Isoliquiritigenin derivatives inhibit RANKL-induced osteoclastogenesis by regulating p38

and NF-xB activation in RAW 264.7 cells
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Supporting information

Materials and Methods

General Information. '"H NMR spectra were recorded a JEOL J]NM-AL400 (400 MHz) spectrometer. Chemical
shifts are reported in ppm from tetramethylsilane, with the solvent resonance as the internal standard (CDCls: &
7.27 ppm, DMSO-ds: 8 2.50 ppm). Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet,
t = triplet, q = quartet, quint = quintet, m = multiplet), coupling constants (Hz), and integration. *C NMR spectra
were recorded on a JEOL JNM-AL400 (100 MHz) spectrometer with complete proton decoupling. Chemical shifts
are reported in ppm from tetramethylsilane with the solvent resonance as the internal standard (CDCls: 6 77.00
ppm, DMSO-ds: 6 39.51 ppm). Isoliquiritigenin and its 12 derivatives were synthesized as shown in Scheme 1

(compound 1-13) and spectra data match described.!
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Results

Synthesis of compound 1-13

/@\)k )1\@\ _60% KOHin HyO _ m __ BNHO m‘
MOMO OMOM BIOH, 22°C, 120 yomo ‘ OMOM ! on MeOH,70°C, 30min . ‘ OH OH

45% 89%

(E)-1-(2,4-Dihydroxyphenyl)-3-(4-hydroxyphenyl)prop-2-en-1-one (Isoliquiritigenin,1). 'H NMR (DMSO-ds,
400 MHz): 0 13.61 (s, 1H), 10.85 (s, 1H), 10.14 (s, 1H), 8.16 (d, ] = 8.7 Hz, 1H), 7.79-7.71 (m, 4H), 6.85 (d, ] =8.2 Hz,
2H), 6.40 (dd, [=8.9, 2.1 Hz, 1H), 6.27 (d, | =1.8 Hz, 1H); 3C NMR (DMSO-ds, 100 MHz): 0 191.3, 165.5, 164.7, 160.0,
143.9,132.5,130.8, 125.6, 117.4, 115.7, 112.9, 107.9, 102.4 (Figure S1).

10 mol % I2
HO OH OH DMSO, 100 °C, 45 min HO

71%

7-Hydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one (2). 'H NMR (DMSO-ds, 400 MHz): d 10.78 (s, 1H), 10.27 (s,
1H), 7.91 (d, ] =9.1 Hz, 2H), 7.85 (d, | = 8.7 Hz, 1H), 6.96-6.91 (m, 4H), 6.72 (s, 1H); 3C NMR (DMSO-ds, 100 MHz):
0176.0,162.3, 160.5, 157.2, 127.9, 127.8, 126.2, 121.7, 116.0, 115.7, 114.5, 104.4, 102.3 (Figure S2).

o o 0
/@\)k _60% KOHin H,0
H
+
o on . " EOH,60°C. 50 HO oH Ho o O
4.(30%) F

3 (35%)

(E)-1-(2,4-Dihydroxyphenyl)-3-(4-fluorophenyl)prop-2-en-1-one (3). 'H NMR (DMSO-ds, 400 MHz): 6 13.27 (s,
1H), 10.59 (s, 1H), 8.15 (d, | = 8.7 Hz, 1H), 7.97-7.87 (m, 3H), 7.78 (d, | = 15.5 Hz, 1H), 7.28 (t, ] = 6.8 Hz, 2H), 6.43
(dd, J=9.1,2.3 Hz, 1H), 6.31 (d, ] =2.3 Hz, 1H); ®C NMR (DMSO-ds, 100 MHz): 6 191.3, 165.6, 165.1, 163.2 (d, Jcr =
250 Hz), 142.0, 132.9, 131.1 (d, Jer=11.5 Hz), 131.1, 121.2, 115.8 (d, Jcr=21.2 Hz), 112.9, 108.0, 102.5 (Figure S3).

