
JOHN WILEY & SONS, LTD., THE ATRIUM, SOUTHERN GATE, CHICHESTER P019 8SQ, UK

*** PROOF OF YOUR ARTICLE ATTACHED, PLEASE READ CAREFULLY ***

After receipt of your corrections your article will be published initially within the online version of the journal.

PLEASE NOTE THAT THE PROMPT RETURN OF YOUR PROOF CORRECTIONS WILL
ENSURE THAT THERE ARE NO UNNECESSARY DELAYS IN THE PUBLICATION OF

YOUR ARTICLE

 READ PROOFS CAREFULLY

ONCE PUBLISHED ONLINE OR IN PRINT IT IS NOT POSSIBLE TO MAKE ANY FURTHER
CORRECTIONS TO YOUR ARTICLE

§ This will be your only chance to correct your proof
§ Please note that the volume and page numbers shown on the proofs are for position only

 ANSWER ALL QUERIES ON PROOFS (Queries are attached as the last page of your proof.)

§ List all corrections and send back via e-mail to the production contact as detailed in the covering e-mail,
or mark all corrections directly on the proofs and send the scanned copy via e-mail. Please do not send
corrections by fax or post

 CHECK FIGURES AND TABLES CAREFULLY

§ Check sizes, numbering, and orientation of figures
§ All images in the PDF are downsampled (reduced to lower resolution and file size) to facilitate Internet

delivery. These images will appear at higher resolution and sharpness in the printed article
§ Review figure legends to ensure that they are complete
§ Check all tables. Review layout, titles, and footnotes

 COMPLETE COPYRIGHT TRANSFER AGREEMENT (CTA) if you have not already signed one

§ Please send a scanned signed copy with your proofs by e-mail. Your article cannot be published
unless we have received the signed CTA

 OFFPRINTS

§ 25 complimentary offprints of your article will be dispatched on publication. Please ensure that the
correspondence address on your proofs is correct for dispatch of the offprints. If your delivery address
has changed, please inform the production contact for the journal – details in the covering e-mail.
Please allow six weeks for delivery.

Additional reprint and journal issue purchases

§ Should you wish to purchase a minimum of 100 copies of your article, please visit
http://www3.interscience.wiley.com/aboutus/contact_reprint_sales.html

§ To acquire the PDF file of your article or to purchase reprints in smaller quantities, please visit
http://www3.interscience.wiley.com/aboutus/ppv-articleselect.html. Restrictions apply to the use of
reprints and PDF files – if you have a specific query, please contact permreq@wiley.co.uk.
Corresponding authors are invited to inform their co-authors of the reprint options available

§ To purchase a copy of the issue in which your article appears, please contact cs-journals@wiley.co.uk
upon publication, quoting the article and volume/issue details

§ Please note that regardless of the form in which they are acquired, reprints should not be resold, nor
further disseminated in electronic or print form, nor deployed in part or in whole in any marketing,
promotional or educational contexts without authorization from Wiley. Permissions requests should be
directed to mailto: permreq@wiley.co.uk



Structural and Stereochemical Studies of a Tetralin
Norsesquiterpenoid from Ligularia kangtingensis
GUANGBO XIE,1* JIN TIAN,1 KATALIN E. KÖVÉR,2 ATTILA MÁNDI,3 AND TIBOR KURTÁN3*

1Department of Biotechnology, School of Life Science and Technology, University of Electronic Science and Technology of China, Chengdu, China
2Department of Inorganic and Analytical Chemistry, University of Debrecen, Debrecen, Hungary

3Department of Organic Chemistry, University of Debrecen, Debrecen, Hungary

ABSTRACT A chiral tetralin norsesquiterpenoid, ligukangtinol, was isolated from the plant
Ligularia kangtingensis. Its planar structure was determined by extensive analysis of spectro-
scopic data (MS, IR, and NMR), and (1S,3R) absolute configuration of the tetralin ring was
established by TDDFT-ECD calculations of the solution conformers. Conformational analysis
and ECD calculations proved that the semiempirical helicity rules of 6-hydroxytetralins correlat-
ing the 1Lb Cotton effect and P/M helicity of the fused carbocyclic ring correctly predicts the ab-
solute configuration and thus can be used for the configurational assignment of related
substituted tetralin derivatives. Chirality 00:000–000, 2014. © 2014 Wiley Periodicals, Inc.

