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Abstract: Objective To investigate the chemical constituents from salvia polyphenolic acids. Methods Various column
chromatographic techniques were used to separate and purify the chemical constituents and their structures were identified by
spectral analysis. Results Seven compounds were isolated and obtained from salvia polyphenolic acids, which were identified as
(2R)-2-[(3-(7-hydroxy-2-ox0-2,3-dihydrobenzofuran-4-yl)-(2E)-acryloyl) oxy]-3-(3,4-dihydroxyphenyl)-propanoic acid (1), salvianolic acid
D (2), protocatechuic aldehyde (3), rosmarinic acid (4), lithospermic acid (5), salvianolic acid B (6), and salvianolic acid Y (7).
Conclusion Compound 1 is a new compound, which is named as salvianolic acid D lactone.
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Fig. 1 Structures of compounds isolated from salvia polyphenolic acids
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Bruker Avance 400 A% R SR (18 [E A5 & 7
/A7]); Waters UPLC-Q-TOF/MS (Synapt G2) i Jfi
XA (3E[H Waters A 7)) Buchi e 28 KA (K
4 Buchi A%]); MEHF#H) XS205DU HLFRKF (FEF
ZANEE MR ); Waters UPLC 8 = ROBH (01
(3£ [ Waters 24 7] ); LC-80 F i) I 1 i) 46 € it (3%
Novasep A 7] ); MCI-Gel # g ( H A =25 A H] );
Sephadex LH20 %% (£[E GE A#]): ODS ik}
(HA YMC 2A#]); L (tial) . KO (f
whal), RigmREHERIH AR AR HRR (Al
af, Fagbmd TR A FD: SRR (4 E Merck

ZAGIDS

F+Z Z R IEI H R R+ 1 2 2l R
AR (=S 20131-101).
2 EEBSSE

P2 Z By RRIREY) 500 g, FH 10% LK
WEAR, Jefasr 6 IEFET MCIHEIEH (10 emX
51 cm), H 10%LBEKERPEN, AR 100
mL/min, 7534 4Miis> F1~F4, 7354 33, 20, 50
135 goF1 £ Sephadex LH20 B (7115 (8 cm X 100
cm, 50% LEEKERBENL, AR E 10 mL/min)
REAEY 12 FIREY) 8.6 g RIREWE T
LC-80 i [m) in 1] #% i [ODS 3k}, 8 cmX40
cm), CJE-0.01%FRKIEMR (22 1 78) B, &
R E 200 mL/min], 7 &ES20EY 1 (2.2 ¢) Al
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2 (2.6 g); F2 &3 LC-80 il ) i il & (i [ODS
KL, 8 cmX40 cm, ZJE-0.01% HER/KIE (23
77) Ve, AFRE 200 mL/min] 4> B AL A
3 (200 mg) A5 (5.3 g); F3 &L MCI i FEt
& [10 emX 51 cm, LFE-0.01% FHE/KE# (20 -
80) Wi, AR E 30 mL/min] BEMLEY 6 (52
g); F4 2833 LC-80 il [ in [ i) % (1% [ODS 1AL,
8 cmX 40 cm, ZME-0.01%FBR/KER (24 © 76) ¥
Jit, PRFRIA B 200 mL/min] 2> &5 2L &) 4 (12.5
g) 17 (48¢),
3 LT

&Y 1: AR E, =SB e,
PR H YRR S A4 . ESI-MS m/z: 399 [M—H]
PFORHMXT 4 F i E N 400; HR-ESI-MS m/z:
399.073 4 ({154 399.071 6) [M—H] ", 423.074 2 (it
B 423.068 7) [M+Na]", #EMH SR A
CyH 609 (IH5HAE 400.335 6), AEAEAHN 13,