2-(4-Fluorophenyl)-7-hydroxychroman-4-one (4). 'H NMR (CDCls, 400 MHz):  7.88 (d, ] = 8.7 Hz, 1H), 7.46 (dd,
J=8.5,5.3Hz, 2H), 7.13 (t, ] = 8.5 Hz, 2H), 6.56 (dd, ] =8.7, 2.3 Hz, 1H), 6.47 (d, ] =2.3 Hz, 1H), 5.46 (dd, ] = 13.3,2.7
Hz, 1H), 5.39 (s, 1H), 3.02 (dd, ] =16.9, 13.3 Hz, 1H), 2.83 (dd, ] = 16.9, 3.2 Hz, 1H); 3C NMR (DMSO-ds, 100 MHz):
189.3, 164.6, 162.8, 161.8 (d, Jc-r = 245 Hz), 135.3, 128.6 (d, Jc-r = 8.7 Hz), 128.2, 115.1 (d, Jcr=21.2 Hz), 113.4, 110.6,
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102.5,78.1, 43.1 (Figure 54).

o
/@\)k )b\ _60% KOH InH,0 “ _ enHo m I/E
MOMO OMOM BOH, 22°C.120  \iomo ‘ OMOM ‘ NMe MEOH, 70°C, 30 min oy OH NMe,

5

©2 60% 81%

(E)-1-(2,4-Dihydroxyphenyl)-3-(4-(dimethylamino)phenyl)prop-2-en-1-one (5). 'H NMR (DMSO-ds, 400 MHz):
0 13.69 (s, 1H), 10.42 (s, 1H), 8.10 (d, ] = 8.7 Hz, 1H), 7.77-7.60 (m, 4H), 6.75 (d, ] = 8.2 Hz, 2H), 6.40 (d, ] = 8.7 Hz,
1H), 6.28 (s, 1H), 3.02 (s, 6H); *C NMR (DMSO-ds, 100 MHz): 0 191.2, 165.5, 164.4, 152.0, 144.7, 132.2, 130.7, 121.8,
114.8, 113.0, 111.6, 107.7, 102.4, 39.4 (Figure S5).

0o o) 0o
/@\)k H)K@\ 60% KOH in HO m 6 N HCI m
+ BEE——
o O O MeOH 70 °C, 30 min O O
MOMO OMOM NO, BIOH,22°C,1h om0 OMOM HO OH NO,
6

80% 80%

(E)-1-(2,4-Dihydroxyphenyl)-3-(4-nitrophenyl)prop-2-en-1-one (6). 'H NMR (DMSO-ds, 400 MHz): 0 13.11 (s, 1H),
8.27 (d, ] = 8.7 Hz, 2H), 8.18-8.09 (m, 4H), 7.84 (d, ] = 15.6 Hz, 1H), 6.46 (dd, | =8.9, 2.5 Hz, 1H), 6.33 (d, | =2.3 Hz,
1H); 3C NMR (DMSO-ds, 100 MHz): 6 190.7, 165.6, 165.4, 147.9, 140.9, 140.2, 133.0, 129.6, 125.6, 123.6, 113.0, 108.2,
102.5 (Figure S6).

o
/@\)k )KQ\ 60% KOH in H20 /‘\)K/A‘\ __BNHGI “
EtOH, 22°C, 5 h O O O O
MOMO OMOM MOMO OMOM CF, MeOH. 70°C, 30min OoH CFs

65% 85%

(E)-1-(2,4-Dihydroxyphenyl)-3-(4-(trifluoromethyl)phenyl) prop-2-en-1-one (7). 'H NMR (DMSO-ds, 400 MHz):
0 13.12 (s, 1H), 10.64 (s, 1H), 8.17 (d, | = 8.7 Hz, 1H), 8.10-8.04 (m, 3H), 7.84-7.79 (m, 3H), 6.45 (dd, ] =8.7, 2.3 Hz,
1H), 6.32 (d, ] = 2.3 Hz, 1H); ¥C NMR (DMSO-ds, 100 MHz): 8 191.0, 165.4, 165.3, 141.1, 138.5, 133.0, 129.9 (q, Jcr =
31.8 Hz), 129.2, 125.4 (q, Jcr=3.9 Hz), 124.2, 123.8 (q, Jer = 272 Hz), 113.0, 108.2, 102.5 (Figure S7).

