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Phytochemical Study of Hot-Water Extract of Perillae Folium

Hyun Woo Kil, Taewoong Rho, and Kee Dong Yoon*
College of Pharmacy, The Catholic University of Korea, Bucheon 14662, Korea

Abstract — In this study, 15 compounds were elucidated from the hot-water extract of Perillae Folium. Fifteen isolates were
determined to be protocatechuic acid (1), caffeic acid (2), (R)-rosmarinic acid (3), (S)-shisoflavanone A (4), luteolin-7-O-3-D-
glucuronopyranoside (5), scutellarein-7-O-p-D-glucuronopyranoside (6), apigenin-7-O--D-glucuronopyranosyl(1—2)-O-3-D-
glucuronopyranoside (7), luteolin-7-O-B-D-glucuronopyranosyl(1—2)-O-f-D-glucuronopyranoside (8), kelampayoside A (9),
trans-N-feruloyloctopamine (10), 3-(4-hydroxy-3-methoxyphenyl)-N-[2-(4-hydroxyphenyl)-2-methoxyethyl]acrylamide (11),
perilloside C (12), perilloside A (13), (6S,9R)-9-hydroxy-megastigma-4,7-dien-3-one-9-O-B-D-glucopyranoside (14) and
(6S,9R)-roseoside (15) through spectroscopic evidences. The HPLC analysis revealed that hot-water extract of Perillaec Folium
contained caffeic acid, rosmarinic acid and glycosides of apigenin, luteolin and scutellarein as main constituents.
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7171 & Al2f —'"H-NMR(500 MHz)#} *C-NMR(125 MHz)
2~ EHL2 AVANCE 500 spectrometer(Bruker, Karlsruhe,
Germany)E AHE-3F9 3L, A #H4]7]= 6530 Q-TOF-ESI-
MS spectrometer(Agilent Technologies, Santa Clara, CA,
USA)E AHE-3FAth #4148 HPLCE 2695 separation
module ¥ 996 photodiode array detector”} 7-H] ¥ Waters
AHMilford, MA, USA)2] Alliacne HPLC system= A]-8-3}
1S m. HPLC-PDA®] AH&-¥ 4§ Z - Luna C18
(4.6x250 mm LD., 5pum; Phenomenex, Torrance, CA,
USA)°]™ HPLC-MSE $I314] Luna® 3 pm C18(2) ZH
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(4.6x250 mm ID., 5pum; Phenomenex, Torrance, CA,
USAYS AR5t #3-8 HPLC= F 719 321 pumps}
155 UV/VIS detector”t 7+H]¥ Gilson HPLC system
(middleton,WI, USA)S AM&-3tR 32, 38 €S Luna
C18(2)(21.2x250 mm LD., 5 um; Phenomenex, Torrance,
CA, USAE ARE-3ISITE Sdix| A= rE 22T (MPLC)
AP0l A}-83F F2AE Silica gel 60(40-63 pum, 230-400
mesh; Merck, Kenilworth, NJ, USA), ZEOprep 90 C18
(40-63 pm; Zeochem, Uetikon, Switzerland), Sephadex
LH-20(Ge healthcare, Uppsala, Sweden)ys ARE-319T} Eo|
24+ Milli-Q water purification system(Merck Millipore,
Billerica, MA, USA)Z o|-83}] A|Z3lMom, Agwel o
o] A (CD) =4 & Jasco(Tokyo, Japan)AFS] P-2000
polarimeter(Jasco, Tokyo, Japan)2} J-815 CD spectrometer
2 245k AgazeiEady] 2 HPLC 249 AR
St &= tigsta eI )elr FYste] ARSIl &
Al AHSE A FFFEES HRY T2 A
FdTE 7194 =] AR FrHs| HolA s o
DNA F548 531 Perilla frutescens=. SR18IH0M 7
22 @EE 2n 2o HAsHTh# HX-W-190116-4).
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HPLC-PDA, HPLC-MS =71 —HPLC-PDA 40| Al&-
H o5 &1lE H,00.01% TFA, A) 2 MeCN(0.01%
TFA, B)®] £3dS o] &3t &&AIFTh &vle] S&+
HlE 0-5%(95% A), 5-203-(95—>85% A), 20-50%-(85—
30% A)PIRNSH, §52 1.0 mi/minol AL, HES 254 E
365 nm<] A FETh FEE 2 EelE e
50% HERS: Blo)] o BAEI oM FEE2] 7% 10 mg/
ml FEZ, 2% 49 100 pgml FE=Z 20 s
Y3t SAsIATh ElE A BAE gle fs
HPLC-ESI-Q-TOF-MSeM A8l o574 8vll= H,0(0.1%
formic acid, A) % MeCN(0.1% formic acid, B)2] =3+l
S ARSI o] 5] FETHIE 0-555(95% A), 5-15%
(9550% A), 15-18F(0% A)°l™ F4-2 0.5 mI/min®] At}
8 AEE 100 pg/ml EE 5 S FU3IL spliter
£ ARgste] AhoA U 8299 10%7F MS 71719 &=
Y == -3

