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Chemical constituents from styles and stigmas of Zea mays (II)
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Abstract: Objective To study the chemical constituents of the ethyl acetate fraction from styles and stigmas of Zea mays. Methods
The compounds were isolated using silica gel column chromatography and subsequently subjected to semi-preparative
high-performance liquid chromatography (HPLC) for further purification. Structural elucidation of the isolated compounds was
achieved by mass spectrometry (MS) and nuclear magnetic resonance (NMR) spectrometry, corroborated with data from relevant
literature. Results A total of twenty compounds were successfully isolated from the ethyl acetate fraction of the styles and stigmas
of Zea mays, and their structures were identified as follows: (2'R)-4-O-(2'-pyrrolidinone) methyl butyrate (1), 1,3-dihydroxyl-2,4
propylene hexenyl (2), ryecyanatine A (3), o-hydroxy-cinnamic acid (4), 4-hydroxy-2-butanone (5), 6,7-dimethoxybenzoxazolin-
2-one (6), indole-3-carboxaldehyde (7), ferulic acid (8), ethyl succinate (9), zeaene F (10), vanillic acid (11), p-hydroxy-cinnamic
acid (12), zeaol B (13), glycerides sorbitate (14), (2R)-2,3-dihydroxypropyl hexanoate (15), (2S)-2,3-dihydroxypropyl hexanoate
(16), p-hydroxybenzaldehyde (17), N-(cis-p-coumaroyl) tyramine (18), N-(trans-p-coumaroyl) tyramine (19), azelaic acid (20).
Conclusion Compounds 1 and 2 were identified as new compounds and were named zeamide A and zeaolide A, respectively.
Compound 14 was first isolated as a natural product. Compounds 3, 5—7, 9, 15 and 16 were isolated from this plant for the
first time.
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K Zea mays Linn. JEr=Frh. FEEM, EiE
BAEBR, REEMRELETFEYN, LRI
FESKAARAE TOKZ, o AR A FH 2, AR 3R i
RPdsg T (RENE) o, 1977 4, FKRZHEIE
AR T ChEZ ), . %, W, JE.
FF B2, EAFIRER. EHFIRE, 35K
Do), IARZ BAE R AR, FORAURA 2
Yis e, g . reEdl . BRIURE . HTaRSEEN,
T H FON TR 7 B B TR ANE A, X
HAGH R R AT, S BRI A
RANEMEFE, &Rk T E R TEIR A, AR
TR |7 T TRk 2 o b AT T AR, H
MR PR IR SR A 4y 45 3 4 MEEDY,
FEXPIHHEAT TN . A A BT AR TS TR E

N T B RFIH TR TED IR, A5
TERTHAW T AN L, X R OK 20T 95% £ B U i
R CERZE B A B AT TIRABE TG, 35088
23] 20 MEEW, SAEEN (2'R)-4-O-(2'-Mki%
Fil) TR H S [(2'R)-4-O-(2'-pyrrolidinone) methyl
butyrater , 1] . 13- — ¥ % -24 & R N BE
( 1,3-dihydroxyl-2,4 propylene hexenyl , 2) .
ryecyanatine A (3). AFFREEWHE:EE (o-hydroxy-
cinnamic acid, 4). 4-#2%-2-T i (4-hydroxy-2-
butanone, 5). 6,7- — H 4 & -2- %% Jf WE M bk 7
(6,7-dimethoxybenzoxazolin-2-one, 6). Wj|Wk-3-H fig
(indole-3-carboxaldehyde, 7). [i%{FR (ferulic acid,
8). T _FgHZME (ethyl succinate, 9). T KJ& F
(zeaene F, 10). ¥R (vanillic acid, 11). XI¥%
FEWHEERZ (p-hydroxy-cinnamic acid, 12). zeaol B
(13). 1 A4Ee H g (glycerides sorbitate, 14). (2R)-
23- "R ENE B [(2R)-2,3-dihydroxypropyl
hexanoate, 15]. (25)-2,3- —¥2IL P GRS [(29)-
2,3-dihydroxypropyl hexanoate, 16]. X} ¥ 2K H R
(p-hydroxybenzaldehyde, 17). N-Jjiz 2 3k A A
e X F2 3L 2 2 i [N-(cis-p-coumaroyl) tyramine,
18]« N- S 2Uoxf ¥2 Bk A Ik R ) # 0k OR 2 Ji%
[N-(trans-p-coumaroyl) tyramine , 19]. L+ — &
(azelaic acid, 20). Hr L&Y 1 2 JEiead),
I3 A 44 o oK A FIKES A. tb&9 14
KIRF=W), thEW) 3. 5~7. 9. 15~16 ANH KM%
TPy B R
1 UEEMH