"H-NMR (400 MHz, DMSO-d¢). “C-NMR (100
MHz, DMSO-dg) ¥4 W3 1. 'H-NMR ¥+ 5oR 16
MNEAMES, Hr §6.34 (1H, d, J=16.0 Hz), 7.49(1H,
d,J=16.0Hz) J 1 HRAFEEES, 56.87(1H,d,
J=8.6Hz),7.43 (1H,d, J=8.6 Hz) N | A EEE
FIZEIR_ERIARAL S S, 6 6.64 (1H, d, J = 8.0 Hz),
6.54 (1H, dd, J=2.0, 8.0 Hz), 6.68 (1H, d, J = 2.0 Hz)
R 14 ABX fiE RAMEE S, 68.77 (1H,
brs), 8.81 (1H, brs), 10.61 (1H, brs) A 3 ML FEE
REMES, 0 13.10 (1H, brs) N 1 MRIEFIRELE
o Hga PCNMR ZRESEIREERE T AL S 1
gk BAG 2 AN RIE F BORT T ANBcBio0UBEE Fr B

KA G 1 R IREAE AR D (LB 2O
(R A AT LU R B & I 2 0 R BE T A B
B (B 2). 2 MEEW A R BB AR AR A% R
WA R, B FBE L8 GR
D, REAED 210 A KBRS RA BT 5,

Fz1 WEW 102 MR
Table 1 NMR data of compounds 1 and 2

Bk ! 2
S Sc Su ¢

1 121.1, s 124.8, s
2 126.1, s 123.1, s
3 141.5,s 1437, s
4 143.3,s 1474, s
5 6.87 (1H, d, J = 8.6 Hz) 116.7,d 6.75 (1H, d, J = 8.4 Hz) 114.0,d
6 7.43 (1H, d, J= 8.6 Hz) 125.0,d 7.19 (1H, d, J = 8.4 Hz) 118.3,d
7 7.49 (1H, d, J=16.0 Hz) 142.2,d 7.72 (1H, d, J=15.7 Hz) 143.2,d
8 6.34 (1H, d, J=16.0 Hz) 116.0,d 6.30 (1H, d, J=15.7 Hz) 114.8,d
9 165.7, s 165.9, s
10 4.16 (2H, s) 329, t 3.69 (2H, s) 31.3,t
11 173.8,s 172.4,s
Iy 1272, s 127.3, s
2' 6.68 (1H, d, J=2.0 Hz) 116.5,d 6.67 (1H, d, J=2.0 Hz) 116.6, d
3! 144.9, s 145.0, s
4 144.0, s 144.1, s
5’ 6.64 (1H, d, J = 8.0 Hz) 115.4,d 6.64 (1H, d, J=8.1 Hz) 115.4,d
6 6.54 (1H, dd, J = 2.0, 8.0 Hz) 120.0, d 6.53 (1H, dd, J=2.0, 8.1 Hz) 120.1,d
7 291 (1H, dd, J= 8.5, 14.4 Hz) 36.1, t 2.89 (1H, dd, J=8.3, 14.3 Hz) 36.1,t

3.00 (1H, dd, J=4.3, 14.4 Hz) 2.98 (1H, dd, J=4.3, 14.3 Hz)
8’ 5.05 (1H, dd, J=4.3, 8.5 Hz) 73.0,d 5.01 (1H, dd, J=4.3, 8.3 Hz) 73.0,d
9’ 170.6, s 170.8, s
[ ESE e & 8.77 (1H, brs) 8.75 (1H, overlapped)

8.81 (1H, brs) 8.75 (1H, overlapped)

10.61 (1H, brs) 10.01 (1H, brs)

10.59 (1H, brs)

