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ABSTRACT: A structure-guided molecular design approach was used
to optimize quercetin diacylglycoside analogues that inhibit bacterial
DNA gyrase and topoisomerase IV and show potent antibacterial
activity against a wide spectrum of relevant pathogens responsible for
hospital- and community-acquired infections. In this paper, such novel
3,7-diacylquercetin, quercetin 6''-acylgalactoside, and quercetin 2"/,6''-
diacylgalactoside analogues of lead compound 1 were prepared to
assess their target specificities and preferences in bacteria. The sig-
nificant enzymatic inhibition of both Escherichia coli DNA gyrase and
Staphylococcus aureus topoIV suggest that these compounds are dual
inhibitors. Most of the investigated compounds exhibited pronounced
inhibition with MIC values ranging from 0.13 to 128 yg/mL toward the
growth of multidrug-resistant Gram-positive methicillin-resistant S.

DNA Gyrase B Topoisomerase IV ParE

aureus, methicillin sensitive S. aureus, vancomycin-resistant enterococci (VRE), vancomycin intermediate S. aureus, and Streptococcus
pneumoniae bacterial strains. Structure —activity relationship studies revealed that the acyl moiety was absolutely essential for activity
against Gram-positive organisms. The most active compound 5i was 512-fold more potent than vancomycin and 16—32-fold more
potent than 1 against VRE strains. It also has realistic in situ intestinal absorption in rats and showed very low acute toxicity in mice.

So far, this compound can be regarded as a leading antibacterial agent.

B INTRODUCTION

The increasing emergence of antibiotic-resistant bacteria,
notably vancomycin-resistant enterococci (VRE), methicillin-re-
sistant and vancomycin-intermediate Staphylococcus aureus, and
penicillin-, macrolide-, and fluoroquinolone-resistant Streptococcus
preumoniae, is a worldwide issue,' ° particularly in hospitals,
where antibiotics are heavily used.” While the rate of drug
resistance among bacteria is on the rise, there have been very
few examples of the development of structurally new classes of
antibiotics with truly novel modes of action that can circumvent
the prevailing resistance problem.*® Linezolid and daptomycin are
the only examples of such novel antibiotics that were developed in
the last few decades. With recent reports of emerging resistance to
linezolid”'® and daptomycin,'' there is continuing need for the
discovery and development of novel antibiotics.

DNA gyrase and topoisomerase IV (topolV) are the two type
II topoisomerases present in bacteria and are attractive targets for
antibacterial drug discovery.'> "> Each enzyme is independently
essential for bacterial DNA replication. DNA gyrase is a hetero-
tetramer comprised of two GyrA and two GyrB subunits and is
primarily responsible for introducing negative supercoils into
conformationally constrained DNA, whereas topolV is a hetero-
tetramer comprised of two ParC and two ParE subunits (GrlA and
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GrlB, respectively, in S. aureus)'® and primarily resolves linked
chromosome dimers at the conclusion of DNA replication.'”**
The fluoroquinolone drugs, for example, norfloxacin (Chart 1)
inhibits the catalytic subunits of gyrase (GyrA) and/or topolV
(ParC). The associated subunits responsible for supplying the
energy necessary for catalytic turnover/resetting of the enzymes
via ATP hydrolysis are GyrB (Gyrase) and ParE (topolV),
respectively. In addition, the coumarin drugs, for example, novo-
biocin (Chart 1), exhibit antibacterial activity via inhibition of
DNA gyrase and, to a lesser extent, topoIV ATPase activities.?* ™%
Nonetheless, their use has been limited due to the toxicity and to
the rapid development of resistances.”***

Quercetin and quercetin-3-O-glycosides are the most abun-
dant flavonoids in the human diet, are associated with a myriad of
biological activities, and may contribute to the prevention of human
diseases.”**” As quercetin and quercetin-3-O-glycosides are widely
sold as food supplements and inhibit the growth of Gram-positive
and Gram-negative organisms at high concentrations,*®™ 2’ it is
interesting to expand their antibacterial activities. During the course
of our initial efforts to improve the anti-MRSA (methicillin-resistant
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Staphylococcus aureus) activity of lead compound (1),”**°73* we
designed and synthesized novel quercetin diacylglucosides
(2a—h)*®* (Chart 1). Compound 1 is a recently isolated natural
product referred to as a kaempferol diacylrhamnoside with potent
anti-MRSA activity. The significant enzymatic inhibition of both
Escherichia coli DNA gyrase and S. aureus topolV suggests that these
compounds are dual inhibitors. In an attempt to clarify the mode of
action (MOA) and to explore the structure—activity relationships
(SARs) of this analogue, further new 3,7-diacylquercetin derivatives
3a,b, quercetin 6”-acylgalactoside derivatives 4ab, and quercetin
2" 6" -diacylgalatoside derivatives Sa—k have been designed and
synthesized. The antibacterial activities of these compounds toward
the growth of both Gram-positive and Gram-negative organisms and
E. coli DNA supercoiling activity were investigated. Furthermore, the
effects on E. coli and S. aureus topolV decatenation activities of these
compounds along with eight most potent previously synthesized
compounds (2a—h)**** were evaluated. To observe probable
binding conformation of these ligands in the ATP binding pocket,
a molecular docking study was performed, and the interaction of the
most active compound with the 24 KDa fragment of DNA gyrase B
and topolIV ParE was explored using the AutoDock 4.0 program. In
addition, the most active compound was evaluated for its in situ
intestinal absorption in rats and acute toxicity in mice.

B CHEMISTRY

We first planned to incorporate 3-(4-substituted phenyl)propa-
noyl groups on 3-O and 7-O positions of quercetin and to
incorporate various 4-substituted phenyl alkanoyl or benzoyl groups

on the 6’-O position, as well as on both 2”/-O and 6"'-O positions of
parent quercetin-3-O-galactoside as outlined in Figure 1.

The preparation of 3-(4-substituted phenyl)propanoyl groups
containing quercetin derivatives 3a,b began with the esterification of
2-(2,2-dephenylbenzo| d][ 1,3] dioxol-5-y1)-3,5,7-trihydroxy-4H-chro-
men-4-one 6> (Scheme 1). Compound 6 was easily obtained using
a previous method starting from commercially available quercetin
under the action of a,a-dichlorodiphenylmethane.”*** Then, the
3' 4 -protected compound 6 was esterified via Steglich esterification®*
with appropriate 4-substituted cinnamic acids to provide 3,7-disubsti-
tuted derivatives 7ab as the major product (59—63%). The diphe-
nylbenzo protecting group of compounds 7ab was removed by
catalytic hydrogenation with 10% Pd/C in MeOH—EtOAc under
hydrogen atmosphere to give 3ab. During this treatment, the
carbon—carbon double bonds adjacent to carbonyl groups in the
R’ group of compounds 7a,b were selectively hydrogenated to convert
them into compounds 3a,b. "Hand C NMR spectra of 7a,b and 3a,
b are consistent with their molecular structures. In the "H NMR
spectra of 7a and 7b, four vinyl protons of the R" group each appear as
a one proton doublet at 7.66, 7.74, 8.97, and 8.99 ppm and at 7.55,
7.62, 8.87, and 8.89 ppm with ] = 16.2 Hz, respectively. In contrast,
compounds 3a and 3b each show four triplet signals at 2.61, 2.66, 3.08,
and 3.13 ppm and at 2.60, 2.66, 3.09, and 3.12 ppm with ] = 7.2 Hz,
respectively.

Parent compounds 11 and 15 were prepared in a three-step
sequence involving initial regioselective galactosylation of 6 with
2,3,4,6-tetra-O-acetyl-0.-D-galactopyranosyl bromide, then removal
of diphenylbenzo group, and finally the hydrolysis of the acetyl

3687 dx.doi.org/10.1021/jm200010x |J. Med. Chem. 2011, 54, 3686-3703



Journal of Medicinal Chemistry

groups (Scheme 2). The reaction between compound 6 and 1 equiv
of 2,3,4,6-tetra-O-acetyl-0.-D-galctogyranosyl bromide in the pre-
sence of anhydrous K,COj in dry N,N-dimethylformamide (DMF)
or anhydrous acetone led to compound 8 as the major product
(69%) along with 12 (9%). When compound 6 was treated with 2
equiv of 2,3,4,6-tetra-O-acetyl-0t-D-galctogyranosyl bromide, com-
pound 12 was the sole product. The diphenylbenzo protecting
group of compounds 8, 9, and 12 was removed by catalytic
hydrogenation to provide corresponding compounds 10, 11, and
13 according to a similar procedure as for compounds 7a,b into 3a,b.
The removal of all acetyl groups from 8, 10, 12, and 13 was achieved
under the action of MeONa in MeOH—tetrahydrofuran (THF)
followed by treatment with Dowex 50 (H ™) ion-exchange resin®” to
lead to the corresponding compounds 9, 11, 14, and 15. The
removal of diphenylbenzo group of 14 was not successful with
catalytic hydrogenation, although it was successful in the case of
compound 9 (Scheme 2).

As outlined in Schemes 3 and 4, the synthesis of the
intermediate 2”,6"-O-isopropyledene derivative 18 began from
8 and was elaborated to provide homologues 4a,b and Sa—k.
Following a three-step sequence involving protection of free
hydroxyl groups with excess benzyl bromide, followed by hydro-
lysis of acetyl groups, and finally protection of the 3"~ and 4"~
hydroxyl groups of 17 yielded intermediate 2'/,6"-O-isopropyle-
dene derivative 18. First, the free hydroxyl groups of 8 were
protected with excess benzyl bromide in the presence of anhy-
drous K,COj; in dry DMF to provide compound 16. Then, the
removal of acetyl groups of 16 with the above-discussed acetyl
group hydrolysis method gave compound 17, and finally, the
reaction of acetone in the presence of anhydrous copper sulfate
and a catalytic amount of sulfuric acid yielded intermediate 18 in

high yield (82%). The synthesis of homologues 4ab and Sa—k

Y= attached 3-(4-substituted

X = attached 3-(4-substituted
phenyl)propanoyl groups.

phenyl)propanoyl groups; Y = H (for 4).

began with selective esterification of intermediate 18 under kinetic
control followed by removal of the isopropylidene protecting group
and benzyl and benzophenone groups. The reaction between 18
and 1.5 equiv of the appropriate 4-substituted cinnamic acids via the
previously discussed Steglich esterification method at a low tem-
perature (—10 °C) afforded the corresponding 6-substituted
homologues 19a,b as the sole products and at room temperature
afforded a mixture of 19a,b with corresponding diacyl derivatives
21h,i. When the reaction was carried out at higher temperature
(40 °C) or room temperature between 18 and 3 equiv of appro-
priate aliphatic or aromatic carboxylic acids, the corresponding
diacyl homologues 21a—k were the sole products. Deprotection
of isopropylidene protecting group of 19ab and 2la—k was
accomplished by hydrolysis with HCI gas at 40 °C instead of 0.5 M
hydrochloric acid in a mixture of MeOH and THF to provide
compounds 20a,b and 22a—k with high yields. Heating com-
pounds 19a,b and 21a—k with 0.5 M hydrochloric acid at 50 °C
afforded poor yields due to decomposition, which was observed
on thin-layer chromatography (TLC). Finally, the two benzyl
and diphenylbenzo protecting groups of 20a,b and 22a—k were
removed in one step by catalytic hydrogen transfer reaction to
give the desired corresponding compounds 4a,b and Sa—k.
During this treatment, the carbon—carbon double bonds adja-
cent to carbonyl groups in the R' and R? of compounds 20a,b
and 22f—i also were selectively hydrogenated and were con-
verted into compounds 4a,b and 5f—i, respectively. This result is
similar to the cases of compounds 7a,b into 3a,b. The structures of
all compounds were confirmed by '"H NMR, "*C NMR, FAB-MS,
and/or elemental analysis.

B RESULTS

The minimum inhibitory concentrations (MICs) of the
compounds 3ab, 4a,b, Sa—k, 10, 11, 13, 15, and quercetin
against a panel of nine selected multidrug-resistant Gram-posi-
tive bacterial pathogens [MRSA OM481, OMS84, N315, and
COL; methicillin-sensitive S. aureus (MSSA) 209P; VRE FN-1
and NCTC 12201; vancomycin intermediate-resistant S. aureus
(VISA) MuSO0 and Streptococcus pneumoniae R6] and two Gram-
negative bacterial pathogens (Pseudomonas aeruginosa PAO1 and
E. coli K-12) are shown in Tables 1 and 2, and their activities were
compared with those of the vancomycin, norofloxacin, novobio-
cin, 2a—h,***° and 1.3 With the exception of 11 and 15, all
of the newly synthesized compounds, namely, 3a,b, 4a,b, Sa—k,
10, and 13 exhibited 2—512-fold more potent in vitro antibac-
terial activity than vancomycin against multidrug-resistant VRE
strains, and the compound Si is 16—32-fold more potent than

3 X = Y= attached 4-substituted phenyl
alkanoyl or benzoyl groups (for 5).
4,5
Figure 1
Scheme 1

6 7ab

Compd

7a
7b

o Ph
O Ph b

3a,b
R! Compd R?
COC;H,CeHy(4-Me) 3a COCoH,CeHy(4-Me)
COC,H,CgHy(4-F) 3b COC,H,CeHa(4-F)

“ Reagents and conditions: (a) 4-Substituted cinnamic acids, DMAP, DCC, anhydrous CH,Cl,, 0 °C—room temperature, 10—12 h. (b) Pd/C (10%),

H,, MeOH—EtOAc, 8—9 h.
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Scheme 2¢

14

“Reagents and conditions: (a) One equiv of 2,3,4,6-tetra-O-acetyl-0.-p-galactopyranosyl bromide, anhydrous K,CO3, anhydrous acetone or dry DMF,
room temperature, S h. (a’) Two equiv of 2,3,4,6-tetra-O-acetyl-at-p-galactopyranosyl bromide, anhydrous K,CO3, anhydrous acetone or dry DMF,
40°C, 3 h. (b) () MeONa, MeOH—THF, room temperature, 1.5 h; (ii) Dowex 50 (H") resin. (c) Pd/C (10%), H,, MeOH—EtOAc, room temperature,

7—8h.

Scheme 3¢

“ Reagents and conditions: (a) BnBr, anhydrous K,COj;, dry DMF, room temperature, 7 h. (b) (i) MeONa, MeOH—THF, room temperature, 0.5 h; (ii)
Dowex 50 (H™) resin. (c) Anhydrous acetone, concentrated H,SO,, anhydrous CuSOy, room temperature, 12 h.

lead compound 1 against VRE strains. In contrast, against Gram-
negative strains, the in vitro antibacterial activities of these compounds
were 4—S512-fold less potent than novobiocin and norfloxacin.

Compounds Sa—k were shown in Table 1 to have a relatively
good antibacterial activity against MRSA, MSSA, VRE, VISA, and
S. pneumoniae strains (MIC ranging 0.13—16 ug/mL), and
among these 2”,6'-diacyl compounds, the lowest MIC values
were shown by compound Si (MIC: 0.13—0.5 #g/mL). Com-
pounds 3a,b, 4a,b, 10, and 13 were found to have moderate
antibacterial activity, but quercetin, 11, and 15 did not show
antibacterial activity toward the growth of those Gram-positive
organisms.

On the basis of the known ability of quercetin to inhibit DNA
supercoiling and the binding of quercetin to the ATP binding site
of DNA gyrase B,””* inhibition of E. coli DNA gyrase super-
coiling activity by 3a,b, 4a,b, Sa—k, 10, 11, 13, and 15 along with
those of quercetin, norfloxacin, novobiocin, and 12839732 yere
tested as shown in Table 2. Most of these compounds exhibited
strong inhibition of DNA supercoiling activity (ICso: 0.10 % 0.06
to 5.39 + 0.28 uM).

As DNA gyrase and topolV share 36—40% amino acid
sequence homology,** these compounds also were screened
for the inhibition of enzymatic activities of E. coli topoIV along
with eight previously synthesized compounds 2a—h*** as
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20a,b

Scheme 4¢
a
—10°C
Compd R’
a
18 l room temp 193,208 COC,H,CgHq(4-Me)

wim temp 19b,20b  COC,H,CeHy(4-F)

4a,b
Compd R2
4a COC,H,CeHa(4-Me)
4b COC,H4CgHy(4-F)

21a-k 22a-k 5a-k
Compd R3 Compd R*
21a,22a  COCgH,(4-OFY) 5a COCgH,(4-OFt)
21b, 22b COCgH,4(4-"Pr) 5b COCgH,(4-"Pr)
21c,22c  COCgH,(4-F) 5¢ COCgH4(4-F)
21d,22d  COCH,CgH,(4-Me) 5d COCH,CgH,(4-Me)
21e, 22e COCH,CgHy(4-F) 5e COCH,CgHy4(4-F)
21f, 22f COC,H,CgH4(4-OBn) 5f COC,H,CgHy4(4-OH)
219,229  COC,H,CeHa(4-OEt) 59 COC,H,CeHa(4-OEt)
21h, 22h COC,H,CgHy(4-Me) 5h COC,H,CgHy4(4-Me)
21i,22i  COCaHCeHy(4-F) 5i COC,H,CeHy(4-F)
21j,22)  COC4HCeHa(d-F) 5 COC3HECeH4(4-F)
21k, 22k COC4HgCgH4(4-F) 5k COC4HgCgH4(4-F)

“ Reagents and conditions: (a) Aliphatic or aromatic carboxylic acids, DMAP, DCC, anhydrous CH,Cl,, —10 °C—room temperature, S—12 h. (b) HCI

gas, MeOH—THEF, 40 °C, 4—S5 h. (c) Pd/C (10%), H,, MeOH—EtOAc, room temperature, 9—11 h.

shown in Tables 2 and 3. Unfortunately, these investigated
compounds showed moderate and ca. 11 times reduced inhibi-
tion of topolV decatenation activity (ICso: 3.07 £ 0.18 to >12
UM) as compared to DNA supercoiling activity.

