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Abstract Five novel phenolic glycosides, adenophora-

sides A (1), B (2), C (3), D (4), and E (5), were isolated

from commercial Adenophora roots, together with van-

illoloside (6), 3,4-dimethoxybenzyl alcohol 7-O-b-D-gluco-

pyranoside (7), and lobetyolin (8). The structures of the

new compounds (1–5) were characterized as 4-hydroxy-

3-methoxyphenylacetonitrile 4-O-b-D-glucopyranoside (1),

4-hydroxy-3-methoxyphenylacetonitrile 4-O-b-D-glucopyr-

anosyl-(1?6)-b-D-glucopyranoside (2), 4-hydroxy-3-meth-

oxyphenylacetonitrile 4-O-a-L-rhamnopyranosyl-(1?6)-

b-D-glucopyranoside (3), 4-hydroxyphenylacetonitrile

4-O-b-D-glucopyranosyl-(1?6)-b-D-glucopyranoside (4),

and 4-hydroxy-3-methoxybenzyl alcohol 4-O-b-D-gluco-

pyranosyl-(1?6)-b-D-glucopyranoside (5), respectively, by

means of spectroscopic and chemical analyses.

Keywords Adenophora roots � Adenophorae Radix �
Campanulaceae � Phenolic glycoside � Phenylacetonitrile �
Adenophoraside

Introduction

The family of Campanulaceae comprises about 80 genera

such as Platycodon, Codonopsis, and Adenophora. Phyto-

chemical investigations of Platycodon roots (the dried roots

of Platycodon grandiflorum) have revealed many saponin

constituents [1–5]. It is widely thought that these saponins

play an important role in the antitussive and expectorant

activities of Platycodon roots in empirical medicine and

Kampo medicine [6]. Adenophora roots (the dried roots of

Adenophora species) have been used as antitussives and

expectorants in the same manner as Platycodon roots [7, 8].

However, in contrast to Platycodon roots, the chemical

constituents and bioactive components of Adenophora

roots have not yet been revealed. Therefore, we initiated

this study to elucidate the constituents of Adenophora

roots, specifically focusing on the fraction that included the

glycosides, in order to identify the bioactive components.

The origin of Adenophora roots is the dried roots of

Adenophora tetraphylla and the allied plants such as A.

triphylla and A. stricta [7–9]. As for the constituents of A.

tetraphylla, a-spinasterol [10], nonacosan-10-ol [10], 24-

methylene cycloartenol [10], lupenone [10], b-sitosterol

[10], 3-O-palmitoyl-b-sitosterol [10], b-sitosterol 3-O-b-D-

glucopyranoside [10, 11], eicosanoic acid [10], linoleic

acid [11], methyl stearate [11], syringinoside [11], and

shashenosides I–III [11] have been reported. And, essential

oils [12, 13], pyrrolidine and piperidine derivatives [14],

and triterpenoids [15] have been isolated from A. triphylla

and A. stricta. In this paper, we describe the isolation and

characterization of five novel compounds including phe-

nylacetonitriles, regarded as the precursors of cyanogenic

glycosides, from Adenophora roots.

Results and discussion

Adenophora roots (6.9 kg) were extracted with 70%

aqueous methanol at room temperature. After concentra-

tion, the extract was partitioned between water and diethyl

ether. The aqueous portion, after concentration, was sub-

jected to column chromatography over silica gel and oc-

tadecylsilanized silica gel (ODS) repeatedly to give eight
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compounds, as described in the ‘‘Experimental’’. Three of

these compounds were identified as vanilloloside (6), 3,4-

dimethoxybenzyl alcohol 7-O-b-D-glucopyranoside (7),

and lobetyolin (8) by comparison of their physical and

spectral data with those reported [16, 17]. The remaining

five compounds were found to be novel phenylacetonitrile

glycosides and a benzyl alcohol glycoside, as discussed

below (Fig. 1).

Adenophoraside A (1), a white amorphous powder,

showed a [M?H]? peak at m/z 326.1245 in HR FAB-MS,

suggesting its molecular formula to be C15H19NO7. The IR

spectrum of 1 exhibited characteristic absorption bands

due to hydroxyl groups (3408 cm-1), a nitrile group

(2249 cm-1), and an aromatic ring (1597 and 1518 cm-1).