=2 ¥ MM - A4 I5FFEE 47 g2 100 go] A
FHA Ol FZAIA S TA|FFZH (solid phase extraction)
< FYs7] 98 FFES MPLC ZHo| Fxd &
CH,CL-MeOH-H,0(8:5:1, v/v/v) EFHOZ SZAA F8
(179 )2 FHBIGIT o)F thA] AEl7Hde] FXlE F
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A A2 rE 2] E F31] CH,ClL-MeOH-H,0(12:5:1
—8:5:1, v/v/v)->CHCl,-MeOH-H,0(8:5:1, v/iv/v) T3 &
MZ2 SEAA F 2509 AEE(Fr. 12502 Yr3ith &
3] Fr. 1(44.0 mgPl] RP-HPLC[MeCN-H,0(33:67, v/v),
5.0 m/min]E 53] 3FE 4(5.5 mg)E E2sIth %3
Fr. 5(360.1 mg)y= MEHe-& 85872 3= Sephadex LH-
20 AP AZEDY IS AASte] 479] &AEE(Fr 5.1-
5402 UFloem, 71 F Fr. 5.1 RP-MPLC[MeCN-H,0
(10:90—60:40, v/v), 10.0 mI/min}S A1l ThA] 37K 2
9 (Fr. 5.1.1-5.1.3) 2.2 Y+Qlth 18]35 Fr. 5.1.1% RP-
HPLC[MeCN-H,0(20:80, v/v), 5.0 ml/min]Z 2 A]8}e] 3}
4= 14GOmgE SR, Fr. 5125 RP-HPLC
[MeCN-H,0(30:70, v/v), 5.0 ml/min]E A 3te] 33E
12(3.4 mg), 13(9.2 mg)S #2)3kch. 283 Fr. 532 RP-
HPLC[MeCN-H,0(28:72, v/v), 5.0 ml/min}dA]3lo] 313+
10, 11°] E3= 3.5 mgs 28It Fr. 7(299.0 mgy v
eS8 858 E k= Sephadex LH-20 ZHAZn[EL
& Arst] o] AR (Fr. 7.1-74) 02 Yrlom,
1 % Fr. 7.1 #3825 RP-HPLC[MeCN-H,0(15:85, v/v),
5.0 ml/min]Z A sle] 3FHE 15(7.2 mg)S E AT
Fr. 8(876.2 mg)> WeheE-g 858v|= 3= Sephadex LH-
20 AP AR EY T E A8t 679 AR (Fr. 8.1-
8.6) 22 U¥FQom, I F Fr. 825 RP-HPLC[MeCN-
H,0(15:85, v/v), 5.0 ml/min]E AA5t] 3F31= 9(3.1 mg)
£ ¥, Fr. 858 RP-HPLC[MeCN-H,0(26:74, v/
v), 5.0 ml/min]E 2A]ste] 319E 1(4.5 mg), 2(10.1 mg)
S #28tAh Fr. 9(922.8 mg)E RP-HPLC[MeCN-H,0
(25:75, v/v), 5.0 mi/min}E ©]83l] SJHE 3(9.4 mg)S &
sttt Fr. 12(3249.1 mg)ol A& RP-MPLC[MeCN-
H,0(5:95-70:30, v/v)>MeOH|Z ©]&-3l 3712 £3)(Fr.
12.1-123)2.2 UYF3 2™, Fr. 12.32 RP-MPLC[MeCN-
H,0(15:85—70:30, v/v), 8.0ml/min]E 433 F RP-
HPLC[MeCN-H,0(22:78, v/v), 5.0 ml/min]Z AAlsle] 'H-
NMR “Jol A s3HE 5, 60] 1:0.8 Bl &2 &3H 9=
(10.5mg)S &9t Fr. 21(331.6mg)S RP-HPLC
[MeCN-H,0(17:83, v/v), 5.0 ml/min]E %3 3}3-& 7(6.0
mg)S #2]3Fth Fr. 25(696.3 mg)S RP-MPLC[MeCN-
H,0 (10:90—20:80—40:60, v/v)—>MeOHZ A3+ & RP-
HPLC[MeCN-H,0(10:90—36:64, v/v), 5.0 ml/min]Z %=
&t} 'H-NMR AollA 313H2 83 8+o] 1:.02 vl &= =&
H H=3s s

Protocatechuic acid (1): amorphous powder; C,H,O,.
ESI-Q-TOF-MS: m/z 153.0188 [M-HJ; 'H-NMR (500
MHz, CD,0OD): § 7.43 (1H, brs, H-2), 7.41 (1H, o, H-6),
6.79 (1H, d, J=8.1 Hz, H-5) (0: peak overlapped); “C-
NMR (125 MHz, CD,0D): § 170.47 (C-7), 151.66 (C-4),
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146.22 (C-3), 124.04 (C-6), 117.87 (C-2), 115.88 (C-5)

Caffeic acid (2): amorphous powder; C,HO,; ESI-Q-
TOF-MS: m/z 179.0344 [M-H]; 'H-NMR (500 MHz,
CD,0OD): 6 7.53 (1H, dd, J=15.8 Hz, H-7), 7.03 (1H, d,
J=2.1 Hz, H-2), 6.93 (1H, dd, J=82, 2.1 Hz, H-6), 6.78
(1H, d, J=82 Hz, H-5), 6.22 (1H, dd, J=15.8 Hz, H-8);
BC-NMR (125 MHz, CD,OD): & 17120 (C-9), 149.60
(C-4), 147.18 (C-3), 146.95 (C-7), 127.94 (C-1), 123.00
(C-6), 11620 (C-5), 115.69 (C-8), 11521 (C-2).

(R)-Rosmarinic acid (3): pale yellow powder; C,H,Os;
[al,” +9720 (¢ 0.1, CH,OH); ESI-Q-TOF-MS: m/
359.0767 [M-H]; 'H-NMR (500 MHz, CD,0OD): & 7.55
(1H, d, J=15.9 Hz, H-7), 7.04 (1H, d, J=2.1 Hz, H-2'),
6.95 (1H, dd, J=8.2, 2.1 Hz, H-6), 6.78 (1H, d, J=8.2
Hz, H-5'), 6.75 (1H, d, J=2.1 Hz, H-2), 6.70 (1H, d,
J=8.0 Hz, H-5), 6.61 (1H, dd, J=8.0, 2.1 Hz, H-6), 6.27
(1H, d, J=159 Hz, H-8'), 5.18 (1H, dd, J=8.4, 4.3 Hz,
H-8), 3.10 (1H, dd, J=14.3, 4.3 Hz, H-7a), 3.01 (I1H, dd,
J=143, 8.4 Hz, H-7b); "C-NMR (125 MHz, CD,0OD): &
173.63 (C-9), 168.59 (C-9'), 149.90 (C-4), 147.88 (C-3),
146.97 (C-7"), 14631 (C-3'), 14543 (C-4'), 129.39 (C-1),
127.97 (C-1", 12331 (C-6), 121.93 (C-6"), 117.71 (C-2'),
116.63 (C-5), 116.43 (C-5'), 11534 (C-8), 114.54 (C-2),
74.74 (C-8), 38.05 (C-7).

