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Two novel thiophenes from Echinops grijissi Hance

Peng Zhang, Wen-Rong Jin, Qiang Shi, Hua He, Zhong-Jun Ma* and Hai-Bin Qu

College of Pharmaceutical Sciences, Zhejiang University, Institute of Pharmaceutical Informatics,
Hangzhou, Zhejiang, China

(Received 25 February 2008; final version received 23 May 2008 )

Two novel thiophenes, grijisyne A (1), and grijisone A (2), were isolated from the crude
ethanolic extract of the roots of Echinops grijissi Hance. Their structures were determined by
spectral methods, especially 2D NMR spectra. All the isolated compounds were tested for
their anti-tumor activities against three human tumor cell lines, HL-60, K562, and MCF-7.
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1. Introduction

The genus Echinops belongs to the family
Compositae and comprises over 120 species,
of which 17 are known to occur in China.
Echinops grijissi Hance is mainly distributed
in the southeastern part of China [1]. The roots
of E. grijissi (commercial Chinese name:
Yuzhou Loulu) are listed in Chinese Pharma-
copeia and used to clear heat, expel miasma,
and stimulate milk secretion for a long history
[2]. Previous chemical investigation on the
roots of E. grijissi demonstrated the presence
of essential oil [3] and thiophenes [4-8],
which have been proven to possess anti-tumor
[9,10], insecticide [11,12], anti-virus
[9,13,14], and anti-inflammatory activities
[15]. Our previous research showed that the
CH,Cl, extract possessed medium cytotoxic
activity [16]. The present study on the
constituents of the crude ethanolic extract of
the roots of E. grijissi led to the isolation of the
two new compounds 1 and 2 (Figure 1). This
paper describes the isolation and structure
elucidation of two new thiophenes, together
with their anti-tumor activities against differ-
ent human tumor cell lines.

2. Results and discussion

Compound 1 was obtained as green crystals.
Its molecular formula C,sH;¢S; was deter-
mined by the pseudomolecular-ion peaks at
miz 412 (IM]") in the EIMS and 412.0429
(IM]™) in the HREIMS. The structure of 1,
grijisyne A, was established by analysis of 'H
and '*C NMR, HMQC, HMBC and 'H-'H
COSY spectral data (Table 1 and Figure 2).
The UV absorption maxima of 1 at 250.6
and 340.4nm showed the presence of a
bithiophene group [4]. The '"H NMR spec-
trum of 1 showed characteristic signals [8] of
5-substituted 2,2'-bithiophene protons at &
7.23 (1H, dd, J = 4.4, 0.9Hz), 7.16(1H, dd,
J=32, 09Hz), 7.02 (1H, dd, J=4.4,
3.2Hz), 7.04 (1H, d, J = 3.6Hz), and 7.02
(1H, d, J = 3.6 Hz). Additionally, the proton
signals that appeared at 6 3.32 (1H, m), 3.34
(1H, m), 2.31 (1H, m), 2.29 (1H, m), 2.16
(1H, m), and 2.14 (1H, m) indicated the
presence of cyclobutyl [17], which was
confirmed by 'H-'H COSY experiment.
The signal at 6 2.05 (3H, s) indicated the
protons due to the methyl group. The '*C-
NMR spectrum of 1 exhibited 25 carbon
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signals, of which eight bithiophene carbons
appeared at 6 138.1, 136.7, 132.3, 127.8,
124.7, 123.2, 124.0, and 121.9, four thio-
phene carbons appeared at 6 133.3, 130.6,
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126.6, 122.0, along with eight ynyl carbons at
695.4,91.6,87.1,78.0,76.3,72.4,70.0, 67.4,
four cyclobutyl carbons at 6 33.4, 33.3, 26.9,
26.4 and a methyl carbon at 6 4.6. In the

Table 1. 'H (600 MHz, CDCl5) and ">C (150 MHz, CDCl;) NMR spectral data of compounds 1 and 2.
1 2

Position S(H) S(C) Position 6(H) B(C)
2 138.1 2 145.5
3 7.02 (d, J = 3.6Hz) 123.2 3 7.03 (d, J = 3.8Hz) 128.2
4 7.04 (d, J = 3.6 Hz) 132.3 4 7.14 (d, J = 3.8 Hz) 132.2
5 121.9 5 141.9
2/ 136.7 2/ 136.2
3/ 7.16 (dd, J = 3.2, 0.9 Hz) 124.0 3 7.18 (dd, J = 3.1,0.9Hz) 125.6
4 7.02 (dd, J = 4.4, 3.2 Hz) 127.8 4 7.02(dd,J=52,3.1Hz) 1264
5/ 7.23 (dd, J = 4.4, 0.9 Hz) 124.7 5/ 7.25(dd,J=52,09Hz) 124.1
la 76.3 1" 191.6
2a 95.4 2! 2.99 (t, J = 3.2 Hz) 35.2
1b 3.34 (m) 33.44 3" 2.15 (m) 22.1
2b 3.32 (m) 33.34 47 4.19 (t, J = 3.2Hz) 63.2
3b 2.29 (m, H,), 2.16 (m, Hy,) 26.98 1 173.0
4b 2.31 (m, H,), 2.14 (m, H;,) 26.48 2 2.20 (d, J = 2.8 Hz) 43.3
le 87.1 3 2.14 (m) 25.6
2¢ 67.4 qm 0.97 (d, J = 6.4 Hz) 223
3¢ 78.0 5" 0.97 (d, J = 6.4 Hz) 23.6
4c 70.0

