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Chemical constituents from leaves of Perilla frutescens

HUO Li-na, WANG Wei, LIU Yang, LIU Xiao-hong, ZHANG Li, CHENG Kun, LIU Kun, GAO Hua
School of Pharmacy, Qingdao University, Qingdao 266021, China

Abstract: Objective To investigate the chemical constituents from the aqueous extract of leaves of Perilla frutescens. Methods The
compounds were isolated and purified by chromatography on macroporous resin, silica gel, ODS, and preparative HPLC. Their
structures were elucidated on the basis of chemical and spectroscopic methods, including MS, 1D and 2D NMR spectral techniques.
Results
isololiolide (1), dehydrovomifoliol (2), (—)-loliolide (3), scutellarin (4), p-hydroxybenzaldehyde (5), p-hydroxyacetophenone (6),

Seventeen compounds were isolated from the aqueous extract of leaves of P. frutescens, and were identified as (+)-

3-formylindole (7), trans-p-hydroxycinnamic acid (8), apigenin (9), luteolin (10), esculetin (11), caffeic acid (12), rosmarinic acid (13),
methyl rosmarinate (14), sericoside (15), cafteic acid vinyl ester (16), and negletein (17). Conclusion Compounds 1—2, 6—8, and 15
are firstly isolated from the plants of Perilla Linn.

Key words: Lamiaceae; Perilla frutescens (L.) Britt.; esculetin; rosmarinic acid; scutellarin
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LI Perilla frutescens (L.) Britt. hj—8A 5 AR

Y, ERE STV Wb, RS TP TR
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hydroxylcinnamic acid, 8). /72 (apigenin, 9).
AR Z (luteolin, 10). Z5 )% 4% (esculetin, 11).
WIHERR (caffeic acid, 12) 2K1% &R (rosmarinic acid,
13). KEFHFRFHE (methyl rosmarinate, 14).

sericoside (15). WNMEER 2% lE (caffeic acid vinyl
ester, 16). 5 K-7-Fif (negletein, 17). HH{L
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BRUKER AV-500 A% g i 1A (4l 5] A
#5024 7); BRUKER micro TOFQ ~KAT I a] Bt 154X
(B [E A€ 754 7); HORIBA SEPA-300 ZJiEytAy
CHAUEZ HIMEFT: Shimadzu LC-6AD il £ A (1,
WAL CHAEESIVERT; Shimadzu SPD-20A %4k
Krzs CHARESEITERT ) NP 7005C il 45 AH (4
TR LIRS R AT PR 22 7)) s Shodex RI-102
AR sl s Z= PR AR CH ARG TR
43#1); Shimpack ODS {fi 41 (250 mm X 21.2 mm,
10 um, HAEEHIVERNT); Kromasil-Phenyl (&4
(250 mm X 10 mm, 5 pum, 5 $LF 5 I3 1% DUR 2 7))
Senshupack-Phenyl i 4E (150 mmX 8 mm, 5 um,
HA Senshu BF2ER A A1) A0 K FLWR BF B
I HPD-600 Ci[dbyt N = BAL TAHMRAF); At
S (200~300 H, FFEEEA T D A
F ODSCHA YMC 2w ) # = 515 H ODS #it(RPys
Fasar F BR300 20 W) )5 €kl i (SR KA 7))
KR FEZENRAK . AR ok o Hrali.

LA T 2011 4F 10 A RETHEMREKE
WRR, & KIERFEGRE S EAR Y B 5 R B %
Y8 NS ERHEYI K I Perilla frutescens (L.) Britt.
FITHR, FRAS (ZS20111001) FEBCT5 8 K22
Bt
2 ERESE

LI TR 4 kg, T35 fER/KEIZ 3 R, BHK
2h, kIR, SRR, W4 2L, N 80%s
B IR L 2 60%, HfE 24 h, JEI, s Rl
CIEASHREUY) (PFLT) 583 go HUIRHUIINK 2 L i
Wi, FIE TR 4 Ik, Bk 2 L, $RHR
G IF, IR, 5IE T R B (PFLTB) 125
g FIUK 7y B A7 (PFLTH) 436 go BUE T %7 BB
A7 60 g 28 KFLWK A g HPD-600 FE(ail, I
TKFN 20% 50%H1 70% LBESEIEAT 20% L BEBE i
fii C PFLTB-20) 143 g. 50% & W% ¥k Jii &6 47

( PFLTB-50 ) 27.5 g F 70% Z & ¥ B &6 A
(PFLTB-70) 8.0 g.

