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Two new cyclohexyl-ethanol derivatives, incarvmareins A (1) and B (2), together with
two known derivatives, 3 and 4, were isolated from the ethanolic extract of the roots of
Incarvillea mairei. The structures of the new compounds were elucidated primarily on
the basis of analysis of spectroscopic data.

Keywords: Incarvillea mairei; Bignoniaceae; cyclohexyl-ethanol derivative;
incarvmareins

1. Introduction

Incarvillea mairei (Bignoniaceae) is

mainly distributed in Tibet, Yunnan,

and Sichuan Provinces, the roots of

which are widely used in folk medicine

for the treatments of dizziness, insuffi-

ciency of vital energy and blood, languor,

and oligogalactia [1,2]. Previous investi-

gations reported that monoterpenoid alka-

loids [3–7], macrocyclic spermine

alkaloids [8–10], iridoids [11,12], and

others [13–15] were isolated from the

genus Incarvillea, possessing interesting

bioactivities. A further chemical study of

the active fraction led to the isolation of

two new cyclohexyl-ethanol derivatives 1

and 2, and two known cyclohexyl-ethanol

derivatives, 3 and 4 [16–19]. This

paper deals with the isolation and

structural elucidation of the two new

compounds (1 and 2).

2. Results and discussion

The 80% ethanolic extract of the roots of

I. mairei was suspended in water and then

successively extracted with petroleum

ether, CHCl3, EtOAc, and n-butanol. The

CHCl3 fraction was subjected to silica gel

column chromatography and Sephadex

LH-20 to afford four compounds (1–4;

Figure 1).

Compound 1 was obtained as a color-

less oil. The molecular formula of

C17H24O7, with six degrees of unsatura-

tion, was indicated by the positive mode

HR-ESI-MS ([MþNa]þ at m/z 363.1412).

IR absorption bands showed the presence

of carbonyl group (1720 cm21) and ether

linkages (1022 and 877 cm21). The 1H

NMR spectrum (Table 1) of 1 displayed

signals characteristic of two AA0XX0

systems at dH 3.97 (m, Ha-2) and 3.93

(m, Hb-2), dH 2.50 (m, Ha-3) and 2.14
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(m, Hb-3), dH 3.96 (m, Ha-2
0) and 3.94 (m,

Hb-2
0), dH 2.24 (m, Ha-3

0) and 2.05 (m, Hb-

30) of two sequences: ZCH2ZCH2OZ. Its
13C NMR and DEPT spectral data revealed

signals of four quaternary carbons (dC
206.1, 109.9, 83.3, 77.4), four oxygenated

methines (dC 80.1, 79.7, 78.9, 75.4), and

eight methylenes (dC 66.2, 65.7, 38.6,

37.8, 36.9, 36.1, 35.4, 34.0; Table 1). The

detailed analyses of the NMR spectral data

and MS data suggested that 1 might

contain two moieties of 3 (Figure 1) [16],

except for losing a carbonyl group (dC
206.1), which was confirmed by the
1H–1H COSY and HMBC spectra.

On the basis of 2D NMR spectroscopic

analysis, together with the chemical values

of the carbons of 1, the linkage of the two

moieties and the location of the methoxyl

were established (Figures 2–4). Since the

signals of C-4 and C-5 were downfield

shifted from dC 78.1 in 3 to 83.3 in 1

(5.2 ppm) and from dC 70.3 in 3 to 79.7 in 1

(9.4 ppm), respectively, and the signal of C-

70 exhibited at dC 109.9, 1 might be formed

by two oxygen bridges between C-5 and C-

70 and between C-4 and C-70. The HMBC

correlations of H-5 with the carbons at

dC 206.1 (C-7), 109.9 (C-70), 83.3 (C-4),

78.9 (C-9), and 36.1 (C-3) were observed

(Figure 4). These evidences further

confirmed the conclusion. The HMBC

correlation between H-50 and C-100 was

observed (Figure 4), indicating that a

methoxyl was placed at C-50.

The relative configuration of 1 was

elucidated by NOESY experiments. Bio-

genetically, H-9 and 4-OH of 3 were

a-oriented [20,21]. The NOESY spectrum

of 1 exhibited the cross-peaks of H-3 with

H-5 and H-5 with H-80, indicating that H-5

and H-80 were b-oriented, which had been

established by constructing molecular

models (Figure 2). Total assignments of 1H

and 13C NMR signals were also confirmed

by the 1H–1H COSY, HMQC, and HMBC

spectra. Accordingly, 1 was established to

be a ketal of methyl-substituted 3, and

named incarvmarein A (Figure 1).

