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Abstract—A general strategy for the synthesis of 3’-prenylated chalcones was established and a series of prenylated hydroxychal-
cones, including the hop (Humulus lupulus L.) secondary metabolites xanthohumol (1), desmethylxanthohumol (2), xanthogalenol
(3), and 4-methylxanthohumol (4) were synthesized. The influence of the A-ring hydroxylation pattern on the cytotoxic activity of
the prenylated chalcones was investigated in a HeLa cell line and revealed that non-natural prenylated chalcones, like 2’,3,4’,5-tet-
rahydroxy-6’-methoxy-3’-prenylchalcone (9, ICsy 3.2 + 0.4 uM) as well as the phase 1 metabolite of xanthohumol (1), 3-hydrox-
yxanthohumol (8, ICso 2.5 £ 0.5 pM), were more active in comparison to 1 (ICsg 9.4 £ 1.4 pM). A comparison of the cytotoxic
activity of xanthohumol (1) and 3-hydroxyxanthohumol (8) with the non-prenylated analogs helichrysetin (12, ICsy 5.2 + 0.8)
and 3-hydroxyhelichrysetin (13, ICsy 14.8 + 2.1) showed that the prenyl side chain at C-3’ has an influence on the cytotoxicity
against HeLa cells only for the dihydroxylated derivative. This offers interesting synthetic possibilities for the development of more
potent compounds. The ORAC activity of the synthesized compounds was also investigated and revealed the highest activity for
compounds 12, 4’-methylxanthohumol (4), and desmethylxanthohumol (2), with 4.4 £ 0.6, 3.8 + 0.4, and 3.8 + 0.5 Trolox equiva-
lents, respectively.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Xanthohumol is the most abundant prenylated chalcone
in hop cones (Humulus lupulus L.) and has been shown
to exhibit an interesting spectrum of pharmacological
effects. Besides its remarkable anti-proliferative activity
against different cancer cell lines,!* xanthohumol also
exhibited apoptotic activity>* and showed chemopre-
ventive effects.>® Furthermore, several in vitro studies
substantiated effects on enzymes and transcription fac-
tors involved in the genesis of cancer.*7~!! Very recently,
in vivo growth inhibition of a vascular tumor has been
reported.” Hop cones also contain several minor preny-
lated and structurally related chalcones like xanthogale-
nol, 5'-prenylxanthohumol, xanthohumol B, and C,'?
but the pharmacological data for these compounds are
scarce due to the limited availability via isolation.'® Re-
cently, we described a synthesis for xanthohumol'# and
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in parallel another synthetic approach was published by
Khupse and Erhardt,'> but no synthesis has been de-
scribed for other prenylated hop chalcones, except for
demethylxanthohumol.'® Up to now, all compounds
have to be isolated from hop cones. Here, we report
on a synthetic strategy generally applicable for the
synthesis of natural and non-natural prenyl chalcones.
Furthermore, we investigated the cytotoxic and anti-oxi-
dative activities of these compounds. Due to the fact
that recent studies on the metabolism of xanthohumol
identified some hydroxylated derivatives as potential
phase I metabolites,!”-!8 we also synthesized one of these
compounds (8) to evaluate its biological activity in com-
parison to xanthohumol.

2. Results and discussion
2.1. Chemistry
2.1.1. Compounds 1, 6-13. MOM protection of 2,4,6-tri-

hydroxyacetophenone with 2.5 equivalents MOM bro-
mide yielded intermediate 1a, which was refluxed for
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24 h with prenylbromide in acetone/K,CO;3 to obtain
compound 2a in 91% yield. Claisen rearrangement of
ether 2a in N,N-dimethylaniline leads to the MOM pro-
tected and prenylated acetophenone (3a). Using the
phase transfer catalyst tetrabutylammonium iodide,
methylation with dimethylsulfate gave 4a. Aldol cou-
pling with the respective MOM protected benzaldehydes
leads to the corresponding protected chalcones (5a,
Scheme 1). Deprotection with 3 N HCL in MeOH (re-
flux) yielded the chalcones (1, 6-11). Compounds 12
and 13 were synthesized by analogy, but without prenyl-
ation. In parallel, another approach for one of the key
steps, the introduction of the prenyl side chain to the
phenolic hydroxyl group via a Mitsunobu reaction (with
triphenyl  phosphine, diethyl diazodicarboxylate,
3-methyl-2-en-1-0l, and toluene) was suggested for the
synthesis of xanthohumol, but looks less practicable rel-
ative to green chemistry and the yield (80% in compari-
son to 91%).!> Furthermore, the authors did the
methylation step without the transfer catalyst tetrabu-
tylammonium iodide and obtained slightly lower yields
for 4a (82% in comparison to 89%). Besides xanthohu-
mol, no other prenylated hop chalcones were synthe-
sized in that study.

