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Abstract
Topoisomerase Il poison blocks the transitorilyerated DNA double-strand breaks (DSBSs)

from religation, thereby causes severe DNA damagegene toxicity. While topoisomerase
Il catalytic inhibitor does not form cleavable DN#kzyme complex because its function
attributes to inhibition of the catalytic stepstbé enzyme such as before generating DNA
DSBs or in the last step of the catalytic cycleemafeligation. It has been reported that the
stabilizing effect of etoposide on transient clddgaDNA-topoisomerase fil complex
attributes to its secondary malignancy. Thereftwppisomerase di has been considered as
more attractive target than topoisomeraBdadr the development of chemotherapeutic agents.
In the previous work, we reported compouhdandll as novel topoisomerasen Itatalytic
inhibitors targeting for ATP binding site of humtmpoisomerase dl ATP-binding domain. As

a continuous work, we have designed and synthest3edompounds of CO-alkyl and
arylalkyl substitiuvted compounds with or without timexy group on ring A. In the
topoisomerase dl inhibitory test, among the tested ©O4-chlorophenethyl substituted
compounds37 and 47 were more active than others, and compo8ndshowed strongest
topoisomerase di inhibitory activity with 94.4% and 23.0% inhibitip respectively, at 100
and 20 pM. Compound37 and 47 have also showed much enhanced cytotoxic activity
against T47D cells; 16 (uM): 0.63 £ 0.01 and 0.19 + 0.02, respectively, viahéze stronger
than reference drugs. Band depletion assay andiageacomplex assay results showed
compounds37 and 47 were potential topoisomerasex Itatalytic inhibitor with low DNA

damage.
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I ntroduction

Xanthones are hetero-tricyclic planar compoundgiraily isolated as secondary metabolites
from a few higher plant families, fungi and lichg} and are named after ‘Xanthos’ which
means yellow in Greek [2]. Diverse pharmacologpaliiles of xanthone families have been
reported including anti-hypertensive [3], anticolsamt [4], antithrombotic [5],
anticholinesterase [6], anticancer activities [[faected by the substituents. The simplicity
of structure and interesting diverse biological iaides of xanthones have attracted
researchers to put much effort for finding new ptigg¢ druggable compoundsga synthetic
derivatization or isolation from natural resources.

In the cell proliferation process tangled DNA shlibalvercome the topology problem, which
could be solved by topoisomerase enzymes well-kniowbe taking part in DNA relaxation,
supercoiling, catenation/decatenation and knottimgyiotting [9, 10]. Topoisomerases are
ubiquitous enzymes and responsible for the topoddginter-conversions of DNA by
generating transient breaks of DNA strands. Hunopoisomerase operates in two different
ways. One causes single-strand breaks (SSBs, dgfyedl), and the other induces double-
strand breaks (DSBs, type Il), during cell prokfiéon processes [11, 12]. Between these two
types of topoisomerase, topoisomerase |l is esdettti relax supercoiled DNA through
catalytic cycle of DSBs [13]. There are two isofgrof topoisomerase Iy andf forms.
Despite their similarities, the two enzymes havstindct patterns of expression and
physiological functions in vertebrate cells [14-1Tppoisomerase dl is essential for the
survival of actively growing cells and able to decete the replicated chromosomes during

chromosome segregation process. Thus the expreksieh of topoisomerasedlare up-



regulated dramatically during cell proliferatiorBf20]. Furthermore, the expression level of
topoisomerase dl changes over the cell cycle and reaches a maxipaim in the late S and
G./M phase [20-22]. Topoisomerasea. lis found at replication forks and remains tightly
associated with chromosomes during mitosis [23, PA¢ontrast, expression of tResoform

is independent of proliferative status of cells amel enzyme dissociates from chromosomes
during mitosis [17, 19, 23]. Topoisomerasi lias been known to be related with toxicity of
topoisomerase |l targeting anticancer drugs suataediotoxicity and potential development
of secondary malignancy during their medicationerBfore, topoisomeraseallhas been
considered as more attractive target than topoismsee I for the development of
chemotherapeutic agents [25-27].

Topoisomerase |l inhibitors act in two differenttipmays; (1) the distinct character of
topoisomerase Il poison is to bind and stabilizngrently and covalently formed DNA-
enzyme complex and (2) topoisomerase |l catalytfghitor does not stabilize the DNA-
enzyme complexes but eliminates essential catalgiitivities of topoisomerase II.
Topoisomerase Il poison blocks the transitorilyeyated DNA DSB from religation, thereby
causes severe DNA damage and gene toxicity [28]lewpoisomerase Il catalytic inhibitor
does not form cleavable DNA-enzyme complex becéadanction attributes to inhibition of
the catalytic steps of the enzyme such as befanergeng DNA DSBs or in the last step of
the catalytic cycle after religation [10, 29-31f] hias been reported that the stabilizing effect
of etoposide on transient cleavable DNA-topoisoserdld complex attributes to its

secondary malignancy [26, 27].

Compound I'n=1
Compound IIn =2



In the previous work, we reported compourdsnd |l as novel topoisomeraseoll
catalytic inhibitors targeting for ATP binding sité human topoisomerasex|ATP-binding
domain [32, 33]. We extended our interest in theresi study to discover human
topoisomerase dl catalytic inhibitor with improvement on catalyiithibition and reduction
of toxicity likely caused by DNA DSBs and to evakidhe mode of action. Based on the
previous molecular docking study result of compoumdth human topoisomerasexlATP-
binding domain, we have designed and synthesizedrias of Clo-alkyl and arylalkyl
substitiuted compounds-putylamine mediated epoxide ring opened deriva)iweith or

without methoxy group on ring A.

2. Chemistry

Synthesis of Target Compounds. General synthetic methods for the proposed compound
are depicted in Scheme 1. Grougompounds are prepared as two-step process, First
epichlorohydrin coupling reaction at C-3 hydroxyogp under basic condition, and then
subsequent C-DB-alkylation. Groupll compounds are obtained loybutylamine mediated

epoxide ring opening reaction in methanol solv&uheme 1).

Starting compound8 and4 were synthesized by previous method [32], and th&erent
length of alkyl halide (alkyl = ethyl, isopropylutyl, and pentyl) or arylalkyl halide (benzyl,
3-chlorobenzyl,  3-methoxybenzyl, 4-methoxybenzyl, -triffuoromethylbenzyl,  3-
chlorophenethyl, and 4-chlorophenethyl) were miwth CsCO; or K,CO;z in acetone/DMF
and then refluxed to give Grodpcompounds in 5.6-75.2% yields after purificatidm.the
'H-NMR spectrum, proton peaks of alkyl group in campds5-8 and16-19 were confirmed.

Compound9-13 and 20-24 showed singlet peak which presents two methyleneops of



benzyl at 5.2 ppm. Compound4, 15, 25, and26 showed two triplet peaks belonging to the
ethylene of phenethyl group at 3.2 and 4.2 ppnpeadsvely. All the Groudl compounds
have a multiplet peak of methine hydrogen on thexele ring at 3.4 ppm. Subsequent
epoxide ring opening reaction of Grouwith n-butylamine (10 equiv.) was accomplished in
MeOH solvent to give Group compounds in 19.1-90.2% yields. In tH€-NMR spectrum,
the methine carbon of opened epoxide ring was dissleh-shifted from 50.0 to 69.9 ppm.

Structures of all the prepared compounds are dapiotScheme 2.

O OR; O OR;
Epichlorohydrin
O O K>CO3, Acetone/DMF O O
0 o 1 o) Y
(0] O
R4 R4
1 R1 =H 3 R1 =H
2 Ry = OCHgj; 4 R, =0CH;
Ro-X
032CO3
Acetone/DMF
O OR, O OR,
n-Butylamine O O
MeOH
0 07 NH(GHZ);CH; 0 o/\<(|)
R4 OH R4

Scheme 1. General synthetic method of compounds



Group | O OR;
: 0 : O/Y(l)
R1
5 Rl =H, R2 = C2H5 16 Rl = OCH3, R2 = C2H5
6 Rl =H, R2 = i-C3H7 17 Rl = OCH3, R2 = i-CgH7
7 Ry =H, Ry = C4Hq 18 Ry = OCH3, Ry = C4Hg
8 Rl = H, R2 = C5H11 19 Rl = OCH3, R2 = C5H11
9 Rq =H, Ry, =benzyl 20 R1 = OCH3, R, = benzyl
10 Ry = H, R, = 3-chlorobenzyl 21 Ry = OCHg, R, = 3-chlorobenzyl
11 Ry = H, Ry = 3-methoxybenzyl 22 Ry = OCHg3, R, = 3-methoxybenzyl
12 Ry = H, Ry = 4-methoxybenzyl 23 Ry = OCHg3, R, = 4-methoxybenzyl
13 Ry = H, R, = 3-trifluoromethylbenzyl 24 Rq = OCHg, R, = 3-trifluoromethylbenzyl
14 Ry = H, R, = 3-chlorophenethyl 25 Ry = OCH3, R, = 3-chlorophenethyl
15 R1 = H, R, = 4-chlorophenethyl 26 R1 = OCHB3, R, = 4-chlorophenethyl
O OR,
Group I
E 0 E 0" Y NH(CH;)5CHs
Ry OH
27 Rl =H, R2 = C2H5 38 Rl = OCH3, R2 = C2H5
28 Rl = H, R2 = i-C3H7 39 Rl = OCH3, R2 = i-C3H7
29 Ry = H, Ry = C4Hg 40 Ry = OCHs, Ry = C4Hg
30 Rl = H, R2 = C5H11 41 Rl = OCH3, R2 = C5H11
31 R; =H, Ry, =benzyl 42 Rq = OCHg3, R, = benzyl
32 Ry = H, Ry = 3-chlorobenzyl 43 R4y = OCHg3, R, = 3-chlorobenzyl
33 R; = H, R, = 3-methoxybenzyl 44 R, = OCHs, R, = 3-methoxybenzyl
34 Ry = H, R, = 4-methoxybenzyl 45 R1 = OCH3, R, = 4-methoxybenzyl
35 Ry = H, Ry = 3-trifluoromethylbenzyl 46 R = OCHg3, R, = 3-trifluoromethylbenzyl
36 Ry = H, R, = 3-chlorophenethyl 47 R1 = OCHs, R, = 4-chlorophenethyl
37 Ry = H, R, = 4-chlorophenethyl

Scheme 2. Structures of the prepared compounds

3. Resultsand Discussion
3.1. Human Topoisomerase Il a I nhibitory Activities of Compounds
In the topoisomerasedlinhibitory activity test, Group Il compounds (e ring opened

compounds) showed stronger activity than Group1Q&t M. In the group Il series, @~



arylalkyl substituted compound$81£37 and 42-47) were better than corresponding alkyl
substituted one{-30 and38-40). Compounds without 5-methoxy group also showedemo
efficient topoisomerase dl inhibitory activity than 5-methoxy analogues exc€i-O-(3-
chloropheneyl) substituted compounds. Overall, GEarylalkyl substituents enhanced
enzyme inhibitory activity than alkyl substitutechadogues. But the length difference
between oxygen and aryl group, methylene and eathyldid not show clear information.
Although the effect of substituents on inhibitomgtigity was not consistent to make a solid
structure and activity relationship, @t4-chlorophenethyl substituted compouddsand47
were more active than others, H, OCEF; in each series (Table 1 & Figure 1). In this test,
among the tested compounds compo@rdshowed strongest topoisomerase ihhibitory

activity with 94.4% and 23.0% inhibition, respeetiy, at 100 and 20 uM treatment.

Insert Figureland Tablel

3.2. Cytotoxicity of the Compounds
The cytotoxicity assay for compounds was conduatiéld a range of human tumor cell lines,
HCT15 (colon) T47D (breast), HelLa (cervical) and INNB7 (stomach). The inhibitory

activities are presented ass¢@uM) and listed in Table 2.

Insert Table?2

Overall, compounds tested showed good anticandesitgcin Group Il, C1O-arylalkyl
derivatives efficiently suppressed cell growth le tested cell lines, which was better than
corresponding CD-alkly ones. 5-Methoxy-3-epoxide substituted comptsil16-25 in

Group | showed hundreds nanomolagoalues in HCT15, which are better than etoposide



and similar to adriamycin used as references. Comgg87 and47, strongest topoisomerase
Ila inhibitors among C5-H and C5-methoxy series compsualso showed much enhanced
cytotoxic activity against T47D cells; $&(uM): 0.63 = 0.01 and 0.19 + 0.02, respectively,

which are stronger than reference drugs.

3.3 Band depletion assay of the selected compounds 36, 37, and 47

With compound37 possessing the strongest topoisomeraseDINA relaxation inhibitory
activity and compound?7 showing most efficient cytotoxicity against T47Drhan breast
cancer cells, compoun8 was additionally selected for further experimetatsdetermine
their mode of action clearly. The structural diffiece of36 vs 37 and47 is the position of
chlorine and that o86 vs 47 is the addition of methoxy group in R1 positionrioig A. First

of all, to verify whether compound$, 37 and47 function as topoisomerasexlpoisons or
catalytic inhibitors, T47D cells were treated wa®uM of each of compounds and etoposide
for 2 hours and followed by cell harvest and cgtlid. The covalently bound topoisomerase
Ila to DNA was excluded during DNA removal processletiie free topoisomeraseaxlivas
detected by Western blot analysis. As shown in fleéig®, the western blot band of free
topoisomerase @ was depleted in the etoposide (a well-known tapoerase Il poison)-
treated T47D cells while it was evidently obseriredompounds$36, 37 and47 -treated cells
(Figure 2). This result suggests compouB6s37 and47 inhibited the catalytic activity of

topoisomerase d without stabilizing DNA-topoisomeraseanlkcleavable complex.

Insert Figure 2



3.4 Cleavable complex assay of the selected compounds 36, 37 and 47

The function of compound36, 37 and 47 as topoisomerasedl catalytic inhibitors was
revalidatedwith cleavable complex assay. Etoposide eviderglyegated the linear truncated
DNA because it stabilized the transiently formedAtépoisomerase ¢l cleavable complex
then blocked DNA from religation as shown in Figu8e However the treatment of
compounds36, 37 and 47 as the same concentration as etoposide did noe rtiek linear

DNA (Figure 3. This result is consistent with that of band depteassay.

Insert Figure 3

3.5. Comet assay of the selected compounds 36, 37 and 47

Based on results from topoisomerase riélaxation assay, DNA band depletion assay and
cleavable complex assay, compoun88, 37 and 47 were characterized as human
topoisomerase dl catalytic inhibitors. The most difference of togpmmerse H catalytic
inhibitor over topoisomeraseallpoison is no generation of undesired DNA truncatio
which catalytic inhibitors can be advantageous gweisons. Topoisomeraseo lipoisons
produce in general serious DNA damage induced hbilsting the cleavable complex
followed by preventing the religation of DNA douldand breaks [34]. Compoun86, 37
and47 were evaluated with comet assay in T47D cellautthér confirm its mode of action
as a topoisomeraseallcatalytic inhibitor because selected compoundswvsdostronger
toxicity in T47D cells among tested human cancdrlices (Table 2). As shown in Figure 4,
the image of inverted fluorescence microscope hrddsult of image analysis using Komet
5.0 software showed that etoposide made seriougtcfummation due to its mode of action

to generate un-religated short DNA but compoundtetkdid not at the same treatment of 5



and10uM for 24 h, which further confirms the catalytichibitory activity of compound86,

37 and47.