PRIEEIREA 13.10 (1H, brs) 12.79 (2H, brs)
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Fig. 2 Structures of salvia acid D (2) and compound 1
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W EZ R, AfeiEd HMBC #4491
C-11 fEFRILFN C-3 (iR A KR T W BG. 18
WS 2 MEEERE (B TSR EAE HMBC
W ERA G REAR, R 1 RIRRA R TR
WIAJE, HAT LS A A A W R R RS IR
L RMBRIEFIRE) RIS 1 T 2 ik
EAIRABE N 0 10.01 (1H, brs) Iy #2 LR IR AN
5, A2 RS AE N 0 13.10 (1H, brs) HIRIETEIREA
ECH 2 MR 1A, EHEEREY 1 C-11
PR FER C-3 MR EEMKIERL T Wl thoMb
G 1 C-11 M= AE H 0 172.4 KIS %
BT 5 173.8 CHED L K T e 4 A B AT s H T
IRIAFN R AU IL AR R BAFEAE, 75 C-11 frpiA:
R 8G EM ARSI,
B C-11 RLFRFER C-3 7 3283 Bt /K T i Y B PR K
. 25 LRTidtfE THED 1 . a1
TR R SR RS T i BN EE R
(E3). 4B 1 BEN 2QR)-2-[(T-FE-2-3k
FE-2,3- TSR FE R I 3 )-(4—3)-2-(E)- 5 TN Ik A
HE]-3-(3,4- R HRIL)- NG, £ Scifinder H¥i R R
RIAIE, &1 ADHEY, % N H0ER D WES.
& 2: AR, =—&EEE 2N,
PR OB R AL & W . ESI-MS m/z: 417 [M—H],

OH
o)
’W 0 y ZA 0H
o S S OH
NS
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Fig. 3 Key 'H-'H COSY and HMBC correlations of
compound 1

PR AR 2> TR E S 418; 'H-NMR (400 MHz,
DMSO-dg). “C-NMR (100 MHz, DMSO-dg) #% 3t
PRBE W 1, A SRR RS R BdE D Ixs E bl
Fo SRR IR B ek F S 2 AR R D

WEY 3: AR, =&k E G2,
PR HONE R AL & . ESI-MS m/z: 139 [M+H],
PR AR 2> TR E Y 138; 'H-NMR (400 MHz,
CD;OD) ¢: 7.29 (1H, overlapped, H-2), 6.91 (1H, m,
H-5), 7.31 (1H, overlapped, H-6), 9.69 (1H, brs, H-7);
BC-NMR (100 MHz, CD;0D) &: 131.0 (C-1), 115.5
(C-2), 1473 (C-3), 153.9 (C-4), 116.4 (C-5), 126.5
(C-6), 193.2 (C-7). PA_EX#f 5 cikak i — 5,
S B AY) 3 MR LASEE -

&Y 4: ABME, =& EE R,
PR H YR ZAL AV . ESI-MS m/z: 359 [M—H]
PR HAMX T EAN 360; 'H-NMR (400 MHz,
DMSO-d) d: 7.05 (1H, brs, H-2), 6.67 (1H.d, J=7.5
Hz, H-5), 6.98 (1H, d, J = 7.5 Hz, H-6), 7.43 (1H, d,
J=16.0 Hz, H-7), 6.22 (1H, d, J = 16.0 Hz, H-8), 6.76
(1H, brs, H-2"), 6.62 (1H, d, J = 8.0 Hz, H-5'), 6.52
(1H, d, J = 8.0 Hz, H-6), 2.99 (1H, dd, J = 4.3, 14.2
Hz, H-7'a), 2.88 (1H, dd, J = 8.6, 14.2 Hz, H-7'b),
4.98 (1H, dd, J = 4.3, 8.6 Hz, H-8"); "C-NMR (100
MHz, DMSO-ds) 6: 125.3 (C-1), 113.6 (C-2), 144.8
(C-3), 148.5 (C-4), 115.7 (C-5), 121.3 (C-6), 145.5
(C-7), 114.8 (C-8), 165.8 (C-9), 127.9 (C-1"), 116.6
(C-2'), 1454 (C-3'), 143.8 (C-4'), 1153 (C-5"), 119.8
(C-6), 36.3 (C-7"), 72.2 (C-8"), 170.2 (C-9"). LA FHuRE 5
SCRRIRGE —E, IS E A 4 ks IR .

