounds of formula I as
defined in the first aspect made by a method as defined in the
yet still a further aspect above to screen the modulating
potency of multidrug resistance caused by overexpression of
ABC transporter of each compound within the library.

It is a preferred feature of the present invention to provide
a new class of modulators of P-gp, MRP1 and BCRP, based
on alkyne-, azide- and triazole-containing flavonoids and
have completely new chemical structure.

It is another preferred feature of the present invention to
provide a combinatorial library of triazole-bridged flavonoid
heterodimers that allows rapid screening of P-gp, MRP1 and
BCRP-modulating activities.

These newly synthesized compounds are highly potent in
reversing cancer drug resistance in vitro and can be used in
the future to reverse cancer drug resistance in cancer
patients.

These newly synthesized compounds have different levels
of selectivity towards the three major transporters respon-
sible for cancer drug resistance. Such wide range of selec-
tivity will increase the versatility of applications that these
new compounds can be applied.

For example, dual-selective compounds (towards P-gp
and BCRP) may be useful in targeting these drug transport-
ers in the blood brain barrier, thereby increasing the cancer
drug concentration in the brain. This is extremely important
for treating brain tumor which would otherwise be very
difficult due to the lack of uptake of cancer drug in the brain.

The present invention is more advantageous over the
existing technology for the following reasons:

(1) Highly potent for reversing P-gp-mediated paclitaxel
resistance (EC5,=141-340 nM) and doxorubicin resistance
(EC5,=114-530 nM), MRP1-mediated vincristine resistance
(EC5,=82-550 nM) and BCRP-mediated topotecan and
mitoxantrone resistance (EC;,=0.9-135 nM)

(2) A highly efficient and inexpensive method to develop
a large combinatorial library of flavonoid dimers with dif-
ferent flavonoid moieties for in vitro screening for P-gp,
MRP1 and BCRP modulating activity.

(3) Most triazole flavonoid dimers are very safe to use,
with very low in vitro cytotoxicity towards normal fibroblast
cells (IC5,>100 uM). This compares favorably to Ko143, the
most potent BCRP modulator in the literature (IC5,=29 uM).
Therapeutic indexes of some triazole flavonoid dimers are
43-fold higher than the best BCRP modulator in the litera-
ture, Ko143.

(4) Some triazole flavonoid dimers have extremely potent
BCRP-modulating activity which 12-fold more potent than
Ko143, the most potent BCRP-modulator in the literature.

(5) A wide range of selectivity towards P-gp, MRP1 and
BCRP, therefore affording a versatile application of these
new flavonoid dimers in different situation, including the
reversal of cancer drug resistance or increase bioavailability
of cancer or epileptic drugs in the brain, just to name a few.

Thus, it is a preferred feature of the invention to design
novel alkyne-, azide- and triazole-containing flavonoids,
synthesis and characterization of the activity in inhibiting
P-gp, MRP 1 and BCRP in cancer cells in vitro.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1P show Table 1 which summarizes cytotox-
icity and MDR reversal activity of triazole dimers and their
monomers.
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FIGS. 2A-2D show Table 2 which summarizes selectivity
of triazole dimers and their monomers for various ABC
transporters.

FIGS. 3A-3D show Table 3 which summarizes ECs, and
therapeutic index of triazole dimers and their monomers.

FIGS. 4A and 4B show Table 4 which summarizes
triazoles for the P-gp mediated paclitaxel resistance reversal
potency in LCC6MDR.

FIG. 5 shows Table 5 which summarizes triazoles for the
MRP1-mediated DOX resistance reversal potency in 2008/
MRP1.

FIG. 6 shows Table 6 which summarizes triazoles for the
MRP1-mediated vincristine resistance reversal potency in
2008MRP1.

FIG. 7 shows Table 7 which summarizes triazoles for
BCRP-mediated topotecan resistance reversal potency in
HEK?293/R2.

FIG. 8 shows Table 8 which summarizes triazoles for the
BCRP-mediated topotecan resistance reversal potency in
MCF7-MX100.

FIG. 9 shows Table 9 which summarizes anti-triazole
bridged flavonoid dimers synthesized (Y, 65 compounds).

MATERIALS AND METHODS

General.

All NMR spectra were recorded on a Bruker MHz
DPX400 spectrometer at 400 MHz for *H and 100 MHz for
13C or Varian Unity Inova 500 NB NMR Spectrometer at
500 MHz for 'H and 125 MHz for '*C. All NMR measure-
ments were carried out at room temperature and the chemi-
cal shifts are reported as parts per million (ppm) in unit
relative to the resonance of CDCl, (7.26 ppm in the 'H, 77.0
ppm for the central line of the triplet in the *C modes,
respectively). Low-resolution and high-resolution mass
spectra were obtained on a Micromass Q-TOF-2 by electron
spray ionization (ESI) mode or on Finnigan MAT95 ST by
electron ionization (EI) mode. Melting points were mea-
sured using Electrothermal 1A9100 digital melting point
apparatus and were uncorrected. All reagents and solvents
were reagent grade and were used without further purifica-
tion unless otherwise stated. The plates used for thin-layer
chromatography (TLC) were E. Merck Silica Gel 60F,,
(0.25-mm thickness) and they were visualized under short
(254-nm) and long (365-nm) UV light. Chromatographic
purifications were carried out using MN silica gel 60 (230-
400 mesh). Substituted 4' or 7-hydroxyflavones la-h were
prepared as reported previously.”® The purity of tested
compounds was determined by HPLC, which was per-
formed by using Agilent 1100 series installed with an
analytic column of Agilent Prep-Sil Scalar column (4.6
mmx250 mm, 5-pum) at UV detection of 320 nm (reference
at 450 nm) with isocratic elution of hexane (50%)/ethyl
acetate (25%)/methanol (25%) at a flow rate of 1.0 m[./min.
All tested compounds were shown to >95% purity according
to HPLC.

General Procedure for the Synthesis of Acl to Acl6
(Scheme 1)

(1) To a round-bottom flask was charged with correspond-
ing 4'-hydroxyflavones or 7-hydroxyflavones la-e (1
equiv.), S-chloropent-1-yne or 6-chlorohex-1-yne (1.2
equiv.), K,CO; (1.5 equiv.) and DMF (3 ml per equiv
(mmol)). The reaction mixture was stirred at refluxing
temperature for 2 h. When TLC indicated complete con-
sumption of starting material, the reaction mixture was
poured into a separating funnel containing water. The mix-
ture was continuously extracted with DCM. If the mixture
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could not be separated into two layers, small amount of 1M
HCI was added. The combined organic layers were dried
over MgSO,, filtered and evaporated to give a brown crude
reaction mixture. Purification was performed by flash col-
umn chromatography on silica gel with acetone in DCM as
eluent to furnish desired product.

(ii) Excess KOH (3M solution in 96% EtOH, 3-4 equiv)
was added to a mixture of 4-(hex-5-yn-1-yloxy)benzalde-
hyde (2a) (1.0 equiv) and the substituted 2'-hydroxyaceto-
phenone 3a-e (1.0 equiv). The mixture was stirred at room
temperature for 16 h. When TLC indicated complete con-
sumption of starting material, the reaction mixture was
acidified to pH 5 with 1M HCI at ice-bath temperature. The
yellow precipitate formed was collected by suction filtration.
The yellow solid was washed with n-hexane and subjected
to crystallization from MeOH to afford the desired chal-
cones. If no precipitate was formed after the addition of 1M
HCI, then the mixture was continuously extracted with
DCM. The combined organic layers were dried over
MgSO,, filtered, and evaporated under reduced pressure to
give a crude mixture, which was subjected to flash column
chromatography using 15% EtOAc in hexane as eluent to
furnish the desired chalcones.

2-(4-(Pent-4-yn-1-yloxy)phenyl)-4H-chromen-4-one
(Acl)

This compound (0.53 g, 82%) was obtained from 2-(4-
hydroxyphenyl)-4H-chromen-4-one (1a) and 5-chloropent-
1-yne according to the general procedure (i) described
above. '"H NMR (400 MHz, CHLOROFORM-d) & ppm
1.98-2.06 (m, 3H), 2.40-2.44 (m, 2H), 4.13 (t, J=6.40 Hz,
2H), 6.71 (s, 1H), 7.00 (d, J=8.80 Hz, 2H), 7.38 (dd, J=7.60,
7.20 Hz, 1H), 7.52 (d, J=8.40 Hz, 1H), 7.65 (ddd, J=7.60,
7.20, 1.60 Hz, 1H), 7.85 (d, J=8.80 Hz, 2H), 8.21 (dd,
J=7.60, 1.60 Hz, 1H); *C NMR (100 MHz, CHLORO-
FORM-d) & ppm 15.07, 27.92, 66.32, 69.12, 83.11, 106.07,
114.87, 117.91, 123.86, 123.92, 125.02, 125.57, 127.94,
133.51, 156.10, 161.68, 163.33, 178.32; LRMS (ESI) m/z
305 [M+H]*; HRMS (ESI) caled for C, H,,0; [M+H]*
305.1178, found 305.1180.

7-(Pent-4-yn-1-yloxy)-2-phenyl-4H-chromen-4-one
(Ac2)

This compound (0.33 g, 79%) was obtained from 7-hy-
droxy-2-phenyl-4H-chromen-4-one (le) and 5-chloropent-
1-yne according to the general procedure (i) described
above. "H NMR (400 MHz, CHLOROFORM-d) & ppm
1.99-2.07 (m, 3H), 2.40-2.44 (m, 2H), 4.16 (t, J=6.40 Hz,
2H), 6.71 (s, 1H), 6.93-6.95 (m, 2H), 7.47-7.49 (m, 3H),
7.84-7.86 (m, 2H), 8.09 (dd, J=7.20, 2.80 Hz, 1H); *C NMR
(100 MHz, CHLOROFORM-d) & ppm 15.06, 27.78, 66.74,
69.27, 82.97, 100.87, 107.38, 114.67, 117.74, 126.06,
126.93, 128.94, 131.36, 131.73, 157.87, 162.90, 163.39,
177.77, LRMS (ESI) nv/z 305 [M+H]*; HRMS (ESI) calcd
for C,oH,,0; [M+H]* 305.1178, found 305.1181.

7-Fluoro-2-(4-(pent-4-yn-1-yloxy)phenyl)-4H-
chromen-4-one (Ac3)

This compound (0.31 g, 89%) was obtained from
7-fluoro-2-(4-hydroxyphenyl)-4H-chromen-4-one (1b) and
5-chloropent-1-yne according to the general procedure (i)
described above. "H NMR (400 MHz, CHLOROFORM-d)
d ppm 1.98-2.06 (m, 3H), 2.40-2.44 (m, 2H), 4.14 (t, J=6.00
Hz, 2H), 6.68 (s, 1H), 6.99 (d, J=8.80 Hz, 2H), 7.08-7.13 (m,

10

20

25

30

35

40

45

50

55

60

65

8

1H), 7.20 (dd, J=9.20, 2.40 Hz, 1H), 7.81 (t, J=8.80 Hz, 2H),
8.20 (dd, J=6.40, 6.40 Hz, 1H); 3C NMR (100 MHz,
CHLOROFORM-d) & ppm 15.06, 27.91, 66.35, 69.12,
83.08, 104.50, 104.75, 106.04, 113.58, 113.79, 114.93,
120.70, 123.52, 127.89, 156.98, 157.11, 161.80, 163.61,
164.26, 166.79, 177.27, LRMS (ESI) m/z 323 [M+H]*;
HRMS (ESI) caled for C,oH, FO, [M+H]* 323.1083, found
323.1086.

5-(Benzyloxy)-7-(methoxymethoxy)-2-(4-(pent-4-
yn-1-yloxy)phenyl)-4H-chromen-4-one (Ac4)

This compound (0.11 g, 71%) was obtained from 5-(ben-
zyloxy)-2-(4-hydroxyphenyl)-7-(methoxymethoxy)-4H-
chromen-4-one (1c) and 5-chloropent-1-yne according to
the general procedure (i) described above. "H NMR (400
MHz, CHLOROFORM-d) § ppm 1.97-2.03 (m, 3H), 2.38-
2.42 (m, 2H), 3.47 (s, 3H), 4.09 (t, J=6.00 Hz, 2H), 5.20 (s,
2H), 5.21 (s, 2H), 6.47 (d, J=1.60 Hz, 1H), 6.54 (s, 1H), 6.73
(d, I=1.60 Hz, 1H), 6.95 (d, J=8.80 Hz, 2H), 7.26-7.40 (m,
3H), 7.62 (d, J=7.20 Hz, 2H), 7.77 (d, J=8.40 Hz, 2H); '°C
NMR (100 MHz, CHLOROFORM-d) d ppm 15.07, 27.94,
56.39, 66.28, 69.11, 70.66, 83.16, 94.29, 95.97, 98.69,
107.48, 110.18, 114.75, 123.71, 126.60, 127.55, 128.50,
136.44, 159.38, 159.55, 160.68, 161.19, 161.32, 177.32;
LRMS (ESD) m/z 471 [M+H]"; HRMS (ESI) calcd for
C,oH,,04 [M+H]* 471.1808, found 471.1815.

2-(4-(Hex-5-yn-1-yloxy)phenyl)-6-methyl-4H-
chromen-4-one (AcS5)

This compound (0.22 g, 73%) was obtained from 2-(4-
hydroxyphenyl)-6-methyl-4H-chromen-4-one  (1d) and
6-chloropent-1-yne according to the general procedure (i)
described above. 'H NMR (500 MHz, CHLOROFORM-d)
d ppm 1.67-1.76 (m, 2H), 1.86-1.96 (m, 2H), 1.97 (br. s.,
1H), 2.23-2.31 (m, 2H), 2.41 (s, 3H), 4.02 (1, J=6.10 Hz,
2H), 6.67 (s, 1H), 6.95 (d, J=8.30 Hz, 2H), 7.37-7.46 (m,
2H), 7.80 (d, 1=8.79 Hz, 2H), 7.95 (s, 1H); *C NMR (126
MHz, CHLOROFORM-d) § ppm 18.06, 20.81, 24.87,
28.05, 67.49, 68.72, 83.81, 105.82, 114.77, 117.60, 123 .45,
123.87, 124.88, 127.80, 134.61, 134.86, 154.32, 161.67,
163.15, 178.31; LRMS (ESI) m/z 333 [M+H]"; HRMS
(ESI) caled for C,,H,;O; [M+H]* 333.1491, found
333.1495.

(E)-3-(4-(Hex-5-yn-1-yloxy)phenyl)-1-(2-hydroxy-
phenyl)prop-2-en-1-one (Ac6)

This compound (0.36 g, 75%) was obtained from 4-(hex-
5-yn-1-yloxy)benzaldehyde (2a) and 2'-hydroxyacetophe-
none (3a) according to the general procedure (ii) described
above. '"H NMR (400 MHz, CHLOROFORM-d) & ppm
1.82-1.85 (m, 2H), 1.93-2.01 (m, 3H), 2.31-2.35 (m, 2H),
4.09 (t, J=6.00 Hz, 2H), 6.94-7.05 (m, 3H), 7.48-7.62 (m,
2H), 7.64-7.95 (m, 2H), 12.97 (s, 1H); '*C NMR (100 MHz,
CHLOROFORM-d) § ppm 18.16, 24.97, 28.15, 67.71,
68.84, 83.96, 114.74, 114.99, 117.52, 118.59, 118.75,
120.14, 127.26, 129.54, 130.57, 131.99, 136.13, 145.40,
161.50, 163.56, 193.67; LRMS (ESI) m/z 321 [M+H]*;
HRMS (ESI) caled for C,,H,, 05 [M+H]* 321.1491, found
321.1492.

(E)-1-(5-Ethyl-2-hydroxyphenyl)-3-(4-(hex-5-yn-1-
yloxy)phenyl)prop-2-en-1-one (Ac7)

This compound (0.23 g, 61%) was obtained from 4-(hex-
5-yn-1-yloxy)benzaldehyde (2a) and 2'-hydroxy-5'-ethylac-
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etophenone (3b) according to the general procedure (ii)
described above. 'H NMR (400 MHz, CHLOROFORM-d)
d ppm 1.26 (1, J=6.00 Hz, 3H), 1.74-1.78 (m, 2H), 1.93-2.01
(m, 3H), 2.63-2.69 (m, 2H), 4.09 (t, J=6.00 Hz, 2H),
6.94-6.98 (m, 3H), 7.35 (dd, J=2.00, 7.20 Hz, 1H), 7.53-7.71
(m, 3H), 7.91 (d, I=7.20 Hz, 1H), 12.84 (s, 1H); *C NMR
(100 MHz, CHLOROFORM-d) & ppm 15.94, 18.17, 24.99,
28.17, 67.52, 68.84, 83.99, 114.96, 117.61, 118.41, 119.82,
127.32, 128.17, 130.57, 134.37, 136.09, 145.18, 161.45,
161.69, 193.59; LRMS (ESI) m/z 349 [M+H]*; HRMS
(EST) caled for C,3H,s0; [M+H]* 349.1804, found
349.1806.

(E)-3-(4-(Hex-5-yn-1-yloxy)phenyl)-1-(2-hydroxy-
5-methylphenyl)prop-2-en-1-one (Ac®)

This compound (0.25 g, 70%) was obtained from 4-(hex-
5-yn-1-yloxy)benzaldehyde (2a) and 2'-hydroxy-5'-methyl-
acetophenone (3¢) according to the general procedure (ii)
described above. "H NMR (400 MHz, CHLOROFORM-d)
d ppm 1.75-1.79 (m, 2H), 1.94-2.01 (m, 3H), 2.29 (t, J=6.00
Hz, 2H), 2.43 (s, 3H), 4.08 (t, J=6.00 Hz, 2H), 6.95 (d,
J=8.70 Hz, 2H), 7.46 (d, J=15.40 Hz, 1H), 7.64 (d, J=8.70
Hz, 2H), 7.89-8.01 (m, 3H), 13.45 (s, 1H); 1*C NMR (100
MHz, CHLOROFORM-d) d§ ppm 18.15, 20.36, 24.96,
28.12, 67.59, 68.80, 83.92, 115.08, 118.08, 124.29, 126.85,
128.00, 130.93, 131.02, 136.09, 137.23, 146.98, 154.72,
161.95, 192.34; LRMS (ESI) m/z 335 [M+H]"; HRMS
(ESI) caled for C,,H,;O; [M+H]* 335.1647, found
335.1649.

(E)-3-(4-(Hex-5-yn-1-yloxy)phenyl)-1-(2-hydroxy-
4-methylphenyl)prop-2-en-1-one (Ac9)

This compound (0.31 g, 65%) was obtained from 4-(hex-
5-yn-1-yloxy)benzaldehyde (2a) and 2'-hydroxy-4'-methyl-
acetophenone (3d) according to the general procedure (ii)
described above. 'H NMR (400 MHz, CHLOROFORM-d)
d ppm 1.74-1.78 (m, 2H), 1.93-2.01 (m, 3H), 2.30-2.34 (m,
2H), 2.39 (s, 3H), 4.08 (t, J=6.00 Hz, 2H), 6.78 (d, J=7.20
Hz, 1H), 6.85 (s, 1H), 6.97 (d, J=8.00 Hz, 2H), 7.55 (d,
J=7.20Hz, 1H), 7.64 (d, J=8.00 Hz, 2H), 7.82 (d, J=7.20 Hz,
1H), 7.92 (d, I=7.20 Hz, 2H), 13.02 (s, 1H); }*C NMR (100
MHz, CHLOROFORM-d) d§ ppm 18.15, 21.97, 24.98,
28.16, 67.52, 68.75, 83.94, 114.97, 117.74, 117.94, 118.65,
120.05, 127.40, 129.41, 130.46, 144.86, 147.77, 161.38,
163.75, 193.11; LRMS (ESD) m/z 335 [M+H]"; HRMS
(EST) caled for C,,H,;0; [M+H]* 335.1647, found
335.1650.

(E)-1-(4-Fluoro-2-hydroxyphenyl)-3-(4-(hex-5-yn-1-
yloxy)phenyl)prop-2-en-1-one (Ac10)

This compound (0.33 g, 69%) was obtained from 4-(hex-
5-yn-1-yloxy)benzaldehyde (2a) and 2'-hydroxy-5'-fluoro-
acetophenone (3e) according to the general procedure (ii)
described above. "H NMR (400 MHz, CHLOROFORM-d)
d ppm 1.74-1.78 (m, 2H), 1.93-2.01 (m, 3H), 2.30-2.33 (m,
2H), 4.07 (t, J=6.00 Hz, 2H), 6.64-6.73 (m, 4H), 6.94 (d,
J=8.00 Hz, 2H), 7.47 (d, J=15.40 Hz, 1H), 7.63 (d, J=8.00
Hz, 2H), 7.89-7.96 (m, 2H), 13.37 (s, 1H); 1*C NMR (100
MHz, CHLOROFORM-d) d§ ppm 18.15, 24.94, 28.14,
67.55, 68.81, 83.95, 104.98, 105.21, 106.86, 107.08, 114.74,
115.01, 117.20, 127.11, 130.61, 131.74, 131.86, 145.66,
161.60, 166.02, 166.06, 166.20, 192.49; LRMS (ESI) m/z
339 [M+H]*; HRMS (ESI) caled for C, H,,FO; [M+H]*
339.1396, found 339.1398.
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2-(4-(Pent-4-yn-1-yloxy)phenyl)quinazolin-4(3H)-
one (Acll)

To a well stirred solution of 4-(pent-4-yn-1-yloxy)benz-
aldehyde (2b) and 2-aminobenzamide (4) in DMSO at 150°
C., was added catalytic amount of iodine. The reaction
mixture was further heated for 3 h. When TLC indicated
complete consumption of starting material, the reaction
mixture was poured into a beaker containing water ice-bath
temperature. The white precipitate formed was collected by
suction filtration. The white solid was washed with n-hexane
and subjected to crystallization from MeOH to afford the
desired compound Ac11 (0.33 g, 65%). "H NMR (400 MHz,
DMSO-dy) & ppm 1.87-1.93 (m, 2H), 2.31-2.35 (m, 2H),
2.81 (s, 1H), 4.10 (t, J=6.00 Hz, 2H), 7.06 (d, J=8.80 Hz,
2H), 7.46 (dd, J=7.60, 7.60 Hz, 1H), 7.68 (d, J=7.60 Hz,
1H), 7.78 (dd, J=7.60, 7.60 Hz, 1H), 8.10-8.17 (m, 3H),
12.38 (s, 1H); >C NMR (100 MHz, DMSO-dg) & ppm
14.87, 28.03, 66.67, 72.09, 83.98, 114.82, 121.08, 125.26,
126.23, 126.50, 127.63, 129.89, 134.91, 152.30, 161.51,
162.77;, LRMS (ESI) m/z 305 [M+H]*; HRMS (ESI) caled
for C,oH, N, O, [M+H]* 305.1290, found 305.1296.

7-(Hex-5-yn-1-yloxy)-2-phenyl-4H-chromen-4-one
(Acl2)

This compound (0.13 g, 69%) was obtained from 7-hy-
droxy-2-phenyl-4H-chromen-4-one (le) and 6-chloropent-
1-yne according to the general procedure (i) described
above. "H NMR (500 MHz, CHLOROFORM-d) & ppm
1.71-1.81 (m, 3H), 1.95-2.04 (m, 3H), 2.31 (td, J=7.08, 2.44
Hz, 2H), 4.12 (t, J=6.34 Hz, 3H), 6.77 (s, 1H), 6.95-7.01 (m,
2H), 7.49-7.55 (m, 3H), 7.89-7.94 (m, 2H), 8.13 (d, J=8.79
Hz, 1H); '°C NMR (101 MHz, CHLOROFORM-d) § ppm
18.01, 24.79, 27.87, 67.91, 68.81, 83.71, 100.78, 107.34,
114.58, 117.63, 125.99, 126.83, 128.86, 131.25, 131.72,
157.81, 162.78, 163.44, 177.63; LRMS (ESD) m/z 319
[M+H]*; HRMS (ESI) caled for C, H,,0O; [M+H]*
319.1334, found 319.1328.

2-Phenyl-7-(2-(prop-2-yn-1-yloxy)ethoxy)-4H-
chromen-4-one (Acl3)

To a round-bottom flask was charged with corresponding
7-hydroxyflavones le (0.021 mol, 5 g), 2-bromoethanol
(0.022 mol, 1.6 ml), K,CO; (0.021 mol, 2.9 g) and anhy-
drous DMF (20 ml). The reaction mixture was stirred at
refluxing temperature for 3 h. The reaction mixture was
poured into a beaker containing ice water followed by
filtration and washing (50 ml hexane). This (3.2 g, 54%) was
used without further purification. The obtained compound
(7.1 mmol, 2 g) was then dissolved in anhydrous THF (10
ml). To this solution at room temperature, was added excess
sodium hydride (8.5 mmol, 0.2 g) and propargyl bromide
(80% in xylene) (7.1 mmol, 0.79 ml) solution successively
at 0° C. for 1 hr. The reaction mixture was then stirred for
3 h at RT. When TLC indicated complete consumption of
starting material, the reaction mixture was poured into a
separating funnel containing water. The mixture was con-
tinuously extracted with DCM. The combined organic layers
were dried over MgSO,, filtered and evaporated to give a
brown crude reaction mixture. Purification was performed
by flash column chromatography on silica gel with acetone
in DCM (1:10) as eluent to furnish titled compound (1.7 g,
75%). "H NMR (500 MHz, CHLOROFORM-d) 3 ppm 2.49
(t, J=2.44 Hz, 1H), 3.97-3.99 (m, 2H), 4.24-4.33 (m, 4H),
6.78 (s, 1H), 7.00 (d, J=2.44 Hz, 1H), 7.03 (dd, J=8.79, 2.44
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Hz, 1H), 7.49-7.57 (m, 3H), 7.88-7.94 (m, 2H), 8.15 (d,
J=8.79 Hz, 1H); *3C NMR (101 MHz, CHLOROFORM-d)
5 ppm 58.47, 67.68, 74.92, 79.13, 101.01, 107.30, 114.56,
117.83, 125.95, 126.84, 128.81, 131.24, 131.62, 157.65,
162.79, 163.06, 177.50; LRMS (ESI) m/z 321 [M+H]*;
HRMS (ESI) caled for CooH,,0, [M+H]* 321.1127, found
321.1121.

2-(2-(di(prop-2-yn-1-yl)amino)ethoxy Jethanol
(Acl4)

To a solution of 2-(2-aminoethoxy)ethanol (0.048 mol,
4.74 ml) in acetone (25 ml) at room temperature, was added
excess propargyl bromide (0.1 mol, 11.6 ml) solution. The
reaction mixture was then stirred at room temperature for 12
h. evaporated to give a brown crude reaction mixture. The
oily substance was obtained after evaporation. Purification
was performed by flash column chromatography on silica
gel with acetone in DCM (1:3) as eluent to furnish titled
compound (0.012 mol, 2.2 g, 25%). "H NMR (500 MHz,
CHLOROFORM-d) & ppm 2.23 (br. s., 2H), 2.78 (t, J=5.12
Hz, 2H), 3.49 (s, 4H), 3.54-3.59 (m, 2H), 3.62 (t, J=5.37 Hz,
2H), 3.66-3.73 (m, 2H); >C NMR (125 MHz, CHLORO-
FORM-d) d ppm 42.45, 52.12, 61.68, 68.69, 72.30, 73.36,
78.36; LRMS (ESI) calcd for C, H, (NO,, 182, found m/z
182 [M+H]".

N-Benzyl-N,N-di(prop-2-yn-1-yl)amine (AclS5)
This compound was commercially available.

7-(2-(Benzyl(prop-2-yn-1-yl)amino)ethoxy)-2-phe-
nyl-4H-chromen-4-one (Ac16)

To a well stirred solution of 7-hydroxyflavones le (2.9
mmol, 0.7 g), 2-(benzyl(prop-2-yn-1-yl)amino)ethanol (2.9
mmol, 0.56 g) and PPh, (0.77 g, 1 equiv.) in THF (10 ml) at
room temperature, was added DIAD (0.58 ml, 1 equiv.)
dropwise. The reaction mixture was then stirred for 12 h.
The reaction mixture was evaporated to give a brown crude
reaction mixture. Purification was performed by flash col-
umn chromatography on silica gel with acetone in DCM
(1:50) as eluent to furnish titled compound (0.42 g, 35%). 'H
NMR (500 MHz, CHLOROFORM-d) § ppm 2.30 (t, J=2.20
Hz, 1H), 3.07 (t, J=5.61 Hz, 2H), 3.48 (d, J=2.44 Hz, 2H),
3.79 (s, 2H), 4.21 (t, J=5.61 Hz, 2H), 6.77 (s, 1H), 6.95-7.01
(m, 2H), 7.27-7.29 (m, 1H), 7.31-7.35 (m, 2H), 7.37-7.40
(m, 2H), 7.50-7.55 (m, 3H), 7.88-7.93 (m, 2H), 8.13 (d,
J=8.78 Hz, 1H); >C NMR (101 MHz, CHLOROFORM-d)
ppm 42.61, 51.72, 58.53, 67.22, 70.04, 101.11, 107.54,
11472, 117.93, 126.16, 127.07, 127.46, 128.42, 128.98,
129.12, 131.39, 131.89, 157.93, 163.03, 163.26, 177.82;
LRMS (ESD) m/z 410 [M+H]*; HRMS (ESI) calcd for
C,,H,,NO,; [M+H]* 410.1756, found 410.1750.

Tri(prop-2-yn-1-yl)amine (Acl7)

This compound was commercially available.
General Procedure for Synthesis of Az1 to Az15 (Scheme 2).

(1) To a round-bottom flask was charged with 4'-hydroxy-
flavones (la, d, f, g, h) or 7-hydroxyflavones (le) (1 equiv.),
2-bromoethanol or 2-(2-chloroethoxy)ethanol or 2-(2-(2-
chloroethoxy)ethoxy)ethanol (1.2 equiv.), K,CO; (1.5
equiv.) and DMF (3 mL per equiv.). The reaction mixture
was stirred at refluxing temperature. When TLC indicated
complete consumption of starting material, the reaction
mixture was poured into a separating funnel containing
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water. The mixture was continuously extracted with DCM.
If the mixture could not be separated into two layers, small
amount of 1M HCI was added. The combined organic layers
were dried over MgSO,, filtered and evaporated to give a
brown crude reaction mixture. Purification was performed
by flash column chromatography on silica gel with acetone
in DCM as eluent to furnish desired product.