As shown in Table 1, the Gram-positive organisms were
strongly susceptible to most tested compounds, consistent with
the probability that these compounds may inhibit S. aureus
topolV in Gram-positive bacteria. Encoura%ed by this observa-
tion, these compounds along with 2a—h*** and 17*%°~** were
screened against enzyme S. aureus topolV as shown in Tables 2
and 3. All of the investigated compounds exhibited pronounced
inhibition of S. aureus topoIV decatenation activity (ICsq: 0.07
0.08 to 4.05 £ 0.21 uM). Among the tested compounds, i was
the most active of this series with pronounced DNA supercoiling
inhibition of E. coli gyrase (ICs: 0.78 £ 0.03 uM), topolV
decatenation activity from S. aureus (ICso: 0.22 & 0.06 M), and
ca. 40-fold lower decatenation activity of E. coli topoIV (ICsp:
9.16 =+ 0.19 uM) that were measured as a function of concentra-
tion as shown in Figure 2. These data suggest that the MOAs of
the tested compounds are due to specific inhibition of DNA
gyrase and topolV in a fluoroquinolone-like manner, where the
primary target in S. aureus is topoIV and in E. coli is DNA
gyrase.'®*'~* However, remarkably reduced DNA supercoiling

and topolV decatenation activities were observed for compounds
Sg and Sk.

AutoDock-Modeled Binding of the Most Potent Com-
pound 5i to the 24 kDa Fragment of E. coli DNA Gyrase B
and TopolV ParE. The availability of a high-quality crystal
structure”’ has made it possible to perform AutoDock
modeling** to fit the ligand in the ATP binding pocket of the
24 kDa fragment of the DNA gyrase B and topoIV ParE from
E. coli (PDB accession codes 1AJ6 and 1514, respectively). For
each protein—ligand complex, less than 100 possible docking
configurations were discovered. We observed that most com-
pounds were successfully fit inside the ATP binding pocket of
both enzymes. Nevertheless, increasing K; (inhibition constant)
values were predicted for compounds 5g and Sk with bulky
substituents at the 2"~ and 6" -positions, relative to unbranched
(11) or less bulky (5a—f, Sh—j) compounds (data are in the
Supporting Information). The preferential mode of binding of
the most potent compound i for the best configuration to DNA
gyrase B was characterized by three H-bonds formed between the
3’-, 4-, and 7-hydroxyl groups with ASN46, VAL120, and
LYS103, respectively (left side in Figure 3). Similarly, the
preferential mode of binding of compound Si for best config-
uration to topoIV ParE was characterized by one H-bond formed
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Table 1. Antibacterial Activity (MICs) against Gram-Positive Bacterial Strains for 1, 2a—h, 3a,b, 4a,b, Sa—k, 10, 11, 13, 15,

Quercetin, Vancomycin, Norfloxacin, and Novobiocin®

MIC (ug/mL, Gram-positive)

VRE VISA MRSA MSSA S. pneumoniae

compd EN-1° NCTC 12201 MuS0° oM481 OM584% N31s" covr’ 209 R6"*
3a 64 64 16 32 32 32 32 64 32
3b 64 32 32 16 16 16 32 64 32
4a 32 32 16 16 16 16 32 16 k?)
4b 16 16 32 16 16 16 32 16 2
Sa 8 8 4 4 4 8 16 4 4
sb 8 4 4 4 2 16 2 2
Sc 4 2 2 2 8 8 4 4
sd 8 4 2 2 8 16 4 2
Se 0.5 0.5 1 1 1 1 8 1 1
sf 2 1 1 2 4 2 4
5g 16 16 8 4 4 2 8 8 8
Sh 0.5 0.5 0.5 025 025 0.25 1 0.25 025
si 025 025 0.5 0.13 0.13 0.13 0.5 0.13 0.13
2h 1 1 1 2 2 025 1 025 0.50
5§ 8 8 4 2 2 4 16 4 4
sk 16 16 16 4 4 2 16 4 8
10 32 32 64 32 32 64 128 64 64
11 >128 >128 >128 >128 >128 >128 >128 >128 >128
13 64 64 128 128 128 128 >128 128 128
15 >128 >128 >128 >128 >128 >128 >128 >128 >128
quercetin >128 >128 >128 >128 >128 >128 >128 >128 >128
vancomycin >128 >128 8 0.25 0.25 0.25 0.25 0.25 0.25
norfloxacin >128 4 >128 64 128 2 1 0.5 025
novobiocin >128 2 8 025 025 0.13 025 0.13 025
1 8 4 NT 1 2 1 1 0.5 NT
2a—g 2-16 4-16 1-16 2-32 2-32 1-8 4-16 1-8 1-8

“NT, not tested. " Microdilution method,*® MIC determined after 24 h. *VRE EN-1. “VRE NCTC 12201. ‘VISA Mu50. "MRSA OM481.
S MRSA OMS584. " MRSA N315. "MRSA COL./ MSSA 209P. kStreptococcus pneumoniae R6.

between 3'-hydroxyl group with VAL2119 (right side in
Figure 3). Figure 3 also represents the superposition of original
X-ray structure (native ligand novobiocin) and the docked ligand
Si inside the ATP binding pocket of DNA gyrase B and topoIV
ParE. On the basis of the in vitro antibacterial activity, the
inhibition of bacterial enzymes, and the molecular docking study,
we propose the SARs for quercetin diacylglycoside analogues as
shown in Figure 4.

Absorption Property of Compound 5i in Rats. The most
potent compound 5i was selected as a representative compound
with which to explore absorption property and acute toxicity of
quercetin diacylglycoside analogues in rats and mice, respec-
tively. The required concentration of Si for in situ intestinal
absorption and acute toxicity testing was achieved with 50%
polyoxyethyleneglycol (PEG) in saline. The absorption property
was studied by in situ prefusion technique*’ in rats (n = 4). The
in situ intestinal absorption studies in rats demonstrated realistic
absorption of Si from small intestine, 76.6 £ 0.60%.

Acute Toxicity of 5i in Mice. Intervenous doses of 5i in 50%
PEG via the tail vein were well tolerated by mice (n = 4) at 10
(for 4 days, total dose was 40 mg/kg, total dose volume was
20 mL/kg) and 50 mg/kg/day (for 4 days, total dose was

200 mg/kg, total dose volume was 20 mL/kg). At 100 mg/kg/
day (for 4 days, total dose was 400 mg/kg, total dose volume was
20 mL/kg), the mice showed a transient, seizurelike reaction to a
fourth injection after ca. 10 min, but all animals appeared normal
after 1 day.

l DISCUSSION

In this paper, the discovery of quercetin diacylgalctoside
analogues that inhibit both bacterial DNA gyrase and topoIV
enzymes and display potent antibacterial activity against Gram-
positive bacteria has been described. We have not been the first
group to identify potent antibacterial DNA gyrase and topoIV
inhibiting agents. Many research groups have published exten-
sively on the identification of DNA gyrase and topolV inhibiting
agents that display potent antibacterial activity.** ! However, a
number of groups have noted that there is no correlation
between DNA gyrase or topolV inhibition and antibacterial
activity,*”*>® while some researchers have proposed that cell
penetration differences account for this lack of correlation.

The two factors that contribute to antibacterial potency are
the kinetics of drug uptake and the ability to inhibit DNA gyrase
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Table 2. Antibacterial Activity (MICs) against Gram-Negative Bacterial Strains and DNA Gyrase Supercoiling and TopoIV
Decatenation Activities for 1, 3a,b, 4a,b, Sa—k, 10, 11, 13, 15, Quercetin, Norfloxacin, and Novobiocin®

miIc’ (ug/mL, Gram-negative)

supercoiling inhibition, ICso° («M)

decatenation inhibition, ICs," (M)

compd PAO1° K-12¢
3a 64 64
3b 64 64
4a >128 >128
4b >128 >128
Sa >128 >128
Sb >128 >128
Sc >128 >128
Sd >128 >128
Se >128 >128
Sf >128 >128
Sg >128 >128
Sh >128 >128
Si >128 >128
Sj >128 >128
Sk >128 >128
10 >128 >128
11 32 16
13 >128 >128
15 32 32
quercetin >128 64
norfloxacin 0.25 0.25
novobiocin 8 8
1 >128 >128

E. coli DNA gyrase E. coli topoIV S. aureus topoIV
1.66 &+ 0.07 8.59 £ 0.11 0.44 £+ 0.17
0.72 £ 0.05 6.76 £ 0.17 0.29 £ 0.11
1.79 £ 0.20 11.99 £ 0.09 2.57 £0.12
1.40 + 0.06 11.52 £ 0.13 2.99 +0.03
0.43 £ 0.08 11.33 £ 0.06 1.78 £ 0.18
0.77 £ 0.07 10.89 £ 0.11 1.93 £ 0.25
0.38 £0.12 11.02 £ 0.04 0.52 £ 0.04
221 £0.20 10.52 £ 0.10 2.69 £+ 0.11
1.05 £ 0.15 10.21 £ 0.17 0.46 £+ 0.02
2.39 £ 0.09 10.86 £ 0.13 1.59 + 0.09
5.39£0.28 >12 299 £0.13
2.09 £0.16 9.46 £ 0.11 1.49 £ 0.16
0.78 £ 0.03 9.16 £ 0.19 0.22 £ 0.06
2.98 £ 0.09 10.74 + 031 2.94 + 0.10
5.02 £ 0.06 >12 4.05 £ 021
NT NT NT
0.10 & 0.06 3.07 £ 0.18 0.07 &+ 0.08
NT NT NT
0.26 £ 0.08 5.34£0.22 0.20 £ 0.01
0.14 & 0.04 6.42 £ 0.07 NT
0.09 & 0.01 NT 3.50 & 0.02
0.05 £ 0.01 0.11 £ 0.05 NT
3.11+£0.11 NT 2.70 £ 0.23

“NT, not tested. ¥ Microdilution method,36 MIC determined after 24 h. “ Pseudomonas aeruginosa PAO1. 4. coli K-12; ICsq. * The concentration of
compounds that inhibits 50% of supercoiling (E. coli DNA gyrase) and decatenation (E. coli and S. aureus topoIV) activities.

or topoIV.>* The physicochemical properties (e.g, relative
hydrophobicity, charge, or molecular mass) of antibacterial
compounds are essential for penetration into the bacterial cell
and have a different role in Gram-positive and Gram-negative
organisms. Compounds with antibacterial activity against Gram-
positive bacteria have less limitation in high molecular weight
(MW); the most likely reason for this property is the different cell
architecture of bacteria that greatly affects permeability and efflux
of compounds.®® Thus, the 2",6"-diacyl homologues Sa—k
except 5g and Sk showed comparatively better activity against
Gram-positive organisms tested than those of 6”-acyl homo-
logues 4a,b and 3,7-diacyl homologues 3a,b with pronounced
S. aureus topolV decatenation activity, although 3a,b and 4a,b
showed almost equal or better inhibition to the same enzyme.
Furthermore, the antibacterial activity of 2”,6"-diacyl homolo-
gues is ca. four times more potent than previously reported
2"",3""-diacyl homologues 2a—h. Maybe the acyl substituents give
these 2,6""-diacyl homologues comparatively good properties to
enter into Gram-positive bacterial organisms across the periplas-
mic space or cytoplasm. Nevertheless, the investigated compounds
appeared to show moderate inhibition of E. coli topoIV decatena-
tion as compared to E. coli DNA supercoiling and S. aureus
decataenation. These data indicate that the MOA of these
compounds are fluoroquinolone-like, but in an entirely new way,
and therefore exemplify a new class of antibacterial agents. Among
the 2”,6"-diacyl homologues, fluorine-containing Sc, Se, $i, and 5j
except Sk displayed comparatively greater inhibition toward the

growth of Gram-positive organisms. Maybe the fluorine modulates
the electronic effects on phenyl rings and also influences the steric
characteristics and the hydrophilic—hydrophobic balance of these
molecules.”®

On the other hand, compounds having comparatively high
MW and bulky side chains did not inhibit the growth of Gram-
negative organisms, even at high concentrations, despite showing
pronounced E. coli DNA gyrase supercoiling inhibition. The
reason for these results is not clear, but hindrance of penetration
into Gram-negative organism through the porin channel might
be involved.>> Compounds with activity against Gram-negative
organisms must overcome further barriers to function, namely,
the penetration of the outer lipid membrane and evasion of efflux
pumps.>**” Both parameters are partially believed to be derived
by the properties of cylinder-shaped porin proteins (f-barrels)
that serve as a major entry pathway in Gram-negative bacteria.>
The required activation energy for li;)ophilic molecules to pass
this hydrophilic channel is too high,>> and these molecules are
consequently prevented from crossing the outer membrane and
subsequently entering the relevant target containing compart-
ment of either the periplasmic space or the cytoplasm.

Comparatively low MW and highly polar quercetin, 11 and 15
showed Gram-negative organism resistance at high concentrations
with good E. coli DNA gyrase supercoiling activity. Nonetheless,
these three compounds did not inhibit the growth of Gram-
positive organisms tested, despite showing significant S. aureus
topolV inhibition. The cause may be less favorable accumulation
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of these three compounds in Gram-positive bacterial mem-
brane.’*°¢%%%° Therefore, for an antibacterial agent to be effective,
it must penetrate the bacterial cell first to reach its target enzymes.

However, compounds 5g and Sk with comparatively bulky
substituents showed dramatically reduced enzyme inhibition and
antibacterial activity. Molecular docking studies also demon-
strated least favorable binding due to the relative bulky substit-
uents on the 2”,6"-positions of 5g and Sk. So, it is clear that size
and lipophilicity of the substituent on quercetin diacylglycosides
Sa—k are the key factors in determining and enhancing its
antibacterial activity.

Bl CONCLUSION

We have previously synthesized and tested a series of querce-
tin diacylglucosides, which showed interesting biological activity
against a panel of selected multidrug-resistant Gram-positive
bacterial pathogens. In the present paper, we have successfully
developed a compound Si as a representative of quercetin
diacylglycoside analogues that showed ca. four times better
activity than previous compounds, as well as minimum two times
better efficacy than vancomycin and norfloxacin against a wide
range of antibiotic-resistant bacterial pathogens including
MRSA, MSSA, VRE, VISA, and Streptococcus pneumoniae and
exhibited realistic absorption in rats and very low toxicity in mice.
Our mechanistic studies revealed that although quercetin dia-
cylglycosides show modest and dual inhibition toward E. coli
DNA gyrase and S. aureus topolV, their antibacterial activity is

Table 3. Decatenation Activity for Compounds 1, 2a—h,
Norfloxacin, and Novobiocin”

decatenation inhibitions, ICs,” (M)

compd E. coli topoIV S. aureus topolV

2a 10.98 £+ 0.12 1.98 £ 0.07
2b 11.83 £+ 0.09 1.83 +£0.19
2c 10.79 £+ 0.14 121 £0.11
2d 10.09 £ 0.18 1.45 £ 0.06
2e 11.79 + 0.08 1.98 £ 0.08
2f >12 3.02 £0.14
2g 11.57 £ 0.11 2.02 £0.21
2h 10.40 £ 0.13 0.69 £ 0.03
norfloxacin NT 3.50 4 0.02
novobiocin 0.11 4 0.05 NT

1 NT 2.70 +0.23

“NT, not tested. " The concentration of compounds that inhibits $0%
decatenation (E. coli and S. aureus topolV) activity.

not related only to their effect on these enzymes. The two factors
that contribute to their antibacterial potency are the ability to
penetrate the bacterial cell and their potentiality to inhibit these
enzymes. The presence of suitable sizes of liphophilic acyl groups
on the sugar moiety of quercetin diacylglycoside is required for
activity against multidrug-resistant Gram-positive organisms. In
summary, novel quercetin diacylglycosides represent one of the
most exiciting recent chemical advances in the antibacterial field.
As a novel chemical class that addresses the multidrug resistance
problem by their novel mode of action, the representative
compound Si is an attractive candidate for further investigation
to provide new antibacterial agents for use against nosocomial
multidrug-resistant Gram-positive infection.

B EXPERIMENTAL SECTION

Mass spectra were recorded at 70 eV ionizing voltage with FAB
ionization using VG-70SE spectrometer and 3-nitrobenzyl alcohol as a
matrix. "H NMR and "*C NMR spectra were recorded on a VXR 300,
400, and 600 MHz (300, 400, and 600 MHz for 'H and 150 MHz for
'3C) spectrometer. 'H chemical shifts are expressed in parts per million
(ppm) based on internal TMS in CDCl; or DMSO-dg. "*C chemical
shifts are expressed in parts per million (ppm) based on solvent signal of
DMSO-dg. The four-bond coupling in aromatic system is expressed by
*J. Elemental analyses were measured by a Yanako CHN Corder MT-5
apparatus and confirmed purity of compounds at >95%. All reagents
were of commercial quality from freshly opened containers and were
used without further purification. Reaction progress was monitored by
analytical TLC on precoated glass plates (silica gel 60 F,s4 Merck and 70
FM Plate-Wako), and products were visualized by UV light. Column
chromatography was accomplished on silica gel 60 (spherical, S0—60
mm, Kanto Chemical Co. Inc.). The reaction temperatures are indicated
as the temperature of the oil bath. Anhydrous DMF was stored over
activated 4 A molecular sieves, and all other solvents were dried and
freshly distilled prior to use.

