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Chemical constituents from Incarvillea delavayi

WEI Zhen-qiao, SHEN Zi-dong, DU Qing-yao, CHEN Hong, SHEN Yun-heng
School of Pharmacy, Second Military Medical University, Shanghai 200433, China

Abstract: Objective To investigate the chemical constituents from the whole plant of Incarvillea delavayi. Methods The whole
plant of 1. delavayi was extracted by 90% ethanol. Various chromatography methods were employed to separate the chemical
constituents, and the structures were identified by comprehensive spectroscopic analysis. Results Fourteen compounds, including
cyclohexanethanoids, monoterpene alkaloids, and triterpenoids, were obtained from the 90% ethanol extract of /. delavayi. Their
structures were identified as 5-hydroxyethyl-6-hydroxyl-3-methyl benzofuran (1), cleroindicin B (2), 3,4,5-trimethoxyl benzoic acid
ethyl ester (3), 3,4,5-trimethoxyl benzoic acid methyl ester (4), 6-hydroxyl dihydrobenzofuran (5), 2-(4'-ethoxyphenyl)-ethanol (6),
tecomine (7), (+)-epidihydrotecomanine (8), 5-hydroxy skytanthine (9), J-skytanthine (10), isoincarvilline (11), mairine B (12),
coelobillardierine (13), and 3f-acetyl oleanolic acid (14). Conclusion Compound 1 is identified as new compound and named as
delavayol A, while compounds 3—6, 9—11, and 13 are isolated from the titled plant for the first time.

Key words: Incarvillea delavayi Bur. et Franch.; 5-hydroxyethyl-6-hydroxy-3-methylbenzofuran; delavayol A; 3,4,5-trimethoxyl

benzoic acid ethyl ester; 33-acetyl oleanolic acid
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Fig.1 Structures of compounds 1—14

1 NE5H

Perkin-Elmer 341 g4 (Perkin-Elmer A 7] );
Varian CARY-50 730G E T (Varian A 7]); Agilent
1260 7> HTiliAH (Agilent 227]); S LC2010AHT
ST (B4 BUCHI C605 H AR R 45
(BUCHI A #]). Perkin-Elmer 577 4T 4kt ik
(Perkin-Elmer 2] ). Agilent LC/MSD Trap XCT K&
Agilent Q-TOF Jii i1 (Agilent A 7). Bruker
DRX-600 AL REILARIL (Bruker AF]). H A5
B B (200~300 H, MHEICARERIF R ATBR 2
F]), Sephadex LH-20 (Pharmacia 2 +]), HSGFys,
IR AR (JH & 2 R 55k I ARS8, A
ODS fEfig (YMC A+, 50 um). $#EUH BN T
MARF], WA A% AR A il al, Al h
gyt

PP T 2010 4F 9 KA = RA IR
L, GO B2 B B R BU 5w R R R
L3 S HE Incarvillea delavayi Bur. et Franch., 42
o bR (201009011) A71T 58 A K2 22t
RIR DI B =
2 REBS5SE