(S)-Shisoflavanone A (4): pale yellow powder; C,;H,(Os;
[a], = 27440 (¢ 0.1, CH,0OH); ESI-Q-TOF-MS: m/z
323.0895 [M+Na]’; 'H-NMR (500 MHz, CDCL,): & 7.38-
745 (5H, o, H- 2, 3", 4, 5, 6", 6.16 (1H, s, H-5), 544
(1H, dd, J=12.8, 29 Hz, H-2), 3.96 (3H, s, 6-OCH,),
3.89 (3H, s, 7-OCH,;), 3.07 (1H, dd, J=16.6, 12.8 Hz, H-
3a), 2.83 (IH, dd, J=16.6, 2.9 Hz, H-3b) (o: peak
overlapped); "C-NMR (125 MHz, CDCL,): & 189.89 (C-
4), 15529 (C-6), 152.89 (C-7), 149.66 (C-8), 138.51 (C-
1, 129.15 (C-4"), 129.10 (C-3', 5", 127.88 (C-9), 126.54
(C-2', 6", 10596 (C-10), 89.87 (C-5), 80.21 (C-2), 56.51
(6-OCH,), 56.46 (7-OCHj;), 45.97 (C-3).

Luteolin-7-O-B-D-glucuronopyranoside (5): pale yellow
powder; C,H,,0,,; ESI-Q-TOF-MS: m/z 461.0724 [M-HJ;
'H-NMR (500 MHz, DMSO): & 13.01 (I1H, s, 5-OH),
10.04 (1H, s, 4-OH), 9.44 (1H, s, 3'-OH), 7.45 (1H, dd,
J=83, 2.3 Hz, H-6"), 743 (1H, d, J=2.3 Hz, H-2'), 691
(1H, d, J=8.3 Hz, H-5"), 6.82 (IH, d, J=2.2 Hz, H-8),
6.76 (1H, s, H-3), 6.46 (1H, d, J=2.2 Hz, H-6), 5.29 (1H,
d, /=72 Hz, H-1"), 4.05 (1H, d, J=9.5 Hz, H-5"), 3.30-
3.42 (3H, m, H-2", 3", 4"); "C-NMR (125 MHz, DMSO):
5 18191 (C-4), 170.07 (C-6"), 164.52 (C-2), 162.49 (C-7),
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161.22 (C-5), 156.97 (C-9), 149.95 (C-4"), 145.80 (C-3"),
121.37 (C-1", 119.19 (C-6'), 115.99 (C-5"), 113.57 (C-2'),
10547 (C-10), 103.20 (C-3), 99.39 (C-6), 99.14 (C-1"),
94.54 (C-8), 75.60 (C-3"), 75.40 (C-5"), 72.78 (C-2"),
71.24 (C-4").

Scutellarein-7-O-B-D-glucuronopyranoside (6): pale yellow
powder; C,H,,0,,; ESI-Q-TOF-MS: m/z 461.0724 [M-HJ;
'H-NMR (500 MHz, DMSO): & 12.75 (1H, s, 5-OH),
8.62 (1H, s, 6-OH), 7.93 (2H, d, J=8.5 Hz, H-2', 6"), 6.99
(1H, s, H-8), 6.94 (2H, d, J=8.5 Hz, H-3', 5'), 6.83 (1H,
s, H-3), 523 (1H, d, J=7.4 Hz, H-1"), 4.05 (1H, d, J=9.5
Hz, H-3"), 3.30-3.42 (3H, m, H-2", 3", 4"); "C-NMR (125
MHz, DMSO): & 182.36 (C-4), 170.08 (C-6"), 164.12 (C-
2), 161.20 (C-4"), 150.99 (C-7), 149.01 (C-9), 146.86 (C-
5), 13046 (C-6), 128.45 (C-2', 6", 121.3 (C-1'), 115.99
(C-3, 59, 105.86 (C-10), 102.54 (C-3), 99.95 (C-1"),
93.58 (C-8), 75.51 (C-3"), 75.23 (C-5"), 72.78 (C-2"),
71.32 (C-4").

Apigenin-7-O-B-D-glucuronopyranosyl(1—2)-O-B-D-
glucuronopyranoside (7): pale yellow powder; C,;H,O,;
ESI-Q-TOF-MS: m/z 623.1249 [M+H]"; 'H-NMR (500
MHz, DMSO): 1298 (1H, s, 5-OH), 10.45 (1H, s, 4
OH), 7.95 (2H, d, J=8.4 Hz, H-2', 6'), 6.94 (2H, d, J=8.4
Hz, H-3', 5", 6.87 (1H, s, H-3), 6.77 (1H, d, J=2.2 Hz,
H-8), 6.42 (1H, d, J=2.2 Hz, H-6), 539 (1H, d, J=6.7
Hz, H-1"), 455 (1H, d, J=79 Hz, H-1"), 4.05 (1H, d,
J=9.6 Hz, H-5"), 3.65 (1H, d, J=9.2 Hz, H-5"), 3.02-3.53
(6H, o, H-2"-4", H-2"-4") (o0: peak overlapped); BC-NMR
(125 MHz, DMSO): & 182.07 (C-4), 170.36 (C-6", 6"),
164.28 (C-2), 16230 (C-7), 161.36 (C-4"), 161.19 (C-5),
156.87 (C-9), 128.62 (C-2, 6"), 121.07 (C-1'), 116.00 (C-
3, 5, 105.46 (C-10), 104.41 (C-1"), 103.11 (C-3), 99.24
(C-6), 97.64 (C-1"), 94.81 (C-8), 82.40 (C-2"), 75.78 (C-
5", 75.61 (C-3"), 75.01 (C-3"), 74.90 (C-5"), 74.17 (C-
2"), 71.66 (C-4"), 70.88 (C-4").