The 13C-NMR spectroscopic features of 1 were close to those

of 6, except for the presence of the sp quaternary carbon

signal (d 119.5) and the methylene group signal (d 21.9)

instead of the hydroxymethyl carbon signal in 6 and some

differences in the chemical shifts of the C-1, C-2, and C-6

signals (-11.9, ?1.4, ?1.6 ppm, respectively) from that in 6

(Table 1).

On enzymatic hydrolysis, 1 afforded a sugar portion and

an aglycone (1a), the latter as an orange solid. The sugar

portion was identified as D-glucose by HPLC. The aglycone

1a showed a [M]? peak at m/z 163.0631 in HR FAB-MS

corresponding to the molecular formula of C9H9NO2. The

IR spectrum of 1a exhibited absorption bands due to sim-

ilar functional groups as in 1. The NMR spectrum of 1a

indicated the presence of a methoxyl group (dH 3.75; dC

55.6), a methylene group (dH 3.85; dC 21.9), a 1,2,4-tri-

substituted benzene (dH 6.72, 6.75, 6.87; dC 112.3, 115.7,

120.5, 121.6, 146.0, 147.8), a nitrile group (dC 119.7), and

a phenolic hydroxyl group (dH 9.07). In the HMBC spec-

trum of 1a, correlations were observed between a phenolic

hydroxyl proton (d 9.07) and C-3 (d 147.8), C-4 (d 146.0),

and C-5 (d 115.7); and H-7 (d 3.85) and C-1 (d 121.6), C-2

(d 112.3), C-6 (d 120.5), and C-8 (d 119.7); and a methoxyl

proton (d 3.75) and C-3 (d 147.8). These data suggested 1a

to be 4-hydroxy-3-methoxyphenylacetonitrile, and this was

proved by direct comparison (TLC, NMR, and MS) with an

authentic sample synthesized by Schwartz’s method [18].

On the other hand, the anomeric proton signal of 1

appeared as a doublet (J = 7.5 Hz) at d 4.89, and was

shown to correlate with the C-4 carbon signal (d 145.9)

in the HMBC spectrum. These results demonstrated

that adenophoraside A (1) was 4-hydroxy-3-methox-

yphenylacetonitrile 4-O-b-D-glucopyranoside.

Adenophoraside B (2), a white amorphous powder,

showed a [M?H]? peak at m/z 488.1755 in HR FAB-MS,

suggesting its molecular formula to be C21H29NO12, 162

mass units (C6H10O5) larger than that of 1. The 13C-NMR

spectroscopic features of 2 were similar to those of 1,

except for the appearance of an additional six signals

(d 61.1, 70.1, 73.6, 76.6, 76.9, 103.3) and the observation

of the lower field shift (?7.8 ppm) of the C-60 carbon

signal from that in 1 because of the glycosylation shift

(Table 1). On enzymatic hydrolysis, 2 afforded a sugar

portion and an aglycone, which were identified as D-glu-

cose and 1a, respectively, by a similar method to that

used for 1. A correlation was observed between H-100 (d
4.16, d, J = 8.1 Hz) and C-60 (d 68.4) in the HMBC

spectrum of 2 which indicated that the additional gluco-

pyranosyl moiety was attached to C-60 of 2. These facts

indicated that adenophoraside B (2) was 4-hydroxy-3-

Fig. 1 Structures of 1–8
isolated from Adenophora roots
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methoxyphenylacetonitrile 4-O-b-D-glucopyranosyl-(1?6)-

b-D-glucopyranoside.

Adenophoraside C (3), a white amorphous powder, showed

a [M?H]? peak at m/z 472.1868 in HR FAB-MS, suggesting

its molecular formula to be C21H29NO11, 16 mass units

smaller than that of 2. The 13C-NMR spectrum of 3 exhibited

similar signals to that of 2, except for the presence of six

signals (d 17.9, 68.4, 70.4, 70.7, 72.0, 100.6) instead of the

terminal glucosyl moiety in 2 (Table 1). On enzymatic

hydrolysis, 3 afforded a sugar portion and an aglycone. The

former was identified as D-glucose and L-rhamnose, the latter

was identified as 1a by a similar method to that used for 1. The

configuration of C-100 was determined to be a from the

chemical shifts of C-500 (3: d 68.4; shatavaroside A [19]: d
68.7) in the 13C-NMR spectrum [19, 20]. The observation of

the cross peak between H-100 (d 4.51) and C-60 (d 66.5) in the

HMBC spectrum of 3 indicated that an a-L-rhamnopyranosyl

moiety was located at C-60 of 3. Thus, the structure of

adenophoraside C (3) was determined to be 4-hydroxy-3-

methoxyphenylacetonitrile 4-O-a-L-rhamnopyranosyl-(1?6)-

b-D-glucopyranoside.

