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Abstract: Phytochemical study on the ethanol extract of Gecumae Radix pieces, authenticated as the
radixes of Curcuma wenyujin Y.H. Chen et C. Ling, led to the isolation of twa@w sesquiterpenes,
(1R,4R,55,79-curwenyujinong1l) and zedoalactone £2), along with five known sesquiterpenes, zedoataeto

E (3) , zedoarolide B 4), gweicurculactone5j, curdionolide A 6), curcumenone7) and one diterpene
compound, curcuminol D8]. Their structures were elucidated on the basiexténsive spectroscopic analysis
and computational ECD simulations.
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1. Introduction

C. wenyujin belongs to the Zingiberaceae family and is a comrioaditional Chinese
Medicine (TCM) that has been used to treat the €dkeyndromes (various syndromes caused by the
obstruction of blood circulation such as arthralgigychataxia, and dysmenorrhea) [1] for thousands
of years. The genuSurcuma has been reported to be rich in diarylheptanaidssesquiterpenoids [2-
5]. These substances showed various pharmacologioaperties, such as anticancer [6,7],
vasorelaxant [8], heptoprotective [9], anti-inflamwory [10,11] and immunological activities [12].
There were also reports about the antidepresstatt eff curcumin [13] which is considered one of
the major constituents @urcuma radixes. However, study about the chemical armalggcurcuma
drugs showed that curcumin @ wenyujin was hardly detected [14]. So, maybe there existroth
constituents involved in the antidepressant efféctrcuma radixes.

In order to study the bioactive constituents witlidepressant effect, we have investigated the
Curcumae Radix pieces (Yujin pieces), authenticatedthe radixes oCurcuma wenyujin, and
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obtained two new sesquiterpenes together with sowk compounds. This article mainly describes
the isolation and characterization of these comgsun

2. Materialsand Methods
2.1. Apparatus and reagents

All reagents were of HPLC or analytical grade andravpurchased from Tianjin Damao
Chemical Company. Column chromatography (CC):aiiel (SiQ.200-300/400-500 mesh, Qingdao
Marine Chemical Factory, Qingdao, China); Sephadd®-20: (GE Healthcare UK Ltd,
Buckinghamshire, England); TLC: silica gel GF2540($400-500 mesh, Qingdao Marine Chemical
Factory, Qingdao, China). Prep. HPLC: Waters 248BS column (C-18, &xm, 2510 mm). IR
Spectra: Spectrum 65 spectrometer (PerkinElmer thata, MA, USA). UV and CD: Jasco J-815
polarimeter (JASCO Corporation, Tokyo, Japan). NMRperiments: BrukerAV-Ill spectrometer
(Bruker, Zurich, Switzerland). HR-ESI-MS: Synapt @fass spectrometer (Waters, Milford, MA,
USA).

2.2. Plant material

The Curcumae Radix pieces were obtained from Aragumty, Hebei province of P.R. China, in
June, 2010. The plant material was identified byf PFian-xiang Li, Tianjin University of Traditioha
Chinese Medicine, P.R. China. A voucher specimem @11224322) was deposited in the traditional
Chinese medicine research and development cenianjim university of traditional Chinese
medicine.

