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Abstract: Three 2,3-diketoquinoxaline alkaloids were isolated from Heterosmilax yunnanensis Gagnep. Their
structures were determined through 1D and 2D NMR, HR-ESI-MS, UV, and IR as 1-[5'-(3"-hydroxy-3"-methyl)
glutaryl] ribityl-2,3-diketo-1,2,3,4-tetrahydro-6,7-dimethylquinoxaline (1), 1-[2'-(3"-hydroxy-3"-methyl) glutaryl]
ribityl-2,3-diketo-1,2,3,4-tetrahydro-6, 7-dimethylquinoxaline (2), and 1-ribityl-2,3-diketo-1,2,3,4-tetrahydro-6,7-
dimethylquinoxaline (3). Compounds 1 and 2 are novel compounds, and 3 was isolated from H. yunnanensis for
the first time. The hepatoprotective activity of these three compounds was evaluated, with compound 3 showing
promising hepatoprotective activity.
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Figure 1 The structures of compounds 1-3
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Figure 2 Key HMBC corrections of compounds 1 and 2

td, J = 2.5, 7.0 Hz) #1 3.58 (1H, dd, J = 5.0, 7.0 Hz)];
BC NMR (% 1) 454 HSQC % WM £ 5] 21 Mg {5 5, B
FG 8 HIEIIRAE S (6. 156.2, 154.2, 131.8, 131.5,
125.4, 123.8, 117.0 A1 116.5), Fl 4% 13 MR AS 5, 6
3ANHIERRAE 5 (0, 28.0, 19.8 F119.2), Wi B2 B 5
5 (5. 173.7/1171.3), 8 M Wi AE 5 (6. 73.9, 70.0,
69.5, 68.3, 66.6, 46.2x2 Fl1 45.2), 454 HMBC i b (A
2) H-1'5 C-2 (d,. 156.2) F1C-9 (6. 125.4) #i%, H-3'5
C-1' (6. 45.2) #1155, H-4'5 C-2 (6, 68.3) H1K, H-5'5
C-3' (. 73.9) #15%, H-11 55 C-7 (6. 131.8) 435, H-12 5
C-6 (5. 131.5) #H%, 5 3CERP LX), RIS 1-4% b i
F-2,3- 7 f-1,2,3,4-TU5-6,7- — H FEMEIZ I (3) i 41
L, ARG 55 3-F2 5 -3- H 3 R S B 5 (HMG)
A BRI &, HH-5"5 C-17 (5. 171.3) #1255, AUk,
1- R B 3 -2, 3- - -1,2,3,4- U -6, 7- — H 35k s W ik
5 HMG it C-5'-0-C-1"fig ki 2 .

Table 1 'H NMR (500 MHz) and C NMR (125 MHz) spectro-
scopic data for compounds 1 and 2 (J in ppm, J in Hz, a in DMSO-

d,, b in CD,0D)

Position 5 ! 5 5 z 3
H C H C

2 - 1562 - 158.0
3 - 1542 - 155.8
5 7.29,s 117.0 7.44,s 117.7
6 - 131.5 - 134.3
7 - 131.8 - 134.6
8 691, s 116.5 6.95,s 118.0
9 - 1254 - 125.9
10 - 123.8 - 124.5
11 2.22,s 19.8 2.34,s 19.8
12 2.18,s 19.2 2.27,s 19.2
1" 4.03, m; 452 4.38,d(13.0); 43.5

4.46, dd (10.0, 14.0) 4.88,d (13.0)
2 404,m 683 5.64,ddd (2.5,5.5,10.5) 73.7
3 3.58,dd (5.0, 7.0) 73,9 3.90, dd (3.0, 8.0) 72.9
4 3.79,td (2.5, 7.0) 70.0 3.77, m 73.7
5! 3.99,dd (7.0, 12.0);  66.6 3.67,dd (5.5, 12.0); 64.9