HU PFLTB-20 4 g, £ ODS f:fhils, DL EE-/K
(3:7.5:5.10:0) Jefifd 8 MorEdlsy Fr
PFLTB-20-1~PFLTB-20-8. Fr. PELTB-20-2 &4+
HPLC ({44 Kromasil-Phenyl, i#shAH 4 H E-/K
20 :80) kA1 (10.50 mg) F12 (1.99 mg);
Fr. PFLTB-20-3 £ifi|#% HPLC ({iiff} Kromasil-
Phenyl, JitaliAH Ay FEE-7K 20 : 80) f34b&4) 3 (5.73
mg); Fr. PFLTB-20-4 £l % HPLC ({4 ik
Shimpack-ODS, ¥iahHk HEE-/K 30 1 700 346G
Y4 (22.51 mg).

I PFLTB-50 15 g, ZeRbficki i, DAL= -
P (400 1. 19 : 1. 9: 1. 8:2) ¥Eeifs 6 M4y
24143 Fr. PFLTB-50-1~PFLTB-50-6. Fr. PELTB-50-1
2 ODS M, PLHFEE-/K (515, 10200 ¥Ehi,
4544 HPLC ({434 Shimpack-ODS, WzhAH A
HE-7K 40 1 60) 19L& 5 (1.68 mg) 16 (13.17
mg); Fr. PELTB-50-2 £ ODS AE (43, LI FFE-/K (5
5.10 1 0) P, 454645 HPLC (fA il 4+ Shimpack-
ODS, Vs A HEE-7K 40 @ 60) LA 7 (4.58
mg); Fr. PELTB-50-3 £ ODS (% i, DL E-7K (5
5.10 1 0) P, 45645 HPLC (fA il 44 Shimpack-
ODS, Vs A HEE-/K 35 1 65) L& 8 (5.61
mg), il HPLC (44} Senshupack-Phenyl, ¥i
BNAHA HRE-/K 40 600 3446549 9 (3.91 mg) H
10 (11.76 mg); Fr. PFLTB-50-4 £ ODS A {43, LA
FIlE-K (307,505, 723, 10:0) e, 454
4% HPLC (ffi¥%4}: Shimpack-ODS, izl A Fl-
7K 20 : 80) LA 11(3.50 mg) Al 12(86.50 mg);
Fr. PFLTB-50-5 £¢ ODS #: 4%, DAUFIEE-/K (2 8,
5:5.7:3.10:0) Yl 454 HPLC (fail
# Shimpack-ODS, st A FlE-7K 30 © 70) 154k
a4 13 (5281 mg), Hil#% HPLC (i 4%
Shimpack-ODS, Jizhih HEE-/K 48 : 52) b5
¥ 14 (230 mg); Fr. PFLTB-50-6 £ ODS F:{fil,
DLFFEE-ZK (208, 505, 723, 10:0) ¥Efii, 45
A4 HPLC ({4 i% 4} Shimpack-ODS, JisAH A H
BE-7K 48 1 52) 194bEH 15 (2.94 mg).