Luteolin-7-O-B-D-glucuronopyranosyl(1—2)-O-B-D-
glucuronopyranoside (8): pale yellow powder; C,;H,Og;
ESI-Q-TOF-MS: m/z 637.1041 [M-H]; 'H-NMR (500
MHz, DMSO): 6 13.0 (1H, s, 5-OH), 9.43 (1H, s, 3'-OH),
745 (1H, dd , J=8.3, 2.3 Hz, H-6'), 742 (I1H, d, J=2.3
Hz, H-2"), 691 (1H, d, J=8.3 Hz, H-5"), 6.75 (1H, s, H-
3), 6.73 (1H, d, J=2.0 Hz, H-8), 6.41 (1H, d, J=2.0 Hz,
H-6), 545 (1H, d, J=6.9 Hz, H-1"), 455 (1H, d, J=7.8
Hz, H-1"), 4.11 (1H, d, J=9.6Hz, H-5"), 3.64 (1H, d,
J=9.2 Hz, H-5"), 3.02-3.53 (6H, o, H-2"-4", H-2"-4") (o:
peak overlapped); "C-NMR (125 MHz, DMSO): & 181.97
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(C-4), 17023 (C-6"), 169.85 (C-6"), 164.49 (C-2), 162.15
(C-7), 16122 (C-5), 156.93 (C-9), 149.90 (C-4"), 145.78
(C-3"), 12147 (C-1'), 119.17 (C-6"), 11599 (C-5"), 113.59
(C-2", 105.49 (C-10), 104.34 (C-1"), 103.20 (C-3), 99.21
(C-6), 97.45 (C-1"), 94.49 (C-8), 82.35 (C-2"), 75.80 (C-
5", 75.58 (C-5"), 75.06 (C-3"), 74.86 (C-3"), 74.13 (C-
2"), 71.65 (C-4™), 70.74 (C-4").

Scutellarein di-glucuronic acid (8%) C,;H,,0,5 ESI-Q-
TOF-MS: m/z: 637.1041 [M-H]. (caled for C,;H,;O4:
637.1041); 'H-NMR (DMSO, 500 MHz) & 12.71 (1H, s,
5-OH, 7.94 (2H, d, J=8.7 Hz, H-2', H-6'), 6.96 (1H, s, H-
8), 6.95 (1H, d, J=8.7 Hz, H-5"), 6.95 (1H, d, J=8.7 Hz,
H-3), 6.81 (1H, s, H-3); "C-NMR (DMSO, 125 MHz) &
182.47 (C-4), 163.93 (C-2), 161.15 (C-4"), 150.24 (C-7),
148.96 (C-9), 146.85 (C-5), 130.54 (C-6), 128.4 (C-2,
C-6"), 1214 (C-1'), 116.03 (C-3', C-5'), 10598 (C-10),
104.42 (C-3), 93.17 (C-8), * ol Fshs Fi2 3}
= 8 TH O] BIFA 2R 71

Kelampayoside A (9): colorless gum; C, H;,0,5; ESI-Q-
TOF-MS: m/z 501.1584 [M+Na]’; 'H-NMR (500 MHz,
CD,0OD): & 6.49 (2H, brs, H-2, 6), 499 (1H, d, J=2.6
Hz, H-1"), 483 (1H, d, J=7.4 Hz, H-1'), 407 (1H, m, H-
6'a), 3.98 (1H, d, J=9.7 Hz, H-4"a), 391 (1H, d, J=2.7
Hz, H-2"), 3.85 (6H, s, 3, 5-OCH,), 3.77 (1H, d, J=9.6
Hz, H-4"b), 3.73 (3H, s, 4-OCH;), 3.62 (1H, m, H-6'),
3.57 (2H, d, J=1.4 Hz, 5"-CH,), 3.31-3.61 (4H, o, H-2|
3, 4, 5" (o: peak overlapped); BC-NMR (125 MHz,
CD,0D): & 156.11 (C-1), 154.96 (C-3, 5), 134.75 (C-4),
111.00 (C-1"), 103.33 (C-1"), 96.47 (C-2, 6), 80.63 (C-3"),
78.08 (C-2"), 78.01 (C-3"), 77.16 (C-5"), 75.06 (C-4"),
75.03 (C-2), 71.74 (C-4"), 68.90 (C-6'), 65.50 (C-5"),
61.38 (4-OCH,), 56.85 (3, 5-OCH,).

trans-N-Feruloyloctopamine (10): amorphous powder;
C,¢H,,NOg; ESI-Q-TOF-MS: m/z 352.1159 [M+Na]'; 'H-
NMR (500 MHz, CD,OD): § 7.44 (1H, d, J=15.7 Hz,
H-7), 7.22 (2H, d, J=8.6 Hz, H-2', 6'), 7.13 (1H, o, H-
2), 7.03 (1H, dd, J=8.1, 1.9 Hz, H-6), 6.76-6.81 (3H,
o, H-5, 3", 5", 6.47 (1H, d, J=15.7 Hz, H-8), 4.72 (1H,
dd, J=7.9, 49 Hz, H-7), 3.89 (3H, s, 3-OCH,), 3.53
(1H, dd, J=7.9, 4.9 Hz, H-8'a), 3.44 (1H, m, H-8D) (o:
peak overlapped); BC-NMR (125 MHz, CD,0OD): &
169.65 (C-9), 158.27 (C-4"), 150.03 (C-4), 149.45 (C-3),
142.40 (C-7), 134.88 (C-1'), 128.62 (C-2', 6'), 128.42
(C-1), 123.44 (C-6), 118.79 (C-8), 116.60 (C-5), 116.26
(C-3', 5", 111.67 (C-2), 73.59 (C-7'), 56.52 (3-OCH,),
48.47 (C-8").
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3-(4-Hydroxy-3-methoxyphenyl)-N-[2-(4-hydroxyphenyl)-
2-methoxyethyllacrylamide (11): amorphous powder;
C,oH, NO;; ESI-Q-TOF-MS: m/z 366.1316 [M+Na]'; 'H-
NMR (500 MHz, CD,0OD): é 7.44 (1H, d, J=15.7 Hz, H-
7), 7.17 (2H, d, J=8.6 Hz, H-2, 6", 7.13 (IH, o, H-2),
7.03 (1H, dd, J=8.1, 1.9 Hz, H-6), 6.76-6.81 (3H, o, H-5,
3, 5), 648 (1H, d, J=15.7 Hz, H-8), 425 (1H, dd,
J=84, 4.6 Hz, H-7"), 3.89 (3H, s, 3-OCH,), 3.51 (1H, dd,
J=8.0, 5.0 Hz, H-8a), 3.42 (IH, m, H-8b), 3.21 (3H, s,
7-OCH;) (o: peak overlapped); BC-NMR (125 MHz,
CD,0OD): & 169.37 (C-9), 158.71 (C-4"), 150.03 (C-4),
14945 (C-3), 14239 (C-7), 131.59 (C-1"), 129.36 (C-2,
6), 128.43 (C-1), 123.44 (C-6), 118.79 (C-8), 116.60 (C-
5), 116.47 (C-3', 5", 111.65 (C-2), 83.43 (C-7"), 56.94 (7'-
OCH,), 56.52 (3-OCH,), 47.21 (C-8).