Synthesis and Characterization of 2-(2,2-Diphenylbenzol[d]-
[1,3]dioxol-5-yl)-5,7-dihydroxy-3-j3-p-tetraacetylgalacto-
syl-4H-chromen-4-one (8). A mixture of 2-(2,2-dephenyl-
benzo[d][1,3]dioxol-5-y1)-3,5,7-trihydroxy-4H-chromen-4-one ~ 6%
(0.47 g, 1 mmol), 2,3,4,6-tetra-O-acetyl-0.-p-galactopyranosyl bromide
(0.62 g, 0.97 mmol), and anhydrous K,CO; (0.19 g, 0.87 mmol) in dry
DMF or anhydrous acetone (10 mL) was stirred at 0 °C for S h under
argon. The resulting reaction mixture was poured into cold water
(20 mL). The deposited pale yellow solid mass was collected by
filtration. Collected crude product was purified by flash column chro-
matography on silica gel, eluted with a mixture of EtOAc and n-hexane
(1.25:2), to afford colorless powder of 8 (0.54 g 69%). 'H NMR
(DMSO-dg, 300 MHz): ¢ 1.90, 2.00, 2.01, and 2.14 (each s, each
3H, 4 x CH;CO), 3.84—3.91 (m, 3H, 3"-H, 4’-H, §"-H), 5.09

(A) E. coli DNA
supercoiling assay

o.c.
lin.
S.C.

(B) E. coli topolV
decatenation assay

(C) S. aureus topolV
decatenation assay

Figure 2. DNA gyrase and topolV activity assays of compound 5i: (A) DNA supercoiling assay by gyrase from E. coli strains JMtacA and JMtacB,*’ (B)
decatenation assay by topoIV from E. coli ParC and ParE subunits, and (C) decatenation assay by topoIV from . aureus.%" Gels were run in the absence of
ethidium bromide or chloroquine. o.c., open-circular DNA; lin., linear DNA; s.c., supercoiled DNA; and mc, decatenated mini circles.
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DNA gyrase

N1

y /4

Topoisomerase IV

Figure 3. AutoDock-modeled binding of Si at the ATP binding site of DNA gyrase B and topoIV ParE. Superposition of native ligand novobiocin (lines)

and Si (sticks and balls). H-bonds are displayed as spheres.

(dd, Js g1 = 3.0 Hz, Jger = 10.8 Hz, 1H, 6"-Hy,), 5.35 (d, J57 6112 = 3.6
Hz, 1H,6'"-H,), 5.41 (dd, ]+ = 7.8 Hz, Jo» 3+ = 7.2 Hz, 1H,2"-H), 5.53
(d, ]y, =7.8Hz, 1H,1"-H), 625 (d,*] = 1.8 Hz, 1H, 8-H), 6.35 (d, ¥ =
2.4 Hz, 1H, 6-H), 6.96 (d, ] = 8.1 Hz, 1H, §'-H), 7.37—7.42 (m, 6H,
PhH), 7.58—7.61 (m, 4H, PhH),7.67 (dd, ] = 8.4 Hz,*] = 2.4 Hz, 1H, 6'-
H), 7.70 (d, *] = 2.4 Hz, 1H, 2/-H), 12.52 (s, 1H, 5-OH, D,O exch.).
FAB-MS m/z [M + H] " ion = 797.

Synthesis and Characterization of 2-(2,2-Diphenylbenzo[d]-
[1,31dioxol-5-yl)-5,7-dihydroxy-3-/3-p-galactosyl-4H-chromen-
4-one (9). To a solution of 8 (0.80 g, 1 mmol) in EtOAc and MeOH
(1:1, 20 mL) was added MeONa (0.10 g, 1.80 mmol), and the solution
was stirred at room temperature for 1.5 h. After the reaction was
completed, the solution was neutralized by passage down through a
Dowex 50 (H") ion-exchange resin column. The resin was filtered, and
the filtrate was concentrated to afford 9 (0.49 g, 78%) as a colorless
powder. 'H NMR (CDCls, 300 MHz): 6 4.13,4.18, 4.80, and 5.10 (each
br s, each 1H, 2""-OH, 3"”-OH, 4”-OH, and 6’-OH, D,O exch.),
421-4.30 (m, 3H, 3"-H, 4-H, 5"-H), 4.61 (dd, Js ¢, = 3.0 Hz,
Jeem = 10.8 Hz, 1H, 6'-Hy,), 4.91 (d, Js 611 = 3.6 Hz, 1H, 6"-H,), 4.95
(dd, Jy o = 7.8 Hz, Jp» 3 = 7.2 Hz, 1H, 2""-H), 5.10 (d, ], 2 = 7.8 Hz,
1H,1”-H), 6.24 (d,*J= 1.8 Hz, 1H, 8-H), 6.36 (d, */ = 2.4 Hz, 1H, 6-H),
6.97 (d, ] =8.1 Hz, 1H, §'-H), 7.39—7.43 (m, 6H, PhH), 7.57—7.60 (m,
4H, PhH), 7.67 (dd, J = 8.4 Hz, '] = 2.4 Hz, 1H, 6-H), 7.72 (d, *T= 2.4
Hz, 1H, 2/-H), 10.79 (s, 1H, 7-OH, D,0 exch.), 12.72 (s, 1H, 5-OH,
D,O0 exch.). FAB-MS m/z [M + H]" ion = 629.

Synthesis and Characterization of 2-(3',4'-Dihydroxyphenyl)-
5,7-dihydroxy-3-f-p-tetraacetylgalactosyl-4H-chromen-4-one
(10). To a solution of 8 (0.80 g, 1.00 mmol) in EtOAc—EtOH (1:1,
30mL), 10% Pd/C (1 equiv) was added and vigorously stirred at 0 °C to
room temperature for 8 h under hydrogen pressure (balloon). After the
Pd/C was removed by filtration, the filtrate was concentrated under
reduced pressure at 30 °C, and the residue was purified by flash column

Essential for binding to the DNA Gyrase B
and topolV ParE complexes

Controls gyrase, topolV
and antibacterial potency

/ (n = zero to four)

\ ~
Essential for bacterial™, Y?
membrane transport and

play an important role in Ras
Gram-positive affinity Moderate influence on potency

(Gram-positive affinity)
(R = OH, OEt, Me, "Pr, F)

Compd Y1, Y2, Y8 (Attached aliphatic or aromatic n (no. of linker
carbonoy! groups/ Hydrogen) CHj groups)

2a-h Y1 = Y2 = COCgH4(R), CO(CH,);CeHa(R), zero to two
CO(CH,),CeH4(R); Y8 = Hydrogen

da-b Y2 = CO(CH,),CeHa(R); two

Y' = Y2 = Hydrogen
Sa-k Y = Y3 = COCgH4(R), CO(CH,);CeHa(R), zero to four
CO(CHy)2CgH4(R), CO(CHo)3CeH4(R),
CO(CH,)4CgH4(R); Y2 = Hydrogen

Figure 4. Overview of SAR of quercetin diacylglycoside analogues.

chromatography using a mixture of EtOAc and n-hexane (1:1) as eluting
solvent to give 10 (0.43 g, 68%) as pale yellow powders. "H NMR
(CDCls, 600 MHz): 6 1.77, 1.91, 2.02, and 2.11 (each s, each 3H, 4 x
CH,CO), 3.81-3.86 (m, 2H, 4’-H, 5"-H), 4.16 (dd, J,» 3+ = 7.2 He,
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Jy 4 = 6.6 Hz, 1H, 3"'-H), 5.16 (dd, J, ,» = 7.8 Hz, J,» 3 = 7.2 Hz, 1H,
2/-H), 5.19—5.25 (m, 2H, 6"-H), 5.61 (d, ], ,» = 7.8 Hz, 1H, 1"-H),
6.18 (d,J= 1.8 Hz, 1H, 8-H), 6.38 (d, J = 2.4 Hz, 1H, 6-H), 6.83 (d, ] =
8.1 Hz, 1H, 5'-H), 7.44 (d, /] = 2.4 Hz, 1H, 2/-H), 7.50 (dd, J = 8.4 Hz,
*T=2.4Hz, 1H, 6-H), 9.15 (s, 1H, 3'-OH, D,0 exch.), 9.80 (s, 1H, 4-
OH, D,O exch.), 10.87 (s, 1H, 7-OH, D,O exch.), 12.56 (s, 1H, 5-OH,
D,O exch.). EAB-MS m/z [M + H]" ion = 633. Anal. calcd for
CyoH,5016: C, 55.07; H, 4.46. Found: C, 55.29; H, 4.77.

Synthesis and Characterization of 2-(3',4’-Dihydroxyphenyl)-
5,7-dihydroxy-3--p-galactosyl-4H-chromen-4-one (11). Com-
pound 11 in 64—67% was prepared using similar procedures to that for 9
or 10. '"H NMR (DMSO, 400 MHz): 0 344 (br s, 2H, 5"'-H, 4'-H),
3.53—3.58 (m, 2H, 3""-H, 6"-Hy,), 3.64 (brs, 2H, 2""-H, 6'-H,), 4.20, 4.23,
4.85, and S5.13 (each br s, each 1H, 2”/-OH, 3"-OH, 4”-OH, 6"-OH, each
D,0 exch.),5.38 (d, ]y v =7.5Hz, 1H, 1”-H),6.18 (d, "= 1.8 Hz, 1H, 8-H),
639 (d,*7= 1.8 Hz, 1H, 6-H), 681 (d, ] = 9.0 Hz, 1H, 5'-H), 7.51 (d, ¥/ = 2.4
Hz, 1H, 2'-H), 7.67 (dd, ] = 84 Hz, *] = 2.4 Hz, 1H, 6-H), 9.15 (s, 1H, 3'-
OH, D,0 exch.),9.72 (s, 1H, 4 -OH, D,0 exch.), 10.86 (s, 1H, 7-OH, D,O
exch.), 12.63 (s, 1H, 5-OH, D,0 exch.). FAB-MS m/z [M + H] " ion = 465.
Anal. caled for C,;H,00,5: C, 54.31; H, 4.34. Found: C, 54.09; H, 4.16.

Synthesis and Characterization of 2-(2,2-Diphenylbenzo[d]-
[1,3]dioxol-5-yl)-5-hydroxy-3,7-di-(3-p-tetraacetylgalactosyl)-
4H-chromen-4-one (12). Compound 12 (0.86 g, 76%) was prepared
from compound 6 (0.47 g, 1 mmol) using a similar procedure to that for 8.
"H NMR (CDCl;, 600 MHz): 6 1.91,2.00, 2.01, 2.02, 2.07, 2.08, 2.12, and
2.19 (each s, each 3H, 8 x CH;CO), 3.83—3.84 (m, 1H, 5"-H),
3.88—3.89 (m, 2H, 3"-H, 4'-H), 4.10—4.14 (m, 1H, 5'"-H), 4.20—
4.23 (m, 2H, 3"'-H, 4""-H), 5.091 (dd, Js" ¢'11 = 3.6 Hz, Jgem = 10.8 Hz,
1H, 6"-Hy,), 5.13 (dd, Js 6111 = 3.6 Hz, Jgem = 12.0 Hz, 1H, 6"'-Hy), 5.35
(d,Js 6112 = 3.6 Hz, 1H, 6""-H,), 5.41 (dd, ], »» = 7.8 Hz, ], 3 = 7.2 Hz,
1H,2"-H), 5.48 (d, Js" /112 = 3.6 Hz, 1H, 6"'-H,), 5.52 (dd, J; »» = 8.4
Hz, J» yi = 7.8 Hz, 1H, 2"""-H), 5.54 (d, J1» ,» = 7.8 Hz, 1H, 1"-H), 5.56
(d, Jyn v =7.8 Hz, 1H,1""-H), 643 (d,*J = 1.8 Hz, 1H, 8-H), 6.56 (d, /T =
2.4Hz, 1H, 6-H), 6.98 (d, ] = 8.1 Hz, 1H, 5'-H), 7.26—7.42 (m, SH, PhH),
7.57—7.61 (m, 5H, PhH), 7.69 (dd, ] = 8.4 Hz, *J = 2.4 Hz, 1H, 6'-H), 7.71
(d,*T=2.4 Hz, 1H, 2'-H), 12.49 (s, 1H, 5-OH, D,0 exch.). FAB-MS m/z
[M + H]" ion = 1127.

Synthesis and Characterization of 2-(3’,4’-Dihydroxyphenyl)-
5-hydroxy-3,7-di-(f-p-tetraacetylgalactosyl)-4H-chromen-4-one
(13). Compound 13 (0.77 g, 80%) was prepared from 12 (1.13 g, 1
mmol) using a similar procedure to that for 10. "H NMR (CDCls, 600
MHz): 0 1.78, 1.93, 1.95, 1.98, 2.03, 2.04, 2.13, and 2.14 (each s, each
3H, 8 x CH;CO), 3.82—3.88 (m, 2H, 3""-H, §"-H), 4.07—4.13 (m, 2H,
3""-H, '"""-H),4.18 (dd, J,» »» = 7.2 Hz, Jo» 3 = 6.0 Hz, 1H, 2"/-H), 4.51
(dd, Jy» yr = 7.2 Hz, Jym 3 = 6.0 Hz, 1H, 2""'-H), 5.18—5.22 (m, 3H,
4"-H, 6'-H), 5.23—5.27 (m, 2H, 4"-H, 6""-H,), 5.36 (br s, 1H, 6'"-
Hy), 5.63 (d, Ji»+ = 7.2 Hz, 1H, 1"-H), 5.68 (d, ],y = 7.2 Hz, 1H,
1""-H), 6.42 (d, *] = 1.8 Hz, 1H, 8-H), 6.73 (d, *J = 2.4 Hz, 1H, 6-H),
6.86 (d,J = 8.1 Hz, 1H, §'-H), 7.50 (d, *T = 1.8 Hz, 1H, 2’-H), 7.51 (dd, ]
=8.4Hz, *J=2.4Hz, 1H, 6 -H), 9.15 (s, 1H, 3’-OH, D, O exch.), 9.92 (s,
1H, 4-OH, D,0 exch.), 12.62 (s, 1H, 5-OH, D,0 exch.). FAB-MS m/z
[M + H]" ion = 963. Anal. caled for Cy3HusOss: C, 53.46; H, 4.82.
Found: C, 53.72; H, 5.03.

Synthesis and Characterization of 2-(2,2-Diphenylbenzo[d]-
[1,3]1dioxol-5-yl)-5-hydroxy-3,7-di-(3-p-galactosyl)-4H-chromen-
4-one (14). Compound 14 (0.55 g 69%) was prepared from 12 (1.13 g 1
mmol) using a similar procedure to that for 9. "H NMR (CDCl;, 600 MHz):
0 3.80—3.82 (m, 1H, §"-H), 3.85—3.87 (m, 2H, 3"-H, 4'-H), 4.09—4.12
(m, 1H, §""-H), 420—4.24 (m, 2H, 3"""-H, 4""-H), 4.40, 4.51, 4.85, 4.88,
5.01,and 5.21 (each d, each 1H, each J = 5.4 Hz,2"-OH, 3"-OH, 4’-OH, 2'"’-
OH, 3"”"-OH, and 4"-OH, D,O exch.), 4.38 and 4.61 (each dd, each
J=54Hz, ] =6.0Hz,6'-OH, 6''-OH, D,0 exch.), 5.07 (dd, Jy ¢'t1, = 3.6
Hz, Joem = 10.8 Hz, 1H, 6" -Hy), 5.09 (dd, Js ¢111 = 3.6 Hz, Jger = 12.0 Hy,
1H,6""-Hy), 5.31 (d, Js ¢ = 3.6 Hz, 1H, 6" -H,), 5.38 (dd, ], » = 7.8 Hz,

Jo 3 =72Hz, 1H,2"-H), 546 (d, Js g1, = 3.6 Hz, 1H, 6"'-H,), 5.49 (dd,
Ju =84 Hz, [y yn =78 Hz, 1H,2""-H), 5.51 (d, ]y y» = 7.8 Hz, 1H, 1''-
H), 5.53 (d, ]y = 7.8 Hz, 1H, 1" -H), 640 (d, ] = 1.8 Hz, 1H, 8-H), 647
(d,*J=24Hz, 1H, 6-H), 699 (d,] = 8.1 Hz, 1H, §'-H), 7.26—7.43 (m, SH,
PhH), 7.56—7.60 (m, SH, PhH), 7.68 (dd, J = 8.4 Hz, /] = 2.4 Hz, 1H, 6 -H),
7.77 (d, ¥ = 24 Hz, 1H, 2/-H), 12.36 (s, 1H, 5-OH, D,O exch.). FAB-MS
m/z [M + H]" ion = 791.

Synthesis and Characterization of 2-(3’,4’-Dihydroxyphenyl)-
5-hydroxy-3,7-di-(f-p-galactosyl)-4H-chromen-4-one (15). Com-
pound 15 (044 g, 70%) was prepared from 13 (0.96 g, 1 mmol) using a
similar procedure to that for 9. "H NMR (CDCls, 600 MHz): § 325—3.31
(m, 1H, 5""-H), 3.34—3.37 (m, 2H, 3""-H, 4'-H), 3.40—3.44 (m, 1H, 5""'-
H), 345—3.50 (m, 2H, 3"""-H, 4"-H), 3.52—3.61 (m, 3H, 2”"-H, 6"-H),
3.63—3.700 (m, 3H, 2"""-H, 6"-H), 442 (d, ] = 42 Hz, 1H, 2"-OH, D,0
exch.), 445 (dd, ] = 48 Hz, ] = 6.0 Hz, 1H, 6'-OH, D,0 exch.), 455 (d, =
4.8 Hz, 1H, 2”"-OH, D,0 exch.), 468 (dd, ] = 54 Hz, ] = 6.0 Hz, 1H, 6"-
OH, D,0 exch.), 4.86 and 4.91 (each d, each 1H, J = 6.0 Hz, 2H, 3"’-OH, 3'"'-
OH, D,0 exch.), 5.02 (d, J;+»» = 7.8 Hz, 1H, 1"-H), 5.12 and 5.25 (each d,
each 1H, each ] = 54 Hz, 2H, 4’-OH, 4" —OH, D,0 exch.), 540 (d,
Jy oy =7.8 Hz, 1H, 1""-H), 643 (d, ] = 1.8 Hz, 1H, 8-H), 673 (d, /=24
Hz, 1H, 6-H), 6.82 (d, ] = 8.1 Hz, 1H, 5'-H), 7.53 (d, ¥/ = 1.8 Hz, 1H, 2'-H),
7.67 (dd, ] = 8.4 Hz, *T = 2.4 Hz, 1H, 6'-H), 9.14 (s, 1H, 3'-OH, D,0 exch.),
975 (s, 1H, 4'-OH, D,0 exch.), 1249 (s, 1H, 5-OH, D,0 exch.). *C NMR
(DMSO, 150 MHz): 6 60.67, 60.88, 68.45, 68.6, 70.57, 71.69, 73.53, 73.61,
7626, 7643, 94.10, 99.92, 10097, 102.24, 106.15, 115.80, 116.78, 121.66,
122.65, 13440, 134.79, 145.28, 149.0S, 156.61, 157.47, 163.55, 178.24. FAB-
MS m/z [M + H] " ion = 627. Anal. caled for C,,H300;-: C, 51.76; H, 4.83.
Found: C, 52.07; H, 4.94.

