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A new monoterpene glycoside compound from roots of Paeonia lactiflora

YAN Yue-yuan, LIU Gang, ZHANG Xin-yu, HU Yu-tao
Lianyungang TCM Branch of Jiangsu Union Technical Institute, Lianyungang 222001, China

Abstract: Objective To study the constituents from the roots of Paeonia lactiflora. Methods The chemical constituents were
isolated by various chromatographic techniques and their structures were elucidated by physicochemical properties and NMR data.
Results
B-D-glucopyranosyl (1), 4,9-dihydroxy-8,10-dehydrothymol-1-O-B-D-glucoside (2), emodin-8-O-B-D-glucoside (3), resveratrol (4),
B-D-glucopyranosyl benzoate (5), ilexperphenoside A (6), catechol (7), methyl gallate (8), ethyl gallate (9), 3-methoxygallic acid (10),

Eleven compounds were obtained and characterized as (4S)-perillic acid 6-O-a-L-arabinopyranosyl-(1'—6")-

1,2,3,4,6-penta-O-galloyl-p-D-glucopyranoside (11). Conclusion Compound 1 is identified as a new compound, named perillic acid
glycoside, compounds 2 and 5 are identified from the genus Paeonia for the first time.

Key words: Paeonia lactiflora Pall.; Ranunculaceae; (4S)-perillic acid 6-O-a-L-arabinopyranosyl-(1'—6")-B-D-glucopyranosyl,
perillic acid glycoside; 4,9-dihydroxy-8,10-dehydrothymol-1-O-B-D-glucoside; B-D-glucopyranosyl benzoate; ilexperphenoside A;

catechol

H A5 N EEE (Ranunculaceae ) 1H ¥ Aj %4
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2). KH R & HEH (B-D-glucopyranosyl benzoate,
3). HEFEE (resveratrol, 4). K % -8-O-p-D-
HEHEE (emodin-8-O-B-D-glucoside, 5)- i )L
Myt A (ilexperphenoside A, 6). JLAZE (catechol,
. HETIRHEEE (methyl gallate, 8). W& TR
2 lE Cethyl gallate, 9). 3-H A EKE TR
(3-methoxygallic acid, 10). 1,2,3,4,6-O-T. 5 & T
& B (1,2,3,4,6-penta-O-galloyl-B-D-
glucopyranoside, 11), HH, (W& 1 WL EY),
&) 2 A1 S NE IRMATZ) R o S5 5
1 XEEHH

Brucker AVANCE 600 Y% 3£9%{X ; Finni-gan
LCQ Advantage MAX Jii 1515 ; Waters Snapt G2 mass
spectrometer =73 HEIEAX:  Shimadzu 7347 i 240K
AH L1 [Shimadzu LC-6AD series pump equipped
with a UV detector]; Shimadzu 1] 7 & R AH €2
B, P2000 HEEI AL . FT/IR-480 plus ZLAMGIEAY
(KBr JEF )+ JASCOV-550 48 4h-1] Wt iEAL (HA
Jasco AF]D); ZrArE B AH (L5 )y Phenomenex
Gemini (Cis, 250 mmX4.6 mm, 5 pm), fill & &R
WA EEFE N Cis column (250 mm X 20 mm, 5 pm,
Nacalai tesque Inc., Japan). {# /2 GFass FIFE
EAER (FEEEN T D) HP-20 KL AR
(Mitsubishi-Chemical, H4%); ;< #H ODS ik} (Merck
/~#]); SephadexLH-20 3£} (Amersham Biosciences
~#]); Toyo-pearl HW-40 35k} (Toyo Soda MFG ).

FATRA 25 kg, 12017 £ 9 A E R4 524
5 (EZR#E, b5 170903, HLIEATREAR
FReE R EA S B K RIBIR S E, BTN
EBHEEHEYIAIZ) P lactiflora Pall. HTEEAR EAT,
FEabARA (PL201709) BLLRAF T3E =i BR 2593 Bt
B HE T A R SR R G
2 RESESE

FATO 25 kg, H 10 558 65% SR ka1
FEH, $RMN 3 IR, BRI 1.5h, AIFEHUR, K4i)G
52|27 E 3.8 kg, HIEE/KIEME4 HP-20 KL
W BT, 7K. 50% LBERT 95% £ Bk FE P i,
B F KB MEBAL BS-1 (2.6 kgD, 50% LIS i B AL
BS-2 (660.2 g), 95% LEEBE LR BS-3 (311.0 gD
0L 50% CBEVEIELET 7 BS-2 BEATRER A (11 43 55,
S i-FEE-K (1002010, 95:5:0. 90:10: 0.
85:15:0.1.80:20:0.1.70:30:0.1. 60 - 40 :
0.1, 50 :50 0.1, 0:100:0) BAEEBIFHIIL 10