WEW 5 AR, =&k E G EME,
PR HON R AW - ESI-MS m/z: 537 [M—H]
FRORHARN > TR E A 538; 'H-NMR (400 MHz,
CD;0D) 6: 6.81 (1H, d, J = 8.4 Hz, H-5), 7.21 (1H, d,
J = 8.4 Hz, H-6), 7.81 (1H, d, J = 15.9 Hz, H-7), 6.34
(1H, d, J = 15.9 Hz H-8), 6.79 (1H, d, J = 2.0 Hz
H-2"), 6.67 (1H, d, J = 8.1 Hz, H-5"), 6.61 (1H, dd, J =
8.1, 2.0 Hz, H-6'), 2.98 (1H, dd, J = 14.6, 8.6 Hz,
H-7'a), 3.08 (1H, dd, J = 14.6, 4.5 Hz, H-7'b), 5.13
(1H, dd, J = 8.6, 4.5 Hz, H-8'), 6.75 (1H, overlapped,
H-2"), 6.75 (1H, overlapped, H-5"), 6.72 (1H, dd, J =
8.3, 2.0 Hz, H-6"), 435 (1H, d, J = 4.9 Hz, H-7"),
5.89 (1H, d, J = 4.9 Hz, H-8"); "“C-NMR (100 MHz,
CD;0D) &: 124.7 (C-1), 127.6 (C-2), 148.8 (C-3),
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1452 (C-4), 118.4 (C-5), 121.8 (C-6), 144.1 (C-7),
116.5 (C-8), 168.3 (C-9), 129.4 (C-1"), 117.6 (C-2'),
146.6 (C-3"), 145.2 (C-4"), 116.5 (C-5), 121.8 (C-6"),
37.9 (C-7'), 74.9 (C-8"), 173.5 (C-9"), 133.8 (C-1"),
113.6 (C-2"), 146.7 (C-3"), 146.1 (C-4"), 118.3
(C-5"), 116.4 (C-6"), 88.9 (C-7"), 57.5 (C-8"), 175.2
(C-9"). VA EXtR 5 cipahig —5*7, Mk e
HEY) 5 KR

EY 6: ABKA, =HEILBE 6 R,
PR R R & . ESI-MS mi/z: 717 [M—H],
PR HAR T EAN 718, 'H-NMR (400 MHz,
CD;0D) 6: 6.83 (1H, d, J = 8.4 Hz, H-5), 7.15 (1H, d,
J = 8.4 Hz, H-6), 7.52 (1H, d, J = 16.0 Hz, H-7), 6.20
(1H, d, J = 16.0 Hz, H-8), 6.51 (1H, d, J = 2.0 Hz,
H-2'), 6.54 (1H, d, J = 8.0 Hz, H-5"), 6.30 (1H, dd, J =
8.0, 2.0 Hz, H-6'), 2.83 (1H, dd, J = 14.4, 9.6 Hz,
H-7'a), 3.07 (1H, dd, J = 14.4, 4.8 Hz, H-7'b), 5.17
(1H, overlapped, H-8"), 6.76 (1H, d, J = 2.0 Hz, H-2"),
6.69 (1H, d, J = 8.0 Hz, H-5"), 6.65 (1H, dd, J = 8.0,
2.0 Hz, H-6"), 5.85 (1H, d, J = 5.0, H-7"), 4.35 (1H, d,
J = 5.0 Hz, H-8"), 6.74 (1H, d, J = 1.6 Hz, H-2""),
6.74 (1H, d, J = 8.0 Hz, H-5""), 6.61 (1H, dd, J = 8.4,
1.6 Hz, H-6""), 3.00 (2H, overlapped, H-7""), 5.18
(1H, overlapped, H-8"); "“C-NMR (100 MHz,
CD;0D) 6: 124.7 (C-1), 126.4 (C-2), 146.7 (C-3),
149.1 (C-4), 118.5 (C-5), 121.9 (C-6), 143.6 (C-7),
117.7 (C-8), 168.1 (C-9), 129.0 (C-1"), 116.6 (C-2'),
146.6 (C-3"), 146.0 (C-4'), 116.6 (C-5), 122.2 (C-6"),
37.9 (C-7'), 74.7 (C-8"), 173.7 (C-9"), 133.7 (C-1"),
113.5 (C-2"), 1459 (C-3"), 1452 (C-4"), 116.5
(C-5"), 117.4 (C-6"), 88.3 (C-7"), 57.9 (C-8"), 172.6
(C-9"), 129.3 (C-1"), 116.6 (C-2""), 145.0 (C-3""),
145.0 (C-4"), 118.5 (C-5"), 122.4 (C-6"), 37.5
(C-7""), 75.6 (C-8"""), 172.4 (C-9""). LA -%¥5 5 ik
RIBERA T, FEEAEY 6 AFHRE B.