Synthesis and Characterization of 5,7-Dibenzyloxy-2-(2,2-
diphenylbenzo[d][1,3]dioxol-5-yl)-3-3-p-tetraacetylgalacto-
syl-4H-chromen-4-one (16). To a mixture of 8 (0.80 g, 1 mmol)
and anhydrous K,CO5 (3 mmol) in anhydrous DMF (10 mL), benzyl
bromide (3.0 mmol) was added at room temperature, and the mixture
was stirred at room temperature for 7 h. After the reaction was
completed, cold water was added to the reaction mixture. The deposited
solid mass was collected by filtration, washed with water, and dried. The
resulting crude product was recrystallized from the mixture of EtOAc
and n-hexane to afford 16 (0.85 g, 87%) as a colorless powder. "H NMR
(CDCl;, 300 MHz): 6 1.90, 2.00, 2.15, and 2.19 (each s, each 3H, 4 X
CH;CO), 3.84—3.90 (m, 1H, 5"-H), 4.09—4.18 (m, 2H, 6'"-H), 5.09
(dd,3H, J,» 37 =8.4Hz, J3 4+ = 6.6 Hz, 1H, 3""-H), 5.10 and 5.27 (eachs,
each 2H, 2 x CH,Ph), 5.33—5.51 (m, 2H, 2""-H,4"-H), 5.72 (d, J1» » =
7.8 Hz, 1H, 1"-H), 6.41 (d, *] = 2.4 Hz, 1H, 8-H), 6.62 (d, *] = 2.4 Hz,
1H, 6-H), 6.97 (d, ] = 8.4 Hz, 1H, §'-H), 7.37—7.43 (m, 14H, PhH),
7.56—7.61 (m, 6H, PhH), 7.68 (d, *] = 2.4 Hz, 1H, 2'-H), 7.70 (dd, ] =
8.4 Hz, *] = 2.4 Hz, 1H, 6/-H). FAB-MS m/z [M + H] " ion = 977.

Synthesis and Characterization of 5,7-Dibenzyloxy-
2-(2,2-diphenylbenzo[d][1,3]dioxol-5-yl)-3-5-p-galactosyl-
4H-chromen-4-one (17). Compound 17 (0.63 g, 78%) was pre-
pared from 16 (1.0 g, 1.20 mmol) using a similar procedure to that for 9.
"H NMR (DMSO, 300 MHz): 6 3.31—3.66 (m, SH, 3""-H, 4"-H, 5''-H,
6"-H), 3.66,4.45,6.71,and 6.98 (each brs, 4H, 2""-OH, 3'"-OH, 4"-OH,
6"-OH, each D,0 exch.), 5.24 and 5.27 (each s, each 2H, 2 x CH,Ph),
5.26—5.30 (m,2H, 2""-H, 1"-H), 7.13 (d, *] = 2.1 Hz, 1H, 8-H), 7.16 (d,
*J=2.1Hz, 1H, 6-H),7.30 (d,] = 8.1 Hz, 1H, 5'-H), 7.32—7.48 (m, 14H,
PhH),7.55—7.61 (m, 6H, PhH), 7.85 (dd, ] = 8.4 Hz, *] = 2.4 Hz, 1H, 6'-
H),7.92 (d, ¥/ = 2.4 Hz, 1H, 2/-H). FAB-MS m/z [M + H] " ion = 809.
Anal. caled for C4gH40045: C, 71.28; H, 4.98. Found: C, 71.56; H, 4.84.

Synthesis and Characterizations of 5,7-Dibenzyloxy-2-(2,2-
diphenylbenzol[d][1,3]dioxol-5-yl)-3-3-p-(3",4"-O-isopropyli-
dene)galactosyl-4H-chromen-4-one (18). A mixture of 17 (0.81 g,
1 mmol), anhydrous acetone (50 mL), and anhydrous copper sulfate
(2.0 g) was taken in a 300 mL flask, and to it was added concentrated
H,SO, (1 drop). Then, the flask was sealed and kept at room temperature
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tor 12 h. The reaction mixture was shaken several times with in this period.
After the reaction was complete, copper sulfate was filtered off, and filtrate
was concentrated under reduced pressure to ca. 3 mL. After the addition of
n-hexane into the solution, solid product was deposited and was collected
by filtration to give 18 (0.70 g, 82%) as colorless powdery crystals. '"H
NMR (DMSO-dg, 600 MHz): ¢ 1.27 and 1.44 (each s, each 3H, 2 X
CHj,), 3.36—3.41 (m, 1H, 5"-H), 3.39—3.72 (m, 2H, 2""-H, 3"-H), 3.73
(ddd, Js 10 = 54 Hz, J¢ b6’ on = 4.8 Hz, Jgem = 9.6 Hz, 1H, 6"-Hy),
408 (dd, Jy7 4+ = 6.6 Hz, Jyr 4 = 54 Hz, 1H, 4/-H), 413 (dd, 1H,
J5 612 = 54 Hz, [ = 9.6 Hz, 6-Ha) 4.65 (t, ] = 4.8 Hz, 1H, 6"-OH,
D,0 exch.), 5.23 and 5.24 (eachss, each 2H, 2 X CH,Ph), 5.46 (d, ], o =
7.8 Hz, 1H, 1-H), 5.72 (d, ] = 4.8 Hz, 1H, 2/-OH, D,0 exch.), 6.71 (d,
*I=2.4Hz, 1H, 8-H), 6.96 (d, /T = 2.4 Hz, 1H, 6-H), 7.17 (d, ] = 7.8 Hg,
1H, §'-H), 7.42—7.49 (m, 14H, PhH), 7.53—7.56 (m, 6H, PhH), 7.73
(dd, J = 8.4 Hz, *] = 2.4 Hz, 1H, 6'-H), 7.96 (d, *] = 2.4 Hz, 1H, 2/-H).
FAB-MS m/z [M + H] " ion = 849. Anal. calcd for C5;H,4O15: C, 72.16; H,
5.22. Found: C, 71.89; H, 5.06.

General Procedure and Characterizations for Compounds
7a,b, 19a,b, and 21a—k. A mixture of 6 (0.47 g, 1 mmol) (for 7a,b) or
18 (0.85 g, 1 mmol) (for 21a—k), aliphatic or aromatic carboxylic acid
(3 mmol), N,N'-dicyclohexylcarbidiimide (DCC, 0.62 g, 3 mmol),
4-dimethylaminopyridine (DMAP, 0.36 g, 3 mmol), except for 19a,b,
18 (0.85 g, 1 mmol), and 4-substituted cinnamic acid (1.0 mmol), DCC
(1.0 mmol), and DMAP (0.8 mmol) were added in anhydrous dichlor-
omethane (10 mL) and were stirred under argon at —10 °C for 1 h and
then at 0 °C to room temperature for S—12 h. After the reaction was
completed, white precipitate (dicyclohexylurea) was removed by filtration
through a fritted Biichner funnel (G3), and the filtrate was washed twice
with 50 mL portions of 0.5 M citric acid and twice with 50 mL of 0.5 M
sodium bicarbonate solution. In the case of 7a,b and 19a,b, the filtrate was
washed with water instead of 0.5 sodium bicarbonate solution. During this
procedure, some additional dicyclohexylurea was precipitated, which was
removed by filtration. The organic solution was dried over anhydrous
sodium sulfate and evaporated under reduced pressure at 30 °C. The
residue was purified by flash column chromatography using a mixture of
EtOAc and n-hexane (1:4 or 1.25:4) as eluting solvent to give correspond-
ing products 7a,b, 21a—k, and 19a,b as colorless needles.

2-(2,2-Diphenylbenzo[d][ 1,3]dioxol-5-yl)-5-hydroxy-3,7-di-(4-methyi-
cinnamoyloxy)-4H-chromen-4-one (7a). Yield, 0.45 g (59%). "H NMR
(CDCls, 600 MHz): 6 3.49 and 3.50 (each s, each 3H, 2 x CH;Ph), 7.66
and 7.74 (each d, each 1H, each Jyqns = 16.2 Hz, 2 X PhCH=CH—), 7.76
(d,*/=1.8Hz,1H,8-H), 828 (d, */=2.4 Hz, 1H, 6-H), 8.34 (d, ] = 8.4 Hz,
1H, 5'-H), 8.45—8.50 (m, 14H, PhH), 8.57—8.60 and 8.63—8.65 (each m,
each 3H, PhH), 8.97 and 8.99 (each d, each 1H, each Jy.s = 16.2 Hz, 2 X
PhCH=CH-). FAB-MS m/z [M + H] " ion = 755.

2-(2,2-Diphenylbenzo[ d][ 1,3]dioxol-5-yl)-5-hydroxy-3,7-di-(4-fluorocinn-
amoyloxy)-4H-chromen-4-one (7b). Yield, 0.48 g (63%). 'H NMR
(CDCl3, 600 MHz): 6 7.55 and 7.62 (each d, each 1H, each Jiuns =
16.2Hz,2 x PhACH=CH-), 7.67 (d,*J= 1.8 Hz, 1H, 8-H), 7.93 (d, ] =
2.4 Hz, 1H, 6-H), 7.99 (d, ] = 8.4 Hz, 1H, 5'-H), 8.05—8.16 (m, 14H,
PhH), 8.17—8.19 (m, 6H, PhH), 8.87 and 8.89 (each d, each 1H, each
Juvans = 162 Hz, 2 x PACH=CH—). FAB-MS m/z [M + H] " ion = 763.

5,7-Dibenzyloxy-2-(2,2-diphenylbenzo[d][ 1,3]dioxol-5-yl)-3-p-0-[6''-
O-(4-methylcinnamoyl)-3",4""-O-isopropylidenelgalactosyl-4H-chro-
men-4-one (19a). Yield, 0.68 g (69%). "H NMR (CDCl,, 600 MHz): O
1.37 and 1.60 (each s, each 3H, 2 x CHj), 2.35 (s, 3H, CH;Ph), 3.87
(dd, J» 37 = 7.2 Hz, ]y 4» = 5.4 Hz, 1H, 3"-H), 3.93 (ddd, ], 5 = 4.8
Hz, Js ¢'1a = 42 Hz, 5 g = 3.6 Hz, 1H, §”-H), 4.13 (dd, J37 47 = 54
Hz, J,» s = 4.8 Hz, 1H, 4'"-H), 4.22 (dd, ], »» = 7.8 Hz, ;7 3v = 7.2 He,
1H,2"-H), 4.23 (dd, Jg /116 = 3.6 Hz, Jgem = 11.4 Hz, 1H, 6-H,), 4.42
(dd, Js,611a = 42 Hz, Jgem = 11.4 Hz, 1H, 6"'-H,), 4.85 (d, J17 > = 7.8
Hz, 1H, 1”-H), 5.07 and 5.24 (each s, each 2H, 2 x CH,Ph), 6.17 (d,
1H, Jivans = 15.6 Hz, P\CH=CH—), 647 (d, *J = 2.4 Hz, 1H, 8-H), 6.57
(d,*J = 2.4 Hz, 1H, 6-H), 6.96 (d, ] = 8.4 Hz, 1H, 5'-H), 7.12 and 7.25

