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The roots and stolons of Ghvevrrhiza Glabra L. a per-
ennial plant of Leguminosae. are one of the most important
crude drugs from ancient times. Glycyrrhizin (GL). the major
oleanane-type triterpene saponin in licorice roots. is used in
large quantities as a well known sweetener.! On the other
hand. not only GL but also many flavonoids have been
isolated from the underground parts of G. glabra.” Iso-
liquiritigenin glvcosides (ILG) are the major flavonoids
responsible for the yellow color of licorice roots. Some
bioactive flavonoids have been isolated from commercial
licorice and their structures were elucidated on the basis of
spectroscopic evidence. In recent vears, the number of reports
referring to the biological activity of licorice constituents has
been dramatically increased. and either flavonoids or iso-
flavonoids were identified as the active principles.**

Shinflavanone

We recently reported the first total synthesis of (+)-shin-
flavanone. which has flavonoids skeleton.” We also reported
that (+)-shinflavanone possesses high inhibitory activity of
bone resorption pits formation by osteoclast cell as compar-
ed to herbimyein A. Continuously, our research in tlus field
has been focused on the syntheses of the other structurally
related natural products and evaluation of their mhibition
ability of osteoclast cell activity to generate potent anti-
0steoporosis agents.

In tlus report. we reveal the first total svntheses of
prenyllicoflavone A and licoflavone A, which have similar
structures to shinflavanone, and inhibition abilities of bone
resorption pits formation by osteoclast-like cell induced by

Lo, 25-dihyvdroxyvitamine Ds.

Preparation of the prenvllicoflavone A (10a) began with
the 1soprenylation of 2.4-dihydroxyacetophenone (1) with 2-
methyl-but-3-en-2-ol and boron mfluonde-etherate m dioxane.
After separation by flash column chromatography, 2b and 2¢
were used® for the syntheses of (£)-shinflavanone and its
analogues as was already reported by us. 5-C-Prenyl-
resacetophenone (2a) and 2.4-dihydroxyacetophenone (1)
were protected using methoxymethyl chloride and K-COs to
obtam MOM-protected compounds 3a and 3b in 81% and
98% vields respectively. 2-Hydroxy-4-methoxymethyloxy-
5-(3-methyl-2-butenyl)acetophenone (3a) and 2-hvdroxy-4-
methoxymethyloxyacetophenone (3h) was condensed with
4-methoxymethyloxy-3-(3-methyl-2-butenybenzaldehy de
(6) m the presence of concentrated alcoholic alkaline
solution to afford the corresponding chalcone 7a and 7b n
77% and 32% vields respectively. Subsequent cvclization
with dilute alkaline solution provided flavones 8a and 8b in
90% and 60% vields respectively. The resulting flavones 8a
and 8b were treated with LDA and seleninic anhydride in
THF at =78 °C to provide flavones 9a and 9b m 20% and
17% wields respectively. Finally. demethoxymethylation of
9a was aclueved by using 3 N HCI/THF for 10 nun at reflux
to give the desired final natural product prenyllicoflavone A
(10a) m 52% vield. The demethoxymethylation of 9b by
using the same condition generated another natural product
licoflavone A (10b) in 25% vield. The spectroscopic data of
the synthesized natural products 10a™ and 10b™ were iden-
tical with those of the naturally occurring prenyllicoflavone
A and licoflavone A °

The synthesized natural products 10a and 10b were assay-
ed for their ability to inlubit the resorption pits formation by
osteoclast-like cell (OCL) mduced by le. 25-dihydroxy-
vitamine D;.*"”

As shown i Table l. the anti-osteoporosis activity of
synthesized natural products 10a, 10b, appears to be weaker
as compared with (£)-shinflavanone. The 1Cs» value of (£)-
shinflavanone was 0.70 tg/mL as reported by us.” There is
no report about the osteoporosis related activity with prenyl-
licoflavone A 10a and licoflavone A 10h,

In conclusion. we firstly synthesized prenyllicoflavone A
and hicoflavone A and found these compounds have mter-
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Scheme 1. (a) BF:OEt, dioxane; (b) methoxvmethvl chloride,
K2COn, acetone; (c) 10% KOH/H-O; (d) 50% KOH/H-O, EtOH;
(e) Na;CO:/H;O, EtOH: () LDA, seleninic anhvdrde, THE: (g)
10% HCI/H;O, THF.

Table 1. Eftects of Bone Resorption Inhibitors on Pits Formation
and Their Cvtotoxicity on Osteoclastic Cells”

Numbers of Pits (inhibition %)
Compound

0.11 pug/mlL0.33 pg/ml.  1.00 gg/mL

Prenvllicotlavone A (10a) 395(n.s.) 380(7.32%) 203 (49.3%)
Licoflavone A (10b) 400 (n.s.) 360(12.20%) 213 (46.25%)
Control 402 410 400

“All the values are stated as the mean of at least three determinations.

mediate potency as the inhibitors of bone resorption pits
formation by OCL induced by 1w 25-dihvdroxyvitamine Ds.
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Resorption Pit Assay and Quantitation of Pits: Drops
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were added on bone shices placed in a 96-well culture dich
with and without samples. After incubation for 48 h, bone
slices were placed for 30 min in 1 M NaOH and cleaned
by ultrasonication to remove adherent cells. The bone
slices were then stained with Mavers hematoxylin solution
(hematoxylin, 1 g/L: NalOs, 0.2 g/L.; AINH4(SO)412H-0,
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pro plus, Media Cvbemetics, MD, USA), the numbers of
pits were counted.
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