3.5. Molecular Docking Study

Docking study was carried out for compouws@ 37 and47 into the ATP-binding domain
of human topoisomerasenllThe analysis of the docked compounds to the AifRify site
of topoisomerase dl showed that compour®¥ has lowest binding energy of -8.45 kcal/mol
(Ki = 636.14 nM) (Figure 5A) among four compoundghe only difference between
compound36 and 37 is the chloro substitution on the phenylethoxy ugroHowever,
comparing the docked structure, the xanthone rfrgpmpound36 did not overlap well with
purine ring, and there was no hydrogen bond interaevith topoisomerasedl The docking
was further analyzed by comparing with the AMP-PBIR] it showed that the xanthone ring
overlaps with purine ring. Residues that are irseloontact with compour@? are Asn91,
Asp94, Asnl20, Vall37, llel4l, Pheld2, Thrl47, &@rlAlal67, Lys168, and Thr215
(Figure 5B). There is hydrogen bond interactiomeetn C30 with Lys168. Also, the amide
group and Asn91 and the hydroxyl group with Alab&¥e hydrogen bond interactions. The
chloro group on the CO substituted benzene ring may be changed with pola group

since it protrudes out to the solvent accessilda.ar

4. Conclusion

While topoisomerase Il poison blocks the trandijogenerated DNA DSB from religation,

thereby causes severe DNA damage and gene toxigtgjsomerase |l catalytic inhibitor
does not form cleavable DNA-enzyme complex bec@sadanction attributes to inhibition of

the catalytic steps of the enzyme such as befanerggng DNA DSBs or in the last step of

the catalytic cycle after relegation. It has besported that the stabilizing effect of etoposide



on transient cleavable DNA-topoisomerasg Itomplex attributes to its secondary
malignancy. Therefore, topoisomerase las been considered as more attractive target than
topoisomerase [Bl for the development of chemotherapeutic agentsc ésntinuous work to
find efficient topoisomerase dl catalytic inhibitor, we have designed and syntex$i43
compounds of CD-alkyl and arylalkyl substitiuted compounds basaccompound andl|.

In the topoisomerasedlinhibitory test, although the structure and atyivelationship of the
series compounds was not consistent, compo@idsnd 47 exhibited superior inhibitory
activity among the tested compounds and especiatiympound 37 showed strongest
topoisomerase di inhibitory activity with 94.4% and 23.0% inhibitip respectively, at 100
and 20 pM. In the anticancer activity test, Gdrylalkyl derivatives in Group Il efficiently
suppressed cell growth in the tested cell linesclwvivas better than corresponding O4-
alkly ones. Especially compoun8% and47 hadICso(uM) of 0.63 + 0.01 and 0.19 + 0.02,
respectively, against T47D cells. 5-Methoxy-3-epexisubstituted compoundks-25 in
Group | showed hundreds nanomolagoalues in HCT15, which are better than etoposide
and similar to adriamycin used as references. Bdagletion assay result suggests
compounds36, 37 and 47 inhibit the catalytic activity of topoisomerasea liwithout
stabilizing DNA-topoisomerasedI|cleavable complex. Cleavage complex assay realsits
showed compound36, 37 and47 were potential topoisomerase! Itatalytic inhibitor, which

is consistent with that of band depletion assag ativantage of topoisomerase thatalytic
inhibitor over topoisomerasealpoison is no generation of undesired DNA truncgtishich
can be confirmed by comet assay. Etoposide mad®isezomet formation due to its mode of
action to generate un-religated short DNA but conmuis 36, 37 and47 did not. Molecular
docking analysis compoung8’ to the ATP binding site of topoisomerase Hhowed that

compound37 has low binding energy. Overall @ arylalkyl substitiuted compounds were



potential topoisomerasealicatalytic inhibitor and compoun8’ could be starting point for

the efficient modification in this scaffold.

5. Experimental
5.1. Chemistry general

Most chemicals and reagents used were obtained Adoimch Chemical Co. and others
were from company like TCIl. Melting points were rae@d without correction in open
capillaries with Barnstead Electrothermal meltinginp apparatus, Manual MEL-TEMP
(Model No: 1202D). Chromatographic separations war®nitored by thin-layer
chromatography using a commercially available mated Merck Kieselgel 60.§ plate
(0.25mm) and detected by visualizing under UV att 2md 365 nm. Silicagel column
chromatography was carried out with Merck Kieselg@!(0.040 - 0.063 mm). All solvents
used for chromatography were directly used witrthstillation. The purity was assessed by
HPLC (Shimadzu LC-20AD) analysis under the follogviconditions; column, SunFire C18
(4.6 mm x 150 mm, 5 um); mobile phasendition A: A (water) and B (acetonitrile) using a
linear gradient of 50 - 70% B in 0 - 15 min, 70%rB15 - 20 min, 100% B in 20 - 25 min
and 50% B in 25 - 30 mirgondition B: A (0.2% (v/v) TFA in water) and B (acetonitrile)
using a linear gradient of 50 - 70% B in 0 - 15 ni@% B in 15 - 20 min, 100% B in 20 - 25
min and 50% B in 25 - 30 min, flow rate; 1.0 mL/mitetection, diode array detector
(Shimadzu Spd-M20A). The purity of compound is diésd as percent (%) and retention
time was given in minutes. NMR spectra were reapmie Varian AS 400'H-NMR at 400
MHz and**C-NMR at 100 MHz) with tetramethylsilane as an ing standard. Chemical
shift (5) values are expressed in ppm and coupling congixntalues in hertz (Hz). The

melting points were measured on Gallenkamp MeRogt Apparatus without correction.



5.2. General synthetic methodsfor 1,3-dihydroxyxanthone analogues

5.2.1. 1,3-Dihydroxy-xanthen-9-one (1)

The reaction mixture of salicylic acid (2.06 g, 8%.mmol), phloroglucinol (2.01 g, 15.94
mmol) and ZnCJ(4.93 g, 39.04 mmol) in POGB0 mL) was refluxed (4 h) at 80 °C, cooled
to room temperature and then poured into iced waeder slowly. The solid formed was kept
for 1 d at 4°C, collected and washed with water to give a rddlséfter drying under
vacuum, the crude product was purified by silichagumn chromatography (eluent: ethyl
acetatat-hexane = 1:2) to give compoutds a pale yellow solid (0.73 g, 26.5%). m.p. 253-
255°C; R 0.66 (eluent: ethyl acetatehexane = 1:1)*H-NMR (CDCk, 400 MHz)3 6.21 (d,
J= 2.4 Hz, 1H), 6.31 (d] = 2.0 Hz, 1H), 7.30 (ddd} = 1.2, 7.2, 8.0 Hz, 1H), 7.32 (dd=
0.4, 8.4 Hz, 1H), 7.62 (ddd,= 2.0, 7.2, 6.8 Hz, 1H), 8.13 (ddi= 2.0, 8.0 Hz, 1H), 10.10 (s,
1H), 12.76 (s, 1H)}*C-NMR (CDC}k, 100 MHz) 94.4, 98.6, 103.1, 117.5, 120.6, 123.8,

125.7, 134.8, 155.9, 157.9, 163.6, 165.8, 180.5.ppm

5.2.2. 1,3-Dihydroxy-5-methoxy-xanthen-9-one (2)

2,3-dimethoxybenzoic acid (2.01 g, 11.0 mmol), pbdpucinol (2.14 g, 17.0 mmol) and
ZnCl,(8.98 g, 65.9 mmol) in POg30 mL) was refluxed (4 h) at 8, cooled to room
temperature and then poured into iced water vanylgl The solid formed was kept for 1 d
at 4°C, collected and washed with water to give a rdill sAfter drying under vacuum, the
crude product was purified by silica gel chromaapdry (eluent: ethyl acetatetiexane = 1:2)
to give compoun@ as a pale yellow solid (0.78 g, 27.5%). m.p 288-28; R:0.55 (eluent:
ethyl acetatet-hexane = 1:1)!H-NMR (CDCk, 400 MHz)3 3.96 (s, 3H), 6.17 (dl = 2.4 Hz,
1H), 6.37 (dJ = 2.4 Hz, 1H), 7.31 () = 8.0 Hz, 1H), 7.37 (ddl = 1.2, 8.0 Hz, 1H), 7.66 (dd,

J=1.2, 8.0 Hz, 1H), 10.82 (s, 1H), 12.76 (s, 1HE-NMR (CDCE, 100 MHz) 55.9, 93.9,



98.1, 102.1, 115.6, 115.9, 120.6, 123.4, 145.4,81457.0, 162.8, 165.6, 179.6 ppm.

5.3. General method for synthesis of epichlorohydrin analogues

A mixture of compoundl or 2, epichlorohydrin (1.5 equiv.) and,&O; (2 equiv.) in
acetone/DMF (10 mL/10 mL) was refluxed (20 h). Teaction was quenched with water (30
mL) and extracted with ethyl acetate (x 3). Theaoig layer was collected and washed with
brine, and then dried over anhydrous MgS8olvent was removed under reduced pressure

and residue was purified by silica gel column chatography (eluent: CHg)L

5.3.1. 1-Hydroxy-3-oxir anylmethoxy-xanthen-9-one (3)

Following the general method, compoubhd1.01 g, 4.44 mmol), epichlorohydrin (0.83 g,
8.93 mmol) and KCO;(1.32 g, 9.56 mmol) was used. The purification wasducted with
eluent (CHCJ) to give compound5 (0.73 g, 57.8%) as a pale yellow solidO0R6 (DCM);
'H-NMR (CDCl, 400 MHz)$ 2.79 (dd,J = 2.4, 4.8 Hz, 1H), 2.96 (dd,= 4.0, 4.0 Hz, 1H),
3.38-3.41 (m, 1H), 4.01 (dd,= 6.0, 11.2 Hz, 1H), 4.34 (dd,= 3.2, 11.2 Hz, 1H), 6.36 (d,

= 2.0 Hz, 1H), 6.46 (d] = 2.4 Hz, 1H), 7.38 (ddd}= 1.2, 7.2, 7.6 Hz, 1H), 7.43 (ddi= 0.4,
7.6 Hz, 1H), 7.72 (ddd] = 1.6, 7.2, 7.6 Hz, 1H), 8.24 (dd= 1.6, 8.0 Hz, 1H)"*C-NMR
(CDCls, 100 MHz) 44.8, 49.9, 69.5, 93.6, 97.7, 104.5,.81720.9, 124.3, 126.1, 135.3,

156.3, 157.9, 163.9, 16.6, 181.1 ppm.

5.3.2. 1-Hydr oxy-5-methoxy-3-oxir anylmethoxy-xanthen-9-one (4)

Following the general method, compoud0.31 g, 1.21 mmol), epichlorohydrin (0.24g,
2.55 mmol) and KCO;(0.38 g, 2.75 mmol) was used. The purification wasducted with
eluent (CHC)) to give compound3 (0.12 g, 32.3%) as a pale yellow solidORB0 (DCM);

'H-NMR (CDCk, 400 MHz)$ 2.78 (dd,J = 2.4, 4.8 Hz, 1H), 2.94 (8 = 4.8 Hz, 1H), 3.39-



3.40 (m, 1H), 4.02 (dd] = 2.0, 10.8 Hz, 1H), 4.03 (s, 3H), 4.33 (dds 3.2, 10.8 Hz, 1H),
6.38 (d,J = 2.0 Hz, 1H), 6.58 (d] = 2.4 Hz, 1H), 7.23-7.26 (m, 1H), 7.31 (dds 8.0, 8.0
Hz, 1H), 7.82 (ddJ = 1.6, 8.0 Hz, 1H), 12.83 (s, 1H}’C-NMR (CDCk, 100 MHz) 44.8,
49.9, 56.7, 69.5, 93.5, 98.2, 104.4, 116.0, 117217, 123.9, 146.5, 148.5, 157.7, 163.6,

165.6, 181.1 ppm.

54. General method for synthesis of C-1-O-alkyl or arylalkylated C-3-(oxiran-2-
ylmethoxy) analogues

A mixture of compound or 4, R-X (3 equiv.) and GE€0s (3 equiv.) in acetone/DMF (10
mL/10 mL) was stirred at proper temperature (25@Pfor 20 h. The reaction was quenched
with water (30 mL) and extracted with ethyl acet@te3). The organic layer was collected
and washed with brine, and then dried over anhyglMgSQ. Solvent was removed under

reduced pressure and residue was purified by gktaolumn chromatography.

5.4.1. 1-Ethoxy-3-(oxiran-2-ylmethoxy)-9H-xanthen-9-one (5)

Following the general methodpmpound3 (0.21 g, 0.73 mmol), iodoethane (0.35 g, 2.22
mmol) and CgL0;(0.52 g, 1.59 mmol) in DMF (20 mL) were used atmo@mperature. The
purification was conducted with eluent (ethyl at®tahexane = 1:3) to give compourid
(0.17 g, 75.2%) as a white solid. m.p. 164 -166 R.33 (eluent: ethyl acetatehexane =
1:1);HPLC: R:3.71 min (condition A, purity: 99.9%JH-NMR (CDCl, 400 MHz)5 1.59 (t,
J=2.8 Hz, 3H), 2.86 (q] = 2.4 Hz, 1H), 2.96 (t) = 4.4 Hz, 1H), 3.40 (m, 1H), 4.02 (d#i=
8.0, 11.2 Hz, 1H), 4.17 (dd,= 2.0, 6.8 Hz, 2H), 4.36 (dd,= 2.4, 10.4 Hz, 1H), 6.40 (d,=

2.4 Hz, 1H), 6.50 (d] = 2.0 Hz, 1H), 7.32 (ddd,= 1.2, 7.2, 8.0 Hz, 1H), 7.60 (d= 7.6 Hz,
1H), 7.63 (ddd) = 1.6, 7.2, 8.4 Hz, 1H), 8.28 (dd~= 2.4, 8.0 Hz, 1H)**C-NMR (CDC},

100 MHz) 14.8, 44.8, 50.0, 65.3, 69.4, 93.6, 9608.0, 117.2, 123.4, 124.0, 127.0, 133.9,



155.2, 160.0, 161.8, 163.8, 175.6 ppm.