FW177 B B2 AL COREEZR TR A TR

AFD; X-6 BLRHE S E A (B R AR A TR
AT AUTOPOL V BUTiE A (CEE R AF], EED;
Xevo Q-TOF A Fi 44X (Waters A %], 35[E); J-1500
CD B i (pottkaatt, HAD; Bruker
AV-600 HZHEILIRIEIEAL (Bruker 2], f8E);
il 2% = R VR A (B AR, HAD: LC-6AD
&, RID-20A MLEFrGEMZS, Agilent PREP-SIL
(250 mm X< 9.4 mm, 5pum) A PREP-ODS (250 mmX
9.4mm, 5um) NEFENEIER; A (200~
300 H, H&EEMT) D; HEGRE (TLC) K
W G ); ZA220R4 BUHL TR (it
PATA AR A T AHEF CRBUEARHARA
A, el 2% B B PR D Al AR
BIRorat

FRTFE SR T BRI TR TR 2 &,
L FMIR KRN E B B E N EK Z. mays
Linn. [RFERERTEE S, #RAR (20221025) 78T 5%5F
WG IR KRR =T 9 2
2 EESENE

ECT 8 K400 17.0 kg, #3#4E, FH 29.0 L 95%
CIEEIRIRITEE 3 d J5iEnt, BEHE 3K, &R
P RS E/MARE KRS, HESER L BEAE L
3 W, BHFERGH, WEKRAREERE, FEK
JRETR A 28.5 9o K HIRERA: (0 43 59,
i S - H i (95 : 5~0: 100) ¥AFI1A Rt
1TV, SMERRR (TLC) &3NS,
33 6 N5 (Fr.1~6).

Fr.1 (2.7 @ RABERAEEIES S, FHIED
Yi-BEE2 W8 (81 2~0 1 1) HANAREEM, 4 TLC
K, FABALE AT & AR, 1532 4 A
4y (Fr. 1.1~1.4). Fr. 1.2 (293.8 mg) & IEAHERL
WA aifr [IE Cbe-BER O F (8 1 2), 4.0
mL/min] B#{LA59) 3 (8.1 mg, tk=17.5min). 4
(24mg, tr=22.0min), Fr. 1.3 (321.6 mg) & IE#H
B AR R [IE CE-BER O (70 3), 4.0
mL/min] S2LA% 5 (8.2 mg, tk=18.0 min). 6
(2.1mg, tg=22.5min), 7 (1.5mg, t=30.0 min),
Fr. 1.4 (79.2 mg) £ IFEAH s 0RAR (i alitk [1IEC
Yi-BEm2 g (5.5 45), 4.0 mL/min] B4b&4 8
(5.7mg, tr=7.5min),

Fr.2 (3.3 @) RAEREGEESE, MHIED
Fe-BER g (8 1 2~0: 1) WHMARDEN, &£ TLC
RS, AR 73 idE 47 & AR R, 793 3 M



FEH 2024411 H B55% H22#  Chinese Traditional and Herbal Drugs 2024 November Vol. 55 No. 22

» 7585«

4y (Fr. 21~2.3). Fr. 2.1 (189.4 mg) A IEAMHERL
WA g Aif [IECkE-BER R (6.5 1 35), 4.0
mL/min] L&Y 9 (2.5 mg, k=115 min). 10
(7.9 mg, tr=14.0 min). 11 (3.1 mg, tr=17.0 min),
12 (9.1 mg, tr=18.5min). Fr.2.2 (339.4mg) &
S AR AR ek A [FREE-K (416D, 4.0
mL/min] 54L& %) 13 (25 mg, tr=6.0 min). 14
(4.0 mg, tr=10.0 min). 15 (1.6 mg, tg=16.5 min).
16 (1.3mg, tr=20.0 min).

Fr.3 (43 ¢) RAERA AR, FH A
Fse-H I (97 & 3~0 & 100) iAFI14A& R e, 4 TLC
R, HARRUE 7 AT & AR YR, 193] 4 N4
4y (Fr.3.1~3.4), Fr.3.1 (73.8mg) £ [ A=K
Mgty [FEE-K (3:7), 4.0 mL/min] 54L&
Y1 (35mg, tk=8.0min). Fr.3.3 (938.2mg) *
FATE AT (i 43 B, fs A S - FR . (98 & 2~
0:100) BEEFBEME, 2 TLC K JE, W AHIBIZE 23k
T EIAWYE, 1833 445 (Fr. 3.3.1~3.3.3),
Fr. 3.3.1 (97.6 mg) & AH B RGRAR ik alifh, [ -
/K (35:6.5), 4.0 mL/min] 54k&4% 17 (3.7 mg,
tr=6.5 min). Fr. 3.3.3 (309.3 mg) £ S ERBAH
it aifk, [FEE-K (4:6), 4.0mU/min] SLE&Y) 2
(1.7 mg, tz=8.0min). 18 (48 mg, tr=12.5min).
19 (9.8 mg, t=23.5 min). 20 (4.4 mg, tg=27.5 min),
3 HM%EE

