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A new pyrrole alkaloid from fruit of Lycium barbarum
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Abstract: Objective To research the chemical constituents from the fruits of Lycium barbarum. Methods Separation and
purification were performed using silica gel, D-101 macroporous resin, MCI, Sephadex LH-20, and semi-preparative HPLC. The
structures of the compounds were identified based on spectroscopic data and physicochemical properties. The a-glucosidase inhibitory
activity of the selected compounds was evaluated using 4-nitrophenol-a-D-glucopyranoside (PNPG) assay. Results A total of 15
compounds were isolated from the fruits of L. barbarum, which were identified as methyl (2R)-[2-formyl-5-(hydroxymethyl)-1H-
pyrrol-1-yl]-4-methylpentanoate (1), 5-epi-acortatarin A (2), 5-(methoxymethyl)-1H-pyrrole-2-carbaldehyde (3), 4-[2-formyl-5-
(methoxymethyl)-1H-pyrrol-1-yl]butanoic acid (4), (2R)-[2-formyl-5-(methoxymethyl)-1H-pyrrol-1-yl]-3-(4-hydroxyphenyl) propanoate (5),
4-[formyl-5-(methoxymethyl)-1H-pyrrol-1-yl]butanoate (6), 3-[2-formyl-5-(hydroxymethyl)-1H-pyrrol-1-yl] pentanedioic acid (7), N-
trans-feruloyl-3’-O-methyldopamine (8), N-trans-feruloyl-3',4"-dihydroxyphenylethylamine (9), N-cis-p-coumaroyl tyramine (10), N-
cis-feruloyl tyramine (11), bungeanoline E (12), N-malonyl-tryptophan (13), 3-hydroxy-4-ethyl ketone pyridine (14), cartorimine (15).
Conclusion Compound 1 is a new pyrrole alkaloid, named lycipyrrole A. Compound 2 is a new natural product. Compounds 4, 7 and
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12—15 were isolated from L. barbarum for the first time, while compounds 12, 13 and 15 were isolated from this genus for the first

time. Notably, compound 9 exhibited significant inhibitory activity against a-glucosidase.
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ethyl ketone pyridine
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pentanoate, 1% N lycipyrrole A.

a2 O [o]p +183.6 (c0.01,
MeOH) ; ESI-MS m/z: 276 [M+Na]*, 4> 7 A
C12H15NOso 1H-NI\/IR (500 MHZ, CD3OD) 0:9.38 (lH,
s, 14-CHO), 7.04 (1H, d, J = 4.1 Hz, H-12), 6.07 (1H,
d, J = 4.1 Hz, H-11), 4.39 (1H, td, J = 6.9, 5.2 Hz, H-
2),4.02 (1H, td, J = 6.9, 5.2 Hz, H-3), 5.11 (1H, d, J =
15.7, H-10a), 4.82 (1H, d, J = 15.7 Hz, H-10b), 4.68
(1H, d, J = 13.8 Hz, H-15a), 4.08 (1H, d, J = 13.8 Hz,
H-15b), 3.71 (1H, dd, J = 11.7, 4.4 Hz, H-7a), 3.62 (1H,
dd, J=11.7, 6.8 Hz, H-7b), 2.51 (1H, dd, J = 11.3, 7.0
Hz, H-4a), 2.10 (1H, dd, J = 11.3, 7.0 Hz, H-4b); '3C-
NMR (125 MHz, CD;0D) ¢: 180.2 (C-14), 137.5 (C-
13), 132.4 (C-8), 130.6 (C-12), 106.1 (C-11), 104.1 (C-
5), 89.5 (C-3), 72.1 (C-2), 64.3 (C-7), 59.2 (C-10), 52.8
(C-15),45.7(C-4). &fR, & 2 5 ke
16 B =) 5-epi-acortatarin A £5449—%L, HA ML
AL EARATE RRE AR B 254 o 1A B
RIEERF T BEER], A1 HRRT .