HX PFLTB-70 3 g, % ODS k:{fif, LLHIEE-/K
(515,10 : 0O¥E, 46 Hil# HPLC({A3% 4T Shimpack-
ODS, VRENAH N HEE-/K 55 © 45) £H4L&4 16 (9.26
mg) 117 (7.20 mg).
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&1 AERR (FED, [o]p +110.5° (c
0.5, MeOH), ESI-MS m/z: 197 [M+H]", 44 'H-
- PC-NMR BN S T8 ChH 605
'H-NMR (500 MHz, CD;OD) §: 5.78 (1H, s, H-7),
4.10 (1H, m, H-3), 2.47 (1H, ddd, J = 11.7, 4.0, 2.2
Hz, H-4b), 2.01 (1H, ddd, J = 12.7, 4.1, 2.2 Hz, H-2b),
1.59 (3H, s, H-11), 1.42 (1H, dd, J = 12.0, 11.6 Hz,
H-4a), 1.31 (3H, s, H-10), 1.29 (3H, s, H-9), 1.29 (1H,
overlap, H-2a); "*C-NMR (125 MHz, CD;OD) &
183.9 (C-6), 174.0 (C-8), 113.7 (C-7), 88.6 (C-5), 65.3
(C-3), 50.7 (C-2), 48.5 (C-4), 36.2 (C-1), 30.3 (C-10),
25.8 (C-11),25.3 (C-9). LA di 5 SCRARIE I A —
T, WS E S 1 (+H)-isololiolide.

WA 2: EOTCE A AR CRED, [a]) +219°
(c 0.1, CHCl;), ESI-MS m/z: 222 [M]*, 4i# 'H- I
BC-NMR #E$RHEN 2> T304 CisH 13050 'H-NMR
(500 MHz, CD;0D) &: 6.99 (1H, d, J = 15.8 Hz, H-7),
6.44 (1H, d, J = 15.8 Hz, H-8), 5.94 (1H, q, J = 1.2
Hz, H-4), 2.59 (1H, d, J = 17.1 Hz, H-2a), 2.30 (3H, s,
H-10), 2.28 (1H, d, J = 17.5 Hz, H-2b), 1.90 (3H, d,
J =12 Hz, H-13), 1.06 (3H, s, H-11), 1.02 (3H, s,
H-12); "“C-NMR (125 MHz, CD;0D) d: 200.7 (C-9),
200.4 (C-3), 164.7 (C-5), 148.3 (C-7), 131.7 (C-8),
128.0 (C-4), 80.0 (C-6), 50.5 (C-2), 42.6 (C-1), 27.6
(C-10), 24.7 (C-12), 23.5 (C-11), 19.2 (C-13). LA %k
W5 SRR A S, st A Y 2 N
dehydrovomifoliol.

A& 3: AR R CHED, [o]; —94.3° (0.5,
MeOH), ESI-MS m/z: 197 [M+H]", 44 'H-AI
BC-NMR 5D 4 74 CiiHi05. 'H-NMR
(500 MHz, CD;0D) 8: 5.74 (1H, s, H-7), 4.22 (1H, m,
H-3), 2.42 (1H, dt, J = 13.8, 2.6 Hz, H-4b), 1.99 (1H,
dt, J = 14.3, 2.6 Hz, H-2b), 1.76 (3H, s, H-11), 1.75
(1H, dd, J = 13.5, 4.0 Hz, H-4a), 1.53 (1H, dd, J =
14.4, 3.7 Hz, H-2a), 1.46 (3H, s, H-9), 1.27 (3H, s,
H-10); "“C-NMR (125 MHz, CD;0D) &: 185.7 (C-6),
174.4 (C-8), 113.3 (C-7), 89.0 (C-5), 67.2 (C-3), 48.0
(C-2), 46.4 (C-4), 37.2 (C-1), 31.0 (C-10), 27.4 (C-11),
27.0 (C-9) LA % 5 Scippi S A —5, W e
&% 3 0 (-)-loliolide.