2.1.2. Compounds 2-5. Slight modification of the general
strategy by omitting (or doubling) the methylation step,
or by changing the sequence of the reactions, also en-
ables the synthesis of compounds 2-5.
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2.2. Biology

The cytotoxic activity of all the synthesized chalcones
was tested against a Hela cell line using a MTT cell pro-
liferation assay.!”?° In accordance with literature data
on other cancer cell lines, xanthohumol (1) showed a
remarkable cytotoxic activity with an ICsq value of
9.4 uM, whereas desmethylxanthohumol (2) is less ac-
tive (ICso 16.5 uM). Compounds with different methyla-
tion patterns (3-5) also showed lower cytotoxicity
(Table 1). Interestingly, the variation of the hydroxyl
group pattern of ring A (concerning number and posi-
tion) resulted in various compounds showing higher
activity in comparison to 1. Chalcones 8 (2',3,4,4’-tetra-
hydroxy-6’-methoxy-3’-prenylchalcone) and 9 (2',3,4’,5-
tetrahydroxy-6'-methoxy-3’-prenylchalcone) were the
most active, exhibiting ICs, values of 2.5 and 3.2 uM,
respectively. It is especially of interest that compound
8 is more active as xanthohumol (1) itself because it is
reported to be one of the possible phase I metabolites
of 1.'7 A couple of other oxidized and/or conjugated
xanthohumol metabolites have been identified showing,
for example, a hydroxylated prenyl side chain or an
additional substituted furan ring.'”?' Biological and
chemical characterization of these compounds has not
been possible until now due to the limited amounts
available. Thus, synthesis along this strategy and further
pharmacological investigation of phases I and II metab-
olites is a worthwhile follow-up project. It is of further
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b
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2a 3a
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Scheme 1. Key steps of the synthetic route for xanthohumol (1) and its derivatives varying in A Ring substitution. Reagents and conditions: (a)
Acetone, K,CO;, 24 h (reflux); (b) N,N-dimethylaniline, 3 h (reflux), argon atmosphere; (c) dimethylsulfate, NaOH, DCM/H,0 3:2, tetrabutyl-
ammonium iodide (phase transfer catalyst), 24 h (room temperature); (d) KOH, EtOH/H,O 3:2, 1 h (ice), 72 h (room temperature).
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Table 1. Cytotoxic (HeLa cells, 150.000 cells/mL, 72 h incubation,
1Cso values in uM + SD, n = 8) and antioxidative (Trolox equivalents,
concentration range in brackets)** activity of chalcones (1-13)

ICso (uM) Trolox equiv
1 94+14 2.3+0.2 (0.25-1.5)
2 16.5+1.3 3.8+0.5(0.25-1.5)
3 28.3£3,6 1.8 £0.3 (0.25-1.5)
4 11.8+1.7 3.8+ 0.4 (0.1-1.5)
5 256+3.3 1.5+ 0.2 (0.25-1.5)
6 59+0.4 2.3+0.2 (0.25-1.5)
7 4.8%0.3 2.7£0.1 (0.25-1.5)
8 25+0.5 3.1+£0.3 (0.1-1.0)
9 32+x04 2.9%0.4 (0.1-1.0)
10 303+ 64 1.1£0.3 (0.1-1.0)
11 17.1 £ 1.8 0.9 £0.1 (0.5-2.0)
12 52+0.8 4.4%0.6 (0.1-1.0)
13 148 + 2.1 3.0+ 0.2 (0.25-1.5)

interest that the cytotoxic activity of prenylated (1 and 8;
1Csp 9.4 and 2.5 uM, respectively) and the correspond-
ing non-prenylated chalcones (12 and 13; ICsy 5.2 and
14.8 uM, respectively) revealed that prenylation at 3'—
has no significant effect concerning the cytotoxicity of
the 4-hydroxy-chalcones, but is important for the 3,4-
dihydroxy-structures. This offers interesting possibilities
for changing the substitution on C-3’ for non-prenylated
xanthohumol analogs with the aim to synthesize deriva-
tives with still higher cytotoxic activity against tumor
cells. Also the development of hybrid and bivalent mol-
ecules is possible using C-3’ as coupling position.

Literature data strongly suggested that the pharmaco-
logical importance of phenolic compounds in food is of-
ten related to their antioxidant activity.?> To assay the
antioxidant activity of the synthesized chalcones, the
ORAC- (oxygen radical absorbance capacity) Fluores-
cein assay was used generating peroxyl radicals by the
application of 2,2’-azobis (2-methylpropionamide) dihy-
drochloride (AAPH) as a free radical initiator.?*> All
tested compounds showed a remarkable activity of 0.9
(11) to 4.4 (12) Trolox equivalents in a concentration
range between 0.1 and 2.0 uM (Table 1). In comparison
to other potent antioxidants like quercetin (10.5 £ 0.4
Trolox equiv, concentration range 0.2-0.6 pM),?* this
represents a relatively low to moderate activity. For
the most active compounds 2 (3.8 £ 0.5 Trolox equiv),
4 (3.8+0.4), and 12 (4.4 £ 0.6), the activity is compara-
ble to that reported for ferulic and p-coumaric acid
(4.47 £ 0.21 and 4.51 * 0.23, concentration range 0.3-
1.0 and 0.4-1.0, respectively).?> Gerhiduser et al. re-
ported for a concentration of 1 uM, an ORAC of 2.9
Trolox equivalents® for xanthohumol (1). This was
nearly exactly confirmed by our experiments for a con-
centration range of 0.25-1.5 uM revealing 2.3 0.2
Trolox equivalents. Interestingly, some minor com-
pounds of hop cones like 4’-methylxanthohumol (4)
were more active.