(each d, each 2H, each | = 84 Hz, 2""""-H, 3""-H, §""-H, ¢"""-H),
7.33—7.42 (m, 16H, PhH), 7.47 (d, 1H, Jyans = 16.2 Hz, PhACH=CH—),
7.56—7.58 (m, 4H, PhH), 7.80 (dd, ] = 8.4 Hz, “J = 1.8 Hz, 1H, 6 -H), 7.81
(d,*J = 1.8 Hz, 1H, 2’-H). FAB-MS m/z [M + H] " ion = 993. Anal. calcd
for C4;Hs,015: C, 73.78; H, 5.28. Found: C, 73.77; H, 5.26.
5,7-Dibenzyloxy-2-(2,2-diphenylbenzo[d][ 1,3]dioxol-5-yl)-3-B-0-[6'-
O-(4-fluorocinnamoyl)-3",4'"-O-isopropylidenelgalactosyl-4H-chromen-
4-one (19b). Yield, 0.67 g (67%). "H NMR (CDCls, 600 MHz): 0 1.37
and 1.60 (each s, each 3H, 2 x CH3), 3.87 (dd, J,» 3» = 7.2 Hz, Jy» 4 =
5.4 Hz, 1H, 3"-H), 3.93—3.95 (m, 1H, 5"-H), 4.13 (dd, J5 4 = 5.4 He,
Ja s = 2.4 Hz, 1H, 4'-H), 424 (dd, J, ,» = 8.4 Hz, J,» 3 = 7.2 Hz, 1H,
2"-H),4.28 (dd, J5 671 = 4.8 Hz, Jgerm = 11.4 Hz, 1H, 6" -Hy,), 4.4 (dd,
Js 611 = 3.6 Hz, Jgem = 11.4 Hz, 1H, 6""-H,), 4.86 (d, ], = 8.4 Hz, 1H,
1”-H), 5.06/5.09 (AB system, Jap = 15.4 Hz, 2H, CH,Ph), 5.24 (s, 2H,
CH,Ph), 6.10 (d, 1H, Jyrans = 16.2 Hz, P\ACH=CH-), 6.47 (d, *] = 2.4
Hz, 1H, 8-H), 6.54 (d, *T = 2.4 Hz, 1H, 6-H), 6.94 (d, ] = 8.4 Hz, 1H, 5'-
H), 6.95 and 6.97 (each t, each 2H, each ] = 8.4 Hz, 2'""'-H, 3""""-H, §"""’-
H, 6"""-H), 7.34—7.41 (m, 16H, PhH), 7.42 (d, 1H, Jyans = 16.2 Hz,
PhCH=CH-), 7.56—7.57 (m, 4H, PhH), 7.81 (d, *] = 1.8 Hz, 1H, 2'-
H), 7.82 (brs, 1H, 6'-H). FAB-MS m/z [M + H] " ion = 997. Anal. calcd
for CeoH4o015F: C, 72.28; H, 4.95. Found: C, 72.63; H, 5.13.
5,7-Dibenzyloxy-2-(2,2-diphenylbenzo[ d][ 1,3]dioxol-5-yl)-3-5-0-[ 2" 6'-
di-O-(4-ethoxybenzoyl)-3" 4" -O-isopropylidene]galactosyl-4H-chromen-
4-one (21a). Yield, 0.76 g (66%). "H NMR (CDCly, 600 MHz): 6 1.32 and
1.60 (each s, each 3H, 2 x CH3), 1.36 and 1.41 (each t, each 3H, ] = 7.2
Hz, 2 X CH;3CH,), 3.90 and 4.03 (each q, J = 7.2 Hz, each 2H, 2 x
CH;CH,), 4.16—4.19 (m, 1H, 5"-H), 424 (dd, Jy» 4+ = 5.4 Hz, Jyr ¢ =
2.4 Hz, 1H, 4”-H), 438 (dd, J5" ¢/t = 5.4 Hz, Jyerm = 114 Hz, 1H, 6”-
Hy), 4.38 (dd, Jor30=72Hz, Jyr 4 = 5.4 Hz, 3""-H), 4.38 (dd, Js 61 =
5.4 Hz, Joem = 11.4 Hz, 1H, 6-H,), 5.05 (s, 2H, CH,Ph), 5.20/5.24 (AB
system, each d, Jo5 = 12.6 Hz, 2H, CH,Ph), 5.45 (dd, J; ,» =7.8 Hz, ] 3+
=7.2Hz, 1H,2"-H), 598 (d, ], »» = 7.8 Hz, 1H, 1"-H), 6.38 (d, ¥/ = 2.4
Hz, 1H, 8-H), 6.62 (d, 4] =2.4Hz, 1H, 6-H), 6.62 and 6.84 (each d, each
2H,eachJ=84Hz,2 x 3"'-H,2 x §"-H),6.95 (d,] = 8.4 Hz, 1H, §'-H),
7.32—7.41 (m, 14H, PhH), 7.59—7.62 (m, 7H, 2’-H, PhH), 7.71 (dd, ] =
8.4 Hz, 4] =2.4Hz, 1H, 6 -H), 7.74 and 8.10 (each d, each 2H, each ] = 9.0
Hz, 2 x 2"""-H, 2 x 6""'-H). FAB-MS m/z [M + H]" ion = 1145. Anal.
caled for CgoHggO\6: C, 72.37; H, 5.28. Found: C, 72.06; H, 5.19.
5,7-Dibenzyloxy-2-(2,2-diphenylbenzo[d][ 1,3]dioxol-5-yl)-3-f3-
o-[2",6"-di-O-(4-propylbenzoyl)-3",4'"-O-isopropylidenelgalactosyl-
4H-chromen-4-one (21b). Yield, 0.80 (70%). '"H NMR (CDCl,, 600
MHz): 6 0.89—0.92 (each t, each 3H, ] = 7.2 Hz, 2 x CH;CHS,), 1.34 and
1.60 (each's, each 3H, 2 x CH3), 1.55—1.58 (m, 4H, 2 x CH;CH,CH,),
2.54 and 2.60 (each t, each 2H, ] = 7.2 Hz, 2 X CH3;CH,CH,), 4.17 (ddd,
Jur s =24 Hz, Jo gy, = 48 Hz, J5 g1y, = 54 Hz, 1H, $/-H), 4.26 (dd,
Jy' 4 = SA Hz, Jyr g0 = 1.8 Hz, 1H, 4/-H), 4.39 (dd, J5 /111, = 54 Hg,
Jeem = 114 Hz, 1H, 6" -Hy), 443 (dd, o 37 = 7.2 Hz, Jy1 4r = S4 Hz, 3''-
H), 4.39 (dd, J5¢'11. = 4.8 Hz, Jgem = 114 Hz, 1H, 6"-H,), 5.05 (s, 2H,
CH,Ph), 5.20/5.22 (AB system, each d, Jap = 12.6 Hz, 2H, CH,Ph), 5.47
(dd, Jy o =7.8Hz, ] v =7.2Hz, 1H,2"-H),6.10 (d, ], »» = 7.8 Hz, 1H,
1"-H),6.39 (d, *J=24Hz, 1H, 8-H), 6.52 (d, *J= 2.4 Hz, 1H, 6-H), 694 (d, ]
=84 Hz, 1H, 5-H), 7.00 and 7.19 (each d, each 2H, each J = 8.4 Hz,2 x 3'"-
H,2 x §""-H), 7.33—741 (m, 14H, PhH), 7.59—7.62 (m, 7H, 2'-H, PhH),
7.71 (dd, ] = 84 Hz, ] = 2.4 Hz, 1H, 6 -H), 7.74 and 8.08 (each d, each 2H,
eachJ=8.4Hz,2 x 2""-H,2 x 6"-H).FAB-MS m/z [M + H] " ion=1141.
Anal. caled for CrHgyO 14t C, 74.72; H, 5.65. Found: C, 74.72; H, 5.35.
5,7-Dibenzyloxy-2-(2,2-diphenylbenzo[d][1,3]dioxol-5-yl)-3-[-
o-[2",6"-di-O-(4-fluorobenzoyl)-3",4'"-O-isopropylidenelgalactosyl-4H-
chromen-4-one (21c). Yield, 0.78 g (71%). "H NMR (CDCl,, 600
MHz): 0 1.35 and 1.57 (each s, each 3H, 2 x CH3), 4.17 (ddd, J,» s =
24Hz, Js gr11a = 5S4 Hz, Js ¢rup = 4.8 Hz, 1H, §”-H), 4.25 (dd, J37 4 =
S4Hz, Ju» s =24 Hz, 1H, 4"-H), 443 (dd, 7 3» = 7.2 Hz, J3 4 = 54
Hz, 3'-H), 4.45—4.47 (m, 2H, 6"-H), 5.06 and 5.21 (each s, each 2H,
2 X CH,Ph), 5.44 (dd, ], o7 = 7.8 Hz, J,» 3 = 7.2 Hz, 1H, 2"-H), 5.91
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(d,Jy»»=7.8Hz,1H,1"-H), 6.42 (d, */ = 2.4 Hz, 1H, 8-H),6.49 (d, ¥ =
2.4Hz, 1H, 6-H), 6.83 and 7.04 (each t, each 2H, J = 9.0 Hz,2 x 3"""-H, 2
x §"-H), 6.94 (d, ] = 8.4 Hz, 1H, §'-H), 7.35—7.43 (m, 14H, PhH),
7.58—7.62 (m, 7H, 2/-H, PhH), 7.67 (dd, ] = 8.4 Hz, /] = 2.4 Hz, 1H,
6'-H),7.78 and 8.19 (each dd, each 2H, J=8.4 Hz, ] = 9.0 Hz,2 x 2""-H,
2 x 6"-H). FAB-MS m/z [M + H]" ion =1093. Anal. calcd for
CesHs0014F5: C, 71.42; H, 4.61. Found: C, 71.71; H, 4.56.
5,7-Dibenzyloxy-2-(2,2-diphenylbenzo[ d][ 1,3]dioxol-5-yl) 3--0-[ 2,6/
di-O-(4-methylphenylacetyl)-3",4"-O-isopropylidenelgalactosyl-4H-
chromen-4-one (21d). Yield, 0.80 g (72%). '"H NMR (CDCl;, 600
MHz): § 1.25 and 1.48 (each s, each 3H, 2 x CHj), 2.23 and 2.26 (eachss,
each 3H, 2 X CH;sPh), 3.38/3.41 (AB system, each d, Jag = 15.6 Hz, 2H,
PhCH,CO), 3.72/3.79 (AB system, each d, Jag = 162 Hz, 2H,
PhCH,CO), 3.85 (ddd, ]y s = 24 Hz, [y g1, = 54 Hz, Jo g, = 4.8
Hz, 1H, §"-H), 3.99 (dd, J3+ 4» = S4 Hz, ], s = 2.4 Hz, 1H, 4'-H), 4.09
(dd, J5 g1 = 4.8 Hz, Jyem = 114 Hz, 1H, 6"-Hy,), 4.14 (dd, J5 ¢34, = 5.4
Hz, Jyem = 114 Hz, 1H, 6"-H,), 423 (dd, J 3» = 7.2 Hz, Jy' 4+ = 54 Hz,
1H, 3"-H), 5.06 and 5.27 (each s, each 2H, 2 x CH,Ph), 520 (dd, J,»» =
7.8 Hz, J 3 = 6.6 Hz, 1H,2""-H), 5.66 (d, ]y ,» = 7.8 Hz, 1H, 1""-H), 6.4
(d,*J=24Hz, 1H,8-H), 6.57 (d, *J=2.4 Hz, 1H, 6-H), 6.90 (d, ] = 8.4 Hz,
1H, §'-H), 6.97—7.00 (m, 4H, 2 x 3"""-H, 2 x §'"""-H), 7.05 and 7.20
(each d, J = 8.4, each 2H, 2 x 2'"""-H, 2 x 6'"'-H), 7.34—7.40 (m, 14H,
PhH), 7.57—7.59 (m, 6H, PhH),, 7.64 (d, *] = 2.4 Hz, 1H, 2/-H), 7.67 (dd,
J =84 Hz,*] = 1.8 Hz, 1H, 6-H). FAB-MS m/z [M + H] " ion = 1113.
Anal. caled for C4oHggO4: C, 74.45; H, 5.43. Found: C, 74.61; H, 5.82.
5,7-Dibenzyloxy-2-(2,2-diphenylbenzo[ d][ 1,3]dioxol-5-yl)3--0-[ 2,6/
di-O-(4-fluorophenylacetyl)-3",4""-O-isopropylidene]galactosyl-4H-
chromen-4-one (21e). Yield, 0.78 g (70%). "H NMR (CDCl,, 600
MHz): ¢ 1.27 and 1.51 (each s, each 3H, 2 x CHj3), 3.37/3.40 (AB
system, each d, Jag = 15.6 Hz, 2H, PhCH,CO), 3.73/3.81 (AB system,
each d, Jap = 162 Hz, 2H, PhCH,CO), 3.88 (ddd, J, ¢+ = 2.4 Hg,
Js 6'ma = 54 Hz, Js g, = 4.8 Hz, 1H, §'"-H), 4.03 (dd, J37 47 = 5.4 Hg,
Jur s+ =24 Hz, 1H,4"-H), 4.11 (dd, J5 /11, = 4.8 Hz, Jgem = 11.4 Hz, 1H,
6"-Hy), 4.17 (dd, Js 6110 = 5:4 Hz, Jgem = 11.4 Hz, 1H, 6"-H,), 4.24 (dd,
Jor 3 =7.2Hz, ]y 4 = 5.4 Hz, 1H, 3"-H), 5.08 and 5.26 (eachss, each 2H,
2 x CH,Ph), 5.19 (dd, o~ = 7.8 Hz, J,» 3 = 7.2 Hz, 1H, 3""-H), 5.64 (d,
Jyov=7.8Hz, 1H,1"-H), 6.46 (d, *] = 2.4 Hz, 1H, 8-H), 6.58 (d, "/ = 2.4
Hz, 1H, 6-H), 6.83 and 6.91 (each t, each ] = 9.0 Hz, 4H, 2 x 3""""-H, 2 x
5"""-H),6.90 (d,] = 8.4 Hz, 1H, 5'-H), 7.03 and 7.27 (each dd, J = 8.4, ] =
9.0 Hz, each 2H, 2 x 2""-H, 2 x 6"""-H), 7.35—7.41 (m, 14H, PhH),
7.56—7.59 (m, 6H, PhH), 7.63 (d,*] = 2.4 Hz, 1H, 2'-H), 7.67 (dd, ] = 8.4
Hz, ‘T = 1.8 Hz, 1H, 6-H). FAB-MS m/z [M + H]" ion = 1121. Anal.
caled for Cq7Hs4O14F,: C, 71.78; H, 4.85. Found: C, 71.59; H, 4.96.
5,7-Dibenzyloxy-2-(2,2-diphenylbenzo[d][1,3]dioxol-5-yl)-3-/3-
p-[2",6"-di-O-(4-benzyloxycinnamoyl)-3",4"-O-isopropylidene]
galactosyl-4H-chromen-4-one (21f). Yield, 0.81 g (61%). "H NMR
(CDCl3, 500 MHz): ¢ 1.33 and 1.55 (each s, each 3H, 2 x CH3),4.09 (ddd,
Jyr s =24 Hz, Jgr gy = 54 Hz, Jor gy, = 4.8 He, §7-H), 421 (dd, Jy 4 =
54 Hz, ] g = 2.4 Hz, 1H, 4'-H), 429—4.34 (m. 2H, 6"-H), 4.36 (dd,
Jor 30 =72 Hz, Jy 4+ = 5.4 Hz, 1H, 3" -H), 494/4.97 (AB system, each d,
Jas = 114 Hz, 2H, CH,Ph), 5.00, 5.07, and 5.18 (each s, each 2H, 3 x
CH,Ph), 5.34 (dd, ]y o = 7.8 Hz, Jy 3 = 72 Hz, 1H, 2" -H), 5.89 (d, J1 »
=7.8 Hz, 1H, 1"-H), 6.11 and 6.38 (each d, each 1H, each J,,s = 16.2 Hz, 2
x PhCH=CH-), 6.31 (d, /] = 1.8 Hz, 1H, 8-H), 6.46 (d, *] = 1.8 Hz, 1H,
6-H), 6.88 and 6.92 (each d, each 2H, each J=8.4 Hz,2 x 3""""-H,2 x §"""-
H), 698 (d, J = 9.0 Hz, 1H, §'-H), 7.31—7.46 (m, 24H, PhH), 7.60—7.63
(m,8H,2 x 2""""-H,2 x ¢"""-H, PhH), 7.65 and 7.71 (each d, each 1H, each
Jueans = 162 Hz, 2 x PhACH=CH—), 7.67 (d, ] = 1.8 Hg, 1H, 2'-H), 7.74
(dd, J =84 Hz, T= 1.8 Hz, 1H, 6 -H). FAB-MS m/z [M + H] " ion = 1321.
Anal. caled for Cg3HgsO16: C, 75.44; H, 5.19. Found: C, 75.78; H, 5.12.
5,7-Dibenzyloxy-2-(2,2-diphenylbenzo[ d][ 1,3]dioxol-5-yI)-3-p-0-[ 2,6 -
di-O-(4-ethoxycinnamoyl)-3",4'"'-O-isopropylidene]galactosyl-4H-chro-
men-4-one (21g). Yield, 0.81 g (68%). "H NMR (CDCl,, 600 MHz): 0
1.32 and 1.55 (each s, each 3H, 2 x CH;), 1.36 and 1.41 (each t, each 3H,

J=7.2Hz,2 x CH;CH,), 3.95 and 4.04 (each q, each 2H, ] = 7.2 Hz, 2 x
CH;CH,), 4.08 (ddd, J 5 = 24 Hz, ] ¢'110 = 54 Hz, J5» g1, = 4.8 Ha,
1H,5"-H),4.22 (dd, J3» 4+ = S4Hz, ] » = 2.4 Hz, 4" -H), 4.30—4.34 (m,
2H, 6'-H),4.37 (dd, ] y» =72 Hz, Jy» 4+ = 5.4 Hz, 1H, 3"-H), 4.92/5.00
(AB system, each d, Jag = 11.4 Hz, 2H, CH,Ph), 5.20 (s, 2H, CH,Ph),
5.35(dd, Jy»y = 7.8 Hz, Jy» 3 = 7.2 Hz, 1H, 2""-H), 5.90 (d, J; v = 7.8
Hz, 1H, 1”-H), 6.10 and 6.37 (each d, each 1H, each Jyqns = 16.2 Hz, 2 X
PhCH=CH-), 6.32 (d, *J = 2.4 Hz, 1H, 8-H), 6.44 (d, *] = 2.4 Hz, 1H,
6-H), 6.78 and 6.83 (each d, each 2H, each ] = 9.0 Hz, 2 x 3""-H, 2 x
5" H), 6.96 (d, ] = 84 Hz, 1H, 5'-H), 7.32—7.43 (m, 18H, PhH),
7.60—7.63 (m, 6H, PhH, 2 x 2'"""-H,2 x 6¢"""-H), 7.64 and 7.71 (each d,
each 1H, each Jyns = 162 Hz, 2 x PACH=CH-), 7.67 (d, *] = 1.8 H,
1H,2'-H),7.74 (dd, ] = 84 Hz, *J = 1.8 Hz, 1H, 6/-H). FAB-MS m/z [M +
H]" ion =1197. Anal. caled for C;3Hg4016: C, 73.23; H, 5.39. Found: C,
73.19; H, 5.35.

5,7-Dibenzyloxy-2-(2,2-diphenylbenzo[ d][ 1,3]dioxol-5-yl)-3-f-0-[ 2,6 -
di-O-(4-methylcinnamoyl)-3",4"-O-isopropylidene]galactosyl-4H-
chromen-4-one (21h). Yield, 0.86 g (76%). "H NMR (CDCl;, 600
MHz): 0 1.34 and 1.56 (each s, each 3H, 2 x CHj),2.31 and 2.35 (each
s, each 3H, 2 x CH3Ph), 4.08 (ddd, J,» s = 2.4 Hz, Js» ¢y, = 4.8 Hz,
Js» b = 54 Hz, 1H, §"-H), 422 (dd, J37 4+ = 5.4 Hz, Jy1 5 = 2.4 Hz,
1H, 4"-H), 4.29—4.36 (m, 2H, 6"-H), 4.37 (dd, J,» 3 = 7.2 Hz, J31 4v =
5.4 Hz, 1H, 3"-H), 4.94/4.98 (AB system, each d, Jag = 11.4 Hz, 2H,
CH,Ph), 5.19/5.21 (AB system, each d, Jag = 11.4 Hz, 2H, CH,Ph),
$.35(dd, J1 27 = 7.8 Hz, J» 3+ = 7.2 Hz, 1H, 2""-H), 5.89 (d, Jy v = 7.8
Hz, 1H, 1”-H), 6.21 and 6.46 (each d, each 1H, each J.,s = 16.2 Hz, 2 X
PhCH=CH-), 6.33 (d,*] = 2.4 Hz, 1H, 8-H), 6.47 (d, *] = 2.4 Hz, 1H,
6-H),6.96 (d,J =84 Hz, 1H, 5'-H), 7.11 and 7.14 (each d, each 2H, each | =
78Hz,2 x 2""""-H,2 x 6"""-H), 7.26—7.43 (m, 18H, PhH), 7.60—7.63 (m,
6H, PhH, 2 x 3"""-H, 2 x §"""-H), 7.66 and 7.73 (each d, each 1H, each
Juans = 162 Hz, 2 X PhACH=CH-), 7.68 (d, ¥J = 1.8 Hz, 1H, 2/-H), 7.74
(dd,J=8.4Hz, 'T= 1.8 Hz, 1H, 6 -H). FAB-MS m/z [M + H] " ion = 1137.
Anal. caled for C;1HggO14: C, 74.99; H, 5.32. Found: C, 74.77; H, 5.38.

5,7-Dibenzyloxy-2-(2,2-diphenylbenzo[ d][ 1,3]dioxol-5-yI-3-f-0-[ 2,6
di-O-(4-fluorocinnamoyl)-3",4"'-O-isopropylidene]galactosyl-4H-chro-
men-4-one (21i). Yield, 0.82 g (72%). "H NMR (CDCl,, 600 MHz): &
1.35 and 1.58 (each s, each 3H, 2 x CHj), 4.09 (ddd, J,» s» = 6.0 He,
Js' ¢'11a = 24 Hz, ] g1, = 1.8 Hz, 1H, §”-H), 3.58 (dd, J37 4» = 5.4 Hz,
Ju s =24 Hz, 1H,4"-H), 4.35 (brd, Jyem = 11.4 Hz, 2H, 6"'-H), 4.37 (dd,
Jo 3 =7.2Hz, Jy 4 = 5.4 Hz, 1H, 3'"-H), 4.95/4.98 (AB system, each d,
Jas = 12.0 Hz, 2H, CH,Ph), 5.20 (s, 2H, CH,Ph), 5.35 (dd, 2H, ], =
7.8 Hz, [, 3 =7.2Hz,2""-H),5.88 (d, ], »» =7.2Hz, 1H, 1"-H), 6.16 and
6.43 (each d, each 1H, each Jyqns = 16.2 Hz, 2 x PhACH=CH—), 6.34 (d,
*=2.4Hz, 1H, 8-H), 645 (d, 7T = 2.4 Hz, 1H, 6-H), 6.92 (d, ] = 8.4 Hy,
1H, 5'-H), 6.98 and 7.01 (eacht, each 2H, = 8.4 Hz,2 x 3'""/-H,2 x §'""'-
H), 7.32—7.47 (m, 18H, PhH), 7.59—7.62 (m, 6H, 2 x 2'"""-H,2 x ¢""-
H, PhH), 7.65 and 7.72 (each d, each 1H, each Juqns = 162 Hz, 2 X
PhCH=CH-), 7.66 (d, *] = 1.8 Hz, 1H, 2/-H), 7.73 (dd, ] = 8.4 Hz, ¥] =
1.8 Hz, 1H, 6'-H). FAB-MS m/z [M + H] " ion = 1145. Anal. calcd for
CeoHs4014F5: C, 72.37; H, 4.75. Found: C, 72.05; H, 4.59.