Adenophoraside D (4), a white amorphous powder,

showed a [M?H]? peak at m/z 458.1611 in HR FAB-MS,

suggesting its molecular formula to be C20H27NO11, 30

mass units (CH2O) smaller than that of 2. The 13C-NMR

spectrum of 4 showed 20 signals, twelve of which were

similar to those due to the disaccharide moiety of 2

(Table 1). On enzymatic hydrolysis, 4 afforded a sugar

portion and an aglycone (4a), the latter as an orange solid.

The sugar portion was identified as D-glucose by HPLC.

The aglycone 4a showed a [M]? peak at m/z 133.0534

(C8H7NO) in HR FAB-MS. The NMR spectrum of 4a

indicated the presence of a methylene group (dH 3.85; dC

21.5), a 1,4-disubstituted benzene (dH 6.75, 6.75, 7.12,

7.12; dC 115.6, 115.6, 121.1, 129.2, 129.2, 156.8), a nitrile

group (dC 119.7), and a phenolic hydroxyl group (dH 9.49).

The HMBC spectrum of 4a revealed correlations between

H-7 (d 3.85) and C-1 (d 121.1), C-2 (d 129.2), C-6 (d
129.2), and C-8 (d 119.7); and a phenolic hydroxyl proton

(d 9.49) and C-3 (d 115.6), C-4 (d 156.8), and C-5 (d
115.6). These results indicated that 4a was 4-hydro-

xyphenylacetonitrile, i.e., corresponding to the demethoxyl

derivative of 1a, and this was proved by direct comparison

(TLC, NMR, and MS) with an authentic sample synthe-

sized by Schwartz’s method [18]. On the other hand, the

observation of the cross peak between H-10 (d 4.82) and

C-4 (d 156.9) in the HMBC spectrum of 4 indicated that

the sugar moiety was located at C-4 of 4. Consequently,

adenophoraside D (4) was characterized as 4-hydro-

xyphenylacetonitrile 4-O-b-D-glucopyranosyl-(1?6)-b-D-

glucopyranoside.

Adenophoraside E (5), a white amorphous powder,

showed a [M?H]? peak at m/z 479.1750 in HR FAB-MS,

suggesting its molecular formula to be C20H30O13. This

result indicated that the molecular weight of 5 was 162

(C6H10O5) larger than that of vanilloloside (6). The IR

spectrum of 5 exhibited characteristic absorption bands due

to hydroxyl groups (3408 cm-1) and an aromatic ring (1597

and 1516 cm-1). The 13C-NMR spectroscopic features of 5

were similar to those of 6, except for the appearance of

additional six signals (d 61.1, 70.1, 73.6, 76.6, 76.8, 103.2)

and the observation of the lower field shift (?7.5 ppm) of the

C-60 carbon signal from that in 6 because of the glycosylation

shift (Table 1). On enzymatic hydrolysis, 5 afforded an

aglycone, which was identified as vanillyl alcohol by com-

parison with commercial authentic samples, and D-glucose

identified by HPLC. On the other hand, the observation of the

cross peak between H-100 (d 4.16, d, J = 8.1 Hz) and C-60 (d
68.2) in the HMBC spectrum of 5 indicated that the addi-

tional glucopyranosyl moiety was located to the C-60. Thus,

the structure of adenophoraside E (5) was characterized as 4-

hydroxy-3-methoxybenzyl alcohol 4-O-b-D-glucopyrano-

syl-(1?6)-b-D-glucopyranoside.

As mentioned above, we isolated eight compounds from

Adenophora roots, including five novel compounds (1–5).

Among them, 1–4 are phenylacetonitrile glycosides. It is

well known that cyanogenic glycosides are found in many

natural sources such as plants of the family Rosaceae and

Gramineae and are biosynthesized from their correspond-

ing amino acids via phenylacetonitrile. To our knowledge,

only a few phenylacetonitriles have been isolated from

natural sources: phenylacetonitrile [21], 4-[b-D-glucopyr-

anosyl-(1?3)-a-L-rhamnopyranosyl]-phenylacetonitrile [22],

niazirin [23], niazirinin [23], and niaziridin [24]. This is the

first report of phenylacetonitrile isolation from plants of the

family Campanulaceae. In this study, saponin was not

isolated from Adenophora roots. This is mere conjecture,

but the antitussive and expectorant effects of Adenophora

roots might therefore not be due to saponins.