2.3. Extraction and isolation

C. wenyujin drugs (5 kg) were extracted successively with petroledihereand 70% EtOH. The
70% EtOH extract (142 g) was evaporated under estlycessure and distributed in water before
being partitioned with petroleum ether (PE), etlgétate (EA), and n-butanol (BU) Successively. The
PE fraction (10 g) was chromatographed on silidecgiimn, gradiently eluted with petroleum ether-
acetone (100:0-0:100) to obtain 13 fractions CP1ZHArraction CP4 was subjected to preparative
HPLC with C18 column using MeOH-B (63:37), then was purified by semi-preparative8Rvith
MeOH/H20 (41:59) to yield compourt (tg=150.63 min, 5.6 mg) and (tz=168.18 min, 13.2 mg).
Fraction CP9 was submitted to silica gel colummagsgpetroleum ether-ethyl acetate (5:1 to 0:1),
which afforded three sub-fractions CP91-CP93. CRE8 purified by semi-preparative HPLC using
MeOH-H,O (70:30) to obtain compoun8 (tx=59.85 min, 13.4 mg). The EA fraction (10 g) was
chromatographed on silica gel using the,CbEtMeOH gradient solvent system (100:0-0:100) to give
8 fractions CE1-CES8. Fraction CE2 was purified leplsadex LH-20 with MeOH to afford compound
5 (5.0 mg). Fraction CE4 was rechromatographed licagyel using a gradient of petroleum ether-
ethyl acetate (5:1-1:5) which gave 5 subfractidd&41-CE45). CE45 was further purified by semi-
preparative HPLC using MeOH-B (28:72) to yield compound (t,=60.82 min, 14.3 mg) an8
(tr=78.53 min, 4.8 mg). CE42 was subjected to prepardiPLC and further purified by semi-
preparative HPLC with MeOH/A® (42:58) to yield compoun@ (tg=50.95 min, 22.8 mg). CE6 was
submitted to Sephadex LH-20 (gE,-MeOH 1:1) and further purified by semi-preparatd@LC
with MeOH/H,O (18:82) to obtain compourt(tz=40.32 min, 6.0 mg).
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Figure 1. The chemical structures of compouried

(1R,4R,55 79-curwenyujinone 1): colorless oil. UV (MeOH)max 193, 341 nm; IR (KBrymay (CMi™):
3503, 2976, 2959, 2931, 2874, 1742, 1637, 146814304, 1384, 1357, 1158, 1099; CD (MeOH, ¢
=2.6¢10°) Amax (Ag): 230 (-10.29) nm; HRESI-MS1z 273.1467 [M+Nal] (calcd. for GsH,,NaO;™:
273.1461);'H NMR (600 MHz, DMSOds) and™*C NMR (150 MHz, DMSQOde): see Table 1.

zedoalactone H2J: colourless oil. UV (MeOH)max 223 nm; IR (KBr)vmax (ci): 3431, 2970, 2936,
2879, 2865, 2128, 1736, 1673, 1463, 1385, 13535,12156, 1109; CD (MeOH, ¢ =X90°) Amnax
(Ag): 207 (-16.18), 253 (-3.45) nm; HRESI-M®¥z 267.1595 [M+H] (calcd. for GsHxO4'™:
267.1591) Mz 289.1412 [M+Nal] (calcd. for GsHp,NaO,": 289.1410)*H NMR (600 MHz, DMSO-
ds) and**C NMR (150 MHz, DMSOdy): see Table 2.

2.4. Computational methods

Considering the free rotation of C7-C11 bond.jm stochastic conformational search was firstly
conducted using Discovery Studio 3.0 software dpplystandard settings of systematic method
(energy was set for 20) and three low energy coméos were found. Geometric optimizations of the
conformers were then finished with Gaussian 09gusiki1 method. The optimized conformers were
energy minimized with Gaussian 09 using the B3L¥dngity functional and a 6—-31G(d) basis set.
Time-dependent density functional theory (TDDFTicakations were performed using the B3LYP/6—
31G(d) optimized structures applying the B3LYP fiimeal and the same basis set. Finally, the
calculation results were boltzman averaged to yiedddepicted spectrum [15], the closest match with
the experimental CD spectrum.

Full output of the calculations can be obtainednftbe corresponding author on request.

3. Results and Discussion
3.1. Sructure elucidation

Curcumae Radix pieces were extracted successivitypetroleum ether and 70% EtOH. From
the crude extracts, two new sesquiterpenel,4R5S79)-curwenyujinone 1), zedoalactone H2J
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were isolated by a combination of column chromaipby and preparative HPLC, together with six
known compounds, zedoalactone & (16], zedoarolide B 4) [17], gweicurculactone5j [18],
curdionolide A 6) [19], curcumenone?j [20] and curcuminol D) [21].