WA 4: JEERS (FHEE, ESI-MS m/z: 463
[M+H]", 454 "H- H1 BC-NMR 35 e 43 12X

) CyHigOpp 'H-NMR (500 MHz, DMSO-ds) 6
12.72 (1H, s, 5-OH), 10.36 (1H, s, 6-OH), 8.58 (1H, s,
4'-OH), 7.91 (2H, d, J = 8.8 Hz, H-2', 6'), 6.98 (1H, s,
H-8), 6.93 (2H, d, J = 8.8 Hz, H-3', 5'), 6.79 (1H, s,
H-3), 5.19 (1H, d, J = 7.4 Hz, H-1"), 4.01 (1H, d, J =
9.6 Hz, H-5"), 3.38 (3H, m, H-2", 3", 4"); "C-NMR
(125 MHz, DMSO-ds) d: 182.3 (C-4), 170.1 (C-6"),
164.1 (C-7), 161.2 (C-2), 151.0 (C-9), 149.0 (C-4"),
146.8 (C-5), 130.5 (C-6), 128.4 (C-2', 6", 121.2
(C-1"), 116.0 (C-3', 5'), 105.8 (C-10), 102.5 (C-3),
100.1 (C-1"), 93.6 (C-8), 75.4 (C-5"), 75.2 (C-3"),
72.8 (C-2"), 71.3 (C-4"). LA LHh 5 ik iE S A
— 5, MO RS 4 B RS

& 5: FEA A CREE, ESI-MS m/z: 122
M]", 454 'H-RT BC-NMR BRI Ak
C7Hs0,. 'H-NMR (500 MHz, CD;0D) 6: 9.76 (1H, s,
CHO), 7.77 (2H, d, J = 8.6 Hz, H-2, 6), 6.91 (2H, d,
J=8.6 Hz, H-3, 5); “C-NMR (125 MHz, CD;0D) §:
192.8 (-CHO), 165.4 (C-4), 1334 (C-2, 6), 130.2
(C-1), 117.0 (C-3, 5)o LA %l 15 SOl IE Fe A —
P, WA 5 XL

W& 6: G E B AR CGEAT), ESI-MS m/z:
135 [M—H], %4 "H- Ml PC-NMR #8505 D 43
T3k CgHs0,. 'H-NMR (500 MHz, CD;0D) d: 7.88
(2H, d, J = 8.8 Hz, H-2, 6), 6.84 (2H, d, J = 8.9 Hz,
H-3, 5), 2.52 (3H, s, H-8); “C-NMR (125 MHz,
CD;0D) d: 199.5 (C-7), 163.9 (C-4), 132.1 (C-2, 6),
130.2 (C-1), 116.2 (C-3, 5), 26.2 (C-8). LA _F-¥ds 15 itk
IEIEA SO, MOEEAY 6 ARSI 2.

W) 7: B AR CFEE, ESI-MS m/z: 146
[M+H]", 4ié "H- Fl PC-NMR 330 #i 27 5%
i CoHNO. 'H-NMR (500 MHz, CD;OD) &: 9.89
(1H, s, CHO), 8.16 (1H, d, J = 7.4 Hz, H-4), 8.09 (1H,
s, H-2), 7.48 (1H, d, J = 7.9 Hz, H-7), 7.26 (2H, m,
H-5, 6); “C-NMR (125 MHz, CD;OD) J: 187.4
(3-CHO), 139.6 (C-2), 139.0 (C-9), 125.8 (C-8), 125.0
(C-6), 123.6 (C-4), 122.4 (C-5), 120.2 (C-3), 113.1
(C-7)o VA - Hlls 55 SRR 3 A — 30, iz fh
G T A 3|

&Y 8: AEEPIRES S CNED, ESI-MS m/z:
163 [M—H], %4 'H- Al PC-NMR s e 43
T CoHs05. "H-NMR (500 MHz, CD;0D) 8: 7.59
(1H, d, J = 15.6 Hz, H-7), 7.44 (2H, d, J = 8.4 Hz,
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H-2, 6), 6.80 (1H, d, J = 8.5 Hz, H-3, 5), 6.28 (1H, d,
J =158 Hz, H-8); "“C-NMR (125 MHz, CD;0D) §:
171.2 (C-9), 161.1 (C-4), 146.5 (C-7), 131.0 (C-2, 6),
127.3 (C-1), 116.8 (C-3, 5), 116.1 (C-8). LA F¥dE 5
SCHRARIEIEA ), MRS 8 b A
FERE IR