&Y 7: AR, =& 6 R,
PR H NI R &) . ESI-MS m/z: 717 [M—H]
PR HAMR T EAN 718; 'H-NMR (400 MHz,
CD;0D) 6: 6.77 (1H, d, J = 8.4 Hz, H-5), 7.11 (1H, d,
J = 8.4 Hz, H-6), 7.53 (1H, d, J = 16.0 Hz, H-7), 6.25
(1H, d, J = 16.0 Hz, H-8), 6.71 (1H, d, J = 2.0 Hz,
H-2'), 6.64 (1H, d, J = 8.0 Hz, H-5"), 6.57 (1H, dd, J =
2.0, 8.0 Hz, H-6'), 2.98 (1H, dd, J = 144, 6.9 Hz,

H-7'a), 3.02 (1H, dd, J = 14.4, 4.8 Hz, H-7'b), 5.11
(1H, dd, J = 6.9, 4.8 Hz, H-8"), 6.90 (1H, d, J = 2.0
Hz, H-2"), 6.68 (1H, overlap, H-5"), 6.68 (1H,
overlap, H-6"), 5.90 (1H, d, J = 9.2 Hz, H-7"), 4.77
(1H, d, J = 9.2 Hz, H-8"), 6.48 (1H, d, J = 1.6 Hz,
H-2""), 6.56 (1H, d, J = 8.0 Hz, H-5""), 6.33 (1H, dd,
J=28.0, 1.6 Hz, H-6""), 2.54 (1H, dd, J = 14.0, 6.1 Hz,
H-7""a), 2.45 (1H, dd, J = 14.0, 6.6 Hz, H-7"'b), 4.35
(1H, dd, J=6.1, 6.6 Hz, H-8""); "*C-NMR (100 MHz,
CD;OD) o: 123.2 (C-1), 126.8 (C-2), 148.2 (C-3),
1454 (C-4), 116.9 (C-5), 121.3 (C-6), 142.4 (C-7),
115.5 (C-8), 166.7 (C-9), 127.7 (C-1"), 116.4 (C-2"),
144.8 (C-3"), 144.6 (C-4"), 114.9 (C-5"), 120.8 (C-6"),
36.4 (C-7"), 73.3 (C-8"), 171.2 (C-9'), 127.8 (C-1"),
113.6 (C-2"), 1444 (C-3"), 1439 (C-4"), 114.7
(C-5"), 118.4 (C-6"), 87.0 (C-7"), 53.2 (C-8"), 170.0
(C-9M), 1269 (C-1""), 116.4 (C-2""), 143.8 (C-3""),
143.7 (C-4""), 1149 (C-5'"), 120.7 (C-6'"), 36.1
(C-7"), 74.4 (C-8"), 171.0 (C-9""). LA L% 5 CHk
WIBIA ), HkS e e &9 7 NTTHIR Y.
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