5.4.2. 1-1 sopr opoxy-3-(oxir an-2-ylmethoxy)-9H-xanthen-9-one (6)

Following the general method, compouBd0.20 g, 0.71 mmol), 2- iodopropane (0.17 g,
1.03 mmol) and GE£0O; (0.52 g, 1.60 mmol) in DMF (20 mL) were used at &l The
purification was conducted with eluent (ethyl atetahexane = 1:3) to give compourid
(0.13 g, 55.6%) as a white solid. m.p. 132-134 Rg).33 (eluent: ethyl acetatehexane =
1:1); HPLC: R 7.67 min (condition A, purity: 95.1%JH-NMR (CDCl, 400 MHz)3 1.49 (d,
J=6.0 Hz, 6H), 2.80 (dd] = 4.2, 5.2 Hz, 1H), 2.96 (dd,= 4.0, 4.4 Hz, 1H), 3.39-3.42 (m,
1H), 4.01 (dd,J = 6.0, 11.2 Hz, 1H), 4.36 (dd= 2.8, 11.2 Hz, 1H), 4.66 (heptdtz 2.0 Hz,
1H), 6.41 (dJ = 2.4 Hz, 1H), 7.31 (ddd] = 1.2, 7.6, 8.0 Hz, 1H), 7.35 (ddi= 0.8, 8.4 Hz,
1H); ¥3c-NMR (CDCk, 100 MHz) 22.1, 44.8, 50.0, 69.4, 42.3, 93.6, 98@8.1, 117.1,

123.4,124.0, 127.0, 133.8, 155.2, 160.0, 160.9,71.4.75.5 ppm.

5.4.2. 1-Butoxy-3-(oxiran-2-ylmethoxy)-9H-xanthen-9-one (7)

Following the general methodpmpound3 (0.20 g, 0.7 2mmol), 1-iodobutane (0.36 g, 2.15
mmol) and KCO;(0.36 g, 2.15 mmol) were used at 80 °C. The puwaiitn was conducted
with eluent (ethyl acetatehexane = 1:3) to give compourd(0.09 g, 37.5%) as a white
solid. m.p. 124-126 °C; .49 (eluent: ethyl acetatehexane = 1:1); HPLC: R.1.16 min
(condition A, purity: 96.3%)*H-NMR (CDCk, 400 MHz)$ 1.02 (t,J = 7.2 Hz, 3H), 1.60-
1.66 (m, 2H), 1.91-1.98 (m, 2H), 2.79 (di= 2.4, 4.8 Hz, 1H), 2.96 (t] = 4.0 Hz, 1H),
3.38-3.42 (m, 1H), 4.01 (dd,= 7.0, 10.4 Hz, 1H), 4.09 (§,= 6.4 Hz, 2H), 4.35 (dd] = 2.8,
6.8 Hz, 1H), 6.38 (dJ = 2.4 Hz, 1H), 6.47 (d] = 2.4 Hz, 1H), 7.33 (m, 2H), 7.61 (ddii=
2.0, 4.0, 7.2 Hz, 1H), 8.28 (dd= 2.0, 8.0 Hz, 1H)**C-NMR (CDCE, 100 MHz) 14.1, 19.5,

31.2, 44.8, 50.0, 69.3, 69.4, 93.4, 96.3, 108.0,21123.4, 124.0, 127.0, 133.8, 155.2, 159.9,



162.0, 163.7, 175.5 ppm.

5.4.3. 3-(Oxiran-2-ylmethoxy)-1-(pentyloxy)-9H-xanthen-9-one (8)

Following the general method, compous¢D.20 g, 0.70 mmol), 1-iodopentane (0.43 g, 2.15
mmol) and Cg£0;(0.48 g, 1.48 mmol) in DMF (20 mL) were used atmo@mperature. The
purification was conducted with eluent (ethyl atetahexane = 1:3) to give compouitd
(0.13 g, 53.8%) as a white solid. m.p. 120-122 R¢).63 (eluent: ethyl acetatehexane =
1:1);HPLC: Rr13.93 min (condition A, purity: 99.5%JH-NMR (CDCl, 400 MHz)5 0.96

(t, = 7.2 Hz, 3H), 1.39-1.48 (nd,= 3.2 Hz, 2H), 1.52-1.58 (m, 2H), 1.94-2.01 @rs 7.2
Hz, 2H), 2.80 (ddJ = 2.4, 5.6 Hz, 1H), 2.96 (§,= 4.4 Hz, 1H), 3.38-3.42 (m, 1H), 4.00 (dd,
J=1.6, 6.4 Hz, 1H), 4.08 (8, = 6.8 Hz, 2H), 4.36 (dd] = 2.4, 6.4 Hz, 1H), 6.39 (d,= 2.4
Hz, 1H), 6.48 (dJ = 2.4 Hz, 1H), 7.33-7.36 (m, 2H), 7.62 (ddds 1.6, 7.2, 8.8 Hz, 1H),
8.28 (ddJ= 2.4, 8.0 Hz, 1H)}3C-NMR (CDCk, 100 MHz) 14.3. 22.7, 28.3, 28.9, 44.8, 50.0,
69.4, 69.7, 93.5, 96.4, 108.0, 117.2, 123.4, 124270, 133.8, 155.2, 159.9, 162.0, 163.8,

175.5 ppm.

5.4.4. 1-Benzyloxy-3-(oxir an-2-ylmethoxy)-9H-xanthen-9-one (9)

Following the general method, compou(D.20 g, 0.71 mmol), benzylbromide (0.24 g, 1.43
mmol) and KCGO; (0.24 g, 1.74 mmol) were used at 80 °C (4 h). Thefipation was
conducted with eluent (ethyl acetakdvexane = 1:2) to give compouBd0.17 g, 63.7%) as a
white solid. m.p. 194-196 °C;;B.59 (eluent: ethyl acetatehexane = 1:1HPLC: Ry11.27
min (condition A, purity: 98.4%)'H-NMR (CDChk, 400 MHz)$ 2.78 (dd,J = 2.4, 4.4 Hz,
1H), 2.95 (tJ = 4.4 Hz, 1H), 3.37-3.40 (m, 1H), 3.99 (dds 5.6, 10.2 Hz, 1H), 4.34 (dd=
2.8, 11.2 Hz, 1H), 5.27 (s, 2H), 6.46 (& 2.4 Hz, 1H), 6.51 (d] = 2.4 Hz, 1H), 7.31-7.45

(m, 5H), 7.61-7.66 (m, 3H), 8.31 (ddi= 2.0, 8.0 Hz, 1H)**C-NMR (CDCk, 100 MHz) 44.8,



49.9, 69.4, 71.0, 94.1, 97.2, 108.3, 117.2, 12B24,.1, 126.9, 127.0, 128.0, 128,9, 134.0,

136.5, 155.2, 159.9, 161.1, 163.7, 175.5 ppm.

5.4.5. 1-(3-chlor obenzyl oxy)-3-(oxir an-2-ylmethoxy)-9H-xanthen-9-one (10)

Following the general method, compouB8d0.17 g, 0.59 mmol), 3-chlorobenzylchloride
(0.31 g, 1.52 mmol) and KXO; (0.26 g, 1.87 mmol) were used at 80 °C (20 h). The
purification was conducted with eluent (ethyl atetahexane = 1:3) to give compoui@
(0.15 g, 61.6%) as a white solid. m.p. 170-172R£0.62 (eluent: ethyl acetateliexane =
1:1); HPLC: R-4.13 min (condition A, purity: 99.6%}H-NMR (CDCL, 400 MHz)$ 2.78
(dd,J = 2.4, 4.8 Hz, 1H), 2.95 (dd,= 4.0, 4.4 Hz, 1H), 3.37-3.40 (m, 1H), 3.98 (dd; 7.0,
11.2 Hz, 1H), 4.35 (dd] = 2.8, 10.8 Hz, 1H), 5.22 (s, 2H), 6.41 {d= 2.0 Hz, 1H), 6.52 (d,
J= 2.4 Hz, 1H), 7.28-7.39 (m, 4H), 7.60-7.66 (m, 3APB4 (dddJ = 1.6, 7.2, 7.2 Hz, 1H),
8.31 (ddJ=1.6, 8.0 Hz, 1H)}3C-NMR (CDCE, 100 MHz) 44.8, 50.0, 69.5, 70.2, 94.3, 97.3,
108.3, 117.2, 123.3, 124.1, 125.1, 126.9, 127.8.22130.3, 134.0, 134.7, 138.6, 155.2,

159.9, 160.8, 169.7, 175.5 ppm.

5.4.6. 1-(3-M ethoxybenzyloxy)-3-(oxir an-2-ylmethoxy)-9H-xanthen-9-one (11)

Following the general method, compoudd0.20 g, 0.72 mmol), 3-methoxybenzylchloride
(0.32 g, 2.07 mmol) and 03 (0.35 g, 2.54 mmol) were used at 80 °C. The puiifon was
conducted with eluent (ethyl acetatdlexane = 1:2) to give compoudd (0.11 g, 38.4%) as
a whites solid. m.p. 124-126 °C; ®R49 (eluent: ethyl acetatehexane = 1:1); HPLC: R
11.50 min (condition A, purity: 96.7%JH-NMR (CDClk, 400 MHz)5 2.78 (ddJ = 2.8, 4.8
Hz, 1H), 2.95 (tJ = 4.8 Hz, 1H), 3.36-3.40 (m, 1H), 3.87 (s, 3H),8B(fd,J = 7.0, 11.2 Hz,
1H), 4.33 (ddJ = 2.8, 12.8 Hz, 1H), 5.25 (s, 2H), 6.44 {ds 2.4 Hz, 1H), 6.51 (d) = 2.4

Hz, 1H), 6.85 (dd)) = 2.0, 8.0 Hz, 1H), 7.19-7.40 (m, 5H), 7.63 (ddd; 2.0, 4.0, 11.2 Hz,



1H), 8.31 (dd,) = 1.6, 8.0 Hz, 1H)**C-NMR (CDCk, 100 MHz) 44.8, 49.9, 55.6, 69.4, 70.9,
94.1, 97.2, 108.3, 112.2, 123.9, 127.2, 119.0,4,224.0, 127.2, 129.9, 133.9, 138.2, 155.2,

159.9, 160.2, 161.0, 163.7, 175.4 ppm.

5.4.7. 1-(4-M ethoxybenzyloxy)-3-(oxir an-2-ylmethoxy)-9H-xanthen-9-one (12)

Following the general methodpmpound3 (0.32 g, 1.13 mmol), 4-methoxybenzylchloride
(0.32 g, 2.06 mmol) andX&0;(0.42 g, 3.01 mmol) were used at 80 °C. The puiftn was
conducted with eluent (ethyl acetaiddexane = 1:2) to give compoufd (0.03 g, 5.6%) as a
white solid.m.p. 130-132 °C; F0.55 (eluent: ethyl acetatehexane = 1:1); HPLC: $8.77
min (condition A, purity: 99.3%)*H-NMR (CDCk,400 MHz)$ 2.78 (dd,J = 2.4, 4.8 Hz,
1H), 2.95 (tJ = 4.8 Hz, 1H), 3.37-3.41 (m, 1H), 3.82 (s, 3H),B(8d,J = 2.0, 11.2 Hz, 1H),
4.34 (dd,J = 2.8, 11.2 Hz, 1H), 5.20 (s, 2H), 6.45 {d= 2.4 Hz, 1H), 6.50 (dJ = 2.4 Hz,
1H), 6.94-6.98 (m, 2H), 7.32 (ddd= 1.2, 3.2, 8.8 Hz, 1H), 7.36 (d,= 8.0 Hz, 1H), 7.53-
7.57 (m, 2H), 7.63 (ddd] = 1.6, 4.0, 11.6 Hz, 1H), 8.30 (ddi= 1.6, 8.0 Hz, 1H)**C-NMR
(CDCls, 100 MHz) 44.8, 50.0, 55.5, 69.4, 70.9, 94.0, 91131.3, 117.2, 123.4, 124.0, 127.0,

128.6, 133.9, 155.2, 159.5, 159.9, 161.2, 163.3,5L@gpm.

5.4.8. 3-(Oxiran-2-ylmethoxy)-1-(3-(trifluor omethyl)benzyloxy)-9H-xanthen-9-one (13)
Following the general method, compound (0.21 g, 0.73 mmol), 3-
(trichloromethyl)benzylchloride (0.30 g, 1.46 mmald KCO;(0.24 g, 1.74 mmol) were
used at 80 °C. The purification was conducted witient (ethyl acetatehexane = 1:2) to
give compoundL3 (0.23 g, 71.0%) as a white solid. m.p. 152-154 RC0.59 (eluent: ethyl
acetatat-hexane = 1:1); HPLC: 8.62 min (condition A, purity: 96.3%}H-NMR (CDCE,
400 MHz)$ 2.79 (ddJ = 2.4, 4.8 Hz, 1H), 2.96 (8, = 4.4 Hz, 1H), 3.38-3.42 (m, 1H), 4.00

(dd,J = 6.4, 11.2 Hz, 1H), 4.37 (dd,= 2.8, 11.2 Hz, 1H), 5.29 (s, 2H), 6.46 {d; 2.0 Hz,



1H), 6.56 (dJ = 2.4 Hz, 1H), 7.36 (m, 2H), 7.65 (dddi= 2.0, 7.2, 11.2 Hz, 1H), 7.84 (s,
1H), 8.00-8.02 (m, 1H), 8.32 (dd,= 2.0, 8.0 Hz, 1H)}3C-NMR (CDCk, 100 MHz) 44.8,
50.0, 69.5, 70.3, 94.5, 97.3, 108.3, 117.3, 12823.6, 124.1, 124.8, 127.0, 129.6, 130.5,

130.9, 134.1, 137.6, 155.2, 159.9, 160.7, 163.3,41@pm.

5.4.8. 1-(3-Chlor ophenethoxy)-3-(oxir an-2-ylmethoxy)-9H-xanthen-9-one (14)

Following the general method, compou8d(0.19 g, 0.06 mmol), 3-chloro-1-phenethyl
bromide (0.30 g, 1.37 mmol) and,®O; (0.26 g, 1.85 mmol) were used at 80 °C. The
purification was conducted with eluent (ethyl atetahexane = 1:3) to give compounid
(0.04 g, 15.4 %) as a white solid. m.p. 146-148 R{0.63 (eluent: ethyl acetatehexane =
1:1); HPLC: R-4.05 min (condition A, purity: 98.2%}H-NMR (CDCl, 400 MHz)$ 2.78
(dd,J = 2.4, 4.8 Hz, 1H), 2.95 (8,= 4.4 Hz, 1H), 3.28 (t) = 7.2 Hz, 2H), 3.36-3.40 (m, 1H),
4.00 (ddJ= 7.0, 11.2 Hz, 1H), 4.25 (3,= 7.2 Hz, 2H), 4.35 (dd] = 2.8, 11.2 Hz, 1H), 6.35
(d, J = 2.4 Hz, 1H), 6.51 (dJ = 2.4 Hz, 1H), 7.20-7.38 (m, 5H), 7.43 (dd= 2.0, 2.0 Hz,
1H), 7.64 (ddd) = 1.6, 7.2, 8.8 Hz, 1H), 8.31 (dd~= 2.0, 8.0 Hz, 1H)**C-NMR (CDC},
100 MHz) 35.5, 44.8, 50.0, 69.4, 70.1, 94.0, 96@8.1, 117.2, 123.4, 124.9, 127.0, 127.9,

129.6, 130.0, 133.9, 134.4, 140.3, 155.2, 159.2,41463.7, 175.3, 175.4 ppm.