WEY 9: FHEMA (FED, THIR-P8 &V
BT, ESI-MS m/z: 270 [M]", 454 'H- F1 “C-NMR
WEHRHEN 235208 Ci5H 905 'H-NMR (500 MHz,
DMSO-d) : 12.92 (1H, s, 5-OH), 7.88 (2H, d, J = 8.7
Hz, H-2, 6), 6.91 (2H, d, J = 8.7 Hz, H-3', 5'), 6.70
(1H, s, H-3), 6.41 (1H, brs, H-8), 6.13 (1H, brs, H-6);
BC-NMR (125 MHz, DMSO-d;) J: 181.4 (C-4), 165.4
(C-7), 163.5 (C-2), 161.3 (C-5), 161.3 (C-4"), 157.4
(C-9), 1283 (C-2, 6'), 121.0 (C-1"), 116.0 (C-3', 5"),
103.2 (C-10), 102.6 (C-3), 99.2 (C-6), 94.0 (C-8). LI
S SRR A Y, s e 9

&Y 10: FEORR CRED, EhIR-BEK SN
BHY4E, ESI-MS m/z: 285 [M—H], 44 'H- Al
BC-NMR 5N 43 T 204 CisHi0go 'H-NMR
(500 MHz, DMSO-ds) d: 12.95 (1H, s, 5-OH), 7.40
(1H, dd, J = 8.1, 2.2 Hz, H-6'), 7.38 (1H, d, J = 2.2
Hz, H-2"), 6.87 (1H, d, J = 8.1 Hz, H-5), 6.62 (1H, s,
H-3), 6.42 (1H, d, J = 1.8 Hz, H-8), 6.16 (1H, d, J =
1.9 Hz, H-6); “C-NMR (125 MHz, DMSO-d) 6
181.5 (C-4), 164.5 (C-7), 163.8 (C-2), 161.4 (C-5),
157.3 (C-9), 150.0 (C-4"), 145.8 (C-3'), 121.3 (C-6"),
118.9 (C-1'), 116.0 (C-5"), 113.2 (C-2'), 103.5 (C-10),
102.7 (C-3), 98.9 (C-6), 93.8 (C-8). LA FXds 15 itk
RIEIEA ", MRS 10 AR,

WEW 11 RIEEE S (FED, ESI-MS m/z:
177 [M—H], %54 'H- F1 PC-NMR 3 $dfs 4 23
TR CoHgO4. 'H-NMR (500 MHz, CD;0D) §: 7.78
(1H, brs, H-4), 6.94 (1H, s, H-5), 6.75 (1H, s, H-8),
6.17 (1H, brs, H-3); "*C-NMR (125 MHz, CD;0D) §:
164.3 (C-2), 152.1 (C-9), 150.5 (C-7), 146.1 (C-4),
144.6 (C-6), 113.0 (C-5), 112.8 (C-3), 112.4 (C-10),
103.6 (C-8). LA ¥ 5 sCikiiE s A — 5, i
UEE 11 B .

& 12: AME S PR, 5=14b8k-2k
TR S Y 2 W 5, ESI-MS m/z: 181 [M+
HI", & 'H- Al PC-NMR 55 HEN 2 10

CoH504. 'H-NMR (500 MHz, CD;0D) 6: 7.53 (1H, d,
J=15.8 Hz, H-7), 7.04 (1H, d, J = 0.9 Hz, H-2), 6.93
(1H, dd, J = 8.0, 0.9 Hz, H-6), 6.78 (1H, d, J= 8.0 Hz,
H-5), 6.22 (1H, d, J = 15.8 Hz, H-8); "C-NMR (125
MHz, CD;OD) &: 171.2 (C-9), 149.4 (C-4), 147.0
(C-7), 146.8 (C-3), 127.8 (C-1), 122.8 (C-6), 116.5
(C-5), 115.6 (C-8), 115.1 (C-2). LA _E#di 15 ek i
JEA PO, M AL 12 iR .