Additionally, we evaluated the cytotoxic activity of

novel phenolic glycosides (1–5) against human breast

cancer (MCF-7) and leukemia (U937) cell lines by using

the MTT assay. The results demonstrated that these com-

pounds had little inhibitory effect on cell growth even at

100 lM (data not shown).

Experimental

General

Optical rotations were obtained on a P-1020 polarimeter

(JASCO, Tokyo, Japan). IR spectra were measured on an

FT/IR-410 spectrometer (JASCO). NMR spectra were

recorded on a JNM ECA-500 spectrometer (500 MHz for
1H, 125 MHz for 13C; JEOL, Tokyo, Japan), and the
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chemical shifts were given in ppm scale from TMS used as

an internal standard. The signals were assigned by DEPT

and 2D NMR techniques (1H–1H COSY, HMQC, HMBC).

MS spectra were obtained on a JMS-700 spectrometer

(JEOL), with the matrix used for FAB-MS shown in

parentheses. HPLC was carried out on a Mightysil RP-

18GP (20 mm i.d. 9 250 mm, 5 lm; Kanto Chemical,

Tokyo, Japan) with a UV-8011 (Tosoh, Tokyo, Japan) for

preparative HPLC or a COSMOSIL Sugar-D (4.6 mm

i.d. 9 250 mm; Nacalai Tesque, Kyoto, Japan) with an RI-

2031 Plus and an OR-2090 Plus detector (JASCO) for the

D/L determination of monosaccharides. TLC was performed

on pre-coated silica gel 60 F254 or RP-18 WF254 plates

(Merck Ltd., Darmstadt, Germany) with detection achieved

by spraying with 10% H2SO4 followed by heating. Column

chromatography (CC) was performed on silica gel 60 (63–

200 lm; Merck Ltd.) or ODS (chromatorex DM-1020T;

Fuji-Silysia Chemical Ltd., Aichi, Japan). Other reagents,

unless otherwise stated, were obtained from Wako Pure

Chemical Industries (Osaka, Japan).

Extraction and isolation

Commercial Adenophora roots (6.90 kg, Lot. No.

028107003: imported from Hubei Province in China; To-

chimoto-Tenkaido Co., Osaka, Japan; voucher specimens

are deposited at the Herbarium of Showa University) were

powdered and percolated with 70% MeOH (67 L) at room

temperature. After being concentrated in vacuo at 40�C, the

70% MeOH extract (1.75 kg) was suspended in H2O

(4.8 L) and successfully extracted with diethyl ether

(3 9 1.10 L) to yield a diethyl ether extract (20.9 g). The

residual H2O layer (1.73 kg) was purified by ODS CC,

eluting with water containing increasing amounts of

methanol, to give seven fractions (Fr): Frs. A (H2O,

1.68 kg), B (H2O, 10.5 g), C (30% MeOH, 17.2 g), D

(30% MeOH, 2.5 g), E (70% MeOH, 8.2 g), F (70%

MeOH, 1.4 g), and G (MeOH, 0.7 g).

Fr. B was purified by ODS CC, eluting with water con-

taining increasing amounts of methanol, to give five frac-

tions: Frs. B-1 (H2O, 3.8 g), B-2 (30% MeOH, 3.1 g), B-3

(30% MeOH, 248 mg), B-4 (70% MeOH, 91 mg), and B-5

(MeOH, 131 mg). Fr. B-2 was purified by ODS CC (25%

MeOH) to give six fractions: Frs. B-2-1 (377 mg), B-2-2

(150 mg), B-2-3 (59 mg), B-2-4 (557 mg), B-2-5 (299 mg),

and B-2-6 (1.0 g). Fr. B-2-1 was purified by silica gel CC

[CHCl3–MeOH (4:1)] to give 1 (67 mg). B-2-2 was purified

by silica gel CC [CHCl3–MeOH–H2O (38:12:1)] to give 6

(56 mg). Fr. B-2-4 was purified by silica gel CC [CHCl3–

MeOH–H2O (34:16:3)] and then ODS CC (10% MeOH) to

give 2 (307 mg). Frs. B-2-5 and B-2-6 were purified by silica

gel CC [CHCl3–MeOH–H2O (14:6:1 and 16:9:2, respec-

tively)] to give 4 (79 mg) and 5 (109 mg), respectively. Fr. C

was purified by ODS CC, eluting with water containing

increasing amounts of methanol, to give five fractions: Frs.