(i1) The hydroxylated flavone obtained from (i) above was
then dissolved in a solution of DCM (1 ml per equiv.) and
triethylamine (1 mL per equiv.) at 0° C. Methanesulfonyl
chloride (1.2 equiv.) was then added dropwise and stirred for
1 hr at room temperature. When TLC indicated complete
consumption of the starting material, the white precipitate
formed was removed by passing through a short pad of'silica
gel to furnish the mesylated product which was sufficiently
pure for the next step. To a solution of the mesylate in ACN
(2 ml per equiv.) was added excess of sodium azide (3
equiv.). The solution was kept for reflux at 80° C. for 15 h.
The resulting solution was treated with water and then
extracted with DCM. The combined organic layer was dried
over MgSO, and concentrated at reduced pressure to give
pale yellow viscous liquid. Purification was performed by
flash column chromatography on silica gel with acetone in
DCM as eluent to furnish desired product.

2-(4-(2-(2-Azidoethoxy Jethoxy)phenyl)-4H-
chromen-4-one (Azl)

This compound (0.62 g, 45%) was obtained from 2-(4-
hydroxyphenyl)-4H-chromen-4-one (la) and 2-(2-chlo-
roethoxy)ethanol according to the general procedure (i) and
(ii) described above. 'H NMR (400 MHz, CHLOROFORM-
d) & ppm 3.32 (t, J=4.80 Hz, 2H), 3.65 (t, J=4.80 Hz, 2H),
3.77 (t, J=4.80 Hz, 2H), 4.06 (t, J=4.80 Hz, 2H), 6.56 (s, 1H),
6.86 (d, J=8.80 Hz, 2H), 7.26 (dd, =7.60, 7.20 Hz, 1H), 7.37
(d, J=8.40 Hz, 1H), 7.53 (ddd, J=7.60, 7.20, 1.60 Hz, 1H),
7.68 (d, J=8.80 Hz, 2H), 8.05 (dd, J=7.60, 1.60 Hz, 1H); 1*C
NMR (100 MHz, CHLOROFORM-d) d ppm 50.54, 67.46,
69.38, 70.17, 105.83, 114.85, 117.87, 123.69, 123.83,
124.92, 12532, 127.76, 133.46, 155.91, 161.40, 163.05,
178.03; LRMS (ESI) m/z 352 [M+H]*; HRMS (ESI) caled
for C,oH, {N;O, [M+H]* 352.1297, found 352.1295.

2-(4-(2-(2-(2-Azidoethoxy )ethoxy )ethoxy)phenyl )-
4H-chromen-4-one (Az2)

This compound (0.36 g, 41%) was obtained from 2-(4-
hydroxyphenyl)-4H-chromen-4-one (la) and 2-(2-(2-chlo-
roethoxy )ethoxy)ethanol according to the general procedure
(i) and (ii) described above. '"H NMR (500 MHz, CHLO-
ROFORM-d) & ppm 3.40 (t, I=5.12 Hz, 2H), 3.68-3.73 (m,
4H), 3.74-3.78 (m, 2H), 3.91-3.93 (m, 2H), 4.20-4.25 (m,
2H), 6.75 (s, 1H), 7.05 (d, =10 Hz, 2H), 7.41 (1, J=7.57 Hz,
1H), 7.55 (d, J=8.30 Hz, 1H), 7.66-7.71 (m, 1H), 7.88 (d,
J=10 Hz, 2H), 8.23 (d, I=7.81 Hz, 1H); *C NMR (126
MHz, CHLOROFORM-d) d§ ppm 50.56, 67.54, 69.51,
69.98, 70.62, 70.79, 106.01, 114.93, 117.83, 123.78, 123.97,
124.92, 125.46, 127.81, 133.42, 156.01, 161.51, 163.19,
163.20, 178.15; LRMS (ESD) m/z 396 [M+H]*, 418
[M+Na]*; HRMS (ESI) caled for C,,H,,N,O; [M+H]*
396.1559, found 396.1544; caled for C, H, N;OsNa
[M+Na]*418.1379, found 418.1378.

2-(4-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy )phenyl)-6-
methyl-4H-chromen-4-one (Az3)

This compound (0.21 g, 36%) was obtained from 2-(4-
hydroxyphenyl)-6-methyl-4H-chromen-4-one  (1d) and
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2-(2-(2-chloroethoxy )ethoxy)ethanol according to the gen-
eral procedure (i) and (ii) described above. 'H NMR (500
MHz, CHLOROFORM-d) & ppm 2.33 (s, 3H), 3.30 (t,
J=4.88 Hz, 2H), 3.58-3.64 (m, 4H), 3.64-3.69 (m, 2H), 3.80
(t,J=4.64 Hz, 2H), 4.09 (t, J=4.64 Hz, 2H), 6.57 (s, 1H), 6.90
(d, J=10.0 Hz, 2H), 7.26-7.38 (m, 2H), 7.71 (d, J=10.0 Hz,
2H), 7.85 (s, 1H); '*C NMR (126 MHz, CHLOROFORM-d)
d ppm 20.58, 50.38, 67.35, 69.32, 69.77, 70.41, 70.59,
76.73,76.99,77.25,105.57, 114.69, 117.40, 123.19, 123.82,
124.57, 127.52, 134.39, 134.61, 154.04, 161.25, 162.77,
177.93. LRMS (ESI) m/z 410 [M+H]*, 432 [M+Na]*;
HRMS (ESI) caled for C,,H,,N;O5 [M+H]* 410.1716,
found 410.1709; caled for C,,H,;N;O;Na [M+Na]*
432.1535, found 432.1544.

2-(4-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy )phenyl)-6-
fluoro-4H-chromen-4-one (Az4)

This compound (0.23 g, 31%) was obtained from
6-fluoro-2-(4-hydroxyphenyl)-4H-chromen-4-one (1f) and
2-(2-(2-chloroethoxy )ethoxy)ethanol according to the gen-
eral procedure (i) and (ii) described above. 'H NMR (500
MHz, CHLOROFORM-d) d ppm 3.39 (t, J=4.88 Hz, 2H),
3.67-3.72 (m, 4H), 3.74-3.78 (m, 2H), 3.90-3.93 (m, 2H),
4.20-4.24 (m, 2H), 6.73 (s, 1H), 7.05 (d, J=10.0 Hz, 2H),
7.40 (ddd, J=9.03, 7.57, 2.93 Hz, 1H), 7.53-7.58 (m, 1H),
7.84-7.89 (m, 3H); >C NMR (126 MHz, CHLOROFORM-
d) d ppm 50.35, 67.37, 69.25, 69.72, 69.73, 70.37, 70.55,
104.91, 110.07 (d, J=23.25 Hz, C5), 114.72, 119.74 (d,
J=8.25 Hz, C8), 121.22 (d, J=25.63 Hz, C7), 123.28, 124.72
(d, J=7.25 Hz, C10), 127.56, 151.90 (d, J=1.25 Hz, C9),
159.64 (d, J=244.88 Hz, C6), 161.46, 163.15, 176.85 (d,
J=2.50 Hz, C4); LRMS (ESI) m/z 414 [M+H]", 436 [M+]™;
HRMS (ESI) caled for C,,H, N;OF [M+H]* 414.1465,
found 414.1472; caled for C,H,,N;O,FNa [M+Na]*
436.1285, found 436.1299.

2-(4-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy )phenyl)-3-
(benzyloxy)-4H-chromen-4-one (Az5)

This compound (0.17 g, 32%) was obtained from 3-(ben-
zyloxy)-2-(4-hydroxyphenyl)-4H-chromen-4-one (1 g) and
2-(2-(2-chloroethoxy )ethoxy)ethanol according to the gen-
eral procedure (i) and (ii) described above. 'H NMR (500
MHz, CHLOROFORM-d) d ppm 3.29 (1, J=4.88 Hz, 2H),
3.56-3.64 (m, 4H), 3.64-3.69 (m, 2H), 3.77-3.83 (m, 2H),
4.06-4.12 (m, 2H), 5.05 (s, 2H), 6.89 (d, J=10.0 Hz, 2H),
7.17-7.24 (m, 3H), 7.28 (t, I=7.50 Hz, 1H), 7.32-7.34 (m,
2H), 7.38 (d, J=8.30 Hz, 1H), 7.50-7.55 (m, 1H), 7.95 (d,
J=10.0 Hz, 2H), 8.18 (d, J=10.0 Hz, 1H); *C NMR (126
MHz, CHLOROFORM-d) § ppm 50.22, 67.12, 69.19,
69.62, 70.24, 70.42, 73.39, 113.94, 117.49, 122.92, 123.70,
124.10, 125.12, 127.65, 127.80, 128.33, 130.01, 132.79,
136.43, 138.83, 154.63, 155.63, 160.27, 174.31; LRMS
(ESD) nv/z 502 [M+H]*, 524 [M+Na]*; HRMS (ESI) calcd
for C, H,N;O, [M+H]*502.1978, found 502.1989; calcd
for C,3H,,N;04Na [M+Na]*524.1798, found 524.1797.

2-(4-(2-(2-(2-Azidoethoxy)ethoxy )ethoxy)phenyl)-6,
8-dichloro-4H-chromen-4-one (Az6)

This compound (0.25 g, 34%) was obtained from 6,8-
dichloro-2-(4-hydroxyphenyl)-4H-chromen-4-one (1h) and
2-(2-(2-chloroethoxy )ethoxy)ethanol according to the gen-
eral procedure (i) and (ii) described above. 'H NMR (500
MHz, CHLOROFORM-d) d ppm 3.39 (t, J=5.0 Hz, 2H),
3.67-3.73 (m, 4H), 3.74-3.78 (m, 2H), 3.92 (t, J=5.0 Hz,
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2H), 4.23 (t, J=5.0 Hz, 2H), 6.77 (s, 1H), 7.06 (d, J=9.0 Hz,
2H), 7.72 (dd, J=2.44, 0.98 Hz, 1H), 7.93 (d, ]=9.0 Hz, 2H),
8.09 (d, J=2.44, 1H); *C NMR (101 MHz, CHLORO-
FORM-d) § ppm 50.73, 67.78, 69.65, 70.14, 70.79, 70.97,
105.80, 11531, 123.33, 123.91, 124.34, 125.78, 128.23,
130.72, 133.56, 150.45, 162.17, 163.51, 176.35; LRMS
(ESD) nv/z 464 [M+H]*, 486 [M+Na]*; HRMS (ESI) caled
for C,H,oN;0,Cl, [M+H]* 464.0780, found 464.0783;
caled for C, H;,N;OsNaCl, [M+Na]*486.0599, found
486.0598.

2-(4-(2-(2-Azidoethoxy)ethoxy )phenyl)-6-fluoro-
4H-chromen-4-one (Az7)

This compound (0.18 g, 37%) was obtained from
6-fluoro-2-(4-hydroxyphenyl)-4H-chromen-4-one (10 and
2-(2-chloroethoxy)ethanol according to the general proce-
dure (i) and (ii) described above. '"H NMR (500 MHz,
CHLOROFORM-d) d ppm 3.42 (t, J=4.88 Hz, 2H), 3.73-
3.79 (m, 2H), 3.88-3.93 (m, 2H), 4.19-4.24 (m, 2H), 6.71 (s,
1H), 7.03 (d, J=9.0, 2H), 7.35-7.42 (m, 1H), 7.54 (dd,
J=0.03, 4.15 Hz, 1H), 7.81-7.88 (m, 3H); '*C NMR (126
MHz, CHLOROFORM-d) § ppm 50.47, 67.43, 69.31,
70.09, 105.10, 110.22 (d, J=23.75 Hz, C5), 114.85, 119.84
(d, J=8.25 Hz, C8), 121.37 (d, J=25.13 Hz, C7), 123.53,
124.83 (d, J=7.83 Hz, C10), 127.72, 152.04, 159.27 (d,
J=244 .88 Hz, C6), 161.48, 163.29, 177.07, 177.09; LRMS
(ESI) m/z 370 [M+H]*; HRMS (ESI) caled for
C,oH,,N;OF [M+H]" 370.1203, found 370.1218.

Methyl 3-(((2-(4-(2-(2-azidoethoxy)ethoxy )phenyl)-
4-ox0-4H-chromen-3-yl)oxy)methyl)benzoate (Az8)

A round-bottom flask was charged with 3-(benzyloxy)-2-
(4-(2-(2-hydroxyethoxy)ethoxy)phenyl)-4H-chromen-4-one
(5a) (5 mmol, 2.2 g), a catalytic amount of Pd(OH), and
THF/MeOH (1:1-10 ml). The reaction mixture was stirred
vigorously under H, atmosphere at balloon pressure and
room temperature for 14 h. When TLC indicated complete
consumption of the starting material, the charcoal was
removed by suction filtration. The pale-yellow filtrate was
purified by passing through a short pad of silica gel to
furnish debenzylated product 3-hydroxy-2-(4-(2-(2-hy-
droxyethoxy)ethoxy)phenyl)-4H-chromen-4-one (6a) (76%,
1.3 g). To a round-bottom flask was charged with the
debenzylated product 6a, methyl 3-(bromomethyl)benzoate
(4 mmol, 0.92 g), K,CO; (4 mmol, 0.55 g) and acetone (10
ml). The reaction mixture was stirred at refluxing tempera-
ture for 12 h. When TLC indicated complete consumption of
starting material, Solvent was rotary evaporated to dryness.
Purification was performed by flash column chromatogra-
phy on silica gel with acetone in DCM as eluent to furnish
methyl  3-(((2-(4-(2-(2-hydroxyethoxy)ethoxy)phenyl)-4-
oxo-4H-chromen-3-yl)oxy)methyl)benzoate (7a) (86%, 1.6
g). The titled compound Az8 (0.29 g, 57%) was obtained
from 7a (1 mmol) according to the general procedure (ii)
described above. "H NMR (500 MHz, CHLOROFORM-d)
d ppm 3.44 (t, J=4.88 Hz, 2H), 3.76-3.79 (m, 2H), 3.89 (s,
3H), 3.90-3.94 (m, 2H), 4.20-4.25 (m, 2H), 5.15 (s, 2H),
6.99 (d, J=8.79 Hz, 2H), 7.35 (t, J=7.81 Hz, 1H), 741 (t,
J=7.57 Hz, 1H), 7.52 (d, J=8.30 Hz, 1H), 7.59 (d, I=7.32 Hz,
1H), 7.65-7.71 (m, 1H), 7.93 (d, J=7.81 Hz, 1H), 7.96-8.01
(m, 3H), 8.29 (dd, J=7.81, 1.46 Hz, 1H); '*C NMR (101
MHz, CHLOROFORM-d) & ppm 50.73, 52.03, 67.52,
69.64,70.31,73.36, 114.41, 117.93, 123.46, 124.19, 124.65,
125.77, 128.29, 129.27, 129.81, 130.13, 130.54, 133.24,
13330, 137.18, 139.07, 155.22, 156.51, 160.62, 166.82,
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174.87, LRMS (ESI) m/z 516 [M+H]*, 538 [M+Na]™;
HRMS (ESI) caled for C,H,N;O, [M+H]* 516.1771,
found 516.1783; caled for C,4H,,N;O,Na [M+Na]*
538.1590, found 538.1583.

Methyl 3-(((2-(4-(2-(2-(2-azidoethoxy )ethoxy)
ethoxy)phenyl)-4-oxo-4H-chromen-3-yl)oxy)
methyl)benzoate (Az9)

The titled compound Az9 (0.62 g, 37%) was obtained
from 3-(benzyloxy)-2-(4-(2-(2-(2-hydroxyethoxy)ethoxy)
ethoxy)phenyl)-4H-chromen-4-one (5b) (3 mmol, 1.5 g)
according to the procedure for the synthesis of Az8
described above. 'H NMR (500 MHz, CHLOROFORM-d)
d ppm 3.40 (t, J=4.39 Hz, 2H), 3.67-3.74 (m, 5H), 3.74-3.79
(m, 2H), 3.89 (s, 3H), 3.92 (t, J=4.15 Hz, 2H), 4.22 (t, J=4.15
Hz, 2H), 5.15 (s, 2H), 6.98 (d, J=8.79 Hz, 2H), 7.35 (1,
J=7.81 Hz, 1H), 7.42 (t, J=7.57 Hz, 1H), 7.52 (d, J=8.79 Hz,
1H), 7.59 (d, J=6.34 Hz, 1H), 7.65-7.70 (m, 1H), 7.93 (d,
J=7.50 Hz, 1H), 7.96-8.01 (m, 3H), 8.29 (d, J=8.30 Hz, 1H);
13C NMR (101 MHz, CHLOROFORM-d) & ppm 50.71,
52.04, 67.55, 69.71, 70.12, 70.78, 70.94, 73.35, 11441,
117.92, 123.36, 124.20, 124.64, 125.78, 128.29, 129.28,
129.80, 130.14, 130.52, 133.23, 133.30, 137.19, 139.07,
155.23, 156.53, 160.73 166.82, 174.87, LRMS (ESI) m/z
560 [M+H]*, 582 [M+Na]*; HRMS (ESI) caled for
C,0H;0N;04 [M+H]* 560.2033, found 560.2028; caled for
C;30H,oN;0Na [M+Na]"582.1852, found 582.1831.

2-(4-(2-(2-Azidoethoxy)ethoxy )phenyl)-3-(benzy-
loxy)-4H-chromen-4-one (Az10)

This compound (0.23 g, 31%) was obtained from 3-(ben-
zyloxy)-2-(4-hydroxyphenyl)-4H-chromen-4-one (1 g) and
2-(2-chloroethoxy)ethanol according to the general proce-
dure (i) and (ii) described above. '"H NMR (500 MHz,
CHLOROFORM-d) d ppm 3.43-3.45 (m, 2H), 3.77-3.79 (m,
2H), 3.91-3.93 (m, 2H), 4.22-4.24 (m, 2H), 5.12 (s, 2H),
6.99 (d, J=8.79 Hz, 2H), 7.26-7.28 (m, 3H), 7.34-7.44 (m,
3H), 7.52 (d, J=8.30 Hz, 1H), 7.67 (t, J=7.81 Hz, 1H), 8.04
(d, 1=8.79 Hz, 2H), 8.29 (d, ]=7.81 Hz, 1H); '*C NMR (126
MHz, CHLOROFORM-d) § ppm 50.49, 67.34, 69.39,
70.09, 73.70, 114.18, 117.72, 123.34, 123.97, 124.36,
125.45, 127.88, 128.03, 128.60, 130.31, 133.03, 136.62,
139.10, 154.93, 155.97, 160.39, 174.68; LRMS (ESI) m/z
458 [M+H]*, 480 [M+Na]*; HRMS (ESI) caled for
C,H,,N;O5 [M+H]* 458.1716, found 458.1738; calcd for
C,4H,5N,O,Na [M+Na]*480.1535, found 480.1527.

7-(2-(2-Azidoethoxy )ethoxy)-2-phenyl-4H-chromen-
4-one (Azl1)

This compound (0.12 g, 32%) was obtained from 7-hy-
droxy-2-phenyl-4H-chromen-4-one (1e) and 2-(2-chloroeth-
oxy)ethanol according to the general procedure (i) and (ii)
described above. "H NMR (500 MHz, CHLOROFORM-d)
d ppm 3.43 (t, J=5.0 Hz, 2H), 3.78 (t, J=5.0 Hz, 2H), 3.93
(t, J=5.0 Hz, 2H), 4.27 (t, J=5.0 Hz, 2H), 6.79 (s, 1H),
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6.99-7.04 (m, 2H), 7.49-7.56 (m, 3H), 7.88-7.93 (m, 2H),
8.14 (d, J=8.30 Hz, 1H); '3C NMR (101 MHz, CHLORO-
FORM-d)  ppm 50.32, 67.68, 69.00, 69.98, 100.79, 106.92,
11437, 117.52, 125.69, 126.49, 128.60, 131.06, 131.27,
15739, 162.50, 162.87, 177.25; LRMS (ESI) m/z 352
[M+H]*; HRMS (ESI) caled for C,oH, N0, [M+H]*
352.1297, found 352.1288.

7-(2-(2-(2-Azidoethoxy)ethoxy )ethoxy)-2-phenyl-
4H-chromen-4-one (Az12)

This compound (0.14 g, 38%) was obtained from 7-hy-
droxy-2-phenyl-4H-chromen-4-one (le) and 2-(2-(2-chlo-
roethoxy )ethoxy)ethanol according to the general procedure
(i) and (ii) described above. 'H NMR (500 MHz, CHLO-
ROFORM-d) & ppm 3.39 (t, I=4.88 Hz, 2H), 3.67-3.72 (m,
4H), 3.75-3.78 (m, 2H), 3.93-3.95 (m, 2H), 4.26 (t, I=5.0
Hz, 2H), 6.77 (s, 1H), 6.98-7.04 (m, 2H), 7.49-7.56 (m, 3H),
7.88-7.93 (m, 2H), 8.13 (d, J=8.78 Hz, 1H); *C NMR (101
MHz, CHLOROFORM-d) § ppm 50.53, 67.95, 69.33,
69.96, 70.59, 70.79, 101.00, 107.28, 114.64, 117.73, 125.97,
126.80, 128.83, 131.25, 131.61, 157.70, 162.86, 163.22,
177.63; LRMS (ESI) m/z 396 [M+H]*; HRMS (ESI) caled
for C,, H,,N;O5 [M+H]" 396.1559, found 396.1544.

7-(2-Azidoethoxy)-2-phenyl-4H-chromen-4-one
(Az13)

This compound (0.11 g, 29%) was obtained from 7-hy-
droxy-2-phenyl-4H-chromen-4-one (le) and 2-bromoetha-
nol according to the general procedure (i) and (ii) described
above. 'H NMR (500 MHz, CHLOROFORM-d) 8 ppm 3.68
(t, J=4.88 Hz, 2H), 4.26 (t, J=4.64 Hz, 2H), 6.74-6.80 (m,
1H), 6.96-7.05 (m, 2H), 7.47-7.56 (m, 3H), 7.85-7.93 (m,
2H), 8.11-8.19 (m, 1H); '*C NMR (101 MHz, CHLORO-
FORM-d) & ppm 49.91, 67.48, 101.38, 107.52, 114.37,
118.30, 126.15, 127.31, 129.0, 131.47, 131.74, 157.80,
162.64, 163.15, 177.70; LRMS (ESI) m/z 308 [M+H]*;
HRMS (ESI) caled for C,,H,,N;O; [M+H]* 308.1035,
found 308.1037.

2-(4-(2-((2-Azidoethyl)(benzyl)amino Jethoxy)phe-
nyl)-4H-chromen-4-one (Az14)

To a well stirred solution of 4'-hydroxyflavones la (3
mmol, 0.71 g), N-benzyl-N,N-di(2-hydroxyethyl)amine (3
mmol, 0.6 g) and PPh; (3 mmol, 0.79 g) in THF (20 ml) at
room temperature was added DIAD (3 mmol, 0.59 ml)
dropwise. The reaction mixture was then stirred for 12 h at
room temperature. When TLC indicated complete consump-
tion of starting material, the reaction mixture was evaporated
to give a brown crude reaction mixture. Purification was
performed by flash column chromatography on silica gel
with acetone in DCM (1:10) as eluent to furnish intermedi-
ate  compound  2-(4-(2-(benzyl(2-hydroxyethyl)amino)
ethoxy)phenyl)-4H-chromen-4-one (0.13 g, 10.4%). The
titled compound Az14 (64.9 mg, 47%) was obtained from
the intermediate compound according to the general proce-
dure (ii) described above. 'H NMR (500 MHz, CHLORO
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FORM-d) & ppm 2.91 (br. s., 2H), 3.03 (br. s., 2H), 3.32 (br.
s., 2H), 3.80 (br. s., 2H), 4.15 (br. s., 2H), 6.77 (s, 1H),
6.92-6.96 (m, 2H), 7.27-7.37 (m, 5H), 7.49-7.56 (m, 3H),
7.89-7.93 (m, 2H), 8.13 (d, J=8.30 Hz, 1H); LRMS (ESI)
m/z 441 [M+H]"; HRMS (ESI) caled for C,sH,sN,O;
[M+H]* 441.1927, found 441.1909.

7-(2-((2-Azidoethyl)(benzyl)amino)ethoxy)-2-phe-
nyl-4H-chromen-4-one (Az15)

The titled compound Az15 (96 mg, 42%) was obtained
from 7-hydroxyflavone le according to the procedure for the
synthesis of Acl4 described above. 'H NMR (500 MHz,
CHLOROFORM-d) d ppm 2.90 (br. s., 2H), 3.00 (br. s., 2H),
3.32 (br. s., 2H), 3.79 (s, 2H), 4.11 (br. 5., 2H), 6.75 (s, 1H),
6.98 (m, J=8.79 Hz, 2H), 7.26-7.44 (m, 6H), 7.54-7.58 (m,
1H), 7.66-7.71 (m, 1H), 7.84-7.91 (m, 2H), 8.23 (dd, J=7.81,
1.46 Hz, 1H); LRMS (ESI) m/z 441 [M+H]*; HRMS (ESI)
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caled for C,H,sN,O; [M+H]* 441.1927, found 441.1908.
Synthesis of anti-triazole bridged flavonoid dimers (Scheme
3 and Table 1 in FIGS. 1A-1P)

General Procedure for the Synthesis of Anti-Triazole
Bridged Flavonoid Dimers Catalyzed by Cu(D).

The Cu(PPh;);Br catalyst (MW=929) (0.05 mmol), pre-
pared according to literature®®, was added to a THF solution
(2 mL) containing the azide (Az 0.1 mmol) and the alkyne
(Ac, 0.1 mmol). For Ac14- or Acl5, 0.2 mmol of azide was
added. For Ac17, 0.3 mmol of azide was added. The reaction
mixture was stirred overnight under reflux condition. Sol-
vent was removed by evaporation and the resulting crude
mixture showed the product to be only the anti-regioisomer
except Acl3Az4 (anti:syn=97:3) and Acl3Az7 (anti:
syn=85:15). The crude residue was purified by flash chro-
matography on silica gel using gradient of 10-50% of
acetone with CH,Cl, to afford the desired compound.

AclAzl
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2-(4-(3-(1-(2-(2-(4-(4-Ox0-4H-chromen-2-yl)phe-
noxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)propoxy)
phenyl)-4H-chromen-4-one (AclAzl)

This compound (90 mg) was obtained from Acl and Azl
in 81% yield according to the general procedure described
above. 'H NMR (400 MHz, CHLOROFORM-d) 8 ppm 2.08
(t, I=6.40 Hz, 2H), 2.82 (t, J=6.40 Hz, 2H), 3.75 (1, J=6.40
Hz, 2H), 3.87-3.96 (m, 4H), 4.04 (t, J=6.40 Hz, 2H), 4.50 (t,
J=6.40 Hz, 2H), 6.57 (s, 1H), 6.60 (s, 1H), 6.85 (d, J=8.40
Hz, 2H), 6.89 (d, J=8.40 Hz, 2H), 7.25-7.28 (m, 2H), 7.39
(dd, I=7.20, 7.20 Hz, 2H), 7.48 (s, 1H), 7.55-7.56 (m, 2H),
7.69 (d, 1=8.40 Hz, 2H), 7.74 (d, I=8.40 Hz, 2H), 8.08 (dd,
J=7.20, 7.20 Hz, 2H); *C NMR (100 MHz, CHLORO-
FORM-d) § ppm 21.99, 28.66, 50.05, 67.07, 67.32, 69.40,
69.71, 105.81, 105.98, 114.72, 114.80, 117.86, 117.89,
122.16, 123.58, 123.70, 124.08, 124.98, 12537, 127.80,
127.87, 133.49, 146.81, 155.93, 161.27, 161.66, 162.96,
163.16, 178.09, 178.14; LRMS (ESI) m/z 656 [M+H]*;
HRMS (ESI) caled for C;oH;, N0, [M+H]* 656.2397,
found 656.2394.