Compoundl was obtained as a colorless oil. The moleculaméda of this compound was
assighed to be ¢H»,0;, as deduced from its HRESI-MSratz 273.1467 ([M+Nal], calcd. 273.1461)
and NMR data. The IR spectrum showed absorptiod$dne to a lactone ester (1742%na double
bond (1637 ci) and a hydroxyl group (3503 ¢ The 'H NMR spectrum showed four methyl
signal peaks including two singletsdat1.19, and 1.32, a triplet &t 1.68 (0 = 1.2 Hz), and a douplet
atoy 0.97 J = 6.6 Hz). In addition to this, there were an iolief proton singlet aby 5.70 (1H, br s),
and a hydroxyl singlet at,; 4.45 with none HSQC and HMBC correlations. Ti@NMR spectrum
displayed total fifteen C-atom resonances, commyishose for four Me groups, three Cgroups,
three CH groups (including one olefinic C-atomsi &ive quaternary C-atoms (including an olefinic
C-atoms, an ester CO group and two oxygenatedadlipbarbons). The presence of moieties A and B
were confirmed by a HMBC experiment, which showmsl ¢orrelations from H-14 (3, 0.97) to C-

3 (0c 30.1), C-4 §c 37.8) and C-54c 90.5), from H-2 (2Hgy 1.86, 1.38) to C-5, from H-15 (3
1.68) to C-1 §c 50.7), C-8 §c 122.3) and C-94¢ 139.3), indicating the presence of moiety A; the
other correlations from H-12 (3K, 1.31), H-13 (3Hpy 1.19) to C-7 §c 57.0) and C-114¢ 69.7),
from 11-OH (1H,04 4.45) to C-12dc 25.4), C-7 and C-11, and from H-6 (244,2.47, 1.79) to C-1,
C-7, C-5 and C-8, suggested the presence of mBietyhe planar structure df combining moiety A
and moiety B by 6, 8-carbon atoms, was deduced theHMBC correlations from H-6 to C-1, C-5
and C-8, and from H-8 (1K 5.70) to C-1, C-155¢ 20.7), C-6 {c 35.9) and C-7.

Table 1. *H NMR (600 MHz) and®C NMR (150 MHz) spectral data of compouhth DMSO-ds.

Position Jdc ou (JinH2)

1 50.7 252 (1H, dd,
8.4, 9.6)

2 23.5 1.86 (1H, m)
1.38 (1H, m)

3 30.1 2.05 (1H, m)
1.35 (1H, m)

4 37.8 2.11 (1H, m)

5 90.5 —

6 35.9 247 (1H, dd,
10.8, 1.2)
1.79 (1H, d,
10.8)

7 57.0 —

8 122.3 5.70 (1H, br s)

9 139.3 —

10 176.3 —

11 69.7 —

12 25.4 1.31 (3H, s)

13 27.0 1.19 (3H, s)

14 12.9 0.97 (3H, d, 6.6)

15 20.7 1.68 (3H, br s)

11-OH — 4.45 (1H, s)

The relative configuration df was obtained by a NOESY experiment, in which datiens of
Me-11/H-6x, Me-12/H-&, Me-4/H-&:, H-65/H-1 and H-@/H-4 indicated that H-1, £0 bond, H-4
werep-oriented and that £C,; bond, Me-4 were-oriented. Hence, the structureIotvas confirmed
as shown, named as curwenyujinone.
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Hys  CH
=y ,g—czf—goﬁ

NOESY
Figure 2. The main moieties and the Key HMBC and NOESY eations of compoundl.