5.4.9. 1-(4-Chlorophenethoxy)-3-(oxir an-2-ylmethoxy)-9H-xanthen-9-one (15)

Following the general method, compouBd(0.21 g, 0.72 mmol), 4- chloro-1-phenethyl
bromide (0.30 g, 1.37 mmol) and,®O; (0.26 g, 1.85 mmol) were used at 80 °C. The
purification was conducted with eluent (ethyl ateta-hexane = 1:3) to give compoudd
(0.05 g, 16.5%) as a white solid. m.p. 132-134 Rf0.63 (eluent: ethyl acetatehexane =
1:1); HPLC: R4.10 min (condition A, purity: 98.8%}H-NMR (CDClk, 400 MHz)$ 2.77

(dd,J = 2.4, 4.8 Hz, 1H), 2.95 (8,= 4.8 Hz, 1H), 3.26 (t) = 6.8 Hz, 2H), 3.36-3.40 (m, 1H),



3.98 (dd,J = 2.0, 11.2 Hz, 1H), 4.23 (@,= 7.2 Hz, 2H), 4.34 (dd] = 2.4, 10.8 Hz, 1H), 7.26-
7.42 (m, 6H), 7.63 (ddd] = 1.6, 6.8, 8.0 Hz, 1H), 8.30 (dd= 1.2, 2.0 Hz, 1H)**C-NMR
(CDCl;, 100 MHz) 35.2, 44.8, 49.9, 69.4, 70.3, 93.9, 96(8.2,, 117.2, 123.3, 124.1, 126.9,

128.8, 131.0, 132.7, 133.9, 136.9, 155.2, 159.9,41d.63.7, 175.4 ppm.

5.4.10. 1-Ethoxy-5-methoxy-3-(oxiran-2-ylmethoxy)-9H-xanthen-9-one (16)

Following the general method, compou#d0.17 g, 0.53 mmol), iodoethane (0.35 g, 2.03
mmol) and Cg££05(0.42 g, 1.30 mmol) in DMF (20 mL) were used atmo@mperature. The
purification was conducted with eluent (ethyl atetahexane = 1:2) to give compouié
(0.12 g, 66.9%) as a white solid. m.p. 150-152 Rg0).23 (eluent: ethyl acetatehexane =
1:1); HPLC: R5.20 min (condition A, purity: 99.9%¥H-NMR (CDCl, 400 MHz)3 1.59 (t,
J= 2.8 Hz, 3H), 2.80 (dd] = 2.4, 4.4 Hz, 1H), 2.95 (§ = 4.4 Hz, 1H), 3.38-3.42 (m, 1H),
4.00 (dd,J = 8.5, 11.2 Hz, 1H), 4.01 (s, 3H), 4.17 J& 7.2 Hz, 2H), 4.35 (dd] = 2.8, 10.8
Hz, 1H), 6.40 (dJ = 2.0, 8.0 Hz, 1H), 7.24 (dd,= 7.6, 7.6 Hz, 1H), 7.86 (dd= 2.0, 8.0 Hz,
1H); °*C-NMR (CDC}, 100 MHz) 14.8, 44.8, 49.9, 56.6, 65.2, 69.4, 9968, 107.9, 114.7,

118.0, 123.5, 124.3, 148.2, 159.7, 161.6, 163.3,5L@pm.

5.4.11. 1-1sopropoxy-5-methoxy-3-(oxir an-2-ylmethoxy)-9H-xanthen-9-one (17)

Following the general method, compou#d0.20 g, 0.64 mmol), 2- iodopropane (0.17 g,
1.03 mmol) and GE€0;(0.51 g, 1.55 mmol) were used at room temperaifihre.purification
was conducted with eluent (ethyl acetateéxane = 1:3) to give compourid (0.14 g,
64.8%) as a white solid. m.p. 162-164 °G;,0B3 (eluent: ethyl acetatehexane = 1:1);
HPLC: Rr4.07 min (condition A, purity: 97.8%JH-NMR (CDCl, 400 MHz)& 1.49 (d,J =
7.0 Hz, 6H), 2.78 (dd] = 2.4, 4.8 Hz, 1H), 3.38-3.42 (m, 1H), 4.00 (dd; 5.6, 7.2 Hz, 1H),

4.01 (s, 3H), 4.34 (dd,= 3.2, 11.2 Hz, 1H), 4.65 (heptét= 2.4 Hz, 1H), 6.41 (d] = 2.4 Hz,



1H), 6.58 (dJ = 2.4 Hz, 1H), 7.15 (dd] = 1.2, 2.0 Hz, 1H), 7.24 (dd,= 4.0, 8.0 Hz, 1H),
7.58 (dd,J = 2.0, 8.0 Hz, 1H):*C-NMR (CDCE, 100 MHz) 22.1, 44.8, 49.9, 56.6, 69.4, 72.2,

93.6, 98.5, 108.6, 114.7, 118.0, 123.5, 124.4,4,4518.1, 159.8, 160.7, 163.6, 175.3 ppm.

5.4.12. 1-Butoxy-5-methoxy-3-(oxiran-2-ylmethoxy)-9H-xanthen-9-one (18)

Following the general method, compouh@.27 g, 0.86 mmol), 1-iodobutane (0.49 g, 2.64
mmol) and KCO;(0.39 g, 2.79 mmol) were used at 80 °C. The puwiitnn was conducted
with eluent (ethyl acetatehexane = 1:2) to give compour8 (0.01 g, 31.1 %) as a white
solid. m.p. 162-164 °C; /.44 (eluent: ethyl acetatehexane = 1:1); HPLC: 3.85 min
(condition A, purity: 99.9%)*H-NMR (CDCk, 400 MHz)& 1.01 (t,J = 3.2 Hz, 3H), 1.58-
1.67 (m,J = 3.6 Hz, 2H), 1.91-1.98 (nd,= 6.4 Hz, 2H), 2.78 (dd] = 2.4, 4.0 Hz, 1H), 2.94
(t, J= 4.4 Hz, 1H), 3.37-3.41 (m, 1H), 3.99 (ddk 6.0, 10.8 Hz, 1H), 4.00 (s, 3H), 4.34 (dd,
J=2.8,10.8 Hz, 1H), 6.39 (d,= 2.4 Hz, 1H), 6.58 (d] = 2.0 Hz, 1H), 7.14 (dd] = 5.6, 8.0
Hz, 1H), 7.24-7.26 (m, 1H), 7.86 (dd,= 1.6, 8.0 Hz, 1H)*C-NMR (CDCk, 100 MHz)
14.1, 19.5, 31.2, 44.8, 49.9, 56.6, 69.3, 69.45,936.7, 107.9, 114.7, 118.0, 123.5, 124.3,

145.4, 148.1, 159.7, 161.8, 163.7, 175.4 ppm.

5.4.13. 5-Methoxy-3-(oxir an-2-ylmethoxy)-1-(pentyloxy)-9H-xanthen-9-one (19)

Following the general methodpmpound (0.15 g, 0.48 mmol), 1-iodopentane (0.43 g, 2.14
mmol) and Cg£0; (0.43 g, 1.31 mmol) in DMF (20 mL) were used abnmotemperature.
The purification was conducted with eluent (ethggtaten-hexane = 1:2) to give compound
19 (0.10 g, 52.7%) as a white solid. m.p. 144-146 R{).45 (eluent: ethyl acetatehexane

= 1:1); HPLC: R 12.83 min (condition A, purity: 97.6%}H-NMR (CDCk, 400 MHz) &
0.96 (t,J = 7.2 Hz, 3H), 1.40-1.46 (m, 2H), 1.52-1.59 (m, 2HP4-2.01 (m, 2H), 2.78 (dd,

= 2.4, 5.6 Hz, 1H), 2.95 (§,= 4.4 Hz, 1H), 3.39-3.41 (m, 1H), 4.00 (dds 2.4, 7.5 Hz, 1H),



4.00 (s, 3H), 4.07 (] = 6.8 Hz, 1H), 6.40 (d] = 2.4 Hz, 1H), 6.58 (d] = 2.4 Hz, 1H), 7.15
(dd,J = 1.6, 8.0 Hz, 1H), 7.22-7.26 (m, 2H), 7.86 (de; 1.6, 8.0 Hz, 1H)**C-NMR (CDCE,
100 MHz) 14.2, 22.7, 28.3, 28.9, 44.8, 49.9, 56%4, 69.7, 93.5, 96.7, 107.9, 114.7, 118.0,

123.5, 124.3, 14.4, 148.1, 159.7, 161.8, 163.7,41@pm.

5.4.14. 1-Benzyloxy-5-methoxy-3-oxir anylmethoxy-xanthen-9-one (20)

Following the general methodpmpound4 (0.22 g, 0.76 mmol), benzylbromide (0.14 g, 0.81
mmol) and KCO; (0.33 g, 2.40 mmol) were used. The purification wasducted with
eluent (ethyl acetatehexane = 1:2) to give compouia@ (0.03 g, 12.1%) as a white solid.
m.p. 192-194 °C; R0.44 (eluent: ethyl acetateiexane = 1:1); HPLC: R11.20 min
(condition A, purity: 95.2%)*H-NMR (CDCl, 400 MHz)$ 2.77 (dd,J = 2.8, 4.8 Hz, 1H),
2.94 (t,J = 4.4 Hz, 1H), 3.36-3.40 (m, 1H), 3.99 (dds 7.0, 10.8 Hz, 1H), 4.02 (s, 3H), 4.33
(dd,J = 3.2, 10.8 Hz, 1H), 5.26 (s, 2H), 6.46 (d= 2.0 Hz, 1H), 6.62 (d] = 2.0 Hz, 1H),
7.16 (ddJ = 1.2, 8.0 Hz, 1H), 7.23-7.34 (m, 2H), 7.40-7.44 BH), 7.64 (d,) = 8.0 Hz, 2H),
7.89 (dd,J = 2.8, 8.0 Hz, 1H)**C-NMR (CDC}, 100 MHz) 49.8, 56.6, 69.4, 71.0, 94.1, 97.5,
108.3, 117.2, 123.4, 124.1, 126.9, 127.0, 128.8,90.2134.0, 136.5, 155.2, 159.9, 161.1,

163.7, 175.5 ppm.

5.4.15. 1-(3-Chlor obenzyloxy)-5-methoxy-3-(oxir an-2-ylmethoxy)-9H-xanthen-9-one (21)
Following the general method, Compouad0.21 g, 0.65 mmol), 3-chlorobenzylchloride
(0.47 g, 2.28 mmol) and X O3 (0.33 g, 2.37 mmol) were used at 80 °C. The maiion was
conducted with eluent (ethyl acetatdlexane = 1:1) to give compou@d (0.14 g, 47.3%) as
a white solid. m.p. 170-172 °C; B.51 (eluent: ethyl acetatehhexane=1:1); HPLC: RL3.71
min (condition A, purity: 99.9%)'H-NMR (CDCk, 400 MHz)$ 2.77 (dd,J = 2.4, 4.8 Hz,

1H), 2.95 (t,J = 4.4 Hz, 1H), 2.98 (ddl = 7.0, 11.2 Hz, 1H), 3.37-3.41 (m, 1H), 4.02 (s),3H



4.34 (dd,J = 2.4, 10.8 Hz, 1H), 5.22 (s, 2H), 6.43 {ds 2.4 Hz, 1H), 6.63 (d] = 2.4 Hz,
1H), 7.17 (dd,J = 1.2, 8.0 Hz, 1H), 7.24-7.40 (m, 4H), 7.60-7.62 @H), 7.89 (dd,] = 1.6,
2.0 Hz, 1H);**C-NMR (CDCk, 100 MHz) 44.3, 49.6, 56.3, 69.3, 69.8, 94.1, 91.(37.6,
114.6, 117.4, 123.3, 123.8, 124.8, 126.6, 127.8,912134.2, 138.3, 145.1, 147.9, 159.4,

160.2, 163.4, 174.9 ppm.

54.16. 5-Methoxy-1-(3-methoxybenzyloxy)-3-(oxiran-2-ylmethoxy)-9H-xanthen-9-one
(22)

Following the general methodpmpound4 (0.25 g, 0.78 mmol), 3-methoxybenzylchloride
(0.38 g, 2.41 mmol) and €380;(0.39 g, 2.84 mmol) was used at 80 °C. The putificawas
conducted with eluent (ethyl acetatévexane = 1:2) to give compou@d (0.07 g, 20.9%) as
a white solid. m.p. 150-151 °C;®46 (eluent: ethyl acetatehexane = 1:1); HPLC: +3.68
min (condition A, purity: 100.0%)*H-NMR (CDCl, 400 MHz)$ 2.77 (dd,J = 2.4, 4.8 Hz,
1H), 2.94 (tJ = 4.8 Hz, 1H), 3.36-3.40 (m, 1H), 3.87 (s, 3H),B(€ld,J = 5.6, 11.2 Hz, 1H),
4.01 (s, 3H), 4.32 (dd, = 2.8, 11.2 Hz, 1H), 5,24 (s, 2H), 6.45 Jc&& 2.4 Hz, 1H), 6.61 (d]

= 2.4 Hz, 1H), 6.85 (dd] = 2.0, 8.0 Hz, 1H), 7.16 (dd,= 1.6, 2.0 Hz, 1H), 7.17-7.20 (m,
1H), 7.20-7.26 (m, 2H), 7.27-7.30 (m, 1H), 7.33J¢, 8.0 Hz, 1H), 7.88 (dd] = 1.6, 8.0 Hz,
1H); **C-NMR (CDCk, 100 MHz) 44.8, 48.9, 56.6, 69.4, 70.8, 94.1, 91.68.2, 112.1,

113.9, 114.8, 123.5, 124.3, 129.9, 138.2, 145.8,21459.7, 160.2, 160.9, 163.6, 175.3 ppm.