2d 122.0

3d 7.10 (d, J = 4.0Hz) 133.3

4d 6.92 (d, J = 4.0Hz) 130.6

5d 126.6

le 72.4

2e 91.6

3e 2.05 (s) 4.6

A, B: the signals can be exchanged.
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Figure 2. 'H—'H COSY (==) and key HMBC (H — C) correlations of 1 and 2.

HMBC experiment (Figure 2), the long-range
correlation between H-4 (7.04) and C-la
(76.3) indicated that C-1a was connected with
the bithiophene at C-5. In addition, the long-
range correlations between H-1b (8 3.34) and
C-2a(695.4), H-2b (63.32) and C-1c (6 87.1)
indicated the linkage of C-1b with C-2a, as
well as C-lc with C-2b. The long-range
correlation between H-3e (6 2.05) and C-5d
(6 126.6), as well as H-4d (6 6.92) and C-1e (6
72.4) indicated that C-1e was connected with
the C-5d. From the above data, the structure
of 1 was elucidated as 5-[2-[4-(5-propy-
neylthiophen-2-yl)buta-1,3-diynyl]cyclobu-
taneyl]ethynyl]-2,2'-bithiophene.

Compound 2 was obtained as green
powder. Its molecular formula C;;H,¢S,03
was determined by the pseudomolecular ion
peaks at m/z 336 ([M]") in the EIMS and
336.0838 ([M]") in the HREIMS. The
structure of 2, grijisone A, was established
based on analysis of 'H and *C NMR,
HMQC, HMBC, and '"H-"H COSY spectral
data (Table 1 and Figure 2).

The UV absorption maxima of 2 at 375,
262, and 220 nm showed the presence of a
bithiophene group. Furthermore, the IR
spectrum showed the presence of a 2-
monosubstituted thiophene (839, 717 cmfl)
and a 2,2-bithiophene moiety (801 cmfl;
[4]), which was further confirmed by '"HNMR
signals at 6 7.25 (1H, dd, J = 5.2, 0.9Hz),
7.18 (1H, dd, J = 3.1, 0.9Hz), 7.14 (1H, d,

J=3.8Hz), 7.03 (1H, d, J=3.8Hz), and
7.02 (1H, dd, J = 5.2, 3.1 Hz). Besides, the 'H
NMR spectrum of compound 2 exhibited
signals of two CHj3 groups at §0.97 (3H, s, 4"~
CH;) and 0.97 (3H, s, 5"-CHj;), four CH,
groups at § 4.19 (2H, t, 4"-CH,), 2.99 (2H, t,
2"-CH,), 2.20 (2H, d, 2""-CH,), and 2.15 (2H,
m, 3"-CH,), as well as one CH group at §2.14
(1H, m, 3"-CH). IR absorption bands at 1729
and 1655cm™ ' and >C NMR signals at &
191.6, 173.0 indicated that 2 has two carbonyl
groups (including one ester carbonyl group,
C-1"), The *C NMR spectrum showed 17
carbon-signals, attributed to 8 bithiophene C-
atoms, 1 methenyl, 4 methylenes, 2 methyl,
and 2 carbonyl groups. Analysis of the 'H—'H
COSY and HMQC spectral data of 2 led
to the identification of two partial
structures: a (—CH,—CH(CH;)—CHj;) and
b (—CH2—CH2—CH2—). The HMBC cor-
relations between H-3" and C-1”, and H-3"
and C-1" suggested the presence of buta-1-
onyl and isovaleroyloxy. Based on HMBC
correlations from H-4 to C-17, H-2" to C-53,
H-4" to C-1", buta-1-onyl and isovaleroyloxy
were located at positions C-5 and C-4",
respectively. Thus, on the basis of the above
conclusions, the structure of compound 2 was
determined as 5-[(4-isovaleroyloxy) buta-1-
onyl]-2,2'-bithiophene.

Compounds 1 and 2 were tested for their
anti-tumor activities against different human
tumor cell lines. The ICsqy values are
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summarized in Table 2. Compound 2
exhibited moderate anti-tumor activities
against HL60, K562, and MCF-7. However,
compound 1 was active only to HL60 and
K562, and the ICsy values were higher than
those of compound 2.