NG Fr. 2A~2). BATHERAE AR Sephadex
LH-20. ODS #: i, il £ HPLC 77757 B4t
M Fr. 2C BEILEY 4 (185 mg). 5 (33.4 mg). 8
(207.5 mg, &xR=16.3 min)- 9 (2430 mg). 10 (9.7 mg,
®R=22.1min), MFr2E 2 EY3 (59.5mg, w=
184 min). 6 (11.3mg, &®R=16.7min), M Fr.2G 155
EP1 (152 mg, ®R=15.6min). 2 (13.0mg, K=
14.6 min). 7 (15.2 mg, £x=19.6 min). 11 (5289 mg).
3 HEE

WEW 1 ABTEMAE. [a]p-76.9 (c 0.5,
CH;0H), UV (CH30H) Amax: 225 (3.99), 316 (2.97)
nm, IR (KBr) vmax: 3 435+ 1 037 cm ™! BEHH S5/ H A7
EFEEE, 2936 em™! YA HAEAE 2 NI 2E, 1
814, 1 544, 1 239, 882 cm " it BI&E #4717 FR L A
%% . HR-ESI-MS 45 Hi m/z: 483.184 8 [M+Na] (it
SE 483.184 2), HiE A5 TN CaHa0,
THEABAE R 11,

&%) 1§ 'TH-NMR (600 MHz, CD;0D) X3
oGR D AT 3 MERETES [0n 7.16 (1H, t,
J = 3.6 Hz, H-2), 4.79 (1H, t, J = 1.6 Hz, H-9), 4.76
(1H, brs, H-9)], #&REMHAAE 1T AR, 2
AW FES [on 5.51 (1H, d, J = 8.0 Hz,
H-1'), 4.26 (1H, d, J= 6.8 Hz, H-1")], Bt 5 HkEL
o A% il 5 R 2T A e T 7K A RS SR A A A ST & R 4
INGERIHR S DR READ LB A, 45 A B i J
JRFAE SR G FE L, 1 20 R e A A e A 28
YN B-D M o-Lo 1 NREE(ES on 176 (3H, s,
H3-10), DLE#F 0 HEFIR H A E S .

BC-NMR (150 MHz, CD;OD) i%3LE/R7T 21
MNRAE S, B SRR R RS, B4 10
NAE S, BFE 1 AEERIE (0 167.3)-4 MR (5c
150.2, 142.5, 130.5, 109.8). 1 MH3E (5c 20.8). 1
ANKHIE (Oc 41.4) LUK 3 DMIEHZE (¢ 32.3, 28.2,
254) . 'H-'H COSY i 9 nf M %2 3| AH % i
H-2/H>-3/H-4/H>-5/H>-6, &4 HMBC izt FEAH S 06
H-2/C-1. C-6. C-7 Ml Hx-6/C-1. C-2. C-7 HJE/N
TCIRER AL A5 B Bb4h, FEE Hs-10 AR
S XU Ha-9 23 )5 C-4 F1 C-8 M5, $27R8 C-4 i B
HRAEFEBAC. £ HMBC i A I3z F2 AH 5% I
Hp-6'/C-1", H-1""/C-6"4 7 B F7 A1 7 5 525 R ] 4 W
FH 16 4, mIEAHKE H-1"/C-7, &bk
B C-7 ALt EEARIE, INM#fE 1 1 P
gE0y (B 1),
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F1 LAY 1 BIRZFEEIE (600/150 MHz, CD30D)
Table 1 NMR spectroscopic data of compound 1 (600/150 MHz, CD3OD)

BRAL oc oH A oc ou
1 130.5 Iy 95.7  5.51(d,J=8.0Hz)
2 142.5 7.16 (t,J=3.6 Hz) 2! 739  3.39(m)
3 323 2.38(d,J=18.4 Hz), 2.18 (m) 3’ 77.6  3.55(m)
4 414 2.20 (m) 4 71.7  3.42 (m)
5 28.2 1.90 (d, J=14.7 Hz), 5! 77.8  3.43 (m)

