This article was downloaded by:

On: 22 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

e Journal of Asian Natural Products Research
Publication details, including instructions for authors and subscription information:
4 [nul o http://www.informaworld.com/smpp/title~content=t713454007
Asian Natural
Products
Research Three new compounds from the roots of Saposhnikovia divaricata
i <o Jie Kang?® Lei Zhou?; Jing-Hao Sun* Min Ye* Jian Han? Bao-Rong Wang?; De-An Guo®
s 3_?& @ The State Key Laboratory of Natural and Biomimetic Drugs, School of Pharmaceutical Sciences,
- “(ﬂk Peking University Health Science Center, Beijing, China
N Vo (==
'M Wkt 7 S\
g £ e
PRI .o’ VAP )
b o VS

To cite this Article Kang, Jie , Zhou, Lei, Sun, Jing-Hao , Ye, Min , Han, Jian , Wang, Bao-Rong and Guo, De-An(2008)
"Three new compounds from the roots of Saposhnikovia divaricata', Journal of Asian Natural Products Research, 10: 10,
971 — 976

To link to this Article: DOI: 10.1080/10286020802217556
URL: http://dx.doi.org/10.1080/10286020802217556

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornmul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713454007
http://dx.doi.org/10.1080/10286020802217556
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18:52 22 January 2011

Downl oaded At:

Journal of Asian Natural Products Research
Vol. 10, No. 10, October 2008, 971-976

Taylor & Francis
Taylor & Francis Group

Three new compounds from the roots of Saposhnikovia divaricata

Jie Kang, Lei Zhou, Jing-Hao Sun, Min Ye, Jian Han, Bao-Rong Wang and De-An Guo*

The State Key Laboratory of Natural and Biomimetic Drugs, School of Pharmaceutical Sciences,
Peking University Health Science Center, Beijing, China

(Received 25 February 2008; final version received 4 May 2008)

From the roots of Saposhnikovia divaricata, three new compounds, divaricataesters A (1),
B (2), and C (3) were isolated, along with three known compounds, cimifugin (4), (35)-2,2-
dimethyl-3,5-dihydroxy-8-hydroxymethyl-3,4-dihydro-2H,6H-benzo[ 1,2-b:5,4-b']dipyran-6-
one (5) and 5-hydroxymethyl-furfurol (6). Their structures were established by spectral
analysis and comparison with the reported data in literatures.
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1. Introduction

The genus Saposhnikovia (Umbelliferae)
comprises the sole species, Saposhnikovia
divaricata, which was mainly distributed in
eastern Siberia and Northern Asia [1]. The
roots of S. divaricata, named ‘Fang feng’ in
Chinese, is a famous traditional Chinese
medicine (TCM), which was used for the
treatment of rheumatism, headache, convul-
sion, and nerve paralysis in Chinese clinics
[1,2]. Earlier phytochemical investigations
showed that ‘Fang feng’ contained various
types of compounds, including chromones,
coumarins, alkaalkyne, and polysaccharides,
etc [2—7]. Our present research on the roots of
S. divaricata resulted in the isolation of three
new compounds, a 2-furoylmethyl amino acid
derivative, divaricataester A (1), a linear
dihydrofurochromone, divaricataester B (2),
and a benzofuran glycoside, divaricataester C
(3), along with three known compounds,
cimifugin (4) (Figure 1) [8], (39)-2,2-
dimethyl-3,5-dihydroxy-8-hydroxymethyl-
3,4-dihydro- 2H,6H-benzo[l1,2-b:5,4-b’1di-
pyran-6-one (5) [9] and 5-hydroxymethyl-
furfurol (6) [10]. Among them, compounds 5

and 6 were isolated from the genus for the first
time.