5,7-Dibenzyloxy-2-(2,2-diphenylbenzo[d][ 1,3]dioxol-5-yI-3-3-0-{2",
6'"-di-O-[4""-(4-fluorophenylbutanoyl)]-3",4'"-O-isopropylidene} gala-
ctosyl-4H-chromen-4-one (21j). Yield, 0.87 g (74%). "H NMR (CDCl,,
600 MHz): 6 1.32 and 1.55 (each s, each 3H, 2 x CHj;), 1.61 and 2.10
(each quintet, 4H, 2 x PhCH,CH,CH,), 2.38 and 2.40 (each t, each 2H,
J=7.2Hz,2 x CH,CH,CO), 2.48 and 2.51 (each t, each 2H, ] = 7.2 Hz,
2 x PhCH,CH,), 3.95 (ddd, J,» 5 = 24 Hz, ] ¢'11, = S4 Hz, Js g, =
4.8 Hz, 1H, §'"-H), 4.13 (dd, J37 4 = 54 Hz, Jy s = 2.4 Hz, 1H, 4'-H),
4.15—4.18 (m, 2H, 6"-H), 4.26 (dd, J,» 3 = 7.2 Hz, ]y 4 = 5.4 Hz, 1H,
3-H), 5.01/5.10 (AB system, each d, Jog = 11.4 Hz, 2H, CH,Ph),
521-5.25 (m, 3H, 2-H, CH,Ph), 5.75 (d, Jy»» = 7.8 Hz, 1H, 1"-H),
641 (d, ' = 2.4 Hz, 1H, 8-H), 6.49 (d, *] = 2.4 Hz, 1H, 6-H), 6.85 and
6.94 (each t, each 2H, J = 9.0 Hz, 2 x 3'""-H,2 x §""-H), 695 (d, ] =
8.4 Hz, 1H, 5'-H), 7.06 and 7.08 (each d, J = 8.4, each 2H, 2 x 2"""-H,
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2 x 6'""-H), 7.28—7.41 (m, 14H, PhH), 7.59—7.62 (m, 6H, PhH), 7.65
(d,*J =24 Hz, 1H, 2-H), 7.71 (dd, ] = 8.4 Hz, T = 1.8 Hz, 1H, 6'-H).
FAB-MS m/z [M + H]" ion = 1177. Anal. calcd for C;;Hg,014F,: C,
72.44; H, 5.31. Found: C, 72.19; H, 5.35.

5,7-Dibenzyloxy-2-(2,2-diphenylbenzo[d][ 1,3]dioxol-5-yl-3-3-0-{2",
6'"-di-O-[5""'-(4-fluorophenylpentanoyl)]-3",4"'-O-isopropylidenelgala-
ctosyl}-4H-chromen-4-one (21k). Yield, 0.84 g (70%). '"H NMR
(CDCl;, 600 MHz): ¢ 1.31 and 1.55 (each s, each 3H, 2 x CH,),
1.55—1.63 (m, 4H, 2 x PhCH,CH,CH,), 1.70 and 2.14 (each quintet, each
2H, ] =72 Hz,2 x CH,CH,CH,CH,), 241 and 2.45 (each t, each 2H, ] =
7.2 Hz, 2 x CH,CH,CO), 2.49 and 2.52 (each t, each 2H, ] = 7.2 Hz, 2 X
PHCH,CH,),3.92 (ddd, J» 3 =24 Hz, ] ¢'11, = S4 Hz, J5 611, = 4.8 He,
1H, 5"-H), 4.11 (dd, J3 4+ = SAHz, ]y 5 = 24 Hz, 1H, 4"-H), 413—4.19
(m, 2H, 6""-H), 4.26 (dd, J»3» = 72 Hz, 37 4+ = 54 Hz, 1H, 3"-H), 499/
5.04 (AB system, each d, Ja5 = 114 Hz, 2H, CH,Ph), 5.22 (dd, ]y, = 7.8
Hz, ]y 3 =7.2Hz, 1H,2""-H), 5.24 (s, 2H, CH,Ph), 5.69 (d, ] »» = 7.8 H,
1H, 1”-H), 6.41 (d, ¥ = 2.4 Hz, 1H, 8-H), 6.52 (d, ] = 2.4 Hz, 1H, 6-H),
6.79 and 6.89 (each t, each 2H, J=9.0 Hz,2 x 3"""-H,2 x §'"""-H), 6.95 (d,
J=84Hz, 1H, §'-H), 6.98 and 7.00 (each d, J = 8.4, each 2H, 2 x 2/"""-H, 2
x 6"'-H), 7.35—7.41 (m, 14H, PhH), 7.59—7.61 (m, 6H, PhH), 7.65 (d,
*1=24Hz, 1H,2'-H),7.71 (dd, ] = 8.4 Hz, ¥ = 1.8 Hz, 1H, 6'-H). FAB-MS
m/z [M+ H] 7 ion = 1205. Anal. caled for C3HgsO14F»: C, 72.74; H, 5.52.
Found: C, 72.58; H, 5.28.

General Procedure and Characterizations for Compounds
20a,b and 22a—k. A solution one of 19a,b and 22a—k (1.0 mmol) in
a mixture of MeOH (25 mL) was heated at 40 °C for 4—5 h under HCI
gas. After it was cooled to room temperature, the solution was
neutralized with triethylamine and evaporated in vacuo. Finally, coeva-
poration of the solution with EtOH to complete dryness was achieved.
The dry residue was treated with absolute ethanol, and the insoluble
material was filtered off. The filtrate was evaporated in vacuo, and the
residue was purified by flash column chromatography using a mixture of
EtOAc and n-hexane (1:1) as the eluting solvent to give the correspond-
ing products 20a,b and 22a—k as a colorless powder. Characterizations
for compounds 20a,b and 22a—k are in the Supporting Information.

General Procedure and Characterizations for Compounds
3a,b, 4a,b, and 5a—k. To a solution of one of 7a,b, 20a,b, and 22a—k
(1.00 mmol) in EtOAc—EtOH (1.5:1,40 mL) 10% Pd/C (1.5 equiv) was
added and vigorously stirred at 0 °C to room temperature for 8—11 h
under hydrogen pressure (balloon). After the Pd/C was removed by
filtration, the filtrate was concentrated under reduced pressure at 30 °C,
and the residue was purified by flash column chromatography using a
mixture of EtOAc and n-hexane (1:0.25, 1:0.5, or 1:1) as the eluting
solvent to give the corresponding products 3a,b, 4a,b, and Sa—k as pale
yellow powders

2-(3',4'-Dihydroxyphenyl)-5-hydroxy-3,7-di-[ 3"'-(4-methylphenylpro-
panoyloxy)]-4H-chromen-4-one (3a). Yield, 041 g (69%). 'H NMR
(DMSO-dg, 600 MHz): § 2.61 and 2.66 (each t, each 2H, J = 7.2 Hz, 2 X
PhCH,CH,CO), 3.08 and 3.13 (each t, each 2H, | = 7.8 Hz, 2 x
PhCH,CH,CO), 3.37 and 3.39 (each s, each 3H, 2 x CH;Ph), 6.45 (d,
*I= 1.8 Hz, 1H, 8-H), 6.61 (d, *J = 2.4 Hz, 1H, 6-H), 6.73 (d, ] = 8.4 Hz,
1H, 5'-H), 7.01—7.22 (m, 8H, PhH), 7.93 (dd, ] = 8.4 Hz, *J = 2.4 Hz, 1H,
6'-H), 7.98 (d, /T = 2.4 Hz, 1H, 2/-H), 9.59 (s, 1H, 3-OH, D,0 exch.),
10.99 (s, 1H, 4-OH, D,0 exch.), 12.34 (s, 1H, 5-OH, D,0 exch.). *C
NMR (DMSO-dg, 150 MHz): 6 22.02, 22.15, 31.71, 31.82, 37.34, 37.82,
99.98, 101.72, 10321, 115.73, 117.23, 121.89, 123.61, 129.73, 129.98,
131.26, 131.79, 134.40, 134.63, 134.99, 135.01, 136.12, 136.44, 146.28,
148.01, 155.06, 158.77, 163.99, 169.13, 170.01, 177.12. FAB-MS m/z
[M + H] " ion = 595. Anal. caled for C35H3004: C, 70.70; H, 5.09. Found:
C, 70.66; H, 4.98.

2-(3',4'-Dihydroxyphenyl)-5-hydroxy-3,7-di-[3"'-(4-fluorophenyl-
propanoyloxy)-4H-chromen-4-one (3b). Yield, 0.40 g (66%). "H NMR
(DMSO-dg, 600 MHz): 0 2.60 and 2.66 (each t, each 2H, J = 7.2 Hz,
2 x PhCH,CH,CO), 3.09 and 3.12 (each t, each 2H, J = 7.8 Hz,

2 x PhCH,CH,CO), 6.46 (d, *J= 1.8 Hz, 1H, 8-H), 6.61 (d, '/ = 2.4 Hg,
1H, 6-H), 6.72 (d, ] = 8.4 Hz, 1H, 5'-H), 7.00—7.22 (m, 8H, PhH), 7.92
(dd, J = 8.4 Hz, T = 2.4 Hz, 1H, 6'-H), 7.99 (d, ] = 2.4 Hz, 1H, 2/-H),
9.57 (s, 1H, 3’-OH, D, 0 exch.), 10.99 (s, 1H, 4-OH, D,0 exch.), 12.33
(s, 1H, 5-OH, D,0 exch.). *C NMR (DMSO-d, 150 MHz): d 33.11,
33.29, 36.07, 36.19, 100.01, 100.97, 103.04, 116.44, 116.86, 117.01,
117.88, 121.03, 121.27, 131.05, 131.18, 134.77, 135.99, 137.44, 137.79,
146.38, 149.83, 156.11, 157.97, 162.93, 163.01, 164.45, 168.55, 168.99,
178.44. EAB-MS m/z [M + H] " ion = 603. Anal. calcd for C53H,,F,Oq:
C, 65.78; H, 4.01. Found: C, 68.90; H, 4.38.

2-(3', 4 -Dihydroxyphenyl)-5,7-dihydroxy-3-f3-0-{6'"-O-[ 3'"'-(4-methyl-
phenylpropanoyl)]} galactosyl-4H-chromen-4-one (4a). Yield, 049 g
(80%). "H NMR (DMSO-dg, 600 MHz): 6 2.21 (s, 3H, CH,Ph), 2.30
and 2.52 (each t, each 2H, | = 7.8 Hz, PhCH,CH,CO and
PhCH,CH,CO), 3.35—3.40 (m, 1H, §"-H), 3.54—3.58 (m, 3H, 2""-H,
3"-H,4"-H), 3.93 (dd, 1H, Js g1 = 4.2 Hz, Jgem = 11.4 Hz, 1H, 6-Hy,),
4.03 (dd, 1H, J5 g/11a = 42 Hz, Jyer = 11.4 Hz, 1H, 6" -Hy), 471 (d, ] = 4.2
Hz, 1H, 2”"-OH, D,0 exch.), 4.96 (d, ] = 5.4 Hz, 1H, 3""-OH, D,0 exch.),
523 (d,J = 4.2 Hz, 1H, 4"-OH, D,0 exch.), 5.39 (dd, J, ,» = 7.8 Hz, 1H,
1”-H), 6.14 (d, *] = 2.4 Hz, 1H, 8-H), 6.32 (d, *T = 1.8 Hz, 1H, 6-H), 6.81
(d,J=8.4Hz, 1H, 5'-H), 6.88 and 6.97 (each d, each 2H, each ] = 8.4 Hz,
2/""H,3"".H,5""-H,6""-H),749 (d, * = 2.4 Hz, 1H, 2/-H), 7.65 (dd,
J=84Hz,*J=24Hz, 1H, 6 -H), 9.15 (s, 1H, 3-OH, D, 0 exch.), 9.75 (s,
1H, 4-OH, D,0 exch.), 10.81 (s, 1H, 7-OH, D,O exch.), 12.62 (s, 1H,
5-OH, D,O exch.). >C NMR (DMSO-dg, 150 MHz): & 20.82, 29.91,
35.33, 63.57, 68.48, 71.14, 73.04, 73.09, 93.63, 98.86, 101.66, 103.98,
115.96, 116.11, 121.23, 122.12, 128.10, 12829, 128.71, 12891, 133.53,
135.03, 136.99, 137.32, 145.07, 148.69, 156.43, 161.36, 164.29, 171.90,
177.63. FAB-MS m/z [M + H] " ion = 611. Anal. calcd for C3;H30015+1/
3H,0: C, 60.39; H, 5.01. Found: C, 60.10; H, 5.00.

2-(3'4'-Dihydroxyphenyl)-5,7-dihydroxy-3-3-p-{ 6" -O-[ 3'"'-(4-fluoro-
phenylpropanoyl)]}galactosyl-4H-chromen-4-one (4b). Yield, 049 g
(79%). "H NMR (DMSO-ds, 600 MHz): 0 2.31 and 2.53 (each t, each
2H, ] = 7.8 Hz, PhCH,CH,CO and PhCH,CH,CO), 3.38—3.40 (m, 1H,
§""-H),3.55—3.61 (m,3H,2"-H, 3"-H,4"-H), 3.93 (dd, 1H, ]+ ¢17, = 4.2
Hz, Jyerm = 114 Hz, 1H,6"-H,),4.03 (dd, 1H, J5» ¢'11 = 3.6 Hz, Jerm = 114
Hz, 1H, 6'-Hy), 4.71 (br s, 1H, 2"-OH, D,0 exch.), 497 (brs, 1H, 3"-
OH, D,0 exch.), 522 (d, ] = 4.2 Hz, 1H, 4’-OH, D,0 exch.), 5.40 (d,
Jiov =78 Hz, 1H,1"-H), 6.11 (d, ¥ = 2.4 Hz, 1H, 8-H), 6.30 (d, J = 1.8
Hz, 1H,6-H),6.81 (d,J= 8.4 Hz, 1H, 5'-H), 6.97 (t, ]=9.0 Hz,2H, 3"’ -H,
§'""_H),7.02 (dd, ] = 84 Hz, ] = 9.0 Hz, 2H, 2""""-H, 6"""-H), 7.49 (d, ] =
24Hz, 1H,2'-H), 7.64 (dd, ] = 8.4 Hz, *J = 2.4 Hz, 1H, 6/-H), 9.15 (s, 1H,
3-OH, D,O0 exch.), 9.75 (s, 1H, 4-OH, D,0 exch.), 10.80 (s, 1H, 7-OH,
D,0 exch.), 12.62 (s, 1H, 5-OH, D,O exch.). *C NMR (DMSO-dg, 150
MHz): 0 2947, 35.30, 63.67, 6848, 71.12, 73.03, 73.08, 93.60, 98.84,
101.56, 103.94, 114.95, 115.00, 115.36, 116.01, 121.22, 122.15, 129.96,
130.02, 133.48, 136.54, 145.07, 148.69, 156.41, 161.64, 164.31, 171.75,
177.63. FAB-MS m/z [M + H] " ion = 615. Anal. caled for C3oH,,0,;5F:
C, 58.63; H, 4.43. Found: C, 58.59; H, 4.10.

2-(3' 4'-Dihydroxyphenyl)-5,7-dihydroxy-3-3-o-[ 2" 6" -di-O-(4-ethoxy-
benzoyl)]galactosyl-4H-chromen-4-one (5a). Yield, 0.62 g (81%). 'H
NMR (DMSO-dg, 600 MHz): & 1.32 and 1.34 (each t, each 3H, J= 7.8 Hz,
2 X CH;CH,), 381 (dd, J3» 4 = 48 Hz, Jyr sy = 3.6 Hz, 1H, 4'-H),
3.84—3.87 (m, 1H, 5"-H),3.91 (dd, J,» 3» =84 Hz, 3+ 4» = 4.8 Hz, 1H, 3'-
H), 4.02 and 4.09 (each q, each H, ] = 7.2 Hz, 2 x CH3CH,), 4.21 (dd,
Js' 61 = 3.0 H, Jyom = 11.4 Hz, 1H, 6" -Hy), 426 (dd, Js g1, = 4.2 He,
Jgem=114Hz, 1H,6"-H,), 5.13 (d, ] = 4.8 Hz, 3""-OH, D,0 exch.), 5.24 (d,
J=6.6Hz,4"-OH, D,0 exch.), 5.34 (dd, Jo 3 =84 Hz, ], =7.8 Hz, 1H,
2""-H), 5.82(d, J;»» = 7.8 Hz, 1H, 1"-H), 6.16 (d, * = 2.4 Hz, 1H, 8-H),
6.32 (d,*] = 2.4 Hz, 1H, 6-H), 6.73 and 7.02 (each d, each 2H, each | = 8.4
Hz,2 x 3'""-H,2 x §""-H), 6.80 (d, ] = 84 Hz, 1H, 5'-H), 7.38 (d, ¥/ = 2.4
Hz, 1H, 2'-H), 7.58 and 7.94 (each d, each 2H, each J= 9.0 Hz, 2 x 2"/ -H,
2 x 6"-H), 7.63 (dd, ] = 84 Hz, ] = 1.8 Hz, 1H, 6-H), 9.14 (s, 1H,
3'—O0H, D,0 exch.), 9.80 (s, 1H, 4-OH, D,O exch.), 10.84 (s, 1H, 7-OH,
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D,0 exch.), 12.60 (s, 1H, 5-OH, D,O exch.). *C NMR (DMSO-dg, 150
MHz): 6 14.68, 14.71, 63.55, 63.67, 63.71,68.70, 71.08, 73.01, 73.41, 93.63,
98.65,98.81,103.92, 114.16, 114.40, 115.34, 115.73, 121.02, 121.68, 122.28,
122,40, 131.01, 132.80, 145.17, 148.77, 156.37, 156.50, 161.41, 162.47,
162.57,164.26,165.03,165.17, 177.27. FAB-MS m/z [M + H] " ion = 761.
Anal. caled for C39H3¢046+1/4H,0: C, 61.22; H, 4.81 Found: C, 61.11;
H, 4.68.