Perilloside C (12): colorless gum; C,H,O, ESI-Q-
TOF-MS: m/z 339.1783 [M+Na]; 'H-NMR (500 MHz,
CD,0OD): § 4.66 (2H, m, 9-CH,), 423 (I1H, d, J=7.8 Hz,
H-1", 3.86 (1H, dd, J=11.3, 2.1 Hz, H-6'a), 3.73 (1H, dd,
J=9.5, 6.5 Hz, H-7b), 3.66 (1H, dd, J=11.3. 5.3 Hz, H-
6'b), 3.35 (1H, m H-7a), 3.17-3.34 (4H, o, H-2', 3, 4, 5"),
1.90 (2H, m, H-2a, 6a), 1.86 (1H, m, H-4), 1.78 (2H, m,
H-3a, 5a), 1.71 (3H, s, 10-CH,), 1.61 (1H, m, H-1), 1.24
(2H, o, H-3b, 5b), 1.03 (2H, m, H-2b, 6b) (o: peak
overlapped); BC-NMR (125 MHz, CD,0D): 6 152.05 (C-
8), 108.8 (C-9), 104.76 (C-1'), 78.30 (C-3"), 78.06 (C-5"),
76.60 (C-7), 75.34 (C-2"), 71.84 (C-4"), 62.93 (C-6'), 47.10
(C-4), 39.43 (C-1), 32.63 (C-5), 32.62 (C-3), 31.22 (C-2),
31.18 (C-6), 21.22 (C-10).

Perilloside A (13): colorless gum; C,H,O; [aly =
-32.20 (¢ 0.1, CH,OH); ESI-Q-TOF-MS: m/z 337.1631
[M+Na]’; 'H-NMR (500 MHz, CD,0D): & 5.76 (1H, brs,
H-2), 471 (2H, brs, 9-CH,), 4.26 (1H, d, J=7.8 Hz, H-
1", 422 (1H, d, J=11.6 Hz, H-7a), 4.03 (1H, d, J=11.6
Hz, H-7b), 3.86 (1H, dd, J=11.9, 2.2 Hz, H-6a), 3.66
(1H, dd, J=11.9, 5.7 Hz, H-6'b), 3.19-3.34 (4H. o, H-2',
3, 4, 5", 2.16 (3H, o, H-4, 6-CH,), 2.14 (1H, m, H-3a),
1.97 (1H, m, H-3b), 1.84 (1H, m, H-5a), 1.74 (3H, s, 10-
CH,), 1.49 (1H, m, H-5b) (o: peak overlapped); BC-NMR
(125 MHz, CD,OD): § 151.15 (C-8), 135.67 (C-1),
126.15 (C-2), 109.33 (C-9), 103.07 (C-1'), 78.28 (C-3"),
78.05 (C-5"), 75.24 (C-2"), 74.55 (C-7), 71.85 (C-4'), 62.93
(C-6'), 42.60 (C-4), 31.81 (C-3), 28.90 (C-5), 27.61 (C-6),
21.07 (C-10).

(6S,9R)-9-Hydroxy-megastigma-4,7-dien-3-one-9-O-3-D-
glucopyranoside (14): colorless gum; C,H,,0,; ESI-Q-
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TOF-MS: m/z 393.1887 [M+Na]’; CD (mdeg): +10.23
(244.3 nm), -0.32 (318.1 nm); 'H-NMR (500 MHz, CD,0D):
8 5.88 (1H, s, H-4), 5.78 (1H, dd, J=15.4, 6.5 Hz, H-3),
5.65 (1H, dd, J=15.4, 9.2 Hz, H-7), 440 (1H, m, H-9),
435 (1H, d, J=7.8 Hz, H-1"), 3.82 (IH, dd, J=11.9, 2.3
Hz, H-6'a), 3.66 (1H, dd, J=11.9, 5.4 Hz, H-6'b), 3.17-
3.34 (4H, o, H-2', 3, 4, 5", 2.68 (IH, d, J=9.2 Hz, H-6),
2.44 (1H, d, J=16.8 Hz, H-2a), 2.04 (1H, d, J=16.8 Hz,
H-2b), 1.94 (3H, d, J=14 Hz, 13-CH,), 128 (3H, s, 10-
CH,), 1.03 (3H, s, 12-CH;), 1.01 (3H, s, 11-CH,) (o:
peak overlapped); BC-NMR (125 MHz, CD,0D): §
202.22 (C-3), 166.07 (C-5), 138.38 (C-8), 128.99 (C-7),
12627 (C-4), 102.6 (C-1'), 7825 (C-3"), 78.14 (C-5,
77.13 (C-9), 75.41 (C-2'), 71.65 (C-4'), 62.82 (C-6"), 56.92
(C-6), 48.42 (C-2), 37.27 (C-1), 28.19 (C-12), 27.75 (C-
11), 23.91 (C-13), 21.18 (C-10).

(6S,9R)-Roseoside (15): colorless gum; C,oH;Oq; ESI-
Q-TOF-MS: m/z 409.1845 [M+Na]  ; CD (mdeg): +9.40
(2403 nm), -0.55 (322.6 n1m); 'H-NMR (500 MHz, CD,0D):
8 5.87 (2H, o, H-7, 8), 5.86 (1H, s, H-4), 442 (1H, m,
H-9), 434 (1H, d, J=7.8 Hz, H-1"), 3.85 (1H, dd, J=11.6,
2.0 Hz, H-6'a), 3.62 (1H, dd, J=11.6, 5.4 Hz, H-6),
3.17-3.35 (4H, o, H-2', 3', 4', 5, 2.52 (1H, d, J=16.9 Hz,
H-2a), 2.15 (1H, d, J=16.9 Hz, H-2b), 1.92 (3H, d, J=14
Hz, 13-CH;), 129 (3H, d, J=6.4 Hz, 10-CH;), 1.04 (3H,
s, 11-CH;), 1.03 (3H, s, 12-CH;) (o: peak overlapped);
BC-NMR (125 MHz, CD,0OD): & 20135 (C-3), 167.41
(C-4), 13544 (C-8), 131.69 (C-7), 127.33 (C-5), 102.89
(C-1"), 80.15 (C-6), 78.27 (C-3"), 78.19 (C-2'), 77.43 (C-9),
75.40 (C-4"), 71.81 (C-5"), 62.98 (C-6"), 50.85 (C-2), 42.58
(C-1), 24.83 (C-12), 23.57 (C-11), 21.33 (C-10), 19.70 (C-
13).