Finally, the absolute stereochemistry lofvas established based on the following CD spectral
evidence. Some 45 years ago based on the lactotoe sele derived by Klyne and co-workers, A. C.
Beecham [22,23] proposed an important and simplee@ipirical rule that the sign of the—m*
Cotton effect in bridged ring lactones based onftiegclo [3,2,1] octane skeleton depends upon the
location of G relative to the planar lactone system, while cimapshe seven-membered ring as the
object of observation. If Os above the lactone plane, the sigh of therh Cotton effect (~225 nm)
is positive, otherwise the sigh is negative. The &@ibve ofl showed a negative Cotton effect (230
nm, MeOH) that attributed to the lactonesn* transition. Furthermore, experimental CD spectiafm
1 was compared to the theoretical spectra of tRAR5S 7S)-enantiomer of compountobtained by
time-dependent DFT quantum mechanics (TDDBJ3LYP/6-31G(d)]. The excellent agreement of
the experimental and simulated spectra (Graph dfirooed the above empirical deduction. This,
was assigned asRRUR,5S,7S)-curwenyujinone.
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Graph 1. The UV, experimental and simulated CD curvesashpgoundl.

Compound 2 was isolated as a colourless oil, withokecular formula assigned ass,,0, on
the basis of HRESI-MSn§z 267.1595 [M+H], calcd. 267.1591wz 289.1412 [M+Nal], calcd.
289.1410) and NMR data. Its IR spectrum had absorgiands at 3431, 1736, 1673 and 1109 cm
suggesting the presence of hydroxy anftunsaturated-lactone functionalities. ThéH and *°C
NMR of 2 resembled those @& (Table 2), a known one firstly isolated by Lougfoup in 2009 [15].
Thus, 2 was considered to be a stereocisomer of zedoaldfo@), and this was confirmed by 2D
NMR spectra, showing the same correlations as thms&. The relative configuration o2 was
determined by NOE correlations. The NOE correlatibhi-1/H-5 indicated that the H-1 and H-5 had
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a cis-configuration. Furthermore, the correlations oft&fH-1 and H-8/H-15 suggested that H-1, 5,
and 8 were in the same-orientation and were randamskigned ags-orientation. While the
correlations of H-6/H-8 and H-6/H-14 concluded that H-14 and H-8 were in the tramentation.
Thus, compoun@ was determined to begg40n-dihydroxy-1,5,86H-guai-7(11)-en-12,8-olide, named

as zedoalactone H.

Table 2. "H NMR (600 MHz) and*C NMR (150 MHz) spectral data of compoud in DMSO-d.

2 3
Position dc on (Jin Hz) dc on (Jin Hz)
1 52.0 2.50 (1H, dd, 7.8, 10.4) 52.0 2.77 (1H, m)
5 24.9 1.65(1H, m) 24.5 1.59 (1H, m)
1.47 (1H, m) 1.27 (1H, m)
38.1 1.58 (1H, m) 37.3
3 1.65 (1H, m) 1.54 (2H,t, 7.8, 6.7)
4 80.3 — 80.4 —
5 50.3 1.86 (1H, ddd, 3.6, 7.8, 13.847.4 2.07 (1H, dd, 4.8, 10.2)
6 246 1.95(1H,t, 12.6) 24.5 2.63 (1H, dd, 18.0, 4.8)
2.60 (1H, dd, 3.6, 12.0) 2.30 (1H, dd, 10.2, 18.0)
7 163.4 166.0
8 80.8  4.97 (1H, m) 79.5 5.19 (1H, d, 10.8)
9 38.8 2.28 (1H, dd, 7.2, 15.0) 40.7 1.62 (1H, dd, 11.4, 13.2)
1.73 (1H, dd, 3.6, 15.6) 2.04 (1H, ddd, 1.8, 3.6, 10.2)
10 720 — 71.0 —
11 120.8 — 120.4 —
12 175.0 — 174.5 —
13 8.2  1.69(3H,d, 1.8) 8.8 1.70 (3H, s)
14 25.2  1.20 (3H, s) 25.7 1.23 (3H, s)
15 30.5 1.10 (3H,s) 32.2 1.16 (3H, s)
-OH — 4.40 (1H, br s) — 4.73 (1H, br s)

4.13 (1H, br s)

4.37 (1H, br s)

HMBC
NOESY

Figure 3. The key HMBC and NOESY correlations of compo@nd

Other six known compounds were also identified bmparison of their spectroscopic data with
those reported in the literatures. The chemicakstires of compounds-8 are shown in Figure 1.
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