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New Chalcones from Hop Humulus lupulus L.
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Eight known flavonoids were isolated from an ethanol
extract of hop cones (Humulus lupulus L., Cannaba-
ceae) together with two new hop chalcones. The new
compounds were identified as a.f3-dihydroxanthohumol
and iso-dehydrocycloxanthohumol hydrate.

Introduction

Large amounts of hops are used in the brewing
industry (Forster, 1992). To a lesser amount hop
extracts are used as sedative drugs (Fintelmann,
1992). The main chemical compounds of the ex-
tracts are the so called bitter acids and flavonoid
derivatives including chalcones (Holzl 1992, Ver-
zeele and DeKeukeleere, 1991). The flavonoids
have recently been described in detail by Stevens
et al. (1997). Reports on positive health effects of
beer and hops (e.g. Arimoto-Kobayashi et al,
1999, Gorinstein et al, 1997, Tabata et al., 1997,
Tobe et al., 1997) prompted us to isolate hop con-
stituents for biological tests. In the course of this
procedure we isolated two new prenylated chal-
cones.

Results and Discussion

A combination of size exclusion chromatogra-
phy on Sephadex LH 20, vacuum liquid chroma-
tography and HPLC upon silicagel afforded
5.6 mg of 1 and 0.6 mg of 2.

The ion peak of 1 at m/z=357 [M+H]" in the
Cl-mass spectrum corresponded to the molecular
formula C,;H,,05. The 'H and '*C NMR (Tables I
and II) showed the presence of a prenylated dihy-
drochalcone with an additional methoxyl group.
The doublets at 04; 7.02 (H-2 and H-6) and 044 6.68
(H-3 and H-5) displayed a para substitution for
the B-ring with a hydroxyl group at C-4 (0¢ 156.5).
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Notes

o, B-dihydroxanthohumol (1)

iso-dehydrocycloxanthohumol hydrate (2)

Table 1. '"H-NMR data for compound 1 (CD;OD) and 2
(CDCly) [By ppm, mult. (J in Hz)].

H 1 2

H-p 2.82 ¢ (8.0) 7.73 s

H-a 3.20 m (8.0) 7.73 s

2,6 7.02 d (8.4) 7.49 d (8.5)

35 6.68 d (8.4) 6.84 d (8.5)

5’ 597 s 5.99 s

I 3.20d (7.1) 4.73 dd (9.5; 8.0)

2 517 1 (7.1) 3.11 dd (15.0; 9.5)
3.01 dd (15.0; 8.0)

4" 1.64 s 1.32 s

5" 1.74 s 1.21 s

6'-OCHj; 382s 390 s

The A-ring, which beared only one proton (dy
5.97, H-5") , was identified as a phloroglucin moi-
ety by the signals at 0¢ 165.7, 163.7 and 162.7 (C-
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Notes

Table I1. '3C NMR data of compound 1 in CD;0D.

s Be

Cc-B 31.6
C-a 47.3
C-p’ 206.2
C-1 134.0
C-26 130.2
C-35 116.2
C-4 156.5
C1! 106.0
o2 165.7
3 109.4
C-4' 163.7
C5 91.5
C-6' 162.7
o 222
c-2" 124.3
C 131.4
Cc-4" 25.9
o 17.8
6'-OCH, 55.9

Chemical shifts were assigned from HSQC and HMBC.

2’, C-4’and C-6') in the '3C NMR. The prenyl side
chain could be deduced by the signals for a trisub-
stituted double bond (0y 5.17, H-2"; ¢ 124.3 and
131.4; C-2" and C-3") two methyl groups attached
to the double bond (0 1.64 and 1.74, 3H each, H-
4" and H-5") and a methylene group (0y 3.20, 2H,
H-1"). There remained signals for a methoxyl
group (O 3.82) and the C-3 moiety (¢ 206.2, C-
B'; 0y 3.20, H-a; &y 2.82, H-f3) between the two
aromatic rings of the dihydrochalcone.

The 3'-C position of the prenyl group was con-
cluded from the correlation between H-1" and C-
2', C-3'and C-4’ in the HMBC spectrum. The me-
thoxyl group showed a correlation with C-6" in the
HMBC spectrum and with H-5" in the NOESY
spectrum. Therefore the methoxyl substituent was
located at C-6'. Because of the close structural re-
lationship of 1 to xanthohumol we named 1 a,p3-
dihydroxanthohumol.
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Verzele et al. (1957) reported a semi-synthetic
product called dihydroxanthohumol B. Dihydro-
xyxanthohumol B is obtained when xanthohumol
is reduced with zinc in acetic acid. This product is
identical to the natural chalcone 1.

Compound 2, iso-dehydrocycloxanthohumol hy-
drate, was only obtained in small amounts
(0.6 mg). Its structure could be elucidated on the
basis of the 'H-NMR data (tab. I), which were
close to those of dehydrocycloxanthohumol hy-
drate (Stevens et al.1997). Differences exist only
for the resonances of H-1" (0 4.73) and H-2"(dy
3.11 and 3.01) of the former prenyl side chain indi-
cating that in 2 the hydroxyl function is located at
C-1" and not at C-2" as found for dehydrocyclox-
anthohumol hydrate.

Experimental

A commercial ethanolic hop extract (Haller-
tauer Northern Brewer) was obtained from
Karlsberg Brauerei, Homburg. 30 g of the extract
were dissolved in MeOH/CH,Cl, (1:1 v/v) and
chromatographed on Sephadex LH 20 with
MeOH/CH-Cl, (1:1 v/v) and (4:1 v/v) as eluent.
Fractions of 15 ml were collected and monitored
by silica gel TLC. The flavonoid containing frac-
tions were combined and evaporated. The residue
was fractionated on silica gel via vacuum liquid
chromatography with a hexane/EtOAc gradient.
The 18% EtOAc fraction contained compound 1,
the 35% EtOAc fraction contained compound 2.
The respective fractions were further purified by
HPLC on LiChrospher silicagel with n-hexane-
EtOAc-HCOOH (70:3:2 v/v) for 1, and 60:40:1 for
2. NMR: 'H-(400 or 500 MHz) and '*C (100 MHz)
NMR spectra were recorded on a Bruker AM 400
NMR-spectrometer or on a Bruker DRX 500
NMR-spectrometer in CDCl; or CD;OD. The
chemical shifts are given in 0 (ppm) with the
solvent (CDCl; or CD3;0OD) as internal standard.
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