3. Conclusion

A general strategy for the synthesis of prenylated chal-
cones has afforded several analogs. Among these preny-

lated hop chalcones, not only does the most abundant
hop chalcone xanthohumol (1) exhibit interesting activ-
ity, but also the minor compounds, the non-natural
chalcones, and one of the phase 1 metabolites of 1 exhi-
bit activity.

4. Experimental
4.1. Instruments and materials

All 'H and >C NMR experiments were recorded on a
Bruker Avance 300 (operating at 300.13 MHz for 'H
and 75.47 MHz for 13C) at 296.1 K. The spectra were re-
corded in acetone-ds, CDCl; or DMSO-dg (Firma: Deu-
tero GmbH, purity 99.8%) and referenced against
residual non-deuterated solvent. Melting points were
measured on a Bilichi Melting Point B-545 apparatus
(uncorrected). HR- and LREIMS (70 eV) were mea-
sured on a MAT 710A. UV spectra were recorded on
a Cary 50 Scan (Varian; all compounds in MeOH, pur-
ity >99.9%). Column chromatography (CC) was always
performed with normal phase silica gel (Firma Merck,
0.063-0.200 mm), TLC analysis was done with Silica
gel 60 F,s4 plates (Merck) using a UV lamp for detection
(254 and 365 nm). The optical density in the MTT cyto-
toxicity assay was measured at 560 nm using a micro-
plate reader (Tecan).

4.2. Preparation of compounds 1, 2, 4, and 6-13

A mixture of 2,4,6-trihydroxyacetophenone (4.6 g, 1
equiv), anhydrous K>,CO; (7 equiv), and MOM bromide
(2.5 equiv) was stirred and refluxed in acetone for 3 h.
The reaction mixture was cooled to room temperature
and filtered. The filtrate was evaporated and the residue
subjected to CC with PE/EA 1:1 as an eluent to yield
compound 1la (68%). Prenylbromide (1.5 equiv),
K,COj; (4 equiv), and 1a (2 g) were refluxed in acetone
for 24 h with stirring gave 2a after filtration and CC
(PE/EA 2:1) of the evaporated filtrate (91%). Compound
2a was refluxed and stirred in N,N-dimethylaniline un-
der argone atmosphere to give 3a (41%) after CC with
PE/EA 6:1 as eluent. A mixture of 3a (400 mg), dimeth-
ylsulfate (1.1 equiv), tetrabutylammonium iodide (0.1
equiv), and NaOH (1.4 equiv) was stirred in dichloro-
methane/water 3:2 for 24 h at room temperature. Sepa-
ration of organic and aqueous phase, extraction of the
aqueous phase with CH,Cl,, and CC of the residue of
all dried, combined and evaporated CH,Cl, phases with
PE/EA 2:1 yielded 4a (89%). Compound 4a (300 mg)
was stirred in ethanol/water (3:2) under argone atmo-
sphere together with the respective protected benzalde-
hyde derivative (1.1 equiv) and KOH (50 equiv)
initially for 1 h in an ice bath afterwards for 72 h at
room temperature. The reaction mixture was poured
into ice-water acidified with 3 N HCL and extracted
three times with CH,Cl, or ethyl acetate. The organic
phases were combined, washed with water, dried on
Na,SO,, and evaporated. The residue was subjected to
CC (different PE/EA mixtures: 1:1, 3:2, 2:1 and 3:1,
respectively) and yielded 5a (yields between 53% and
86%). Compound 5a was dissolved in methanol and
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3 N HCI was added to give a ratio of 5:1 methanol/3 N
HCI. After 15 min under reflux, the reaction mixture
was poured into ice-water and extracted three times with
ethyl acetate or dichloromethane. The organic phases
were combined, washed with water, and dried on
Na,SO,. After evaporation, CC of the residue on silica
gel using CH,CI,/EA (4:1 and 6:1) or PE/EA (1:1, 1:2
and 1:3) gave the corresponding chalcones 1, 6-11
(yields between 40% and 78%). Compounds 12 and
13 were analogously prepared, omitting the prenylation
steps. Intermediate 3a was directly coupled with the
protected 4-hydroxybenzaldehyde to give compound 2
after deprotection (yield 47%). For the preparation of
compound 4, intermediate 4a was deprotected as de-
scribed for compound 5a and the resulting 2,4-dihy-
droxy-6-methoxy-3-prenylacetophenone (yield 58%)
was again methylated with dimethylsulfate and tetrabu-
tylammonium iodide as described above to give 2-hy-
droxy-4,6-dimethoxy-3-prenylacetophenone (yield
81%). Coupling with MOM protected 4-hydroxybenz-
aldehyde followed by deprotection yielded 2’,4-dihy-
droxy-4',6'-dimethoxy-3’- prenylchalcone (4) (yield
63%).

