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YONG-HONG WANG* and ISABELLA FOURASTE"
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Pharmaceutical Industry, Shanghai 200040, China
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Two new constituents with a novel basic skeleton were isolated rom Erigeron breviscaprs.
On the basis of chemical and spectroscopic cvidences. the structures of the ncw compounds
were clucidated as 1R 3R-dihydroxy-4S,5R-dicafieoyloxy ¢yclohexane carboxylic acid methyl
ester (V). t.d-dihvdroxy-3R.SR-dicaffeoyloxy cvclohexane carboxylic acid methyl ester (V1)

Kevwards: Erigevon breviscapus: Compositae: Caffeovl conjugation

INTRODUCTION

Frigeron breviscapus (Vant.) Hand-Mazz is a Chinese traditional medicine.
The whole herb is used as a drug to treat a variety of paralysis and its
sequelae [1). Many erigerosides have been isolated previously in this plant
[2 -4]. Previous research works indicated that scutellarin in this plant was
the bioactive constituent for treating apoplexy of the brain [1]. This paper
reports the isolation and structural elucidation of two new caffeoyl conju-
gates (V. VI) from the cthyl acetate soluble fraction of the ethanolic extract
of Erigeron breviscapus.

*Corresponding author. Tel.: 86-21-25070336. Fax: 86-21-63493819.
E-mail: WangY Hk @ online.sh.cn
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RESULTS AND DISCUSSION

The EtOH extract of the powdered whole plant was partitioned with petro-
leum ether, CHCl;, EtOAC and n-BuOH. The EtOAc fraction was fur-
ther subjected to silica gel chromatography to afford compounds V and VI
(Figs. 1 and 2).

Compound V was isolated as a yellow amorphous powder with chemical
composition C,6H,0,, deduced from '*CNMR, DEPT and MS (FAB and
EI). Its IR spectrum indicated the presence of hydroxyl groups (IR 3000-
3600cm ') and ester groups (IR 1690,1700,1720cm™"). The '*CNMR
spectrum also gave the evidence of three carbonyl groups (175.14, 168.45,
167.93 ppm). The '"HNMR and '*CNMR spectra (Table I) indicated the
presence of two caffeoyls [5]. Based on the *CNMR and DEPT spectra, the
remaining carbons showed a methoxy (53.09 ppm), a carbonyl (175.14 ppm),
two methylene carbons (38.29,38.59 ppm), three tertiary carbon atoms
{78.67,74.95,69.01 ppm) and a quaternary carbon (75.83 ppm). The spectral
data mentioned above suggested that compound V is most likely composed
of one nucleus of subunit A bearing two caffeoyl groups B and C. The
structure of subunit A was elucidated by DEPT, 'H-'H COSY, 'H-'3C

3 9
HO—X
HO ¢ 5
FIGURE 1 Structure of compound V.
HO.. ,C-OCH;
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FIGURE 2 Structure of compound VI
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TABLE 1 'HNMR. "CNMR chemical shifts of compound V in CD-0OD