WE13: ROk R (FEL, ESI-MS m/z:
359 [M—H], 4i# 'H- A1 PC-NMR i 5cdfa 4y
T3 h CigH1605. 'H-NMR (500 MHz, DMSO-d;) -
7.36 (1H, d, J = 15.8 Hz, H-7), 7.03 (1H, d, J = 1.6
Hz, H-2), 6.88 (1H, dd, J = 8.2, 1.6 Hz, H-6), 6.72
(1H, d, J = 8.1 Hz, H-5), 6.66 (1H, d, J = 1.5 Hz,
H-2'), 6.58 (1H, d, J = 8.0 Hz, H-5'), 6.47 (1H, dd, J =
8.0, 1.6 Hz, H-6"), 6.16 (1H, d, J = 15.9 Hz, H-8), 4.83
(1H, dd, J = 10.0, 3.0 Hz, H-8'), 2.99 (1H, dd, J =
14.2, 3.0 Hz, H-7'0), 2.74 (1H, dd, J = 14.2, 10.0 Hz,
H-7'8); “C-NMR (125 MHz, DMSO-dg) &: 172.3
(C-9), 166.3 (C-9), 148.7 (C-4), 146.1 (C-3), 144.9
(C-3), 1442 (C-7), 143.5 (C-4"), 130.0 (C-1'), 125.4
(C-1), 120.5 (C-6), 119.5 (C-6'), 116.6 (C-2'), 115.9
(C-5), 115.4 (C-5), 115.1 (C-2), 114.7 (C-8), 76.2 (C-8"),
373 (C-7). LA FHd 5 SCkiiE A 30, %
EAY 13 KRR .

Y 14: FRER AR (FEE, ESI-MS m/z: 374
IM]", 454 'H- Al PC-NMR #5544 120 A
C1oH;505. 'H-NMR (500 MHz, CD;0D) &: 7.56 (1H,
d, J = 15.9 Hz, H-7), 7.05 (1H, d, J = 2.0 Hz, H-2),
6.96 (1H, dd, J = 8.2, 2.0 Hz, H-6), 6.78 (1H, d, J =
8.2 Hz, H-5), 6.71 (1H, d, J = 2.0 Hz, H-2), 6.70 (1H,
d, J = 8.2 Hz, H-5), 6.57 (1H, dd, J = 8.0, 2.0 Hz,
H-6'), 6.26 (1H, d, J = 15.8 Hz, H-8), 5.20 (1H, dd,
J=10.4,5.2 Hz, H-8"), 3.70 (3H, s, -OCH3), 3.04 (2H,
m, H-7"); C-NMR (125 MHz, CD;OD) &: 172.2
(C-9), 168.3 (C-9), 149.8 (C-4), 148.0 (C-7), 146.8
(C-3), 146.2 (C-3"), 145.4 (C-4'), 128.8 (C-1'), 127.6
(C-1), 123.2 (C-6), 121.8 (C-6"), 117.6 (C-2'), 116.5
(C-5), 116.3 (C-5"), 115.3 (C-2), 114.2 (C-8), 74.7
(C-8"), 52.7 (-OCHj3), 37.9 (C-7"). LA E¥¥s 5 S0k
A, WS A Y 14 kI E IR FE

EW15: AETEERAR (FED, ESI-MS
m/z: 689 [M~+Na]", &i# "H- 1 PC-NMR % ¥4 #E
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M4 F 3K C36Hss011. "H-NMR (500 MHz, CD;0D)
8:5.37 (1H, d, J = 8.2 Hz, H-1"), 5.33 (1H, m, H-12),
4.03 (1H, d, J = 11.2, H-23a), 3.82 (1H, dd, J = 12.0,
1.4 Hz, H-6'a), 3.77 (1H, dd, J = 11.3, 4.4 Hz, H-2),
3.68 (1H, dd, J = 12.0, 4.5 Hz, H-6'b), 3.39 (1H, d, J =
11.2 Hz, H-23b), 3.38~3.40 (1H, m, H-3'), 3.34~
3.35 (1H, m, H-4'), 3.33~3.34 (1H, m, H-5"), 3.30~
3.32 (1H, m, H-2), 3.27 (1H, d, J = 3.6 Hz, H-19),
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