2-(3',4'-Dihydroxyphenyl)-5,7-dihydroxy-3-f-0-[2" 6" -di-O-(4-pro-
pylbenzoyl])jgalactosyl-4H-chromen-4-one (5b). Yield, 0.59 g (79%).
"H NMR (DMSO-dg, 600 MHz): 6 0.86 and 0.88 (each t, each 3H, J =
7.2 Hz, 2 x CH5CH,), 1.531.63 (m, 4H, 2 x CH3CH,CH,), 2.55 and
2.62 (eacht, each 2H, J = 7.2 Hz, 2 x CH3CH,CHS,), 3.81 (brs, 1H, 4”-
H), 3.86—3.89 (m, 1H, $"-H), 3.93 (dd, ], 3 = 8.4 Hz, J3» y» = 4.8 Hz,
1H, 3"-H), 423 (dd, J5 g1 = 3.0 Hz, Jgerm = 11.4 Hz, 1H, 6”-Hy,), 4.29
(dd, J5 6110 = 4.2 Hz, Jgem = 11.4 Hz, 1H, 6""-H,), 5.15 (d, ] = 4.2 Hz, 3
OH, D,O0 exch.), 527 (d, ] = 6.6 Hz, 4’-OH, D,O exch.), 5.36 (dd,
Jiov = 7.8 Hz, J» 3y = 8.4 Hz, 1H, 2"-H), 5.84 (d, Jy»,» = 7.8 Hz, 1H,
1"-H),6.16 (d,*]= 2.4 Hz, 1H, 8-H), 6.30 (d, */=2.4 Hz, 1H, 6-H), 6.80
(d,J=8.4Hz, 1H, 5'-H), 7.05 and 7.34 (each d, each 2H, each ] = 8.4 Hz,
2 x 3"-H,2 x §""-H), 7.39 (d, *] = 2.4 Hz, 1H, 2/-H), 7.56 and 7.94
(each d, each 2H, each ] = 9.0 Hz, 2 x 2""-H,2 x 6¢""-H), 7.62 (dd, ] =
8.4 Hz, ] = 2.4 Hz, 1H, 6'-H), 9.14 (s, 1H, 3’-OH, D,0 exch.), 9.80 (s,
1H, 4-OH, D,0 exch.), 10.85 (s, 1H, 7-OH, D,0 exch.), 12.59 (s, 1H,
5-OH, D,0 exch.). ">*C NMR (DMSO-d, 150 MHz): 6 13.74, 13.78,
23.79,24.01,37.33, 63.75, 68.69, 71.04, 73.23, 73.34, 93.65, 98.62, 98.86,
103.94, 115.36, 115.75, 121.02, 122.36, 127.24, 127.82, 128.58, 128.76,
128.98, 129.01, 129.70, 132.79, 145.18, 148.08, 148.18, 148.79, 156.34,
161.41, 164.34, 165.37, 165.51, 177.26. FAB-MS m/z [M + H] " ion =
757. Anal. caled for C41Hy0O14: C, 65.07; H, 5.33. Found: C, 65.01;
H, 5.48.

2-(3'4'-Dihydroxyphenyl)-5,7-dihydroxy-3-f3-o-[ 2" 6 -di-O-(4-fluoro-
benzoyl)lgalactosyl-4H-chromen-4-one (5¢). Yield, 0.53 g (75%). 'H
NMR (DMSO-dg, 600 MHz): O 3.82 (brs, 1H, 4”-H), 3.86—3.89 (m,
1H, §"-H),3.93 (dd, J,», 3 = 8.4Hz, J3» 4 =42 Hz, 1H, 3""-H), 4.26 (dd,
Js6'tb = 42 Hz, Jgem = 114 Hz, 1H, 6"-Hy,), 4.34 (dd, ] 6112 = 3.0 Hz,
Jeem = 114 Hz, 1H, 6"-H,), 5.17 (d, ] = 42 Hz, 3"-OH, D,0 exch.), 5.31
(d,J = 6.6 Hz, 1H, 4’-OH, D,0 exch.), 5.34 (dd, Jy ,» = 7.8 Hz, ]y 37 =
8.4 Hz, 1H,2"-H),5.74 (d, ], »» =7.8 Hz, 1H,1"-H),6.13 (d, ¥/ = 2.4 H,
1H, 8-H), 6.28 (d, /T = 2.4 Hz, 1H, 6-H), 6.78 (d, ] = 8.4 Hz, 1H, 5'-H),
7.09 and 7.36 (each t, each 2H, J=9.0 Hz,2 x 3'"-H,2 x §'"-H), 7.37 (d,
*I=2.4Hz, 1H, 2/-H), 7.58 (dd, ] = 8.4 Hz, *] = 2.4 Hz, 1H, 6'-H), 7.73
and 8.07 (each dd, each 2H, J=8.4 Hz, J=9.0 Hz,2 X 2/""-H, 2 x ¢""-H),
9.14 (s, 1H, 3’-OH, D,0), 9.79 (s, 1H, 4-OH, D,0 exch.), 10.84 (s, 1H,
7-OH, D,0 exch.), 12.54 (s, 1H, 5-OH, D,O exch.). *C NMR (DMSO-
dg, 150 MHz): & 63.85, 68.59, 70.96, 73.29, 73.56, 93.61, 98.84, 99.47,
103.87, 115.33, 115.64, 115.76, 115.79, 115.84, 115.98, 120.94, 122.29,
126.20, 126.80, 131.73, 131.80, 132.43, 132.88, 145.13, 148.77, 156.31,
164.52, 164.95, 161.32, 164.28, 164.44, 164.49, 177.17. FAB-MS m/z [M
+H] " ion =709. Anal. calcd for C3sH,4014F,: C, 59.33; H, 3.70. Found:
C, 58.12; H, 4.01.

2-(3',4'-Dihydroxyphenyl)-5,7-dihydroxy-3--p-[2" 6" -di-O-(4-meth-
ylphenylacetyl)]galactosyl-4H-chromen-4-one (5d). Yield, 0.58 g
(79%). "H NMR (DMSO-dg, 600 MHz): O 2.20 and 2.21 (each s, each
3H, 2 x CH;3Ph), 3.30/3.37 (each AB system, each d, each J,5 = 15.6
Hz, 2H, PhCH,CO), 3.66 (br s, 2H, PhCH,CO), 3.69—3.72 (m, 2H,
4".H, §"-H), 3.97—4.04 (m, 3H, 3"-H, 6"-H), 5.00 (d, ] = 4.8 Hz, 1H,
3""-OH), 5.105 (dd, ], ,» = 7.8 Hz, Jo» 3 = 6.6 Hz, 1H, 2""-H), 5.18 (d,
J=6.0Hz, 1H,4"-OH), 5.54 (d, ]y~ = 7.8 Hz, 1H,1"-H), 620 (d, ¥ =
2.4 Hz, 1H, 8-H), 6.40 (d, *J = 1.8 Hz, 1H, 6-H), 6.78 (d, ] = 8.4 Hz, 1H,
5'-H), 6.90 and 6.96 (each d, each 2H, J = 8.4 Hz,2 x 3"""-H,2 x §'""-
H), 7.04 and 7.14 (each d, each 2H, J = 8.4 Hz, 2 x 2"""-H, 2 x ¢""""-H),
7.45 (d,*] = 2.4 Hz, 1H, 2-H), 7.61 (dd, ] = 8.4 Hz, *] = 2.4 Hz, 1H, 6 -
H), 9.13 (s, 1H, 3’-OH, D,O exch.), 9.78 (s, 1H, 4-OH, D,O exch.),
10.87 (s, 1H, 7-OH, D,0 exch.), 12.70 (s, 1H, 5-OH, D,0 exch.). 1*C

NMR (DMSO-dg, 150 MHz): § 20.80, 20.82, 38.77, 38..28, 63.80, 68.60,
70.64, 72.90, 72.97, 93.73, 98.88, 99.25, 104.06, 115.30, 115.80, 120.96,
122.41, 128.92, 128.95, 129.16, 129.48, 131.15, 131.53, 133.24, 133.79,
135.82, 135.94, 145.13, 150.66, 156.56, 161.51, 164.40, 170.88, 171.01,
177.24. FAB-MS m/z [M + H] " ion = 729. Anal. calcd for C39H3604:
C, 64.28; H, 4.98. Found: C, 64.46; H, 4.71.
2-(3'4'-Dihydroxyphenyl)-5,7-dihydroxy-3-p-p-[2" 6/ -di-O-(4-fluoro-
phenylacetyl)]galactosyl-4H-chromen-4-one (5e). Yield, 0.57 g (77%).
"H NMR (DMSO-dg, 600 MHz): 0 3.37/3.45 (each AB system, each d,
Jas = 15.6 Hz, 2H, PhCH,CO), 3.67 (brs, 1H, 4”-H), 3.70—3.74 (m, 4H,
PhCH,CO, 3"-H, §"-H), 3.99 (dd, Js g1 = 4.2 Hz, Jger = 11.4 Hz, 1H,
6" -Hy), 4.04 (dd, J5 /110 = 3.0 H, Jger = 11.4 Hz, 1H, 6”-H,), 5.01 (brss,
3"-OH, D,0 exch.), 5.11 (dd, Jy»» = 7.8 Hz, J» y» = 72 Hz, 1H, 2"-H),
5.20 (brs, 4”-OH, D,0 exch.), 5.50 (d, J;» »» = 7.8 Hz, 1H, 1”-H), 6.19 (d,
*1=24Hz,1H,8-H),6.40 (d, “T=2.4 Hz, 1H, 6-H), 6.76 (d, = 8.4 Hz, 1H,
§'-H), 6.99 and 7.04 (each t, each 2H, J= 9.0 Hz, 2 x 3"""-H,2 x §""""-H),
7.07 and 7.30 (each dd, each 2H, J = 8.4 Hz, ] = 9.0 Hz, 2 x 2""""-H, 2 x
6""-H), 745 (4, “T = 2.4 Hz, 1H, 2/-H), 7.60 (dd, ] = 8.4 Hz, *] = 2.4 Hg,
1H, 6'-H), 9.14 (s, 1H, 3'-OH, D,0 exch.), 9.79 (s, 1H, 4'-OH, D,0 exch.),
10.88 (s, 1H, 7-OH, D,O exch.), 12.68 (s, 1H, 5-OH, D,O exch.). '*C
NMR (DMSO-dg, 150 MHz): 6 31.36, 31.72, 63.97, 68.70, 70.84, 73.10,
73.22, 93.95, 99.10, 99.54, 104.22, 115.21, 115.35, 115.49, 116.01, 121.14,
122.58, 130.64, 131.04, 131.48, 131.33, 131.72, 131.77, 13348, 134.23,
145.33, 149.02, 156.63, 160.69, 161.66, 162.30, 164.63, 170.90, 171.04,
177.45. EAB-MS m/z [M + H] " ion = 737. Anal. caled for C3,H3004F:
C, 60.33; H, 4.10. Found: C, 60.05; H, 4.15.
2-(3',4'-Dihydroxyphenyl)-5,7-dihydroxy-3-3-0-{ 2" ,6'"-di-O-[ 3""'-(4-
hydroxyphenylpropanoyl)]}galactosyl-4H-chromen-4-one (5f). Yield,
0.60 g (79%). "H NMR (DMSO-ds, 600 MHz): & 2.29 and 2.46 (each t,
each 2H, ] = 7.8 Hz, 2 X PhCH,CH,CO), 2.55 and 2.73 (each t, each 2H,
J =7.8 Hz, 2 x PhCH,CH,CO), 3.66—3.70 (m, 3H, 3""-H, 4"-H, 5" -H),
3.95(dd, Js g1 = 42 Hz, Jger = 114 Hz, 1H, 6"'-Hy,), 4.01 (dd, J5 6112 =
4.8 Hz, Jgem = 114 Hz, 1H, 6"-H,), 499 (d, ] = 4.2 Hz, 3"-OH, D,0 exch.),
5.11(dd, Jy y» = 7.8 Hz, J,» 3 = 72 Hz, 1H,2/"-H), 5.14 (d, ] = 42 Hz, 4''-
OH, D,0 exch.), 5.52 (d, Jy»» = 7.8 Hz, 1H, 1"-H), 6.14 (d, *J = 1.8 Hy,
1H, 8-H), 6.34 (d, /T = 1.8 Hz, 1H, 6-H), 6.57 and 6.60 (each d, each 2H,
eachJ=84Hz,2 x 3"""-H,2 x §"""-H), 6.79 (d,J= 84 Hz, 1H, 5'-H), 6.81
and 6.99 (each d, each 2H, each ] = 8.4 Hz,2 x 2""""-H, 2 x ¢"""'-H), 7.44
(d,*J=24Hz, 1H,2-H), 7.61 (dd, ] = 8.4 Hz, *] = 2.4 Hz, 1H, 6'-H), 9.10
and 9.13 (each s, each 1H, 2 x OHPh, D,O exch.), 9.28 (s, 1H, 3'-OH,
D,0 exch.), 9.79 (s, 1H, 4-OH, D,0O exch.), 10.83 (s, 1H, 7-OH, D,O
exch.), 12.65 (s, 1H, 5-OH, D,0 exch.). *C NMR (DMSO-dg, 150 MHz):
0 29.57,29.61, 35.65, 36.02, 63.21, 68.54, 70.61, 72.54, 73.02, 93.68, 95.77,
99.12, 104.01, 11520, 11522, 11533, 115.81, 121.02, 122.41, 129.12,
129.28, 130.52, 130.87, 133.22, 145.15, 148.79, 155.70, 155.89, 156.52,
16142, 164.36,171.85,171.96,177.30. FAB-MS m/z [M + H] " ion = 761.
Anal. caled for C35H;6046: C, 61.58; H, 4.77. Found: C, 61.52; H, 4.97.
2-(3',4'-Dihydroxyphenyl)-5,7-dihydroxy-3-3-0-{ 2" ,6'"-di-O-[ 3""'-(4-
ethoxyphenylpropanoyl)]} galactosyl-4H-chromen-4-one (5g). Yield,
0.68 g (83%). "H NMR (DMSO-ds, 600 MHz): ¢ 121 and 1.29 (each
t, each 3H, J = 7.8 Hz, 2 x CH;CH,), 2.30 and 2.52 (each t, each 2H, ] =
7.8 Hz, 2 x PhCH,CH,CO), 2.59 and 2.78 (each t, each 2H, ] = 7.8 Hz,
2 X PhCH,CH,CO), 3.65—3.70 (m, 3H, 3"-H, 4’-H, 5"-H), 3.82 and
3.92 (each q, each 2H, J = 7.2 Hz, 2 X CH3CH,), 3.95 (dd, J5» ¢p1 = 4.2
Hz, Jyem = 11.4 Hz, 1H, 6"-Hy,), 4.01 (dd, J5 6711, = 4.8 Hz, Jyer = 11.4 Hz,
1H, 6"-H,), 5.00 (d, ] = 4.2 Hz, 1H, 3"-OH, D,0 exch.), 5.11 (dd, J, ,» =
84 Hgz, [y = 7.8 Hz, 1H, 2""-H), 5.16 (d, ] = 5.4 Hz, 1H, 4'-OH, D,0
exch.), 5.55 (d, Ji ,» = 84 Hz, 1H, 1"-H), 6.14 (d, ¥ = 1.8 Hz, 1H, 8-H),
6.31 (d,*J= 1.8 Hz, 1H, 6-H), 6.66 and 6.70 (each d, each 2H, each J = 9.0
Hz, 2 x 3""-H, 2 x §'"""-H), 6.80 (d, ] = 8.4 Hz, 1H, §'-H), 6.89 and
7.08 (each d, each 2H, each ] = 9.0 Hz, 2 x 2'"""-H, 2 x 6'"""-H), 7.43 (d,
*1=2.4Hz,2'-H),7.62 (dd, J= 8.4 Hz, *J= 2.4 Hz, 1H, 6'-H), 9.14 (s, 1H,
3-OH, D,0 exch.), 9.81 (s, 1H, 4-OH, D,0 exch.), 10.82 (s, 1H, 7-OH,
D,0), 12.65 (s, 1H, 5-OH, D,0). *C NMR (DMSO-dg, 150 MHz): 6
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14.83, 14.92,29.53, 29.79, 35.61, 35.81, 62.88, 62.98, 63.34, 68.57, 70.71,
72.54, 73.05, 93.63, 98.85, 98.98, 103.98, 114.18, 114.26, 115.32, 115.75,
121.01, 122.46, 129.16, 129.37, 132.13, 132.46, 133.16, 134.99, 145.15,
148.79, 156.35, 156.92, 156.98, 161.40, 164.33, 171.83, 171.90, 177.25.
FAB-MS m/z [M + H] " ion = 817. Anal. caled for C43H,,0;6: C, 63.23;
H, 5.43. Found: C, 63.34; H, 5.50.