4.2.1. 2',4,4'-Trihydroxy-6'-methoxy-3'-prenylchalcone
(xanthohumol, 1). Yield: 64%; Orange-yellow amor-
phous powder; mp 162-163 °C; UV A.x 369.6 nm; EI-
MS (pos. mode) m/z: 354 [M]" (70), 339 [M—CH;]"
(10), 311 [M-C3H;]" (48), 179 (100); "H NMR (CDCl;)
o (ppm): 1.77 (3H, s, H3-5"), 1.83 (3H, s, H3-4"), 3.41
(2H, d, J=17.1, H»-1"), 3.90 (3H, s, OCH3), 5.22 (1H,
s, OH), 530 (1H, t, J=7.1, H-2"), 594 (1H, s, OH),
6.19 (1H, s, H-5"), 6.86 (2H, d, J=8.5, H-3 and H-5),
7.52 (2H, J =8.5, H-2 and H-6), 7.74 (1H, d, J=15.6,
H-B), 7.80 (1H, d, J=15.6, H-a), 14.65 (1H, s, OH-
2'); 3C NMR (acetone-dg) 6 (ppm): 193.3 (CO), 166.4
(C-2'), 162.8 (C-4'), 161.9 (C-6"), 160.6 (C-4), 143.2 (C-
B), 131.2 (C-2 and C-6), 131.0 (C-3"), 128.2 (C-1),
125.5 (C-a), 124.0 (C-2"), 116.8 (C-3 and C-5), 108.9

(C-3), 106.3 (C-1), 91.7 (C-5"), 56.2 (OCH3), 25.9 (C-
5", 22.1 (C-1"), 17.9 (C-4").

4.2.2. 2',4,4',6'-Tetrahydroxy-3'-prenylchalcone (des-
methylxanthohumol, 2). Yield 43%; Orange-yellow
amorphous powder; mp 176-177°C; UV djax
365.0 nm; EI-MS (pos. mode) m/z: 340 [M]" (70), 325
[M—CH,]* (13), 297 [M-C;H;]* (20), 165 (100); 'H
NMR (DMSO-dg) ¢ (ppm): 1.60 (3H, s, H3-5"), 1.69
(3H, s, H3-4"), 3.09 (2H, d, J = 6.6, H,-1"), 5.13 (1H,
t, J=6.6, H-2"), 6.02 (1H, s, H-5"), 6.83 (2H, d,
J=8.8, H-3 and H-5), 7.52 (2H, J=28.8, H-2 and H-
6), 7.65 (1H, d, J=15.6, H-B), 7.99 (1H, d, J = 15.6,
H-a), 10.05 (1H, s, OH), 10.34 (1H, s, OH), 10.64 (1H,
s, OH), 14.54 (1H, s, OH-2"); '3*C NMR (acetone-dg) o
(ppm): 1934 (CO), 1659 (C-2'), 162.8 (C-4'), 160.5
(C-6), 160.2 (C-4), 143.0 (C-B), 131.2 (C-2 and C-6),
130.8 (C-3"), 128.2 (C-1), 125.6 (C-w), 124.3 (C-2"),
116.8 (C-3 and C-5), 108.1 (C-3’), 105.7 (C-1"), 95.3
(C-5'), 25.9 (C-5"), 22.1 (C-1"), 17.9 (C-4").>*

4.2.3. 2',4-Dihydroxy-4’,6'-dimethoxy-3’-prenylchalcone
(4’-methylxanthohumol, 4). Yield 66%; Orange-yellow
amorphous powder; mp 145 °C; UV Anax 369.9 nm;
EI-MS (pos. mode) m/z: 368 [M]" (73), 353 [M—CHj;]"
(20), 325 [M-C;H;]* (65), 193 (100); '"H NMR (ace-
tone-dg) 6 (ppm): 1.62 (3H, s, H3-5"), 1.75 (3H, s, Hs-
4", 3.26 (2H, d, J=7.1, H,-1"), 3.96 (3H, s, OCH3),
4.04 (3H, s, OCH;), 5.18 (1H, t, J=17.1, H-2"), 6.30
(1H, s, H-5"), 6.92 (2H, d, J=8.7, H-3 and H-5), 7.61
(2H, J=8.7, H-2 and H-6), 7.75 (1H, d, J=15.6, H-
B), 7.88 (1H, d, J=15.6, H-a), 9.11 (1H, s, OH-4),
14.33 (1H, s, OH-2'); *C NMR (acetone-dg) § (ppm):
193.8 (CO), 164.8 (C-4'), 164.4 (C-2"), 162.5 (C-6'),
160.8 (C-4), 143.5 (C-B), 131.3 (C-2 and C-6), 131.0
(C-3"), 128.0 (C-1), 125.4 (C-o), 123.9 (C-2"), 116.9 (C-
3 and C-5), 110.0 (C-3’), 106.9 (C-1'), 88.0 (C-5'), 56.5
(OCHs-6'), 56.2 (OCH3-4"), 25.9 (C-5"), 22.0 (C-1"),
17.9. (C-4").12