Compound 2 was obtained as a

colorless oil, and IR absorption bands

showed the presence of hydroxyl

(3342 cm21), carbonyl (1718 cm21), and

ether linkages (1033 and 873 cm21). The

molecular formula C16H24O6, with five

degrees of unsaturation, was deduced by

the positive mode HR-ESI-MS at m/z

335.1321 [MþNa]þ. Accurate analysis of

spectral data including 1H and 13C NMR

spectra (Table 1) demonstrated that the

structure of compound 2 was similar to

that of compound 1. The only difference
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in the 1H NMR spectrum was the

presence of two methylene groups (dH
2.40 and 1.93, dH 2.21 and 1.85) in B ring

of 2, instead of two oxygenated methine

groups (dH 3.49 and 3.92) in B ring of 1

(Figure 3). Simultaneously, the signal of a

methoxyl at dH 3.45 (3H, s) disappeared.

The 13C NMR spectral data (Table 1)

Table 1. 1H and 13C NMR spectral data of compounds 1 and 2.

Position
1 2

dH
a dC

b dH
c dC

d

2a 3.97 (m) 65.7 3.87 (m) 66.4
2b 3.93 (m) 3.84 (m)
3a 2.50 (m) 36.1 2.43 (m) 36.3
3b 2.14 (m) 2.10 (m)
4 83.3 83.9
5 3.92 (m) 79.7 4.44 (t, 3.0) 78.8
6a 2.70 (brd, 3.0) 38.6 2.86 (dd, 18.0, 3.0) 38.4
6b 2.70 (brd, 3.0) 2.75 (dd, 18.0, 3.0)
7 206.1 206.1
8a 2.88 (dd, 18.0, 3.0) 37.8 2.94 (dd, 18.0, 3.6) 39.4
8b 2.66 (dd, 18.0, 3.0) 2.81 (dd, 18.0, 3.0)
9 4.40 (m) 78.9 3.96 (t, 3.0) 80.5
20a 3.96 (m) 66.2 4.22 (t, 6.6) 58.8
20b 3.94 (m)
30a 2.24 (m) 36.9 1.94 (t, 6.6) 44.6
30b 2.05 (m)
40 77.4 70.0
50a 3.49 (m) 75.4 2.21 (dt, 12.6, 4.8) 30.9
50b 1.85 (m)
60a 2.12 (m) 34.0 2.00 (m) 35.7
60b 1.99 (m) 1.87 (m)
70 109.9 109.9
80a 2.04 (m) 35.4 2.04 (m) 32.9
80b 1.97 (m) 1.68 (m)
90a 3.92 (m) 80.1 2.40 (dt, 12.6, 4.8) 35.3
90b 1.93 (m)
100 3.45 (s) 57.5

Chemical shifts (d) are in ppm relative to TMS. The spin coupling (J) is given in parentheses (Hz). All
assignments are based on 1H–1H COSY, HMQC, and HMBC experiments.
aMeasured at 600MHz in CDCl3.
b At 150MHz in CDCl3.
cMeasured at 600MHz in pyridine-d5.
d At 150MHz in pyridine-d5.
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Figure 2. Key NOESY correlations (H $ H) of 1 and 2.
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revealed that the signals of C-20, C-50, and

C-90 were upfield shifted from dC 66.2 in 2

to 58.8 in 1 (7.4 ppm), from dC 75.4 in 2 to

30.9 in 1 (44.5 ppm), and from dC 80.1 in 2

to 35.3 in 1 (44.8 ppm), respectively. These

observations indicated that 2 might be an

adduct of 3 and 4 (Figure 1) [1–4]. The

correlations of 1H–1H COSY, HMQC,

HMBC, and ESI-MS data of 2 further

confirmed the conclusion (Figures 3 and 4).

Biogenetically, H-9 and 4-OH of 3 were

a-oriented [20,21]. The NOESY spectrum

of 2 exhibited the cross-peaks of H-3 with

H-5 and H-5 with H-60, indicating that H-5

and H-60 were b-oriented, which had been

established by constructing molecular

models. Therefore, the structure of 2 was

established to be a ketal of 3 and 4 [16–19],

and named incarvmarein B (Figure 2).

3. Experimental

3.1 General experimental procedures

Optical rotationswere acquiredwith Perkin-

Elmer 341 polarimeter. IR spectra were

recorded on a Bruker Vector-22 spec-

trometer with KBr pellets. 1D and 2D

NMR spectra were recorded on a Bruker

Avance 600NMR spectrometer inCDCl3 or

pyridine-d5 with TMS as an internal

standard. ESI-MS and HR-ESI-MS were

measured on anAgilent LC/MSDTrapXCT

and a Q-TOF micro-mass spectrometer

(Waters, Milford, MA, USA), respectively.