LB THRA 5 18 kg, FRE, LA 90% L7
[FIAHRE 3 Y, AER 2 h, EBGRISE R 40 R 5
MKFERE G 2%3h M0 pH (% 2~3, 38, 4r
AR BRI ANYEHE , JEAIN 20% NaOH i pH {H %
11, MDA, 15205546 KZ Mg & If
Je, VA pH A 7, HEEER CBEAEEL, 40 15 B R
LBETBATFIAFRAL o FATFAL L B A AR AT
i, A7 hEk-TA T (100 ©0—0: 100) FEEEVENL,
Sephadex LH-20 FE:€Ail, KAHAENR (Merck) LK
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Pl g AR st oy 25, 13EMLEY 7 (9.6 mg). 8
(120.6 mg). 9 (61.9 mg). 10 (20.6 mg). 11 (530.0
mg). 12 (115.0 mg). 13 (5.6 mg); BEER L BE A
SR RAE A, DU k-1 12 256 (100 2 0—0
100) BHEEVENL, K43 6 AN . Tl 1 48 Sephadex
LH-20 #E{4if (CHCL-MeOH 1 : 1), SAHAEK
(Merck) FE{01% (30%~ 100% FI 1 7K VAVB0R 15 Ve i )
LBz 2] 25 WA (a3 (MeOH-H,0 8 :© 2) $E4T4) 5,
HEMEEM 1 (9.4mg). 2 (127.6 mg). 3 (5.5 mg);
WY 3 G AR FE RS (30%~100% F R 7K ¥
BEEEVENL) DL RCY 4 WAH (1% (MeOH-H,0 65 :
35) i, AEMLEY 4 (3.8 mg). 5 (102.3 mg).
6 (29.8 mg); MWILHKULIVE, MG 6 o3& Tk
Y14 (123 mg).
3 Hm%xE

WEY 1: mREA, ESI-MS 45 k51
B8N m/z 215 [M+Na]', 54> ¥ HR-ESI-MS %
HHESS T B T m/z 215.068 5 [M+Na]™ GHHEAE N
215.068 4), X1 EEN 192, #iwn 10
CiH 205, AMHIFIEE N 6. UV HELE 205, 219 nm 4b
IR, IR B R iZ A S AL (3 383.32
em D IR (1 614.13.1565.91 em™) . KL (2 956.34.

1432.85.1388.50 cm )25 3L . "H-NMR (400 MHz,
CsDsN)(E D g5 1 AR5 5 6y 2.31
(3H, 8)\2 M5y = FEIE I L 115 5 6 3.55
(2H, t,J= 6.8 Hz), 4.33 (2H, t, J= 6.8 Hz). 1 Il
O 6.52 F1 2 NGy —HIE 6y 7.14, 7.34 (IR EUR
55 . “C-NMR (100 MHz, CsDsN) LA}z DEPT
iR D PEIR I ANE S, AR SRR
5 5c 14.1. 2 M IERRAS 5 6¢ 32.8, 62.7 (FLH 6c
62.7 NEFRFL I FEEDRAE 5 ) 3 MR EERAE 5
3¢ 102.5,109.7, 113.1. 5 NS 5 ¢ 117.9, 131.6,
149.8, 152.6, 156.1, KWIAELE 1 NI R 1 AN
Hid HMQC 1 IH)E T i1 & 5 L B A M k(S
5o fF HMBC #% (& 2) o, FIEE¥ 6y 2.31 3H,
s) 5 6c 156.1 (C-2), 102.5 (C-3) WortHKAES, #HE
W2 470 B W HET 0y 3.55 QH, t, J =
6.8 Hz) 5 dc 131.6 (C-4), 117.9 (C-5), 152.6 (C-6),
62.7 (C-11) HHIK, LA RSSO LT 1 6y 4.33 (2H,
t,J=6.8 Hz) 5 dc 117.9 (C-5), 32.8 (C-10) H5&, i
] C-5 92 1 M OEEUR, C-6 A28 1 MR
RYELL LG R, B 1 g afe hy 5-F5 £5%-6-
FRIE-3-FH R IR ITIRIR . 48 SciFinder f4&Z, N 1 4
Wb &W, drda AP IERE A

%1 LAY 18 'H-.NMR #1 "C-NMR #(#E
Table 1 'H-NMR and “C-NMR data of compound 1

A O ¢ [RIA on dc
2 156.1 8 7.34 (1H, d, J= 8.8 Hz) 109.7
3 6.52 (1H, s) 102.5 9 149.8
4 131.6 10 3.55 (2H, t,.J = 6.8 Hz) 32.9
5 117.9 11 4.33 (2H,t,J=6.8 Hz) 62.7
6 152.6 2-CH; 231 (3H,s) 14.1
7 7.14 (1H, d, J= 8.8 Hz) 113.1
OH (2H, m, H-2b, 6b), 2.76~2.58 (2H, m, H-3a, 5a),