Ac2Az1
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7-(3-(1-(2-(2-(4-(4-Ox0-4H-chromen-2-yl)phenoxy)
ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)propoxy)-2-phe-

nyl-4H-chromen-4-one (Ac2Azl)

This compound (82 mg) was obtained from Ac2 and Azl
in 85% yield according to the general procedure described
above. '"H NMR (400 MHz, CHLOROFORM-d) & ppm 2.13
(t, I=6.40 Hz, 2H), 2.84 (t, J=6.40 Hz, 2H), 3.76 (1, ]=6.40
Hz, 2H), 3.89 (t, J=6.40 Hz, 2H), 3.99-4.06 (m, 4H), 4.51 (t,
J=6.40 Hz, 2H), 6.61 (s, 1H), 6.63 (s, 1H), 6.81-6.91 (m,
4H), 7.28 (dd, J=7.20, 7.20 Hz, 1H), 7.38-7.42 (m, 4H), 7.49

5
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(s, 1H), 7.50 (dd, J=7.20, 7.20 Hz, 1H), 7.74-7.79 (m, 4H),
7.99 (d, J=7.20 Hz, 1H), 8.01 (d, J=7.20 Hz, 1H); '*C NMR
(100 MHz, CHLOROFORM-d) & ppm 21.94, 28.53, 50.08,
67.34, 67.55, 69.41, 69.71, 100.81, 106.00, 107.22, 114.56,
114.81, 117.57, 117.84, 122.16, 123.70, 124.13, 125.01,
125.36, 125.99, 126.78, 127.89, 128.90, 131.34, 131.57,
133.53, 146.69, 155.95, 157.76, 161.26, 162.80, 162.98,
16339, 177.64, 178.12; LRMS (ESI) m/z 656 [M+H]";

HRMS (ESI) caled for C;oH,,N;0, [M+H]* 656.2397,
found 656.2401.
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7-Fluoro-2-(4-(3-(1-(2-(2-(4-(4-0x0-4H-chromen-2-
yDphenoxy )ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)
propoxy)phenyl)-4H-chromen-4-one (Ac3Azl)

This compound (92 mg) was obtained from Ac3 and Azl
in 91% yield according to the general procedure described
above. 'H NMR (400 MHz, CHLOROFORM-d) 8 ppm 2.09
(t, I=6.40 Hz, 2H), 2.82 (t, J=6.40 Hz, 2H), 3.76 (t, J=4.80
Hz, 2H), 3.89 (t, J=4.80 Hz, 2H), 3.95 (t, J=6.40 Hz, 2H),
4.05 (t, I=6.40 Hz, 2H), 4.51 (t, J=6.40 Hz, 2H), 6.53 (s, 1H),
6.59 (s, 1H), 6.84 (d, J=8.20 Hz, 2H), 6.89 (d, J=8.20 Hz,
2H), 6.98-7.02 (m, 2H), 7.25-7.27 (m, 2H), 7.48 (d, J=7.40
Hz, 1H), 7.48 (s, 1H), 7.55 (dd, J=7.20, 7.20 Hz, 1H), 7.65
(d, I=8.20 Hz, 2H), 7.74 (d, J=8.20 Hz, 2H), 8.06-8.09 (m,
2H); *C NMR (100 MHz, CHLOROFORM-d) & ppm
21.98, 28.66, 50.05, 67.12, 67.33, 69.40, 69.71, 105.77,
105.98, 114.77, 114.79, 117.84, 120.57, 122.13, 123.17,
123.70, 124.09, 124.98, 125.37, 127.75, 127.86, 133.50,
146.80, 155.93, 156.82, 156.95, 161.27, 161.78, 162.93,

163.44, 164.14, 166.67, 177.10, 178.05; LRMS (ESI) m/z
674 [M+H]*; HRMS (ESI) caled for CoH,,N;0, [M+H]*
674.2303, found 674.2309.
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5-(Benzyloxy)-7-(methoxymethoxy)-2-(4-(3-(1-(2-
(2-(4-(4-ox0-4H-chromen-2-yl)phenoxy)ethoxy)
ethyl)-1H-1,2,3-triazol-4-yl)propoxy )phenyl)-4H-
chromen-4-one (Ac4Azl)

This compound (120 mg) was obtained from Ac4 and Azl
in 85% yield according to the general procedure described
above. 'H NMR (400 MHz, CHLOROFORM-d) 8 ppm 2.09
(t,J1=6.40 Hz, 2H), 2.83 (t, J=6.40 Hz, 2H), 3.44 (s, 3H), 3.75
(t, I=6.40 Hz, 2H), 3.88 (t, J=6.40 Hz, 2H), 3.96 (1, J=6.40
Hz, 2H), 4.04 (t, J=6.40 Hz, 2H), 4.49 (t, J=6.40 Hz, 2H),
5.16 (s, 2H), 5.17 (s, 2H), 6.43 (d, J=2.00 Hz, 1H), 6.46 (s,

10

22
1H), 6.63 (s, 1H), 6.68 (d, J=2.00 Hz, 1H), 6.86 (d, ]=8.20
Hz, 2H), 6.92 (d, 1=8.20 Hz, 2H), 7.24-7.35 (m, 5H), 7.46
(s, 1H), 7.58-7.67 (m, SH), 7.78 (d, J=7.40 Hz, 2H), 8.13 (t,
J=7.40 Hz, 2H); '*C NMR (100 MHz, CHLOROFORM.-d)
d ppm 22.00, 28.67, 50.05, 56.37, 67.03, 67.33, 69.40,
69.72, 70.59, 94.27, 95.95, 98.64, 106.02, 107.34, 110.07,
114.63, 114.83, 117.88, 122.16, 123.48, 123.74, 124.15,
125.00, 126.57, 127.52, 127.90, 128.47, 133.53, 136.42,
146.82, 155.98, 159.29, 159.47, 160.58, 161.18, 161.28,
16133, 163.00, 177.23, 178.13; LRMS (ESI) m/z 822

[M+H]*; HRMS (ESI) caled for C, HN,0,, [M+H]*
822.3027, found 822.3034.

30

35

40

45

50

5-Hydroxy-7-(methoxymethoxy)-2-(4-(3-(1-(2-(2-
(4-(4-0x0-4H-chromen-2-yl)phenoxy)ethoxy )ethyl)-
1H-1,2,3-triazol-4-yl)propoxy)phenyl)-4H-chromen-
4-one (Ac4Az1(50H))

A round-bottom flask was charged with compound
Ac4Az1 (25 mg, 0.03 mmol), a catalytic amount of Pd (20
mg, 10% on activated charcoal) and MeOH (20 mL). The
reaction mixture was stirred vigorously under H, atmo-
sphere at balloon pressure and room temperature for 14 h.
When TLC indicated complete consumption of the starting
material, the charcoal was removed by suction filtration. The
pale-yellow filtrate was purified by passing through a short
pad of silica gel to furnish the titled product (18 mg, 82%)
as a white foam: 'H NMR (400 MHz, CHLOROFORM-d)
d ppm 2.12 (t, J=4.80 Hz, 2H), 2.85 (t, J=4.80 Hz, 2H), 3.46
(s, 3H), 3.79 (t, J=4.80 Hz, 2H), 3.91-3.98 (m, 4H), 4.09 (t,
J=4.80 Hz, 2H), 4.52 (t, J=4.80 Hz, 2H), 5.19 (s, 2H), 6.38
(d, J=2.00 Hz, 1H), 6.44 (s, 1H), 6.57 (d, J=1.60 Hz, 1H),
6.65 (s, 1H), 6.85-6.94 (m, 4H), 7.26-7.48 (m, 3H), 7.66-
7.79 (m, 5H), 8.11 (d, J=6.40 Hz, 1H), 12.71 (s, 1H); *C
NMR (100 MHz, CHLOROFORM-d) d ppm 21.99, 28.67,
50.08, 56.37, 67.13, 67.35, 69.44, 69.74, 94.15, 94.22,
99.90, 104.02, 106.02, 106.05, 114.77, 114.84, 117.85,
122.15, 123.10, 123.75, 124.19, 125.01, 125.47, 127.88,
133.53, 146.81, 156.00, 157.35, 161.29, 161.84, 161.90,
162.78, 162.99, 163.89, 178.14, 182.30; LRMS (ESI) m/z
732 [M+H]*; HRMS (ESI) caled for C,,H;3N;O,, [M+H]*
732.2557, found 732.2563.
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6-Methyl-2-(4-(4-(1-(2-(2-(4-(4-ox0-4H-chromen-2-
yl)phenoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)bu-

toxy)phenyl)-4H-chromen-4-one (Ac5Az1)

This compound (52 mg) was obtained from Ac5 and Azl
in 76% yield according to the general procedure described
above. 'H NMR (500 MHz, CHLOROFORM-d) 8 ppm 1.82
(br. s., 4H), 2.39 (s, 3H), 2.71-2.77 (m, 2H), 3.77-3.82 (m,
2H), 3.89-3.97 (m, 4H), 4.08-4.14 (m, 2H), 4.52 (t, J=5.12
Hz, 2H), 6.61 (s, 1H), 6.65 (s, 1H), 6.87 (d, J=10.0 Hz, 2H),
6.94 (d, J=10.0 Hz, 2H), 7.31 (t, J=10.0 Hz, 1H), 7.35 (d,

5

10

24
J=8.79 Hz, 1H), 7.41 (dd, J=8.54, 2.20 Hz, 1H), 7.44 (d,
J=8.30 Hz, 1H), 7.47 (s, 1H), 7.59 (t, I=7.5 Hz, 1H), 7.73 (d,
J=10.0 Hz, 2H), 7.78 (d, I=10.0 Hz, 2H), 7.91 (s, 1H), 8.11
(dd, J=5.0 Hz, 1H); "*C NMR (126 MHz, CHLOROFORM-
d) & ppm 20.77, 25.21, 25.75, 28.50, 49.97, 67.35, 67.68,
69.40, 69.71, 105.71, 106.05, 114.66, 114.82, 117.57,

117.76, 121.81, 123.38, 123.72, 124.19, 124.77, 12491,
125.42, 127.70, 127.81, 133.41, 134.56, 134.79, 147.46,
154.23, 155.93, 161.24, 161.60, 162.91, 163.00, 178.00,
178.18; LRMS (EST) m/z 634 [M+H]*; HRMS (ESI) caled
for C,,H;,N,0, [M+H]* 684.2710, found 684.2727.
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6-Methyl-2-(4-(4-(1-(2-(2-(2-(4-(4-ox0-4H-
chromen-2-yl)phenoxy)ethoxy) ethoxy)ethyl)-1H-1,
2,3-triazol-4-yl)butoxy )phenyl)-4H-chromen-4-one
(Ac5Az2)

This compound (63 mg) was obtained from Ac5 and Az2
in 86% yield according to the general procedure described
above. 'H NMR (500 MHz, CHLOROFORM-d) 8 ppm 1.86
(br. s., 3H), 2.42-2.47 (m, 2H), 2.78 (br. s., 1H), 3.63-3.66
(m, 2H), 3.68-3.72 (m, 2H), 3.86 (dt, J=17.81, 4.76 Hz, 4H),
3.99-4.03 (m, 1H), 4.15-4.19 (m, 2H), 4.52 (t, J=5.12 Hz,
1H), 6.68 (s, 1H), 6.71 (s, 1H), 6.94 (d, J=8.79 Hz, 2H), 7.00
(d, J=8.79 Hz, 2H), 7.34-7.40 (m, 1H), 7.40-7.43 (m, 1H),
7.44-7.48 (m, 1H), 7.48-7.53 (m, 2H), 7.63-7.68 (m, 1H),
7.80 (d, J=8.79 Hz, 2H), 7.85 (d, J=9.27 Hz, 2H), 7.97 (s,
1H), 8.19 (dd, J=7.81, 1.46 Hz, 1H); *C NMR (101 MHz,
CHLOROFORM-d) § ppm 20.73, 25.18, 25.77, 28.48,
49.94, 67.44, 67.65, 69.35, 69.44, 7036, 70.45, 70.55,
71.15, 105.66, 105.93, 114.63, 114.80, 117.52, 117.76,
121.80, 123.35, 123.66, 123.70, 123.99, 124.73, 124.87,
12536, 127.68, 127.76, 133.38, 134.55, 134.77, 147.38,
154.19, 155.91, 161.33, 161.57, 162.97, 163.00, 178.16;
LRMS (ESI) m/z 728 [M+H]*, 750 [M+Na]*; HRMS (ESI)
caled for C,;H,,N,O4 [M+H]* 728.2972, found 728.2955;
caled for C,;H,N;ONa [M+Na]*750.2791, found

750.2815.
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6-Methyl-2-(4-(2-(2-(2-(4-(4-(4-(6-methyl-4-o0xo0-
4H-chromen-2-yl)phenoxy)butyl)-1H-1,2,3-triazol-
1-yDethoxy)ethoxy)ethoxy )phenyl)-4H-chromen-4-
one (Ac5Az3)

This compound (68 mg) was obtained from Ac5 and Az3
in 92% yield according to the general procedure described
above. '"H NMR (500 MHz, CHLOROFORM-d) & ppm
1.85-1.87 (m, 4H), 2.45 (s, 3H), 2.43 (s, 3H), 2.77-2.79 (m,
2H), 3.63-3.67 (m, 2H), 3.67-3.72 (m, 2H), 3.85 (t, J=4.39
Hz, 2H), 3.88 (t, J=4.88 Hz, 2H), 3.99-4.03 (m, 2H), 4.17 (t,
J=4.64 Hz, 2H), 4.52 (t, J=4.88 Hz, 2H), 6.69 (s, 1H), 6.70
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(s, 1H), 6.94 (d, J=8.79 Hz, 2H), 7.00 (m, J=7.81 Hz, 2H),
7.41 (t,J=9.03 Hz, 2H), 7.47 (1, 1=8.79 Hz, 2H), 7.51 (s, 1H),
7.84 (d, 1=8.79 Hz, 2H), 7.81 (d, J=8.79 Hz, 2H), 7.97 (s
1H), 7.97 (s, 1H); '*C NMR (101 MHz, CHLOROFORM-d)
 ppm 20.85, 25.32, 25.91, 28.61, 29.24, 50.06, 67.56,
67.77, 69.50, 69.58, 70.50, 70.69, 105.88, 106.04, 114.76,
114.89, 117.61, 117.64, 121.87, 123.54, 123.87, 12436,
124.92, 127.81, 127.86, 134.66, 134.70, 134.90, 134.96,
15436, 161.36, 161.69, 162.95, 163.13; LRMS (ESI) m/z
742 [M+H]*; HRMS (ESI) caled for C,, 1, ,N,O; [M+H]*
7423128, found 742.3103.
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6-Fluoro-2-(4-(2-(2-(2-(4-(4-(4-(6-methyl-4-0x0-4H-
chromen-2-yl)phenoxy)butyl)-1H-1,2 3-triazol-1-yl)
ethoxy )ethoxy )ethoxy)phenyl)-4H-chromen-4-one
(Ac5Az4)

This compound (59 mg) was obtained from Ac5 and Az4
in 79% 1yield according to the general procedure described
above. "H NMR (500 MHz, CHLOROFORM-d) 8 ppm
1.84-1.89 (m, 4H), 2.44 (s, 3H), 2.75-2.81 (m, 2H), 3.62-
3.67 (m, 2H), 3.67-3.72 (m, 2H), 3.82-3.86 (m, 2H), 3.88 (1,
J=5.12 Hz, 2H), 3.99-4.04 (m, 2H), 4.13-4.18 (m, 2H), 4.52
(t, J=5.12 Hz, 2H), 6.69 (s, 1H), 6.69 (s, 1H), 6.94 (d, I=10
Hz, 2H), 6.70 (d, J=10 Hz, 2H), 7.37 (ddd, J=9.15,7.69,3.17
Hz, 1H), 7.41 (d, J=8.30 Hz, 1H), 7.47 (dd, ]=8.54, 2.20 Hz,
1H), 7.49-7.53 (m, 2H), 7.78-7.85 (m, 5H), 7.97 (s, 1H); 1°C
NMR (126 MHz, CHLOROFORM-d) d ppm 20.73, 25.20,
25.79, 28.49, 49.95, 67.47, 67.67, 69.35, 69.45, 70.38,
70.58, 105.21, 105.65, 110.29 (d, J=23.38 Hz, C5), 114.63,
114.84, 117.51, 119.85 (d, J=7.75 Hz, C8), 121.41 (d,
J=25.63 Hz, C7),121.76, 123.33, 123.67, 124.73, 124.88 (d,
J=7.38 Hz, C10), 127.66, 127.78, 134.53, 134.77, 147.37,
152.07, 154.17, 159.31 (d, J=244.88 Hz, C6), 161.49,
161.57, 162.94, 163.22, 177.12, 178.12; LRMS (ESI) m/z
746 [M+H]*, 768 [M+Na]*; HRMS (ESI) calcd for
C,;H, N,OF [M+H]* 746.2878, found 746.2845; calcd for
C,sHuoN;OFNa  [M+Na]*768.2697, found 768.2685.
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3-(Benzyloxy)-2-(4-(2-(2-(2-(4-(4-(4-(6-methyl-4-
oxo0-4H-chromen-2-yl)phenoxy)butyl)-1H-1,2,3-
triazol-1-yl)ethoxy )ethoxy)ethoxy)phenyl)-4H-
chromen-4-one (Ac5Az5)

This compound (56 mg) was obtained from Ac5 and Az5
in 63% yield according to the general procedure described
above. "H NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.81
(br. s., 4H), 2.38 (s, 3H), 2.74 (br. 5., 2H), 3.59-3.63 (m, 2H),
3.78-3.82 (m, 2H), 3.84 (t, I=5.07 Hz, 2H), 3.91-3.97 (m,
2H), 4.09-4.15 (m, 2H), 4.48 (t, J=4.88 Hz, 2H), 5.07 (s,
2H), 6.62 (s, 1H), 6.85-6.93 (m, 4H), 7.20-7.26 (m, 3H),
7.28-7.37 (m, 4H), 7.38-7.44 (m, 2H), 7.50 (br. s., 1H), 7.58
(ddd, 1=8.59, 7.03, 1.56 Hz, 1H), 7.70-7.77 (m, 2H), 7.91
(br. s., 1H), 7.98 (d, J=8.0, 2H), 8.19 (dd, J=8.20, 1.56 Hz,
1H); *C NMR (101 MHz, CHLOROFORM-d) & ppm
20.74, 25.21, 2576, 28.49, 49.98, 67.36, 67.66, 69.44,
70.38, 70.56, 73.70, 105.70, 114.14, 114.66, 117.54, 117.71,
121.80, 123.37, 123.40, 123.70, 123.97, 124.40, 124.75,
125.48, 127.69, 127.91, 128.06, 128.60, 130.34, 133.08,
134.54, 134.76, 136.65, 139.14, 154.21, 154.93, 155.81,
160.39, 161.58, 163.01, 174.69, 178.18; LRMS (ESI) m/z
834 [M+H]", 856 [M+Na]*; HRMS (ESI) caled for
CsoH,sN;Og [M+H]* 834.3391, found 834.3367; caled for
C5oH4,N;O,Na [M+Na]"856.3210, found 856.3195.
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3-Hydroxy-2-(4-(2-(2-(2-(4-(4-(4-(6-methyl-4-oxo-

4H-chromen-2-yl)phenoxy)butyl)-1H-1,2,3-triazol-

1-yDethoxy)ethoxy)ethoxy )phenyl)-4H-chromen-4-
one (Ac5Az5(0OH))

A round-bottom flask was charged with compound
Ac5Az75 (15 mg, 0.02 mmol), a catalytic amount of Pd (10
mg, 10% on activated charcoal), and MeOH (10 mL). The
reaction mixture was stirred vigorously under H, atmo-
sphere at balloon pressure and room temperature for 14 h.
When TLC indicated complete consumption of the starting
material, the charcoal was removed by suction filtration. The
pale-yellow filtrate was purified by passing through a short
}Inad of'silica gel to furnish the titled product (12 mg, 92%):

H NMR (500 MHz, CHLOROFORM-d) § ppm 1.81-1.89
(m, 4H), 2.43 (s, 3H), 2.76-2.78 (m, 2H), 3.62-3.67 (m, 2H),

Cl I
O

Cl
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3.67-3.73 (m, 2H), 3.83-3.86 (m, 2H), 3.87 (t, J=5.12 Hz,
2H), 3.96-4.01 (m, 2H), 4.15-4.20 (m, 2H), 4.52 (t, J=5.12
Hz, 2H), 6.67 (s, 1H), 6.92 (d, =10 Hz, 2H), 7.02-7.00 (m,
3H), 7.36 (t, J=7.57 Hz, 1H), 7.40 (d, ]=8.30 Hz, 1H), 7.45
(dd, 1=8.30, 1.95 Hz, 1H), 7.50-7.55 (m, 2H), 7.65 (t,
J=8.30, 1H), 7.78 (d, J=10 Hz, 2H), 7.97 (s, 1H), 8.16-8.24
(m, 3H); 1*C NMR (101 MHz, CHLOROFORM-d) & ppm
20.89, 25.35, 25.94, 28.65, 50.10, 67.49, 67.82, 69.61,
70.55, 70.72, 105.92, 114.60, 114.78, 117.66, 118.09,
120.65, 121.91, 123.55, 123.84, 123.91, 124.36, 124.98,
12534, 127.84, 129.47, 13333, 134.67, 134.94, 137.65,
144.98, 147.56, 154.40, 155.20, 160.13, 161.73, 163.18,
173.06, 178.40; LRMS (BSI) m/z 744 [M+HJ*, 766

[M+Na]*; HRMS (ESI) caled for C,;H,,N;0, [M+H]*
7442921, found 744.2892; caled for C,;H, N;O/Na
[M+Na]* 766.2741, found 766.2736.
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6,8-Dichloro-2-(4-(2-(2-(2-(4-(4-(4-(6-methyl-4-
oxo0-4H-chromen-2-yl)phenoxy)butyl)-1H-1,2,3-

triazol-1-yl)ethoxy )ethoxy)ethoxy)phenyl)-4H-
chromen-4-one (Ac5Az6)

This compound (46 mg) was obtained from Ac5 and Az6
in 58% yield according to the general procedure described
above. 'H NMR (500 MHz, CHLOROFORM-d) 8 ppm 1.86
(br. s., 4H), 2.46 (s, 3H), 2.75-2.80 (m, 2H), 3.62-3.67 (m,
2H), 3.70 (d, J=2.44 Hz, 2H), 3.84-3.86 (m, 2H), 3.89 (t,
J=4.88 Hz, 2H), 4.00 (br. 5., 2H), 4.17-4.19 (m, 2H), 4.53 (t,
J=4.88 Hz, 2H), 6.69 (s, 1H), 6.73 (s, 1H), 6.93 (d, J=10 Hz,
2H), 7.02 (d, J=10 Hz, 2H), 7.42 (d, J=8.30 Hz, 1H), 7.47 (d,
J=8.79 Hz, 1H), 7.51 (s, 1H), 7.79-7.81 (d, J=10 Hz, 2H),
7.88-7.90 (d, J=10 Hz, 2H), 7.98 (s, 1H), 8.01-8.05 (m, 1H);
LRMS (ESI) m/z 796 [M+H]*, 818 [M+Na]*; HRMS (ESI)
caled for C,3H,N;O.,Cl, [M+H]* 796.2192, found
796.2206; caled for C,;H, N,ONaCl, [M+Na]*818.2012,
found 818.1998.

6-Fluoro-2-(4-(2-(2-(4-(4-(4-(6-methyl-4-oxo-4H-
chromen-2-yl)phenoxy) butyl)-1H-1,2,3-triazol-1-yl)
ethoxy )ethoxy)phenyl)-4H-chromen-4-one
(Ac5AzZT7)

This compound (61 mg) was obtained from Ac5 and Az7
in 87% yield according to the general procedure described
above. 'H NMR (500 MHz, CHLOROFORM-d) & ppm 1.85
(br. s., 4H), 2.43 (s, 3H), 2.77 (br. 5., 2H), 3.81-3.85 (m, 2H),
3.94 (t, J=4.88 Hz, 2H), 3.99 (br. s., 2H), 4.11-4.16 (m, 2H),
4.54 (t, J=4.88 Hz, 2H), 6.65 (s, 1H), 6.67 (s, 1H), 6.91 (d,
J=8.79 Hz, 2H), 6.97 (d, J=8.79 Hz, 2H), 7.30-7.36 (m, 1H),
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7.37-7.41 (m, 1H), 7.43-7.50 (m, 3H), 7.74-7.82 (m, 5H),
7.95 (s, 1H); >C NMR (126 MHz, CHLOROFORM-d) 3
ppm 20.85, 25.28, 25.84, 28.57, 50.08, 67.44, 67.77, 69.48,
69.81, 105.49, 105.85, 110.51 (d, J=23.75 Hz, C5) 114.76,
114.94, 117.63, 119.89 (d, J=7.75 Hz, C8), 121.58 (d,
J=25.75 Hz, C7), 121.89, 123.47, 123.89, 124.05, 124.90,
125.02 (d, I=7.38 Hz, C10), 127.80, 127.96, 134.66, 134.93,
147.60, 152.21, 152.22, 154.33, 159.47 (d, J=245.25 Hz,
C6),161.46, 161.67, 163.09, 163.30, 177.27, 178.31; LRMS
(ESI) m/z 702 [M+H]*; HRMS (ESI) caled for

C.1oH,,N,O.F [M+H]* 702.2503, found 702.2534.
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Methyl 3-(((2-(4-(2-(2-(4-(4-(4-(6-methyl-4-oxo0-
4H-chromen-2-yl) phenoxy)butyl)-1H-1,2,3-triazol-
1-yD)ethoxy)ethoxy)phenyl)-4-oxo-4H-chromen-3-
yl) oxy)methyl)benzoate (AcSAzS8)

This compound (44 mg) was obtained from Ac5 and Az8
in 51% yield according to the general procedure described
above. 'H NMR (500 MHz, CHLOROFORM-d) 8 ppm 1.84
(br. s., 4H), 2.43 (s, 3H), 2.77 (br. 5., 2H), 3.82-3.84 (m, 2H),
3.86 (s, 3H), 3.94 (t, I=4.88 Hz, 2H), 3.98 (br. s., 2H),
4.11-4.17 (m, 2H), 4.54 (1, J=4.88 Hz, 2H), 5.13 (s, 2H), 6.65
(s, 1H), 6.92 (t, J=8.30 Hz, 4H), 7.32-7.37 (m, 2H), 7.40 (d,
J=5Hz, 1H), 7.45 (d, J=8.79 Hz, 2H), 7.50 (br. 5., 1H), 7.58
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(d, 1=6.83 Hz, 1H), 7.60-7.64 (m, 1H), 7.77 (d, ]=8.30 Hz,
2H), 7.86-8.01 (m, 5H), 8.22 (d, J=7.81 Hz, 1H); 3C NMR
(101 MHz, CHLOROFORM-d) & ppm 20.86, 25.29, 25.83,
28.58, 50.07, 51.98, 67.29, 67.76, 69.56, 69.79, 73.26,
105.86, 114.25, 114.77, 117.65, 117.81, 121.88, 123.51,
123.86, 124.07, 124.61, 124.91, 125.66, 127.81, 128.25,
129.20, 129.73, 130.07, 130.49, 133.15, 133.29, 134.65,
134.90, 137.15, 139.03, 147.58, 154.35, 155.08, 156.15,
160.40, 161.68, 163.13, 166.72, 174.72, 178.33; LRMS

(ESD) nv/z 848 [M+H]*, 870 [M+Na]*; HRMS (ESI) caled
for C5H,¢N53 O, [M+H]* 848.3183, found 848.3145; calcd
for C5,H,sN;0,,Na [M+Na]*870.3003, found 870.2966.
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Methyl 3-(((2-(4-(2-(2-(2-(4-(4-(4-(6-methyl-4-oxo0-
4H-chromen-2-yl) phenoxy)butyl)-1H-1,2,3-triazol-
1-yD)ethoxy)ethoxy)ethoxy )phenyl)-4-oxo-4H-
chromen-3-yl)oxy)methyl)benzoate (Ac5Az9)

This compound (83 mg) was obtained from Ac5 and Az9
in 93% yield according to the general procedure described
above. 'H NMR (500 MHz, CHLOROFORM-d) 8 ppm 1.86
(br.s., 4H), 2.44 (s, 3H), 2.78 (br. 5., 2H), 3.62-3.67 (m, 2H),
3.68-3.72 (m, 2H), 3.81-3.90 (m, 7H), 4.01 (br. s., 2H), 4.17
(t,J=4.39 Hz, 2H), 4.52 (t, J=4.88 Hz, 2H), 5.14 (s, 2H), 6.69
(s, 1H), 6.91-6.97 (m, 4H), 7.34 (t, J=7.81 Hz, 1H), 7.36-
7.40 (m, 1H), 7.42 (d, J=10 Hz, 1H), 7.44-7.50 (m, 2H), 7.51
(br. s., 1H), 7.60 (d, J=5 Hz, 1H), 7.61-7.68 (m, 1H),
7.80-7.82 (d, J=10 Hz, 2H), 7.87-8.02 (m, 5H), 8.25 (d,
J=10, 1H); '*C NMR (101 MHz, CHLOROFORM-d) 3 ppm
20.76, 25.22, 25.79, 28.51, 29.17, 49.99, 51.91, 67.36,
67.69, 69.45, 69.49, 70.41, 70.59, 73.15, 105.74, 114.20,
114.68, 117.56, 117.77, 121.81, 123.26, 123.40, 123.74,
123.97, 124.50, 124.79, 125.53, 127.72, 128.17, 129.12,
129.61, 129.99, 130.36, 133.05, 133.19, 134.56, 134.80,
137.08, 138.92, 154.24, 154.99, 156.11, 160.46, 161.61,
163.04, 166.63, 174.62, 178.20; LRMS (ESI) m/z 892
[M+H]*, 914 [M+Na]*; HRMS (ESI) caled for
C5,HsoN;O,; [M+H]* 892.3445, found 892.3410; calcd for
C5,H,oN,O, Na [M+Na]* 914.3265, found 914.3301.

e}
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3-(Benzyloxy)-2-(4-(2-(2-(4-(4-(4-(6-methyl-4-oxo0-
4H-chromen-2-yl)phenoxy)butyl)-1H-1,2,3-triazol-
1-yDethoxy)ethoxy)phenyl)-4H-chromen-4-one
(Ac5A710)

This compound (77 mg) was obtained from Ac5 and Az10
in 98% yield according to the general procedure described
above. 'H NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.83
(br. s., 3H), 2.41 (s, 2H), 2.67-2.81 (m, 2H), 3.78-3.85 (m,
2H), 3.89-3.98 (m, 4H), 4.09-4.17 (m, 2H), 4.53 (t, J=5.07
Hz, 2H), 5.09 (s, 2H), 6.63 (s, 1H), 6.92 (d, ]=9.37 Hz, 2H),
6.89 (d, J=8.98 Hz, 2H), 7.22-7.28 (m, 3H), 7.29-7.46 (m,
6H), 7.48 (s, 1H), 7.59 (ddd, J=8.59, 7.03, 1.56 Hz, 1H),
7.75 (d, I=10 Hz, 2H), 7.95 (s, 1H), 8.0 (d, J=10 Hz, 2H),
8.21 (d, J=10.0 Hz, 1H); **C NMR (101 MHz, CHLORO-
FORM-d) d ppm 20.84, 25.27, 25.81, 28.56, 50.05, 67.29,
67.73, 69.53, 69.76, 73.81, 105.83, 114.20, 114.75, 117.63,
117.76, 121.89, 123.47, 123.67, 123.82, 124.07, 124.51,
124.87, 125.62, 127.79, 128.01, 128.15, 128.68, 130.46,
133.18, 134.63, 134.87, 136.74, 139.27, 147.55, 154.32,
155.02, 155.81, 160.34, 161.66, 163.11, 174.78, 178.30;

LRMS (ESI) m/z 790 [M+H]*, 812 [M+Na]*"; HRMS (ESI)
caled for C,H,,N;O4 [M+H]* 790.3128, found 790.3140;
C,sH,3N;O.Na

caled for found

812.2961.