Materials for column chromatography were

silica gel (100–200, 300–400 mesh, and

10–40mm; Huiyou Silical Gel Develop-

ment Co., Ltd, Yantai, China) and Sephadex

LH-20 (40–70mm; GE Healthcare Bio-

sciencesAB,Uppsala, Sweden). Preparative

TLC (0.4–0.5mm) was conducted with

glass precoated silica gel GF254 (Huiyou

Silical Gel Development Co., Ltd). Spots

were visualized under UV light (254 nm) or

by spraying with 5% H2SO4 in 95% EtOH

followed by heating.

3.2 Plant material

The roots of I. marei were collected in

Gaopo County, Yunnan Province, China,

in June 2007. The plant was identified by

Prof. Bao-Zhong Duan (College of Da Li).

A voucher specimen (No. 07061008) is

deposited in School of Pharmacy, Second

Military Medical University.
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3.3 Extraction and isolation

The roots of I. marei (2.5 kg) were

powdered and extracted thrice with 80%

EtOH for 4 h. After removal of the solvent

under reduced pressure, the extract was

suspended in water and partitioned with

petroleum ether, CHCl3, EtOAc, n-BuOH,

successively. The CHCl3-soluble part

(67.5 g) was subjected to silica gel column

chromatography (Ø 5 £ 60 cm, 200–300

mesh, 300 g), eluting with CHCl3–MeOH

(100:3 ! 100:50) to afford 16 fractions

(fractions 1–16) on the basis of TLC

analysis. Fraction 8 was re-chromato-

graphed over a silica gel column eluting

with gradient petroleum ether–acetone

(3:1) to afford six subfractions (fractions

8.1–8.6). Fraction 8.1 was further purified

by preparative TLC with petroleum ether–

EtOAc (1:1) to afford 1 (5.8mg). Fraction

9 (370mg) was re-chromatographed over a

silica gel column and eluted with gradient

CHCl3–MeOH (30:1) to afford nine

subfractions (fractions 9.1–9.9). Fraction

9.7 was subjected to column chromato-

graphy over Sephadex LH-20, using the

elution of petroleum ether–CHCl3–

MeOH (5:5:1) to afford fractions 9.7.1–

9.7.8. Fraction 9.7.8 was further purified

by preparative TLC with petroleum ether–

EtOAC (1:5) to afford 2 (6.3mg). Fraction

9.8 was subjected to column chromato-

graphy over Sephadex LH-20 (petroleum

ether–CHCl3–MeOH (5:5:1)), and then

further purified by preparative TLC with

CHCl3–acetone (1:1) to afford 3 (9.6mg).

Fraction 10 (152mg) was subjected to

column chromatography over Sephadex

LH-20 (petroleum ether–CHCl3–MeOH

(5:5:1)) to afford three subfractions, and

the third subfraction was further purified

by preparative TLC with petroleum ether–

acetone (5:1) to yield 4 (17mg).

3.3.1 Incarvmarein A (1)

A colorless oil; C17H24O7; ½a�22D þ1.00

(c ¼ 0.15, MeOH); IR nmax (KBr) 2930,

2882, 1720, 1453, 1368, 1085, 1022, 877,

607 cm21; 1H NMR (CDCl3, 600MHz) and
13C NMR (CDCl3, 150MHz) spectral data,

see Table 1; ESI-MS (positive) m/z: 363

[MþNa]þ and 703 [2MþNa]þ, HR-ESI-

MS (positive) m/z: 363.1412 [MþNa]þ

(calcd for C17H24O7Na, 363.1420).

3.3.2 Incarvmarein B (2)

A colorless oil; C16H24O6; ½a�22D þ1.00

(c ¼ 0.29, MeOH); IR nmax (KBr) 3342,

2927, 2873, 1718, 1384, 1267, 1128, 1078,

1033, 968, 938, 873, 695 cm21; 1H NMR

(pyridine-d5, 600MHz) and 13C NMR

(pyridine-d5, 150MHz) spectral data,

see Table 1; ESI-MS (positive) m/z: 335

[MþNa]þ, ESI-MS (negative) m/z: 311

[M2H]2, and HR-ESI-MS (positive) m/z:

335.1321 [MþNa]þ (calcd for

C16H24O6Na, 335.1471).
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