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Abstract —

Humulus lupulus (hops) is a hermaphroditic plant with male and female flowers occurring in separate individuals.

The ethanolic extract of hops, the female flower cones, was analyzed by LC/MS-based molecular networking (MN) approach
to selectively isolate xanthohumol (1), xanthohumol D (2), xanthohumol B (3), and isoquercitrin (4) with therapeutic properties
such as antimicrobial, anti-inflammatory, and antioxidant effects. Hops were extracted with 50% ethanol and 1 was sequentially
isolated using various chromatographic methods. From the EtOAc fraction containing 1 identified by MN, 1 was isolated using
column chromatography and characterized by LC/MS and identified by NMR analyses. We also profiled other specialized

metabolites of H. lupulus by visualizing MN.
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Xanthohumol (1) — Yellow powder; '"H NMR (500 MHz,
DMSO-d,) 3 14.62 (s, 1H), 7.74 (d, J=15.5 Hz, 1H, H-q), 7.65
(d, J=15.6 Hz, 1H, H-f), 7.55 (d, /=8.6 Hz, 2H, H-2,6), 6.82
(d, J=8.6 Hz, 2H, H-3,5), 6.05 (s, 1H, H-5"), 5.12 (m, 1H,
H-1"), 3.84 (s, 3H, 6'-OCH,), 3.12 (d, J/=7.1 Hz, 2H, H-2"),
1.68 (s, 3H, H-5"), 1.59 (s, 3H, H-4"); 3C NMR (125 MHz,
DMSO-d,) & 191.6 (ketone), 16463 (C-2'), 160.55 (C-6), 159.93
(C-4), 142.5 (C-B), 130.5 (C-2,6), 129.9 (C-3"), 126.1 (C-1),
123.8 (C-a), 123.1 (C2", 116.0 (C-3,5), 107.4 (C-3), 104.5 (C-
1'), 91.05 (C-5"), 55.8 (C-6-OCH,), 25.5 (C-4", 21.1 (C-1"),
17.7 (C-5"); ESI-MS m/z 355.1538 [M-+H]".

Xanthohumol D (2)—Pale yellow powder; 'H NMR (500
MHz, methanol-d,): ¢ 7.82 (d, J/=15.5 Hz, 1H, H-a), 7.70 (d,
J=15.5 Hz, 1H, H-f), 7.53 (d, J=8.5 Hz, 2H, H-2,6), 6.85 (d,
J=8.6 Hz, 2H, H-3,5), 6.06 (s, 1H, H-5"), 4.83 (m, 1H, H-1"a),
473 (m, 1H, H-1"b), 436 (m, 1H, H-2"), 3.93 (s, 3H, 6-OCH,),
2.98 (dd, /~13.8, 5.5 Hz, 1H, H-4"a), 2.81 (dd, /~13.8, 7.4 Hz,
1H, H-4"b), 1.83 (s, 3H, H-5"); *C NMR (125 MHz, methanol-
d,): 6 194.1 (ketone), 166.6 (C-6'), 165.2 (C-4"), 162.9 (C-2),
161.1 (C4), 1489 (C-3", 1435 (C), 131.3 (C-2,6), 128.5 (C-
a), 125.8(C-1), 1169 (C-3,5), 110.8 (C-4"), 106.8 (C-5"), 1062
(C-1), 922 (C-3"), 76.8 (C-2"), 56.2 (C-6-OCH,), 29.8 (C-1"),
17.9 (C-5"); ESI-MS m/z 371.1487 [M-+H]".

Xanthohumol B (3) —Pale yellow powder; 'H NMR (500
MHz, methanol-d,) ¢ 7.84 (d, J=15.5 Hz, 1H, H-a), 7.73 (d,
J=15.6 Hz, 1H, H-p), 7.53 (d, J=8.5 Hz, 2H, H-2,6), 6.85 (d,
J=8.6 Hz, 2H, H-3,5), 6.02 (s, 1H, H-5", 3.93 (s, 3H, 6-OCH}),
3.79 (dd, J=6.9, 5.3 Hz, 1H, H-2"), 2.87 (dd, J/=16.7, 5.3 Hz,
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1H, H-1"a), 2.55 (dd, J=16.7, 6.9 Hz, 1H, H-1"b), 1.37 (s, 3H,
H-4"), 1.32 (s, 3H, H-5"); *C NMR (125 MHz, methanol-d,)
5 1942 (ketone), 166.3 (C-2'), 162.5 (C-6"), 161.3 (C-4"), 143.9
(C-H), 1314 (C-2,6), 1284 (C-1), 125.5 (C-a), 1169 (C-3,5),
106.7 (C-3'), 101.9 (C-1'), 92.9 (C-5'), 79.71 (C-3"), 69.9 (C-2"),
563 (C-6-OCH,), 26.2 (C-1"), 25.7 (C-4"), 21.4 (C-5"); ESI-MS
m/z 371.1490 [M+H]".

Isoquercitrin (4) — Dark yellow powder; 'H-NMR (500 MHz,
methanol-d,) d 7.73 (d, J=2.2 Hz, 1H, H-2'), 7.62 (dd, J=8.5,
22 Hz, 1H, H-6'), 6.90 (d, J=8.5 Hz, 1H, H-5'), 6.43 (d, /=2.1
Hz, 1H, H-8), 6.24 (d, J/=2.1 Hz, 1H, H-6), 5.28 (d, /=7.6 Hz,
1H, H-1"), 3.74 (dd, J=11.9, 2.4 Hz, 1H, H-6"a), 3.60 (dd,
J=119, 54 Hz, 1H, H-6"b), 3.51 (dd, J=9.1, 7.6 Hz, 1H, H-3"),
345 (t, J=8.9 Hz, 1H, H-2"), 3.37 (m, 1H, H-4"), 3.24 (m,
J=9.6, 54, 2.4 Hz, 1H, H-5"); *C NMR (125 MHz, methanol-
d,) 8 179.5 (C-4), 166.1 (C-7), 163.1 (C-5), 159.0 (C-2), 158.5
(C-9), 149.9 (C4"), 1459 (C-5"), 135.6 (C-3), 1232 (C-5'), 123.1
(C-1'), 105.7 (C-10), 104.3 (C-1"), 99.9 (C-6), 94.7 (C-8), 78.4
(C-5"), 78.1 (C-3"), 75.7 (C-2"), 712 (C-4"), 62.6 (C-6"); ESI-
MS m/z 487.0848 [M+Na]".
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Fig. 1. Molecular network of the total extract from H. /upulus. Node colors indicate the following: purple (1), red (2), orange (3),
and green (4), corresponding to compounds 1-4, respectively.
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Fig. 2. Chemical structures of the compounds 1-4.
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