[M+Na]*812.2948,
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3-Hydroxy-2-(4-(2-(2-(4-(4-(4-(6-methyl-4-oxo0-4H-
chromen-2-yl)phenoxy)butyl)-1H-1,2,3-triazol-1-yl)
ethoxy )ethoxy)phenyl)-4H-chromen-4-one
(Ac5AZz10(OH))

A round-bottom flask was charged with compound
Ac5Az710 (17 mg, 0.03 mmol), a catalytic amount of Pd (15
mg, 10% on activated charcoal), and MeOH (10 mL). The
reaction mixture was stirred vigorously under H, atmo-
sphere at balloon pressure and room temperature for 14 h.
When TLC indicated complete consumption of the starting
material, the charcoal was removed by suction filtration. The
pale-yellow filtrate was purified by passing through a short
}Inad of'silica gel to furnish the titled product (14 mg, 90%).

H NMR (500 MHz, CHLOROFORM-d) § ppm 1.82-1.87

40

45

50

(m, 4H), 2.45 (s, 3H), 2.76-2.81 (m, 2H), 3.83-3.86 (m, 2H),
3.95 (1, J=5.0 Hz, 211), 3.97-4.01 (m, 2H), 4.17 (dd, J=5.12,
3.66 Hz, 2H), 4.55 (t, 1=5.0 Hz, 2H), 6.67 (s, 1H), 6.92 (d,
J=10.0 Hz, 2H), 6.97 (br. s., 1H), 7.03 (d, J=10.0 Hz, 2H),
7.36 (t, J=7.32 Hz, 1H), 7.41 (d, ]=8.30 Hz, 1H), 7.47 (dd,
J=8.30, 1.95 Hz, 1H), 7.50 (s, 1H), 7.51-7.54 (m, 1H),
7.62-7.68 (m, 1H), 7.78 (d, J=8.79 Hz, 2H), 7.98 (s, 1H),
8.19 (d, I=7.81 Hz, 1H), 8.22 (d, J=9.27 Hz, 2H); '*C NMR
(101 MHz, CHLOROFORM-d) & ppm 20.92, 25.34, 25.88,
28.63, 50.15, 67.37, 67.83, 69.67, 69.88, 105.94, 114.61,
114.81, 117.69, 118.08, 120.65, 121.99, 123.57, 123.93,
124.00, 124.42, 125.02, 12538, 127.85, 129.52, 133.39,
134.70, 134.97, 137.67, 144.90, 147.66, 154.42, 155.23,
160.04, 161.75, 163.21, 173.08, 178.43; LRMS (ESI) m/z
700 [M+H]*; HRMS (ESI) caled for C,,HyN,O, [M+H]*
700.2659, found 700.2672.
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6-Methyl-2-(4-(4-(1-(2-(2-((4-ox0-2-phenyl-4H-
chromen-7-yl)oxy)ethoxy) ethyl)-1H-1,2,3-triazol-4-
yhbutoxy)phenyl)-4H-chromen-4-one (Ac5Az11)

This compound (40 mg) was obtained from Ac5 and Az11
in 59% yield according to the general procedure described
above. 'H NMR (500 MHz, CHLOROFORM-d) & ppm 1.85
(br. s., 4H), 2.45 (s, 3H), 2.78 (br. 5., 2H), 3.84-3.88 (m, 2H),
3.95-4.01 (m, 4H), 4.17-4.21 (m, 2H), 4.55-4.75 (m, 2H),
6.69 (s, 1H), 6.75 (s, 1H), 6.90-7.00 (m, 4H), 7.40-7.54 (m,
6H), 7.81 (d, J=9.0 Hz, 2H), 7.83-7.90 (m, 2H), 7.97-8.00
(m, 1H), 8.13 (d, J=8.79 Hz, 1H); *C NMR (101 MHz,
CHLOROFORM-d) § ppm 20.80, 25.20, 25.74, 28.51,
50.10, 67.69, 67.75, 69.27, 69.74, 101.05, 105.74, 107.35,
114.42, 114.70, 117.60, 117.96, 123.43, 123.75, 124.82,
125.96, 127.00, 127.75, 128.88, 131.36, 131.54, 134.60,
134.83, 154.28, 157.71, 161.63, 162.90, 162.98, 163.11,
177.50, 178.26; LRMS (ESI) m/z 684 [M+H]"; HRMS
(ESI) caled for C, H;N,O, [M+H]* 684.2710, found
684.2692.

6-Methyl-2-(4-(4-(1-(2-(2-(2-((4-0x0-2-phenyl-4H-
chromen-7-yl)oxy)ethoxy)ethoxy)ethyl)-1H-1,2,3-
triazol-4-yl)butoxy)phenyl)-4H-chromen-4-one
(Ac5Az712)

This compound (33 mg) was obtained from Ac5 and Az12
in 46% yield according to the general procedure described
above. '"H NMR (500 MHz, CHLOROFORM-d) & ppm
1.83-1.89 (m, 4H), 2.45 (s, 3H), 2.76-2.81 (m, 2H), 3.62-
3.67 (m, 2H), 3.68-3.73 (m, 2H), 3.86-3.90 (m, 4H), 4.00-
4.02 (m, 2H), 4.19-4.24 (m, 2H), 4.52 (t, J=4.88 Hz, 2H),

10

15

45

50
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6.70 (s, 1H), 6.74 (s, 1H), 6.91-7.02 (m, 4H), 7.40-7.54 (m,
6H), 7.82 (d, =9.0 Hz, 2H), 7.87 (dd, I=7.57, 1.71 Hz, 2H),
7.99 (s, 1H), 8.13 (d, J=8.79 Hz, 1H); '*C NMR (101 MHz,
CHLOROFORM-d) & ppm 20.90, 25.21, 25.89, 28.62,
50.29, 67.80, 68.07, 69.41, 69.55, 70.56, 70.78, 101.19,
105.94, 107.53, 114.59, 114.84, 117.68, 118.04, 122.03,
123.54, 123.97, 125.00, 126.12, 127.15, 127.91, 128.99,
131.44, 131.76, 134.73, 135.00, 154.44, 157.87, 161.74,
163.06, 163.23, 163.27, 177.70, 178.44; LRMS (ESI) m/z
728 [M+H]*; HRMS (ESI) caled for C,;H,,N,0, [M+H]*
728.2972, found 728.3006.
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2-(4-(4-(1-(2-(Benzyl(2-(4-(4-ox0-4H-chromen-2-yl)
phenoxy )ethyl)amino)ethyl)-1H-1,2,3-triazol-4-yl)
butoxy)phenyl)-6-methyl-4H-chromen-4-one
(Ac5Az14)

This compound (38 mg) was obtained from Ac5 and Az14
in 49% yield according to the general procedure described
above. 'H NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.81
(br. s., 4H), 2.44 (s, 3H), 2.71 (br. 5., 2H), 2.97-3.00 (m, 2H),
3.11 (br. s., 2H), 3.76 (s, 2H), 3.89-4.03 (m, 4H), 4.40 (br.
s., 2H), 6.66 (s, 1H), 6.72 (s, 1H), 6.84-6.94 (m, 4H),

10

38

7.20-7.32 (m, 5H), 7.33-7.53 (m, 6H), 7.74-7.81 (m, 2H),
7.82-7.88 (m, 2H), 7.97 (d, J=0.78 Hz, 1H), 8.09 (d, J=8.98
Hz, 1H); '*C NMR (101 MHz, CHLOROFORM-d)  ppm
20.88, 25.29, 25.88, 28.61, 48.65, 52.89, 54.75, 59.79,
67.14, 67.75, 100.97, 105.90, 107.46, 114.48, 114.78,
117.66, 117.97, 121.48, 123.55, 123.89, 124.96, 126.08,
127.10, 127.47, 127.85, 128.46, 128.69, 128.95, 131.41,
131.69, 134.67, 134.94, 138.36, 154.40, 157.87, 161.70,
162.98, 163.03, 163.22, 177.63, 178.39; LRMS (ESI) m/z
773 [M+H]*; HRMS (ESI) caled for C,iH,N,O, [M+H]*
773.3339, found 773.3314.

35

40

45

50

2-(4-(4-(1-(2-(Benzyl(2-((4-oxo0-2-phenyl-4H-
chromen-7-yl)oxy)ethyl)amino)ethyl)-1H-1,2,3-tri-
azol-4-yl)butoxy)phenyl)-6-methyl-4H-chromen-4-
one (Ac5Az15)

This compound (41 mg) was obtained from Ac5 and Az15
in 53% yield according to the general procedure described
above. 'H NMR (500 MHz, CHLOROFORM-d) 8 ppm 1.84
(br. s., 4H), 2.46 (s, 3H), 2.73 (br. s., 2H), 2.97 (br. s., 2H),
3.11 (br. s., 2H), 3.77 (br. s., 2H), 3.89-4.05 (m, 4H), 4.40
(br. s., 2H), 6.68 (s, 1H), 6.72 (s, 1H), 6.88-6.97 (m, 4H),
7.21-7.33 (m, 5H), 7.33-7.40 (m, 2H), 7.40-7.44 (m, 1H),
7.45-7.52 (m, 2H), 7.61-7.67 (m, 1H), 7.76-7.81 (m, 2H),
7.84 (d, I=8.79 Hz, 2H), 7.99 (s, 1H), 8.18 (dd, J=8.05, 1.71
Hz, 1H); '°C NMR (101 MHz, CHLOROFORM-d) § ppm
20.92, 25.33, 25.92, 28.68, 48.70, 53.06, 54.79, 59.87,
66.78, 67.82, 10597, 106.26, 114.82, 114.87, 117.71,
117.90, 123.59, 123.92, 123.99, 124.29, 125.01, 125.07,
125.65, 127.47, 127.88, 128.03, 128.48, 128.73, 133.55,
134.72, 134.99, 154.44, 156.14, 161.33, 161.74, 163.18,
163.21, 178.26, 178.44; LRMS (ESI) m/z 773 [M+H]";

HRMS (ESI) caled for C,H,N,O, [M+H]* 773.3339,
found 773.3353.
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(E)-2-(4-(2-(2-(4-(4-(4-(3-(2-Hydroxyphenyl)-3-
oxoprop-1-en-1-yl)phenoxy )butyl)-1H-1,2,3-triazol-
1-yDethoxy)ethoxy)phenyl)-4H-chromen-4-one
(Ac6Azl)

This compound (44 mg) was obtained from Ac6 and Azl
in 53% yield according to the general procedure described
above. '"H NMR (400 MHz, CHLOROFORM-d) & ppm
2.06-2.08 (m, 4H), 2.81 (t, J=6.40 Hz, 2H), 3.74 (t, J=6.40
Hz, 2H), 3.84-3.94 (m, 4H), 4.03 (t, J=6.40 Hz, 2H), 4.45 (t,
J=6.40 Hz, 2H), 6.57 (s, 1H), 6.85 (d, J=8.40 Hz, 2H), 6.89
(d, J=8.40 Hz, 2H), 7.25-7.28 (m, 3H), 7.39 (dd, J=7.20,
7.20 Hz, 2H), 7.48 (s, 1H), 7.55-7.56 (m, 3H), 7.69 (d,
J=8.40 Hz, 2H), 7.74 (d, J=8.40 Hz, 2H), 8.08 (dd, J=7.20,
7.20 Hz, 2H), 13.50 (s, 1H); LRMS (ESD nvz 673 [M+H]".

40

(E)-2-(4-(2-(2-(4-(4-(4-(3-(5-Ethyl-2-hydroxyphe-
nyl)-3-oxoprop-1-en-1-yl)phenoxy)butyl)-1H-1,2,3-
triazol-1-yl)ethoxy)ethoxy)phenyl)-4H-chromen-4-

one (Ac7Azl)

This compound (53 mg) was obtained from Ac7 and Azl
in 59% yield according to the general procedure described
above. 'H NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.63
(t, J=6.00, 3H), 2.06-2.08 (m, 4H), 2.81-2.86 (m, 4H), 3.75
(t, J=6.40 Hz, 2H), 3.84-3.95 (m, 4H), 4.02 (t, J=6.40 Hz,
2H), 4.47 (t, J=6.40 Hz, 2H), 6.57 (s, 1H), 6.86 (d, J=8.40
Hz, 2H), 6.89 (d, J=8.40 Hz, 2H), 7.25-7.28 (m, 2H), 7.39
(dd, I=7.20, 7.20 Hz, 2H), 7.48 (s, 1H), 7.55-7.56 (m, 3H),
7.69 (d, J=8.40 Hz, 2H), 7.74 (d, I=8.40 Hz, 2H), 8.08 (dd,
J=7.20, 7.20 Hz, 2H), 13.60 (s, 1H); LRMS (ESI) m/z 701
[M+H]".

(E)-2-(4-(2-(2-(4-(4-(4-(3-(2-Hydroxy-5-methylphe-

nyl)-3-oxoprop-1-en-1-yl)phenoxy)butyl)-1H-1,2,3-

triazol-1-yl)ethoxy)ethoxy)phenyl)-4H-chromen-4-
one (Ac8Azl)

This compound (63 mg) was obtained from Ac8 and Azl 65

in 63% yield according to the general procedure described
above. 'H NMR (400 MHz, CHLOROFORM-d) & ppm

C N

60 2.06-2.08 (m, 2H), 2.43 (s, 3H), 2.81-2.86 (m, 4H), 3.75 (t.

J=6.40 Hz, 2H), 3.84-3.95 (m, 4H), 4.02 (t, J=6.40 Hz, 2H),
4.47 (1, J=6.40 Hz, 2H), 6.57 (s, 1H), 6.86 (d, J=8.40 Hz,
2H), 6.89 (d, J=8.40 Hz, 2H), 7.25-7.28 (m, 2H), 7.39 (dd,
J=7.20, 7.20 Hz, 2H), 7.48 (s, 1H), 7.55-7.56 (m, 3H), 7.69
(d, J=8.40 Hz, 2H), 7.74 (d, J=8.40 Hz, 2H), 8.08 (dd,
J=7.20, 7.20 Hz, 2H), 13.60 (s, 1H); LRMS (ESI) m/z 687
[M+H]*.
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(E)-2-(4-(2-(2-(4-(4-(4-(3-(2-Hydroxy-4-methylphe- 15
nyl)-3-oxoprop-1-en-1-yl)phenoxy)butyl)-1H-1,2,3-
triazol-1-yl)ethoxy)ethoxy)phenyl)-4H-chromen-4-

one (Ac9Azl)

This compound (48 mg) was obtained from Ac9 and Azl ,,
in 56% yield according to the general procedure described
above. "H NMR (400 MHz, CHLOROFORM-d) & ppm
2.06-2.08 (m, 2H), 2.39 (s, 3H), 2.82-2.86 (m, 4H), 3.76 (1,
1=6.40 Hz, 2H), 3.84-3.95 (m, 4H), 4.02 (t, J=6.40 Hz, 2H), >
4.47 (t, J=6.40 Hz, 2H), 6.57 (s, 1H), 6.86 (d, J=8.40 Hz,
2H), 6.89 (d, J=8.40 Hz, 2H), 7.25-7.28 (m, 2H), 7.39 (dd,
J=7.20, 7.20 Hz, 2H), 7.48 (s, 1H), 7.55-7.56 (m, 3H), 7.69
(d, J=8.40 Hz, 2H), 7.74 (d, J=8.40 Hz, 2H), 8.08 (dd,
J=7.20, 7.20 Hz, 2H), 13.55 (s, 1H); LRMS (ESI) m/z 687
[M+H]".

30

(E)-2-(4-(2-(2-(4-(4-(4-(3-(4-Fluoro-2-hydroxyphe-
nyl)-3-oxoprop-1-en-1-yl)phenoxy)butyl)-1H-1,2,3- 50
triazol-1-yl)ethoxy)ethoxy)phenyl)-4H-chromen-4-

one (Acl0Azl)

This compound (41 mg) was obtained from Ac10 and Azl >

in 51% yield according to the general procedure described
above. '"H NMR (400 MHz, CHLOROFORM-d) & ppm
2.04-2.08 (m, 2H), 2.83-2.86 (m, 4H), 3.79 (t, J=6.40 Hz, 4
2H), 3.84-3.96 (m, 4H), 4.02 (t, J=6.40 Hz, 2H), 4.47 (1,
J=6.40 Hz, 2H), 6.57 (s, 1H), 6.86 (m, 4H), 7.25-7.28 (m,
2H), 7.39 (dd, J=7.20, 7.20 Hz, 2H), 7.48 (s, 1H), 7.55-7.56
(m, 3H), 7.69 (m, 4H), 8.08 (dd, 1=7.20, 7.20 Hz, 2H), 13.40 *
(s, 1H); LRMS (ESI) m/z 691 [M+H]".
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2-(4-(3-(1-(2-(2-(4-(4-Oxo-4H-chromen-2-yl)phe- 15 7-(4-(1-(2-(2-(4-(4-Oxo0-4H-chromen-2-yl)phenoxy)
noxy )ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)propoxy) ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)butoxy)-2-phe-
phenyl)quinazolin-4(3H)-one (Acl1Azl1) nyl-4H-chromen-4-one (Ac12Az1)
This compound (48 mg) was obtained from Ac11 and Az1 This compound (63 mg) was obtained from Ac12 and Azl

in 59% yield according to the general procedure described 20 in 91% 1yield according to the general procedure described
1 ) above. '"H NMR (500 MHz, CHLOROFORM-d) 8 ppm

above. "H NMR (400 MHz, CHLOROFORM-) & ppm | 74 1 1" 41y 2.74-2.77 (m, 2H), 3.77-3.83 (m, 2H),
2.05-2.20 (m, 4H), 3.78 (s, 2H), 3.94 (s, 2H), 4.05-4.08 (m, 3,92 (t, J=4.88 Hz, 2H), 3.98-4.04 (m, 2H), 4.08-4.15 (m,
4H), 4.57 (s, 2H), 6.65 (s, 1H), 6.93-6.99 (m, 4H), 7.25-7.81 ?;;Dz g8592 ((t, J;:IjSSG 55,629%),(6.626 H()s 713H3),(6.§77(S3,21§),
.32-6. m, , 6.92-6. m, , 7. t, J=7. Z,

(m, 8H), 8.11-8.26 (m, 4H), 11.56 (s, 1H); LRMS (ES)m/Z 111y 7 41750 (m, 5H), 7.59-7.62 (m, 1H), 7.77-7.85 (m,

657 [M+H]*. 4H), 8.03 (d, ]=8.75 Hz, 1H), 8.13 (dd, ]=7.75, 1.45 Hz,
O
HN
x
N
N,
J/\/\O
N
2-(4-(3-(1-(2-(2-(2-(4-(4-0x0-4H-chromen-2-yl)phe- 1H); *C NMR (101 MHz, CHLOROFORM-d) & ppm
noxy )ethoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl) 25.17, 25.74, 28.36, 50.00, 67.36, 68.17, 69.43, 69.73,

propoxy)phenyl)quinazolin-4(3H)-one (Acl1Az2) *100.70, 106.08, 107.29, 114.58, 114.84, 117.57, 117.78,

This compound (39 mg) was obtained from Ac11 and Az2 121.84, 123.74, 124.23, 124.96, 125.45, 125.97, 126.76,
in 45% yield according to the general procedure described 127.33, 128.84, 131.25, 131.66, 133.45, 147.41, 155.96,
above. 'H NMR (400 MHz, CHLOROFORM-d) & ppm “ 157.79, 161.25, 162.77, 162.93, 163.42, 177.58, 178.04;
2.04-2.20 (m, 6H), 3.76 (s, 2H), 3.93 (s, 2H), 4.05-4.09 (m, LRMS (ESI) m/z 670 [M+H]*, 692 [M+Na]*; HRMS (ESI)
4H), 4.59 (s, 2H), 6.66 (s, 1H), 6.43-6.98 (m, 4H), 7.26-7.82 caled for C,H;4N;O, [M+H]* 670.2553, found 670.2525;
(m, 8H), 8.13-8.27 (m, 4H), 11.66 (s, 1H); LRMS (EST) m/z caled for C,H;sN;O,Na [M+Na]*692.2373, found

701 [M+H]™". 692.2357.
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7-(4-(1-(2-(2-(2-(4-(4-Ox0-4H-chromen-2-yl)phe-
noxy )ethoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)
butoxy)-2-phenyl-4H-chromen-4-one (Ac12Az2)

This compound (70 mg) was obtained from Ac12 and Az2
in 98% yield according to the general procedure described
above. 'H NMR (500 MHz, CHLOROFORM-d) 8 ppm 1.89
(br. s., 4H), 2.80 (br. s., 2H), 3.62-3.68 (m, 2H), 3.68-3.75
(m, 2H), 3.85 (t, I=4.15 Hz, 2H), 3.89 (t, J=5.12 Hz, 2H),
4.07 (br. s., 2H), 4.18 (t, J=4.39 Hz, 2H), 4.53 (t, J=4.88 Hz,
2H), 6.72 (s, 1H), 6.74 (s, 1H), 6.91 (s, 1H), 6.94 (dd,
J=9.03, 1.22 Hz, 1H), 7.01 (d, J=8.30 Hz, 2H), 7.39 (t,
J=7.57 Hz, 1H), 7.52 (d, J=4.88 Hz, 5H), 7.66 (t, J=7.57 Hz,
1H), 7.82-7.93 (m, 4H), 8.10 (d, J=8.79 Hz, 1H), 8.20 (d,
J=7.81 Hz, 1H); >C NMR (101 MHz, CHLOROFORM-d)
d ppm 25.13, 25.73, 28.31, 49.93, 67.44, 68.13, 69.35,
69.44,70.35,70.55, 100.65, 105.92, 107.19, 114.52, 114.79,
117.48, 117.74, 121.76, 123.67, 123.98, 124.86, 125.35,
125.89, 126.67, 127.74, 128.78, 131.20, 131.56, 133.36,
147.28, 155.89, 157.71, 161.33, 162.68, 162.94, 163.36,
177.50, 177.98; LRMS (ESI) m/z 714 [M+H]*, 736
[M+Na]*; HRMS (ESI) caled for C,,H,,N,O, [M+H]*
714.2815, found 714.2804; caled for C,,H;oN;OgNa
[M+Na]*736.2635, found 736.2625.
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6-Methyl-2-(4-(2-(2-(2-(4-(4-((4-0x0-2-phenyl-4H-
chromen-7-yl)oxy)butyl)-1H-1,2,3-triazol-1-yl)
ethoxy )ethoxy)ethoxy)phenyl)-4H-chromen-4-one
(Acl12Az73)

This compound (62 mg) was obtained from Ac12 and Az3
in 85% yield according to the general procedure described
above. 'H NMR (500 MHz, CHLOROFORM-d) & ppm 1.83
(br. s., 4H), 2.37 (s, 3H), 2.74 (br. s., 2H), 3.61 (br. s., 2H),
3.63-3.70 (m, 2H), 3.80 (br. s., 2H), 3.84 (t, J=4.88 Hz, 2H),
4.00 (br. s., 2H), 4.12 (br. s., 2H), 4.48 (t, J=4.88 Hz, 2H),
6.63 (s, 1H), 6.67 (s, 1H), 6.83 (s, 1H), 6.86 (d, J=9.27 Hz,
1H), 6.94 (d, I=8.30 Hz, 2H), 7.33 (d, J=8.30 Hz, 1H), 7.39
(d, J=8.79 Hz, 1H), 7.41-7.48 (m, 3H), 7.50 (s, 1H), 7.77 (d,

55

60

65

J=8.30 Hz, 2H), 7.81 (d, J=6.83 Hz, 2H), 7.90 (s, 1H), 8.02
(d, 1=8.79 Hz, 1H); >C NMR (101 MHz, CHLOROFORM-
d) & ppm 20.76, 25.18, 25.77, 28.36, 49.96, 67.48, 68.17,
69.40, 69.48, 70.39, 70.59, 100.70, 105.85, 107.24, 114.55,
114.81, 117.53, 121.80, 123.36, 124.21, 124.79, 125.95,
126.74, 127.75, 128.82, 131.23, 131.62, 134.61, 134.86,
14732, 154.22, 157.77, 161.28, 162.75, 162.85, 163.41,
177.57, 178.18; LRMS (ESD) m/z 728 [M+H]*, 750
[M+Na]*; HRMS (ESI) caled for C,;H,,N;O0; [M+H]*
7282972, found 728.2949; caled for C,;H, N;O4Na
[M+Na]*750.2791, found 750.2790.
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6-Fluoro-2-(4-(2-(2-(2-(4-(4-((4-0x0-2-phenyl-4H-
chromen-7-yl)oxy)butyl)-1H-1,2,3-triazol-1-yl)
ethoxy )ethoxy)ethoxy)phenyl)-4H-chromen-4-one
(Acl2Az4)

This compound (53 mg) was obtained from Ac12 and Az4
in 73% yield according to the general procedure described
above. 'H NMR (500 MHz, CHLOROFORM-d) 8 ppm 1.89
(br. s., 4H), 2.79 (br. s., 2H), 3.61-3.67 (m, 2H), 3.67-3.71
(m, 2H), 3.81-3.86 (m, 2H), 3.88 (t, J=5.12 Hz, 2H), 4.06
(br. s., 2H), 4.13-4.20 (m, 2H), 4.52 (t, J=4.39 Hz, 2H), 6.69
(s, 1H), 6.73 (s, 1H), 6.90 (s, 1H), 6.93 (d, J=8.79 Hz, 1H),
6.99 (d, J=8.79 Hz, 2H), 7.34-7.40 (m, 1H), 7.46-7.55 (m,
5H), 7.80-7.85 (m, 3H), 7.85-7.90 (m, 2H), 8.09 (d, J=8.79
Hz, 1H); **C NMR (101 MHz, CHLOROFORM-d) § ppm
25.07, 25.63, 28.22, 49.94, 67.38, 68.05, 69.24, 69.31,
70.26, 70.47, 100.56, 105.04, 107.03, 110.13 (d, J=23.63
Hz, C5), 114.42, 114.73, 117.37, 119.77 (d, J=8.08 Hz, C8),
121.30 (d, J=25.15 Hz, C7), 123.49, 124.75 (d, J=6.67 Hz,
C10), 125.77, 126.52, 127.67, 128.68, 131.11, 131.40,
151.94 (d, J=2.02 Hz, C9), 157.59, 159.18 (d, J=247.85 Hz,
C6), 161.39, 162.54, 163.11, 163.26, 176.94 (d, J=3.03 Hz,
C4), 177.32; LRMS (ESD) m/z 732 [M+H]*, 754 [M+Na]*;
HRMS (ESI) caled for C,,H,oN,O.F [M+H]* 732.2721,
found 732.2712; caled for C,,H;sN;O.FNa [M+Na]*
754.2541, found 754.2524.
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3-(Benzyloxy)-2-(4-(2-(2-(2-(4-(4-((4-0x0-2-phenyl-
4H-chromen-7-yl)oxy) butyl)-1H-1,2,3-triazol-1-y1)
ethoxy )ethoxy)ethoxy)phenyl)-4H-chromen-4-one
(Acl12Az5)

This compound (58 mg) was obtained from Acl12 and Az5
in 71% yield according to the general procedure described
above. '"H NMR (500 MHz, CHLOROFORM-d) & ppm
1.83-1.94 (m, 4H), 2.77-2.80 (m, 2H), 3.62-3.68 (m, 2H),
3.68-3.74 (m, 2H), 3.84-3.86 (m, 2H), 3.88 (t, J=5.12 Hz,
2H), 4.01-4.08 (m, 2H), 4.17-4.19 (m, 2H), 4.52 (t, J=5.12
Hz, 2H), 5.11 (s, 2H), 6.74 (s, 1H), 6.89-6.97 (m, 4H),
7.25-7.30 (m, 3H), 7.34-7.41 (m, 3H), 7.45-7.54 (m, 5H),
7.61-7.67 (m, 1H), 7.85-7.91 (m, 2H), 8.00-8.05 (m, 2H),

8.09 (d, J=8.79 Hz, 1H), 8.26 (dd, J=8.30, 1.46 Hz, 1H); *C
33 NMR (101 MHz, CHLOROFORM-d) § ppm 25.13, 25.73,
28.32, 49.94, 67.35, 68.14, 69.42, 69.44, 70.36, 70.56,
73.71, 100.68, 107.24, 114.14, 114.55, 117.49, 117.71,
121.79, 123.40, 123.95, 124.41, 125.48, 12594, 126.71,
127.91, 128.05, 128.58, 128.79, 130.33, 131.21, 131.60,
133.08, 136.64, 139.13, 147.30, 154.91, 15584, 157.75,
160.38, 162.74, 162.76, 163.39, 174.71, 177.58; LRMS
(ESD) nv/z 820 [M+H]*, 842 [M+Na]*; HRMS (ESI) caled
for C,gH,,N;Os [M+H]" 820.3234, found 820.3246; calcd
for C,oH,sN;O,Na [M+Na]*842.3054, found 842.3068.
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6-Fluoro-2-(4-(2-(2-(4-(4-((4-ox0-2-phenyl-4H-
chromen-7-yl)oxy)butyl)-1H-1,2,3-triazol-1-yl)
ethoxy )ethoxy)phenyl)-4H-chromen-4-one
(Acl12Az7)

This compound (63 mg) was obtained from Ac12 and Az7
in 91% yield according to the general procedure described
above. '"H NMR (500 MHz, CHLOROFORM-d) & ppm
1.82-1.94 (m, SH), 2.78-2.80 (m, 2H), 3.80-3.86 (m, 2H),
3.95 (t, I=5.00, 2H), 4.01-4.09 (m, 2H), 4.15-4.16 (m, 2H),
4.55 (t,J=5.12 Hz, 2H), 6.70 (s, 1H), 6.73 (s, 1H), 6.88-6.93
(m, 2H), 6.97-7.02 (m, 2H), 7.37 (ddd, J=9.15, 7.69, 3.17
Hz, 1H), 7.47-7.54 (m, SH), 7.78-7.89 (m, 5H), 8.09 (d,
J=8.79 Hz, 1H); >C NMR (101 MHz, CHLOROFORM-d)
d ppm 25.07, 25.64, 28.24, 49.89, 67.28, 68.08, 69.28,
69.61, 100.58, 105.15, 107.08, 110.16 (d, J=23.23 Hz, C5),
114.48, 114.76, 117.39, 119.78 (d, I=8.08 Hz, C8), 121.38
(d, I=25.25 Hz, C7), 121.77, 123.67, 124.78 (d, J=6.06 Hz,
C10), 125.82, 126.57, 127.73, 128.73, 131.17, 131.44,
147.29, 151.97, 157.63, 159.23 (d, J=248.46 Hz, C6),
161.31, 162.61, 163.09, 163.30, 177.00, 177.41; LRMS
(ESD) nv/z 688 [M+H]*, 710 [M+Na]*; HRMS (ESI) calcd
for C,H;5N;O,F [M+H]™ 688.2459, found 688.2454; caled
for C,oH;,N;0,FNa [M+Na]* 710.2278, found 710.2261.
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3-(((4-0x0-2-(4-(2-(2-(4-(4-((4-0x0-2-phenyl-4H-
chromen-7-yl)oxy)butyl)-1H-1,2,3-triazol-1-yl)
ethoxy )ethoxy)phenyl)-4H-chromen-3-yl)oxy)
methyl)benzoate (Ac12Az8)