HiC N O B¢
'H J (Hz) B 'H J (Hz) e Vi J(Hz) ¢

I 75.83 168.45 167.93

2 Ha 2.08(dd) 13.84,6.23 38.29  6.26(d) 1582 11470 6.14(d)y 1553 114.56

He2.3(dd) 13.84.1.45

3 4.35(m) 78.67  7.85(d) 1582 149.64 7.57td) 1553 149.38

4 5.11(dd) 8.19.3.02  74.95 127.66 127.52

s 5.53(m) 69.0 7.01(d) 171 L1517 7.00(d) 1.6 11517

6 2.24(m) 38.59 146.68 146.68

7 149.64 149.5%

8 6.88(d) 8.5 11647 686(d) 821 11647

9 6.91(dd)  8.15.1.71 123.11 6.89(dd) 8.21.1.6 123.11

CO 175.14

OCH; 53.09

correlation and COLOC techniques. The 'H "'CNMR correlation revealed
the direct attachment between protons and carbons. It afforded an initial
assignment of the protons in the subunits A, B and C. According to the chem-
ical shifts of carbons and protons, the oxygen-bearing and non-oxygen-
bearing could be distinguished. In the subunit A. three tertiary carbons
(78.67.74.95,69.01 ppm) and one quaternary carbon (75.83 ppm) were con-
nected with oxygen. The 'H—'"H COSY showed the coupling correlation
in subunit A. In the '"H-'"H COSY, the H-23 (2.08 ppm. dd. J=13.84,
J—6.23Hz) and H-2a (2.3 ppm. dd, J=13.84, J=1.45Hz) proton signals
correlating with the H-3 (4.35ppm, m, J=6.23, 1.45,8.19 Hz) signals indi-
cated that C-2( -CH,—) is connected with the C-3( CH ). That the H-3 had
a very strong contour with H-4 (5.11 ppm, dd, J=—8.19,3.02 Hz) suggested
that C-3(—CH--) connected with C-4(—CH-), which in turn gave a cross-
peak with H-5 at é 5.53. H-S revealed the coupling correlation with H-6
(2.24 ppm, m, 2H). But H-6 had no coupling contours with H-2. So the
subunit A consisted of six carbons with partial structure —-CH>,—-CH-CH-
CH-CH,—C—. The COLOC spectrum showed that two methylene carbons
connected with a quaternary carbon (75.83 ppm) and two caffeoyl attached
to C-5 and C-4. The quaternary carbon at 6 175.14 and the methoxy group
at & 53.09 were assigned to be a methoxycarbonyl (CH:O0C-). which was
attached to the C-1. This was supported by the COLOC spectrum. In the
COLOC spectrum, carbonyl at 6 175.14 had strong cross-peak with H-2 and
H-6. The planar structure of compound V was thus elucidated.

The relative stereochemistry of compound V has been assigned based on
the analysis of coupling constants and NOESY spectrum. In the "HNMR
spectrum the coupling constants between H-4 and 11-3 (/,, — 8.19 Hz), H-4



19: 54 22 January 2011

Downl oaded At:

286 WEI-DONG ZHANG et al.

and H-5 (J,. =3.02 Hz), 11-2 and H-3 (J,, = 6.23 Hz, J,. = 1.45 Hz) revealed
that in the subunit A the protons were H-3a, H-44, H-53. On the basis of
the proton coupling constants and the NOESY spectrum, that hydroxy con-
nected with C-1 was « configuration. The structure of compound V was thus
assigned to be |R,3R-dihydroxy-4S,5R-dicaffeoyloxy cyclohexane carbox-
vlic acid methyl ester.

Compound VI was isolated as a yellow amorphous powder with chemical
composition CoH260,, deduced from '>*CNMR, DEPT and MS (FAB and
EI). Its IR, '"HNMR and *CNMR spectra were remarkably reminiscent of
compound V. IR spectrum showed the presence of hydroxyl groups (IR
3000-3600cm ") and three ester groups (IR 1690,1700,1725cm ). The
'"HNMR and "*CNMR specira indicated the presence of two caffeoyls [5].
On the basis of '"HNMR, ""CNMR and DEPT spectra, subunit A of
compound VI bore two caffeoyl, two hydroxy and one methoxycarbonyl.
These were just like compound V. Comparing with compound V, chemical
shifts of H-2 (6 2.19) and H-6 (4 2.21) revealed that they had almost identical
values. By the 'H-'H COSY, subunit A of compound VI was also eluci-
dated to be composed of the structure of —-CH,—-CH-CH-CH-CH,-C-.
In the COLOC spectrum, H-3 at 6 4.35 showed the coupling correlation
with a carbonyl of caffeoyl (6 168.45), H-5 (4 5.53) correlated to the other
carbonyl of caffeoyl (6 167.93). This was the reason why the chemical shifts
of H-2 and H-6 were identical, thus the hydroxy connected with C-4. On
the basis of "H-"H COSY, '"H-'°C correlation spectra and COLOC tcch-
niques, all the chemical shifts of carbons and protons were assigned
(Table II). The NOESY spectrum and the proton coupling constants
revealed that the relative configuration of compound VI was the same as