e 3: AEHA; ESI-MS miz: 162 [M+
Na]*, 2 F XN CHNO,. H-NMR (500 MHz,
CDs0D) d: 9.39 (1H, s, 2-CHO), 6.96 (1H, d, J = 3.8
Hz, H-3), 6.27 (1H, d, J = 3.8 Hz, H-4), 4.46 (2H, s, H-
6), 3.36 (3H, s, 6-OCH3); C-NMR (125 MHz,
CD;0D) ¢: 180.7 (2-CHO), 139.7 (C-5), 134.4 (C-2),
122.9 (C-3), 111.8 (C-4), 67.6 (C-6), 58.3 (6-OCHs3).
DA F 3 5 SO R E AR — B0, KA
3 A 5-F AR k-1 H - s -2- FR S

&Y 4. FEAMRY); ESI-MS m/z: 248 [M+
Nal]*, 70 72N CiiHisNO4. 'H-NMR (500 MHz,
CDCls) d: 9.49 (1H, s, 2-CHO), 6.89 (1H, d, J = 4.0 Hz,
H-3), 6.25 (1H, d, J = 4.0 Hz, H-4), 4.46 (2H, s, H-6),
439 (2H, t,J = 7.0 Hz, H-1"), 2.43 (2H, t, J = 7.0 Hz,
H-3'), 2.06 (2H, t, J = 7.0 Hz, H-2"), 3.37 (3H, s, 6-
OCH3); 3C-NMR (125 MHz, CDCls) §: 179.7 (C-4'),
178.5 (2-CHO), 139.0 (C-5), 132.6 (C-2), 124.6 (C-3),
111.9 (C-4), 65.6 (C-6), 58.0 (6-OCH3), 44.9 (C-1"),
31.0 (C-3'), 26.2 (C-2"). 1ZEHE-5 ORI RIE S A —
b, %z tb AW 4 Sy 4-[2-formyl-5-(methoxymethyl)-
1 H-pyrrol-1-yl]butanoic acid.

&Y 5. TLEMRY; [a]f —2.3 (¢ 0.01,
MeOH) ; ESI-MS m/z: 248 [M+Na]*, 47K
C11H15N04o 1H-NI\/IR (500 MHZ, CDC13) 0:5.39 (lH,
s, H-2),7.09 (1H, d, J = 4.0 Hz, H-3"), 6.34 (1H, d, J =
4.0 Hz, H-4"), 9.36 (1H, s, 6'-CHO), 4.55(1H, d, J =
13.0 Hz, H-7'a), 4.50 (1H, d, J = 13.0 Hz, H-7'b), 3.33
(3H, s, 7-OCH3), 3.68 (3H, s, 1-OCH3), 1.66 (3H, d,
J=7.0Hz, H-3); BC-NMR (125 MHz, CDCl3) 6: 180.6
(C-6"), 172.4 (C-1), 141.2 (C-5"), 133.7 (C-2'), 127.0
(C-3"), 112.9 (C-4"), 66.4 (C-7"), 58.0 (7'-OCH3), 55.8
(C-2), 52.8 (1-OCH3), 18.0 (C-3). LA ¥i¥i 5 3CHik %
P HE AR —E 00, KEWAY) 5 9 methyl (2R)-
[2-formyl-5-(methoxymethyl)-1H-pyrrol-1-yl]-3-(4-
hydroxyphenyl)propanoate