54.17. 5-Methoxy-1-(4-methoxybenzyloxy)-3-(oxiran-2-ylmethoxy)-9H-xanthen-9-one
(23)

Following the general method, compou#d0.21 g, 0.68 mmol), 4-methoxybenzylchloride
(0.28 g, 1.77 mmol) and €30;(0.42 g, 1.29 mmol) was used at 60 °C. The putificawas

conducted with eluent (ethyl acetatdlexane = 1:2) to give compoufid (0.01 g, 31.1%) as



a white solid. m.p. 102-104 °C;®21 (eluent: ethyl acetatehexane = 1:1); HPLC: R0.9
min (condition A, purity: 96.1%)'H-NMR (CDCk, 400 MHz)& 2.75 (dd,J = 2.4, 4.8 Hz,
1H), 2.92 (dd,) = 4.8, 4.8 Hz, 1H), 3.35-3.38 (m, 1H), 3.81 (s, 38199 (s, 3H), 4.11 (dd,

= 7.2, 14.4 Hz, 1H), 4.30 (dd,= 2.4, 11.2 Hz, 1H), 5.17 (s, 2H), 6.44 (&= 2.4 Hz, 1H),
6.58 (d,J = 2.4 Hz, 1H), 6.93-6.95 (m, 2H), 7.14 (dds 1.2, 8.0 Hz, 1H), 7.23 (dd,= 8.0,
8.0 Hz, 1H), 7.54 (dd] = 2.4, 7.2 Hz, 1H), 7.86 (dd,= 1.6, 8.0 Hz, 1H)**C-NMR (CDCE,
100 MHz) 44.7, 49.9, 55.5, 56.6, 69.4, 70.8, 9905, 108.1, 114.3, 114.7, 117.9, 123.5,

124.3, 128.6, 128.8, 145.4, 148.1, 159.4, 15964,0, 163.6, 175.3 ppm.

5.4.18. 5-M ethoxy-3-(oxir an-2-ylmethoxy)-1-(3-(trifluor omethyl)benzyloxy)-9H-
xanthen-9-one (24)

Following the general method, compoundt (0.10 g, 0.31 mmol), 3-
(trichloromethyl)benzylchloride (0.14 g, 0.66 mmaid KCO;(0.15 g, 1.09 mmol) were
used at 80 °C. The purification was conducted witient (ethyl acetatehexane = 1:2) to
give compound4 (0.07 g, 45.7%) as a white solid. m.p. 152-154 RC0.47 (eluent: ethyl
acetatat-hexane = 1:1); HPLC: R.6.47 min (condition A, purity: 95.1%JH-NMR (CDCl,
400 MHz)$ 2.77 (dd,J = 2.8, 4.8 Hz, 1H), 2.95 (§, = 4.4 Hz, 1H), 3.38-3.41 (m, 1H), 3.97
(dd,J = 2.8, 6.0 Hz, 1H), 4.01 (s, 3H), 4.35 (dds 2.8, 11.2 Hz, 1H), 5.27 (s, 2H), 6.45 {d,
= 2.4 Hz, 1H), 6.64 (dJ = 2.4 Hz, 1H), 7.17 (dd] = 2.0, 8.0 Hz, 1H), 7.26 (fl = 8.0 Hz,
1H), 7.59-7.60 (m, 2H), 7.84 (s, 1H), 7.88 (dd; 1.6, 8.0 Hz, 1H)}*C-NMR (CDCk, 100
MHz) 44.7, 49.9, 56.6, 69.5, 70.3, 94.5, 97.6, 10814.9, 118.0, 123.6, 124.3, 124.8, 129.6,

130.4, 137.6, 145.5, 148.2, 159.7, 160.6, 163.5,3Lgpm.

54.19. 1-(3-Chlorophenethoxy)-5-methoxy-3-(oxir an-2-ylmethoxy)-9H-xanthen-9-one

(25)



Following the general method, compound (0.20 g, 0.65 mmol), 3-chloro-1-
phenethylbromide (0.30 g, 1.37 mmol) angli0;(0.26 g, 1.88 mmol) were used at 80 °C.
The purification was conducted with eluent (ethgétaten-hexane = 1:2) to give compound
25 (0.11 g, 18.3%) as a white solid. m.p. 148-150Rf).48 (eluent: ethyl acetatehexane

= 1:1);HPLC: Ry 14.15 min (condition A, purity: 95.3%fH-NMR (CDCl, 400 MHz)§
2.76 (ddJ = 2.4, 4.8 Hz, 1H), 2.93 (§,= 4.8 Hz, 1H), 3.25 () = 7.2 Hz, 2H), 3.35-3.40 (m,
1H), 3.96 (dd,]J = 7.0, 10.8 Hz, 1H), 4.00 (s, 3H), 4.23Jt 6.8 Hz, 1H), 4.31 (dd] = 3.2,
15.2 Hz, 1H), 6.33 (d) = 2.0 Hz, 1H), 6.58 (d] = 2.0 Hz, 1H), 7.17 (ddJ = 2.0, 8.0 Hz,
1H), 7.20-7.22 (m, 1H), 7.26 (dd= 8.0, 8.0 Hz, 3H), 7.34-7.43 (m, 2H), 7.87 (dd; 2.0,
8.0 Hz, 1H);13C-NMR (CDCk, 100 MHz) 35.5, 44.8, 49.9, 56.6, 69.4, 70.1, 98700, 108.0,
114.8, 118.0, 123.6, 124.3, 127.0, 127.9, 129.6,013134.4, 140.3, 145.5, 149.2, 159.7,

161.2, 163.7, 175.3 ppm.

54.20. 1-(4-Chlorophenethoxy)-5-methoxy-3-(oxiran-2-ylmethoxy)-9H-xanthen-9-one
(26)

Following the general methodcompound 4 (0.20 g, 0.65 mmol), 4-chloro-1-
phenethylbromide (0.30 g, 1.37 mmol) angli0;(0.26 g, 1.88 mmol) were used at 80 °C.
The purification was conducted with eluent (ethggtaten-hexane = 1:2) to give compound
26 (0.09 g, 29.9%) as a white solid. m.p. 206-208 R{0).55 (eluent: ethyl acetatehexane
= 1:1); HPLC: R 14.51 min (condition A, purity: 95.0%}H-NMR (CDCk, 400 MHz)$
2.77 (ddJ = 2.8, 4.8 Hz, 1H), 2.94 (§,= 4.0 Hz, 1H), 2.98 (dd] = 2.0, 10.8 Hz, 1H), 3.25 (t,
J= 3.2 Hz, 1H), 3.36-3.40 (m, 1H), 4.02 (s, 3H),2(8 J = 2.8 Hz, 2H), 4.33 (dd] = 2.4,
10.8 Hz, 1H), 6.35 (dJ = 2.4 Hz, 1H), 6.61 (dJ = 2.4 Hz, 1H), 7.16 (dd] = 1.2, 8.0 Hz,
1H), 7.24-7.31 (m, 4H), 7.39-7.41 (m, 2H), 7.88,(d@d 1.2, 8.0 Hz, 1H)**C-NMR (CDC},

100 MHz) 34.6, 39.7, 44.1, 49.4, 56.1, 69.0, 6936, 96.4, 114.4, 117.2, 123.1, 123.6,



128.2, 130.6, 131.9, 136.6, 144.9, 147.7, 159.0,71d.63.3, 174.7 ppm.

5.5. General method for n-butylamine mediated Epoxide Ring Opened compounds

Group 1 compound anadh-butylamine (10 equiv.) in MeOH (10 mL) was stirrad50 °C
under N (20 h), and then cooled to room temperature. Sowais evaporated and,@& was
added. The aqueous mixture was extract with ethgtade (x 3). The organic layer was
collected and washed with brine, and then driedr amhydrous MgS® Solvent was
removed under reduced pressure and residue wadiegurby silica gel column

chromatography.

5.5.1. 3-(3-Butylamino-2-hydr oxypr opoxy)-1-ethoxy-9H-xanthen-9-one (27)

Following the general method, compound0.15 g, 0.49 mmol) and-butylamine (0.18 g,
2.43 mmol) were used to give compo®i(0.05 g, 24.4%) as a pale orange solid. m.p. 164-
166 °C; R0.33 (eluent: MeOH:CKCl, = 1:5); HPLC: R 4.11 min (condition B, purity:
98.7%);*H-NMR (CDCl, 400 MHz)3 0.96 (t,J = 7.2 Hz, 3H), 1.43 (hexed,= 3.6 Hz, 2H),
1.57 (t,J = 7.2 Hz, 3H), 1.87 (quint] = 8.0 Hz, 2H), 3.04-3.08 (m, 2H), 3.15-3.20 (m, 1H)
3.30 (dd,J = 2.4, 12.8 Hz, 1H), 4.06 (dd,= 7.5, 9.6 Hz, 1H), 4.12-4.17 (m, 4H), 4.63-4.64
(m, 1H), 6.34 (d,) = 2.4 Hz, 1H), 6.38 (d] = 2.4 Hz, 1H), 7.25-7.28 (m, 2H), 7.56 (ddds

1.6, 7.2, 8.0 Hz, 1H), 8.22 (dd= 2.0, 8.0 Hz, 1H)**C-NMR (CDCk, 100 MHz) 13.8, 14.8,
20.2, 28.2, 49.0, 51.4, 65.3, 65.6, 69.9, 93.52,9608.0, 117.1, 123.2, 124.0, 126.8, 133.9,

155.0, 159.8, 161.7, 163.4, 175.5 ppm.

5.5.2. 3-(3-Butylamino-2-hydr oxypr opoxy)-1-isopr opoxy-9H-xanthen-9-one (28)
Following the general method, compoudd16.3 g, 0.06 mmol) and-butylamine (0.04 g,

0.61 mmol) were used to give compo&0.01 g, 49.0%) as a pale yellow solid. m.p. 180-



182 °C; R0.33 (eluent: MeOH:CKCl, = 1:5); HPLC: R 7.91 min (condition B, purity:
92.3%);*H-NMR (CDCh, 400 MHz)$ 0.96 (t,J = 7.6 Hz, 3H), 1.40 (hexel,= 7.6 Hz, 2H),
1.48 (d,J = 5.6 Hz, 6H), 1.86 (quint] = 7.6 Hz, 2H), 2.99-3.10 (m, 2H), 3.15 (dt= 9.6,
12.4 Hz, 1H), 3.29 (dd] = 2.8, 12.0 Hz, 1H), 4.07 (dd,= 5.6, 10.0 Hz, 1H), 4.15 (dd,=
4.8, 9.6 Hz, 1H), 4.60-4.68 (m, 1H), 6.28 Jc& 2.0 Hz, 1H), 6.41 (d) = 2.0 Hz, 1H), 7.25-
7.30 (m, 2H), 7.57 (ddd] = 1.6, 6.8, 8.4 Hz, 1H), 8.22 (dd= 1.6, 8.0 Hz, 1H)**C-NMR
(CDCl;, 100 MHz) 13.8, 20.2, 22.1, 28.7, 49.0, 51.5, 65@.0, 72.4, 93.6, 98.0, 108.8,

117.1,123.3, 124.0, 126.9, 133.9, 155.1, 159.0,94.63.3, 175.4 ppm.

5.5.3. 1-Butoxy-3-(3-butylamino-2-hydr oxypropoxy)-9H-xanthen-9-one (29)

Following the general method, compound0.06 g, 0.17 mmol) and-butylamine (0.15 g,
2.02 mmol) were used to give compouz&l(0.06 g, 90.2%) as a white solid. m.p. 80-82 °C;
R:0.46 (eluent: MeOH:ChCl,= 1:5); HPLC: R2.51 min (condition B, purity: 98.0%3H-
NMR (CDCl, 400 MHz)5 0.93 (t,J = 7.2 Hz, 3H), 1.01 (t) = 7.6 Hz, 3H), 1.37 (hexed,=

6.8 Hz, 2H), 1.52 (quint) = 6.8 Hz, 2H), 1.63 (hexef,= 7.6 Hz, 2H), 1.95 (quint] = 6.4
Hz, 2H), 2.64-2.73 (m, 4H), 2.78 (ddi= 8.0, 12.0 Hz, 1H), 2.91 (dd,= 4.0, 12.0 Hz, 1H),
3.48 (s, 1H), 4.05-4.12 (m, 4H), 6.36 (s 2.4 Hz, 1H), 6.47 (d] = 2.4 Hz, 1H), 7.26-7.32
(m, 1H), 7.35-7.35 (m, 1H), 7.61 (dddi= 2.0, 4.0, 12.0 Hz, 1H), 8.27 (ddi= 1.6, 8.0 Hz,
1H); **C-NMR (CDC}, 100 MHz) 14.1, 14.2, 19.5, 20.5, 31.2, 32.2, 4817, 67.8, 69.3,

71.0, 93.5, 96.3, 107.9, 117.1, 123.4, 123.9, 12633.8, 155.2, 159.9, 161.9, 164.1, 175.5

ppm.

5.5.4. 3-(3-Butylamino-2-hydr oxypr opoxy)-1-pentyloxy-9H-xanthen-9-one (30)
Following the general method, compou®d0.11 g, 0.31 mmol) and-butylamine (0.10 g,

1.42 mmol) were used to give compoB(0.06 g, 43.0%) as a pale yellow solid. m.p. 188-



190 °C; R0.59 (eluent: MeOH:CECl, = 1:5);HPLC: Rr3.14 min (condition B, purity:
95.6%);*H-NMR (CDCls, 400 MHz)$ 0.96 (t,J = 7.2 Hz, 6H), 1.28-1.39 (m, 4H), 1.40-1.63
(m, 4H), 1.79 (quint) = 7.6 Hz ,2H), 1.98 (quint] = 7.6 Hz, 2H), 2.79 (hexed,= 4.8 Hz,
2H), 3.09 (t,J = 7.6 Hz, 2H), 3.22 (dd] = 4.4, 9.6 Hz, 1H), 4.06 (dd,= 7.3, 7.3 Hz, 2H),
4.13 (ddJ=7.2, 7.2 Hz, 1H), 6.42 (d,= 2.4 Hz, 1H), 7.26-7.31 (m, 2H), 7.58 (ddds 2.0,

4.0, 8.0 Hz, 1H), 8.24 (dd} = 2.0, 8.0 Hz, 1H)}**C-NMR (CDC}, 100 MHz) 13.8, 14.2,
20.2, 22.7, 28.3, 28.5, 28.9, 49.0, 51.5, 65.88,680.0, 93.4, 96.1, 108.1, 117.1, 123.3, 124.0,

126.9, 133.9, 155.1, 159.8, 161.9, 163.4, 175.4.ppm

5.5.5. 1-Benzyloxy-3-(3-butylamino-2-hydr oxypr opoxy)-9H-xanthen-9-one (31)

Following the general method, compou®d0.10 g, 0.26 mmol) and-butylamine (0.19 g,
2.53 mmol) were used to give compoBid0.02 g, 19.1%) as an ivory solid. m.p. 94-96 °C;
R:0.45 (eluent: MeOH:ChCl,= 1:5); HPLC: R2.65 min (condition B, purity: 95.7%3H-
NMR (CDClk, 400 MHz)8 0.94 (t,J = 7.6 Hz, 3H), 1.41 (hexed,= 7.6 Hz, 2H), 1.81 (quint,
J=7.6 Hz, 2H), 2.99 (dd] = 7.2, 7.2 Hz, 2H), 3.10 (dd,= 7.6, 12.4 Hz, 1H), 3.20 (dd,=
3.2, 12.4 Hz, 1H), 3.97 (dd,= 5.6, 10.0 Hz, 1H), 4.05 (dd,= 4.8, 9.6 Hz, 1H), 4.53-4.54
(m, 1H), 5.22 (s, 2H), 6.32 (d,= 2.4 Hz, 1H), 6.40 (dJ = 2.0 Hz, 1H), 7.23-7.32 (m, 4H),
7.41 (ddJ = 7.2, 7.2 Hz, 2H), 7.53 (ddd,= 1.6, 6.8, 8.4 Hz, 1H), 7.64 (d= 7.6 Hz, 2H),
8.21 (dd,J = 1.6, 8.0 Hz, 1H)**C-NMR (CDCE,100 MHz) 13.8, 20.2, 28.8, 48.9, 51.3, 65.9,
70.1, 71.0, 94.0, 96.9, 107.7, 117.2, 123.1, 12¥26.8, 127.0, 128.0, 128.9, 133.9, 136.5,

155.0, 159.7, 161.0, 163.4, 175.3 ppm.