4.22,dd (2.5, 12.0) 3.81,dd (3.5, 12.0)
1" - 1713 - 172.1
2" 2.54,d (14.0); 46.2 2.35, overlap 46.6

2.61,d (14.0)
3" - 69.5 - 70.5
4" 243,s 46.2 2.38, overlap; 46.2

2.51,d (15.0)
5" - 173.7 - 172.1
6" 1.25,s 28.0 1.15,s 27.1
(o]
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1,2,3,4-PUE-6,7-— LRI 5 HMG @id C-2"-O-C-1"
B fb % 3z, xR LR 2 O VERIAL B AR, TR, 1%
b B W58 K 8 N 1-[2/-(3"-FR FE-3 - 1 ) TR R ik
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2 EMI~3FFRIPEN

B4k A 1~3 7€ 10 pmol- L ¥k FF /E ] HepG2
SR 24 h, 25 R BoR A MAETE R B KT 90% (£ 2), &
B S 75 1, BRI A 10 wmol L7 T8 28 9K B ) T )5 4L s
5% . SKRH MTT J7iE Al A6 &4 1~3 X APAP #5145 1)
HepG2 i Mu (R4 I1E FH, &5 SRR (R 3), &3 TE
10 pmol- L™ A& & TR XoF 200 M 1 A7 7% S B i 3 v, HLEE
FH PR BER 4 B BE 4, SR B4 &4 3 AT R 4T 1 AR
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Table 2 Cytotoxic effects of compounds 1-3 on HepG2 cells

Group Concentration/umol-L™ OD value Cell viability/%
Control - 1.526 £ 0.079 100.00

1 10 1.733 £0.168 117.02

2 10 1.875+0.261 126.62

3 10 1.501 £0.073 98.34

Table 3 Protective effect of compounds 1-3 on APAP-induced
HepG2 cells damage. ™"P < 0.001vs control; “*P < 0.001vs model

Group Concentration/umol-L" OD value Cell viability/%
Control - 1.526 +£0.079 100.00
Model - 0.685 +0.003™" 44.87
GSH 40 0.714 £ 0.003" 46.80

1 10 0.709 + 0.032 46.43

2 10 0.684 +0.044 44.85

3 10 0.772 £ 0.005" 50.55
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JASCO P-2000 B! JiE Y6 4% \JASCO V-650 B 45 41
4% (JASCO, USA); Nicolet is50 FT-IR ATR £L4M i
1% (Thermo Scientific, USA); Bruker AVANCE III-500 )
W43 (Bruker Biospin, USA); Agilent 6520 HPLC-Q-TOF
J % 4% (Agilent Technologies, Germany); Agilent 1260
series i1 20 AH, Apollo C,, column (250 mm x 4.6 mm,
5 um; Alltech Corp., USA); ¥ | 8 1% 4l (Fisher
Scientific); Shimadzu LC-20AT il % %! & 20 A, SPD-
10A 5 461 28, YMC-Pack ODS-A {64 (250 mm x
10 mm, 5 um), EF G4l AL T8 Fgnie T A
7]); EYELA N-1100D-WD 7 Ji¢ % 7% & {X . EYELA
FDU-1100 24 % ¥R T 8 L (H A AR 50 3 40 #k 2 25 4,
SQP R+ 3 2 — 43 Wi K ¥ (21 Sartorius A 7]); KL
¥ i§ (Diaion HP-20, Mitsubishi Chemical Corp., Japan);
RP-C18 (50 umol-L", YMC Corp., Japan); Sephadex
LH-20 7 ¢ /5 (Pharmacia Fine Chemicals, Sweden); %
Pt i (60~80 H, RHAWN, China); il 463 7: HPLC
2 B B A 2B S [ Fisher A 7], #1145 B EE AL 2 B
T B AL @) R T AT Al HEE. 2
QI EAC T IE )R A T AR . SEERH 2544
P L1 P8 4R 2R o) 24 100 A6 PR =) K, = 5 M 22 I
25 o [F [ 22 B 2 W 24 R P 90 BT B R AR 9T R
ERNE AR HE S E Y A 33 (Heterosmilax
yunnanensis Gagnep.), TR A&7 5 : ID-S-3000.
1 RS