KEY WORDS: chiral tetralin; inverse tetralin helicity rule; TDDFT-ECD calculation; Ligularia
kangtingensis; norsesquiterpenoid

INTRODUCTION
The genus Ligularia belongs to the Senecioneae tribe of the

Compositae family, and comprise ca. 100 species in China.1

More than 20 species in this genus have been used for a long
time as folk remedies for their antibiotic, antiphlogistic, and
antitumor activities.2 Phytochemical research on many species
of Ligularia have been reported by different groups, which
established that this genus is an important source of
sesquiterpens, many of which show antibacterial and antitumor
bioactivities.3–5 Ligularia kangtingensis S.W. Liu is an indige-
nous plant in the Sichuan province of China living in the grass
slopes at an altitude of near 4000m.6 Hereinwe report the struc-
ture elucidation of a new chiral tetralin norsesquiterpenoid,
ligukangtinol (1), isolated from L. kangtingensis.

MATERIALS AND METHODS
General and Instrumentation

Optical rotation was measured on a JASCO P-1020 polarimeter. The infra-
red (IR) spectrum was recorded on a Bruker (Billerica, MA) Tensor 27 FT-
IR spectrometer (KBr). Electronic circular dichroism (ECD) spectra were
obtained on a J-810 spectropolarimeter. High-resolution electrospray ioniza-
tion, mass spectrometry (HRESI-MS) was measured on a Waters Q-TOF
Premier. Nuclear magnetic resonance (NMR) (1D and 2D) spectra were
recorded on Varian Unity 400/54 instrument and Bruker-AMX 500.

Plant Materials and Isolation
The whole plant of Ligularia kangtingensis was collected from Kangding

County, Sichuan Province, People’s Republic of China, in August, 2010.
The plant was identified by Qin-Mao Fang, Institute of TCM Medicinal
Resources and Cultivation, Sichuan Academy of Chinese Medicine
Sciences. A voucher specimen (No. LK1008) was deposited in the School
of Life Science and Technology, University of Electronic Science and
Technology of China. Powderedwhole plants of L. kangtingensis (5 kg) were
extracted with 95% aq. ethanol under reflux. The extracts were concentrated
in vacuo to yield a residue, which was suspended in H2O and then extracted
with petroleum ether and EtOAc, respectively. The petroleum ether extract
(185g) was chromatographed over a silica gel column (2000g, 100-200mesh,
Qingdao marine chemical factory), eluted with a gradient solvent system
[CHCl3-MeOH (90:1-2:1)] to give 12 fractions (Fr.1-12). Fr. 4 (2.9g) was
chromatographed over a silica gel column (200–300mesh, 60g) eluted with

solvent systems of petroleum ether-acetone (5:1) and cyclohexane-EtOAc
(4:1) to afford compound 1 (24mg).

Ligukangtinol (1). Colorless oil; [α]D
20 + 46 (c 0.0035, MeOH); ECD

(MeCN, λ [nm] (Δε), c = 1.17 × 10�2): 283 (0.03), 274sh (0.03), 221sh
(0.42), 205 (0.68), 192 (�0.25); IR νmax (ethanol): 3421, 2926, 1739,
1593, 1462, 1281, 1087, 813 cm-1; 1H and 13C NMR in CDCl3, see Table T11;
HRESIMS m/z 275.1028 [M+K]+ (calcd for C14H20O3K, 275.4099).

Computational Section
Mixed torsional/low mode conformational searches were carried out

on the (1S,3R,9S) and (1S,3S,9S) diastereomers of 1 by means of the
Macromodel 9.9.223 software (Schrödinger, New York, NY) using a
Merck Molecular Force Field (MMFF) with an implicit solvent model
for chloroform. Geometry reoptimizations at B3LYP/6-31G(d) in vacuo
and B3LYP/TZVP levels of theory applying a Polarizable Continuum
Model (PCM) solvent model for acetonitrile followed by time-dependent
Density Functional Theory (TDDFT) calculations using various func-
tionals (B3LYP, BH&HLYP, PBE0) and TZVP basis set were performed
with the Gaussian 09 package.7 ECD spectra were generated as the
sum of Gaussians with 3000 cm–1 half-height width (corresponding to
ca. 13 nm at 210 nm), using dipole-velocity computed rotational
strengths.8 Boltzmann distributions were estimated from the ZPVE
corrected B3LYP/6-31G(d) energies in the gas phase calculations and
from the B3LYP/TZVP energies in the solvated ones. The MOLEKEL
software package was used for visualization of the results.9

RESULTS AND DISCUSSION
Ligukangtinol (1) was isolated as colorless oil with specific

rotation [α]D20 = +46 (c 0.0035, MeOH). Its molecular formula
was determined as C14H20O3 on the basis of HRESI-MS peak
of [M+K]+ at 275.1028 (calcd. 275.4099), indicating five
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degrees of unsaturation. The IR spectrum showed absorption
bands characteristic of hydroxyl groups (3421 cm-1) and a
benzene ring (1593, 1462 cm-1).
The 1HNMRdata (CDCl3, Table 1) showed distinct signals for

two methyls [δH 2.14 (3H, s); δH 1.26 (3H, d, J =7.6Hz)] and two
ortho aromatic protons [δH 6.65 (1H, d, J=8.0Hz); δH 6.96 (1H, d,
J= 8.0Hz)]. The 13C NMR data (CDCl3, Table 1) revealed 14
carbon resonances that were distinguished via DEPT and
HMQC data to be two methyls, three methylenes (including
one oxygenated carbon), five methines (including one oxygen-
ated and two aromatic carbons), and four aromatic quaternary
carbons (including one oxygenated carbon). The data men-
tioned above accounted for 4 out of 5 degrees of unsaturation,
indicating one additional ring in the structure of 1.
The planar structure for 1 was constructed by 2D NMR data