1.51 (ddt,J=16.3, 11.0, 5.2 Hz) 6 69.1 4.09 (dd,J=11.2,2.2 Hz),3.72 (dd, J=11.2, 5.3 Hz)
6 254 2.48 (t,J=19.1 Hz), 2.25 (m) 1" 1048 4.26(d,J=6.8 Hz)
7 167.3 2" 724  3.58 (m)
8 150.2 3" 742 3.52 (m)
9 109.8 4.79 (t,J= 1.6 Hz); 4.76 (brs) 4" 69.5  3.79(q,J=2.8 Hz)
10 20.8 1.76 (s) 5" 66.7  3.85(dd,J=12.5,3.2 Hz), 3.52 (m)

(0]
OH
3
S o oY
9
HO HO% :
10

1 &% 1 EE HMBC (—) M 'H-'H COSY
(—) %
Fig. 1 Key HMBC (—> ) and 'H-'H COSY (—)
correlations of compound 1

BAED 1 HATRR KR (B 1~2 mg, 1N
A 2mol/L £ 2 mL, 90 C F/KN 2h, KW
ZERJE, AR LBE R 2 i, 1HEIER £
Me)Z, ZATrsaib3aEcis la (B 2). la
MAEH[a]28 D+69.5 (¢ 0.5, CHCly) 5 CRkIRIE Y
48 fH B —FB-5], 2234 SciFinder Scholar P 4546 2%,
KRR HRIE, KIAWA 1N 1 ASH I s
KUWEW, N (AS)-L TR R a-L- [ F AF1 4l J -
(1'—6")-B-D-H HI T, R NEIRIT

o 123 g

7 1 A N

HO 5 10

6

la

2 (4S)-EFBRHNEEH
Fig. 2 Structure of (45)-perillic acid

&Y 2: AR AR, HR-ESI-MS (Positive)
Y5 m/z: 365.121 3 [M+Na]™ GHEAE R 365.121 2),
W& RN CieHnOs, HHEAWMAERN 6.
'H-NMR (600 MHz, CD;OD) §: 6.97 (1H, s, H-2),
6.62 (1H, s, H-5), 5.30 (1H, d, J = 2.0 Hz, 10-Ha),
5.08 (1H, dt, J= 2.0, 1.2 Hz, 10-Hb), 4.77 (1H, d, J =

7.7 Hz, H-1), 3.40 (1H, m, H-2'), 3.42 (1H, d, J= 3.6
Hz, H-3"), 3.30 (1H, overlapped, H-4"), 3.37 (1H, d,
J=2.2Hz, H-5"), 3.87 (1H, d, J= 2.1 Hz, H-6'a), 3.67
(1H, d, J = 5.5 Hz, H-6'b), 2.16 (3H, s, 7-CH3);
13C-NMR (150 MHz, CD;OD) ¢: 149.0 (C-1), 120.0
(C-2), 126.0 (C-3), 151.6 (C-4), 117.0 (C-5), 149.9
(C-6), 162 (C-7), 130.0 (C-8), 65.7 (C-9), 113.8
(C-10), 103.8 (C-1"), 75.2 (C-2"), 78.1 (C-3"), 71.5
(C-4"), 78.2 (C-5"), 62.6 (C-6"). Z ik, WRILHE 5 T
MR TE B — 30, MO EAE) 2 N 4,9- 257
HE-8,10- A H HAEFM-1-0-B-D-Hi & HEH

b &4 3: 33 kK, HR-ESI-MS  (Positive)
Y5t miz: 455.095 6 [M+Na]" GHEAE N 455.095 4),
i€ 7 7 3N CaH010. 'H-NMR (600 MHz,
DMSO-ds) d: 13.18 (1H, s, 1-OH), 7.46 (1H, s, H-4),
7.28 (1H, d, J = 2.4 Hz, H-5), 7.16 (1H, s, H-2), 7.00
(1H, d, J = 2.4 Hz, H-7), 5.05 (1H, d, J = 7.6 Hz,
H-1"), 3.17~3.75 (6H, m, H-2'~6"), 2.40 (3H, s,
11-CH3). *C-NMR (150 MHz, DMSO-ds) 6: 161.7
(C-1), 124.2 (C-2), 146.9 (C-3), 119.3 (C-4), 132.1
(C-4a), 108.3 (C-5), 164.3 (C-6), 108.3 (C-7), 161.1
(C-8), 113.3 (C-8a), 186.4 (C-9), 114.5 (C-9a), 182.1
(C-10), 136.5 (C-10a), 21.4 (C-11), 100.8 (C-1"), 73.3
(C-2)), 764 (C-3"), 69.4 (C-4"), 774 (C-5'), 60.6
(C-6"). Zil. B EHE 5 SRR IE B % — 207,
W ENEY) 3 K ER-8-0-B-D-H & HEH -