a1 LEaBERY, (o] +25.5°(c 0.05,
CH30H), HR-ESI-MS m/z: 224.089 0 [M+Na]* (it
HHAH 224.089 3), HEM 41X CoH1sNOs, HA 3
AR o IR 3% B BomiZ b SR Rt (3423
cm™L) FIERIE (1735 cm™) ZRRFAEN & . TH-NMR
(600 MHz, DMSO-ds, % 1) ', 7E 6 8.62 (1H, s) %
H 1Al Re N ESEE ERIR S S 64.84(1H,d, J=
6.2 Hz, H-2") %3t 1 MEERFE(E S, 7£6 3.59
(3H, s, 1-OCH3) #h i 1 MHEAEZEM R T15 5,0 3.44
(2H, m, H-4) 251 1 AMEEHIME S, 62.34 (2H,
t, J = 7.4 Hz H-2), 2.18 (1H, m, H-3"), 1.83 (1H, m,
H-3"), 2.25 (1H, m, H-4), 2.03 (1H, m, H-4") #11.75
(2H, m, H-3) £ 4 NMEFITEH IS5, BC-NMR
(150 MHz, DMSO-ds, & 1) #5H 9 Mk, HAfE S
177.8 45t 1 MEFRIEE S, 6 173.6 45 tH 1 MlEFk
Rf55, 0856 4iih 1 N H5ARIETHIEM K, 565.6
g LANESR, 6517 4k 1 AN, 630.7,
25.1,28.5, 28.1 Ab%h H 4 N0 FE LR

#1 AW H-NMRFIBC-NMR##E (600/150 MHz,
DMSO-ds)
Table 1 'H-NMR and **C-NMR data of compound 1
(600/150 MHz, DMSO-ds)

/A OH oc
1 173.6
2 2.34 (2H,t,J=7.4Hz) 30.7
3 1.75 (2H, m) 25.1
4 3.44 (2H, m) 65.6
1 8.62 (1H, s)

2! 4.84 (1H,d, J=6.2 Hz) 85.6
3 2.18 (1H, m), 1.83 (1H, m) 285
4 2.25 (1H, m), 2.03(1H, m) 28.1
5 177.9
-OCHs 3.59 (3H, s) 51.7

i HMBC i af %1, H-2 (5 2.34) 5 C-1 (6
173.6)/C-3 (5 25.1)/C-4 (6 65.6) AHF%, H-3 (6 1.75)
5 C-1 (6 173.6)/C-2 (6 30.7)/C-4 (6 65.6) #H%, H-4
(6 3.44) 5 C-2 (6 30.7)/C-3 (6 25.1)/C-2' (6 85.6) #f
%, H-1' (6 8.62) 5 C-2' (6 85.6)/C-3' (6 28.5)/C-4" (9
28.1)/C-5' (6 177.9) MK, H-2' (6 4.84) 5 C-4 (9
65.6)/C-3' (0 28.5)/C-4" (9 28.1)/C-5' (6 177.9) #H%,
H-3' (6 2.18, 1.83) 5 C-2' (6 85.6)/C-4' (¢ 28.1)/C-5'
(0 177.9) A%, H-4' (6 2.25 2.03) 5 C2' (¢
85.6)/C-3' (6 28.5)/C-5' (6 177.9) AHK, -OCHs (6
3.59) 5 C-1 (5 173.6) #Hx. HH H-'H COSY i n]
Hl, H-2(62.34) 5 H-3(51.75) #H3<, H-3(51.75)
5 H-4 (0 3.44) #i3%, H-1'(08.62) 5 H-2' (5 4.84)
K, H-2' (0 4.84) 5 H-3'(52.18, 1.83) #H3%, H-3'
(62.18,1.83) 5 H-4'(62.25,2.03) k. Htififs
e /N O S TES Y [ P GV T A | = ]
it (ECD) Jeily, #iE 7 EY) 1 AEXHEAIN R
WAL, HEERN (2R)-4-O-(2-MEMkeli) T ERH g, 24
Sci-Finder f&, ARKIAHIARIE, HEam 1A
LAY, B N TR A (zeamide A).
HONMR Bl W3 1, b5 &% 3% 2D NMR #i2%
FEOLE 1, THERNIER ECD Jeilk LA 2.

e 2. LEERY), [a]d +61.5°(c 0.05,
CH30H), HR-ESI-MS m/z: 209.078 4 [M+Na]* (if
58 209.079 00, HEMS>T-2N CoHaOsr HA 34
AMBLAIEE o IR J6ilk BBzl SR fe 2k (2 935,
2829 cm™)., ¥4k (3362 cm™). X4 (1668 cm™)
SERFAERE . IH-NMR % (% 2) HEIR, f£6
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Fig. 1 Chemical structure, key HMBC (H—C) and 'H-'H COSY (=) correlations of compound 1
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Fig. 2 ECD spectra of compound 1