0 0 o
/@\)K Ny F 30% KOHinH;0 _ m _ BNHOI MF
. /\(I
NG oMo ¢ EOH22°C12h O ovo O MeOH, 70°C,30min . O on O .
8

75% 85%

(E)-3-(3,4-Difluorophenyl)-1-(2,4-dihydroxyphenyl) prop-2-en-1-one (8). tH NMR (DMSO-ds, 400 MHz):  13.2 (s,
1H), 8.17 (d, J=9.1 Hz, 1H), 8.07 (ddd, /=12.1, 8.0, 1.8 Hz, 1H), 7.94 (d, ] = 15.6 Hz, 1H), 7.75-7.69 (m, 2H), 7.49 (dt,
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J=10.5, 8.5 Hz, 1H), 6.43 (dd, ] = 9.1, 2.3 Hz, 1H), 6.31 (d, ] = 2.3 Hz, 1H); *C NMR (DMSO-ds, 100 MHz): d 191.1,
165.6, 165.2, 150.5 (dd, Jer = 250 Hz, 13.4 Hz), 149.6 (dd, Jcr = 246, 12.5 Hz), 140.9, 132.95, 132.4 (dd, Jer = 5.8, 3.9
Hz), 126.5 (dd, Jer = 6.7, 3.9 Hz), 122.7, 117.7 (dc+, ] = 18.3 Hz), 116.8 (d, Jcr = 17.3 Hz), 112.9, 108.1, 102.4 (Figure
S8).

/@\)k Me _60% KOH in H;0 _ OMe  eNHOI OMe
MOMO OMOM Et0H, 1703(1/C 20 vomo ‘ OMOM ‘ MeCH, 78010/0 30min o O OH O
0

Me

(E)-1-(2,4-Dihydroxyphenyl)-3-(4-hydroxy-3,5-dimethoxyphenyl)prop-2-en-1-one (9). 'H NMR (DMSO-ds, 400
MHz): 8 13.53 (s, 1H), 10.52 (s, 1H), 8.88 (s, 1H), 8.18 (d, ] = 8.7 Hz, 1H), 7.78 (d, ] = 15.1 Hz, 1H), 7.73 (d, | = 15.5
Hz, 1H), 7.19 (s, 2H), 6.43 (dd, ] = 8.7, 2.3 Hz, 1H), 6.30 (d, | = 2.3 Hz, 1H), 3.86 (s, 6H); 3C NMR (DMSO-ds, 100
MHz): 5 191.4, 165.6, 164.7, 148.1, 144.7, 139.0, 132.6, 124.9, 118.0, 112.9, 107.8, 107.3, 102.5, 56.2 (Figure S9).

o
O & O OMe 9.0 equiv BBr3 O o
Ho OH OMe  CHyClp 22°C, 241
11 OMe 62%
(E)-1-(2,4-Dihydroxyphenyl)-3-(3,4,5-trihydroxyphenyl)prop-2-en-1-one (10). '"H NMR (DMSO-ds, 400 MHz): o
13.43 (s, 1H), 10.53 (s, 1H), 8.95 (s, 2H), 8.78 (s, 1H), 8.05 (d, ] = 9.1 Hz, 1H), 7.57 (d, ] = 15.6, 1H), 7.52 (d, | = 15.6,

1H), 6.80 (s, 2H), 6.41 (dd, ] = 9.1, 2.3 Hz, 1H), 6.29 (d, ] = 2.3 Hz, 1H); *C NMR (DMSO-ds, 100 MHz): 5 191.2, 165.4,
164.7, 146.0, 144.8, 136.9, 132.4, 125.1, 117.4, 113.0, 108.5, 108.0, 102.5 (Figure S10).