3. Experimental
3.1 General experimental procedures

Melting points were measured on a Yamaco
hot-stage (Japan) and are uncorrected. UV
spectra were performed on a HITACHI U-3010
spectrometer (Japan). IR spectra were obtained
by using a Bruker Vector 22 FTIR (Germen)
spectrophotometer. NMR spectra were
recorded on a Bruker Biospin AMX (Switzer-
land) using TMS as an internal standard.
HREIMS data were performed on a JEOL JMS
SX-102A mass spectrometer (Japan). Prepara-
tive HPLC separations were performed on an
Agilent 1100 (American) with column Zorbax
SB-Ci3 (21.2mm X 250 mm, 10 pm, Amer-
ican). Silica gel for chromatography was
produced by Qingdao Ocean Chemical Group
Co. (Qingdao, China).

3.2 Plant material

The roots of E. grijissi were collected in
Bozhou, north of Anhui province, China, in
June 2006. The plant material was identified
by the authors, and a voucher specimen
(EGHO060703) has been deposited in the
herbarium of the Institute of Pharmaceutical
Informatics, College of Pharmaceutical
Sciences of Zhejiang University.

3.3 Extraction and isolation

The air-dried roots (14.3kg) were split into
pieces, and extracted with 95% ethanol for
three times, each for 3h. The extract was
concentrated to give a brown residue
(434.5 g), which was suspended in distilled
water (41) and then partitioned with dichlor-
omethane (3 X 21) and n-butanol (3 X 21)
successively. The dichloromethane fraction
(132.2 g) was subjected to column chroma-
tography over silica gel (5 X 50cm, 300—
400 mesh, 1.0kg), eluted with petroleum
ether (60—90°C)/EtOAc to obtain fractions
A-J(1:0,200:1, 100:1, 50:1, 30:1, 20:1, 10:1,
5:1, 1:1,0:1, each 31). fractions C and D (total
35.0 g) were combined according to the TLC
analysis and separated on a silica gel column
(5 X 50cm, 300-400 mesh, 300g) eluted
with petroleum ether/EtOAc (100:1, 50:1,
20:1, 10:1, each 11) to give subfractions.
Then subfraction CD-1 was separated by
preparative  HPLC using acetonitrile/H,O
(90:10) as elution to obtain compound 1
(5.2mg, tg = 22.6 min). Fraction E (5 g) was
separated by preparative HPLC using
acetonitrile/H,O (85:15) as elution to yield
compound 2 (4.8 mg, tg = 13.5 min).

3.3.1 Compound 1

Yellow powder (CDCl3), mp 134.2—135.0°C.
UV (MeOH) Ama (loge): 3404 (4.2),
250.6(3.5) nm. IR (KBr pellet) vy 2192,
796, 836, 674cm '. For the 'H NMR
(600 MHz, CDCl;) and >C NMR (150 MHz,
CDCl;) spectral data see Table 1. HREIMS:
mlz 412.0429 [M]t (caled for C,sHeSs,
412.0414). EIMS: m/z 413.0 (100), 414.0
(28.5), 415.1 (12.9), and 166 (5.6).

Table 2. 1Csq values for cytotoxicities of compounds 1 and 2 against different cell lines (‘=" means ICsq

50 pg/ml).
ICso
Cell lines 1 (pg/ml) 2 (pg/ml) Platinol (pg/ml) Adriamycin (pg/ml)
HL60 21.2 19.6 2.3
K562 35.2 18.9 2.6
MCEF-7 - 28.7 2.1
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3.3.2 Compound 2

Yellow powder (CDCl;), mp 62.3-62.7°C.
UV (MeOH) \ . (log &): 375 (4.3),262 (3.2),
and 220 (3.6) nm. IR (KBr pellet) v,.x 1729,
1655, 839, 801, 717cm ™. For the 'H NMR
(600 MHz, CDCl5) and >C NMR (150 MHz,
CDCl3) spectral data see Table 1. HREIMS:
mlz 336.0838 [M]" (calcd for C,7H,,05S,,
336.0854). EIMS: m/z 336.1 (100), 337.1
(19.8), 338.0 (10.4), and 166 (4.3).

3.4 Determination of cytotoxicity

The cytotoxicities of compounds 1 and 2 were
tested against different human tumor cell
lines. The cytotoxic activity of the isolated
thiophenes against HL-60 and K562, eval-
uated by a modification of the sulforhodamine
B assay [18], and MCF-7, were assessed by
using the method described in the literature
[19]. Compound 2 exhibited moderate anti-
tumor activity against HL60, K562, and
MCE-7 with ICsq values of 19.6, 18.9, and
28.7 pg/ml, respectively. Compound 1 was
active only to HL60 and K562 with ICs,
values of 21.1 and 25.2 pg/ml, respectively.
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