&Y 6: FEAHRY); ESI-MS m/z: 262 [M+
Na]*, 4> F 2N CiHi7NOs. 'H-NMR (500 MHz,
CDCls) 6: 9.46 (1H, s, 2-CHO), 7.00 (1H, d, J = 4.0 Hz,
H-3), 6.31 (1H, d, J = 4.0 Hz, H-4), 446 (2H, d,J = 9.3
Hz, H-6), 4.37 (2H, m, H-1"), 2.02 (2H, m, H-2'), 2.39
(2H, t, J = 7.2 Hz, H-3'), 3.37 (3H, s, 6-OCH3), 3.69
(3H, s, 4-OCH3); '3C-NMR (125 MHz, CDCls) §:
179.6 (2-CHO), 173.5 (C-4"), 138.9 (C-5), 132.7 (C-2),
124.4 (C-3), 111.8 (C-4), 65.2 (C-6), 58.1 (6-OCH3),
51.8 (4-OCHj3), 44.9 (C-1'), 31.0 (C-3"), 26.4 (C-2").
DL b3 5 SR B B B A — 200, BE A )
6 A 4-[formyl-5-(methoxymethyl)-1H-pyrrol-1-yl]
butanoate .

&Y 7. tiRY); ESI-MS m/z: 278 [M+
Nal*, 71 AN CiiHisNOg. H-NMR (500 MHz,
CD30D) 4: 9.82 (1H, s, 6'-CHO), 7.37 (1H, d, J = 4.0
Hz, H-3"), 6.66 (1H, d, J = 4.0 Hz, H-4), 5.29 (1H, s,
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H-3), 2.70 (2H, m, H-2a, 4a), 2.37 (2H, m, H-2b, 4b),
4.74 (2H, m, H-7"); '*C-NMR (125 MHz, CD;OD) 6:
180.8 (6'-CHO), 177.4, (C-1, 5), 145.9 (C-5", 133.3
(C-2"), 127.6 (C-3"), 111.7 (C-4"), 56.7 (C-3), 56.6 (C-
7)), 38.5 (C-2, 4). VLR 5 TR BB Fe A —
;W KA 7 A~ 3-[2-formyl-5-(hydroxy-
methyl)-1H-pyrrol-1-yl]pentanedioic acid.

&Y 8: AFA; ESI-MS m/z: 366 [M+
Na]", ¥ 3N Ci9H21NOs. 'H-NMR (500 MHz,
CD;0OD) 6: 7.15 (1H, d, J = 1.2 Hz, H-2), 6.83 (1H, d,
J = 8.2 Hz, H-5), 7.06 (1H, dd, J = 8.2, 1.2 Hz, H-6),
6.86 (1H, d, J = 1.6 Hz, H-2"), 6.76 (1H, d, J = 8.0 Hz,
H-5'), 6.69 (1H, dd, J = 8.0, 1.6 Hz, H-6"), 7.47 (1H, d,
J=15.7Hz H-7), 6.44 (1H, d, J = 15.7 Hz, H-8), 3.52
(2H, t,J = 7.3 Hz, H-8"), 2.79 (2H, t, J = 7.3 Hz, H-7"),
3.92 (3H, 5, 3-OCH3), 3.86 (3H, s, 3’-OCH3); 3C-NMR
(125 MHz, CDs0OD) 6: 169.2 (C-9), 149.9 (C-3), 149.3
(C-3"),149.0 (C-4), 146.1 (C-4"), 142.1 (C-7), 132.0 (C-
1), 128.2 (C-1), 123.2 (C-6), 122.3 (C-6"), 118.7 (C-8),
116.5 (C-5), 116.2 (C-5), 113.3 (C-2'), 111.5 (C-2),
56.4 (3-OCH3), 56.3 (3'-OCH3), 42.5 (C-8"), 36.2 (C-
7. VLB 5 SO kB A BT, e
S 8 9 N-J 2 -Fr] B -3 - FF AR R T e