R, R; R;
Xanthohumol (1) CH; H H
Desmethylxanthohumol (2) H H H
Xanthogalenol (3) H CH3 H
4’-Methylxanthohumol (4) CH; CHj3 H
4,6°-Dihydroxy-2-,4"-dimethoxy-3"-prenylchalcone (5) H CHj; CHj;
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4.2.4. 2,2'.4'-Trihydroxy-6'-methoxy-3'-prenylchalcone
(6). Yield 40%; Orange-yellow amorphous powder; mp
84-85°C; UV Apax 365.0 nm; EI-MS (pos. mode) mi/z:
354 [M]" (42), 293 (100), 179 (85); EI-HRMS (pos.
mode) m/z: 354.1459 (caled for C,;H»,0Os, 354.1467);
'"H NMR (CDCl;) é (ppm): 1.78 (3H, s, H5-5"), 1.83
(3H, s, H3-4"), 3.41 (2H, d, J=7.4, H,-1"), 3.89 (3H,
s, OCH3), 5.30 (1H, t, J=7.4, H-2"), 5.60 (1H, s,
OH), 594 (1H, s, OH), 6.23 (1H, s, H-5'), 6.85 (1H,
m, H-5), 6.96 (1H, d, /=159, H-B), 6.98 (1H, m, H-
3), 7.25 (1H, m, H-4), 7.55 (1H, dd, J = 8.0, 1.6, H-6),
8.04 (1H, d, J=15.9, H-a), 14.56 (1H, s, OH-2"); *C
NMR (acetone-dg) 6 (ppm): 193.8 (CO), 166.4 (C-2'),
162.9 (C-4"), 162.0 (C-6'), 157.7 (C-2), 138.3 (C-B),
132.2 (C-4), 131.0 (C-3"), 129.6 (C-6), 128.3 (C-a),
124.0 (C-2"), 123.5 (C-1), 120.9 (C-5), 117.1 (C-3),
108.9 (C-3"), 106.4 (C-17), 91.7 (C-5"), 56.1 (OCHs),
25.9 (C-5"), 22.1 (C-1"), 17.9 (C-4").

4.2.5. 2'.3,4'-Trihydroxy-6"-methoxy-3’-prenylchalcone
(7). Yield 55%; Orange amorphous powder; mp 79—
80 °C; UV Aqax 355.0 nm; EI-MS (pos. mode) mi/z: 354
IM]* (64), 339 [M—CH;]" (12), 311 [M-C3H;]" (40),
179 (100); EI-HRMS m/z: 354.1465 (caled for
C,H»,0s, 354.1467); "H NMR (CDCls) d (ppm): 1.78
(3H, s, Hz-5"), 1.83 (3H, s, H;4"), 341 (2H, d,
J =174, Hy-1"), 3.90 (3H, s, OCH3), 4.99 (1H, s, OH),
529 (1H, t, J=7.4, H-2"), 5.95 (1H, s, OH), 6.23 (1H,
s, H-5), 6.86 (1H, ddd, /=28.0, 2.7, 1.1, H-4), 7.07
(1H, m, H-2), 7.18 (1H, m, H-6), 7.27 (1H, t, J = 8.0,
H-5), 7.70 (1H, d, J=15.6, H-B), 7.85 (1H, d,
J=15.6, H-a0), 14.52 (1H, s, OH-2); '3C NMR (ace-
tone-dg) 0 (ppm): 193.3 (CO), 166.4 (C-2'), 163.2 (C-
4%), 162.1 (C-6'), 158.8 (C-3), 142.6 (C-B), 137.9 (C-1),
131.1 (C-3"), 130.9 (C-5), 128.7 (C-a), 123.9 (C-2"),
120.9 (C-6), 118.2 (C-4), 1153 (C-2), 108.9 (C-3'),
106.3 (C-1'), 91.8 (C-5'), 56.2 (OCHj;), 25.9 (C-5"),
22.1 (C-1"), 17.9 (C-4").

4.2.6. 2',3,44'-Tetrahydroxy-6'-methoxy-3'-prenylchal-
cone (3-hydroxyxanthohumol, 8). Yield 42%; Orange
amorphous powder; mp 127 °C; UV A 380.0 nm;
EI-MS (pos. mode) 370 [M]" (57), 355 [M—CHs;]" (9),
327 (31), 179 (100); EI-HRMS (pos. mode) m/z:
370.1416 (caled for C, H»0, 370.1416); 'H NMR
(CDCly) ¢ (ppm): 1.77 (3H, s, H5-5"), 1.83 (3H, s, Hs-
4", 3.40 (2H, d, J=7.1, H»-1"), 3.90 (3H, s, OCH»),
5.29 (1H, t, J=17.1, H-2"), 5.72 (1H, s, OH), 5.94 (1H,
s, H-5"), 6.25 (1H, s, OH), 6.87 (1H, s, OH), 7.08 (1H,
d, /=8.2, H-5), 7.09 (1H, dd, J=8.2, 1.9, H-6) 7.15
(1H, J=1.9, H-2), 7.68 (1H, d, J=15.6, H-B), 7.76
(1H, d, J=15.6, H-0), 14.65 (1H, s, OH-2'); "*C
NMR (acetone-dg) 6 (ppm): 193.3 (CO), 166.4 (C-2'),
162.8 (C-4'), 161.9 (C-6'), 148.8 (C-4), 146.4 (C-3),
143.5 (C-B), 131.0 (C-3"), 128.8 (C-1), 125.6 (C-a),
124.0 (C-2"), 123.1 (C-6), 116.5 (C-5), 115.3 (C-2),
108.9 (C-3%), 106.3 (C-1'), 91.7 (C-5), 56.2 (OCHy),
25.9 (C-5"), 22.1 (C-1"), 17.9 (C-4").