%2 A28 H-NMRFBC-NMR #3#E (600/150 MHz,
DMSO-ds)
Table 2 H-NMR and *C-NMR data of compound 2

(600/150 MHz, DMSO-ds)

{Z30A OH oc
1 166.8
2 5.87 (1H, m) 119.6
3 7.23 (1H, m) 145.3
4 6.30 (1H, m) 130.1
5 6.24 (1H, m) 140.1
6 1.83(3H,d, J=5.8 H2) 18.9
1’ 3.51 (2H, m) 60.3
2 4.77 (1H, m) 75.9
3’ 3.51 (2H, m) 60.3
1"-OH 3.33 (1H, s)

3'-OH 3.33(1H,s)

7.23 (1H, m, H-3), 6.30 (1H, m, H-4), 6.24 (1H, m,
H-5), 5.87 (1H, m, H-2) 5 4 /MRl REA R 1)
JRT1E5: £ 0477 (1H, m, H-2") 4 1 AN alREA
WS FR 755 76 63.51 (4H, m, H-1',3") %4
2 AN AT REAE T F B B F{5 55 7 5 1.83
(3H, d, J = 5.8 Hz, H-6) 44! 1 MHER 55

BC-NMR 45t 9 Mk, HA7E o 166.7 4bz5i 1
AT REABEARIE RS 5, 7E 6 145.3, 140.1, 130.1,

119.6 Ab45 tH 4 NAEAER, FURAFAE 2 S0, 78
5 60.3 AbZi HY 2 AT RE NI E R IRAE T

i HMBC #n[ %1, H-2 (6 5.87) 5 C-1 (6
166.8)/C-3 (6 145.3)/C-4 (6 130.1) #H5%, H-3 (6 7.23)
5 C-1 (¢ 166.8)/C-2 (6 119.6)/C-4 (5 130.1)/C-5 (0
140.1) M3%, H-4 (6 6.30) 5 C-2 (6 119.6)/C-3
(6145.3)/C-5 (6 140.1)/C-6 (6 18.9) #H>%, H-5 (6
6.24) 5 C-3 (6 145.3)/C-4 (6 130.1)/C-6 (5 18.9) #H
%, H-6 (6 1.83) 5 C-4 (6 130.1)/C-5 (6 140.1) #H
%, H-1' (6 3.51) 5 C-2' (6 75.9)/C-3' (5 60.3) #H%,
H-2' (6 4.77) 5 C-1 (6 166.8)/C-1' (¢ 60.3)/C-3' (¥
60.3) #H3%, H-3' (6 3.51) 5 C-1' (6 60.3)/C-2" (6
75.9) #HZ%. i1 H-H COSY i 7 %1, H-2 (5 5.87) 5
H-3 (6 7.23)4H5%, H-3 (07.23) 5 H-4 (6 6.30)4H%,
H-4 (6 6.30) 5 H-5 (5 6.24) #3%, H-5(56.24) 5
H-6 (6 1.83) #H5%, H-1'(63.51) 5 H-2'(54.77)
K, H2' (0 4.77) 5 H-3" (6 3.51) MoK, HsbHEm
WEY) 2 EEKN 1,3- 5324 CIFRARE, &
Sci-Finder 0%, KRAKIAHKCIRE, FELEY 2
FHAEYD, FK A 44 N EKER A (zeaolide A).
H NMR %88 W3R 2, A543 %2 2D NMR #H
K5 WK 3.

3 2 X /;@/
6WO 3'OH wo OH
3 1A 2 RV K <% HMBC (—) #11H-'H COSY

(=) HEXEE
Fig.3 Chemical structure, key HMBC (H—C) and 'H-'H
COSY (=) correlations of compound 2

&Y 3: HEMAK, mp 146~148 C;
HR-ESI-MS m/z: 188.031 1 [M+ Na]* (it 5 1H
188.031 8), 43 T-3 N CgH/NO3. IH-NMR (600 MHz,
CDCl3) 5: 8.86 (1H, s, 4-OH) 6.97 (1H, d, J = 8.5 Hz,
H-6), 6.84 (1H, d, J = 2.3 Hz, H-3), 6.72 (1H, dd, J =
8.5, 2.3 Hz, H-5), 3.81 (3H, s, 3-OCH3); 3C-NMR
(150 MHz, CDCls) §: 144.6 (C-1), 156.2 (C-2), 97.6
(C-3), 156.0 (C-4), 109.7 (C-5), 110.0 (C-6), 122.7
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(1-OCN), 56.0 (3-OCHs). LA _b-%if 5 ekl i S A
— 2031, W EAE Y 3 4 ryecyanatine A