C-1 (H2O, 2.1 g), C-2 (30% MeOH, 6.6 g), C-3 (30%

MeOH, 5.8 g), C-4 (70% MeOH, 630 mg), and C-5 (MeOH,

86 mg). Fr. C-2 was purified by silica gel CC [CHCl3–

MeOH–H2O (14:6:1)] and then ODS CC (15% CH3CN) to

give 3 (26 mg) and 7 (6 mg). Fr. D was purified by silica gel

CC [CHCl3–MeOH–H2O (38:12:1)] to give four fractions:

Frs. D-1 (183 mg), D-2 (241 mg), D-3 (291 mg), and D-4

(1.34 g). Fr. D-2 was purified by ODS CC (40% MeOH) to

give 8 (56 mg).

Adenophoraside A (1)

A white amorphous powder. [a]D
25 -55.9� (c 1.00, MeOH).

IR (KBr) cm-1: 3408, 2916, 2249, 1597, 1518. Positive HR

FAB-MS (NBA) m/z: 326.1245 ([M?H]?, C15H20NO7:

326.1240). 13C- and 1H-NMR: Table 1. Selected HMBC

correlations: H-7/C-1, C-2, C-6, C-8; OCH3/C-3; H-6/C-4;

H-10/C-4.

Adenophoraside B (2)

A white amorphous powder. [a]D
25 -57.6� (c 1.00, H2O).

Positive HR FAB-MS (NBA) m/z: 488.1755 ([M?H]?,

C21H30NO12: 488.1768). IR (KBr) cm-1: 3396, 2941,

2251, 1599, 1520. 13C- and 1H-NMR: Table 1. Selected

HMBC correlations: H-7/C-1, C-2, C-6, C-8; OCH3/C-3;

H-6/C-4; H-10/C-4; H-100/C-60.

Adenophoraside C (3)

A white amorphous powder. [a]D
25 -35.4� (c 0.13, H2O).

Positive HR FAB-MS (NBA) m/z: 472.1868 ([M?H]?,

C21H30NO11: 472.1819). IR (KBr) cm-1: 3433, 2924,

2252, 1595, 1514. 13C- and 1H-NMR: Table 1. Selected

HMBC correlations: H-7/C-1, C-2, C-6, C-8; OCH3/C-3;

H-6/C-4; H-10/C-4; H-100/C-60.

Adenophoraside D (4)

A white amorphous powder. [a]D
25 -66.1� (c 1.00, H2O).

Positive HR FAB-MS (NBA) m/z: 458.1611 ([M?H]?,

C20H28NO11: 458.1662). IR (KBr) cm-1: 3435, 2920,

2251, 1591, 1514. 13C- and 1H-NMR: Table 1. Selected

HMBC correlations: H-7/C-1, C-2, C-6, C-8; H-10/C-4;

H-100/C-60.

Adenophoraside E (5)

A white amorphous powder. [a]D
25 -60.5� (c 1.00, H2O).

Positive HR FAB-MS (NBA) m/z: 479.1750 ([M?H]?,
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C20H31O13: 479.1765). IR (KBr) cm-1: 3408, 2925, 1597,

1516. 13C- and 1H-NMR: Table 1. Selected HMBC cor-

relations: H-7/C-1, C-2, C-6; OCH3/C-3; H-6/C-4; H-10/C-

4; H-100/C-60.

Known compounds isolated

Vanilloloside (6) [16]: A white amorphous powder. [a]D
25

-47.7� (c 0.50, MeOH). Positive HR FAB-MS (NBA) m/z:

316.1148 ([M]?, C14H20O8: 316.1158). IR (KBr) cm-1 :

3433, 2922, 1597, 1514. 13C-NMR (DMSO-d6, 125 MHz)