2. Results and discussion

Compound 1 was obtained as brown powder.
Its molecular formula was determined to be
C,3H;sNOs based on its HRESIMS at m/z
266.1024 [M + H]*t. The UV spectrum of 1
displayed absorption maximum at 272 nm,
showing the probable presence of conjugated
carbonyl moiety. IR absorption bands at
2934, 1737, 1686, 1468, 1257, and
1028 cm ™! indicated the presence of alkyl,
carbonyl, aromatic ring and ester groups,
respectively. The "H NMR spectrum showed
furan protons at 6 7.77 (1H, d, J = 1.2Hz),
7.37 (1H, d, J = 3.6 Hz), and 6.62 (1H, dd,
J=3.6, 1.2Hz); two geminal coupling
protons at 6 491 (1H, d, /= 18.0Hz) and
4.38 (1H, d, J = 18.0 Hz); ethoxy protons at &
414 (2H, q, J=7.2Hz) and 1.19 (3H, t,
J =7.2Hz); and other aliphatic protons at &
4.37 (1H, m), 2.45 (2H, m), and 2.12 (2H, m).
In the heteronuclear multiple bond correlation
(HMBC) spectrum (Figure 2), correlations
of H-1"/C-2, C-5, C-2' indicated that C-2'
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Figure 1. The structures of compounds 1-6.

of a furoyl group and the N —1
of 5-ethoxycarbonyl-2-pyrrolidone were
connected by a methylene (C-1’). The
corresponding free acid of compound 1, 2-
furoylmethyl pyrrolidone carboxylic acid, has
been detected in acid hydrolysate from the
stored orange juice by HPLC/ESIMS [11].
Since the chiral carbon of the corresponding
free acid of compound 1 was in S-configur-
ation, C-5 of 1 was also postulated to be
S-configuration. This new compound was
named as divaricataester A. This is the first
time to isolate furoylmethyl amino acid
derivative from natural sources.

Compound 2 was obtained as brown
powder. The HRESIMS of 2 gave an ion peak
at m/z 349.1283 [M + HJ™, corresponding to
a molecular formula of C;gH,¢0O5. The UV

3 OH,, N o OH
o OH HO
CH,OH
o

o AN,

spectrum of 2 showed absorption maxima at
218, 243, and 314 nm, indicating the presence
of an aromatic ring and conjugated carbonyl
groups. The IR spectrum displayed absorp-
tion bands at 3407, 2928, 1736, 1651, 1251,
and 1095 cm ™!, which proved the existence
of hydroxyl, alkyl, carbonyl, aromatic ring
and ester groups, respectively. The 'H and
'3C NMR spectral data of 2 were very similar
to those of cimifugin [8], except for the
substitution group in C-2 position.
The HMBC cross-peaks of H-2"/C-1", 3",
and H-3/C-1" confirmed that the ethoxycar-
bonyl group was attached to C-2. The CD
spectrum of 2 showed a negative Cotton at
294nm and a positive Cotton at 246nm
analogous to that of (5)-(4)-cimifugin (see
3.3.4). Moreover, the optical rotation values
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Figure 2. The key HMBC correlations of compounds 1-3.

of the two compounds were both positive [8].
Therefore, C-2/ of compound 2 was in the
S-configuration. Thus, compound 2 was
named as divaricataester B, which is a new
compound. Compound 2 and its correspond-
ing free acid are both new compounds.
In addition, among the natural linear dihy-
drofurochromones, it was rare that a carbonyl
group was attached to C-2.

Compound 3 was obtained as brown
powder. Its molecular formula was determined
to be CyoHy6010 based on the HRESIMS
[M + Na]* ion at m/z 449.1421. The UV
spectrum of 3 exhibited absorption maxima at
211 and 249 nm, suggesting the presence of an
aromatic ring. IR absorption bands at 3414,
2928, 1725, 1623, 1468, and 1075 cm ™' could
be attributed to hydroxyl, alkyl, carbonyl,
aromatic ring and ester groups, respectively.
The 'H NMR spectrum of 3 showed the
presence of two furan protons at 6 7.64 (1H, d,
J=24Hz)and 6.68 (1H, d, J = 2.4 Hz), one
aromatic proton at 6 7.03 (1H, s) and methoxy
protons at 6 4.07 (3H, s). In addition, the
spectrum showed the signals of an ethoxy
group at 6 4.03 (2H, q, /= 7.2Hz) and 1.15
(3H, t, J=7.2Hz), and the signals of an
ethylene group at 6 3.03 (2H, m) and 2.65