EEIMES| FETY - 4G GFFEES o] W9
AzvtEe oo} £33 771 EAHE S 4
o SIPEES A dF HEEG, 6; 8, 8
1) 7324 AV SR 13l #8-8 HPLC AHAA &
FEZ B YA, 'H-, "C-NMROIA 7} HRES el
o] sl 4= 9l 01 o]E Supporting Information®l] W=
71 A &t

3HHE 1S ESI-Q-TOF-MSOIA m/z 153.0188 [M-H] 2]
FRE B9 o] sFEL] A0 CHO, ¥ A
o} '"H-NMR 23 EHA §, 6.79(1H, d, J=8.1 Hz, H-5)
o} SHHE F /e AE[s, 7.43(1H, br s, H-2), 7.41(1H, o,
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H-6)12 %o WAy 134X8A2 §538190). =3 PC-
NMR Z=ZEj A WAl zz]ol sjgsls 671 ghael 7}
BA7][8. 170.47(C-7)]ell 3Pz 255 SIS ©]
23t A7E viRo® wiAlyE 1,3,4-x8A0l 7HE-47]7}
A%E 25 5o, HAREE Ay} vl
alo] SRRHE 19] 2Z protocatechuic acid® 8313t

3} 2= ESI-Q-TOF-MSOIA m/z 179.0344 [M-H] 2]
FAE Bl ] FHE] EAFA ] CH,0, YE I
o} 'HANMR 2lEZolA §, 7.03(1H, d, J=2.1 Hz, H-2),
6.93(1H, dd, J=82, 2.1 Hz, H-6), 6.78(1H, d, J=8.2 Hz,
H-501352 Sa WAl vy 134-23A12 elsigion, &
A A7) 15.8 HZ2 3 42] doublet(8y, 7.53, 6.22)A1%
E 538 rrans FE9) o|FAFS FAeTh £ PC-
NMR 2#HEA 7H8-27][5. 171.2(C-9)l| gk 4l
5= oIt olge AAE Fa 3FE 2= WA
1,3,4-X13K)|, 71247 2 trans Fejo] o5 AT o] A3
FZ2 FAsIg o, A7 E )} v wEle] caffeic acid=
Faier”

3}3HE 32 ESI-Q-TOF-MSOlA m/z 359.0767 [M-HJ 2]
FAZ B3l EA2 C,Hy 0,2 F4519.0M, 'H-NMR 2=
HAEH|A §, 7.04(1H, d, /2.1 Hz, H-2), 6.78(1H, d,
J=82 Hz, H-5"), 6.95(1H, dd, J=8.2, 2.1 Hz, H-6)Z %3l
WAl 2] 134-2 A5 st on, HA L F57t
15.9 Hz] 3t &<] doublet(Sy, 7.55, 627N EE T3l trans
form®] °]F A S ER15H caffeic acid =4S 531
o} 223§, 6.75(1H, d, J=2.1 Hz, H-2), 6.70(1H, d,
J=8.0 Hz, H-5), 6.61(1H, dd, J=8.0, 2.1 Hz, H-6)Z =3l
T ohE Wil 1,3,4-218k3) 9wl |171(5, 5.18(1H, dd,
J=84, 43 Hz, H-8)], Wl €A 7[5, 3.10(1H, dd, J=143,
43 Hz, H-7a), 3.01(1H, dd, J=143, 8.4 Hz, H-7Th)|= &
ol3te] wlAl e 1,3,4X3kA] 1} lactic acid’} A3t
T2E f5%th "CNMREFHE-A F 18719) g
golsigon o) 1 E3 3} v)wEled rosmarinic acid
22 431tk 8 $9%]9] chiral centers AP =S
ZAste] ERleliE (o], = +97.20 FXE E3l R-form
o2 gRlsii o webx 349HE 32 (R)-rosmarinic acid
2 st

3}9HE 4= ESI-Q-TOF-MS°l A m/z 323.0895[M+Na]”
o] FAE T3 ©] sigHEe] EARo] C,,H,0s 42 el
a1tk 'H-NMR 2 e s7)8e] 47t F3HE §,
7.38-745(5H, o, H-2', 3", 4", 5", 6\ AZE Ea) W= 4
SNE A8k, w718, 5.44(1H, dd, J=12.8, 2.9Hz,
H-2)19+ ®I€A7][5, 3.53(1H, dd, J=16.6, 12.8 Hz, H-3a),
2.83(1H, dd, J=16.6, 2.9 Hz, H-3b)]S &<¢13t] mono-
substituted benzene ringS X ¥3l= flavanone =242 5
ST B3 singlet(s,, 6.16)° sl @eh= Al%9} 270¢] u)

=1
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Fig. 1. Chemical structures of compounds 1-15 from hot-water extract of Perillae Folium.