th&4 4: A EFR A, HR-ESI-MS (Positive) %3
t m/z: 229.086 2 [M+H]" GiHEAE Y 229.086 5),
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fs %€ 4 3N CiuHpO3 . 'H-NMR (600 MHz,
CD;0D) d: 7.34 (2H, d, J = 8.6 Hz, H-2, 6), 6.75 (2H,
d, J = 8.6 Hz, H-3, 5), 6.44 (2H, d, J = 2.1 Hz, H-2',
6", 6.14 (1H, s, H-4"), 6.95 (1H, d, J = 16.3 Hz, H-b),
6.79 (1H, d, J = 16.3 Hz, H-a). '3C-NMR (150 MHz,
CD;0D) ¢: 130.4 (C-1), 129.4 (C-2, 6), 116.5 (C-3, 5),
158.4 (C-4), 141.3 (C-1"), 105.8 (C-2', 6"), 159.7 (C-3',
5%, 102.7 (C-4"), 127.0 (C-a), 128.8 (C-b). A i, H#
W S SR s — B, S A 4
NHEEEEE.

&Y 5. At ERHAK, HR-ESI-MS
(Positive) 5 m/z: 307.079 1 [M+Na]™ (i385 K
307.079 40, #i5E 73T XA CisHi607. 'H-NMR (600
MHz, CD;0D) d: 8.10 (2H, dd, J = 8.3, 1.4 Hz, H-2,
6), 7.64 (1H, m, H-4), 7.50 (2H, t, J = 7.8 Hz, H-3, 5),
5.73 (1H, d, J=7.5 Hz, H-1"), 3.50 (1H, d, J= 7.2 Hz,
H-2'), 3.43 (1H, m, H-3'), 3.54 (1H, m, H-4'), 3.46
(1H, m, H-5"), 3.87 (1H, dd, J = 12.2, 2.3 Hz, H-6'a),
3.70 (1H, dd, J = 12.2, 4.9 Hz, H-6'b); 3C-NMR (150
MHz, CD;0D) §: 130.8 (C-1), 130.9 (C-2, 6), 129.6
(C-3, 5), 134.7 (C-4), 166.8 (7-COOH), 96.3 (C-1"),
74.1 (C-2'), 78.9 (C-3"), 71.1 (C-4"), 78.1 (C-5"), 62.3
(C-6")0 Fil. Bil B 5 SR E B EHE — 20,
W EWEY) S AR IRE I .

tEY 6: A LERHAK, HR-ESI-MS
(Positive) Z5H! m/z: 481.166 5 [M+Na] ™ (i385 Ky
481.168 6), HfiE AN C2H3001, THEAMIFI
N 7. 'H-NMR (600 MHz, CD;0D) ¢: 7.09 (1H, d,
J = 8.3 Hz, H-6), 6.97 (1H, d, J = 2.0 Hz, H-3), 6.89
(1H, dd, J = 8.3, 2.0 Hz, H-5), 6.32 (1H, dd, J = 15.7,
2.0 Hz, H-7), 6.16 (1H, dd, J = 15.7, 6.7 Hz, H-8),
4.86 (1H, dd, J = 7.0 Hz, H-1), 4.29 (1H, d, J = 6.9
Hz, H-1"), 3.85 (3H, s, 2-OCH3), 1.83 (3H, dd, J =
6.7, 1.5 Hz, 9-CH3). 3C-NMR (150 MHz, CD;0D) ¢:
146.8 (C-1), 150.8 (C-2), 110.9 (C-3), 134.7 (C-4),
120.2 (C-5), 118.2 (C-6), 131.8 (C-7), 125.3 (C-8),
18.5 (C-9), 102.5 (C-1"), 74.9 (C-2"), 77.6 (C-3"), 71.5
(C-4'), 774 (C-5), 69.2 (C-6), 104.8 (C-1"), 72.4
(C-2"), 74.1 (C-3"), 69.5 (C-4"), 66.7 (C-5"), 56.7
(2-OCHs)o & HE . Bl Hd 5 SOk iE 2 —
;O WK EAAY 6 A LRI A