This compound (63 mg) was obtained from Ac12 and Az8
in 76% yield according to the general procedure described
above. "H NMR (500 MHz, CHLOROFORM-d) & ppm
1.84-1.92 (m, 4H), 2.77-2.80 (m, 2H), 3.82-3.86 (m, 2H),
3.87 (s, 3H), 3.96 (t, J=4.88 Hz, 2H), 4.03-4.07 (m, 2H),
4.14-4.18 (m, 2H), 4.55 (t, J=4.88 Hz, 2H), 5.13 (s, 2H),
6.73 (s, 1H), 6.89-6.96 (m, 4H), 7.34 (t, J=7.57 Hz, 1H),
7.36-7.41 (m, 1H), 7.45-7.53 (m, SH), 7.59 (d, J=7.81 Hz,
1H), 7.64 (ddd, 1=8.42, 6.95, 1.71 Hz, 1H), 7.85-7.90 (m,
2H), 7.92 (dd, J=7.56, 1.22 Hz, 1H), 7.95-8.00 (m, 3H), 8.08
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(d, J=8.79 Hz, 1H), 8.25 (dd, J=8.05, 1.71 Hz, 1H); '*C
NMR (101 MHz, CHLOROFORM-d) d ppm 25.18, 25.74,
28.37, 50.02, 51.93, 67.25, 68.18, 69.50, 69.73, 73.21,
100.73, 107.33, 114.21, 114.61, 117.57, 117.77, 121.88,
123.44, 124.00, 124.57, 125.59, 126.00, 126.79, 128.19,
128.86, 129.14, 129.66, 130.01, 130.42, 131.25, 131.69,
133.08, 133.24, 137.10, 138.97, 147.44, 155.02, 156.08,
157.81, 160.36, 162.80, 163.44, 166.67, 174.65, 177.61,
LRMS (ESI) nv/z 834 [M+H]*, 856 [M+Na]*"; HRMS (ESI)
caled for C,oH,,N;O,, [M+H]* 834.3027, found 834.3041;
C,oH43N;0,(Na  [M+Na]*856.2846,

caled for found

856.2834.
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3-(((4-0x0-2-(4-(2-(2-(2-(4-(4-((4-0x0-2-phenyl-4H-
chromen-7-yl)oxy)butyl)-1H-1,2,3-triazol-1-yl)
ethoxy )ethoxy)ethoxy)phenyl)-4H-chromen-3-yl)
oxy)methyl)benzoate (Ac12Az9)

This compound (78 mg) was obtained from Ac12 and Az9
in 89% 1yield according to the general procedure described
above. "H NMR (500 MHz, CHLOROFORM-d) 8 ppm
1.84-1.93 (m, 4H), 2.74-2.82 (m, 2H), 3.63-3.67 (m, 2H),
3.68-3.73 (m, 2H), 3.84-3.87 (m, 2H), 3.87-3.90 (m, 5H),
4.04-4.09 (m, 2H), 4.15-4.20 (m, 2H), 4.52 (t, J=5.12 Hz,
2H), 5.14 (s, 2H), 6.74 (s, 1H), 6.89-6.97 (m, 4H), 7.34 (t,
J=7.56 Hz, 1H), 7.39 (t, J=7.57 Hz, 1H), 7.46-7.54 (m, 5H),
7.59 (d, I=7.81 Hz, 1H), 7.65 (ddd, J=8.54, 7.08, 1.46 Hz,
1H), 7.86-7.90 (m, 2H), 7.92 (d, I=7.81 Hz, 1H), 7.95-8.01
(m, 3H2, 8.09 (d, J=8.79 Hz, 1H), 8.26 (dd, J=7.81, 1.46 Hz,
1H); *C NMR (101 MHz, CHLOROFORM-d) 8§ ppm
25.19, 25.80, 28.39, 50.00, 51.93, 67.39, 68.20, 69.49,
69.52, 70.44, 70.62, 73.19, 100.75, 107.33, 114.23, 114.60,
117.60, 117.79, 121.81, 123.31, 124.00, 124.55, 125.59,
126.01, 126.80, 128.20, 128.86, 129.14, 129.64, 130.01,
130.40, 131.26, 131.69, 133.23, 137.10, 138.96,
147.36, 155.03, 156.17, 157.83, 160.49, 162.83, 163.47,
166.68, 174.68, 177.63; LRMS (ESI) m/z 878 [M+H]*, 900
[M+Na]*; HRMS (ESI) caled for C5H, N3O, [M+H]*
878.3289, found 878.3313; caled for C5 H,,N;O, Na
[M+Na]*900.3108, found 900.3151.
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3-(Benzyloxy)-2-(4-(2-(2-(4-(4-((4-ox0-2-phenyl-
4H-chromen-7-yl)oxy)butyl)-1H-1,2,3-triazol-1-yl)
ethoxy )ethoxy)phenyl)-4H-chromen-4-one
(Acl2Az10)

This compound (74 mg) was obtained from Acl2 and
Az10 in 96% yield according to the general procedure
described above. 'H NMR (500 MHz, CHLOROFORM-d)
d ppm 1.82-1.94 (m, 4H), 2.78-2.80 (m, 2H), 3.81-3.87 (m,
2H), 3.96 (t, J=4.88 Hz, 2H), 4.01-4.08 (m, 2H), 4.13-4.20
(m, 2H), 4.55 (1, I=4.88 Hz, 2H), 5.12 (s, 2H), 6.73 (s, 1H),
6.88-6.98 (m, 4H), 7.25-7.30 (m, 3H), 7.34-7.41 (m, 3H),
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7.44-7.54 (m, SH), 7.61-7.67 (m, 1H), 7.85-7.91 (m, 2H),
8.01-8.06 (m, 2H), 8.09 (d, J=8.75, 1H), 8.25 (dd, J=8.54,
1.22 Hz, 1H); *C NMR (101 MHz, CHLOROFORM-d) §
ppm 25.22, 25.79, 28.40, 50.05, 67.30, 68.20, 69.55, 69.77,
73.82, 100.76, 107.40, 114.21, 114.64, 117.63, 117.77,
121.87, 123.70, 124.07, 124.53, 125.64, 126.05, 126.85,
128.00, 128.15, 128.66, 128.90, 130.46, 131.28, 131.76,
133.18, 136.75, 139.28, 147.47, 155.03, 155.80, 157.86,
160.33, 162.85, 163.48, 174.78, 177.66; LRMS (ESI) m/z
776 [M+H]", 798 [M+Na]*; HRMS (ESI) caled for
C,,H,,N,O4 [M+H]* 776.2972, found 776.2946; calcd for
C4,H, N;OgNa [M+Na]* 798.2791, found 798.2767.
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7-(2-(2-(4-(4-((4-Ox0-2-phenyl-4H-chromen-7-yl)
oxy)butyl)-1H-1,2,3-triazol-1-yl)ethoxy)ethoxy)-2-
phenyl-4H-chromen-4-one (Ac12Az11)

This compound (30 mg) was obtained from Acl2 and
Az11 in 45% yield according to the general procedure
described above. "H NMR (500 MHz, CHLOROFORM-d) 20
d ppm 1.87 (br. s., 4H), 2.78 (br. s., 2H), 3.85-3.87 (m, 2H),
3.96 (t, J=4.88 Hz, 2H), 4.04 (br. s., 2H), 4.18-4.22 (m, 2H),
4.55 (t,J=4.39 Hz, 2H), 6.72 (s, 1H), 6.73 (s, 1H), 6.86-7.00
(m, 4H), 7.45-7.55 (m, 7H), 7.83-7.90 (m, 4H), 8.07 (d,
J=8.79 Hz, 1H), 8.13 (d, J=8.78 Hz, 1H); '*C NMR (101 25
MHz, CHLOROFORM-d) § ppm 25.17, 25.71, 28.36,
50.10, 67.75, 68.18, 69.28, 69.74, 100.73, 101.08, 107.31,
107.36, 114.41, 114.62, 117.58, 117.97, 125.97, 126.02,
126.77, 127.01, 128.87, 128.89, 131.28, 131.37, 131.55,
131.70, 157.71, 157.81, 162.81, 162.92, 162.99, 163.45, 5,
177.50, 177.64; LRMS (ESI) m/z 670 [M+H]"; HRMS
(ESI) caled for C,oHy;N;0, [M+H]* 670.2553, found
670.2565.

99 v
‘/f::‘\o 0 0 N

45

7-(2-(2-(2-(4-(4-((4-Oxo0-2-phenyl-4H-chromen-7- 1H), 6.74 (s, 1H), 6.88-7.01 (m, 4H), 7.46-7.55 (m, 7H),
yhoxy)butyl)-1H-1,2,3-triazol-1-yl)ethoxy ethoxy) 7.84-7.91 (m, 4H), 8.09 (d, J=8.79 Hz, 1H), 8.12 (d, ]=8.79
ethoxy)-2-phenyl-4H-chromen-4-one (Ac12Az12) Hz, 1H); **C NMR (101 MHz, CHLOROFORM-d) & ppm

25.26, 25.90, 28.48, 50.16, 68.05, 68.27, 69.41, 69.61,

This compound (17 mg) was obtained from Acl2 and S0 70.54, 70.79, 100.84, 101.18, 107.48, 107.54, 114.59,

Az12 in 24% yield according to the general procedure 114.72, 117.73, 118.04, 121.92, 126.12, 126.14, 126.97,

described above. 'H NMR (500 MHz, CHLOROFORM-d) 127.15, 128.98, 128.99, 131.37, 131.44, 131.77, 131.85,

d ppm 1.85-1.91 (m, 4H), 2.80 (br. s., 2H), 3.62-3.68 (m, 157.86, 157.97, 162.97, 163.05, 163.22, 163.57, 177.70,

2H), 3.68-3.72 (m, 2H), 3.86-3.90 (m, 4.70 Hz, 4H), 4.06 (s, 177.80; LRMS (ESI) m/z 714 [M+H]"; HRMS (ESI) calcd
2H), 4.19-4.23 (m, 2H), 4.52 (t, J=5.12 Hz, 2H), 6.73 (s, for C,,H,N;O4 [M+H]*714.2815, found 714.2818.

e}
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7-(2-((1-(2-(2-(4-(4-Ox0-4H-chromen-2-yl)phenoxy)
ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)methoxy)
ethoxy)-2-phenyl-4H-chromen-4-one (Ac13Az1)

This compound (56 mg) was obtained from Ac13 and Azl
in 84% yield according to the general procedure described
above. "H NMR (500 MHz, CHLOROFORM-d) & ppm
3.82-3.84 (m, 2H), 3.92-3.96 (m, 4H), 4.11-4.16 (m, 2H),
4.18-4.23 (m, 2H), 4.57 (t, J=4.88 Hz, 2H), 4.74 (s, 2H),
6.70 (d, J=3.90 Hz, 2H), 6.91 (d, J=2.44 Hz, 1H), 6.94 (dd,
J=8.79, 2.44 Hz, 1H), 6.96-7.00 (m, 2H), 7.35-7.40 (m, 1H),
7.44-7.53 (m, 4H), 7.64 (ddd, J=8.42, 6.95, 1.71 Hz, 1H),
7.76 (s, 1H), 7.80-7.87 (m, 4H), 8.07 (d, J=8.79 Hz, 1H),
8.17 (dd, J=7.81, 1.46 Hz, 1H); '*C NMR (101 MHz,
CHLOROFORM-d) § ppm 50.25, 64.81, 67.40, 67.93,
68.43, 69.55, 69.66, 101.09, 106.25, 107.47, 114.70, 114.95,
117.87, 117.95, 123.80, 123.87, 124.41, 125.06, 125.61,
126.08, 126.98, 127.95, 128.95, 131.37, 131.75, 133.54,
144.73, 156.10, 157.80, 161.30, 162.97, 163.06, 163.22,
177.67, 178.20; LRMS (ESI) m/z 672 [M+H]"; HRMS
(ESI) caled for C3;gH, N;O4 [M+H]" 672.2346, found
672.2334.
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7-(2-((1-(2-(2-(2-(4-(4-Oxo0-4H-chromen-2-yl)phe-
noxy )ethoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)
methoxy )ethoxy)-2-phenyl-4H-chromen-4-one
(Acl3Az2)

This compound (54 mg) was obtained from Ac13 and Az2
in 76% yield according to the general procedure described
above. "H NMR (500 MHz, CHLOROFORM-d) & ppm
3.60-3.69 (m, 4H), 3.80-3.82 (m, 2H), 3.86-3.88 (m, 2H),
3.92-3.93 (m, 2H), 4.13-4.15 (m, 2H), 4.20-4.22 (m, 2H),
4.53 (t, J=4.88 Hz, 2H), 4.73 (s, 2H), 6.69 (d, J=11.2 Hz,
2H), 6.90 (s, 1H), 6.92-7.00 (m, 3H), 7.36 (t, J=7.57 Hz,

45
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1H), 7.43-7.51 (m, 4H), 7.61-7.67 (m, 1H), 7.76-7.87 (m,
5H), 8.07 (d, J=8.79, 1H), 8.17 (d, J=8.0, 1H); *C NMR
(101 MHz, CHLOROFORM-d) 8 ppm 50.22, 64.76, 67.54,
67.93, 68.40, 69.40, 69.48, 70.50, 70.66, 101.06, 106.13,
107.42, 114.65, 114.94, 117.86, 117.92, 123.77, 123.85,
124.19, 125.00, 125.56, 126.05, 126.96, 127.88, 128.92,
131.35, 131.70, 133.48, 144.57, 156.06, 157.77, 161.43,
162.93, 163.12, 163.19, 177.63, 178.18; LRMS (ESI) m/z
716 [M+H]*, 738 [M+Na]*; HRMS (ESI) caled for
C, H;oN;Og [M+H]* 716.2608, found 716.2574; calcd for
C,,H;,N;O,Na [M+Na]*738.2427, found 738.2396.
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6-Methyl-2-(4-(2-(2-(2-(4-((2-((4-0x0-2-phenyl-4H-
chromen-7-yl)oxy)ethoxy)methyl)-1H-1,2,3-triazol-
1-yDethoxy)ethoxy)ethoxy )phenyl)-4H-chromen-4-

one (Acl3Az73)

This compound (47 mg) was obtained from Acl13 and Az3
in 65% yield according to the general procedure described
above. "H NMR (500 MHz, CHLOROFORM-d) & ppm
3.60-3.69 (m, 4H), 3.78-3.83 (m, 2H), 3.87 (t, J=4.88 Hz,
2H), 3.90-3.92 (m, 2H), 4.11-4.16 (m, 2H), 4.18-4.22 (m,
2H), 4.53 (t, J=4.88 Hz, 2H), 4.73 (s, 2H), 6.65 (s, 1H), 6.69
(s, 1H), 6.88-6.99 (m, 4H), 7.34-7.39 (m, 1H), 7.41-7.51 (m,
4H), 7.76-7.86 (m, SH), 7.94 (s, 1H), 8.06 (d, J=8.79 Hz,
1H); *C NMR (101 MHz, CHLOROFORM-d) 8§ ppm
20.83, 50.21, 64.75, 67.52, 67.91, 68.37, 69.39, 69.47,
70.49, 70.64, 101.05, 10597, 107.39, 114.63, 114.90,
117.60, 117.90, 123.46, 123.76, 124.30, 124.90, 126.03,
126.93, 127.83, 128.90, 131.33, 131.68, 134.67, 134.94,
144.55, 154.32, 157.75, 161.34, 162.91, 162.97, 163.18,
177.62, 178.29; LRMS (ESI) m/z 730 [M+H]", 752
[M+Na]*; HRMS (ESI) caled for C,,H,N;O, [M+H]*
730.2765, found 730.2753; caled for C,,H,,N;O,Na
[M+Na]*752.2584, found 752.2604.
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6-Fluoro-2-(4-(2-(2-(2-(4-((2-((4-ox0-2-phenyl-4H-

chromen-7-yl)oxy)ethoxy)methyl)-1H-1,2,3-triazol-

1-yDethoxy)ethoxy)ethoxy )phenyl)-4H-chromen-4-
one (Acl3Az4)

This compound (48 mg) was obtained from Ac13 and Az4
in 65% yield according to the general procedure described
above. '"H NMR (500 MHz, CHLOROFORM-d) & ppm
3.60-3.70 (m, 4H), 3.78-3.83 (m, 2H), 3.88-3.89 (m, 2H),
3.95 (br. s., 2H), 4.11-4.17 (m, 2H), 4.22 (br. s., 2H),
4.50-4.58 (m, 2H), 4.73 (br. s., 2H), 6.66 (s, 1H), 6.71 (s,
1H), 6.88-6.99 (m, 4H), 7.32-7.38 (m, 1H), 7.43-7.51 (m,
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4H), 7.76-7.86 (m, 6H), 8.07 (d, J=8.78 Hz, 1H); 3C NMR
(101 MHz, CHLOROFORM-d) & ppm 64.80, 64.82, 67.57,
67.94, 68.40, 69.36, 69.47, 70.50, 70.67, 101.05, 105.42,
107.41, 110.50 (d, J=23.23 Hz, C5), 114.66, 114.99, 119.92
(d, 1=8.08 Hz, C8), 121.56 (d, J=25.25 Hz, C7), 123.86,
126.04, 126.95, 127.93, 128.92, 131.37, 131.67, 152.24 (d,
J=2.22 Hz, C9), 157.78, 159.46 (d, ]=247.45 Hz, C6),
161.58, 162.92, 163.19, 163.41, 177.31 (d, 1=2.53 Hz, C4),
177.61; LRMS (EST) m/z 734 [M+H]*; HRMS (ESI) caled
for C,;Hy, N,O,F [M+H]* 734.2514, found 734.2546.
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3-(Benzyloxy)-2-(4-(2-(2-(2-(4-((2-((4-0x0-2-phe-
nyl-4H-chromen-7-yl)oxy)ethoxy)methyl)-1H-1,2,3-
triazol-1-yl)ethoxy )ethoxy)ethoxy)phenyl)-4H-
chromen-4-one (Ac13Az5)

This compound (54 mg) was obtained from Acl13 and Az5
in 66% yield according to the general procedure described
above. '"H NMR (500 MHz, CHLOROFORM-d) & ppm
3.61-3.71 (m, 4H), 3.80-3.85 (m, 2H), 3.88 (t, J=5.12 Hz,
2H), 3.90-3.95 (m, 2H), 4.13-4.18 (m, 2H), 4.18-4.24 (m,
2H), 4.54 (t,J=5.12 Hz, 2H), 4.74 (s, 2H), 5.10 (s, 2H), 6.72
(s, 1H), 6.91-6.99 (m, 4H), 7.23-7.30 (m, 3H), 7.34-7.40 (m,
3H), 7.45-7.51 (m, 4H), 7.63 (ddd, J=8.54, 7.08, 1.95 Hz,
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1H), 7.78 (s, 1H), 7.83-7.88 (m, 2H), 7.99-8.03 (m, 2H),
8.09 (d, J=8.79 Hz, 1H), 8.25 (dd, J=8.30, 1.46 Hz, 1H); '*C
NMR (101 MHz, CHLOROFORM-d) d ppm 50.24, 64.77,
67.46, 67.93, 68.40, 69.43, 69.57, 70.54, 70.70, 73.85,
101.10, 107.49, 114.29, 114.68, 117.83, 117.96, 123.59,
123.78, 124.14, 124.54, 125.70, 126.09, 126.99, 128.02,
128.19, 128.73, 128.95, 130.47, 131.36, 131.77, 133.19,
136.79, 139.29, 144.59, 155.10, 155.99, 157.81, 160.50,
162.96, 163.22, 174.86, 177.67; LRMS (ESI) m/z 822
[M+H]*, 844 [M+Na]*; HRMS (ESI) caled for
C,sH, N0, [M+H]* 822.3027, found 822.3003; calcd for
C,sH4 N0, Na [M+Na]* 844.2846, found 844.2825.

35
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6-Fluoro-2-(4-(2-(2-(4-((2-((4-0x0-2-phenyl-4H-
chromen-7-yl)oxy)ethoxy)methyl)-1H-1,2,3-triazol-
1-yD)ethoxy)ethoxy)phenyl)-4H-chromen-4-one
(Acl13Az7)

This compound (30 mg) was obtained from Ac13 and Az7
in 44% yield according to the general procedure described
above. '"H NMR (500 MHz, CHLOROFORM-d) & ppm
3.83-3.83 (m, 2H), 3.95-3.97 (m, 4H), 4.14-4.15 (m, 2H),
4.22 (br. s., 2H), 4.59 (t, J=4.88 Hz, 2H), 4.75 (br. s., 2H),
6.69 (s, 1H), 6.72 (s, 1H), 6.90-7.01 (m, 4H), 7.36 (ddd,
J=9.15,7.44,2.93 Hz, 1H), 7.47-7.52 (m, 4H), 7.78-7.87 (m,
6H), 8.08 (d, J=8.79 Hz, 1H); 1*C NMR (101 MHz, CHLO-
ROFORM-d) d ppm 50.37, 64.85, 67.43, 67.96, 68.44,
69.55, 69.66, 101.09, 105.57, 107.48, 110.59 (d, J=24.24
Hz, C5), 114.72, 115.01, 119.94 (d, J=8.08 Hz, C8), 121.63
(d, J=26.26 Hz, C7), 124.14, 126.09, 127.01, 128.01,
128.98, 131.41, 131.74, 152.28 (d, I=1.46 Hz, C9), 157.81,
159.53 (d, 1=247.45 Hz, C6), 161.45, 162.98, 163.23,
163.36, 177.34, 177.35 (d, J=2.02 Hz, C4), 177.66; LRMS

(ES) m/z 690 [M+H]*; HRMS (ESI) caled for

CoH55N,O.F [M+H]* 690.2252, found 690.2220.
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Methyl 3-(((4-0x0-2-(4-(2-(2-(4-((2-((4-0x0-2-phe-
nyl-4H-chromen-7-yl)oxy)ethoxy)methyl)-1H-1,2,3-
triazol-1-yl)ethoxy)ethoxy)phenyl)-4H-chromen-3-
yhoxy)methyl)benzoate (Ac13Az8)

This compound (78 mg) was obtained from Ac13 and Az8
in 94% yield according to the general procedure described
above. "H NMR (500 MHz, CHLOROFORM-d) & ppm
3.80-3.84 (m, 2H), 3.85 (s, 3H), 3.89-3.93 (m, 2H), 3.95 (t,
J=4.88 Hz, 2H), 4.10-4.16 (m, 2H), 4.16-4.21 (m, 2H), 4.57
(t, I=4.88 Hz, 2H), 4.73 (s, 2H), 5.11 (s, 2H), 6.70 (s, 1H),
6.88-6.96 (m, 4H), 7.32 (t, J=7.57 Hz, 1H), 7.37 (t, J=7.57
Hz, 1H), 7.43-7.51 (m, 4H), 7.57 (d, J=7.81 Hz, 1H), 7.63
(ddd, J=8.54,7.08, 1.95 Hz, 1H), 7.78 (br. s., 1H), 7.81-7.86
(m, 2H), 7.90 (d, J=7.81 Hz, 1H), 7.92-7.98 (m, 3H), 8.06 (d,
J=0.27 Hz, 1H), 8.23 (dd, J=8.05, 1.71 Hz, 1H); '*C NMR
(101 MHz, CHLOROFORM-d) & ppm 50.51, 52.23, 65.01,
67.50, 68.15, 68.64, 69.83, 69.87, 73.51, 76.95, 77.26,
7747, 77.58, 101.32, 107.70, 114.52, 114.94, 118.09,
123.78, 124.33, 124.88, 125.93, 126.32, 127.18, 128.51,
129.18, 129.44, 129.96, 130.33, 130.73, 131.59, 131.99,
133.40, 133.54, 137.42, 139.29, 155.35, 156.40, 158.02,
160.62, 163.18, 163.46, 166.99, 174.97, 177.87; LRMS
(ESD) nv/z 836 [M+H]*, 858 [M+Na]*; HRMS (ESI) calcd
for C,gH,,N;0,, [M+H]" 836.2819, found 836.2792; caled
for C,4H,,N;0, ,Na [M+Na]* 858.2639, found 858.2606.

Methyl 3-(((4-ox0-2-(4-(2-(2-(2-(4-((2-((4-0x0-2-
phenyl-4H-chromen-7-yl)oxy Jethoxy)methyl)-1H-1,
2,3-triazol-1-yl)ethoxy)ethoxy)ethoxy)phenyl)-4H-
chromen-3-yl)oxy)methyl)benzoate (Ac13Az9)

This compound (47 mg) was obtained from Ac13 and Az9
in 53% yield according to the general procedure described
above. "H NMR (500 MHz, CHLOROFORM-d) & ppm
3.62-3.66 (m, 2H), 3.66-3.70 (m, 2H), 3.81-3.85 (m, 2H),
3.87 (s, 3H), 3.88 (t, J=4.75 Hz, 2H), 3.91-3.95 (m, 2H),
4.14-4.17 (m, 2H), 4.19-4.23 (m, 2H), 4.54 (t, J=5.12 Hz,
2H), 4.74 (s, 2H), 5.13 (s, 2H), 6.72 (s, 1H), 6.90-6.99 (m,
4H), 7.33 (t, I=7.57 Hz, 1H), 7.36-7.41 (m, 1H), 7.45-7.52
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(m, 4H), 7.58 (d, I=7.32 Hz, 1H), 7.64 (ddd, J=8.42, 6.95,
1.71 Hz, 1H), 7.79 (br. s., 1H), 7.83-7.87 (m, 2H), 7.91 (d,
J=7.81 Hz, 1H), 7.93-7.98 (m, 3H), 8.09 (d, ]=8.79 Hz, 1H),
8.25 (dd, J=7.81, 1.46 Hz, 1H); *C NMR (101 MHz,
CHLOROFORM-d) & ppm 50.29, 52.00, 64.76, 67.44,
67.93, 68.40, 69.42, 69.56, 70.53, 70.68, 73.27, 101.10,
107.48, 11431, 114.69, 117.86, 123.39, 124.11, 124.62,
125.70, 126.09, 126.99, 128.27, 128.95, 129.21, 129.70,
130.09, 130.46, 131.36, 131.77, 133.16, 133.28, 137.18,
139.04, 155.12, 156.26, 157.81, 160.55, 162.97, 163.22,
166.76, 174.76, 177.66; LRMS (ESI) m/z 880 [M+H]*;

HRMS (ESI) caled for C5,H,,N;O,, [M+H]* 880.3081,
found 880.3043.
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3-(Benzyloxy)-2-(4-(2-(2-(4-((2-((4-0x0-2-phenyl-
4H-chromen-7-yl)oxy)ethoxy)methyl)-1H-1,2,3-
triazol-1-yl)ethoxy)ethoxy)phenyl)-4H-chromen-4-
one (Acl13Az10)

This compound (39 mg) was obtained from Acl3 and
Az10 in 50% yield according to the general procedure
described above. "H NMR (500 MHz, CHLOROFORM-d)

d ppm 3.79-3.84 (m, 2H), 3.88-3.93 (m, 2H), 3.95 (t, J=4.88
Hz, 2H), 4.10-4.15 (m, 2H), 4.15-4.21 (m, 2H), 4.57 (t, ,
J=4.88 Hz, 2H), 4.73 (s, 2H), 5.10 (s, 2H), 6.71 (s, 1H),
6.87-6.96 (m, 4H), 7.22-7.29 (m, 3H), 7.33-7.39 (m, 3H),
7.43-7.51 (m, 4H), 7.59-7.65 (m, 1H), 7.77 (br. s., 1H),
7.80-7.86 (m, 2H), 7.98-8.04 (m, 2H), 8.06 (d, J=8.75, 1H),
8.23 (dd, J=8.05, 1.71 Hz, 1H); '*C NMR (101 MHz,
CHLOROFORM-d) & ppm 50.27, 64.76, 67.26, 67.89, 15
68.40, 69.57, 69.61, 73.83, 101.07, 107.45, 114.23, 114.70,
117.80, 123.73, 124.11, 124.55, 125.67, 126.07, 126.94,
128.02, 128.18, 128.69, 128.92, 130.48, 131.34, 131.74,
133.20, 136.77, 139.30, 155.07, 155.84, 157.78, 160.31,
162.95, 163.21, 174.82, 177.63; LRMS (ESI) m/z 778 o9
[M+H]*; HRMS (ESID) caled for C,H,N;O, [M+H]*
778.2765, found 778.2791.