:
RS

L&~

2 L&Y 1 KEZE HMBC HXE
Fig. 2 Key HMBC correlations of compound 1
WY 2: WRIEONPRY), ESI-MS 45 i 7
PR miz 157 IM—H], X2 FiEN 158,
AMBREN 2, 5 FHA CsHiuO50 'HNMR (400
MHz, CDCl;) d: 2.09~1.99 (2H, m, H-2a, 6a), 1.68

2.22~2.13 (2H, m, H-3b, 5b), 1.78~1.73 QH, t, J =
5.8 Hz, H-7), 3.88 (2H, t, J= 5.8 Hz, H-8); "*C-NMR
(100 MHz, CDCl3) &: 70.6 (C-1), 36.9 (C-2, 6), 37.1
(C-3, 5), 213.3 (C-4), 41.8 (C-7), 59.5 (C-8). LA -3k
o 5 ocwk s 5", Mm%t aw 2 N
cleroindicin B,

&) 3. FAIRIR, ESI-MS 45 ik 15
T K m/z 263 [M+Na]", 503.1 [2M~+Na]", HHx} 4>
TIREHN 240, 4 TR N CH 050 'H-NMR (400
MHz, CDCl;) 6: 7.28 (2H, s, H-2, 6), 435 (2H, q, J =
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7.1 Hz, -OCH,CH;), 1.38 (3H, t, J = 7.1 Hz,
-OCH,CHj), 3.89 (9H, s, 3X-OCHy); *C-NMR (100
MHz, CDCls) 6: 125.7 (C-1), 106.9 (C-2, 6), 153.1
(C-3, 5), 142.3 (C-4), 166.5 (C-7), 61.4 (-OCH,CHs),
14.6 (-OCH,CHj3), 56.4 (3, 5-OCHs), 61.1 (4-OCHj).
PLE %t 5 scmkapis 50, st a 3 N
3,4,5- A EAH IR L.

EY 4 EEMRY), EILMS WoRUEsr T2
TUEH m/z 249 [M+Na]’, 475.1 [2M~+Na]", HIx$4>
TN 226, 4738 CiHOs. 'H-NMR (500
MHz, CDCl3) 6: 7.28 (2H, s, H-2, 6), 3.88 (3H, s,
-COOCH3), 3.89 (9H, s, 3X-OCH;): "*C-NMR (125
MHz, CDCL) 6: 125.4 (C-1), 107.0 (C-2, 6), 153.1
(C-3, 5), 142.3.8 (C-4), 167.0 (C-7), 52.5 (-COOCH3),
56.4 (3, 5-OCHj3), 61.1 (4-OCH3). LA _F%0#s 5 SCiiki
W8, WA 4 ) 3,4,5- AL
1% FH I o

&Y 5. WHOEE, ESI-MS 245 HvE) 75
TUEH miz 135 [M—H] ", MXo el 136, 4
T3 CgHsOy, ARG Hy 5. "H-NMR (400 MHz,
CD;0D) d: 4.44 (2H, t, J = 8.6 Hz, H-2), 3.10 (2H, t,
J = 8.6 Hz, H-3), 6.66 (1H, s, H-5), 6.51 (1H, d, J =
8.4 Hz, H-7), 6.50 (1H, d, J = 8.4 Hz, H-8); *C-NMR
(100 MHz, CD;0D) §: 72.2 (C-2), 31.2 (C-3), 129.3
(C-4), 114.9 (C-5), 152.3 (C-6), 113.2 (C-7), 110.0
(C-8), 154.7 (C-9), LA ¥ 5 scmkdraE — s, %
YA 5 0 6- IR I A .