TABLE IT 'HNMR., >CNMR chemical shifts of compound VI in CD;0D

HIC ba 5n 5

'H J(Hz} Be 'H JHz PC 'H JHz) P
1 74.64 167.98 168.73
2 2.19(m) 3678  621(d) 1592 11481 633(d) 1589 115.38
3 5.35(m) 7208 7.54(d) 1592 14737 7.62(d) 1589 147.09
4 3.98(dd) 3.17.6.77 69.81 127.56 127.81
5 5.41(m) 71.98  7.06(d) 20 11514 7.06(d) 20 11514
6 2.24(m) 35.63 146.65 146.65
7 149.56 149.40
8 6.79(d)  8.17 11646 6.76(d)  8.12  116.45
9 6.96(dd) 8.17,2.0 123.05 6.93(dd) 8.12,2.0 122.99

-CO- 175.59
—-OCH; 53.03
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that of compound V. The structure of compound VI was clucidated as 1.4-
dihydroxy-3R.5R-dicaffeoyloxy cyclohexanc carboxylic acid methyl ester.

EXPERIMENTAL SECTION

General Experimental Procedurces

Melting points were measured on a ZMD 83-1 clectric hot-stage and are
uncorrected. IR was tested by Hitachi 275-50. NMR spectra were acquired
on Bruker AC-300, TMS as internal standard. EI-MS and FAB-MS data
were obtained on a Varian MAT 212, direct inlet method. Chromatographic
column: silica gel H (10--40 p, made in Qing Dao Oceanic Chemical Industry).
TLC: silica gel H (10-40 ), spots were visualized by spraving with 10%
H-SO, followed by heating.

Plant Material

Erigeron breviscapus (Vant.) Hand-Mazz was collected at Yunnan province,
China. The species was identified by Dr. Qin Lu-Ping, Department of Phar-
macognosy. School of Pharmacy, Second Military Medical University.
Shanghai. where a voucher specimen is deposited.

Extraction and Isolation

Air-dried and powdered whole plant (50 kg) was extracted three times with
85% EtOH at room temperature. The extract was evaporated to dryness
under reduced pressure to get 1801 g of residue. After adding 2000 ml H-O
to the residue, the mixture was extracted with petroleum cther. CHCIs.
EtOAc and #-BuOH to give fractions P (132g), C (200¢g). E (398 ¢) and
N (280 g) respectively. Fraction E (198 g) was chromatographed on a col-
umn of silica gel (2000 g) eluting with petroleum cther containing gradually
increasing amounts of EtOAc to give fractions | 24, Fraction 16 was chro-
matographed on a column of silica gel with CHCls-CH-OH (10:1) as clu-
ent to vield two fractions 1 (550mg), 2 (700mg). These fractions were
further chromatographed on silica gel with CHCl: CH:OH (12: 1) to vield
compound V (130 mg), compound VI (140 mg).

Structure and ldentification

Compound V. CsHaOy2 yellow amorphous powder. m.p. 121 122 C.
Al = —1356 (=1 MeOH). IR #*B cm ' 3000 3600cm ¢ OH).

nmixs
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1690, 1700, 1720cm ™' (C=0), FAB-MS m/z: 531[M+1]", 553[M+Na]".
'"HNMR and '*CNMR see Table I. EI-MS m/z: 163[caffeoyl-OH]"(100),
180[caffeoyl]*(27), 350[M — caffeoyl] *(4), 153[M — 2caffeoyl-OH]* (4).
Compound VI, CysH»601; yellow amorphous powder, m.p. 116-117°C.
[a]y = —81 (¢c=1, MeOH). IR vEBr cm~!: 3000-3600 cm™'(OH), 1690,
1700, 1725cm '(C=0). FAB-MS m/z: 531[M + 1]", 569[M+K]". 'HNMR
and "CNMR see Table II. EI-MS m/z: 163[caffeoyl--OH]"(100),
350[M — caffeoyl]" (6), 180[caffeoyl]"(41), 153[M — 2caffeoyl-OH] ' (13).
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