4.2.7. 2',3,4',5-Tetrahydroxy-6'-methoxy-3'-prenylchal-
cone (9). Yield 71%; Orange amorphous powder; mp
141-142 °C; UV ZApax 355.0 nm; EI-MS (pos. mode)
370 [M]" (73), 355 [M—CHs]" (11), 327 [M-C3H;]"

(22), 179 (100); EI-HRMS (pos. mode) m/z: 370.1416
(caled for C,1H»0g, 370.1416); '"H NMR (CDCl;) ¢
(ppm): 1.78 (3H, s, Hs-5"), 1.83 (3H, s, Hs-4"), 3.40
(2H, d, J=74, Hy-1"), 3.90 (3H, s, OCH3), 5.05 (1H,
s, OH), 529 (1H, t, J=17.4, H-2"), 594 (1H, s, OH),
6.24 (1H, s, H-5'), 6.39 (1H, t, J= 2.1, H-4), 6.65 (2H,
d, J=2.1, H-2 and H-6), 7.60 (1H, d, J = 15.6, H-[}),
7.80 (1H, d, J = 15.6, H-a), 14.50 (1H, s, OH-2"); '*C
NMR (acetone-dg) o (ppm): 193.3 (CO), 166.4 (C-2'),
163.1 (C-4), 162.0 (C-6"), 159.9 (C-3 and C-5), 142.9
(C-p), 138.5 (C-1), 131.1 (C-3"), 128.6 (C-ar), 123.9 (C-
2", 109.0 (C-3’), 107.6 (C-2 and C-6), 106.3 (C-1'),
105.6 (C-4), 91.8 (C-5'), 56.2 (OCH3y), 25.9 (C-5"), 22.1
(C-1"), 17.9 (C-4").

4.2.8. 2',3,4,4',5-Pentahydroxy-6'-methoxy-3’-prenyl-
chalcone (10). Yield 69%; Orange amorphous powder;
mp 64-66 °C; UV Apax 385.0 nm; EI-MS (pos. mode)
mlz: 386 [M]*(32), 371 [M—CHj;]" (4), 343 [M-C;H,]"
(8), 179 (100), 153 (68); EI-HRMS (pos. mode) m/z:
386.1360 (caled for C, H,,0; 386.1366); 'H NMR
(DMSO-d¢) 6 (ppm): 1.61 (3H, s, H3-5"), 1.70 (3H, s,
Hs-4"), 3.14 (2H, d, J=7.0, H,-1"), 3.88 (3H, s,
OCH;), 5.13 (1H, t, J=7.0, H-2"), 6.08 (1H, s, H-5'),
6.65 (2H, s, H-2 and H-6), 7.49 (1H, d, J =154, H-[}),
7.66 (1H, d, J=15.4, H-a), 14.70 (1H, s, OH-2'); 1°C
NMR (acetone-dg) ¢ (ppm): 193.2 (CO), 166.4 (C-2),
162.8 (C-4"), 161.9 (C-6'), 146.8 (C-3 and C-5), 143.9
(C-B), 136.7 (C-4), 130.9 (C-3"), 127.8 (C-1), 125.7 (C-
a), 124.0 (C-2"), 108.9 (C-3"), 108.8 (C-2 and C-6),
106.3 (C-1'), 91.7 (C-5'), 56.2 (OCHj;), 25.9 (C-5"),
22.1 (C-17), 17.9 (C-4").

4.2.9. 2'.4'-Dihydroxy-3,4,6'-trimethoxy-3'-prenylchal-
cone (11). Yield 78%; Orange amorphous powder; mp
154-155°C; UV Apax 375.1 nm; EI-MS (pos. mode) m/
z: 398 [M]" (80), 355 [M-C3H5]" (53), 179 (100); ESI-
HRMS (pos. mode) m/z: 398.1726 (caled for
C23H2606, 3981729), 1H NMR (DMSO'dﬁ) 0 (ppm)
1.61 (3H, s, Hs-5"), 1.70 (3H, s, H;-4"), 3.14 (2H, d,
J=6.6, Hy-1"), 381 (3H, s, OCH;), 3.83 (3H, s,
OCHs3), 3.87 (3H, s, OCH3), 5.14 (1H, t, J= 6.6, H-
2", 6.09 (1H, s, H-5"), 7.03 (1H, d, J = 8.5, H-5), 7.26
(1H, dd, J=1.6, 8.5, H-6) 7.32 (1H, J=1.6, H-2),
7.68 (1H, d, J=15.6, H-B), 7.83 (1H, d, J=15.6, H-
o), 14.57 (1H, s, OH-2'); *C NMR (CDCl;) é (ppm):
193.2 (CO), 166.4 (C-2), 162.9 (C-4"), 162.0 (C-6),
152.6 (C-4), 150.6 (C-3), 143.1 (C-B), 131.0 (C-3"),
129.4 (C-1), 1264 (C-a), 124.0 (C-2"), 123.6 (C-0),
112.6 (C-5), 111.6 (C-2), 108.9 (C-3%), 106.3 (C-1"),
91.7 (C-5'), 56.2 (3x OCH3-3,4,6'), 25.9 (C-5"), 22.1
(C-17), 17.9 (C-4").