&9 4: AR, mp 217~218 °C; HR-ESI-
MS m/z: 163.038 3 [M—H]~ (it%#i{4 163.038 9), %
T 3N CoHgO3. 'H-NMR (600 MHz, DMSO-dg) 4:
12.17 (1H, brs, -COOH), 10.20 (1H, brs, Ar-OH), 7.80
(1H, d, J = 15.6 Hz, H-7), 7.56 (1H, d, J = 8.4 Hz,
H-6), 7.21 (1H, t, J = 8.4 Hz, H-4), 6.90 (1H, d, J =
8.4 Hz, H-3), 6.82 (1H, t, J = 8.4 Hz, H-5), 6.51 (1H,
d, J = 15.6 Hz, H-8); 13C-NMR (150 MHz, DMSO-ds)
: 121.4 (C-1), 157.1 (C-2), 116.6 (C-3), 131.9 (C-4),
119.8 (C-5), 129.1 (C-6), 140.0 (C-7), 118.8 (C-8),
168.6 (C-9). LA F#ds5 SCihiis Fe A —E 14,
KRG 4 AR AR .

A 5: ToEHIRY); HR-ESI-MS m/z: 89.059 1
[M+H]* GHEAE 89.059 7), 7T N C4HsOso
IH-NMR (600 MHz, CDCls) d: 5.82 (1H, s, 4-OH),
4.38 (2H, 1, J = 6.0 Hz, H-4), 2.38 (2H, t, J = 6.0 Hz,
H-3), 2.01 (3H, s, H-1); 3C-NMR (150 MHz, CDCl5)
d: 29.7 (C-1), 208.9 (C-2), 45.0 (C-3), 57.1 (C-4). LA
RS SO OE A S, WS E A 5 N
432 2- T M o

&9 6: FEHAR, mp 180~182 °C; HR-ESI-
MS m/z: 196.059 8 [M+H]* (1514 196.060 4), 4
TN CoH9NO4. H-NMR (600 MHz, CDCls) §:
8.22 (1H, brs, -NH), 6.70 (1H, d, J = 8.4 Hz, H-4),
6.61 (1H, d, J = 8.4 Hz, H-5), 4.16 (3H, s, 6-OCHy3),
3.86 (3H, s, 7-OCHj3); 13C-NMR (150 MHz, CDCl3) &:
134.4 (C-1), 154.7 (C-2), 124.4 (C-3), 108.3 (C-4),
101.7 (C-5), 147.5 (C-6), 134.5 (C-7), 57.2 (6-OCHy),
60.6 (7-OCHs). LA b3 5 SR A —F o],
MR TEAL B 6 K 6,7- F AR L -2- 2K I I Ik i

&Y 7: HER A, mp 196~198 C; HR-ESI-
MS m/z: 144.044 2 [M—H]" GiH5A4E 144.044 9), 5>
LN CoH/NO. H-NMR (600 MHz, DMSO-ds) o:
9.93 (1H, s, -CHO), 8.28 (1H, s, H-2), 8.09 (1H, d, J =
7.8 Hz, H-4), 7.51 (1H, d, J = 8.4 Hz, H-7), 7.27~
7.20 (2H, m, H-5, 6); 3C-NMR (150 MHz, DMSO-ds)
J: 139.4 (C-2), 118.7 (C-3), 122.6 (C-4), 121.3 (C-5),
123.9 (C-6), 112.9 (C-7), 124.6 (C-8), 138.8 (C-9),
185.4 (3-CHO). LA I3k 5 STk ik i F A — 201,
MU e B T | e-3- F

th &4 8: KA, mp 170~173 °C; HR-ESI-

MS m/z: 195.064 7 [M-+H]* (11514 195.065 2), &
T3 A C1oH1004. H-NMR (600 MHz, DMSO-ds) o:
12.08 (1H, brs, -COOH), 9.56 (1H, s, Ar-OH), 7.48
(1H, d, J = 15.9 Hz, H-7), 7.28 (1H, d, J = 1.8 Hz,
H-2), 7.08 (1H, dd, J = 8.1, 1.8 Hz, H-6), 6.79 (1H, d,
J =8.1 Hz, H-5), 6.37 (1H, d, J = 15.9 Hz, H-8), 3.82
(3H, s, -OCH3); 3C-NMR (150 MHz, DMSO-ds) o:
126.4 (C-1), 111.8 (C-2), 149.7 (C-3), 1485 (C-4),
116.3 (C-5), 123.5 (C-6), 145.1 (C-7), 116.1 (C-8),
168.6 (C-9), 56.3 (3-OCHs). A% 5 Sk s it
AR08, W EEY) 8 HPTELER .