th&a 7. wOLERHAK, HR-ESI-MS
(Positive) %5 m/z: 291.087 9 [M+H]" GHHAEN

291.086 9), i 7>+ 3N CisH1406. 'H-NMR (600
MHz, CD;OD) d: 6.84 (1H, d, J = 8.1 Hz, H- 6), 6.76
(1H, d, J = 2.0 Hz, H-2"), 6.72 (1H, dd, J = 8.1, 2.0
Hz, H-5"), 5.93 (1H, d, J = 2.2 Hz, H-6), 5.85 (1H, d,
J = 2.2 Hz, H-8), 456 (1H, d, J = 7.5 Hz, H-2),
3.97(1H, m, H-3), 2.85 (1H, dd, J = 16.1, 5.4 Hz,
H-4a), 2.51 (1H, dd, J = 16.1, 8.2 Hz, H-4b).

BC.NMR (150 MHz, CD;OD) §: 82.9 (C-2), 68.8
(C-3), 28.5 (C-4), 157.6 (C-5), 96.3 (C-6), 157.8
(C-7), 95.5 (C-8), 156.9 (C-9), 100.8 (C-10), 132.2
(C-1"), 1152 (C-2"), 146.2 (C-3', 4", 116.1 (C-5"),
120.0 (C-6"). &k BRiGEHE 5 SCkHaE 1 HE —
;O WS E A T R E.

b &9 8: AEKA, HR-ESI-MS (Positive)
Y5t miz: 207.027 6 [M+Na]" GHEAE N 207.026 9),
ffi 7€ 5> T 3N CsHgOs, THEHABEHESN 5.
'H-NMR (600 MHz, CD;0D) 6: 7.04 (2H, s, H-2, 6),
3.81 (3H, s, 7-OCH3); 3C-NMR (150 MHz, CD;0D)
5: 121.5 (C-1), 110.0 (C-2, 6), 146.5 (C-3, 5), 139.7
(C-4), 169.0 (C-7), 52.3 (C-7-OCH3). Sifi. Brit%
05 SCHRIRIE ) BE — 800, MUS e A 8 ik
TR TR,

& 9: AERA, HR-ESI-MS (Positive)
25 miz: 199.060 7 [M+H]" GHEAE A 199.060 6),
e > TN CoHioO0s, THEELABRIE N 5.
'H-NMR (600 MHz, CD;0D) 6: 7.04 (2H, s, H-2, 6),
426 (2H, q, J= 7.1 Hz, 8-OCH,-), 1.33 (3H,t, J="7.1
Hz, 9-CH3); '3C-NMR (150 MHz, CD;OD) §: 121.8
(C-1), 110.0 (C-2, 6), 146.5 (C-3, 5), 139.7 (C-4),
170.5 (C-7), 61.7 (8-OCHz-), 14.6 (9-CH3). &k, fik
R SCERIRE A — B0, MU e A 9
NEE TR,

&Y 10: AR A, HRESIMS (Positive)
25t m/z: 185.044 9 [M+H] GiHEAE A 185.045 0),
i 7€ 7> T 3N CsHgOs, THEHABEHESN 5.
'H-NMR (600 MHz, CD;OD) 6: 7.18 (1H, d, J = 2.0
Hz, H-2), 7.19 (1H, d, J = 2.0 Hz, H-6), 3.87 (3H, s,
3-OCH;); *C-NMR (150 MHz, CD;OD) §: 122.1
(C-1), 106.3 (C-2), 149.1 (C-3), 140.4 (C-4), 146.2
(C-5), 112.2 (C-6), 168.5 (C-7), 56.6 (3-OCH3). A it .
T R 5 5 SR B — 20, SRS
10 4y 3-HEA B B TR

&Y 11: AEF K, HR-ESI-MS (Positive)
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Y5 m/z: 963.104 5 [M+Na] ™ (HHEAEH 963.108 0),
TN CaH3006, THEILABEFIE N 26,

'H-NMR (600 MHz, CD;0D) ¢: 7.11 (2H, s, H-2', 6),
7.05 (2H, s, H-2", 6”), 6.97 (2H, s, H-2"", 6'"), 6.94
(2H, s, H-2"", 6""), 6.89 (2H, s, H-2"", 6", 6.24
(1H,d,J=8.3 Hz, H-1). H TLC 1785 1,2,3,4,6-0-
TV B IR A R — 3, DL RS S ook
RIE—ES), BUEEEY 11 4 1,2,3,4,6-0-113%
T R

SE 3k
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