/@\)K _60% KOH in H,0 _ OMe  6NHCI ‘ G OMe
MOMO oMOM EtOH 611(3/0 G120 vomo E oMOM ‘ MeOH, 7;00/0 30min - g OH OMe
0

Me
(E)-1-(2,4-Dihydroxyphenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-en-1-one (11). 'H NMR (DMSO-ds, 400 MHz): d
13.38 (s, 1H), 10.60 (s, 1H), 8.19 (d, ] = 9.1 Hz, 1H), 7.87 (d, ] = 15.6 Hz, 1H), 7.74 (d, ] = 15.1 Hz, 1H), 7.21 (s, 2H),
6.45 (dd, ] =8.7, 2.3 Hz, 1H), 6.31 (d, | = 2.3 Hz, 1H), 3.88 (s, 6H), 3.74 (s, 3H); ¥*C NMR (DMSO-ds, 100 MHz): d
191.3, 165.6, 165.0, 153.0, 143.8, 140.1, 132.8, 129.9, 120.3, 112.9, 108.0, 106.8, 102.5, 59.9, 56.1 (Figure S11).
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MOMO O MOMO O

o OH ©
/@\)& . HJK@\ 60% KOH in H,0 6 N HCI
VoMo oH oy FEOH.100°C,12h o o MeOH.70°C,30min on on
32% 89% 12
(E)-3-(4-Hydroxyphenyl)-1-(2,4,6-trihydroxyphenyl)prop-2-en-1-one (12). 'H NMR (DMSO-ds, 400 MHz):  12.38
(s, 2H), 10.22 (s, 1H), 9.89 (s, 1H), 7.95 (d, ] = 16.0 Hz, 1H), 7.64 (d, ] = 15.6 Hz, 1H), 7.51 (d, ] = 8.2 Hz, 2H), 6.84 (d,
J = 8.7 Hz, 2H), 5.85 (s, 2H); 3C NMR (DMSO-ds, 100 MHz): d 191.6, 164.5, 164.1, 159.6, 141.9, 130.0, 126.0, 123.9,

115.8,104.2, 94.8 (Figure S12).

o o o
60% KOH in H,0
. . o EtOH. ;2)/0 sho O . O o
13
(E)-1-(2,4-Difluorophenyl)-3-(4-hydroxyphenyl)prop-2-en-1-one (13). 'H NMR (CDCls, 400 MHz): 5 7.89 (td, | =
8.6, 6.6 Hz, 1H), 7.74 (dd, | =16.0, 1.8 Hz, 1H), 7.56 (d, ] = 8.7 Hz, 2H), 7.28 (dd, ] = 15.5, 2.7 Hz, 1H), 7.00 (td, | = 8.2,
2.3 Hz, 1H), 6.94-6.91 (m, 1H), 6.88 (d, ] = 8.7 Hz, 2H), 5.13 (s, 1H); 3C NMR (CDCls, 100 MHz): 9 188.4, 165.4 (dd,
Jcr =256, 11.5 Hz), 161.9 (dd, Jcr = 256, 12.6 Hz), 158.9, 146.0, 132.8 (dd, Jcr = 10.6, 3.9 Hz), 130.9, 126.9, 123.5 (dd,
Jer=12.5,2.9 Hz), 122.4, 116.1, 112.22 (dd, Jer=21.2, 3.8 Hz), 104.8 (dd, Jc-r=27.0, 26.0 Hz) (Figure S13).
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Supplementary Figures 1-12. Copies of 'H and *C NMR spectra for all products

Figure Sla. '"H NMR spectrum of the isoliquiritigenin (1)
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Figure S1b. 3C NMR spectrum of the isoliquiritigenin (1)
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Figure S2a. 'H NMR spectrum of the compound 2
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Figure S2b. 3C NMR spectrum of the compound 2
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Figure S3a. 'H NMR spectrum of the compound 3
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Figure S3b. 3C NMR spectrum of the compound 3
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Figure S4a. 'H NMR spectrum of the compound 4
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Figure S5a. 'H NMR spectrum of the compound 5
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Figure S5b. 3C NMR spectrum of the compound 5