2-(3',4'-Dihydroxyphenyl)-5,7-dihydroxy-3-3-0-{2"",6"-di-O-[ 3'"'-(4-
methylphenylpropanoyl)]}galactosyl-4H-chromen-4-one (5h). Yield,
0.59 g (78%). "H NMR (DMSO-dg, 600 MHz): & 2.15 and 2.22 (each
s, each 3H, 2 X CH;Ph), 2.35 and 2.55 (each t, each 2H, ] = 7.8 Hz, 2 X
PhCH,CH,CO), 2.61 and 2.81 (each t, each 2H, ] = 7.8 Hz, 2 x
PhCH,CH,CO), 3.66—3.70 (m, 3H, 3"-H, 4’-H, 5"-H), 3.97 (dd,
Js¢'mb = 42 Hz, Jgem = 114 Hz, 1H, 6"-H,), 4.02 (dd, Js g/, = 42
Hz, Jgem = 114 Hz, 1H, 6"'-H,), 5.00 (d, ] = 3.6 Hz, 1H, 3"-OH, D,0
exch.),5.11(dd, J,»»» =84 Hz, J,» 3 =7.8 Hz, 1H,2"-H), 5.15 (d,] = 5.4
Hz, 1H, 4/-OH, D,0 exch.), 5.52 (d, ], ,» = 84 Hz, 1H, 1”-H), 6.15 (d,
*I=1.8 Hz, 1H, 8-H), 6.32 (d, 7 = 1.8 Hz, 1H, 6-H), 6.90 and 6.96 (each
d, each 2H, each J = 8.4 Hz, 2 x 2""""-H,2 x 6""""-H), 6.95 (d, ] = 8.4 Hz,
1H, 5'-H), 6.99 and 7.08 (each d, each 2H, each ] = 8.4 Hz, 2 x 3'"""-H, 2
x §'""""H),7.44 (d,*]=2.4Hz, 1H,2'-H), 7.61 (dd, ] = 8.4 Hz, *J = 2.4 Hz,
1H, 6'-H), 9.14 (s, 1H, 3-OH, D,0 exch.), 9.80 (s, 1H, 4-OH, D,0O
exch.), 10.82 (s, 1H, 7-OH, D,0 exch.), 12.65 (s, 1H, 5-OH, D,O exch.).
13C NMR (DMSO-dg, 150 MHz): ¢ 21.27, 21.37, 30.50, 30.53, 35.92,
36.21, 63.86, 69.08, 7126, 73.11, 73.56, 94.18, 96.15, 99.69, 104.57,
115.86, 116.34, 121.56, 122.96, 128.62, 128.83, 129.50, 129.54, 133.77,
134.98, 135.50, 135.60, 137.86, 138.21, 145.68, 149.32, 156.97, 161.96,
164.86,172.33, 172.43,177.80. FAB-MS m/z [M + H]" ion =757. Anal.
caled for C41H,40014: C, 65.07; H, 5.33. Found: C, 64.87; H, 5.08.

2-(3,4'-Dihydroxyphenyl)-5,7-dihydroxy-3-3-0-{2",6"-di-O-[ 3'"'-(4-
fluorophenylpropanoyl)]} galactosyl-4H-chromen-4-one (5i). Yield,
0.58 g (76%). "H NMR (DMSO-dg, 600 MHz): 6 2.36 and 2.57 (each t,
each 2H, J = 7.8 Hz, 2 X PhCH,CH,CO), 2.64 and 2.86 (each t, each 2H,
J=7.8Hz, 2 x PhCH,CH,CO), 3.67—3.72 (m, 3H, 3'"-H, 4"-H, §"-H),
3.97 (dd, 1H, Js ¢'11 = 4.2 Hz, Jgem = 114 Hz, 1H, 6-Hy,), 4.03 (dd, 1H,
J5',6'11a = 3.6 Hz, Jyer = 114 Hz, 1H, 6""-H,), 5.01 (d, ] = 4.8 Hz, 1H, 3''-
OH, D,0 exch.), 5.12 (dd, ],y = 7.8 Hz, J» 3 = 7.2 Hz, 1H, 2""-H), 5.16
(d,J=6.0Hz, 1H,4"-OH, D,0 exch.), 5.54 (d, ], »» = 7.8 Hz, 1H, 1"-H),
6.13 (d,*J=2.4Hz, 1H, 8-H), 631 (d,*J=2.4 Hz, 1H, 6-H), 6.81 (d, ] = 84
Hz, 1H, 5'-H), 6.96 and 6.98 (each t, each 2H, J=9.0 Hz,2 x 3'"""-H, 2 x
§'"""-H),7.05 and 7.24 (each dd, each 2H, J=9.0 Hz, J=8.4 Hz,2 x 2"""-H,
2 x 6""-H),7.44 (d,*] =24 Hz, 1H, 2/-H), 7.61 (dd, ] = 8.4 Hz, /] = 2.4
Hz, 1H, 6 -H), 9.14 (s, 1H, 3'-OH, D,0 exch.), 9.80 (s, 1H, 4-OH, D,0O
exch.), 10.81 (s, 1H, 7-OH, D,0), 12.64 (s, 1H, 5-OH, D,0 exch.). *C
NMR (DMSO-dg, 150 MHz): O 30.06, 30.09, 35.87, 36.11, 63.92,
69.10, 71.28, 73.15, 73.57, 94.15, 99.38, 99.61, 104.53, 115.46, 115.33,
115.60, 115.66, 115.87, 116.32, 121.54, 122.93, 130.52, 130.57, 130.76,
130.82, 133.71, 134.99, 137.40, 137.42, 145.69, 149.33, 156.87, 160.62,
161.93, 162.20, 164.86, 172.28, 172.34, 177.82. FAB-MS m/z [M + H] "
ion =7685. Anal. calcd for C30H3,0,4F,: C, 61.26; H, 4.48. Found: C, 60.84;
H, 4.60.

2-(3,4'-Dihydroxyphenyl)-5,7-dihydroxy-3-p-0-{ 2,6 -di-O-[4"'-(4-fluor-
ophenylbutanoyl)]} galactosyl-4H-chromen-4-one (5j). Yield, 0.62 g (78%).
"H NMR (DMSO-dg, 600 MHz): & 1.54 and 1.80 (each quintet, each 2H, 2 x
PhCH,CH,CH,), 198 and 2.02 (each t, each 2H, ] = 72 Hz, 2 x
CH,CH,CO), 2.33 and 2.55 (each t, each 2H, ] = 7.2 Hz, 2 x PhCH,CH,),
3.67—3.74 (m,3H,3"-H,4"-H,5""-H),3.93 (dd, 1H, J5" g1z = 3.6 Hz, Jgern =
114 Hz, 1H, 6"-Hy), 409 (dd, 1H, Js ¢/ = 30 Hz, Jyer, = 114 Hz, 1H,
6"-H,), 5.00 (brs, 1H, 3" —OH, D,0 exch.), 5.11 (dd, ]y »» = 7.8 Hz, J 3 =
84 Hz, 1H,2"-H), 5.14 (br s, 1H, 4’ —OH, D,0 exch.), 5.55 (d, Jy1»» = 7.8
Hz, 1H, 1"-H), 6.17 (d, "] = 2.4 Hz, 1H, 8-H), 633 (d, ¥ = 24 Hz, 1H, 6-H),
6.79 (d,J =84 Hz, 1H, 5'-H), 6.99 and 7.01 (each t, each 2H, ] = 9.0 Hz, 2 x
3""".H,2 x §""""-H), 7.05 and 7.16 (each dd, each 2H, J = 9.0 Hz, ] = 8.4 Hz,
2 x 2"H,2 x 6""-H),742 (d,*T=24Hz, 1H,2'-H), 7.63 (dd, ] = 84 Hz,
4 =24 Hz, 1H, 6 -H), 9.14 (s, 1H, 3'-OH, D,0 exch.), 9.80 (s, 1H, 4-OH,

D,0 exch.), 1085 (s, 1H, 7-OH, D,0), 12.59 (s, 1H, 5-OH, D,O exch.). *°C
NMR (DMSO-dg, 150 MHz): 6 2617, 2643, 31.03, 31.15, 3679, 36.87,
63.07, 6838, 70.51, 7221, 72.84, 93.41, 98,61, 98.81, 103.76, 113.99, 114.36,
11476 11489, 115.10, 11556, 12075, 122.18, 12991, 12996, 12999,
13004, 13290, 13499, 13723, 13761, 14494, 14860, 15616, 159.76,
16121, 16136, 16420, 17195, 172.10, 177.01. FAB-MS m/z [M + H]*
ion = 793. Anal. calcd for C4H304F, - 1/5H,0: C, 61.84; H, 4.86. Found: C,
61.84; H, 4.97.

2-(3',4'-Dihydroxyphenyl)-5,7-dihydroxy-3-3-0-{2" 6" -di-O-[ 5""'-
(4-fluorophenylpentanoyl)]}galactosyl-4H-chromen-4-one (5k).
Yield, 0.66 g (80%). 'H NMR (DMSO-dg, 600 MHz): ¢ 1.22—1.30 (m,
4H, 2 x PhCH,CH,CH,), 1.33 and 1.52 (each quintet, each 2H, J=7.2
Hz, 2 x CH,CH,CH,CH,), 1.58 and 2.02 (each t, each 2H, ] = 7.2 Hz,
2 X CH,CH,CO), 2.35 and 2.52 (each t, each 2H, ] = 7.2 Hz, 2 X
PHCH,CH,), 3.65—3.71 (m, 3H, 3"-H, 4’-H, §"-H), 3.92 (dd, 1H,
J5 6116 = 42 Hz, Jgem = 11.4 Hz, 1H, 6"-Hy), 4.09 (dd, 1H, J5 511, = 3.6
Hz, Jgem = 114 Hz, 1H, 6"-H,), 5.00 (d, ] = 42 Hz, 1H, 3"-OH, D,0
exch.), 5.09 (dd, ]y, = 7.8 Hz, ]y 3 = 8.4 Hz, 1H, 2"-H), 5.13 (d, ] =
6.0Hz, 1H,4"-OH, D,0 exch.), 5.54 (d, J,» ,» = 7.8 Hz, 1H, 1"-H), 6.17
(d,*T=2.4 Hz, 1H, 8-H), 6.36 (d, "] = 2.4 Hz, 1H, 6-H), 6.79 (d, ] = 8.4
Hz, 1H, 5'-H), 6.92 and 7.04 (each t, each 2H, J=9.0 Hz, 2 x 3'""-H,2 x
§""".H),7.07 and 7.11 (each dd, each 2H, ] = 9.0 Hz, J = 8.4 Hz, 2 x 2"""-
H,2 x 6""-H), 7.42 (d,*] = 2.4 Hz, 1H, 2'-H), 7.62 (dd, ] = 8.4 Hz, *] =
24 Hz, 1H, 6'-H), 9.14 (s, 1H, 3/-OH, D,0 exch.), 9.81 (s, 1H, 4-OH,
D,0 exch.), 10.85 (s, 1H, 7-OH, D,0), 12.63 (s, 1H, 5-OH, D, 0 exch.).
13C NMR (DMSO-d, 150 MHz): & 23.88, 24.38, 30.30, 30.39, 31.18,
33.18,33.80,34.11, 63.16, 68.57,70.73, 72.36, 73.10, 93.60, 98.82, 98.88,
103.97, 114.78, 114.92, 114.97, 115.10, 115.33, 115.72, 120.96, 122.41,
129.86, 129.92, 130.06, 130.11, 133.04, 134.99, 138.10, 138.24, 145.17,
148.79, 156.37, 159.91, 16139, 161.51, 164.37, 172.37, 172.49, 177.21.
FAB-MS m/z [M + H]" ion = 821. Anal. caled for C43H,, 0 4F,-1/
4H,0: C, 62.58; H, 5.19. Found: C, 62.29; H, 5.00.

Determination of Antibacterial Activity*®. In Vitro Suscept-
ibility Test. MICs of antimicrobial agents were determined by broth dilution
techniques, according to the instructions of the Clinical and Laboratory
Standard Institute (CLSI; formerly NCCLS). The MIC determinations
were made in triplicate on separate occasions. Broth MIC testing was
performed in 96-well microtiter trays with an inoculums of about 10° CFU
in 100 uL of Mueller—Hinton broth (Difco) supplemented with 0.85%
NaCl. The bacteria were diluted in the broth to a concentration of 10° in
100 1L of test compounds in water to various concentrations from 25.6 mg/
mL stocks. The final concentrations tested were 0.062, 0.125, 0.5, 1,2, 4, 8,
16, 32, 64, and 128 ug/mL (2-fold serial dilutions of test compounds). The
MIC was the lowest of these concentrations, at which each of the triplicate
wells was clear after incubation of the plate for 24 h at 35 °C. The MIC
values corresponded to three independent determinations. To be consid-
ered valid, identical MIC values had to be obtained in at least two
determinations; otherwise, experiments were repeated.

Determination of DNA Gyrase Supercoiling Activity®.
E. coli DNA Gyrase Inhibition (ICsp). DNA gyrase from E. coli was
purchased (Gyrase Supercoiling assay kit: K0001) from John Innes
Enterprises. One unit of DNA gyrase was incubated with 0.5 ug of
relaxed pBR322 DNA in a 30 uL reaction at 37 °C for 30 min under a
condition of 35 mM Tris HCI (pH 7.5), 24 mM KCl, 4 mM MgCl,
2 mM dithiotheritol, 1.8 mM spermidine, 1 mM ATP, 6.5% (w/v)
glycerol, and 0.1 mg/mL albumin (BSA). Each reaction was stopped by
the addition of 8 uL of Stop dye [40% sucrose, 100 mM Tris HCI (pH
7.5), 1 mM EDTA, and 0.5 mg/mL bromophenol blue]. Agarose gels
(1.0%) were run in TAE (40 mM Tris acetate, 2 mM EDTA). The
concentration of compounds that inhibits 50% of supercoiling activity
(ICso) was determined using densitometry and NIH image, and finally,
the values were applied to the following equation.

ICso = 10[LOG(A/B) x (50 — C)/(D — C) + LOG(B)]
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where A is 50% highest inhibition, B is 50% lowest inhibition, C is the
concentration of lowest inhibition, and D is the concentration of highest
inhibition. The determinations were performed at least three times.

Determination of Decatenation Activity®'. E coli TopolV
Inhibition (ICs). E. coli topolV was purchased (E. coli topoIV decatena-
tion kit: D4001) from John Innes Enterprises. One unit of topoIV was
incubated with 200 ng of kDNA in a 30 #L reaction at 37 °C for 30 min
under a condition of S0 mM HEPES—KOH (pH 7.6), S mM magne-
sium acetate, 100 mM potassium glutamate, 10 mM dithiotheritol,
1 mM ATP, and 40% (w/v) glycerol. Each reaction was stopped by the
addition of 8 uL of Stop dye [40% sucrose, 100 mM Tris HCI (pH 7.5),
1 mM EDTA, and 0.5 mg/mL bromophenol blue]. Agarose gels (1.0%)
were run in TAE (40 mM Tris acetate, 2 mM EDTA). The concentra-
tion of compounds that inhibits 50% of decatenating activity (ICso) was
determined using densitometry and NTH image, and finally, the values
were applied to the above equation similar to DNA gyrase inhibition.
The determinations were done at least three times.

S. aureus TopolV Inhibition (ICsy). S. aureus topolV was purchased
(S. aureus topolV decatenation kit: SAD4001) from John Innes En-
terprises. One unit of topoIV was incubated with 200 ng of kDNA in a 30
UL reaction at 37 °C for 30 min under a condition of 50 mM Tris HCI
(pH 7.5), S mM MgCl,, 350 mM potassium glutamate, S mM
dithiotheritol, 1.5 mM ATP, and 40% (w/v) glycerol. Each reaction
was stopped by the addition of 8 #L of Stop dye [40% sucrose, 100 mM
Tris HCI (pH 7.5), 1 mM EDTA, and 0.5 mg/mL bromophenol blue].
Agarose gels (1.0%) were run in TAE (40 mM Tris acetate, 2 mM EDTA).
The concentration of compounds that inhibits 50% of decatenating activity
(ICso) was determined with using densitometry and NIH image, and
finally, the values were applied to the above equation similar to DNA gyrase
inhibition. The determinations were conducted at least three times.

In Situ Absorption Study. The in situ absorption was studied in
male Wister rats (n = 4) weighing from 200 to 300 g. The rats were fasted
with ad libitum access to water 18 h and anesthetized by introperitoneal
injection of pentobarbital at S0 mg/kg 30 min prior to sugery. The in situ
perfusion technique described in the original publication®® was used.
After the cannula was set up and the segment under study was cleaned,
1 mg/mL of Si was injected into the small intestine. After 1 h, 10 mL of
saline was pumped through the intestine all the way to the distal cannula
and drained back into the intestine to ensure uniform sample concen-
tration throughout the gut segment, and subsquently, this 10 mL saline
solution along with unabsorbed Si was collected. The concentration of
the collected solution gave amounts of absorption from small intestine
by subtraction from injected cocentration. Thus, the amount absorbed
was determined with a three-step sequence involving initial centrifuga-
tion of the intestinal samples at 1500 rpm for 10 min to provide 0.1 mg/
mL sample solution, then extraction with chloroform followed by
removal of the solvent under reduced pressure. Finally, the resulting
sample was dissolved in 10 mL of methanol, and the absorbance of the
solution was measured in a UV spectrophotometer at 340 nm.

Acute Toxicity Study. The acute toxicity of 5i was studied in male
mice (1 = 4) weighing from 15 to 30 g, and animals were purchased from
Charles River Co. Ltd. The study was conducted according to inter-
nationally accepted principles of laboratory animals. Only water was
provided ad libitum during the 12 h before experimentation. After
intervenous injection of Si, food and water were provided ad libitum.
The weight gain of the animals as well as the mobility and the mortality
in animals were observed up to 14 days as an indicator of toxicity. The
mortality was zero, and the mobility in animals was normal within the
period of test.
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