4.2.10. 2',4,4'-Trihydroxy-6'-methoxy-chalcone (Heli-
chrysetin, 12). Yield 76%; Orange-yellow amorphous
powder; mp 253-254 °C; UV Apax 365.0 nm; EI-MS
(pos. mode) m/z: 286 [M]* (89), 285 [M—H]" (80), 167
(100); '"H NMR (DMSO-dg) & (ppm): 3.87 (3H, s,
OCH3), 591 (1H, d, J=2.2, H-3'), 6.01 (I1H, d,
J =22, H-5), 6.84 (2H, d, J = 8.8, H-3 and H-5), 7.57
(2H, J=28.8, H-2 and H-6), 7.62 (1H, d, J=15.6, H-
[32, 7.69 (1H, d, J=15.6, H-a), 13.96 (1H, s, OH-2');

C NMR (acetone-dg) 6 (ppm): 193.2 (CO), 169.1 (C-



S. Vogel et al. | Bioorg. Med. Chem.

16 (2008) 42864293 4291

Ra

Rs
HO
Ro
OCHy; O
R, R; R; Ry
2,27,4"-Trihydroxy-6"-methoxy-3"-prenylchalcone (6) OH H H H
27,3,4°-Trihydroxy-6"-methoxy-3 "-prenylchalcone (7) H OH H H
27,3,4,4-Tetrahydroxy-6"-methoxy-3"-prenylchalcone (8) H OH OH H
27°,3,4",5-Tetrahydroxy-6"-methoxy-3"-prenylchalcone (9) H OH H OH
27,3,4,4",5-Pentahydroxy-6"-methoxy-3"-prenylchalcone (10) | H OH OH | OH
27,4”-Dihydroxy-3,4,6 -trimethoxy-3 "-prenylchalcone (11) H |OCH; | OCH; | H

27), 165.7 (C-4"), 164.3 (C-6"), 160.7 (C-4), 143.4 (C-B),
131.3 (C-2 and C-6), 128.1 (C-1), 125.2 (C-u), 116.8
(C-3 and C-5), 106.4 (C-1), 97.0 (C-3'), 92.2 (C-5),
56.4 (OCH;).>

4.2.11. 2',3,4,4'-Tetrahydroxy-6'-methoxy-chalcone (3-
hydroxyhelichrysetin, 13). Yield 71%; Orange amor-
phous powder; mp 230 °C; UV A 380.0 nm; EI-
MS (pos. mode) m/z: 302 [M]" (72), 301 [M—H]"
(40), 167 (100); ESI-HRMS m/z: 302.0783 (calcd for
Ci6H406, 302.0790); '"H NMR (DMSO-ds) 6 (ppm):
3.88 (3H, s, OCH3), 591 (1H, d, J=2.2, H-3), 6.01
(IH, d, J=2.2, H-5), 6.79 (1H, d, J=8.8, H-5),
7.02 (1H, dd, J=8.8, 2.2, H-6), 7.11 (1H, d, J=2.2,
H-2), 7.54 (1H, d, J=15.6, H-B), 7.62 (1H, d,
J=15.6, H-o), 9.28 (1H, s, OH), 9.64 (1H, s, OH),
10.61 (1H, s, OH), 14.03 (1H, s, OH-2"); °C NMR
(acetone-dg) 0 (ppm): 193.1 (CO), 169.1 (C-2'), 165.7
(C-4'), 164.3 (C-0'), 1489 (C-4), 146.4 (C-3), 143.8
(C-B), 128.7 (C-1), 125.3 (C-a), 123.1 (C-6), 116.5
(C-5), 115.3 (C-2), 106.4 (C-1"), 97.0 (C-3'), 92.2 (C-
5"), 56.4 (OCHs;).

4.3. Preparation of compounds 3 and 5

2,4,6-Trihydroxyacetophenone was stirred with dimeth-
ylsulfate (1.1 equiv (3) and 2.2 equiv (5)), NaOH (1.4
equiv) and tetrabutylammonium iodide (0.1 equiv) in
CH,CIl,/H,O 3:2 for 24 h at room temperature. After
separation, the aqueous phase was washed with CH,Cl,
and all organic phases were combined. After drying over
Na,SO,4 and evaporation, the residue was subjected to
CC and yielded pure 2,6-dihydroxy-4-methoxy-aceto-
phenone and 6-hydroxy-2,4-dimethoxy-acetophenone
using PE/EA 2:1 as an eluent. Subsequent prenylation,
coupling with MOM-protected 4-hydroxybenzaldehyde,
and terminal deprotection yielded 3 and 5, respectively.