&Y 9: TR Y: HR-ESI-MS m/z:
145.049 0 [M—H]~ (IH5H1H 145.049 5), 71N
CeH100s. H-NMR (600 MHz, DMSO-ds) o: 12.26
(1H, s, -COOH), 4.05 (2H, q, J = 7.2 Hz, H-1"), 2.48
(2H, dd, J = 1.8, 6.0 Hz, H-2), 2.45 (2H, dd, J = 1.8,
6.0 Hz, H-3), 1.17 (3H, t, J = 7.2 Hz, H-2'); *.C-NMR
(150 MHz, DMSO-ds) 6: 173.9 (C-1), 29.2 (C-2), 29.2
(C-3), 172.6 (C-4), 60.4 (C-1"), 14.5 (C-2"). LA L%
SRR IE R A, MO A 9 N T R
HLZE

&Y 10: BE¥K, [a]y —83.5°(c 0.065,
CHCl3); HR-ESI-MS m/z: 269.114 3 [M+Na]* (i3
{H 269.114 8), 4> ¥ A CisH103. 'H-NMR (600
MHz, CDCls) 6: 8.05 (2H, d, J = 8.4 Hz, H-3, 5), 7.59
(2H, d, J = 8.4 Hz, H-2, 6), 6.27 (1H, t, J = 3.7 Hz,
H-12), 4.08 (1H, s, H-8), 2.27 (2H, m, H-11), 1.69
(1H, m, H-10), 1.38 (1H, m, H-10), 1.10 (3H, s,
H-13), 0.95 (3H, s, H-14); BC-NMR (150 MHz,
CDCls) 6: 137.8 (C-1), 126.0 (C-2), 130.3 (C-3), 129.8
(C-4), 130.3 (C-5), 126.0 (C-6), 146.3 (C-7), 74.0
(C-8), 33.9 (C-9), 29.3 (C-10), 24.1 (C-11), 127.5
(C-12), 25.3 (C-13), 23.8 (C-14), 170.8 (C-15). Li_L
a5 kIR IE IR A — S, MU A 10 8
A Fo

& 11 gEstiRdid (HFEE, mp 208~
210 ‘C; HR-ESI-MS m/z: 167.033 4 [M—H]~ (it5E
fH 167.033 9), 73 ¥ A CsHeOso H-NMR (600
MHz, DMSO-ds) d: 12.44 (1H, s, -COOH), 9.84 (1H,
s, Ar-OH), 7.44 (1H, d, J = 7.8 Hz, H-6), 7.43 (1H, s,
H-2), 6.84 (1H, d, J = 7.8 Hz, H-5), 3.81 (3H, s,
3-OCH3); BC-NMR (150 MHz, DMSO-ds) o: 122.1
(C-1), 113.2 (C-2), 147.7 (C-3), 151.5 (C-4), 115.5
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(C-5), 123.9 (C-6), 167.7 (C-7), 56.0 (3-OCH3). Ll L
a5 SRR E A B, WS EEY 11 N
FHIK.

& 12: AERA, mp211~213 C; HR-
ESI-MS m/z: 165.054 1 [M~+H]*( i34t 165.054 6),
431 3N CoHgO3. 'H-NMR (600 MHz, DMSO-de) 4
12.10 (1H, brs, -COOH), 9.96 (1H, brs, Ar-OH), 7.51
(2H, d, J = 8.4 Hz, H-2, 6), 7.48 (1H, d, J = 15.6 Hz,
H-7), 6.78 (2H, d, J = 8.4 Hz, H-3, 5), 6.28 (1H, d, J =
15.6 Hz, H-8); 3C-NMR (150 MHz, DMSO-ds) o:
125.7 (C-1), 130.6 (C-2), 116.2 (C-3), 160.1 (C-4),
116.2 (C-5), 130.6 (C-6), 144.6 (C-7), 115.8 (C-8),
168.4 (C-9). LA & 5 Cihhol A —52, iy
YA 12 X FR SRR .

&9 13: KK, [a]y —20°(c 0.3, CH3OH);
HR-ESI-MS m/z: 275.127 1 [M+ Na]* (it 5 1H
275.125 9), 43 F 3N C14H2004. 'H-NMR (600 MHz,
DMSO-dg) d: 5.38 (1H, s, 1-OH), 4.08 (1H, d, J = 4.8
Hz, 4-OH), 2.03 (1H, m, H-2) 1.40 (1H, m, H-2), 1.68
(1H, m, H-3) 1.52 (1H, m, H-3), 3.82 (1H, m, H-4),
1.92 (1H, m, H-5) 1.68 (1H, m, H-5), 3.69 (1H, s,
H-6), 4.63 (1H, d, J = 2.4 Hz, H-8), 2.32 (1H, d, J =
16.8 Hz, H-10), 2.06 (1H, m, H-10), 5.79 (1H, s,
H-12), 1.06 (3H, s, H-13), 0.82 (3H, s, H-14);
B3C-NMR (150 MHz, DMSO-ds) o: 74.7 (C-1), 26.4
(C-2), 27.3 (C-3), 63.2 (C-4), 31.6 (C-5), 79.4 (C-6),
172.3 (C-7), 81.8 (C-8), 40.9 (C-9), 50.2 (C-10), 198.2
(C-11), 118.0 (C-12), 28.0 (C-13), 19.1 (C-14). LA L
ol 5 SRR E R A S0, MU E AT 13 A
zeaol B,