(2H, m). In the HMBC spectrum, correlations
of H-1'/C-4, 6,3’ and H-4//C-3', 5 revealed the
ethylene group linked to the aromatic ring
and ethoxycarbonyl group. The correlation
between the signals at 6 5.04 (1H, d,
J =7.2Hz, glu-1") and 143.3 (C-6) suggested
that a sugar moiety was located at C-6 position
of aglycone. The methoxy group at C-7
position was confirmed by the correlation
between the signals at 6 4.07 (3H, s, 7-OCH3)
and 137.8 (C-7). The anomeric proton signal
at 85.04 (1H, d, J = 7.2Hz, H-1") in the 'H
NMR spectrum and six sugar carbon signals at
6 104.1 (C-1"), 74.7 (C-2"), 76.8 (C-3"), 70.4
(C-4"), 77.1 (C-5"), and 61.4 (C-6") deter-
mined that the sugar was B-D-glucose, which
was also confirmed by acid hydrolysis and
subsequent TLC analysis [12]. Compound 3
was a new compound, assigned as divarica-
taester C. And the benzofuran glycoside
compound was reported from the genus of
Saposhnikovia for the first time. However, its
corresponding free acid, cnidioside B, has
been isolated from the ripe fruit of Cnidium
monnieri [7].

The three new ethyl esters compounds
that were isolated from the 95% EtOH extract
were not artificial products, because their



18:52 22 January 2011

Downl oaded At:

974 J. Kang et al.

molecular ions were all detected in the MeOH
extract of roots of S. divaricata by
HPLC/ESIMS".

3. Experimental
3.1 General experimental procedures

The optical rotations were measured on a
Perkin-Elmer 341LC digital polarimeter. UV
spectra were recorded on a Varian CARY-300
spectrometer (Melbourne, AU). CD spectra
were recorded using a JASCO J-810 spectro-
polarimeter (Tokyo, Japan) in MeOH at 25°C.
IR spectra were recorded on a Nicolet NEXUS-
470 spectrometer (Madison, WI, USA). 'H
NMR and '>C NMR spectra were run on a
Varian system-600 spectrometer (Palo Alto,
CA, USA). HRESIMS spectra were performed
on a Bruker APEX IV FT-MS spectrometer
(Billerica, MA, USA). Sephadex LH-20 (GE
Healthcare Bio-Sciences Corporation, for-
merly Amersham Pharmacia Biotechnology
Incorporation, NJ, USA) and silica gel (160—
200, 60-100mesh; Branch of Qingdao
Haiyang Chemical Plant, Qingdao, China)
were used for column chromatography and
silica gel GF-254 (Branch of Qingdao Haiyang
Chemical Plant, Qingdao, China) for TLC.
HPLC separations were conducted on a TSP
100 pump system equipped with a TSP 100 UV
detector (Thermo, San Jose, CA, USA), and
with an Agilent Zorbax SB-C;g column (5 pm,
250 X 9.4 mm). For HPLC/ESIMS" analysis,
a Finnigan LCQ Advantage ion trap mass
spectrometer (ThermoFinnigan, San Jose, CA,
USA) was connected to the Agilent 1100
HPLC system (Agilent, Waldbronn, Germany)
via an ESI interface, using an Agilent Zorbax
Extend-C;g column (5 pm, 250 X 4.6 mm),
operated at 25°C. Compounds were detected
by UV radiation at 254 nm.

3.2 Plant material

The roots of S. divaricata were purchased
from Tong Ren Tang drugstore of Beijing.
A voucher specimen has been deposited at the
Herbarium (No. 20060910) of School of
Pharmaceutical Sciences, Peking University
Health Science Center, Beijing, China.

3.3 Extraction and isolation

The air-dried and powdered roots of
S. divaricata (3.5kg) were extracted with
95% EtOH three times by reflux. The solvent
was evaporated in vacuo. Then the residue
(700 g) was subjected to chromatography
over silica gel column (60—100mesh) and
eluted with CHCls, EtOAc, CH;COCHs;, and
MeOH, successively. The CHCI; fraction
(75 g) was then chromatographied on silica
gel column (160-200 mesh) using petroleum
ether—acetone as gradient eluent to provide
17 fractions. The fraction 15 (F-1-15 2 g) was
subjected to Sephadex LH-20 column
(MeOH) to give subfractions 1-5.
The EtOAc fraction (70 g) was also subjected
to silica gel column chromatography using
CHCI;—MeOH as gradient eluent to provide
14 fractions. From fractions 4, 5, and 7 (F-2-
4,5,7), compounds 6, 4, and 5 were obtained,
respectively. The fraction 8 (F-2-8 3 g) was
subjected to chromatography over Sephadex
LH-20 (MeOH) to give subfractions 1-7.
The subfraction 2 (F-1-15-2) was subjected to
semi-preparative reversed-phase HPLC (flow
rate = 2.0mlmin_ ") with MeOH—H,O (55:
45) to afford 3.0mg of 1 (fg = 9.0 min) and
4.0mg of 2 (tfg = 20.0 min). The subfraction
3 (F-2-8-3) was subjected to semi-preparative
reversed-phase HPLC (flow rate = 2.0
mlmin~!) with MeOH—H,0 (52:48) to
afford 6.0 mg of 3 (fg = 20 min).