d: 55.6 (OCH3), 60.7 (C-60), 62.7 (C-7), 69.7 (C-40), 73.3

(C-20), 76.9 (C-50), 77.0 (C-30), 100.2 (C-10), 111.1 (C-2),

115.2 (C-5), 118.6 (C-6), 136.4 (C-1), 145.3 (C-4), 148.8

(C-3). 1H-NMR (DMSO-d6, 500 MHz) d: 3.15 (1H, m,

H-40), 3.23 (1H, overlapped, H-20), 3.23 (1H, overlapped,

H-30), 3.26 (1H, overlapped, H-50), 3.43 (1H, ddd,

J = 5.8, 5.8, 12.1 Hz, H-60a), 3.64 (1H, br dd, J = 4.6,

12.1 Hz, H-60b), 3.73 (3H, s, OCH3), 4.40 (2H, d,

J = 5.2 Hz, H-7), 4.85 (1H, d, J = 7.5 Hz, H-10), 5.09

(1H, t, J = 5.2 Hz, 7-OH), 6.78 (1H, dd, J = 1.8,

8.0 Hz, H-6), 6.92 (1H, d, J = 8.0 Hz, H-5), 7.01 (1H, d,

J = 1.8 Hz, H-2). Selected HMBC correlations: H-7/C-1,

C-2, C-6; OCH3/C-3; H-6/C-4; H-2/C-4; 7-OH/C-1, C-7;

H-10/C-4.

3,4-Dimethoxybenzyl alcohol 7-O-b-D-glucopyranoside

(7) [16]: A white amorphous powder. [a]D
25 -39.9� (c 0.33,

MeOH).

Lobetyolin (8) [17]: A brown syrup. [a]D
25 -26.6� (c 1.89,

MeOH).

Enzymatic hydrolysis of 1–5

Each glycoside (10.0 mg) was incubated with emulsin

(b-glucosidase from almonds: G-0395: Lot No. 119H4029;

6.8 units; Sigma, MO, USA) in McIlvaine buffer (pH 5.0)

at 37�C for 4 h. The reaction mixture was diluted with

H2O and passed through a Sep-pak ODS cartridge

(Waters, MA, USA), eluting with H2O and MeOH, to

afford an H2O eluate and a MeOH eluate, respectively. In

the case of 1–4, the MeOH eluate was purified by reverse-

phase preparative HPLC (40% MeOH). Finally, 1a was

obtained as aglycone in the case of 1–3, and 4a and 5a

were obtained in the case of 4 and 5, respectively. The

H2O eluate was analyzed by HPLC under the following

conditions: column, COSMOSIL Sugar-D; solvent, 70%

acetonitrile; flow rate, 1.0 ml/min; detectors, RI-2031 and

OR-2090 plus. Consequently, the constituent of the H2O

eluate was detected to be D-glucose (tR 5.9 min, positive)

in the case of 1, 2, 4, and 5, and D-glucose and L-rhamnose

(tR 4.2 min, negative) in the case of 3 by comparison with

an authentic sample.

4-Hydroxy-3-methoxyphenylacetonitrile (1a)

An orange solid. Positive HR FAB-MS (NBA) m/z:

163.0631 ([M]?, C9H9NO2:163.0633). IR (Nujor) cm-1 :

3390, 2925, 2252, 1603, 1518. 13C-NMR (DMSO-d6,

125 MHz) d: 21.9 (C-7), 55.6 (OCH3), 112.3 (C-2), 115.7

(C-5), 119.7 (C-8), 120.5 (C-6), 121.6 (C-1), 146.0 (C-4),

147.8 (C-3). 1H-NMR (DMSO-d6, 500 MHz) d: 3.75 (3H,

s, OCH3), 3.85 (2H, s, H2-7), 6.72 (1H, dd, J = 1.7,

8.0 Hz, H-6), 6.75 (1H, d, J = 8.0 Hz, H-5), 6.87 (1H, d,

J = 1.7 Hz, H-2), 9.07 (1H, s, 4-OH). Selected HMBC

correlations: H-7/C-1, C-2, C-6, C-8; OCH3/C-3; H-6/C-4;

OH/C-3, C-4, C-5.

4-Hydroxyphenylacetonitrile (4a)

An orange solid. Positive HR FAB-MS (NBA) m/z:

133.0534 ([M]?, C8H7NO:133.0528). IR (Nujor) cm-1:

3326, 2925, 2252, 1610, 1516. 13C-NMR (DMSO-d6,

125 MHz) d: 21.5 (C-7), 115.6 (C-3), 115.6 (C-5), 119.7

(C-8), 121.1 (C-1), 129.2 (C-2), 129.2 (C-6), 156.8 (C-4).
1H-NMR (DMSO-d6, 500 MHz) d: 3.85 (2H, s, H2-7), 6.75

(2H, d, J = 8.6 Hz, H-3 and H-5), 7.12 (2H, d, J = 8.6 Hz,

H-2 and H-6), 9.49 (1H, s, 4-OH). Selected HMBC

correlations: H-7/C-1, C-2, C-6, C-8; OH/C-3, C-4, C-5.