&Y 14: LEERRY), [o]5 +65.5°(c 0.05,
CH30H), HR-ESI-MS m/z: 209.077 7 [M+Na]* (it
514 209.079 0); H-NMR (600 MHz, DMSO-ds) o:
7.23 (1H, dd, J = 15.6, 9.9 Hz, H-3), 6.28 (2H, m,
H-4, 5), 5.86 (1H, d, J = 15.6 Hz, H-2), 4.90 (1H, d,
J = 5.4 Hz, 2’-OH), 4.65 (1H, t, J = 5.4 Hz, 3'-OH),
4.11 (1H, dd, J = 11.2, 6.6 Hz, H-3"), 3.96 (1H, dd, J =
11.2, 6.6 Hz, H-3'), 3.65 (1H, m, H-2), 3.36 (2H, m,
H-1"), 1.82 (3H, d, J = 5.7 Hz, H-6); 13C-NMR (150
MHz, DMSO-ds) J: 166.8 (C-1), 119.2 (C-2), 145.4
(C-3), 130.1 (C-4), 140.3 (C-5), 18.9 (C-6), 66.1
(C-1"), 69.8 (C-2"), 63.1 (C-3"). LA %¥s 5 CHkikiE
BEAR—FA, BOSEAY 14 LA H TR

KRGEF R, HATCRILZ G N T &
BT i, AR AERE A IR AR R b &
AR

&Y 15: TLOBRIRY, [a]F —21.6° (c 0.05,
DMS0); HR-ESI-MS m/z: 213.109 3 [M+Na]* (it
518 213.109 70, 731 3N CoH1804. H-NMR (600
MHz, DMSO-dg) 6: 4.86 (1H, d, J = 5.4 Hz, 2'-OH),
4.63 (1H, t, J = 5.4 Hz, 3-OH), 3.95 (2H, dd, J = 4.2,
11.2 Hz, H-1"), 3.62 (1H, m, H-2'), 3.45 (2H, m, H-3"),
2.27 (2H, t J = 7.2 Hz, H-2), 1.52 (2H, m, H-3), 1.25
(4H, m, H-4, 5), 0.86 (3H, t, J = 6.9 Hz, H-6);
BBC-NMR (150 MHz, DMSO-ds) d: 173.4 (C-1), 33.9
(C-2), 31.1 (C-3), 24.6 (C-4), 22.3 (C-5), 14.3 (C-6),
65.9 (C-1'), 69.8 (C-2'), 63.1 (C-3"). LA % 5 ik
RIEFA—F2), HUEE A 15 8 (2R)-2,3-
PR RN R .

&) 16: LEERY), [o]5 +21.6°(c 0.05,
DMSO0); HR-ESI-MS m/z: 213.109 3 [M+Na]* (it
HAH 213.109 7), 4313 CeH1804. *H-NMR (600
MHz, DMSO-ds) 6: 4.86 (1H, d, J = 5.4 Hz, 2"-OH),
4.63 (1H, t, J = 5.4 Hz, 3-OH), 3.95 (2H, dd, J = 4.2,
11.2 Hz, H-1"), 3.62 (1H, m, H-2'), 3.45 (2H, m, H-3"),
2.27 (2H, t J = 7.2 Hz, H-2), 1.52 (2H, m, H-3), 1.25
(4H, m, H-4, 5), 0.86 (3H, t, J = 6.9 Hz, H-6);
3C-NMR (150 MHz, DMSO-ds) J: 173.4 (C-1), 33.9
(C-2), 31.1 (C-3), 24.6 (C-4), 22.3 (C-5), 14.3 (C-6),
65.9 (C-17), 69.8 (C-2"), 63.1 (C-3"). LA FHdi 5 ik
RIEFEA—F), HEEMEY 16 v (25)-2,3-—
PR BN R .