&Y 6: EEMIRY), EIMS BoRiEsy 13
TU&Jg m/z 189 [M+Na]™, X 4> T e 166, 431
X h CoH1405. 'H-NMR (400 MHz, CsDsN) &: 7.33
(2H, d, J = 8.6 Hz, H-2, 6), 6.99 (2H, d, J = 8.6 Hz,
H-3, 5), 3.03 (2H, t, J= 7.0 Hz, H-7), 3.92 2H, t, J =
7.0 Hz, H-8), 4.09 (2H, t, J = 7.0 Hz, -OCH,CHs),
1.28 (3H, t, J = 7.0 Hz, -OCH,CH3); "*C-NMR (100
MHz, CsDsN) 6: 132.6 (C-1), 130.8 (C-2, 6), 115.1
(C-3, 5), 158.2 (C-4), 39.9 (C-7), 63. 8 (C-8), 64.1
(-OCH,CH3), 15.3 (-OCH,CHj). Xt bt SRR 38
2-(4'- LR HEIEIL)- QBT St a 6
2-(4'- LEEFEARTL)- O

WEY 7. #OPIRY), Dragendorff 37 {2 1
BEE,  HED G ARG . ESI-MS WosdE sy
T TN m/z 180 [M+H]", 202 [M+Na]", X}
S TR 179, 4 T8 € H;sNO. 'H-NMR (400

MHz, CDCl;) 6: 3.22 (1H, m, H-1a), 1.72 (1H, t, J =
11.1 Hz, H-1b), 2.98 (1H, m, H-3a), 1.72 (1H, t, J =
11.1 Hz, H-3b), 2.69 (1H, m, H-4), 5.82 (1H, s, H-6),
1.97~1.90 (1H, m, H-8), 2.59~2.52 (1H, m, H-9),
1.13 (3H, d, J = 6.6 Hz, H-10), 1.16 (3H, d, J = 7.5
Hz, H-11), 2.32 (1H, s, N-CH3); "C-NMR (100 MHz,
CDCl3) 6: 63.3 (C-1), 62.1 (C-3), 35.2 (C-4), 183.6
(C-5), 124.4 (C-6), 210.6 (C-7), 45.2 (C-8), 49.7
(C-9), 15.0 (C-10), 15.1 (C-11), 45.6 (N-CH3). LA %
o 5 SCRAR B A 5O, M e T N
tecomine.

WAEY) 8: wiEMPIRY), Dragendorff i 7 ik (1
BHE, HEDCAZEREA S ESI-MS WoRifE sy
Tk miz 182 [M+H]", 204 [M+Na]", X}
SR 181, 41308 CHNO, AMEFIEEA
3. 'H-NMR (400 MHz, CDCl;) 6: 2.88 (1H, m, H-1a),
2.27 (1H, t, J = 12.0 Hz, H-1b), 2.70 (1H, m, H-3a),
2.11 (1H, m, H-3b), 1.44 (1H, m, H-4), 1.63 (1H, m,
H-5), 2.20 (1H, m, H-6a), 1.81 (1H, m, H-6b), 2.45
(1H, m, H-8), 1.57 (1H, m, H-9), 1.01 (3H, d, J = 6.6
Hz, H-10), 0.81 (3H, d, J = 6.4 Hz, H-11), 2.10 (3H, s,
N-CH3); “C-NMR (100 MHz, CDCls) d: 55.6 (C-1),
62.9 (C-3), 32.6 (C-4), 43.7 (C-5), 43.2 (C-6), 221.1
(C-7), 44.8 (C-8), 39.2 (C-9), 12.8 (C-10), 17.7
(C-11), 46.6 (N-CHz)o LL 5035 5 Scihdiis —s5,
WM e 5 8 4 (+)-epidihydrotecomanine .