5.5.6. 3-(3-Butylamino-2-hydroxypropoxy)-1-((3-chlor obenzyl)oxy)-9H-xanthen-9-one
(32)

Following the general method, compout@(0.10 g, 0.24 mmol) and-butylamine (0.18 g,



2.43 mmol) were used to give compoud® (0.07 g, 61.2%) as a white solid. m.p. 144-
146 °C; R0.34 (eluent: MeOH:CKCl, = 1:5); HPLC: R 3.79 min (condition B, purity:
97.2%);*H-NMR (CDCh, 400 MHz)$ 0.80 (t,J = 7.2 Hz, 3H), 1.25 (hexel,= 7.2 Hz, 2H),
1.46 (quint,d = 7.2 Hz, 2H), 2.61 (td] = 4.8, 12.8 Hz, 2H), 2.72 (dd,= 8.4, 12.4 Hz, 1H),
2.83 (ddJ = 3.6, 12.4 Hz, 1H), 3.93-4.00 (m, 2H), 4.05-4.41 (H), 5.08 (s, 2H), 6.31 (d,

= 2.0 Hz, 1H), 6.44 (d] = 2.4 Hz, 1H), 7.15-7.26 (m, 4H), 7.46-7.48 (m, 1A52 (ddd,) =
2.0, 7.2, 8.4 Hz, 2H), 8.14 (dd= 1.6, 8.0 Hz, 1H)**C-NMR (CDCk, 100 MHz) 13.8, 20.1,
30.9, 49.2, 51.6, 67.1 ,69.8, 70.9, 94.1, 97.0,4,0I117.0, 122.9, 123.8, 124.8, 126.5, 126.6,

127.8, 130.0,133.8, 134.2, 138.4, 154.9, 159.6,314.63.8, 175.1 ppm.

5.5.7. 3-(3-Butylamino-2-hydroxypropoxy)-1-(3-methoxybenzyloxy)-9H-xanthen-9-one
(33)

Following the general method, compoutid(0.06 g, 0.15 mmol) and-butylamine (0.11 g,
1.52 mmol) were used to give compouB®l (0.03 g, 46.9%) as a white solid. m.p. 136-
138 °C; R0.33 (eluent: MeOH:CECl, = 1:5);HPLC: Rr2.85 min (condition B, purity:
93.2%);*H-NMR (CDCl, 400 MHz)5 0.93 (t,J = 7.6 Hz, 3H), 1.37 (hexed,= 7.6 Hz, 1H),
1.54 (quintJ = 7.2 Hz, 2H), 2.70 (td]) = 7.2, 12.0 Hz, 2H), 2.79 (dd,= 8.4, 12.0 Hz, 2H),
2.90 (dd,J = 4.0, 12.0 Hz, 1H), 3.87 (s, 3H), 4.04 (= 4.8 Hz, 2H), 4.08-4.12 (m, 1H),
5.22 (s, 2H), 6.41 (dl = 2.4 Hz, 1H), 6.48 (d] = 2.4 Hz, 1H), 6.85 (dd] = 2.4, 8.0 Hz, 1H),
7.18 (d,J = 7.6 Hz, 1H), 7.26-7.35 (m, 4H), 7.61 (ddds 1.6, 7.2, 8.0 Hz, 1H), 8.29 (ddi=
2.0, 8.0 Hz, 1H)*C-NMR (CDCk, 100 MHz) 14.1, 20.5, 32.0, 49.6, 51.7, 55.5, f7(X8,
71.0, 94.1, 97.1, 108.1, 112.1, 113.8, 117.2, 1188.3, 124.0, 127.0, 129.9, 133.9, 138.2,

155.2, 159.9, 160.2, 160.9, 164.0, 175.4 ppm.

5.5.8. 3-(3-Butylamino-2-hydroxypropoxy)-1-(4-methoxybenzyloxy)-9H-xanthen-9-one



(34)

Following the general method, compouti(0.12 g, 0.29 mmol) and-butylamine (0.22 g,
3.03 mmol) were used to give compouddi (0.11 g, 79.8%) as a yellow solid. m.p. 104-
106 °C; R0.45 (eluent: MeOH:CKCl, = 1:5); HPLC: R 3.20 min (condition B, purity:
96.0%);*H-NMR (CDCh, 400 MHz)$ 0.84 (t,J = 7.2 Hz, 3H), 1.27 (hexel,= 7.2 Hz, 2H),
1.42 (quint,d = 6.8 Hz, 2H), 2.60 (td] = 7.2, 11.6 Hz, 2H), 2.68 (dd,= 7.2, 12.4 Hz, 1H),
2.79 (ddJ = 3.2, 12.4 Hz, 1H), 3.72 (s, 3H), 3.97-4.03 (m),35{01 (s, 3H), 6.36 (= 2.4
Hz, 1H), 6.44 (d) = 2.4 Hz, 1H), 6.83-6.87 (m, 2H), 7.20-7.28 (m, 2AW5 (d,J = 8.8 Hz,
2H), 7.54 (ddd,) = 2.4, 7.2, 8.4 Hz, 1H), 8.17 (dd= 1.6, 8.0 Hz, 1H)**C-NMR (CDCE,
100 MHz) 14.0, 20.3, 32.0, 49.5, 51.8, 55.3, 6706, 71.1, 93.9, 97.0, 107.7, 114.0, 117.0,

123.0, 123.7, 126.6, 128.4, 133.7, 154.9, 159.9,619.60.8, 164.0, 175.1 ppm.

5.5.9. 3-(3-Butylamino-2-hydr oxypropoxy)-1-((3-(trifluor omethyl)benzyl)oxy)-9H-
xanthen-9-one (35)

Following the general method, compoutii(0.08 g, 0.22 mmol) and-butylamine (0.10 g,
1.30 mmol) were used to give compouBl (0.03 g, 32.0%) as a white solid. m.p. 198-
200 °C; R0.33 (eluent: MeOH:CkCl, = 1:5); HPLC: R 4.51 min (condition B, purity:
96.2%);*H-NMR (CDCl, 400 MHz)5 0.94 (t,J = 7.2 Hz, 3H), 1.39 (hexeld,= 7.6 Hz, 2H),
1.61 (quint,d = 7.6 Hz, 2H), 2.78 (td] = 8.0, 10.0 Hz, 2H), 2.86 (dd,= 4.0, 8.0, 12.4 Hz,
1H), 3.00 (dd, = 3.6, 12.4 Hz, 1H), 4.04-4.11 (m, 2H), 4.21-4.86 (H), 5.26 (s, 2H), 6.43
(d,J = 2.4 Hz, 1H), 6.51 (d] = 2.4 Hz, 1H), 7.30-7.35 (m, 2H), 7.58-7.60 (m, 2Ap1 (ddd,
J=1.6, 6.8, 8.0 Hz, 1H), 7.84 (s, 1H), 8.01 (d¢; 4.0, 4.0 Hz, 1H), 8.29 (dd,= 1.6, 8.0 Hz,
1H); *C-NMR (CDCE, 100 MHz) 14.0, 20.3, 31.4, 49.4, 51.7, 67.3, 7G10, 94.4, 97.2,
107.9, 117.1, 123.1, 123.4, 123.9, 124.6, 126.B,4.2130.3, 133.9, 137.5, 155.1, 159.8,

160.4, 163.9, 175.3 ppm.



5.5.10. 3-(3-Butylamino-2-hydroxypropoxy)-1-(3-chlor ophenethoxy)-9H-xanthen-9-one
(36)

Following the general method, compoul#(0.06 g, 0.15 mmol) and-butylamine (0.15 g,
2.02 mmol) were used to give compoud@ (0.03 g, 37.4%) as a white solid. m.p. 116-
118 °C; R0.34 (eluent: MeOH:CKCl, = 1:5); HPLC: R 4.07 min (condition B, purity:
96.3%);*H-NMR (CDCh, 400 MHz)$ 0.93 (t,J = 7.2 Hz, 3H), 1.41 (hexel,= 7.2 Hz, 2H),
1.84 (quint,d = 8.0 Hz, 2H), 3.00-3.04 (m, 2H), 3.12 (dds 10.0, 12.0 Hz, 1H), 3.23 (dd,

= 10.0, 12.0 Hz, 1H), 3.25 (§,= 7.2 Hz, 2H), 4.01 (t) = 7.2 Hz, 2H), 4.56-4.60 (m, 1H),
6.29 (d,J = 2.4 Hz, 1H), 6.37 (d] = 2.4 Hz, 1H), 7.19 (dfj = 1.6, 8.4 Hz, 1H), 7.22-7.28 (m,
3H), 7.34-7.37 (m, 1H), 7.44 (dd,= 1.6, 1.6 Hz, 1H), 7.55 (ddd,= 1.6, 7.2, 8.4 Hz, 1H),
8.22 (ddJ= 2.0, 8.0 Hz, 1H)}3C-NMR (CDCE, 100 MHz) 13.8, 20.2, 28.4, 35.5, 48.9, 51.3,
65.7, 70.0, 70.2, 94.0, 96.3, 108.0, 117.2, 12822.1, 126.8, 127.0, 128.0, 129.6, 130.0,

133.9, 134.4, 140.4, 155.0, 159.7, 161.3 163.3,2L@pm.

5.5.11. 3-(3-Butylamino-2-hydroxypropoxy)-1-(4-chlor ophenethoxy)-9H-xanthen-9-one
(37)

Following the general method, compoutis(0.10 g, 0.24 mmol) and-butylamine (0.22 g,
3.03 mmol) were used to give compo¥d0.04g, 32.0%) as a white solid. m.p. 118-120 °C,;
R:0.35 (eluent: MeOH:ChCl, = 1:5).; HPLC: R4.22 min (condition B, purity: 96.7%JH-
NMR (CDClk, 400 MHz)8 0.89 (t,J = 7.6 Hz, 3H), 1.33 (hexel,= 7.6 Hz, 2H), 1.72 (quint,
J=8.0 Hz, 2H), 2.89-2.92 (m, 2H), 3.00 (dds 9.6, 12.4 Hz, 1H), 3.14 (dd= 2.4, 12.4 Hz,
1H), 3.16 (t,J = 6.4 Hz, 2H), 3.96-4.04 (m, 1H), 4.07 (dik 4.8, 14.0 Hz, 1H), 4.14 (§,=

2.4, 12.4 Hz, 1H), 4.45-4.47 (m, 1H), 6.25 Jc&= 2.0 Hz, 1H), 6.40 (dJ = 2.4 Hz, 1H), 7.20

(d, J = 8.4 Hz, 2H), 7.21-7.28 (m, 2H), 7.34 M= 8.0 Hz, 2H), 7.55 (dddl = 1.6, 7.2, 8.4



Hz, 1H), 8.18 (dd) = 1.6, 8.0 Hz, 1H)**C-NMR (CDCE, 100 MHz) 13.6, 20.0 ,28.1, 34.9,
48.6,51.1, 65.3, 70.1, 70.1, 93.9, 96.2, 107.7,1,1123.0, 123.9, 126.6, 128.5, 130.9, 132.3,

133.8, 136.8, 154.9, 159.6, 161.1, 163.4, 175.2.ppm

5.5.12. 3-(3-Butylamino-2-hydr oxypr opoxy)-1-ethoxy-5-methoxy-9H-xanthen-9-one (38)
Following the general method, compout&l(0.11 g, 0.31 mmol) and-butylamine (0.22 g,
3.03 mmol) were used to give compouBd (0.05 g, 34.2%) as a white solid. m.p. 162-
164 °C; R0.34 (eluent: MeOH:CKCl, = 1:5).; HPLC: R 10.52 min (condition B, purity:
99.8%);*H-NMR (CDCls, 400 MHz)$ 0.93 (t,J = 7.6 Hz, 3H), 1.34-1.42 (m, 2H), 1.48-1.55
(m, 2H), 1.58 () = 7.2 Hz, 3H), 2.63-2.71 (m, 2H), 2.78 (dd= 8.0, 12.0 Hz, 1H), 2.89 (dd,
J=7.2, 8.4 Hz, 1H), 4.00 (s, 3H), 4.05-4.12 (m)2#15 (q,J = 7.2 Hz, 2H), 6.38 (d] =
2.4 Hz, 1H), 6.60 (dJ = 2.0 Hz, 1H), 7.15 (ddl = 1.6, 8.0 Hz, 1H), 7.21-7.26 (m, 1H), 7.85
(dd,J = 1.6, 8.0 Hz, 1H),13C-NMR (CDCk, 100 MHz) 14.2, 14.8, 20.5, 32.1, 49.6, 51.6,
56.6, 65.2, 67.7, 71.1, 93.6, 96.8, 107.8, 11418.4, 123.5, 124.3, 145.5, 148.2, 159.7,

161.5, 164.1, 175.5 ppm.