&Y 17: AfkR, mp213~217 C; HR-
ESI-MS m/z: 137.023 0 [M—H] (it 548 137.023 3),
73 73N C7Hs03. tH-NMR (600 MHz, DMSO-ds) o:
12.38 (1H, brs, -COOH), 10.24 (1H, brs, Ar-OH), 7.79
(2H, d, J = 9.0 Hz, H-3, 5), 6.82 (2H, d, J = 9.0 Hz,
H-2, 6); 3C-NMR (150 MHz, DMSO-ds) o: 121.8
(C-1), 132.0 (C-2), 115.6 (C-3), 162.1 (C-4), 115.6
(C-5), 132.0 (C-6), 167.6 (C-7). LA %3k 5 SRk
FEAR R0, WS RGN 1T KSR IR

&Y 18: L RY: HR-ESI-MS m/z:
284.127 7 [M+H]* Git5{H 284.128 1), 73 1A
Ci7H17NO3. H-NMR (600 MHz, DMSO-ds) J: 9.83
(1H, brs, 7-OH), 9.20 (1H, brs, 6'-OH), 8.10 (1H, t,
J =55 Hz, -NH), 7.69 (2H, d, J = 8.8 Hz, H-5, 9),



FEH 2024411 H B55% H22#  Chinese Traditional and Herbal Drugs 2024 November Vol. 55 No. 22

= 7589 »

7.10 (2H, d, J = 8.8 Hz, H-6, 8), 7.00 (2H, d, J = 7.8
Hz, H-4', 8", 6.71 (2H, d, J = 7.8 Hz, H-5', 7'), 6.48
(1H, d, J = 12.9 Hz, H-3), 5.76 (1H, d, J = 12.9 Hz,
H-2), 3.26 (2H, d, J = 7.8 Hz, H-1"), 2.61 2H, t, J =
7.8 Hz, H-2"); C-NMR (150 MHz, DMSO-ds) o:
166.6 (C-1), 121.2 (C-2), 136.9 (C-3), 129.9 (C-4),
132.3 (C-5, 9), 115.3 (C-6, 8), 158.6 (C-7), 40.9
(C-1'), 34.7 (C-2), 126.6 (C-3), 129.9 (C-4', 8), 115.6
(C-5',7", 156.2 (C-6")o VL %04 5 SRR HE A —
RN, M A ) 18 A N-I 2 I P e R
B R R

&Y 19: HEKER, mp261~262 C; HR-
ESI-MS m/z: 284.127 9 [M+H]* (i34 284.128 1),
4 7 i~ CisHuNOz . H-NMR (600 MHz,
DMSO-dg) o: 9.84 (1H, brs, 7-OH), 9.18 (1H, brs,
6'-OH), 8.02 (1H, t, J = 5.6 Hz, -NH), 7.38 (2H, d, J =
8.6 Hz, H-5, 9), 7.31 (1H, d, J = 15.7 Hz, H-3), 7.01
(2H, d, J = 8.6 Hz, H-6, 8), 6.77 (2H, d, J = 8.4 Hz,
H-4', 8'), 6.68 (2H, d, J = 8.4 Hz, H-5', 7)), 6.40 (1H,
d, J = 15.7 Hz, H-2), 3.30 (2H, m, H-1"), 2.64 (2H, t,
J=7.2Hz, H-2"); BC-NMR (150 MHz, DMSO-dg) ¢:
165.7 (C-1), 130.1 (C-2), 139.1 (C-3), 126.2 (C-4),
129.8 (C-5, 9), 116.1 (C-6, 8), 159.2 (C-7), 41.3
(C-17), 34.8 (C-2"), 119.3 (C-3"), 129.5 (C-4', 8'), 115.6
(C-5',7"),156.3 (C-6")o LA R3Sk IE F A —
#eel, et A 19 N N-J a0 R 58 PR R Ik
S-SRI

& 20: FEERIRGS & (HEE, mp 105~
106 ‘C; HR-ESI-MS m/z: 187.096 1 [M—H]~ (%L
4 187.096 5), 43T N CoH1604. *H-NMR (600
MHz, DMSO-ds) 6: 11.21 (2H, s, 1, 9-COOH), 2.18
(4H, m, H-2, 8), 1.48 (4H, m, H-3, 7), 1.25 (6H, brs,
H-4~6); 3C-NMR (150 MHz, DMSO-de) 6: 177.8 (1,
9-COOH), 34.9 (C-2, 8), 29.9 (C-3, 7), 25.9 (C-4, 5,
6). LA EEUEE SCERIRIE T A — S, WSS
)20 TR,
4 g

TR 25 P s IR, HARRARE . 5
G B ORE AN 5 R S5 Th &k, 2 A
FEFEAREFERER T Z WM. A6
Fo N KBS IR BRIy B ik %55 1 20
MeEY), HAhad 12 N Ew, e
14 KRR, &Y 3. 5~T7. 9. 15~16 N

HIXMIZAEY 4 S5 5], SR A R B KA
B YRR FRRmiE, HrP AV RS &
KIS MR SRR o MRy PTRE S oK
ZRH) B MBS R 5% A w2 o) AT RS oK 20

AR 2 G L DR AP A SR 1R032), AR Fe it — D R

T IR o R, 9T K2 Y B At —

I RANHIBE 1 At
FlEAR PIAEEYFARELEF YR

Sk
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