WA 9: s RY), Dragendorff i 1) {2 4,
BHE, HEMAAERAL &4, ESI-MS SRSy
TE Uk miz 184 [M+H]", 206 [M+Na]", X}
Oy BN 183, 40 7 €1 Hy NO. "H-NMR (400
MHz, CDCl;) d: 2.69 (1H, ddd, J = 11.6, 5.9, 1.8 Hz,
H-1a), 1.64~1.58 (1H, overlap, H-1b), 2.58 (1H, ddd,
J=11.5, 6.5, 2.5 Hz, H-3a), 1.95 (1H, m, H-3b), 1.83
(1H, m, H-4), 1.64~1.58 (1H, overlap, H-6a), 1.37
(1H, m, H-6b), 1.64~1.58 (1H, overlap, H-7a), 1.42
(1H, m, H-7b), 1.48 (1H, m, H-8), 1.53 (1H, m, H-9),
1.06 (3H, d, J = 7.1 Hz, H-10), 0.81 (3H, d, J = 6.9
Hz, H-11), 2.14 (3H, s, N-CH3); "*C-NMR (100 MHz,
CDCls) &: 61.7 (C-1), 60.8 (C-3), 39.5 (C-4), 82.9
(C-5), 30.4 (C-6), 30.5 (C-7), 37.1 (C-8), 54.2 (C-9),
24.0 (C-10), 13.3 (C-11), 45.8 (N-CH3). LA F%#i Y
SCERIRE S, WM sE A 9 O 5-hydroxy
skytanthine
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B 10: ERPIRY), Dragendorff 15 ik (5
BHYE, HEMAZEEAL 5. ESI-MS EonifEsr
T BTN miz 168 [M+H], HIX4 20 1 i &4 167,
4K CiHyN. 'H-NMR (400 MHz, CDCls) 6
2.85 (1H, d, J = 11.7 Hz, H-1a), 2.08 (1H, dd, J =
11.4, 3.6 Hz, H-1b), 2.69 (1H, dd, J = 7.2, 1.8 Hz,
H-3a), 2.12~2.07 (1H, m, H-3b), 1.78~1.72 (1H, m,
H-4), 1.21~1.12 (1H, m, H-5), 1.52~1.37 (2H, m,
H-6), 1.52~1.37 (2H, m, H-7), 1.53 (1H, m, H-8),
1.78~1.72 (1H, m, H-9), 0.87 3H, d, J = 6.2 Hz,
H-10), 1.01 (3H, d, J = 6.4 Hz, H-11), 2.27 (3H, s, N-
CH;); "C-NMR (100 MHz, CDCl;) &: 55.3 (C-1),
63.0 (C-3), 32.4 (C-4), 47.8 (C-5), 27.1 (C-6), 31.8
(C-7), 33.2 (C-8), 44.5 (C-9), 19.0 (C-10), 17.4
(C-11), 46.4 (N-CHz). LI I %l 5 SCk IR B Fa A —
P, %A 10 24 d-skytanthine.

AP 11: BEEHPIRY), Dragendorff 51 ik (1
FEAE, HEW O 2B A ). ESI-MS 45 i HE
TE TN m/iz 184 [M—H] ", 206 [M+Na]", #HX}
T A 183, 4313 CHaNO, ANHURIE h
2. 'H-NMR (400 MHz, CDCl;) 8: 2.73 (1H, d, J =
12.0 Hz, H-1a), 2.00 (1H, dd, J = 12.0, 4.4 Hz, H-1b),
2.59 (1H, dd, J = 11.1, 3.5 Hz, H-3a), 1.42 (1H, d, J =
11.1 Hz, H-3b), 1.29 (1H, m, H-4), 1.37 (1H, m, H-5),
1.85 (1H, ddd, J = 14.5, 6.6, 1.7 Hz, H-6a), 1.65 (1H,
ddd, J=14.3,7.8,2.3 Hz, H-6b), 4.11 (1H, td, J= 6.2,
2.3 Hz, H-7), 1.94 (1H, m, H-8), 1.70 (1H, t, J = 5.7
Hz, H-9), 0.74 (3H, d, J = 6.3 Hz, H-10), 0.91 3H, d,
J = 6.9 Hz, H-11), 2.14 (3H, s, N-CH;); "*C-NMR
(100 MHz, CDCls) 6: 55.6 (C-1), 63.6 (C-3), 34.7 (C-4),
423 (C-5), 39.6 (C-6), 74.9 (C-7), 38.9 (C-8), 43.9 (C-9),
17.9 (C-10), 12.0 (C-11), 47.0 (N-CH3). VL ¥ 53¢
R IE B0, MO ES Y 11 Y isoinvarvilline.