BRI PR B T B 2X 100 kg, K S K VO
95%-85%-75% L EEFN K IR HEHL 3 IR, &F IR 2 h, i I
JE AR BIE R, A 3 AR IO, ok [ USc v 75145 2
KSR BUR 2 24.5 kgo K B SR BUR P 2B R
2, R RS AR 218 QR EL 3 WK, WK R 45 2. R
LBEHRAL JE 1931 520 g =8, SO AL T (¥ 7K B A H
85% MIBEYTIR 22 K0 F HINE B VSR, R4 )5 13 3
BEL6 142 g. XX E H 3 LAKWEME, 709 kAT
KALW A FE €1 5> B8 (d = 14.5 cm, h = 82 cm, H: A
13.5 L), MK H 0.5%+15%+30%-50%70%95% [1]
R Wi, 3T 7 AN WA K IR Ay % 9 BTL-A~BTL-G.

# BTL-D #6843 (J£29 110 g) F 250 mL /K& iR, 18
% ERE, TR f15 505 (d=11.7 cm, h = 67.0 cm),
IR 04 5% 10%- 15%+20%- 25% 30% 40% 50%
60%- 70% 95% (1) £ % & Wit , ¥ 4 43 Fra.D-1~Fra.D-
343 3 343 it 2+ o Fra.D-9 fll Fra.D-10 & 3 J5 #E47 %
Tk e A €38 0 B8 (LT 17K = 0~95% Bf FE P i), 13
IXA4.1~IXA4.46 3 46 4 735 X IXA4.46 4T C18
S A 2 ) 2% WA B3 A 4l ik (MeCN/H,O/AcOH,



- 416 - 222224 Acta Pharmaceutica Sinica 2024, 59(2): 413-417

17:83:0.1, viv/v) #3246 541 (3.1 mg) 12 (1.8 mg).
X IXA4.8~IXA4.15 & I J5 AT Flash A ODS fin
TR 73 B (FEE 27K = 0~ 100% 6 e i), 10 N FO A,
3 F9.1~F9.7 3£ 7 AN 435 X F9.3 F C18 J #H ¥ il %%
AR €3 A 4l 4k (MeCN/H,0/AcOH, 13:87:0.1, v/v/v)
JEMEY 3 (2.3 mg).
2 EHEE

a1 BTG E TR AR, LWL (o] 4.8 (¢
0.1, MeOH); UV (MeOH) Z___ (log &) 355 sh (3.36), 337
sh (3.69), 322 (3.76), 309 sh (3.66), 241 sh (3.73), 235 sh
(3.79), 215 (4.38) nm; IR v, 3 370, 2 925, 1 694, 1 627,
1601, 1514, 1449, 1398, 1 318, 1 271, 1 201, 1 078,
1021, 953,901, 873, 706, 665 cm™; "H Al °C NMR %5
JL# 1; HR-ESI-MS m/z 469.181 8 [M+H] (C,,H,,0,,N,
T 469.181 7).

&Y 2: BETEE MR, LN E [a]h 4.0 (¢
0.1, MeOH); UV (MeOH) Z___ (log &) 355 sh (3.33), 338
sh (3.64), 322 (3.70), 309 sh (3.61), 241 sh (3.68), 235 sh
(3.74), 215 (4.32) nm; IR v, 3 391,2 924, 1 694, 1 627,
1601, 1515, 1449, 1398, 1332, 1 271, 1 202, 1 088,
1021, 953, 874, 707, 669 cm™; "H A1 *C NMR %4k I, %
1; HR-ESI-MS m/z 469.181 8 [M+H]" (C,,H,,0,,N, it %
5469.181 7).