7-(2-((1-(2-(2-((4-Oxo0-2-phenyl-4H-chromen-7-y1) 35
oxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)methoxy)
ethoxy)-2-phenyl-4H-chromen-4-one (Ac13Az11)

This compound (38 mg) was obtained from Acl3 and
Az11 in 57% yield according to the general procedure ,
described above. "H NMR (500 MHz, CHLOROFORM-d)

d ppm 3.80-3.85 (m, 2H), 3.91 (br. s., 2H), 3.94 (t, J=4.88
Hz, 2H), 4.12-4.19 (m, 4H), 4.57 (t, J=4.88 Hz, 2H), 4.72 (s,
2H), 6.65 (s, 1H), 6.67 (s, 1H), 6.85 (dd, J=7.32, 2.44 Hz,
2H), 6.90 (dd, J=9.03, 2.20 Hz, 1H), 6.93 (dd, J=8.79, 1.95
Hz, 1H), 7.41-7.51 (m, 6H), 7.80 (ddd, J=7.69, 3.29, 1.71 45
Hz, 5H), 8.03 (d, J=8.78 Hz, 1H), 8.07 (d, J=9.27 Hz, 1H),
13C NMR (101 MHz, CHLOROFORM-d) § ppm 50.24,
64.76, 67.69, 67.87, 68.41, 69.28, 69.59, 100.97, 101.03,
107.34, 107.37, 114.51, 114.68, 117.82, 117.97, 126.00,
126.02, 126.82, 127.00, 128.88, 128.90, 131.33, 131.37, 5q
131.58, 131.64, 157.70, 162.86, 162.92, 162.95, 163.14,
177.52, 177.59; LRMS (ESI) m/z 672 [M+H]"; HRMS
(ESI) caled for C;oH, N;O4 [M+H]* 672.2346, found
672.2317.
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7-(2-((1-(2-(2-(2-((4-Oxo0-2-phenyl-4H-chromen-7-
yhoxy)ethoxy)ethoxy) ethyl)-1H-1,2,3-triazol-4-yl)
methoxy )ethoxy)-2-phenyl-4H-chromen-4-one
(Acl3Acl2)

This compound (32 mg) was obtained from Acl3 and
Az12 in 45% yield according to the general procedure
described above. 'H NMR (500 MHz, CHLOROFORM-d)
d ppm 3.60-3.66 (m, 2H), 3.66-3.70 (m, 2H), 3.81-3.86 (m,
2H), 3.88-3.90 (m, 2H), 3.94 (br. s., 2H), 4.17-4.25 (m, 4H),
4.53-4.55 (m, 2H), 4.73 (br. s., 2H), 6.71 (s, 2H), 6.87-6.98
(m, 4H), 7.43-7.54 (m, 6H), 7.80-7.88 (m, 5H), 8.08 (t,
J=8.54 Hz, 2H); >C NMR (101 MHz, CHLOROFORM-d)
d ppm 50.45, 64.80, 67.93, 67.99, 68.43, 69.36, 69.37,
70.51, 70.71, 101.07, 101.16, 107.44, 107.45, 114.58,
114.68, 118.01, 126.08, 126.96, 127.04, 128.94, 131.37, 15
131.72, 157.79, 157.80, 162.97, 163.18, 163.20, 177.63;
LRMS (ESD) m/z 716 [M+H]*; HRMS (ESI) calcd for
C,1H3: NSO, [M+H]" 716.2608, found 716.2577.
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2,2'-((((((4,4'-(((2-(2-(4-(4-Ox0-4H-chromen-2-y1)
phenoxy )ethoxy)ethyl) azanediyl)bis(methylene))bis
(1H-1,2,3-triazole-4,1-diyl))bis(ethane-2,1-diyl))bis
(oxy)) bis(ethane-2,1-diyl))bis(oxy))bis(4,1-
phenylene))bis(4H-chromen-4-one) (Ac14Az1)

This compound (63 mg) was obtained from Acl4 and Azl 40

in 71% 1yield according to the general procedure described
above. "H NMR (500 MHz, CHLOROFORM-d) 8 ppm
2.71-2.73 (m, 2H) 3.52-3.56 (m, 2H) 3.64-3.70 (m, 4H) 3.79

(s, 4H) 3.80-3.85 (m, 4H) 3.96 (t, J=5.12 Hz, 4H) 4.15-4.17
(m, 4H) 4.56 (t, J=5.12 Hz, 4H) 6.72 (s, 2H) 6.97-7.02 (m, 45
4H) 7.37-7.42 (m, 2H) 7.53 (d, J=8.30 Hz, 2H) 7.67 (ddd,
J=8.54, 7.08, 1.46 Hz, 2H) 7.82-7.86 (m, 4H) 7.88 (s, 2H)
8.20 (dd, 1=7.81, 1.95 Hz, 2H); '*C NMR (126 MHz,
CHLOROFORM-d) § ppm 47.56, 50.11, 52.62, 61.67,
67.43, 68.39, 69.46, 69.62, 72.35, 106.08, 114.95, 117.89, 5
123.77, 124.17, 124.64, 125.04, 125.52, 127.93, 133.55,
143.38, 156.06, 161.32, 163.21, 178.30; LRMS (ESI) m/z
906 [M+Na]*; HRMS (ESI) caled for C,gH,,N,O,,Na
[M+Na]*906.3439, found 906.3398.
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2,2'-((((((4,4'-(Benzylazanediyl)bis(methylene))bis
(1H-1,2,3-triazole-4,1-diyl))bis(ethane-2,1-diyl))bis
(oxy))bis(ethane-2,1-diyl))bis(oxy))bis(4,1-phe-
nylene))bis (4H-chromen-4-one) (Ac15Az1)

This compound (88 mg) was obtained from Acl5 and Azl
in 99% yield according to the general procedure described
above. "H NMR (500 MHz, CHLOROFORM-d) & ppm
3.62-3.74 (m, 2H), 3.75-3.81 (m, 2H), 3.93 (br. s., 2H),
4.06-4.12 (m, 2H), 4.52-4.54 (m, 2H), 6.65 (s, 1H), 6.91 (d, '°
J=9.27 Hz, 2H), 7.11-7.18 (m, 1H), 7.22 (t, J=7.08 Hz, 1H),
7.29-739 (m, 2H), 7.48 (d, J=8.30 Hz, 1H), 7.63 (ddd,
J=8.54, 7.08, 1.46 Hz, 1H), 7.68-7.79 (m, 3H), 8.15 (dd,
J=7.81, 1.46 Hz, 1H); °C NMR (101 MHz, CHLORO- 15
FORM-d) § ppm 50.11, 67.34, 69.37, 69.55, 106.00, 114.84,
117.83, 123.74, 124.08, 124.94, 125.41, 126.89, 127.83,
127.89, 128.13, 128.73, 133.44, 155.97, 161.22, 163.06,
178.10; LRMS (ESI) m/z 886 [M+H]*; HRMS (ESI) calcd
for C5,H,4N,O, [M+H]" 886.3564, found 886.3524.

2,2'-((((((((4,4'-(Benzylazanediyl)bis(methylene))bis

(1H-1,2,3-triazole-4,1-diyl))bis(ethane-2,1-diyl))bis

(oxy))bis(ethane-2,1-diyl))bis(oxy))bis(ethane-2,1-

diyl)) bis(oxy))bis(4,1-phenylene))bis(4H-chromen-
4-one) (Acl5Az72)

This compound (48 mg) was obtained from Acl15 and Az2 40
in 49% yield according to the general procedure described
above. "H NMR (500 MHz, CHLOROFORM-d) & ppm
3.60-3.90 (m, 10H), 4.10-4.18 (m, 2H), 4.53 (br. s., 2H),
6.72 (s, 1H), 6.99 (d, 1=8.79 Hz, 2H), 7.17-7.33 (m, 2H),
7.33-7.43 (m, 2H), 7.50-7.56 (m, 1H), 7.64-7.70 (m, 1H),
7.72-7.89 (m, 3H), 8.20 (dd, J=7.81, 1.46 Hz, 1H); >*C NMR
(101 MHz, CHLOROFORM-d) & ppm 67.62, 69.53, 70.59,
70.72, 106.19, 115.01, 117.93, 124.19, 125.04, 125.60,
127.12, 127.94, 128.32, 133.52, 156.14, 161.50, 163.25,
178.26; LRMS (ESI) mv/z 974 [M+H]*; HRMS (ESI) calcd

for CssHsN,0,o [M+H]* 974.4089, found 974.4064.

50
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2,2'-((((((((4,4'-(Benzylazanediyl)bis(methylene))bis
(1H-1,2,3-triazole-4,1-diyl))bis(ethane-2,1-diyl))bis
(oxy))bis(ethane-2,1-diyl))bis(oxy))bis(ethane-2,1-
diyl)) bis(oxy))bis(4,1-phenylene))bis(6-methyl-4H-
chromen-4-one) (Ac15Az3) 5

This compound (99 mg) was obtained from Acl5 and Az3
in 99% yield according to the general procedure described
above. "H NMR (500 MHz, CHLOROFORM-d) 8 ppm 2.41
(s, 3H), 3.59-3.70 (m, 5H), 3.73 (br. s., 1H), 3.76-3.81 (m,
2H), 3.87 (br. s., 2H), 4.10-4.12 (m, 2H), 4.51 (br. s., 2H),
6.66 (s, 1H), 6.95 (d, I=8.79 Hz, 2H), 7.14-7.23 (m, 1H),
7.23-731 (m, 1H), 7.31-7.47 (m, 3H), 7.70-7.82 (m, 3H),
7.95 (s, 1H); 1*C NMR (101 MHz, CHLOROFORM-d) §
ppm 20.80, 67.50, 69.37, 69.43, 70.50, 70.62, 105.90,
114.87, 117.60, 123.43, 124.16, 124.83, 126.95, 127.80, 15
128.20, 128.84, 134.64, 134.89, 154.29, 161.33, 163.01,
178.27;, LRMS (ESI) m/z 1002 [M+H]*; HRMS (ESI) calcd
for C5,HgoN,O, 4 [M+H]" 1002.4402, found 1002.4353.
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2,2'-((((((((4,4'-((Benzylazanediyl)bis(methylene))

bis(1H-1,2,3-triazole-4,1-diyl))bis(ethane-2,1-diyl))

bis(oxy))bis(ethane-2,1-diyl))bis(oxy))bis(ethane-2,
1-diyl)) bis(oxy))bis(4,1-phenylene))bis(3-

(benzyloxy)-4H-chromen-4-one) (Acl15AzS) »

This compound (110 mg) was obtained from Acl5 and
Az5 in 92% yield according to the general procedure
described above. "H NMR (500 MHz, CHLOROFORM-d)

8 ppm 3.61-3.66 (m, 2H), 3.66-3.72 (m, 2H), 3.76 (br. 5., *°
2H), 3.80-3.86 (m, 2H), 3.88 (t, J=5.12 Hz, 2H), 4.12-4.19
(m, 2H), 4.53 (t, J=4.88 Hz, 2H), 5.11 (s, 2H), 6.94 (d,
J=9.27 Hz, 2H), 7.24-7.30 (m, 4H), 7.35-7.42 (m, 4H), 7.51

(d, J=7.81 Hz, 1H), 7.66 (ddd, J=8.54, 7.08, 1.95 Hz, 1H),
7.74 (br. s., 1H), 7.99-8.05 (m, 2H), 8.28 (dd, J=8.05, 1.71 45
Hz, 1H); **C NMR (101 MHz, CHLOROFORM-d)  ppm
50.10, 67.44, 69.47, 69.54, 70.56, 70.68, 73.83, 114.26,
117.83, 123.47, 124.11, 124.52, 125.64, 126.98, 127.99,
128.14, 128.23, 128.71, 128.88, 130.44, 133.17, 136.71,
139.23, 155.08, 156.09, 160.50, 174.85; LRMS (ESI) m/z
1186 [M+H]*; HRMS (ESI) caled for C4HgN,O,, [M+H]*
1186.4926, found 1186.4880.
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Dimethyl 3,3'-(((2,2'-(((((4,4'-((benzylazanediyl)bis
(methylene))bis(1H-1,2,3-triazole-4,1-diyl))bis(eth-
ane-2,1-diyl))bis(oxy))bis(ethane-2,1-diyl))bis(oxy))
bis(4,1-phenylene))bis(4-oxo-4H-chromene-3,2-diyl)
bis(oxy))bis(methylene))dibenzoate (Ac15AzR)

This compound (120 mg) was obtained from Acl5 and
Az8 in 98% yield according to the general procedure
described above. 'H NMR (500 MHz, CHLOROFORM-d)
d ppm 3.74 (br. s., 2H), 3.80-3.82 (m, 2H), 3.86 (s, 3H), 3.94
(t, J=5.12 Hz, 2H), 4.10-4.15 (m, 2H), 4.54 (t, J=5.12 Hz,
2H), 5.12 (s, 2H), 6.87-6.93 (m, 2H), 7.17 (d, J=7.32 Hz,
1H), 7.24 (t, J=7.57 Hz, 1H), 7.32 (t, J=7.81 Hz, 1H),
7.35-7.42 (m, 2H), 7.49 (d, J=7.81 Hz, 1H), 7.56-7.60 (m,
1H), 7.65 (ddd, J=8.54,7.08, 1.46 Hz, 1H), 7.75 (br. 5., 1H),
7.89-7.98 (m, 4H), 8.26 (dd, J=8.05, 1.71 Hz, 1H); *C NMR
(101 MHz, CHLOROFORM-d) & ppm 47.53, 50.11, 51.98,
57.43, 67.30, 69.55, 69.69, 73.27, 114.28, 117.88, 123.43,
124.10, 124.22, 124.63, 125.68, 126.99, 128.21, 128.25,
128.89, 129.20, 129.72, 130.07, 130.48, 133.16, 133.30,
137.14, 139.02, 144.38, 155.13, 156.31, 160.39, 166.73,
174.78; LRMS (ESI) m/z 1214 [M+H]*; HRMS (ESI) calcd
for C,oHg NSO, , [M+H]*" 1214.4511, found 1214.4476.

Dimethyl 3,3'-(((2,2'-((((((((4,4'-((benzylazanediyl)
bis(methylene))bis(1H-1,2,3-triazole-4,1-diyl)) bis
(ethane-2,1-diyl))bis(oxy))bis(ethane-2,1-diyl))bis
(oxy))bis(ethane-2,1-diyl))bis(oxy)) bis(4,1-
phenylene))bis(4-ox0-4H-chromene-3,2-diyl))bis
(oxy))bis(methylene))dibenzoate (Acl15Az9)

This compound (120 mg) was obtained from Acl5 and
Az9 in 90% yield according to the general procedure
described above. 'H NMR (500 MHz, CHLOROFORM-d)
d ppm 3.60-3.65 (m, 3H), 3.65-3.70 (m, 3H), 3.77 (br. s.,
2H), 3.80-3.84 (m, 2H), 3.85-3.90 (m, 5H), 4.14 (t, J=4.64
Hz, 2H), 4.52 (t, I=5.12 Hz, 2H), 5.13 (s, 2H), 6.93 (d,
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J=8.79 Hz, 2H), 7.20-7.22 (d, ]=6.83 Hz, 1H), 7.29 (.
J=7.08 Hz, 1H), 7.33 (t, ]=7.81 Hz, 1H), 7.40 (t, 1=7.57 Hz,
2H), 7.50 (d, J=8.79 Hz, 1H), 7.58 (d, ]=7.32 Hz, 1H),
7.63-7.69 (m, 1H), 7.75 (br. s., 1H), 7.91 (d, J=7.81 Hz, 1H),
7.93-7.99 (m, 3H), 8.27 (d, J=7.81 Hz, 1H); '*C NMR (101
MHz, CHLOROFORM-d) & ppm 50.20, 52.03, 67.49,
69.56, 69.61, 70.64, 70.75, 73.32, 11436, 117.92, 123.38,
124.16, 124.66, 125.75, 128.29, 129.25, 129.76, 130.12,
130.51, 133.21, 133.31, 137.19, 139.07, 155.19, 156.42,
160.62, 166.80, 174.84; LRMS (ESD) m/z 1302 [M+H]*;
HRMS (ESI) caled for C,3H,,N,O,, [M+H]* 1302.4980,
found 1302.5036.
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7,7-(((((4,4'-((Benzylazanediyl)bis(methylene))bis
(1H-1,2,3-triazole-4,1-diyl))bis(ethane-2,1-diyl))bis
(oxy))bis(ethane-2,1-diyl))bis(oxy))bis(2-phenyl-
4H-chromen-4-one) (Acl5Az11)

This compound (88 mg) was obtained from Acl5 and
Az11 in 99% yield according to the general procedure
described above. "H NMR (500 MHz, CHLOROFORM-d)
d ppm 3.61-4.17 (m, 8H), 4.56 (br. s., 2H), 6.73 (s, 1H), 6.92
(br. s., 2H), 7.16 (br. s., 1H), 7.26 (d, J=1.46 Hz, 1H),
7.44-7.56 (m, 3H), 7.86 (d, J=7.81 Hz, 2H), 8.07 (d, J=8.30
Hz, 1H); **C NMR (101 MHz, CHLOROFORM-d) § ppm
67.89, 69.36, 101.25, 107.51, 114.56, 126.16, 127.10,

10

128.99, 131.42, 131.78, 157.83, 163.05, 177.68; LRMS
(ESI) m/z 886 [M+H]*; HRMS (ESI) calcd for Cs,H,N,O; 15
[M+H]* 886.3564, found 886.3521.

74

7,7'-(((((((4,4'-(Benzylazanediyl))bis(methylene))bis
(1H-1,2,3-triazole-4, 1-diyl))bis(ethane-2,1-diyl))bis
(oxy))bis(ethane-2,1-diyl))bis(oxy))bis(ethane-2,1-
diyl)) bis(oxy))bis(2-phenyl-4H-chromen-4-one)
(Acl5Az12)

30

This compound (58 mg) was obtained from Acl5 and
Az12 in 60% yield according to the general procedure
described above. "H NMR (500 MHz, CHLOROFORM-d)
d ppm 3.59-3.65 (m, 2H), 3.65-3.71 (m, 2H), 3.77 (br. s.,
2H), 3.81-3.86 (m, 2H), 3.87-3.89 (m, 2H), 4.16-4.22 (m,
2H), 4.52 (t, J=4.88 Hz, 2H), 6.74 (s, 1H), 6.91-6.99 (m,
2H), 7.19-7.22 (m, 1H), 7.28 (t, J=7.08 Hz, 1H), 7.39 (br. s.,
1H), 7.46-7.55 (m, 3H), 7.77 (br. s., 1H), 7.85-7.91 (m, 2H),
8.10 (d, J=8.79 Hz, 1H); >°C NMR (101 MHz, CHLORO-
FORM-d) d ppm 50.21, 68.06, 69.42, 69.52, 70.64, 70.79,
101.20, 107.53, 114.65, 117.98, 126.15, 127.05, 128.33,
128.98, 131.40, 131.83, 157.86, 163.04, 163.26, 177.74;
LRMS (ESD) m/z 974 [M+H]*; HRMS (ESI) calcd for
C5sHs N,O, o [M+H]™ 974.4089, found 974.4063.
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7,7'-(((4,4'-(Benzylazanediyl)bis(methylene))bis(1H- %

1,2,3-triazole-4,1-diyl))bis(ethane-2,1-diyl))bis
(oxy))bis(2-phenyl-4H-chromen-4-one) (Ac15Az13)

This compound (69 mg) was obtained from Acl5 and 65
Az13 in 87% yield according to the general procedure
described above. "H NMR (500 MHz, CHLOROFORM-d)

vy
7 NN 0

K-
=l

d ppm 3.75 (br. s., 2H), 4.50 (br. s., 2H), 4.83 (br. s., 2H),
6.73 (s, 1H), 6.94 (br. s., 2H), 7.31 (br. 5., 1H), 7.46-7.56 (m,
3H), 7.86 (d, J=7.81 Hz, 2H), 8.10 (d, ]=8.30 Hz, 1H); °C
NMR (101 MHz, CHLOROFORM-d) d ppm 53.84, 69.47,
101.42, 107.51, 114.28, 126.14, 127.36, 128.48, 128.99,
131.49, 131.61, 157.71, 162.13, 163.14, 177.52; LRMS
(ESI) m/z 798 [M+H]*; HRMS (ESI) caled for C,,H,,N. O
[M+H]* 798.3040, found 798.3013.
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7-(2-(Benzyl((1-(2-(2-(4-(4-ox0-4H-chromen-2-yl)
phenoxy )ethoxy)ethyl)-1H-1,2,3-triazol-4-yl)methyl)
amino)ethoxy)-2-phenyl-4H-chromen-4-one
(Acl6Azl)

This compound (69 mg) was obtained from Acl6 and Azl
in 90% yield according to the general procedure described
above. 'H NMR (500 MHz, CHLOROFORM-d) 8 ppm 2.98
(br. s., 2H), 3.71-3.85 (m, 4H), 3.95 (t, J=5.12 Hz, 4H),
4.06-4.12 (m, 2H), 4.14 (br. s., 2H), 4.57 (t, J=5.12 Hz, 2H),
6.67 (s, 1H), 6.71 (s, 1H), 6.83-6.95 (m, 4H), 7.20-7.25 (m,
1H), 7.29 (t, J=7.32 Hz, 2H), 7.36-7.39 (m, 3H), 7.43-7.52
(m, 4H), 7.62-7.67 (m, 1H), 7.71 (br. s., 1H), 7.75-7.81 (m,
2H), 7.82-7.87 (m, 2H), 8.06 (d, J=8.79, 1H), 8.14-8.20 (m,
1H); *C NMR (101 MHz, CHLOROFORM-d) 8§ ppm
4933, 50.21, 51.66, 58.89, 67.17, 67.42, 69.50, 69.76,
100.91, 106.18, 107.38, 114.64, 114.85, 117.76, 117.85,
123.84, 124.33, 125.03, 125.56, 126.05, 126.90, 127.20,
127.89, 128.32, 128.76, 128.92, 131.35, 131.69, 133.50,
156.05, 157.83, 161.22, 162.89, 163.00, 163.22, 177.65,
178.15; LRMS (ESI) m/z 761 [M+H]*, 783 [M+Na]™;
HRMS (ESI) caled for C,H,,N,O, [M+H]* 761.2975,
found 761.2980; caled for C,H,,N,O,Na [M+Na]*
783.2795, found 783.2794.
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7-(2-(Benzyl((1-(2-(2-(2-(4-(4-0x0-4H-chromen-2-
yDphenoxy )ethoxy)ethoxy)ethyl)-1H-1,2,3-triazol-4-
yDmethyl)amino)ethoxy)-2-phenyl-4H-chromen-4-
one (Acl6Az2)

This compound (19 mg) was obtained from Ac16 and Az2
in 24% yield according to the general procedure described
above. 'HNMR (500 MHz, CHLOROFORM-d) 8 ppm 3.02
(br. s., 2H), 3.59-3.69 (m, 4H), 3.73-3.84 (m, 4H), 3.88 (t,
J=5.0 Hz, 2H), 3.96 (br. s., 2H), 4.07-4.14 (m, 2H), 4.19 (br.
s., 2H), 4.54 (t, I=5.12 Hz, 2H), 6.70 (s, 1H), 6.73 (s, 1H),
6.88-6.98 (m, 4H), 7.22-7.28 (m, 1H), 7.32 (t, J=7.57 Hz,
2H), 7.35-7.44 (m, 3H), 7.45-7.54 (m, 4H), 7.66 (ddd,
J=8.66, 6.95, 1.46 Hz, 1H), 7.74 (br. s., 1H), 7.81 (d, J=9.25
Hz, 2H), 7.85-7.90 (m, 2H), 8.08 (d, J=8.79 Hz, 1H), 8.19
(dd, I=7.81, 1.46 Hz, 1H); '*C NMR (101 MHz, CHLO-
ROFORM-d) d ppm 49.28, 50.24, 51.69, 58.87, 67.22,
67.55, 69.51, 69.55, 70.56, 70.74, 100.98, 106.19, 107.44,
114.67, 114.95, 117.82, 117.89, 123.89, 124.24, 125.04,
125.61, 126.10, 126.96, 127.21, 127.92, 12835, 128.81,
128.95, 131.37, 131.76, 133.52, 156.11, 157.89, 161.43,
162.95, 163.17, 163.25, 177.71, 178.24; LRMS (ESI) m/z
805 [M+H]", 827 [M+Na]*; HRMS (ESI) caled for
C,sH,sN, Oy [M+H]* 805.3237, found 805.3260; calcd for
C,sH, N, ONa [M+Na]* 827.3057, found 827.3070.

e}
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7-(2-(Benzyl((1-(2-(2-(2-(4-(6-methyl-4-ox0-4H-
chromen-2-yl)phenoxy )ethoxy )ethoxy)ethyl)-1H-1,
2,3-triazol-4-yl)methyl)amino)ethoxy)-2-phenyl-4H-
chromen-4-one (Ac16Az3)

This compound (28 mg) was obtained from Ac16 and Az3
in 34% yield according to the general procedure described
above. 'H NMR (500 MHz, CHLOROFORM-d) 8 ppm 2.38
(s, 3H), 2.94 (br. s., 2H), 3.45-3.68 (m, 6H), 3.68-3.76 (m,
3H), 3.82 (br. s., 3H), 4.05 (m, 2H), 4.11 (br. s., 2H), 4.48
(br. s., 2H), 6.62 (s, 1H), 6.67 (s, 1H), 6.81-6.92 (m, 4H),
7.16-7.21 (m, 2H), 7.26 (br. s., 2H), 7.31-7.37 (m, 2H),
7.37-7.48 (m, 5H), 7.74 (d, J=8.79 Hz, 2H), 7.78-7.83 (m,
2H), 7.91 (s, 1H), 8.02 (d, J=8.79 Hz, 1H); >C NMR (101
MHz, CHLOROFORM-d) § ppm 20.90, 67.58, 69.52,
69.55,70.59,70.76, 101.05, 106.10, 107.48, 114.66, 114.95,
117.67, 124.41, 125.01, 126.13, 127.03, 127.91, 128.44,
128.98, 131.40, 131.78, 134.75, 135.02, 154.42, 157.91,
161.37, 162.99, 163.05, 177.72, 178.39; LRMS (ESI) m/z
819 [M+H]*, 841 [M+Na]*; HRMS (ESI) caled for
C,oH,,N, Oy [M+H]*819.3394, found 819.3392; calcd for
C,oH,N,OgNa [M+Na]* 841.3213, found 841.3220.
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7-(2-(Benzyl((1-(2-(2-(2-(4-(3-(benzyloxy)-4-0x0-

4H-chromen-2-yl)phenoxy )ethoxy)ethoxy )ethyl)-

1H-1,2,3-triazol-4-yl)methyl)amino )ethoxy)-2-phe-
nyl-4H-chromen-4-one (Ac16Az5)

This compound (29 mg) was obtained from Ac16 and Az5
in 31% yield according to the general procedure described
above. "H NMR (500 MHz, CHLOROFORM-d) 8 ppm 3.00
(br. s., 2H), 3.57-3.70 (m, 4H), 3.70-3.85 (m, 4H), 3.88-3.98
(m, 4H), 4.09-4.23 (m, 4H), 4.53 (t, J=4.88 Hz, 2H), 5.10 (s,
2H), 6.73 (s, 1H), 6.87-6.95 (m, 4H), 7.20-7.42 (m, 11H),
7.45-7.52 (m, 4H), 7.64 (td, I=7.81, 1.46 Hz, 1H), 7.70 (br.
s., 1H), 7.86-7.59 (m, 2H), 8.00 (d, J=8.75 Hz, 2H), 8.08 (d,
J=8.79 Hz, 1H), 8.25 (dd, J=8.05, 1.71 Hz, 1H); '*C NMR
(101 MHz, CHLOROFORM-d) & ppm 50.33, 67.44, 69.51,
69.57, 70.55, 70.72, 73.85, 100.98, 107.45, 114.26, 114.67,
117.83, 123.58, 124.14, 124.55, 125.70, 126.11, 126.94,
127.18, 128.02, 128.17, 128.34, 128.72, 128.79, 128.94,
130.47, 131.36, 131.77, 133.19, 136.77, 139.29, 155.10,
156.01, 157.89, 160.46, 162.95, 163.28, 174.87, 177.70;
LRMS (ESI) m/z 911 [M+H]*, 933 [M+Na]*; HRMS (ESI)
caled for C5sHs NL,Og [M+H]* 911.3656, found 911.3662;
caled for CyH, N,OjNa [M+Na]* 933.3475, found
933.3487.
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7-(2-(Benzyl((1-(2-(2-(4-(6-fluoro-4-oxo-4H-
chromen-2-yl)phenoxy )ethoxy)ethyl)-1H-1,2,3-tri-
azol-4-yl)methyl)amino )ethoxy)-2-phenyl-4H-
chromen-4-one (Ac16Az7)

This compound (20 mg) was obtained from Ac16 and Az7
in 25% yield according to the general procedure described
above. 'H NMR (500 MHz, CHLOROFORM-d) 8 ppm 2.99
(br. s., 2H), 3.68-3.92 (m, 4H), 3.92-4.05 (m, 4H), 4.08-4.27
(m, 4H), 4.58 (br. s, 2H), 6.66 (s, 1H), 6.72 (s, 1H),
6.85-6.96 (m, 4H), 7.21-7.44 (m, 7H), 7.45-7.53 (m, 4H),
7.77 (d, J=8.79 Hz, 2H), 7.80 (dd, J=8.05, 3.17 Hz, 1H),
7.82-7.88 (m, 2H), 8.07 (d, J=8.79 Hz, 1H); '*C NMR (101
MHz, CHLOROFORM-d) § ppm 67.50, 69.55, 69.73,
101.00, 105.54, 107.45, 110.59 (d, I=24.24 Hz, C5), 114.62,
114.95, 119.94 (d, J=8.08 Hz, C8), 121.63 (d, J=25.25 Hz,
C7), 124.09, 126.09, 127.03, 127.99, 128.97, 131.42,
131.69, 152.27, 152.28, 157.86, 159.53 (d, J=247.45 Hz,
C6), 161.40, 162.97, 163.33, 177.37, 177.67, LRMS (ESI)
m/z 799 [M+H]*, 801 [M+Na]*; HRMS (ESI) calcd for
C,6H4oNLO,F [M+H]" 799.2881, found 799.2916; calcd for
C,6H3oN,O,FNa [M+Na]*801.2700, found 801.2738.
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7-(2-(Benzyl((1-(2-(2-(2-((4-0x0-2-phenyl-4H-
chromen-7-yl)oxy )ethoxy)ethoxy)ethyl)-1H-1,2,3-
triazol-4-yl)methyl)amino)ethoxy)-2-phenyl-4H-
chromen-4-one (Acl16Az12)