b &Y 12: SO MPIRY), Dragendorff iR i (4
OBAPE, HENR AR A . ESI-MS 4 HHE
2T W m/z 184 [M—H], 206 [M+Na]*, #H
Xt 183, AMERIEZ N 2. 'H-NMR (400
MHz, CDCl;) d: 2.52 (1H, m, H-1a), 1.63~1.54 (1H,
m, H-1b), 1.66 (1H, t, J = 11.6 Hz, H-3a), 2.48~2.39
(1H, m, H-3b), 2.11~1.97 (1H, m, H-4), 1.87 (1H, m,
H-5), 1.39 (2H, m, H-6), 1.15~1.02 (1H, m, H-7a),
1.78 (1H, m, H-7b), 1.78 (1H, m, H-8), 2.11~1.97
(1H, m, H-9), 0.79 (3H, d, J = 7.0 Hz, H-10), 3.31

(2H, d, J = 7.2 Hz, H-11), 2.16 (3H, s, N-CH3);
BC.NMR (100 MHz, CDCl3) d: 57.4 (C-1), 58.0
(C-3), 30.7 (C-4), 41.2 (C-5), 22.1 (C-6), 26.0 (C-7),
45.1 (C-8), 40.8 (C-9), 17.6 (C-10), 66.3 (C-11), 46.2
(N-CH3)o LA E3ds b5 scmrdion — 80, e th i
) 12 4 mairine B.

A9 13: Jot k4, Dragendorff 351 2 €4
BHYE, SN AR A Y. ESI-MS 4 HiUE
I FE IR miz 172 [M+Nal™, X0 1N
149, 737K CoH\ NO, AHIAIE S 5. 'H-NMR
(400 MHz, CsDsN) d: 8.72 (1H, d, J = 8.8 Hz, H-2),
7.16 (1H, d, J = 8.8 Hz, H-5), 7.56 (1H, dd, J = 8.8,
4.8 Hz, H-6), 3.46 (1H, m, H-7), 2.43 (1H, m, H-8a),
2.03 (1H, m, H-8b), 5.53 (1H, dd, J = 10.8, 5.2 Hz,
H-9), 1.17 (3H, d, J = 7.2 Hz, H-10); *C-NMR (100
MHz, CsDsN) &: 148.8 (C-2), 1444 (C-3), 1553
(C-4), 120.5 (C-5), 146.9 (C-6), 36.1 (C-7), 45.2
(C-8), 74.2 (C-9), 21.0 (C-10). LA -Hd 5 kIR iE
— B B e A 13 Sl coelobillardierine »

&Y 14: AEE G (1D, mp 259~260 C;
ESI-MS 45 HiES T 55 106 m/z 521 [M+Na]™, 4>
T C3Hs0O04; Libermann-Burchard J W BH P,
125 5 8 =R A Y. '"HANMR (500 MHz,
CDCLy) &: 447 (1H, t, J = 7.8 Hz, H-3), 5.24 (1H, s,
H-12), 0.82, 0.83, 0.87, 0.90, 0.91, 1.10, 1.22 (% 3H,
s, 7X-CHs), 2.02 (3H, s, -OCOCH3); "*C-NMR (125
MHz, CDCly) §: 38.0 (C-1), 32.5 (C-2), 81.1 (C-3),
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(-OCOCH3). A E¥d 5 Scikdiis—5, #ke
AW 14 1 3p- LRI .
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