W& 3: AT ETE AR G (o] -11.2
(¢ 0.05, MeOH:H,O = 1:1); HR-ESI-MS m/z 325.139 5
[M+H] © (C,;H, ON, it % {6 325.139 4); 'H NMR
(500 MHz, DMSO-d,): d,, 7.33 (1H, s, H-5), 6.92 (1H, s,
H-8), 4.52 (1H, dd, J = 10.0, 14.0 Hz, H-1'a), 4.06 (1H,
d, J=10.5 Hz, H-2"), 3.99 (1H, d, J = 14.0 Hz, H-1'b),
3.61 (1H, d, J = 12.0 Hz, H-5'a), 3.56 (2H, overlap, H-
3',4"), 3.42 (1H, dd, J = 5.5, 11.0 Hz, H-5'b), 2.22 (3H, s,
H-11), 2.18 (3H, s, H-12); *C NMR (125 MHz, DMSO-
d): 5. 155.8 (C-2), 153.9 (C-3), 131.3 (C-7), 131.0 (C-
6), 124.9 (C-9), 123.4 (C-10), 116.6 (C-8), 116.1 (C-5),
73.6 (C-4"), 72.8 (C-3'), 68.1 (C-2"), 63.5 (C-5"), 44.6 (C-
1), 19.4 (C-11), 18.8 (C-12). i it 15 S ERI 256} b AZ
B AR, o iz S SRR & 1A% B
FidE-2,3- T fi-1,2,3,4- DU 5(-6,7-— FH SE A W
3 FHRIPTEM
3.1 A HepG2 ARIEERE M  HepG2 4 /i
FeMp T 96 FLAH 5 TR b, B 95 24 h A, NN R
FE B IIAL &4, (RIS 0 s FRDE R ZH, B 2510k FE 15
3IANFATL. AVIERYN 24 h )5, 77 K557, AL
BIAMTT (0.5 mg-mL™) ¥ 100 pL, 4k £E15 3% 4 h, #7%
MTT ¥, FEFLIN DMSO 150 pL, IR AR 2e 4k ¥, 7

B A7 A 570 nm K b T E WO FEAE . A0 B AEE R
(%) = (45 24 41 i OD T~ ¥ {8/ 77 0f HE 48 i OD 13
1) x 100%.
3.2 LEFTINA SRS A INT 4 AR 4 B R 1P
ER  HepG2 4 g £z A T 96 L 40 Jid 15 7% # , KF
7224 h G, IR AP S b F42 (APAP, 24Kk &
8 mmol-L™), [F] i 15 BH P 250 %6 RE2H (43 Bt H Ik GSH)
A AR R A AR EE AR 24 he FEE
IR, BEFLINN MTT (0.5 mg-mL™) ¥ 100 pL, 4k 4k
B 9% 4 h, 3525 MTT i, &AL DMSO 150 pL, J&2 Al
P 3% 2R %, 7EBEARAX 570 nm 3 K A W 5 WG FE A .
Y HAT TG 2 (%) = (45 2541 OD “F- ¥ ME /% 77 % B8 41 OD
FHME) x 100% .
4 FHitFSH

BT s 8 LT 5491 + SD R R . P4l LR
H K58 70 #1. P <0.058% P <0.01 8 P <0.001 [fJ{&
BAAN BB G250 ns BN AAR B R il 8 .

BOS: RO B = R LT AL 5 ) 1~ 3 [ A% B ]
X, SRS U PR 2 TR A G 1~ 3 14 & 43 R

PEE TR TR ST IR B FIRs BT R 2=
SCASHN BT M 1153 2504 R SR ORI B4 A% S5 AL 5 3 £
BT SRIG Sl AN SCF BR SRR AP £ Ak A B0 1 O
1 TAF; SEREAIR R 71 5T 5R 4R S B 208 3L
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