This compound (33 mg) was obtained from Acl6 and
Az12 in 41% yield according to the general procedure
described above. 'H NMR (500 MHz, CHLOROFORM-d)
d ppm 2.99 (br. s., 2H), 3.58-3.69 (m, 4H), 3.71-3.84 (m,
4H), 3.88 (t, J=5.12 Hz, 2H), 3.93 (br. 5., 2H), 4.11-4.20 (m,
4H), 4.53 (t, I=5.12 Hz, 2H), 6.72 (s, 1H), 6.72 (s, 1H),
6.87-6.96 (m, 4H), 7.20-7.25 (m, 1H), 7.30 (t, J=7.57 Hz,
2H), 7.33-7.41 (m, 2H), 7.45-7.54 (m, 6H), 7.68 (br. 5., 1H),
7.82-7.89 (m, 4H), 8.08 (dd, 1=8.79, 2.93 Hz, 2H); '*C NMR
(101 MHz, CHLOROFORM-d) & ppm 49.28, 50.25, 51.69,
58.83, 67.24, 67.99, 69.38, 69.55, 70.57, 70.78, 100.97,
101.14, 107.45, 107.51, 114.56, 114.67, 117.83, 118.00,
123.80, 126.11, 126.96, 127.06, 127.20, 128.36, 128.78,
128.96, 131.37, 131.39, 131.77, 138.96, 157.80, 157.88,
162.95, 162.97, 163.16, 163.25, 177.65, 177.69; LRMS
(ESD) nv/z 805 [M+H]*, 827 [M+Na]*; HRMS (ESI) caled
for C4F,4sNOg [M+H]" 805.3237, found 805.3265; caled
for C,sH,,N,O;Na [M+Na]*827.3057, found 827.3078.
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7-(2-(Benzyl((1-(2-((4-ox0-2-phenyl-4H-chromen-7-
yhoxy)ethyl)-1H-1,2,3-triazol-4-yl )methyl)amino)
ethoxy)-2-phenyl-4H-chromen-4-one (Ac16Az13)

This compound (18 mg) was obtained from Acl6 and
Az13 in 25% yield according to the general procedure
described above. 'H NMR (500 MHz, CHLOROFORM-d)
d ppm 3.00 (br. s., 2H), 3.75 (br. s., 2H), 3.97 (br. s., 2H),
4.16 (br. s., 2H), 4.47 (t, J=4.88 Hz, 2H), 4.81 (t, J=4.64 Hz,
2H), 6.99 (s, 1H), 6.70 (s, 1H), 6.84-6.93 (m, 4H), 7.20-7.25
(m, 1H), 7.30 (t, J=7.32 Hz, 2H), 7.36 (br. s., 2H), 7.44-7.53
(m, 6H), 7.73 (br. s., 1H), 7.85 (dd, J=7.56, 1.71 Hz, 2H),
7.82 (dd, J=8.05, 1.22 Hz, 2H), 8.06 (dd, J=9.03, 2.20 Hz,
2H); '*C NMR (101 MHz, CHLOROFORM-d) & ppm
49.48, 51.83, 58.83, 66.84, 67.21, 101.02, 101.34, 107.44,
107.51, 114.08, 114.59, 117.84, 118.54, 124.00, 126.09,
126.11, 126.96, 127.28, 127.39, 128.38, 128.73, 128.95,
128.98, 131.38, 131.49, 131.58, 131.76, 138.71, 157.67,
157.85, 162.08, 162.93, 163.09, 163.21, 177.44, 177.66;
LRMS (ESI) m/z 717 [M+H]*, 739 [M+Na]*; HRMS (ESI)
caled for C,H; N,O, [M+H]* 717.2713, found 717.2729;
caled for C,,H;,N,O.Na [M+Na]*739.2533, found
739.2541.
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2,2' 2"-((((((((4,4',4"-(nitrilotris(methylene))tris(1 H-
1,2,3-triazole-4,1-diyl))tris(ethane-2,1-diyl))tris
(oxy))tris(ethane-2,1-diyl))tris(oxy))tris(ethane-2,1-
diyD)tris(oxy))tris(benzene-4,1-diy]))tris(4H-
chromen-4-one) (Ac17Az2)

This compound (21 mg) was obtained from Ac17 and Az2
in 31% yield according to the general procedure described
above. "H NMR (500 MHz, CHLOROFORM-d) & ppm
3.60-3.67 (m, 2H), 3.67-3.74 (m, 2H), 3.79-3.98 (m, 6H),
4.15-4.20 (m, 2H), 4.54 (t, J=5.12 Hz, 2H), 6.72 (s, 1H),
6.98-7.03 (m, 2H), 7.35-7.42 (m, 1H), 7.50-7.55 (m, 1H),
7.63-7.70 (m, 1H), 7.82-7.88 (m, 2H), 8.06 (br. s., 1H),
8.16-8.23 (dd, J=8.0, 1.50 Hz, 1H); 13C NMR (101 MHz,
CHLOROFORM-d) § ppm 46.72, 50.32, 67.67, 69.44,
69.58,70.70, 70.78, 106.20, 115.06, 117.94, 123.92, 124.19,
125.06, 125.63, 127.97, 133.53, 156.16, 161.58, 163.30,
178.29. LRMS (ESD) nmv/z 1317 [M+H]"; HRMS (ESI) caled
for C,,H,5N, 0,5 [M+H]" 1317.5257, found 1317.5303.
Synthesis of Syn-Triazole Bridged Flavonoid Dimers
(Scheme 3)

General Procedure for the Synthesis of Syn-Triazole
Bridged Flavonoid Dimers Catalyzed by Ru(Il) Catalyst.

N=N
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The catalyst chloro(pentamethylcyclopentadienyl)bis(tri-
phenylphosphine)ruthenium (II) (0.01 mmol) was added to
a PhMe solution (2.0 mL) containing the azide (Az, 0.2
mmol) and the alkyne (Ac, 0.2 mmol). The reaction mixture
was stirred overnight under reflux condition. Solvent was
removed by evaporation, and the resulting crude mixture
was purified by flash chromatography on silica gel using
gradient of 10-50% of acetone with CH,Cl, to afford the
desired syn-compound.

O
O/\/O\/\Ng\/\
\
N=N

syn-AcSAzl

6-Methyl-2-(4-(4-(1-(2-(2-(4-(4-ox0-4H-chromen-2-
yl)phenoxy)ethoxy)ethyl)-1H-1,2,3-triazol-5-y1)bu-
toxy)phenyl)-4H-chromen-4-one (syn-Ac5Az1)

This compound (100% syn, 46 mg) was obtained from
AcS5 and Azl in 67% yield according to the general proce-
dure described above. 'H NMR (400 MHz, CHLORO-
FORM-d) & ppm 1.74-1.88 (m, 4H), 2.45 (s, 3H), 2.76-2.79
(m, 2H), 3.73-3.80 (m, 2H), 3.88 (t, J=5.66 Hz, 2H), 4.02 (t,
J=5.27 Hz, 2H), 4.04-4.09 (m, 2H), 4.48 (t, J=5.27 Hz, 2H),
6.62 (s, 1H), 6.69 (s, 1H), 6.88 (d, J=10.0 Hz, 2H), 6.95 (d,
J=10.0 Hz, 2H), 7.30 (t, J=7.42 Hz, 1H), 7.36-7.42 (m, 1H),
7.43-7.50 (m, 3H), 7.61 (ddd, J=8.49, 7.12, 1.56 Hz, 1H),
7.75 (d, J=8.98 Hz, 2H), 7.81 (d, J=8.98 Hz, 2H), 7.96 (s,
1H), 8.11 (dd, J=8.00, 1.37 Hz, 1H); '*C NMR (101 MHz,
CHLOROFORM-d) § ppm 20.90, 22.96, 24.70, 28.70,
47.73, 67.45, 67.48, 69.66, 70.46, 105.96, 106.21, 114.69,
114.85, 117.70, 117.81, 123.53, 123.84, 124.13, 124.37,
124.96, 125.02, 125.58, 127.83, 127.94, 131.83, 133.53,
134.72, 134.99, 137.94, 154.36, 156.05, 161.34, 161.45,
162.93, 162.96, 178.17, 178.35. LRMS (ESD) m/z 684
[M+H]*, 706 [M+Na]*; HRMS (ESI) caled for C, H;N,O,,
[M+H]* 684.2710, found 684.2732; caled for
C,,H;,N;0,Na [M+Na]*706.2529, found 706.2553.

O/\%Z/O\/\N
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6-Methyl-2-(4-(4-(1-(2-(2-(2-(4-(4-0x0-4H-
chromen-2-yl)phenoxy)ethoxy) ethoxy)ethyl)-1H-1,
2,3-triazol-5-yl)butoxy)phenyl)-4H-chromen-4-one
(syn-Ac5Az2

This compound (90% syn, 54 mg) was obtained from Ac5
and Az2 in 74% yield according to the general procedure
described above. "H NMR (500 MHz, CHLOROFORM-d)
d ppm 1.86-1.90 (m, 4H), 2.44 (s, 3H), 2.78-2.81 (m, 2H),
3.55-3.60 (m, 2H), 3.63-3.65 (m, 2H), 3.78-3.80 (m, 2H),
3.95 (t, J=5.37 Hz, 2H), 4.00-4.04 (m, 2H), 4.12-4.15 (m,
2H), 4.45 (t,J=5.37 Hz, 2H), 6.69 (s, 1H), 6.71 (s, 1H), 6.96
(d, I=10.0 Hz, 2H), 7.00 (d, J=10.0 Hz, 2H), 7.37 (t, J=7.81
Hz, 1H), 7.41 (d, J=10.0 Hz, 1H), 7.45-7.49 (m, 2H), 7.51
(d, J=10.0 Hz, 1H), 7.63-7.67 (m, 1H), 7.80-7.86 (m, 4H),
7.97 (s, 1H), 8.18 (dd, J=7.81, 1.46 Hz, 1H); }*C NMR (101
MHz, CHLOROFORM-d) d§ ppm 20.92, 22.93, 24.78,
28.70, 47.73, 67.55, 67.65, 69.53, 70.13, 70.72, 70.77,
106.10, 106.26, 114.82, 115.01, 117.69, 117.91, 123.58,
123.93, 124.31, 125.06, 125.66, 127.96, 131.84, 133.55,
134.76, 135.04, 137.77, 154.44, 156.16, 161.52, 163.18,
163.17, 178.40; LRMS (ESI) m/z 728 [M+H]"; HRMS
(ESI) caled for C,;H,,N;O0, [M+H]* 728.2972, found
728.2946.

Materials for Biological Studies.

Dimethyl sulfoxide (DMSO), vincristine, paclitaxel,
DOX, verapamil, topotecan and phenazine methosulfate
(PMS) were purchased from Sigma-Aldrich. Dulbecco’s
Modified Eagle’s Medium (DMEM), Roswell Park Memo-
rial Institute (RPMI) 1640 medium, trypsin-ethylenedi-
aminetetraacetic acid (EDTA) and penicillin/streptomycin
were purchased from Gibco BRL. Fetal bovine serum (FBS)
was purchased from HyClone Laboratories. 3-(4,5-Dimeth-
ylthiazol-2-y1)-5-[3-(carboxymethoxy)phenyl]-2-(4-sulfo-
phenyl)-2H-tetrazolium (MTS) was purchased from Pro-
mega. The human breast cancer cell lines MDA435/L.CC6
and MDA435/LCC6MDR were kindly provided by Dr.
Robert Clarke (Georgetown University, United States). The
human ovarian carcinoma cell lines 2008/P and 2008/MRP1
were generous gifts from Prof. P. Borst (The Netherlands
Cancer Institute, Amsterdam, Netherlands). The human
embryonic kidney (HEK) 293 cell lines, HEK293/
pcDNA3.1 (empty vector-transfected) and HEK293/R2
(BCRP-transfected) and MCF7-MX100 mitoxantrone
selected cell lines were kindly provided by Dr. Kenneth To
(The Chinese University of Hong Kong, Hong Kong).
MCF7 was kindly provided by Prof. Thomas Leung (The
Hong Kong Polytechnic University, Hong Kong).

Cell Culture.

MDAA435/LCC6, MDA435/LCC6MDR cell lines were
cultured in supplemented DMEM media with 10% heat
inactivated FBS and 100 U/mlL penicillin and 100 pg/mL of
streptomycin. 2008/P and 2008/MRP1 cells or HEK293/
pcDNA3.1 and HEK293/R2 or MCF7 and MCF7-MX100
were cultured in RPMI 1640 medium containing heat inac-
tivated 10% FBS and 100 U/mL penicillin and 100 pg/mlL
of streptomycin. They were maintained at 37° C. in a
humidified atmosphere with 5% CO,. The cells were split
constantly after a confluent monolayer has been formed. To
split cells, the plate was washed briefly with phosphate-
buffered saline (PBS), treated with 0.05% trypsin-EDTA and
harvested by centrifugation.

Cell Proliferation Assay.

6,000 cells of LCC6 or LCC6MDR and paclitaxel were
mixed with or without 1 uM modulator to a final volume of
200 pl in each well of 96-well plates. 4,000 cells of 2008/P
or 2008/MRP1 and DOX or vincristine were co-incubated
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with or without 1 uM modulator to a final volume of 200 pL..
6,500 cells of HEK293/pcDNA3.1 or HEK293/R2 and topo-
tecan were co-incubated with or without 1 pM modulator to
a final volume of 200 pL. 7,500 cells of MCF7 or MCF7-
MX100 and topotecan were co-incubated with or without 1
UM modulator to a final volume of 200 pL. The plates were
then incubated for 5 days at 37° C. After 5 days, the % of
survival or viability was determined by MTS according to
procedures reported previously.>®>®” These results were rep-
resented as meant standard error of mean. I1C;, values were
calculated from the dose-response curves of MTS assays
(Prism 4.0).

Results and Discussions

Chemistry

Design.

With the success of applying bivalent approach in P-gp
and MRP1 modulators as well as the appealing ease and
chemoselectivity of click chemistry, we started to explore
the cycloaddition reaction of azides with alkynes as the key
dimerization process for construction of a triazole bridged
flavonoid dimer library. With one flavonoid bearing an
acetylene group and another flavonoid bearing an azido
group, a triazole bridged flavonoid dimer would be easily
obtained by employing Cu(I)-catalyzed azide-alkyne 1,3-
dipolar cycloaddition (CuAAC). A bis-triazole bridged fla-
vonoid dimer can be obtained by using a diacetylene com-
pound “clicked” with two molecules of flavonoid bearing an
azido group or a diazido compound “clicked” with two
molecules of flavonoid bearing an acetylene group. More
importantly, CAAAC was to be the crucial step affording an
anti-1,2,3-triazole element for connecting flavonoid moi-
eties. On the other hand, a ruthenium-catalyzed cycloaddi-
tion would afford the corresponding syn-1,2,3-triazole
regioisomers®®%.

Synthesis of Alkynes.

The synthesis of the required acetylene bearing flavonoids
is shown in Scheme 1. Treatment of 4' or 7-hydroxyflavones
(1a-e) with various haloalkynes afforded acetylene bearing
flavonoids (Acl1-5, 12) in high yield. Base-catalyzed aldol
condensation of aldehyde 2 with various 2-hydroxyl aceto-
phenones afforded chalcones which was further converted to
acetylenes (Ac6-10). 2-Phenylquinazolin-4(3H)-one deriva-
tive (Ac11) was obtained by treatment of 2-aminobenzamide
(4) with aldehyde 2 in the present of catalytic amount of
iodine. Acetylene bearing flavonoid (Ac13) was prepared in
two steps: treatment of flavone la with bromoethanol fol-
lowed by alkylation of the hydroxyl group with propargyl
bromide in the presence of sodium hydride. Acetylene
bearing flavonoid (Ac16) was obtained simply from 2-(ben-
zyl(prop-2-yn-1-yl)amino)ethanol under Mitsunobu condi-
tion. Treatment of 2-(2-aminoethoxy)ethanol with propargyl
bromide afforded the diacetylene (Ac14). Diacetylene Ac15
and triacetylene Acl7 are commercially available.

Synthesis of Azides.

The synthesis of the required azide bearing flavonoids is
shown in Scheme 2. 4' or 7-Hydroxyflavones (1a, d-h) were
conveniently converted to the corresponding azides (Az1-7,
10-13) with good yield in three steps: (1) alkylation of
hydroxyl group of flavones with various hydroxyl halides
such as bromoethanol, 2-(2-chloroethoxy)ethanol and 2-(2-
(2-chloroethoxy)ethoxy)ethanol under basic medium; (2)
mesylation of the hydroxyl flavones; (3) reaction of the
mesylated flavones with excess sodium azide. All reactions
proceeded smoothly to furnish the desired products. Azides
Az8-9 were prepared to investigate the substituent effect on
the benzyl group. Starting from compounds 5, debenzylation
gave compounds 6 which was followed by alkylation with
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methyl 3-(bromomethyl)benzoate to furnish compound 7.
Azides (Az8-9) were realized after the conversion of
hydroxyl group to azido group. For the azides Az14-15 with
amine-containing chain homolog, a Mitsunobu reaction of
flavones la or le with 2,2'-(benzylimino)-diethanol was
employed, followed by conversion of the hydroxyl group to
azido group.

Fusion of Alkynes and Azides to Triazoles.

The syntheses of the flavonoid dimers were completed by
a CuAAC between the azides and the alkynes as shown in
Scheme 3. Treatment of acetylenes (Acl-17) with azides
(Az1-15) in the presence of catalytic amount of Cu(PPh,);
Br under THF refluxing temperature afforded the desired
triazole bridged flavonoid dimers with anti-regiochemistry.
Table 9 in FIG. 9 shows the flavonoid dimers thus synthe-
sized. The dimeric nature of triazole bridge flavonoid dimers
was evident from high-resolution mass spectrometric data.
In the examples of Ac4Azl, Ac5AzS5 and Ac5Az10, depro-
tection of the benzyl group were performed as shown in
Scheme 4. In order to investigate whether the syn-isomer of
triazole would give similar biological effect as the anti-
isomer, ruthenium-catalyzed azide-alkyne 1,3-dipolar
cycloaddition (RUAAC) was employed to prepare com-
pound syn-Ac5Acl and syn-AcSAc2.
Biological Study

These new compounds were investigated for the P-gp-,
MRP1- and BCRP-modulating potencies. Four different cell
lines were employed in this study, P-gp-transfected human
breast cancer cell line, LCC6MDR (IC5,=158.7+£6.1 nM),
displayed about 99.2-fold greater resistance to paclitaxel
than the parental LCC6 cells (IC5,=1.6+0.3 nM) (Table 1 in
FIGS. 1A-1P). MRP1-transfected ovarian cancer cell line,
2008/MRP1 (IC5,=419.9+17.4 nM) was about 8.4-fold
more resistant to DOX than the parental 2008/P cells
(IC5,=50.13.9 nM) (Table 1 in FIGS. 1A-1P). BCRP-
transfected human embryonic kidney cell line, HEK293/R2
(IC5,=508.1£31.1 nM) was about 32.2-fold more resistant to
topotecan than the wild type, HEK293/pcDNA3.1 cell line
(IC5,=15.8+1.5 nM) (Table 1 in FIGS. 1A-1P). MCF7-
MX100 is a mitoxantrone-selected breast cancer cell line in
which the BCRP transporter protein was found to be over-
expressed. MCF7-MX100 (IC,,=33.4+2.1 pM) exhibited
about 104.4-fold more resistance to topotecan than the wild
type MCF7 (I1C5,=0.32+0.07 uM) (Table 1 in FIGS. 1A-1P).
Relative Fold (RF) and % of reversion were employed as
parameters for measuring the MDR reversal activity.”®7*
Verapamil (RF=3.6 in LCC6MDR), PSC388 (RF=88.2 in
LCC6MDR) and cyclosporine A (RF=79.4 in LCC6MDR)
are known P-gp inhibitors, whereas Ko143 (RF=21.2 in
HEK?293/R2 and RF=69.6 in MCF7-MX100) is a BCRP-
specific modulator. Flavonoid dimer, 1d(5,7H-6Me) n=5
(RF=6.5 in 2008/MRP1) was reported previously to possess
promising MRP1-modulating activity.>® Here, all these com-
pounds were used as positive controls in the cell prolifera-
tion assays. The triazole bridged flavonoid dimers would be
considered as potent MDR chemosensitizers if they exhibit
a relatively high RF values as the positive controls. The
cytotoxicity and MDR reversal activity of these triazole
dimers were listed in Table 1 in FIGS. 1A-1P and compared
with the monomeric precursors as well. In general, they
displayed varied level of toxicity towards normal fibroblasts
1929 and MDR-reversal activity among the ABC trans-
porter-overexpressed cancer cell lines.
Intrinsic Cytotoxicity of Triazole Bridged Dimers and their
Monomers

In terms of intrinsic cytotoxicity, most of Ac monomers
(Group A) are non-toxic to 1.929 cells as their IC, values
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were above 81 uM. Only Acl3 (IC5,=32.2 uM) and Acl6
(IC5,=58.2 pM) monomers showed moderate cytotoxicity
towards 1.929. Az monomers (Group B) generally were
more cytotoxic than the Ac monomers (Group A) as their
1C,, values for 1.929 cells were below 68 uM. When the Ac
monomers were coupled with the Az monomers, the resul-
tant triazole bridged dimers interestingly became less cyto-
toxic as compared to the Az monomers. Azl-2 triazole
dimers (Group C), AcS triazole dimers (Group D), Acl2
triazole dimers (Group F), Ac13 triazole dimers (Group H),
AclS5 triazole dimers (Group J) and Acl6 triazole dimers
(Group K) were generally non-cytotoxic towards normal
cells 1.929 because their IC,, values were at least above 50
uM. From Groups C, D, F, H, J and K, only Ac4Azl,
AcllAz2, AcS5Az50H, Ac5Az100H, Acl3Az2 and
Acl3Az12 displayed remarkable killing activity towards
1.929 cells as their ICs,, values were below 12.1 uM. Of 69
triazole dimers tested, 63 dimers generally exhibited no
inherent cytotoxicity towards 1929 cells (IC5,>50 uM),
suggesting that these triazole dimers are potential MDR
reversal candidates because of their low toxicity.
P-gp-Modulating Activity of the Alkyne-, Azide and Triaz-
ole-Containing Flavonoids

In order to determine whether anticancer drug resistance
reversal activity of these triazole dimers is due solely to the
dimeric nature, their MDR reversal activities were compared
with those of the corresponding monomeric precursors at
doubled concentration (2.0 uM). Most Ac monomers (Group
A) showed no Pgp-modulating activity as all RF values were
close to or below the 1.0 except for Ac4 monomer. Az
monomers (Group B) generally showed higher P-gp-modu-
lating activity than Ac monomers (Group A), suggesting that
Az monomers may bind to P-gp better than the Ac mono-
mers (Group A). The Az monomers including Az5, Az9 and
Az10 at 2.0 uM gave about 20.5% to 24.2% of reversion of
sensitivity in LCC6MDR cells. Nevertheless, their reversal
potencies were still weaker than the triazole dimers as
shown below.

Among the different groups of triazole dimers, AcS tri-
azole dimers (Group D) were the most potent group in
chemo-sensitizing Pgp-overexpressed LCC6MDR cell line
towards paclitaxel. Of the 18 triazole dimers tested, 9
compounds at 1.0 uM can reduce the 1Cs,, of paclitaxel of
LCC6MDR from 158.7 nM to below 3.0 nM. Ac5Az4,
Ac5Az5, Ac5AZ7, Ac5Az8 and Ac5Az9 caused at least
94.1% of reversion of paclitaxel sensitivity in LCC6MDR
cell line. Ac5Azl, Ac5Az3, Ac5Azl11 and Ac5Az15
achieved about 55.2% to 69.6% of reversion. The group
containing Ac12 triazole dimers (Group F) was the second
most potent group in modulating P-gp-mediated drug resis-
tance. Of the 11 triazole dimers investigated, 5 compounds
showed promising P-gp-reversal activity. Acl2Az5 and
Acl2Az9 at 1.0 pM can result in 80.0% and 88.9% of
reversion of sensitivity in LCC6MDR resistant cell line,
respectively. Ac12Az3, Ac12Az8 and Ac12Az10 resulted in
about 53.3% to 72.7% of reversion. Az1-2 triazole dimers
(Group C) were the third potent group because only 2 out of
12 dimers gave modest P-gp-modulating activity. Ac3Az1
and Ac7Azl achieved 64.0% and 55.2% of reversion of
sensitivity of LCC6MDR cells, respectively. Acl3 triazole
dimers (Group H) were relatively poor P-gp-inhibitors
because only 2 compounds, Acl3Az9 and Acl3Az10,
showed modest P-gp-modulating activity. They resulted in
about 59.3% and 50.0% of reversion, respectively. Acl6
triazole dimers (Group K) were also weak in chemo-sensi-
tizing Pgp-overexpressed LCC6MDR towards paclitaxel as
all of them exhibited below 39.0% of reversion. Acl5
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triazole dimers (Group J) were the poorest P-gp inhibitors as
all of them gave below 17.6% of reversion. Even at 0.5 uM
lower concentration tested, Ac5 triazole dimers (Group D)
were still the most potent group of P-gp inhibitor. A total of
6 compounds in Group D reversed ICs, of paclitaxel of
LCC6MDR from 158.7 nM to below 10.0 nM. From the
above data, it is clear that the Ac5 structure is the most
critical components for modulating P-gp transporter.

In order to demonstrate that the formation of dimer is
necessary for P-gp-modulation, we compared the activity of
the dimer Acl2-Az9 at 1.0 uM with a mixture of their
respective monomer precursors Acl12 and Az9, each at 1.0
uM. The dimer Ac12Az9 is highly potent at 1.0 uM, with
RF=88.2 and 88.9% reversion (Table 1 in FIGS. 1A-1P,
Group F). In contrast, the mixture of their respective mono-
mer precursors Acl2 and Az9 has a very weak P-gp-
modulating activity (RF=8.8 and 8.9% reversion) (Table 1 in
FIGS. 1A-1P, Group G). Same is true for Ac12Az10 in
Group G (compared to monomers Acl2 and Az10) or
Acl13Az9 in Group I (compared to monomers Acl3 and
Az10) or Ac13Az10 in Group I (compared to monomers
Acl3 and Az10). These results clearly indicate that biva-
lency approach is crucial for P-gp modulation.
MRP1-Modulating Activity of the Alkyne-, Azide and Tri-
azole-Containing Flavonoids

Similar to P-gp modulating activity, all Ac monomers
(Group A) and Az monomers (Group B) displayed no or low
MRP1-modulating activity even at doubled concentration
(2.0 uM). On the other hand, the triazole dimers resulted in
a very promising MRP1-inhibitory potency as compared to
the monomers alone. Among the six groups of triazole
dimers, Acl6 triazole dimers (Group K) were the most
potent group of MRP1 chemosensitizers. Of the 7 com-
pounds tested at 1.0 uM, 6 compounds exhibited significant
MRP1-inhibitory potency except for Acl6Az13. Dimers
Acl6Azl, Acl6Az2, Acl6Az3, Acl16Az7 and Acl6Az12
gave at least 204.5% of reversion of sensitivity of 2008/
MRP1 towards DOX. They dramatically reduced the ICs, of
DOX of 2008/MRP1 from 419.9 nM to or below 25 nM.
Acl6AzS, moderate MRP1-inhibitor, gave about 77.8% of
reversion. Acl2 triazole dimers (Group F) were the second
most potent group of MRP1 chemosensitizers. Of the 11
dimers tested at 1.0 pM concentration, 10 compounds exhib-
ited significant MRP1-inhibitory potency except for
Acl2Az10. Dimers Acl2Azl to Acl2z4, Acl2AZ7,
Acl2Az11 and Acl2Az12 caused remarkably 80.4% to
104.2% of reversion of sensitivity of 2008/MRP1 towards
DOX. They dramatically reduced the IC;, of DOX of
2008/MRP1 from 412.8 nM to or below 62.3 nM. Dimers
Acl2Az5, Ac12Az8 and Acl2Az9 gave modest MRP1-
mediated resistance reversal potency and achieved about
51.8% to 58.3% of reversion. The Azl-2 triazole dimers
(Group C) belonged to the third most active group of MRP1
inhibitors. Of the 12 dimers investigated, 6 compounds
caused a pronounced re-sensitization of 2008/MRP1
towards DOX. Dimers AclAzl, Ac2Azl, Ac3Az] and Acd
(50H)Az1 achieved at least 92.3% of reversion at 1.0 uM.
Dimers Ac8Azl and Acl0Azl showed moderate reversal
potency and caused about 52.5% and 54.8% of reversion,
respectively. The Ac5 triazole dimers (Group D) were the
fourth promising group in re-sensitizing the MRP1-overex-
pressed 2008/MRP1 towards DOX. A total of 6 compounds
gave significant MRP1-inhibitory activity. Dimers Ac5Az4,
Ac5Az7 and Ac5Az15 caused at least 95.1% of reversion at
1.0 uM. The modest MRP1 inhibitors including Ac5Az2,
Ac5Az3 and Ac5Az9 with at least 53.9% of reversion was
noted. Of the nine Acl5 triazole dimers (Group I), only 3
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compounds gave remarkable chemosensitization effect:
Acl5Az1, Acl15Az72 and Ac15Az3 notably caused at least
98.6% of reversion.

The Ac13 triazole dimers (Group H) appeared to be the
poorest group of MRP1-inhibitor. Only 1 compound of 11
dimers gave modest MRP1-modulating activity: Ac13Az8
in Group H caused about 55.9% of reversion. The above data
demonstrates that coupling Acl6 monomer with more
diverse Az monomers may be a reasonable direction for
identifying more potent MRP1 chemosensitizers. Combin-
ing 1.0 uM of Ac5 monomer with 1.0 uM of Az4 or Az7
monomers (Group E) and Acl2 monomer with Az2, Az3,
Az4 or Az7 monomers (Group G) showed about 6.7- to
10.4-fold poorer MRPI1-mediated resistance reversal
potency as compared to their respective dimer counterparts.
These combined monomers just gave about 10% of rever-
sion. Once again, the bivalent nature of the triazole dimers
is a necessary and efficient design for increasing their affinity
to inhibit the function of both P-gp and MRP1 transporters.

Other than DOX resistance reversal potency, the effect of
all triazole dimers on re-sensitization of 2008/MRP1
towards another anticancer drug, vincristine, were also stud-
ied. Here, 2008/MRP1 displayed only about 2.4-fold more
resistance to vincristine than the parental wild type 2008/P.
Nevertheless, many of the triazole dimers showed very
promising MRP1-mediated vincristine resistance reversal
potency and remarkably caused over 100% of reversion of
sensitivity of 2008/MRP1 towards vincristine. At 1.0 uM
concentration of most triazole dimers, the 2008/MRP1
became several-fold more sensitive to the vincristine than
the wild type 2008/P.