EA171[8,; 3.96(3H, s, 6-OCH,), 3.893H, s, 7-OCH,)|&
o159t} "C-NMR 2 EZ A £ 1579 A5 3
datRnom, 2 F 2T sIste GAE EFet
flavanone =4l MIEA17] 27} = FE2Z 53T
HMBC Z#HE&A H-57} C-3, 7, 99 correlation(3y,
6.16/5. 189.89, 152.89, 127.88)3h= A& &3l C-5 1X9]
FaE FAsA L, 6-0CH, 7t C-69, 7-OCH, 7} C-7¢)
correlation[(8;; 3.96/5, 155.29), (8, 3.89/5. 152.89)[5F= A
< 53 6, 71 X0l A WEAIVIE EIEH 29
9121¢] chiral centere= AFEE =438k [0, = -274.40
FAE T3l S-formo. = FRIEF om FHaEe sz} v W
B A7} e 4= (S)-shisoflavanone A= F33Hch"”

SI3HE 5, 62 RP-HPLC/JolA &&A170] o} E3H=
e 2 22tk 'H-NMR 22 E# o)A peak 2 H|
(1:0.8)5 EE SH=US SR F AL, 2 EH
AT e RS G4A FEE 5 AT ESI-Q-TOF-MS
N m/z 461.0724 [M-H|2] &Y FXE T3l ] F 31
E59] #2120 C,H,,0,,2 YA TS FH3I8T) sitE
50] 'H-NMR 2 E-o)A §, 7.45(1H, dd, J=8.3, 2.3 Hz,
H-6"), 7.43(1H, d, J=2.3 Hz, H-2"), 6.91(1H, d, J=8.3 Hz,
H-5)1 3 S Ba] siAlve] 134-X3A 2 gelsiaion,

flavone H-3914 54202 Yehte AE[5, 6.76(1H, s,
H-3)[5 SRlskoitt. 2e]a #A)5 457t 2.2 HRl 9+ %
2] doublet(5,; 6.82, 6.46)N 5= S WA LE] W mera-
couplingdl= 45 813819 luteolin® 2 5314t &
gk §,; 5.29(1H, d, J=7.2 Hz)oll 4] 3 <] anomeric proton<-
gelatgith. PC-NMR ZHEFoA & 2171e] 452 3
olsl 2, 2 Ed 3} ¥ waA] glucuronidedl] dHE 3= 6
7Ne] ekl Eet 15709 luteolinel] 3Fshs B SE &
218}3tt. HMBC 2¥E#-S 53] anomeric prontond]]
Iz 21E7T luteolin®] C-791 f1X]ell correlation($,; 5.29/
8¢ 99.14)3h= A& gRlstion o5 FaEdl s vlast
o] 3RME 52 luteolin-7-O-B-D-glucuronopyranosideZ. 14
Eril= T

ke ¥ 3H A S Hole 39 62 'HNMR 2FEE
oA 8, 7.93(2H, d, J=8.5 Hz, H-2, 6), 6.94(2H, d, J=8.5
Hz, H-3, 5255 &3 Wldlre] 14-X3A5 I8
), §,; 6.83(1H, s, H-3lIA flavone H-391%] 54402 1}
Ehbe A2 golsiginh. 283§, 6.99(1H, s, H-8)0l4
singlet A1 &5 #5193, 5, 5.23(1H, d, J=7.4 HzplX T
©] anomeric protonS 2138ttt PC-NMR 23] EZ o]l A]
= F 1079 2135 SRS, o= glucuronided] 31
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Fig. 2. HPLC analysis of hot water extract of Perillaec Folium. Peak a: caffeic acid (2); peak b: mixture of luteolin-7-O-B-D-glu-
curonopyranosyl(1—2)-O-p-D-glucuronopyranoside (8) and scutellarein di-glucuronic acid (8*); peak c: apigenin-7-O-p-D-glucu-
ronopyranosyl(1—2)-O-B-D-glucuronopyranoside (7); peak d: mixture of luteolin-7-O-f-D-glucuronopyranoside (5) and scutellarein-

7-O-B-D-glucuronopyranoside (6); peak e: rosmarinic acid (3).

she ©2A1s ook C-2, 63 C-3, 5] TR =] Vet
+= flavonoidsel] alEshk= 137] A15o]|t}, HMBC &~ EH
< 53l H-82 C-6, 7, 9, 109] correlation peak(§;; 6.99/5.
99.39, 162.49, 156.97, 105.47)8 &RIsl] C-8l =47t 4
T A R, wEbA] BFAZA - scutellarein 24
S 43Itk 22|32 anomeric pronton®l] 3E S &
©| scutellarien C-7% 91|l correlation(d,; 5.23/5. 99.95)
she 28 gRlstdon, il vlaste] s15E 62
scutellarein-7-O-B-D-glucuronopyranosideZ 3 s
3138 7-& ESI-Q-TOF-MSOIA m/z 623.1249 [M+H]
o] A& Bl o] sHES] wA 0] Cy\HyOy; Us &1
3ATE HNMR 2=H oA 742} 5 el sgste
FaNFE 5, 7.9502H, d, J=8.4 Hz, H-2' 6'), 6.94QH, d,
J=8.4 Hz, H-3' 5'°lIA] gRIste] wlAdlaze] 14-2|3AE &
olsl o™, flavone H-3914 EAF o2 vyehl= Als9l
8y 6.87(1H, s, H-3)& &Ittt 28| 3 AR =7t
2.2 Hz8) 3 %42 doublet(§;, 6.77, 6422132 E3f wixl
2 meta-couplingdt= T4E ER13HS] apigenin =4S
It B3k F9] anomeric protondll dEshE A% (5,
5.39(1H, d, J=6.7 Hz, H-1")¢} 4.55(1H, d, J=7.9 Hz, H-
INZ S 2709 Bo] Ue-2 F8ith "C-NMR 22
EA F 2571 A& FRISFAL, apigeninol| 3lEs=
1371¢] ghao} 2719] glucuronided]] 3FE = 12719 B4
A5 E gelalitt. HMBC 2B EHo)A glucuronide H-1"
7} apigenin C-7 91X A ¥ Z1E& correlation peak(s
5.39/5. 162302 E3] 3Helsk] o v, apigening 2 33t
glucuronide C-2" x|l & t}2 glucuronide®] H-1"°] A

2hel 21& correlation peak(d,; 4.55/5. 8240y S3f 213}
of, a3l vwsl] £ A3} SijHE 72 apigenin-7-O-B-
D-glucuronopyranosyl(1—2)-O-3-D-glucuronopyranoside =
THsan