5.5.13. 3-(3-Butylamino-2-hydr oxypropoxy)-1-isopr opoxy-5-methoxy-9H-xanthen-9-one
(39)

Following the general method, compoutid(0.08 g, 0.25 mmol) and-butylamine (0.18 g,
2.45 mmol) were used to give compoB8d0.06 g, 57.1%) as a pale yellow solid. m.p. 198-
200 °C; R0.33 (eluent: MeOH: C§Cl, = 1:5); HPLC: R 14.36 min (condition B, purity:
94.4%);*H-NMR (CDCl, 400 MHz)5 0.93 (t,J = 7.2 Hz, 3H), 1.36 (hexel,= 6.8 Hz, 2H),
1.49 (d,J = 6.0 Hz, 6H), 1.50 (quint] = 6.8 Hz, 2H), 2.63-2.69 (m, 2H), 2.75 (dt= 8.0,
12.0 Hz, 2H), 2.87 (dd] = 3.2, 12.0 Hz, 1H), 4.00 (s, 3H), 4.06-4.09 (iH),24.60-4.66 (m,

1H), 6.39 (d,J = 2.0 Hz, 1H), 6.59 (d] = 2.4 Hz, 1H), 7.13 (dd] = 1.6, 8.0 Hz, 1H), 7.22



(dd,J = 8.0, 16.0 Hz, 1H), 7.84 (dd= 1.6, 8.0 Hz, 1H)**C-NMR (CDCk, 100 MHz) 13.4,
19.7, 21.3, 31.0, 48.8, 51.6, 55.7, 67.1 70.0,,719L, 93.1, 97.8, 106.9, 114.1, 116.6, 122.6,

144.5, 147.4, 158.9, 159.5, 162.6, 163.5, 174.0.ppm

5.5.14. 1-Butoxy-3-(3-butylamino-2-hydr oxypr opoxy)-5-methoxy-9H-xanthen-9-one (40)
Following the general method, compout®i(0.07 g, 0.19 mmol) and-butylamine (0.15 g,
2.02 mmol) were used to give compoutd(0.04 g, 42.9%) as a white solid. m.p. 80-82 °C;
R:0.44 (eluent: MeOH:ChCl,= 1:5); HPLC: R2.70 min (condition B, purity: 95.8%3H-
NMR (CDCl, 400 MHz)5 0.94 (t,J = 7.2 Hz, 3H), 1.01 () = 7.2 Hz, 3H), 1.38 (hexed,=

7.2 Hz, 2H), 1.49 (quint) = 7.2 Hz, 2H), 1.62 (hexed,= 7.6 Hz, 2H), 1.96 (quint] = 7.2

Hz, 2H), 2.70 (tdJ = 4.4, 11.2 Hz, 2H), 2.73-2.79 (m, 1H), 2.86-2.80 (H), 4.00 (s, 3H),
4.04-4.13 (m, 5H), 6.38 (d,= 2.4 Hz, 1H), 6.60 (d] = 2.4 Hz, 1H), 7.14 (d] = 2.4 Hz, 1H),
7.21-7.26 (m, 1H), 7.86 (dd,= 1.6, 8.0 Hz, 1H)**C-NMR (CDCk, 100 MHz) 14.1, 14.2,
19.5, 20.6, 31.2, 32.5, 49.7, 51.7, 56.6, 68.(3,6AL.2, 93.5, 96.7, 107.8, 114.6, 118.0, 123.4,

124.3, 145.4, 148.2, 159.7, 161.7, 164.1, 175.4.ppm

5.5.15. 3-(3-Butylamino-2-hydroxypropoxy)- 5-methoxy-1-pentyloxy-9H-xanthen-9-one
(41)

Following the general method, compoutfi(0.08 g, 0.22 mmol) and-butylamine (0.10 g,
1.30 mmol) were used to give compouditd (0.03 g, 32.0 %) as a white solid. m.p. 198-
200 °C; R0.33 (eluent: MeOH:CkCl, = 1:5); HPLC: R 3.05 min (condition B, purity:
98.4%);*H-NMR (CDCl, 400 MHz)5 0.96 (t,J = 7.2 Hz, 3H), 1.44 (hexed,= 4.0 Hz, 4H),
1.55 (quint,J = 7.0 Hz, 3H), 1.88 (quintl = 8.0 Hz, 4H), 1.93 (quint] = 7.0 Hz, 4H), 3.06-
3.10 (m, 2H), 3.17-3.19 (m, 1H), 3.31 (dts 2.4, 12.8 Hz, 1H), 3.94 (s, 3H), 4.14 (dck

4.4, 9.0 Hz, 1H), 4.64-4.66 (m, 1H), 6.35 Jd; 2.0 Hz, 1H), 6.52 (d] = 2.0 Hz, 1H), 7.07



(dd,J = 1.6, 8.0 Hz, 1H), 7.17 (dd,= 8.4, 8.4 Hz, 1H), 7.78 (dd,= 2.0, 8.0 Hz, 1H)*C-
NMR (CDCl, 100 MHz) 13.7, 14.2, 20.2, 22.7, 28.2, 23.3, 2889, 51.3, 56.5, 65.6, 69.8,

70.0, 93.6, 96.4, 107.9, 114.6, 117.8, 123.5, 12¥43.3, 148.1, 159.6, 161.8, 163.4, 175.3

ppm.

5.5.16. 1-Benzyloxy-3-(3-(butylamino)-2-hydr oxypr opoxy)-5-methoxy-9H-xanthen-9-
one (42)

Following the general method, compouw2@l(0.06 g, 0.20 mmol) and-butylamine (0.15 g,
2.01 mmol) were used to give compoudi@l (0.04 g, 37.1%) as a white solid. m.p. 150-
152 °C; R0.53 (eluent: MeOH:CkCl, = 1:5); HPLC: R 21.11 min (condition B, purity:
94.4%);*H-NMR (CDClk 400 MHz)$ 0.95 (t,J = 7.6 Hz, 3H), 1.39 (hexel,= 7.6 Hz, 2H),
1.64 (quintJ = 7.6 Hz, 2H), 2.77-2.85 (m, 2H), 2.91 (dds 8.8, 12.0 Hz, 1H), 3.01 (dd=
3.2, 12.4 Hz, 1H), 3.94 (s, 3H), 4.01 (dck 5.2, 9.2 Hz, 1H), 4.09 (dd,= 6.8, 14.0 Hz, 1H),
4.27-4.30 (m, 1H), 5.20 (s, 2H), 6.39 {ds 2.4 Hz, 1H), 6.51 (d] = 2.0 Hz, 1H), 7.09 (dd]
=1.6, 8.0 Hz, 1H), 7.17 (dd,= 8.0, 8.0 Hz, 1H), 7.21-7.32 (m, 1H), 7.40 (dd; 8.0, 8.0 Hz,
2H), 7.63 (dJ = 7.2 Hz, 2H), 7.82 (dd] = 1.6, 8.0 Hz, 1H)**C-NMR (CDC}, 100 MHz)
14.0, 20.4, 30.4 49.2, 51.5, 56.5, 66.7, 70.7,,79480, 97.3, 107.9, 114.7, 117.8, 123.4,

124.1, 126.9, 127.9, 128.8, 136.5, 145.3, 148.9,6.3.60.8, 163.7, 175.3 ppm.

5.5.17. 3-(3-Butylamino-2-hydr oxypr opoxy)-1-(3-chlor obenzyloxy)-5-methoxy-9H-
xanthen-9-one (43)

Following the general method, compou2id(0.08 g, 0.18 mmol) and-butylamine (0.13 g,
1.80 mmol) were used to give compou4fel (0.04 g, 43.5 %) as a white solid. m.p. 146-
148 °C; R0.52 (eluent: MeOH:CKCl, = 1:5); HPLC: R 3.62 min (condition B, purity:

97.4%);'H-NMR (DMSO-c, 400 MHz)5 0.89 (t,J = 7.2 Hz, 3H), 1.32 (hexed,= 7.2 Hz,



2H), 1.50 (quint,]) = 7.6 Hz, 2H), 2.76 (dd] = 7.2, 7.2 Hz, 2H), 3.97 (s, 3H), 4.03-4.07 (m,
1H), 4.10 (dd,J = 6.0, 10.0 Hz, 1H), 4.18 (dd= 2.4 Hz, 1H), 6.63 (d] = 2.4 Hz, 1H), 6.79
(d,J = 2.4 Hz, 1H), 7.34 (dd] = 8.0, 8.0 Hz, 1H), 7.42 (ddd= 1.6, 8.4, 10.0 Hz, 1H), 7.62
(d,J = 7.6 Hz, 1H), 7.67 (dd] = 1.2, 7.6 Hz, 1H), 7.80 (dd,= 1.6, 7.6 Hz, 1H)**C-NMR
(CDCl, 100 MHz) 13.8, 19.7, 30.0, 48.3, 51.0, 56.2, 669.1, 71.3, 94.1, 97.2, 106.5,
115.5, 116.5, 123.3, 123.7, 125.2, 126.4, 127.8,213133.1, 139.4, 144.5, 147.8, 158.9,

159.8, 164.0, 173.6 ppm.

5.5.18. 3-(3-Butylamino-2-hydr oxypr opoxy)-5-methoxy-1-(3-methoxybenzyloxy)-9H-
xanthen-9-one (44)

Following the general method, compow2®i(0.22 g, 0.50 mmol) and-butylamine (0.37 g,
5.06 mmol) were used to give compould(0.11 g, 43.4%) as a pale yellow solid. m.p. 86-
88 °C; R0.33 (eluent: MeOH: C}Cl, = 1:5); HPLC: R 2.90 min (condition B, purity:
91.0%);'H-NMR (CDCk 400 MHz)$ 0.83 (t,J = 6.0 Hz, 3H), 1.25 (hexed,= 7.2 Hz, 2H),
1.39 (quint,d = 6.8 Hz, 2H), 2.55 (td] = 5.2, 13.2 Hz, 2H), 2.60 (dd,= 3.6, 12.0 Hz, 1H),
2.74 (dd,J = 3.6, 12.0 Hz, 1H), 3.76 (s, 3H), 3.91 (s, 3HB634.00 (M, 2H), 4.31-4.35 (m,
1H), 5.12 (s, 2H), 6.35 (d,= 2.4 Hz, 1H), 6.55 (d] = 2.4 Hz, 1H), 6.73 (dd] = 2.4, 8.0 Hz,
1H), 7.07 (ddJ = 1.2, 8.0 Hz, 2H), 7.12-7.26 (m, 3H), 7.74 (dd; 1.2, 8.0 Hz, 1H)>C-
NMR (CDCl, 100 MHz) 14.2, 20.6, 32.4, 49.7, 51.7, 55.5, 5649, 70.8, 71.2, 94.1, 97.5,
108.0, 112.1, 113.8, 114.7, 118.0, 119.0, 123.8,312129.9, 138.2, 145.5, 148.2, 159.7,

160.1, 160.8, 164.0, 175.3 ppm.

5.5.19. 3-(3-Butylamino-2-hydr oxypr opoxy)-5-methoxy-1-(4-methoxybenzyloxy)-9H-
xanthen-9-one (45)

Following the general method, compow2®i(0.05 g, 0.12 mmol) and-butylamine (0.07 g,



1.01 mmol) were used to give compoutt(0.05 g, 79.6%) as a white solid. m.p. °GOR8
(eluent: MeOH:CHCI, = 1:5); HPLC: R 2.46 min (condition B, purity: 89.4%JH-NMR
(CDCls, 400 MHz)$ 0.94 (t,J = 7.2 Hz, 3H), 1.26 (hexed,= 7.2 Hz, 2H), 1.40 (quint] =
7.2 Hz, 1H), 2.64-2.71 (m, 2H), 2.72-2.76 (m, 1BB3 (dd,J = 3.6, 12.0 Hz, 1H), 3.82 (s,
3H), 4.01 (s, 3H), 4.02-4.08 (m, 2H), 5.18 (s, 26146 (d,J = 2.0 Hz, 1H), 6.63 (d] = 2.0
Hz, 1H), 6.94-6.79 (m, 2H), 7.16 (dd= 1.6, 8.0 Hz, 1H), 7.22-7.26 (m, 1H), 7.54-7.57, (

2H), 7.88 (dd,) = 1.6, 8.0 Hz, 1H).

5.5.20. 3-(3-(butylamino)-2-hydr oxypr opoxy)-5-methoxy-1-(3-
(trifluoromethyl)benzyloxy)-9H-xanthen-9-one (46)

Following the general method, compou2#l(0.05 g, 0.11 mmol) and-butylamine (0.07 g,
0.91 mmol) were used to give compoutl(0.04 g, 73.2%) as a pale yellow solid. m.p. 106-
108 °C; R0.25 (eluent: MeOH:CKCl, = 1:5); HPLC: R 4.09 min (condition B, purity:
90.8%);*H-NMR (CDCl, 400 MHz)5 1.26 (t,J = 7.2 Hz, 3H), 1.40 (hexed,= 7.6 Hz, 2H),
1.78 (quintJ = 7.6 Hz, 2H), 2.95-3.02 (m, 2H), 3.09 (dds 9.6, 12.4 Hz, 1H), 3.21 (dd,=
2.8, 12.4 Hz, 1H), 3.94 (s, 3H), 4.09-4.15 (m, 3H51-4.54 (m, 1H), 5.25 (s, 2H), 6.43 {d,
= 2.0 Hz, 1H), 6.54 (dJ = 2.4 Hz, 1H), 7.08 (dd] = 1.5, 8.0 Hz, 1H), 7.18 (dd,= 8.0, 8.0
Hz, 1H), 7.57-7.59 (m, 3H), 7.80 (dd,= 1.6, 8.0 Hz, 1H), 8.00-8.02 (m, 1HYC-NMR
(DMSO-ds, 100 MHz) 13.7, 20.0, 29.4, 48.7, 51.3, 56.3, 6629, 70.7, 94.5, 97.3, 107.5,
114.8, 117.3, 123.4, 123.4, 123.8, 124.4, 129.D,.313137.6, 145.1, 148.0, 159.4, 160.1,

163.8, 174.8 ppm.

5.5.21. 3-(3-Butylamino-2-hydr oxypr opoxy)-1-(3-chlor ophenethoxy)-5-methoxy-9H-
xanthen-9-one (47)

Following the general method, compou2isi(0.08 g, 0.25 mmol) and-butylamine (0.18 g,



2.45 mmol) were used to give compousid (0.06 g, 57.1%) as a white solid. m.p. 198-
200 °C; R0.23 (eluent: MeOH:CkCl, = 1:5); HPLC: R 3.81 min (condition B, purity:
97.3%);*H-NMR (CDCls, 400 MHz)5 0.94 (t,d = 7.6 Hz, 3H), 1.40-1.45 (m, 2H), 1.81-1.85
(m, 2H), 2.30-3.05 (m, 2H), 3. 11 (ddi= 10.0, 12.8 Hz, 1H), 3.22 (,= 6.4 Hz, 2H), 3.25
(dd,J = 2.4, 12.8 Hz, 1H), 3.95 (s, 3H), 4.02 (dd: 2.0, 9.6 Hz, 1H), 4.08 (dd,= 4.8, 10.0
Hz, 1H), 4.20 (t] = 6.8 Hz, 2H), 4.56-4.58 (m, 1H), 6.30 (b= 2.4 Hz, 1H), 6.51 (d] = 2.0
Hz, 1H), 7.09 (dd, = 1.6, 8.0 Hz, 1H), 7.20 (dd,= 8.0, 8.0 Hz, 1H), 7.26-7.29 (m, 2H),
7.39-7.41 (m, 2H), 7.81 (dd,= 1.2, 8.0 Hz, 1H)**C-NMR (CDCk, 100 MHz) 13.4, 19.8,
28.3, 32.0, 34.7, 48.4, 51.0, 56.2, 65.4, 69.87,996.4, 107.3, 109.7, 114.5, 117.3, 123.2,

123.8, 128.3, 130.7, 132.0, 136.6, 145.0, 147.8,219.60.7, 163.3, 174.8 ppm.