&Y 9: AERA; ESI-MS m/z: 352 [M+
Na]*, 4T3~ CisHioNOs. 'H-NMR (500 MHz,
CD;0OD) 6: 7.13 (1H, d, J = 1.9 Hz, H-2), 6.80 (1H, d,
J = 8.1 Hz, H-5), 7.03 (1H, dd, J = 8.1, 1.9 Hz, H-6),
6.68 (1H,d, J=1.9 Hz, H-2'), 6.70 (1H, d, J = 8.1 Hz,
H-5'), 6.56 (1H, dd, J = 8.1, 1.9 Hz, H-6'), 7.44 (1H, d,
J=15.7 Hz, H-7), 6.42 (1H, d, J = 15.7 Hz, H-8), 3.47
(2H, t,J = 7.3 Hz, H-8"), 2.17 (2H, t, J = 7.3 Hz, H-7"),
3.88 (3H, s, 3-OCH3); '*C-NMR (125 MHz, CD;0D)
5: 169.2 (C-9), 149.8 (C-3), 149.3 (C-4), 146.3 (C-3"),
144.9 (C-4'), 142.0 (C-7), 132.1 (C-1), 128.3 (C-1),
123.2 (C-6), 121.1 (C-6'), 118.7 (C-8), 116.9 (C-5"),
116.5 (C-5, 2'), 111.5 (C-2), 56.4 (3-OCH3), 42.5 (C-
8), 35.8 (C-7"). LA EHE 5 SCHR B B S A —
s, KEWHEY 9 N N-trans-feruloyl-3',4'-
dihydroxyphenylethylamine

&P 10: HERA; ESI-MS miz: 306 [M+
Na]*, 4+ T3~ Ci7H17NOs. H-NMR (500 MHz,
CD3;0D) 6: 7.39 (2H, d, J = 8.6 Hz, H-2, 6), 6.76 (2H,
d,J=8.6 Hz, H-3,5),7.02 (2H, d, J = 8.5 Hz, H-2', 6'),

6.73 (2H, d, J = 8.5 Hz, H-3', 5'), 2.73 (2H, t, J = 7.7
Hz, H-7'), 3.43 (2H, t, J = 7.7 Hz, H-8'), 6.65 (1H, d,
J=12.6 Hz, H-7), 5.83 (1H, d, J = 12.6 Hz, H-8); 13C-
NMR (125 MHz, CD;0D) d: 169.0 (C-9), 157.8 (C-4),
155.5 (C-4'), 136.6 (C-7), 130.8 (C-2), 129.8 (C-6),
129.3 (C-1), 129.2 (C-2), 129.6 (C-6), 121.7 (C-8),
128.0 (C-1), 116.4 (C-5), 115.3 (C-3), 114.8 (C-3"),
114.6 (C-5"), 40.8 (C-8"), 34.1 (C-7"). LA ¥k 5
BREC IR TE T AR — 200, B A4 10 9 N-IR
IR .

& 11 [AEKR; ESI-MS m/z: 336 [M+
Na]*, AN CisHioNOso 'H-NMR (500 MHz,
CD30D) §: 7.39 (1H, d, J = 1.1 Hz, H-2), 6.77 (1H, d,
J = 8.3 Hz, H-5), 6.96 (1H, dd, J = 8.3, 1.1 Hz, H-6),
7.04 (2H, d, J = 8.3 Hz, H-2', 6'), 6.72 (2H, d, J = 8.3
Hz, H-3',5"), 6.65 (1H, d, J = 12.6 Hz, H-7), 5.85 (1H,
d, J=12.6 Hz, H-8), 3.43 (2H, t, J = 7.4 Hz, H-8), 2.73
(2H, t, J = 7.4 Hz, H-7"), 3.87 (3H, s, 3-OCH3); 13C-
NMR (125 MHz, CD;0D) §: 170.3 (C-9), 156.9 (C-4),
148.6 (C-3), 148.5 (C-4), 138.4 (C-7), 131.2 (C-1"),
130.7 (C-2', 6), 128.5 (C-1), 124.8 (C-6), 121.6 (C-8),
116.2 (C-3', 5, 115.8 (C-5), 113.9 (C-2), 56.4 (3-
OCHjz), 42.4 (C-8"), 35.6 (C-7"). LA ¥ 5 Clk %
PRI FE AR R0, EE a1 N-IRRT 2]
TP -