SI3HE 82 38 HPLC ZdollA shvte] Faz ey
Qo 'H-NMR Aolxle |an] 1029 H&2 & o
dito] sht EE o] ASS ERIsNon & BHilox =
HAH7L d oz & A5 st 72E ST
ESI-Q-TOF-MS9IM m/z 637.1041 [M-HJ 2] 212 E3) o]
sHgEe] E2420] C,0H,0,9<S dlsislen, 'H-, PC-
NMR 23 E- A 33t 79 dlgets WAlaze] 1,4-3]
N5 Al FAERS BdEd § 7.45(1H, dd, J=8.3,
2.3 Hz, H-6", 742(1H, d, J=2.3 Hz, H-2'), 6.91(1H, d,
J=83 Hz, H-5"255 F3ll WiAlze] 134-23A 5 &<l
st luteolin =4S 53U 3L, 545(1H, d, J=6.9 Hz,
H-1"), 4.55(1H, d, J=7.8 Hz, H-1")}¢] 232 %3 G 7]
Q13 2719 255 F2Aeirh. P"C-NMR S EHA F
2770 A& E 315 A, luteolindl] T3k 15712 A&
9} 271¢] glucuronidedl] FEE 1270¢] BAAFTE 3ol
sttt Fawd o v ws) s45HE 82 luteolin-7-O-B-D-
glucuronopyranosyl(1—2)-O-B-D-glucuronopyranoside =
s =

WA 7F 2 &8l thalxle 'H-, "C-NMRS
A3I9S W scutellaein®] ZA S FASIAA T Foll sl
sk vaw 89 4Alss} S o] gRlo] of#sint. ESI-Q-
TOF-MSellA] shto] abgol sidehe 929 ERls &
aff slehe 5, 69] 2] 23}t 2] luteolin®] % ©]/34
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A2l scutellarein®] F 70| glucuronic acid7} 2 3He
scutellarein di-glucuronic acid2 AR, wWEhr] F Aol
HPLC ‘oA §3A17k0] 2ot M2 F2]=A] ¢4ar sh
o] Jaz EEHUS Zolz}t FH&t & Haolxe 8+
o] vjGAe] sl 'H-, "C-NMRe] 29k 71A1813T

3}3HE 9= ESI-Q-TOF-MSl A m/z 501.1584[M+Na]
o] FAE B3l ©] sHEe] £A120] C,0H,0,,9S Bl
a13ich. 'H-NMR 2 EdollA singlet(3,, 6.49)S <1813
3z, 370e] WEAIZ][S, 3.85(6H, s, 3, 5-OCH,), 3.73(3H, s,
4-OCH,)|E It T3 Z2] anomeric protonol] 313
&t 5, 4.83(1H, d, J=74 Hz, H-19} &, 4.99(1H, d,
J=2.6 Hz, H-1"Z 53l 270¢] B2 2laitt. "C-NMR
2HEGAA F 17719 AEE 13192, glucoset
apiosedl] FE = 1712 &2AE9} C-2, 694C-3, 571 &
Helo] el Wil A%, a2)3 3,5-0CH.S} 4-OCH,
A3 E 2015t HMBC 2 EHA wEA17] 377}
WA g] C-3,4,590 AE3h= A S correlation[(Sy; 3.85/5
154.96), (8 3.71/5. 134.6)]= &3l &AtATH E3 §,
4.83/6, 156.11 2 &, 4.99/5. 68.902] cross peakS 3l
glucose] H-1'0] C-19] ZA3E}3}aL apiose?] H-1"¢] C-6'l]
Agete sk AE gRlste 3,4,5-trimethoxyphenol 1-O-
B-D-apiofuranosyl-(1—6)-B-D-glucopyranosideS 33}
o} #2334 Hlasl 2 A3 sl9kE 9% kelampayoside
A s

S}3HE 10, 11> 228 RP-HPLColA §&A1710]
o} £=EE RE|HUrt. 'H-NMR S E oA peak A
H(LLD)E EU=E EFEdS ¢ 5 Itk HPLC-ESI-Q-
TOF-MSel A= 2709 a2 Ee Ao 22t m/4
352.1159[M+Na]’, m/z 366.1316]M+Na]¢] A= E3j o]
EFEAE A o] 42 CgH gNOs, CoH, NOR! 23+
Eo] 3122 I 39HE 102 'H-NMR 22| EF o]
Al &, 7.13(1H, o, H-2), 7.03(1H, dd, J=8.1, 1.9 Hz, H-6),
6.76-6.81(1H, o, H-5)A155 &3l Wlzlarg] 1,34-X3AE
el A L, AL 47t 15.7 Hz) 3 4<] doublet(s,
7.44, 6 4TS E T3l trans-forme] o|FATS FRA3IA
o} =3 HMBC 2 EZo|A] 3-OCH,7}F C-390] correlation
8y 3.89/8. 149.45)sh= A& E<Iste] ferulic acid 725
FrEstaTh 28 AL §, 7.22(2H, J=8.6 Hz, H-2, 6", 6.76-
6.81(2H, o, H-3, S"2le= WA vE] 14-28AE A1
2, wE¥l7] 8, 4.72(1H, dd, J=7.9, 4.9 Hz, H-7)j} WL
7] A &[8, 3.53(1H, dd, J=7.9, 49 Hz, H-8a), 3.44(1H,
m, H-8b)|E <13t octopamineZ 4 S FF31th
HMBC 23 E g oA H-8'a, H-8b7} C-99} correlation(y,
3.53, 3.45/5. 169.65)5F= A& F3l ferulic acid®] 7H3-417]
7} octompain®] A49f A= = AL IRleiaL, 3
3L 3} Blaste] SI9HE 102 trans-N-feruloyloctopamine
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SHE 112 'H, "C-NMR SFE0N 51518 109}
ALsIEE. ESI-Q-TOF-MSoA] Ex14]o] C H, NOLl A=
ol v 5A)7|17F F7h A& #5389t HMBC &9 E
Aol wIEA] AE7F C-790 correlation(§y; 3.21/8. 142.39)
she Ag 1N, sl vlaste] slshE 11 2
3-(4-hydroxy-3-methoxyphenyl)-N-[2-(4-hydroxyphenyl)-2-
methoxyethyl]acrylamide= 7#7 8tch.>

3}3H2 12 ESI-Q-TOF-MSOIA m/z 339.1783[M+Na]"
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Ko deFEEC| HPLC BY - A2 55252
HPLCS} #2]8 &S odsto] 24sisith. HPLC 2=
tEI M= A B F3HA ] 75% o] el dldste S
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= be luteolin-7-O-B-D-glucuronopyranosyl(1—2)-O-B-D-
glucuronopyranoside(8) % scutellarein di-glucuronic acid
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