5.6. Human topoisomerase Il o relaxation assay. All the test compounds were dissolved
in DMSO at a concentration of 20 mM as a stock tsmhuand stored under -20°C until
needed. The DNA topoisomerase ihhibitory activity of each compound was measuasd
follows. A mixture containing 200 ng of supercoilgdBR322 plasmid DNA (Thermo
Scientific, USA) and 1 unit of human DNA topoisomse Ib (Usb Corp., USA) was
incubated with and without the prepared compoundthé assay buffer (10 mM Tris-HCI
(pH 7.9) containing 50 mM NacCl, 50 mM KCI, 5 mM MgC1 mM EDTA, 1 mM ATP, and
15 ug/mL bovine serum albumin) for 30 min at 30 °C. Tkaction in a final volume of 20
uL was quenched by addingu3 of 7 mM EDTA. The reaction products were analyned
1% agarose gel at 25 V for 4 h with TAE as the migtuffer. The gels were stained and the
DNA bands were visualized for 15 min in an aquesakition of ethidium bromide (0.5
ug/mL). DNA bands were visualized by trans-illumioat with UV light and were

guantitated using Alpha Tech Imager (Alpha Innot€chporation).



5.7. Cytotoxicity assay. Four different cancer cell lines were used to eai@ the
cytotoxicity; human ductal breast epithelial tumeell line (T47D), human colorectal
carcinoma cell line (HCT15), human gastric tumolt iee (NCI-N87) and human cervix
adenocarcinoma cell line (HeLa). The experimentsevperformed as described previously
[35]. The cancer cells were cultured accordingh® supplier's instructions. In brief, cells
(2~4 x 10 cells per well) were seeded overnight in 0.1 mlthef media supplied with 10%
Fetal Bovine Serum (Hyclone, USA) in a 5% £@cubator at 37 °C. Cells were then treated
with compounds in graded concentrations for 72 hL®f the cell counting kit-8 solution
(Dojindo, Japan) was added to each well and ineabftdr an additional 4 h under the same
conditions. The absorbance of each well was detmthusing an Automatic Elisa Reader
System (Bio-Rad 3550) at a wavelength of 450 nm.d&termine the 1§ values, the
absorbance readings at 450 nm were fitted to agatameter logistic equation. Adriamycin,
etoposide and camptothecin, which were used apdbiive controls, were purchased from

Sigma.

5.8. Band depletion assay. This assay was performed as described previousiyanminor
modification [36]. T47D cells were seeded overnighta density of 2 x fOcells per well.
The cells were treated for 2 hours at 37 °C wittheaf etoposide and compoung 37, 47
and 48, and co-treated with etoposide and each compoummhiyn RPMI 1960 (serum free
media) followed by cell harvesting. The cell peldter centrifugation (4 °C, 3200 rpm, and 3
minutes) was washed with 1 mL of PBS and thenncebated for 1.5 hours, followed by
lysis with denaturing agent (62.5 mM Tris-HCI (pEB% 1 mM EDTA and 2% SDS) and
sonication (10~20 bursts, 2 seconds). The sampés we-incubated for 20 minutes and

centrifuged for 20 minutes (4 °C, 12,000 rpm andh80utes) again. Finally the supernatant



of sample was taken to perform Western blot anslgai 10% SDS-PAGE gels. All primary

antibodies used were purchased from Cell Signdleghnology Inc. (USA).

5.9. Cleavable complex assay. The mixture of 250 ng of supercoiled DNA pBR322 &nd
units of human topoisomerase With or without compound at the designated cormregioins
in the figure legend was incubated at 37 °C fon80utes in the reaction buffer (10 mM tris-
HCI (pH 7.9) containing 50 mM NacCl, 50 mM KCI, 5 mMgCl,, 0.1 mM EDTA, 15ug/mL
BSA and 1 mM ATP). The reaction was then termindigdhe addition of 2.l of stop
solution (5% SDS, 25% ficoll and 0.05% bromopheiak) followed by treatment of 2L
of 0.25 mg/mL proteinase K (Sigma Aldrich, USA) witontinuous incubation at 45 °C for
30 minutes to eliminate the protein. Samples whzet®phoresed on a 1 % (w/v) agarose gel
containing 0.5ug/mL ethidium bromide at 30 V for 6 hours in TAEnrung buffer. DNA

bands on the gel were detected by UV and visualigetiphalmage!™.

5.10. Comet Assay To evaluate DNA damage, comet assay was perforramd $ingle-
cell gel electrophoresis with a Trevigen kit (Gaigburg, MD) according to the method
previously reported [34,37] Briefly, T47D cells;esied in a density of 1 x 1@ells per well
in six-well plates were treated with 10 of each compound and etoposide for 24 h and
harvested by trypsinization followed by resuspegdialls in 1 mL of ice-cold PBS. Then, 8
uL of resuspened cells were mixed with 80 of low-melting agarose at 37 °C, spread on
slides and solidified in the dark for 40 min atCt Slides were lysed in ice-cold lysis solution
in the dark for 30 min at 4 °C and then submerged fresh alkaline solution (pH>13) at
room temperature for 30 min to allow alkaline uneimg. Electrophoresis was performed
under alkaline conditions for 20 min for 15 V. SIgdwere rinsed twice with distilled water,

once with 70 % ethanol and stained with SYBR Gr€Ervigen, Gaithersburg) in a TE



buffer for 5 min in the dark at 4 °C. Comet imageere obtained using an inverted
fluorescence microscope (Zeiss, Axiovert 200) & hagnification and percent DNA in tail
was analyzed by Komet 5.0 software (kinetic imaditdy UK). Data were represented both

by imaging and graphically by randomly selectingnet lengths of T47D cells.

5.11. Molecular docking studies. The coordinates for the ATP binding domain of hama
topoisomerase dl were retrieved from the Protein Data Bank (PDBecadXM) [38]. All
the water molecules, and ligands and were remonddree hydrogen atoms were added [39].
The structures of compound8 was constructed by SYBYL X-2.1 and minimized
energetically using a Tripos force field with Gagée-Huckel charges. The receptor and
ligand file were prepared according to the origipablication protocols [40,41]. Docking
was carried out with Autodock using the Lamarckigmetic algorithm search parameters.
Default search parameters were used except forlgtgru size of 270,000 and 50 docking

runs.
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Scheme 1. General synthetic method of compounds

Scheme 2. Structures of the prepared compounds



Table 1. Topoisomerase d inhibitory activities of compounds

Table 2. Cytotoxicity test results of compounds



Figure 1. Topoisomerase dl inhibitory activities of all the prepared composndill the
synthesized compounds were examined in a final extration of 20 and 10QM,
respectively, as designated. Lane D: pBR322 onnel. T: pBR322 + topoisomerase, |l
Lane E: pBR322 + topoisomerasen I+ etoposide, Lanes for compounds: pBR322 +

topoisomerase dl + each compound in designated concentrations.

Figure 2. Band depletion assaf compounds36, 37 and47. The cells seeded in a density of
2 x 10° were treated with 5QM of each of etoposide, compour88; 37 and47 for 2 hours
at 37°C and then were harvested. The harvested cellslysrd by denaturing agent of 62.5
mM Tris-HCI (pH 6.8) containing 1mM EDTA and 2% SDS%$he prepared lysates in
according to the experimental method were detebiedVestern blotting. The etoposide
treatment abolished the free topoisomerasebwever treatment of compoung®, 37 and
47 remained the free topoisomerase band reflecting that compound, 37 and 47

function as a topoisomerase Itatalytic inhibitor not poison.

Figure 3. Cleavable complex assay of compouB@s37 and47. To revalidate topoisomerase
Ila catalytic inhibitor, 250 ng of pBR322 DNA was tred with 3 units of topoisomerasell
for 10 minutes prior to treatment of etoposide (100), each compound (100M) or co-
treatment. After incubation for additional 30 miesitat 37C, the agarose gel electrophoresis
were performed. A linear band on the gel for conmu®86, 37 and47 was not observed

reflecting that they are topoisomerase ¢htalytic inhibitors.

Figure 4. Comet assay to assess compound-induced DNA darGatje were seeded in 6-
well tissue-culture plates, reached 70% confluemzktreated with pM and 10 uM of each
compound for 24 h followed by processing cometyas®s Images of control (non-treated),

etoposide (topo poison) and compouBas37 and47 treated cells showing comet formation.



(B) Graphical representation of the selected coeregths of untreated- and treated-T47D

cells in pixels with corresponding to concentratioifA).

Figure 5. Interaction of compound37 and ATP binding site of ATPase domain of
topoisomerase ¢. The compound and the protein binding site apresented in sticks.
The atoms are colored by atom types and the carbbrr®mpound37, AMP-PNP, and
topoisomerase dl in pink, light blue, and gray, respectively. Magiuen is represented as
green sphere and the hydrogen bonds are showneen giotted lines. (A) Interaction

between compoun8? and topoisomerasedll (B) Overlay of compoun@7 and AMP-PNP.
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Table 1. Topoisomerase d inhibitory activities of compounds

% Inhibition of Topoisomerasedlat the concentration of

Compound/Conc. 100 pM Compound 100 pM 20 pM*

Etoposide 74.9 Etoposide 74.9 45.6
5 0 27 4.8 )
6 0.1 28 1.5 ]
7 0 29 27.1 ]
8 0 30 29.4 ]
9 0 31 65.4 22.2
10 0 32 56.3 22.4
11 0 33 58.7 19.5
12 0 34 55.9 21.1
13 0 35 64.6 9.3
14 0 36 46.2 16.6
15 0 37 94.4 23.3
16 2.5 38 10.7 ]
17 1.5 39 7.5 ]
18 14.1 40 24.2 -
19 5 41 36.3 9.5
20 3.3 42 51.6 11.1
21 1.7 43 45.4 6.3
22 0 44 41.6 12.4
23 0 45 44.8 13.9
24 0 46 58.1 14.2
25 0 47 62.8 20.4
26 0

*Compounds of which % inhibition against topoisorserfio were more than 30% at 100

MM were further examined at 20M treatment. ‘- means not texted.



Table 2. Cytotoxicity test results of compounds

ICs0 (UM)
HCT15 T47D HelLa NCI-N87

Adriamycin 0.47x0.00 1.42+0.02 1.70+0.06 0.71+0.01
Etoposide 1.06+0.11 2.8+0.17 10.03+0.33 1.29+0.03
Camptothecin  0.0014+0.0001 0.08x0.00 0.13+0.00 0.60%£0.04
5 3.9620.05 3.60%£0.09 0.80%0.02 3.91+0.23

6 1.63+0.36 1.94+0.06 1.62+0.05 0.29+0.05

7 2.45+0.06 3.75%0.08 1.81+0.02 4.55+0.32

8 3.28%0.17 >50 1.79+0.01 10.95+0.13

9 1.50+0.01 3.06+0.13 1.92+0.07 5.07+0.06

10 1.96+0.01 3.30%£0.16 3.57+0.19 1.89+0.04

11 1.49+0.02 3.73x0.05 1.57+0.03 3.26x£0.04

12 1.72+0.05 2.96+0.15 1.58+0.02 3.73x0.14

13 5.08+0.09 2.30+£0.05 4.28%0.07 1.36+0.03

14 4.13+0.04 1.36+0.04 1.46+0.05 3.18+0.16

15 5.27+0.06 0.97+0.00 4.91+0.30 2.02+0.07

16 0.82+0.01 0.83+0.01 1.17+0.06 1.19+0.09

17 0.31+0.01 1.75+0.12 1.87+0.07 3.12+0.63

18 0.22+0.00 1.63+0.04 1.08%0.02 0.31+0.03

19 0.37£0.01 4.57+0.53 4.06x0.58 1.69+0.11

20 0.34%+0.01 2.02+0.08 1.66+0.05 1.75+0.06

21 0.17+0.01 1.55+0.03 1.70x0.12 0.95+0.01

22 0.35x0.01 4.05+0.26 2.43+0.80 1.32+0.04

23 0.42+0.02 7.68+0.92 1.74+0.32 1.41+0.04

24 0.360.01 2.87+0.20 4.27+0.07 2.24+0.21

25 1.08+0.10 2.74+0.26 0.47x0.03 1.11+0.12

26 45.22+1.25 >50 >50 1.49+0.10

27 28.17+1.47 7.02+0.23 >50 1.77£0.52

28 43.4%+0.80 4.71+0.47 36.62+1.61 2.05+0.04

29 8.61+0.55 1.54+0.05 2.07+£0.03 1.63+0.03



30
31
32
33

35
36
37

38
39
40
41
42
43

45
46
47

4.58+0.08
3.09+0.34
2.24+0.06
1.91+0.03
2.17+0.01
2.45+0.02
2.28+0.03
2.13+0.02

10.6+0.03
9.60+0.13
6.02+0.04
1.81+0.01
2.08+0.01
1.59+0.09
1.74+0.02
2.29+0.01
2.62+0.02
1.49+0.02

1.27+0.17
2.81+0.01
1.17+0.05
2.57+0.03
1.41+0.00
0.14+0.01
1.72+0.07
0.63+0.01

4.28+0.20
2.67+0.01
1.13+0.17
0.78+0.01
2.40+0.01
0.67+0.02
1.36+0.06
1.52+0.03
2.00+0.02
0.19+0.02

2.56+0.12
7.05+0.15
2.83+0.12
5.86+0.05
4.81+0.11
2.26+0.21
2.56+0.04
1.37+0.03

23.48+0.36
14.394+0.35

7.65%0.06
3.84+0.06
2.25+0.07
2.40+0.01
2.30+0.06
1.82+0.14
2.62+0.05
2.60+0.14

0.06+0.01
1.44+0.04
0.17+0.03
0.07+0.01
1.80+0.20
0.24+0.06
0.38+0.03
3.63+0.42

2.24+0.17
0.08+0.01
1.64+0.15
0.48+0.15
1.23+0.03
1.16+0.04
1.32+0.05
0.25+0.02
1.98+0.06
0.40+0.00
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Graphical Abstract

Compound37 and 47 were potential topoisomerase Itatalytic inhibitors with low
damage.
/\/©/CI
0O o
O/\/\NH(CH2)30H3
R OH
37R=H
47 R = OCH,4
Topoisomerase | la inhibition | Cytotoxicity: T47D (I Cxsp)
Compound 37 23.3% at 20 pM 0.63+0.01
Compound 47 20.4% at 20 uM 0.19+0.02

DNA



Resear ch Highlights

* C1-0O- arylalkyl xanthones were potential topoisomelhgeatalytic inhibitors.
* Compound37 showed efficient cytotoxicity against T47D cell.
e Compound37 induced much less DNA damage than etoposide ifDTGE.

» Compound37 was confirmed as a potential topoisomerageditalytic inhibitor



C1-O- aylakyl xanthones were potentia topoisomerase lla catalytic
inhibitors.

Compound 37 showed efficient cytotoxicity against T47D cell.

Compound 37 induced much less DNA damage than etoposide in T47D cell.
Compound 37 was confirmed as a potential topoisomerase llo. catalytic
inhibitor