& 12: SEERA; ESI-MS m/iz: 660 [M+
Na]*, 73§ N CioH39NOwis. 'H-NMR (500 MHz,
CD30D) 6: 7.67 (1H, d, J = 1.6 Hz, H-2), 7.18 (1H, dd,
J = 8.5, 1.6 Hz, H-6), 7.02 (1H, d, J = 8.5 Hz, H-5),
6.55 (1H, d, J = 13.0 Hz, H-7), 5.85 (1H, d, J = 13.0
Hz, H-8), 7.12 (2H, d, J = 8.5 Hz, H-2', 6'), 6.94 (2H,
d, J =8.5Hz, H-3', 5", 2.68 (2H, t, J = 7.4 Hz, H-7"),
3.30 (2H, m, H-8"), 3.73 (3H, s, 3-OCH3), 4.84 (1H, d,
J=7.2Hz H-1"),3.23 (1H, m, H-2", 3"), 3.15 (1H, m,
H-4"), 3.30 (1H, m, H-5"), 3.66 (2H, m, H-6"), 4.80
(1H,d,J=7.5Hz H-1"),3.23 (1H, m, H-2"", 3""),3.15
(1H, m, H-4"), 3.44 (1H, m, H-5""), 3.44 (2H, m, H-
6""); BC-NMR (125 MHz, CD30D) 6: 166.1 (C-9),
155.9 (C-4), 148.1 (C-3), 146.9 (C-4), 136.3 (C-7),
132.7 (C-1"), 129.4 (C-2', 6), 129.2 (C-1), 123.6 (C-6),
122.3 (C-8), 116.2 (C-3', 5", 114.4 (C-5), 114.2 (C-2),
100.6 (C-1""), 99.7 (C-1"), 77.0 (C-5", 5""), 76.9 (C-
3", 76.6 (C-3"), 73.3 (C-2'"), 73.2 (C-2"), 69.7 (C-
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4"y, 69.6 (C-4"), 60.7 (C-6""), 60.6 (C-6"), 55.5 (3-
OCH3), 40.5 (C-8"), 34.2 (C-7"). VAR 5 kg
RIEFEAR—FRY, %52 AW 12 A bungeanoline E.

&P 13: AR A; ESI-MS miz: 341 [M+
Na]*, ﬁ}?‘ﬁy\j Ci6H1sN2Os50 TH-NMR (500 MHZ,
CDs0D) ¢: 7.08 (1H, d, J = 1.8 Hz, H-6), 7.33 (1H, d,
J = 8.0 Hz, H-1), 7.51 (1H, d, J = 8.0 Hz, H-4), 7.01
(1H, t, J = 7.5 Hz, H-2), 6.99 (1H, t, J = 7.5 Hz, H-3),
4.76 (1H, dd, J = 13.5, 7.5 Hz, H-8), 3.19 (1H, dd, J =
14.6, 7.8 Hz, H-7a), 3.22 (1H, dd, J = 14.6, 5.7 Hz, H-
7b), 3.28 (2H, s, H-11), 3.66 (3H, s, 9-OCH3), 3.66 (3H,
s, 12-OCH3); '*C-NMR (125 MHz, CD;0D) : 173.6
(C-10), 169.9 (C-12), 168.2 (C-9), 138.0 (C-4a), 128.7
(C-1a), 124.6 (C-6), 122.4 (C-2), 119.8 (C-3), 119.1 (C-
4), 112.3 (C-1), 100.3 (C-5), 55.0 (C-8), 52.7 (12-
OCH3), 52.7 (9-OCH3), 49.8 (C-11), 28.4 (C-7). LAk
B 5 OB R AR R A — B, B B 13
N-malonyl-tryptophan.