Synthesis of 4-hydroxy-3-methoxyphenylacetonitrile (1a)

4-Hydroxy-3-methoxyphenylacetonitrile (1a) was synthe-

sized as described elsewhere but with slight modifications

[18]. Briefly, a mixture of 4-hydroxy-3-methoxybenzyl

alcohol (1.23 g, 8.0 mmol) and NaCN (472 mg, 9.6 mmol)

in DMF (20 ml) was stirred under nitrogen at 120�C for

24 h. The reaction mixture was cooled and 0.4 ml of water

was added, the mixture was then alkalized with solid

NaOH to more than pH 10, followed by evaporation under

vacuum. Water (1 ml) was added and neutralized with

acetic acid. After the mixture was extracted with CHCl3,

the extract was washed with H2O three times and dried

over anhydrous Na2SO4, followed by evaporation under

vacuum. The extract (1.26 g) was purified by silica gel CC

[hexane–acetone (2:1)] and then ODS CC (30% MeOH) to

give 1a (315 mg, 1.9 mmol) as an orange solid.

Synthesis of 4-hydroxyphenylacetonitrile (4a)

4-Hydroxyphenylacetonitrile (4a) was synthesized simi-

larly to 1a but with slight modifications. Briefly, a mixture

of 4-hydroxybenzyl alcohol (1.01 g, 8.15 mmol) and

NaCN (483 mg, 9.9 mmol) in DMF (25 ml) was stirred

under nitrogen at 120�C for 26 h. The reaction mixture was

cooled and 0.5 ml of water was added, then the mixture
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was alkalized with solid NaOH to more than pH 10, fol-

lowed by evaporation under vacuum. After the addition of

water (17.5 ml) and neutralization with acetic acid, the

mixture was extracted with CHCl3. The extract was washed

with H2O three times and dried over anhydrous Na2SO4,

followed by evaporation under vacuum. The extract

(964 mg) was purified by silica gel CC [hexane–acetone

(2:1)] to give 4a (546 mg, 4.1 mmol) as an orange solid.

Acknowledgments We express our appreciation to Ms. S. Matsu-

bayashi and Y. Odanaka of Showa University for the MS and NMR

spectra measurements. This study was financially supported by a

‘‘High-Tech Research Center’’ Project for Private Universities:

matching fund subsidy from MEXT (Ministry of Education, Culture,

Sports, Science and Technology) of Japan, 2007–2009.

References

1. Tada A, Kaneiwa Y, Shoji J, Shibata S (1975) Studies on the

saponins of the root of Platycodon grandiflorum A. DE CANDOLLE.

I. Isolation and the structure of platycodin-D. Chem Pharm Bull

23:2965–2972

2. Konishi T, Tada A, Shoji J, Kasai R, Tanaka O (1978) The

structure of Platycodin A and C, monoacetylated saponins of the

roots of Platycodon grandiflorum A. DC. Chem Pharm Bull

26:668–670

3. Fukumura M, Iwasaki D, Hirai Y, Hori Y, Kuchino Y, Ida Y

(2005) The 125th Annual Meeting of the Pharmaceutical Society

of Japan (Tokyo) abstract paper 4:143

4. Ishii H, Tori K, Tozyo T, Yoshimura Y (1984) Saponins from

roots of Platycodon grandiflorum part 2. Isolation and structure

of new triterpene glycosides. J Chem Soc Perkin Trans 1:661–

668

5. Nikaido T, Koike K, Mitsunaga K, Saeki T (1998) Triterpenoid

saponins from roots of Platycodon grandiflorum. Nat Med 52:54–

59

6. Takagi K, Lee EB (1972) Pharmacological studies on Platycodon
grandiflorum A. DC. III. Activities of crude platycodin on

respiratory and circulatory systems and its other pharmacological

activities. Yakugaku Zasshi 92:969–973

7. Namba T (1993) The encyclopedia of Wakan-Yaku (traditional

Sino-Japanese medicines) with color pictures, vol I. Hoikusha,

Osaka, pp 75–76

8. Tu PF, Xu GJ, Yang XW, Hattori M, Namba T (1990) A triter-

pene from the roots of Adenophora stricta subsp. sessilifolia.