The mechanism of that hypersensitization with the triaz-
ole dimers has not yet been elucidated. It is possible that
there may be a synergy resulting from the MRP1-inhibition
and an unknown cytotoxic effect of triazole dimers together
with the vincristine. Majority of the triazole dimers alone
showed no inherent cytotoxicity towards 2008/P and 2008/
MRP1 cells. For the Acl2 triazole dimers (Group F), 5
(Ac12Az] to Acl2Az4 and Acl2Az7) out of 11 dimers
dramatically reduced the I1C,, of vincristine of 2008/MRP1
from 123.2 nM to below 10.0 nM and with RF values
ranging from 14.0 to 24.6. Of the 18 AcS triazole dimers
(Group D) tested, 2 compounds (Ac5Az4 and Ac5Az15)
showed remarkable vincristine resistance reversal potency
and caused the IC;, of vincristine of 2008/MRP1 below 10.0
nM. No potent vincristine resistance reversal agent was
found in Group H and Group J as all of them gave IC,, of
vincristine of 2008/MRP1 above 13.0 nM. Combining of 1.0
uM of Ac12 with 1.0 uM of Az2 or Az3 or Az4 monomers
(Group G) showed 15.8- to 20.5-fold weaker vincristine
resistance reversal potency as compared to their respective
triazole dimers, possibly suggesting that bivalent nature of
triazole dimers is not only essential for inhibition of MRP1
transporter, but also for the unknown synergistic cancer
killing effect with vincristine. Importantly, that pronounced
hypersensitivity towards vincristine induced by our triazole
dimers may provide an opportunity for use in treating MDR
tumors.

BCRP-Modulating Activity of the Alkyne-, Azide and Tri-
azole-Containing Flavonoids

In contrast to their P-gp and MRP1-modulating activities,
Ac monomers (Group A) and Az monomers (Group B)
unexpectedly displayed remarkable BCRP-modulating
activity. At 2.0 uM concentration, Ac4 monomer from Group
A achieved about 42.1% of reversion of sensitivity in
HEK293/R2 towards topotecan. No such high level of
reversal activity of Ac4 monomer was observed in
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LCC6MDR or 2008/MRP1, respectively. Of the 12 Az
monomers (Group B) investigated, 5 of them have potent
BCRP modulating activity. Az9 monomer at 2.0 uM gave a
100% of reversion which is as potent as some of the dimers
(see below). AzS5, Az6, Az8 and Az10 monomers gave
modest BCRP modulating activity with 52.7% to 75.6% of
reversion at 2.0 uM.

Among different groups of triazole dimers, Ac12 triazole
dimers (Group F) were the most potent group in re-sensi-
tizing BCRP-overexpressed HEK293/R2 cell line towards
topotecan. Of the 11 triazole dimers, all of them displayed
significant BCRP-modulating activity. Dimers Ac12Az5 and
Acl12Az8 to Acl12Az12 caused about 80.6% to 122.5% of
reversion and with IC,, of topotecan of HEK293/R2 below
20.0 nM. Dimers Acl2Azl to Acl2Az4 and Acl2Az5
achieved about 61.2% to 77.8% of reversion. The Acl5
triazole dimers (Group J) were the second most active group
of BCRP inhibitors in which 7 out of 9 dimers showed
remarkable BCRP-chemosensitization effect. Dimers
Acl5Az]1, Acl5Az3, Acl5Az5, Acl5Az8 and Acl5Az9
achieved about 87.3% to 110.5% of reversion at 1.0 uM.
Dimers Ac15Az11 and Ac15Az12 were moderate reversal
agents and gave about 77.5% and 79.4% of reversion,
respectively.

The Acl3 triazole dimers (Group H) were the third most
potent group of BCRP inhibitors. A total of 5 compounds
with pronounced BCRP-inhibitory potency were found.
Dimers Ac13Az5, Ac13Az8 to Ac13Az10 at 1.0 uM caused
at least 85.9% of reversion of sensitivity of HEK293/R2
towards topotecan. Dimers Ac13Az11 and Ac13Az12 were
modest BCRP inhibitors and gave about 56.4% and 68.1%
of reversion, respectively. The Ac5 triazole dimers (Group
D) were the less potent in reversing BCRP-mediated topo-
tecan resistance. Of the 18 triazole dimers, 7 compounds
were found to exhibit promising BCRP-modulating activity.
Dimer Ac5Az12 achieved about 80.2% of reversion. Other
modest reversal agents including Ac5Az4, Ac5Az5 and
Ac5Az8 to Ac5Az10 and Ac5Az11 with at least 54.9% of
reversion was noted.

The Az1-2 triazole dimers (Group C) were also weak in
chemo-sensitizing HEK293/R2 towards topotecan as 5 out
of 12 dimers gave modest BCRP inhibitory potency. Dimers
AclAzl, Ac3Azl, Ac4(SOH)Azl, Ac10Az] and AcllAzl
caused about 50.5% to 74.2% of reversion. The Acl6
triazole dimers (Group K) were the poorest group of BCRP
inhibitors as all of them gave below 40.0% of reversion.
Generally, Az8 and Az9 monomers appeared to be the
crucial components for making active BCRP inhibitor as
coupling Ac12, Ac13 or Ac15 monomers with them resulted
in remarkably potent BCRP-modulating activity with over
100% reversion.

Combining 1.0 M of Ac5 monomer with 1.0 uM of Az5
or Az8 monomers (Group E), Ac12 monomer with Az8, Az9
or Az10 monomers (Group G) and Acl3 monomers with
Az8, Az9 or Az10 monomers (Group 1) showed promising
BCRP-modulating activity with at least 35.1% of reversion.
Acl2 or Acl3 monomers with Az9 monomer even gave
81.4% and 87.8% of reversion, respectively. Such high level
of reversal activity of those combined monomers might
result from their potent Az monomers Az5, Az8, Az9 and
Az10. Nevertheless, those combined monomers were still
about 1.3- to 2.8-fold weaker than their dimer counterparts
in reversing topotecan resistance in HEK293/R2 cell line.
Unlike the P-gp and MRP1 chemosensitizers, these results
demonstrated that the bivalency approach is sufficient but
not required for BCRP modulation.
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Mitoxantrone selected cell line MCF7-MX100, which
overexpressed BCRP, was also employed to study the
BCRP-modulating activities of the triazole flavonoid
dimers. Ac4 monomer and some Az monomers (Az8, Az9
and Az10) gave certain level of BCRP-modulating activity
with about 17.8% to 45.7% of reversion. For Az1-2 mono-
mers (Group C), only 1 out of 12 dimers exhibited modest
BCRP-modulating activity. Ac3Az1 achieved about 53.3%
reversion of sensitivity in MCF7-MX100 towards topotecan.
For the AcS triazole dimers (Group D), Ac5Az10 exhibited
potent BCRP modulating activity and achieved about 80.0%
of reversion of sensitivity of MCF7-MX100 towards topo-
tecan. Dimers Ac5Az8 and Ac5Az9 were moderate BCRP
inhibitors and gave about 64.0% of reversion.

For the Acl2 (Group F), Acl3 (Group H) and Acl5
(Group J) triazole dimers, only Acl2Az8 to Acl2AzI10,
Acl3Az8 to Acl3Az10, Acl5Az8 and Acl5Az9 were
screened with BCRP-mediated resistance reversal potency
using MCF7-MX100 cell line. All of these triazole dimers
exhibited significant BCRP inhibitory potency in HEK293/
R2 cell line. Dimers Ac12Az8, Acl12Az9, Ac13Az8 and
Acl13Az9 achieved about 80.0% of reversion, whereas
Acl12Az10, Acl3Az10, Ac15Az8 and Ac15Az9 caused at
least 53.3% of reversion. For the Acl6 triazole dimers
(Group K), Acl6Azl gave significant BCRP-modulating
activity with 80.0% of reversion. The moderate BCRP
inhibitors, A16Az2, Acl6Az3, Acl6Az5, Acl6Az7 and
Acl16Az12 caused about 53.3% to 64.0% of reversion. For
the combined monomers (Groups E, G and I), Ac5 or Ac12
or Ac13 monomers with Az9 monomer displayed significant
BCRP-mediated resistance reversal potency with 64.0% of
reversion.

Their BCRP reversal activity was nearly as strong as their
respective dimers. Such high level of reversal potency was
mainly resulted from the potent Az9 monomer. For other
combined monomers, they also exhibited about 2.2- to
4.0-fold lower BCRP-modulating activity as compared to
their dimer counterparts except for Ac5 monomer with Az8
monomer which displayed about 7.4-fold lower chemosen-
sitization effect than Ac5AzS.

Overall, exploiting bivalency was found to be useful
though not critical in designing effective BCRP inhibitor.
However, we cannot exclude the possibility that monovalent
azide especially Az9 is also a good candidate to reverse the
BCRP-mediated drug resistance. The mechanisms for re-
sensitization of HEK293/R2 and MCF7-MX100 towards
topotecan by bivalent triazole and monovalent azide have
not been studied. However, it is likely that the triazole
dimers inhibit the transport activity of BCRP transporter in
a manner similar to that observed in the modulation of P-gp
and MRP1 transporters by the synthetic flavonoid dimers
previously studied.’”->°

The possible reason responsible for the difference in
MDR reversal activity of monomeric azides (e.g. Az9)
among P-gp, MRP1 and BCRP transporters may be due to
the structural difference of P-gp and MRP1 with respect to
the BCRP transporters. P-gp and MRP1 are composed of
two hydrophobic membrane domains (TMDs) and two
hydrophilic nucleotide binding domains (NBDs). They are
arranged in two repeated halves with 12 and 17 TM a-he-
lices, respectively, forming a funnel facing the outside of the
cell membrane. > In contrast, BCRP is a half ABC trans-
porter with one NBD followed by one TMD.*° It is
suggested that BCRP requires homodimerization to exert its
activity. A homotetrameric configuration of BCRP has also
been proposed.'®”’® The substrate specificity of BCRP is
overlapping with, but distinct from that of P-gp and MRP1.>>
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73 TM6 and TM12 of P-gp are reported to be involved in
drug binding.”* Interestingly, arginine at position 482 of
BCRP which is located within TM3 near the cytosolic
membrane interface has been demonstrated to be important
in substrate binding and transport activity.”® Therefore, it is
possible that an alternative substrate binding is solely appli-
cable to BCRP but not for P-gp and MRP1 transporters.
Whether monomeric azide binds to the alternative substrate
recognition site of BCRP or inhibits the BCRP dimerization
process remains to be investigated.
Effect of Anti or Syn Orientation of Triazole Dimers on
MDR Reversal Activity

Interestingly, both the anti-regioisomers Ac5Azl
(RF=69.0) and Ac5Az2 (RF=48.1) showed higher P-gp-
modulating activity than the syn-Ac5Azl (RF=30.5) and
syn-Ac5A72 (RF=3.0) (Table 1 in FIGS. 1A-1P). These
results suggested that the orientation of the triazole dimers
is important in controlling binding affinity of the triazole
dimers toward P-gp. Syn-Ac5Az2 showed poorer MRP1
inhibitory activity than the anti-isomer Ac5Az2. However,
similar MRP1-reversal potency was noted in both the anti-
isomer Ac5Az1 and syn-Ac5Azl. Thus, the importance of
orientation of the triazole dimers on MRP1-modulating
activity may be compound-dependent. On the other hand,
the orientation of the triazole dimers appears to have no
effect on controlling the BCRP-modulating activity as the
RF values were very similar for the anti-isomer Ac5Az1
(RF=10.6) and syn-Ac5Az1 (RF=11.6). Similarly, the anti-
isomer Ac5Az2 (RF=13.5) and syn-Ac5Az2 (RF=9.3)
(Table 1) have similar potencies.
Selectivity of the Alkyne-, Azide and Triazole-Containing
Flavonoids

Of the 69 triazole dimers and 21 monomers tested, they
exhibited different potency against P-gp-, BCRP- and
MRP1-mediated drug resistance. Generally, the triazole
dimers library can be divided into mono-selective, dual-
selective and multi-selective ABC transporter modulators.
Table 2 in summarizes the selectivity of different active
triazole dimers and some monomeric azides for the ABC
transporters. Of the 56 active triazole compounds found, 2
compounds (Ac7Azl and Ac5Az1) show mono-Pgp selec-
tivity; 10 compounds (Ac2Azl, Ac8Azl, AcS5Az2,
Acl5Az2, Acl6Azl, Acl6Az2, Acl6Az3, Acl6AzS,
Acl6Az7 and Ac16Az12) show mono-MRP1 selectivity and
16 compounds (Az5, Az6, Az8, Az9, Az10, AcllAzl,
Ac5Az10, Ac5Az12, Acl3Az5, Acl3Azll, Acl3Azl2,
Acl5Az5, Ac15Az8, Ac15A79, Ac5Az11 and Acl5Az12)
show mono-BCRP selectivity. A total of 3 compounds
(Ac5Az3, Ac5Az7 and Ac5Az15) have P-gp and MRP1-
dual-selectivity; 6 compounds (AcSAzS, Ac5Az8, Ac5SAz11,
Acl12Az10, Ac13Az79 and Ac13Az10) have Pgp- and BCRP-
dual selectivity and 12 compounds (AclAzl, Ac4(50OH)
Azl, Acl10Azl, Acl2Azl, Acl2Az2, Ac12Az4, Acl2A77,
Acl2Az11, Ac12Az12, Ac13Az8, Ac15Az] and Acl15Az3)
have MRP1- and BCRP-dual selectivity. Finally, a total of 7
compounds (Ac3Azl, Ac5Az4, AcS5Az9, Acl2Az3,
Acl2Az5, Ac12Az78, and Ac12Az79) show multi-selectivity
towards P-gp, MRP1 and BCRP transporters. About 57%
and 32% of the triazole dimers were highly selective for the
MRP1 and P-gp transporters, respectively. Overall, 73% of
the active triazole dimers efficiently inhibited BCRP-medi-
ated drug resistance. From the study, it seems that the simple
monomeric azides could be a highly BCRP-selective inhibi-
tor. Some of the bivalent triazoles showed multi-selectivity
for ABC transporters. It is possible that differently selective
(mono-, dual- and multi-) inhibitors of drug transporters
could be potentially useful tools for investigation of com-
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plicated drug-resistance phenotypes and eventually, for
treatment of drug-resistant cancers caused by overexpres-
sion of ABC transporters.

Effective Concentration (ECs,) and Therapeutic Index of the
Alkene-, Azide and Triazole-Containing Flavonoids

A good MDR chemosensitizer should possess high
potency and non-cytotoxicity to normal cells. Here, we have
determined EC,, and therapeutic index (a ratio of cytotox-
icity against 1.929 or Raw264.7 cells to the ECs, of the
modulators) of these dimers and monomers. Table 3 in
FIGS. 3A-3D summarizes the ECs, and therapeutic index of
the active triazole compounds. Verapamil, PSC833,
cyclosporine A, 1d(5,7H-6Me)n=>5 and Kol43 have been
included as positive P-gp, MRP1 and BCRP controls for
comparison. In general, the active bivalent triazoles are safe
MDR chemosensitizer because of their high value of thera-
peutic index. The EC,, of active bivalent triazole for revers-
ing paclitaxel resistance of LCC6MDR ranged from 141 to
340 nM and their therapeutic index were at least above
263.2, indicating that they are highly selective to re-sensitize
LCC6MDR cells towards paclitaxel at the nanomolar range
and caused no cytotoxicity to 1.929 cells. Overall, they
possessed more selective P-gp modulating activity than the
first generation of P-gp inhibitor verapamil, but displayed
weaker selectivity as compared to cyclosporine A and
PSC833. The EC4,, values of bivalent triazoles for lowering
DOX and vincristine resistance of 2008/MRP1 ranged from
78 to 590 nM and 82 to 550 nM, respectively. The EC,,
values of the most active bivalent triazoles were comparable
to the previous synthesized active flavonoid dimer, 1d(5,
7H-6Me)n=5. At such nanomolar concentration, they selec-
tively reversed the DOX and vincristine resistance of 2008/
MRP1 without inducing cytotoxicity to the [.929 cells as
indicated by their high therapeutic index.

Finally, most of the active triazole dimers were found to
be more selective for the BCRP transporter than the P-gp
and MRP1 transporters as their EC;, values for reversing
topotecan resistance of HEK293/R2 and MCF7-MX100
were in the low nM range. In HEK293/R2 and MCF7-
MX100, a total of 11 compounds (Ac3Azl, AcS5Az8,
Ac5Az79, Ac5Az10, Acl2Az8, Acl2Az9, Acl3AzS8,
Acl3Az9, Ac15Az78, Ac15Az9 and Az9) were as potent as
the BCRP-inhibitor K0143 because they possessed ECj,
values at or below 10 nM. Overall, their therapeutic indices
were higher than that of Ko143 except for Az9. Therefore,
the bivalent triazoles are not only superior to the Ko143 in
re-sensitization of HEK293/R2 and MCF7-MX100 towards
topotecan, but also highly selective for the BCRP trans-
porter.

Summary Comments

In summary, various bioactive alkyne-, azide and triazole-
containing flavonoids have been efficiently synthesized. The
trizole-containing flavonoids were prepared by the cycload-
dition of azide- (Az) with alkyne-containing flavonoids
(Ac). These flavonoids displayed promising MDR reversal
activity against P-gp-, MRP1- and BCRP-mediated drug
resistance. Tables 4 to 8 (shown in FIGS. 4A-4B, 5,6 7, 8)
summarize the MDR reversal activity of different combina-
tions of Ac monomers and Az monomers. For the P-gp
modulating activity, the Ac5 monomer was found to be a
good lead component for making potent P-gp chemosensi-
tizer as compared to other Acl2, Acl3, Acl5 and Acl6
monomers because the triazoles of Ac5 monomer and vari-
ous Az monomers exhibited high RF values (Table 4 in
FIGS. 4A-4B). For MRP1-modulating activity, Ac16 mono-
mer was demonstrated to be important component for
reversing MRP1-mediated DOX drug resistance in 2008/
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MRP1 (Table 5 in FIG. 5). Moreover, the combinations of
Ac12 monomer with various Az monomers or Azl monomer
with various Ac monomers resulted in relatively potent
DOX resistance and vincristine resistance reversal activity
(Table 5 in FIG. 5 and Table 6). For the BCRP-modulating
activity, Az8, Az9 and Az10 monomers were demonstrated
to be potent components for generating BCRP inhibitor
because coupling them with any Ac monomer (Ac5, Acl2,
Acl3 and Acl5) resulted in a significant BCRP-inhibitory
potency in both HEK293/R2 and MCF7-MX100 cells (Table
7 in FIG. 7 and Table 8 in FIG. 8).

Moreover, the active bivalent triazoles showed different
levels of selectivity for various transporters. Overall, they
can be divided into mono-selective, dual-selective and
multi-selective modulators for the P-gp, MRP1 and BCRP
transporters (Table 2 in FIGS. 2A-2D). The EC,,, values for
reversing paclitaxel resistance of LCC6MDR (141-340 nM),
DOX (78-590 nM) and vincristine (82-550 nM) resistance of
2008/MRP1 were at a nanomolar range (Table 3 in FIGS.
3A-3D). Interestingly, active bivalent triazoles or mono-
meric azide Az9 showed EC5, values for lowering topotecan
resistance of HEK293/R2 and MCF7-MX100 at or below 10
nM (Table 3 in FIGS. 3A-3D), indicating that the bivalent
triazoles more selectively inhibit BCRP than the P-gp and
MRP1. Most of the bivalent triazoles are notably safe MDR
chemosensitizers as indicated by their high therapeutic index
values (Table 3 in FIGS. 3A-3D). The present study dem-
onstrates that the potential and importance of developing
bicactive triazole flavonoid dimers to treat MDR cancers.

Drug resistance in cancer patients renders many patients
unresponsive to chemotherapeutic treatments. This new
invention can generate a new class of highly potent com-
pounds that can inhibit the mechanism which would other-
wise pumps the drugs out of cancer cells, resulting in cancer
drug resistance.

Many brain tumors are difficult to treat because of low
accumulation of cancer drugs in the brain, mainly due to the
drug pump present in the blood brain barrier. Flavonoids
developed here can be used to inhibit the pumps and
therefore increasing the cancer drug concentration in the
brain. This could make an otherwise ineffective cancer drug
effective in treating brain tumor.

The approach of the present invention is to target the
binding sites of ABC transporter using dimeric flavonoids.
We have previously reported that, by using a bivalent
approach, synthetic apigenin homodimers with polyethylene
glycol (PEG) linker can modulate the P-gp and MRP1
transporters in human cancer’’>® and parasitic protozoan
Leishmania.®>®" Their reversal activities were much more
potent than the monomeric apigenin. These results indicate
that the bivalent approach is successful in enhancing the
reversal activity of P-gp- and MRP1-mediated resistance.
Moreover, the modulating activity of the flavonoid dimers in
human MDR cancer cells has recently been optimized by
structural modification of the flavonoid ring’® as well as the
PEG linker.

The “click chemistry” is a rapid and versatile strategy for
conjugating two molecular fragments under very mild reac-
tion condition. It has been proved to be advantageous in
yielding bioactive triazoles in numerous biological set-
tings.>"%° In this study, a novel series of triazole bridged
flavonoid dimers derived from the precursor alkyne- and
azide-containing flavonoids has been efficiently synthesized
using “click chemistry” approach and their MDR reversal
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activities have been evaluated on the P-gp-, BCRP-, and
MRP1-overexpressed tumor cell lines.
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The IC,, value was determined after exposure to a series
of anti-cancer drugs including paclitaxel, DOX, vincristine
and topotecan with different triazole, azide or acetylene
compounds using LCC6MDR, 2008/MRP1, HEK293/R2
and MCF7-MX100 cells, as described in the experiment
section. Relative fold (RF)=(IC5,, without modulator)/(ICs,
with modulator), % of reversion=(1C;,, of wild type)/(IC5, of
resistant cells with modulators)x100%. Positive controls
including verapamil, cyclosporine A, PSC833, 1d(5,7H-
6Me)n=5 and Ko143 were included for comparison. N=1-8
independent experiments and values were presented as
meansstandard error of mean.“ All compounds were dis-
solved in DMSO for testing and the final % of DMSO was
0.05% and 0.1%.” The triazole dimers were tested at 1.0
uUM.© The triazole dimers were tested at 0.5 uM.? The
monomers were tested at 2.0 uM.? 1.0 uM of Ac monomer
and 1.0 uM of Az monomer were combined for testing:”
LCC6MDR, HEK293/R2, MCF7-MX100 and 2008/MRP1
were used without modulators.®2 LCC6, 2008/P, HEK293/
pcDNA3.1 and MCF7 were used without modulators. For
cytotoxicity assay, ICs, of different triazole compounds for
LCC6, LCC6MDR, 2008/P, 2008/MRP1 and 1.929 cell lines
were determined. N=1-3 independent experiment and the
values were presented as meanzstandard error of mean.
1.929: mouse fibroblasts. ND=not determined.

The selectivity of active triazole compounds for various
ABC transporters was determined from the Table 1 shown in
FIGS. 1A-1P. It would be considered as strongly selective if
it causes >80% of reversion. It would be considered as
moderately selective if it results in 79-50% of reversion.
Overall, the active triazole compounds can be divided into
mono-, dual- and multi-selective for P-gp, MRP1 and BCRP
transporters.

EC,, values were presented as mean+standard error of
mean. N=1-4 independent experiments. Therapeutic index=
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(ICs, of triazoles towards 1.929 fibroblasts or Raw264.7
cells)/(EC,, of triazoles for reversing drug resistance).
ND=not determined.

The P-gp modulating activity of different triazole dimers
was measured as relative fold (RF). RF=(ICs, without
modulator)/(IC,, with modulator). A color gradient was used
to discriminate a low-to-high reversal activity of dimers. The
pale color represents the low RF values and the dark color
represents the high RF values. ND=not determined.

The DOX resistance reversal activity of different triazole
dimers was measured as relative fold (RF). RF=(IC,, with-
out modulator)/(IC,, with modulator). A color gradient was
used to discriminate a low-to-high reversal activity of
dimers. The pale color represents the low RF values and the
dark color represents the high RF values. ND=not deter-
mined.

The vincrisitine resistance reversal activity of different
triazole dimers was measured as relative fold (RF). RF=
(ICs, without modulator)/(ICs, with modulator). A color
gradient was used to discriminate a low-to-high reversal
activity of dimers. The pale color represents the low RF
values and the dark color represents the high RF wvalues.
ND=not determined.

The BCRP-modulating activity of different triazole
dimers was measured as relative fold (RF). RF=(IC,, with-
out modulator)/(IC,, with modulator). A color gradient was
used to discriminate a low-to-high reversal activity of
dimers. The pale color represents the low RF values and the
dark color represents the high RF values. ND=not deter-
mined.

The BCRP-modulating activity of different triazole
dimers was measured as relative fold (RF). RF=(IC,, with-
out modulator)/(IC,, with modulator). A color gradient was
used to discriminate a low-to-high reversal activity of
dimers. The pale color represents the low RF values and the
dark color represents the high RF values. ND=not deter-
mined.

Scheme 1. Synthesis of acetylenes Acl to Acl4, Acl6 and structures of Acl5 and Acl7.2

O

Acl-5,12

7

la, AclR=H,n=3
1b,Ac3R=7-F,n=3

le, Ac4 R =5-OBn, 7-OMOM, n =3
1d, AcSR=6-Me,n=4

le, Ac2n=3
Acl2n=4
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-continued
(@]
\ O
| =
HO A \ | RN
‘ 3(%)6 /mo HO A
Ac6-10

3a,Ac6 R=H 3d, Ac9 R =4-Me

CHO
3b, Ac7R=5-Et 3e, Acl0R=R-F
3¢, Ac8 R =5-Me
/an\o

2an=4
2bn=3

Acll

Acld
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-continued

BnN/\ /\ N/\

x

Acl5 Acl7

“Reagents and condition:

(1) K»CO3, 6-chloro-1-hexyne or 5-chloro-1-pentyne, DMF, reflux;

(i) KOH, EtOH, 1t;

(iii) I, DSMO, 150° C.;

(iv) (a) K,CO3, 2-bromoethanol, DMF, reflux; (b) NaH, propargyl bromide solution, anhy. THF;
(v) 2-(benzyl(prop-2-yn-1-yl)amino)ethanol, PPh;, DIAD, THF;

(vi) propargyl bromide solution, acetone, 1t;

AclS and Acl7 are commercially available. Acl5 can also be prepared by mixing 2 equiv. of propargyl bromide with benzyl amine.

la,d-h

X

Scheme 2. Synthesis of azides Azl to Az15.2

@
(if)

ON:OwN3

Az1-7,10-13

106

1g,Az5 R=3-OBn,n=2
Az10 R=3-OBn,n=1
1h,Az6 R=6,8-diCl,n=2

le, Azl n=1
Az12 n=2
AzI13 n=0

.
(i)

OR

R =Bn 5a-b
(iii)
R =H 6a-b
(iv)
R =3-CO,MeBn 7a-b

a,n=1;b,n=2

W)

Az14-15

Az8 n=1
Az9 n=2

CO,Me
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-continued
o)
o)
o)
(o)
Azl4 Azls

“Reagents and condition: (i) K,CO3, 2-bromoethanol or 2-(2-chloroethoxy)ethanol or
2-(2-(2-chloroethoxy)ethoxy)ethanol, DMF, reflux; (ii) (a) methanesulfonyl chloride, NEts,

DCM, 0° C.; (b) NaN3, ACN; (iii) Hy, Pd/C, MeOH, rt; (iv) K,COj3, methyl 3-(bromomethyl)benzoate, acetone, reflux;
(v) 2,2"-(benzylimino)-diethanol, PPh;, DIAD, THF;

Scheme 3. Synthesis of triazole bridged flavonoid dimers.®

Yellow part
of Table 9.
Acl-13,16
or
\ R (i) Green part
\\/N of Table 9.
Azl1-15
Acl4-15
or

triple triazoles bridge

Blue part
X N of Tabled.
\=
N=N A

Acl7
AclAzl Total 255 compounds,
see Table 9 for
AclTAZLS synthesized compounds

(ii)
—_—

Azl
Az2

syn-triazole
Ac5Az1-syn
Ac5Az2-syn

“Reagents and condition: (i) cat. Cu(PPh3)3Br, THF, reflux, 12 hr; (ii) cat. Cp*RuCl(PPh;),,
PhMe, reflux, 12 hr.



US 10,208,025 B2

Scheme 4. Deprotection of triazole bridged flavonoid dimers.?
OH O
O
(i)
AcdAz]l ——
MOMO O
O
(0] = (o)
/%W/\N /\/ \/\O
Naw. /
=N
Ac4Az1(5-OH)
O
O
Me
HO.
Ac5Azs ()
or
O
Ac5Az10 o
(0] = (0]
/H/\N AN \/\O -
N /
=N
Ac5Az50H n=2
Ac5Az100H n=1
“Reagents and condition: (i) Hy, Pd/C, MeOH, 1t.
The invention claimed is: 4. A method of reducing P-glycoprotein based multidrug
1. A compound of formula I: resistance including the step of administering an effective
amount of a compound of formula I as defined in claim 1.
flavonoid-linker-X I 35 5. A method of reducing MRP1-based multidrug resis-

wherein

X is CCH or Nj;

the flavonoid is selected from the group consisting of,
flavone, flavonol, flavanone, anthocyanin, and isofla-
vonoid; and

the linker is a group having at least one carbon atom and
an oxygen atom, wherein the flavonoid is connected to
the linker by the oxygen atom,

wherein the linker is a group having a plurality of alkylene
units, a group having a plurality of ethylene glycol
units, a group having a plurality of propylene glycol
units, a group having a plurality of amino ethylene
units, or a combination thereof.

2. The compound of claim 1, wherein X is CCH.

3. The compound of claim 1, wherein X is Nj.
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tance including the step of administering an effective
amount of a compound of formula I as defined in claim 1.

6. A method of reducing BCRP-based multidrug resis-
tance including the step of administering an effective
amount of a compound of formula I as defined in claim 1.

7. A method of reducing resistance of a drug caused by
overexpression of ABC transporters including the step of
administering an effective amount of a compound of formula
I as defined in claim 1.

8. A method of treating drug-resistance cancers caused by
overexpression of ABC transporters including the step of
administering an effective amount of a compound of formula
I as defined in claim 1.

9. The compound of claim 1 being: Methyl 3-(((2-(4-(2-
(2-(2-azidoethoxy)ethoxy)ethoxy )phenyl)-4-oxo-4H-
chromen-3-yl)oxy)methyl)benzoate.
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