&Y 14: EOKAK; ESI-MS m/z: 174 [M+
Na]*, ¥R N CsHoNO,. 'H-NMR (500 MHz,
CD;0D) ¢d: 8.15 (1H, d, J = 2.8 Hz, H-2), 7.93 (1H, d,
J = 8.6 Hz, H-5), 7.23 (1H, dd, J = 8.6, 2.8 Hz, H-6),
3.12 (2H, q, J = 7.3 Hz, H-8), 1.15 (3H, t, J = 7.3 Hz,
H-9); BC-NMR (125 MHz, CD;0D) 4: 202.5 (C-7),
159.0 (C-4), 145.9 (C-3), 138.2 (C-2), 124.6 (C-5),
123.2 (C-6), 31.3 (C-8), 8.2 (C-9). LA E¥¥s 5 ik
ol A S, KeEY 14 4 3- 2 5E-4-
CHERAMLIE .

&) 15: Totad s (HEE; ESI-MS m/z: 291
[M+H], 7T 8 CisH1406. "H-NMR (500 MHz,
CD;0D) §: 7.08 (2H, d, J = 8.5 Hz, H-11, 15), 6.74 (2H,
d, J = 8.5 Hz, H-12, 14), 6.81 (1H, d, J = 10.0 Hz, H-
2), 6.22 (1H, d, J = 10.0 Hz, H-3), 4.76 (1H, s, H-5),
3.30 (1H, s, H-6), 3.85 (1H, m, H-7), 3.82 (1H, d, J =
7.5 Hz, H-8a), 3.70 (1H, d, J = 7.5 Hz, H-8b); '3C-
NMR (125 MHz, CD;0D) d: 196.7 (C-4), 174.4 (C-9),
158.3(C-13), 155.0 (C-2), 130.9 (C-11, 15), 128.8 (C-
3), 127.3 (C-10), 116.4 (C-12, 14), 88.3 (C-1), 84.6 (C-
5),63.5 (C-8),53.1(C-6,7), PAE#da 5 kst i
TEHA—R), %KE 5 15 4 cartorimine.

4 o-BEREESBIGERTENER

SEEG 5 R ALEIR N 50 umol/L B, L&)

9 HAWEN o %W BB RS, s 2N

(65.28+1.81) %, H: ICso /v (31.64+2.30) pmol/L,
FH 44X R ZH 5 R 11 1Cs0 2 (5.2240.25) pmol/L.
A 1~8. 12 F 15 D235 /N T 5.00%. 1L
A0 10 A1 1 o= 260K R HDRE VR A SRR
TE19230, e 1Cso 43 14 3.04. 24.25 pmol/L.
5 e
K FEMFIRE B EH 15 MUED,
o 14 DNAEPIRGE: A5 7 AN A (1~7).
5 ANERFE A (8~12). 1 ANEIMEAEYIE, (13) A1
1 ANEREAEIDN (14). WA 1 JHtE A4
Bl ALEW 2 NFTRIR Y, Ja Tk -2 i e &
T I g A . BT 2, G4k
AR FT AT 70 B E 1) 3 -5
PSSR A0  Ja Y, PR ORERIE S A PR
G 15 J G S W B IR S AT A
HIRARIE T2 e, XA A MIAC B R e ok
PR RISy o o] 60 B EF BRI VA V45 R B,
Ty SRR e A= DRk 9 X - 9] 267 R T ISR It ik 3 1) 410
HIAEF S Uk B e AL el o] e 2 A AT R A -
R 25 AR A A P ) B Ay . BRSNS AR
Bl 5 A6 AT HIURBEZE AL I oA Hh R R 7 B9 45
B, X2 MEAYIEE T E IR G SRS %R
KT HepG2 At I HHFE RIS IR iR e
FAC ) AR P 8 v a2 o A5 R R HE B
1EH
M FAE N E NG FE T2, fEHEIRR
FHERTEIT RS EREOR . N RATH B,
TEVRTT R PRI 7 T A 2 HMME, (HETH
AT BB 5 T (3 A R T 2R
BRlt, AR FRAMEE T HAC 1 B s 4t
AL, RISt AR FL R 24 ) P AR R SR A 7
BLSLIAKE -
FBFR AVEYFRRGEA TR
B3 30k
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