3.3.1 Divaricataester A (1)

Brown powder. [01]12)5 —30.48 (¢ 0.11,
MeOH). UV (MeOH) Ay (nm) (log ) 272
(3.89). IR (KBr) wpa (cm™Y): 2934, 1737,
1686, 1468, 1257, 1028. The 'H and '3C
NMR spectral data (see Table 1). HRESIMS:
mlz 266.1024 [M + H]" (caled for
C3H,6NOs, 266.1023).

3.3.2  Divaricataester B (2)

Brown powder. [a]% 432.2 (¢ 0.09, MeOH).
UV (MeOH) A,,.x (nm) (loge) 314 (3.61), 243
(sh) (3.83), 218 (4.19). TR (KBr) sy, (cm ™ ):
3407, 2928, 1736, 1651, 1251, 1095. CD
(MeOH) Agnog —4.202, Aenygnm +10.805.
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Table 1. 'H and '>*C NMR spectral data of compounds 1-3 (in CD;0D).
1 2 3
No. 'H BC  No. 'H BC  No. 'H Bc
2 178.6 2 1523 2 7.64d,J=24Hz 145.5
3 2.45 m (2H) 30.1 3 6.78 s 1160 3 6.68d, J=2.4Hz 106.4
4 2.12 m (2H) 238 4 179.1 4 7.03 s 114.6
5 437 m 619 5 157.1 5 131.1
I 491d,J=18.0Hz 490 6 1192 6 143.3
4.38d,J=18.0Hz 7 168.0 7 137.8
2 1843 8 6.66 s 94.8 3a 125.9
3/ 1524  4a 1133 7a 145.6
5 7.77d,J=12Hz 149.1 8a 161.0 7-OCH; 4.07 s (3H) 60.3
6 6.62dd,J=3.6,1.2Hz 113.6 5-OCH; 3.90s (3H) 61.1 1 3.03 m (2H) 26.4
7 7.37d,J=3.6Hz 1196 2 473 t,J=17.8Hz 929 2 2.65 m (2H) 34.9
1” 1730 3 331t,J=78Hz 288 3 174.5
2" 4.14 q, J = 7.2Hz (2H) 627 4 722 4 4.03 q, J =7.2Hz (2H) 60.2
3" 1.19 t, J = 7.2Hz (3H) 143 5 1.18 s (3H) 254 5 1.15t,J =7.2Hz (3H) 13.3
6 1.25 s (3H) 254  Glu
1” 161.6 17 5.04d,J="72Hz 104.1
2" 437 q, J =7.2Hz (2H) 640 2" 342 m 74.7
3" 1.35t,J=7.2Hz (3H) 143 3 3.40 m 76.8
4" 333m 70.4
5" 3.16 m 77.1
6 3.60 dd, J = 12.0, 6.6 Hz, 3.71 dd, J = 12.0, 2.4 Hz 61.4

Y2UDISY SIONPOLJ [DANIDN UDISY JO [puInof

SL6
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The 'H and ">C NMR spectral data (see
Table 1). HRESIMS: m/z349.1283 [M + HJ*
(CalCd for C18H2107, 3491282)

3.3.3 Divaricataester C (3)

Brown powder. [a]¥ —8.2 (c 0.11, MeOH).
UV (MeOH) A (nm) (loge) 211 (4.06),
249 (3.63). IR (KBr) vpnax (cm ') 3414,
2928, 1725, 1623, 1468, and 1075. The 'H
and '*C NMR spectral data (see Table 1).
HRESIMS: m/z 449.1421 [M + Na]* (calcd
for CooH»60,oNa, 449.1418).

3.34 (S)-(+)-Cimifugin (4)
CD (MeOH) Aegsnm — 3.953, Aeaugnm +4.533.
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