Shoyakugaku Zasshi 44:98–100

9. Japanese Committee for non-JP crude drug standards (1989) The

Japanese herbal medicine codex (non-JP crude drug standards)

enlarged edition, Yakujinippo-sha, Tokyo, p 39

10. Yao S, Liu R, Huang X, Kong L (2007) Preparative isolation and

purification of chemical constituents from the root of Adenophora
tetraphylla by high-speed counter-current chromatography with

evaporative light scattering detection. J Chromatogr A 1139:254–

262

11. Kuang HX, Shao CJ, Kasai R, Ohtani K, Tian ZK, Xu JD, Tanaka

O (1991) Phenolic glycosides from roots of Adenophora tetra-
phylla collected in Heilongjiang, China. Chem Pharm Bull

39:2440–2442

12. Miyazawa M, Horiuchi E, Kawata J (2007) Components of the

essential oil from Adenophora triphylla var japonica. J Essent Oil

Res 20:125–127

13. Ueyama Y, Furukawa K (1987) Volatile components of shajin.

Nippon Nogeikagaku Kaishi 61:1577–1582

14. Asano N, Nishida M, Miyauchi M, Ikeda K, Yamamoto M, Kizu

H, Kameda Y, Watson AA, Nash RJ, Fleet GWJ (2000) Poly-

hydroxylated pyrrolidine and piperidine alkaloids from Adeno-
phora triphylla var japonica (Campanulaceae). Phytochemistry

53:379–382

15. Konno C, Saito T, Oshima Y, Hikino H, Kabuto C (1981)

Structure of methyl adenophorate and triphyllol, triterpenoids of

Adenophora triphylla var japonica roots. Planta Med 42:268–274

16. Kanho H, Yaoya S, Kawahara N, Nakane T, Takase Y, Masuda

K, Kuroyanagi M (2005) Biotransformation of benzaldehyde-

type and acetophenone-type derivatives by Pharbitis nil hairy

roots. Chem Pharm Bull 53:361–365

17. Yuda M, Ohtani K, Mizutani K, Kasai R, Tanaka O, Jia MR, Ling

YR, Pu XF, Saruwatari Y (1990) Neolignan glycosides from roots

of Codonopsis tangshen. Phytochemistry 29:1989–1993

18. Schwartz MA, Zoda M, Vishnuajjala B, Mami I (1976) A con-

venient synthesis of o- and p-hydroxy substituted phenylaceto-

nitriles and phenethylamines. J Org Chem 41:2502–2503

19. Sharma U, Saini R, Bobita, Kumar N, Singh B (2009) Steroidal

saponins from Asparagus racemosus. Chem Pharm Bull 57:890–

893

20. Kasai R, Okihara M, Asakawa J, Mizutani K, Tanaka O (1979)
13C NMR study of a- and b-anomeric pairs of D-mannopyrano-

sides and L-rhamnopyranosides. Tetrahedron 35:1427–1432

21. Emura M, Nohara I, Toyoda T, Kanisawa T (1997) The volatile

constituents of the coffee flower (Coffea arabica L.). Flavour

Fragrance J 12:9–13

22. Francis JA, Jayaprakasam B, Olson LK, Nair MG (2004) Insulin

secretagogues from Moringa oleifera with cyclooxygenase

enzyme and lipid peroxidation inhibitory activities. Helv Chim

Acta 87:317–326

23. Faizi S, Siddiqui BS, Saleem R, Siddiqui S, Aftab K (1994)

Isolation and structure elucidation of new nitrile and mustard oil

glycosides from Moringa oleifera and their effect on blood

pressure. J Nat Prod 57:1256–1261

24. Shanker K, Gupta MM, Srivastava SK, Bawankule DU, Pal A,

Khanuja SPS (2007) Determination of bioactive nitrile glyco-

side(s) in drumstick (Moringa oleifera) by reverse phase HPLC.

Food Chem 105:376–382

J Nat Med (2010) 64:245–251 251

123


	Novel phenolic glycosides, adenophorasides A--E, from Adenophora roots
	Abstract
	Introduction
	Results and discussion
	Experimental
	General
	Extraction and isolation
	Adenophoraside A (1)
	Adenophoraside B (2)
	Adenophoraside C (3)
	Adenophoraside D (4)
	Adenophoraside E (5)
	Known compounds isolated
	Enzymatic hydrolysis of 1--5
	4-Hydroxy-3-methoxyphenylacetonitrile (1a)
	4-Hydroxyphenylacetonitrile (4a)
	Synthesis of 4-hydroxy-3-methoxyphenylacetonitrile (1a)
	Synthesis of 4-hydroxyphenylacetonitrile (4a)

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