[te} N © © v o <t <t 00 O N O N
~ < ™ (<) © ~— © O MNOOW O OANTT OO
- 0 < - < INE=} - AN~ TONWOVTOO®©
[«2) o © v < oM N+~ OO [eNo NN NeNe)Ne) N ol
-~ ~ - - - — — = - STODOOHOHOD
|~ . SE SV =
0.30 @)
CUT0
L0 HO OH NMe,
?ﬁ
C
Q<
£
= 0.20
(]
N
©
3
2 015
| |
0.10
| |
|
I | \ I L
0.05 | |
0
Attt it i, A ot AL bttt
180 160 140 120 100

Chemical Shift (ppm)

S11



Figure S6a. "H NMR spectrum of the compound 6
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Figure S7a. 'H NMR spectrum of the compound 7
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Figure S8a. 'H NMR spectrum of the compound 8
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Figure S8b. 1°*C NMR spectrum of the compound 8
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Figure S9a. 'H NMR spectrum of the compound 9
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Figure S9b. 3C NMR spectrum of the compound 9
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Figure

S10a. '"H NMR spectrum of the compound 10
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Figure S10b. 3C NMR spectrum of the compound 10
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Figure S11a. '"H NMR spectrum of the compound 11
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Figure S11b. 3C NMR spectrum of the compound 11
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Figure S12a. '"H NMR spectrum of the compound 12
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Figure S12b. 3C NMR spectrum of the compound 12
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Figure S13a. "H NMR spectrum of the compound 13
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Figure S13b. *C NMR spectrum of the compound 13
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Figure S14. ILG and ILG derivatives suppress RANKL-induced osteoclast differentiation in RAW264.7 cells.
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RAW?264.7 cells were treated with 40 ng/ml RANKL in the presence of ILG or ILG compounds for 4 days. RAW264.7 cells
were treated with 10 uM of ILG or ILG derivatives. The fixed cells were stained for TRAP and observed under a light

microscope (40x) to determine TRAP positive cells. Scale bar = 400um.

Table S1. Isoliquiritigenin and 12 derivatives.

Compound structure IUPAC name
Isoliquiritigenin i (E)-1-(2,4-Dihydroxyphenyl)-3-(4-hydroxyphenyl)prop-2-en-1-
@ HO O OH O OH one
(0]
2 Ho O Ol O 7-Hydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one
OH
0
z
3 o O oH O . (E)-1-(2,4-Dihydroxyphenyl)-3-(4-fluorophenyl)prop-2-en-1-one
0

o~
I
0
Q

O 2-(4-Fluorophenyl)-7-hydroxychroman-4-one

bl

(E)-1-(2,4-Dihydroxyphenyl)-3-(4-(dimethylamino)phenyl)prop-
2-en-1-one

a1
IS
g
\
\

I
—2Z

lo}

(o)}
o
[}
o
I
\
z
o
N

(E)-1-(2,4-Dihydroxyphenyl)-3-(4-nitrophenyl)prop-2-en-1-one
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(E)-1-(2,4-Dihydroxyphenyl)-3-(4-(trifluoromethyl)phenyl)prop-

=
7 HO O OH O CF; 2-en-1-one
e}
8 O 7 O F (E)-3-(3,4-Difluorophenyl)-1-(2,4-dihydroxyphenyl)prop-2-en-1-
HO OH F one
0
9 O 7 O oe (E)-1-(2,4-Dihydroxyphenyl)-3-(4-hydroxy-3,5-
HO OH I OH dimethoxyphenyl)prop-2-en-1-one
Me
0
10 O 7 O oH  (E)-1-(2,4-Dihydroxyphenyl)-3-(3,4,5-trihydroxyphenyl)prop-2-
HO OH OH en-1-one
OH
0
1 O 7 O OMe  (E)-1-(2,4-Dihydroxyphenyl)-3-(3,4,5-trimethoxyphenyl)prop-2-
HO OH OMe en-1-one
OMe
OH 0
1 O 7 O (E)-3-(4-Hydroxyphenyl)-1-(2,4,6-trihydroxyphenyl)prop-2-en-
HO OH OH 1-one
0
13 (E)-1-(2,4-Difluorophenyl)-3-(4-hydroxyphenyl)prop-2-en-1-one

S21