4.3.1. 2'.4,6'-Trihydroxy-4'-methoxy-3’-prenylchalcone
(xanthogalenol, 3). Yield 54%; Orange-yellow amor-
phous powder; mp 95-97 °C; UV Apax 365.0 nm; EI-
MS (pos. mode) m/z: 354 [M]" (60), 339 [M—CHj;]"
(1), 311 [M-C5H;]* (21), 179 (100); '"H NMR (ace-
tone-dg) 0 (ppm): 1.62 (3H, s, H3-5"), 1.74 (3H, s, Hs-
4", 3.24 (2H, d, J=17.1, H,-1"), 3.84 (3H, s, OCH3),

OH
HO OH
R
OCH; O
R
Helichrysetin (12) H
3-Hydroxyhelichrysetin (13) OH
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518 (1H, t, J=7.1, H-2"), 6.17 (1H, s, H-5"), 6.92 (2H,
d, J= 8.5, H-3 and H-5), 7.58 (2H, J = 8.5, H-2 and H-
6), 7.78 (1H, d, J=15.6, H-p), 8.12 (1H, d, J=15.6,
H-o), 8.91 (1H, s, OH), 9.84 (1H, s, OH), 14.05 (1H, s,
OH-2'); *C NMR (acetone-dg) 6 (ppm): 193.8 (CO),
164.3 (C-4’ and C-2'), 160.8 (C-6'), 160.6 (C-4), 143.4
(C-B), 131.2 (C-2 and C-6), 130.8 (C-3"), 128.1 (C-1),
125.4 (C-0), 124.1 (C-2"), 116.8 (C-3 and C-5), 109.0
(C-3"), 106.1 (C-1'), 91.5 (C-5'), 55.9 (OCHj), 25.9
(C-5"), 21.9 (C-1"), 17.8 (C-4").12

4.3.2. 4,6’-Dihydroxy-2’,4'-dimethoxy-3’-prenylchalcone
(2’-methylxanthogalenol, 5). Yield 67%; Orange-yellow
oil; UV l.x 375.1 nm; EI-MS (pos. mode) m/z: 368
[M]* (91), 353 [M—CHj;]" (21), 248 (61), 233 (100);
ESI-HRMS (pos. mode) m/z: 368.1621 (caled for
C2,H,40s, 368.1624); 'H NMR (acetone-dg) 6 (ppm):
1.66 (3H, s, Hs-5"), 1.78 (3H, s, H3-4"), 3.30 (2H, d,
J=69, H»1"), 3.71 (3H, s, OCH3), 391 (3H, s,
OCHs3), 5.17 (1H, t, J=6.9, H-2"), 6.34 (1H, s, H-5'),
6.95 (2H, d, J=38.7, H-3 and H-5), 7.64 (2H, J=38.7,
H-2 and H-6), 7.84 (1H, d, J = 15.6, H-B), 7.89 (1H, d,
J=15.6, H-a), 8.98 (1H, s, OH-4), 13.63 (1H, s, OH-
6'); °C NMR (acetone-dg) & (ppm): 193.5 (CO), 166.3
(C-2"), 165.3 (C-4'), 161.2 (C-6'), 161.0 (C-4), 144.8 (C-
B), 131.5 (C-2 and C-6), 131.5 (C-3"), 127.8 (C-1),
124.2 (C-a), 123.7 (C-2"), 117.0 (C-3 and C-5), 116.4
(C-3"), 109.6 (C-1'), 96.9 (C-5"), 63.5 (OCH3-2'), 56.5
(OCH5-4"), 25.9 (C-5"), 23.0 (C-1"), 17.9 (C-4").

4.4, Cell culture and determination of cytotoxicity

HeLa cells (ATCC CCL17) were cultured at 37 °C in a
humidified incubator with 5% CO,. Culture medium
was MEM (Biochrom AG) supplemented with 10%
FCS, 1 pg/mL amphotericin B, 100 U/mL penicillin,
100 U/mL streptomycin, and 2 mM L-glutamine. The
cytotoxicity was evaluated with the colorimetric MTT
assay as described by Mosman et al.!® (modified accord-
ing Heilmann et al.). Every test was performed in
duplicates and all experiments have been repeated three
times (n = 8). ICsq values were calculated from eight dif-
ferent concentrations and data are reported as
means = SD. Maximal observed (absolute) standard
deviation was about 15%. Positive control measure-
ments were performed with helenalin (ICs
0.7 £ 0.1 uM).

4.5. ORAC-Fluorescein assay

The ORAC-Fluorescein assay was performed according
to Davalos et al.?* in 96-well plates with fluorescein (fi-
nal concentration 300 nM) as fluorescent probe and
75 mM phosphate buffer (pH 7.4) for all dilution steps
and as reaction milieu. The antioxidant (chalcones or
Trolox, 20 uL) was incubated in different concentrations
(chalcones: 0.1-2.0 uM, Trolox: 1-8 uM) together with
a fluorescein solution (120 pL) at 37 °C for 15 min.
The reaction was started by the addition of 60 uL
AAPH (2,2'-azobis (2-methylpropionamide) dihydro-
chloride, final concentration: 12 mM) yielding a final
volume of 200 uL. After the addition of AAPH, the
fluorescence was immediately recorded every minute in

a Tecan 96-plate reader (Jex 485 nm, Aoy, 536 nm,
37 °C) for 80 minutes. Reaction mixtures were prepared
in quadruplicates and at least four independent assays
were performed for each sample. Each sample was mea-
sured at five different concentrations (0.1-1.5 uM). Eight
calibration curves using 1-8 uM Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid) as anti-
oxidant were also carried out in each assay. Controls
were measured without antioxidant as well without
AAPH and antioxidant. ORAC values were expressed
as Trolox equivalents (means + SD) by using the stan-
dard curve calculated for each assay. Regression coeffi-
cient between AUC and antioxidant concentration was
calculated for all samples (+* > 0.93).
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