(Fig.F1 1). 1H-1H COSY data indicated the existence of a proton
spin system of -(O)CH-CH2-CH(CH (CH3)CH2OH)-CH2-. On
the other hand, the 1H and 13C NMR data (Table 1), together
with the correlation between the two aromatic protons in 1H-1H
COSY, showed the presence of one 1, 2, 3, 4 -tetra-substituted
phenyl ring. These two structural fragments mentioned above,
along with other isolated groups, could be connected by further
interpretation of HMBC data. The existence of two ring system
was confirmed by the HMBC correlations of H3-12/C-5a, C-5,
C-6; H-1/C-5a, C-8; H2-4/C-5a, C-5, C-8a. From the data above,
together with the chemotaxonomy of genus Ligularia, a pheno-
lic norsesquiterpenoid skeleton, the same as that of
ligudentatol,10 could be deduced for compound 1.
In HMBC spectrum, correlations between downfield

aromatic carbon (δC 153.2) and H-7 (δH 6.65), H-8 (δH 6.96),
H-12 (δH 2.14) indicated the position of the phenolic OH

(positive color test with ethanolic ferric chloride) as ortho to
C-5 methyl group. The other two hydroxyl groups, which
were deduced from the HRESI-MS and NMR data, were
placed at C-1 and C-10 based on the HMBC data. Thus, the
planar structure of 1 was determined as shown in Figure 1
and it was named lugikangtinol.
The relative configuration of 1 was determined by nuclear

Overhauser effect spectroscopy (NOESY) measurement and
3JH,H data supported by computational conformational analysis.
The 1-H proton showed NOE correlations with 8-H and both
2-H protons and it has a broad singlet signal in the 1H-NMR
spectrum suggesting its equatorial orientation. Thus, the
1-OH group adopted an axial orientation, by which it can
reduce the unfavorable van der Waals repulsion with the peri
8-H proton. The absence of characteristic NOE correlations
between 1-H and 3-H suggested the trans relative configuration
of the 1-H and 3-H, which was also confirmed by conformational
analysis and ECD calculations of trans-(1S,3R,9S)-1 and the
epimeric cis-(1S,3S,9S)-1. The conformational analysis of
trans-(1S,3R,9S)-1 using an initial MMFF conformational
search followed by reoptimization at the B3LYP/TZVP level
of theory with PCM solvent model for acetonitrile revealed that
in all the conformers the 1-OH is axial, while the C-3 substituent
is equatorial. A similar analysis of the cis-(1S,3S,9S)-1 showed
that all the conformers but one had 1,3-cis diaxial orientation
for the 1- and 3-H protons, which should give NOE correlations
between the latter protons. The β-4-H hadNOE correlation with
the 3-H and it has 18.0 and 6.9Hz 3JH,H values for the geminal
and vicinal couplings, respectively. The vicinal coupling of the
α-4-H could not be resolved (<1Hz) and it gave NOE with the
C-5 methyl group. These data indicated that the C-4 methylene
group is shifted upward, which distorted the half-chair confor-
mation of the fused carbocyclic ring and moved the β-4-H to a
quasi-axial position. This distortion also moves the 3-H toward
the equatorial orientation, which is reflected in the small 3 J2-
Hax,3-H coupling constant (4.0Hz). The lack of NOE correlation
between α-2-Hax and α-4-H supported that the half-chair confor-
mation is distorted by flipping C-4 upward. Interestingly, the
conformational analysis of cis- or trans-1 did not indicate any
distortion of the half-chair conformation even using the PCM
solvent model. Due to the relatively free rotation of the C-3
substituent, the relative configuration of the C-9 chirality center
could not be assigned and it was arbitrarily defined as (9S) for
the conformational analysis.
Compound 1 contains a substituted chiral tetralin chromo-

phore, the absolute configuration of which can be determined
by the 1Lb band Cotton effect (CE) of the fused benzene chro-
mophore in the ECD spectrum.11 In chiral tetralin derivatives
having no substituents on the fused aromatic ring, the 1Lb CE
is determined mainly by the P or M helicity of the fused
nonaromatic chiral ring defined by the ωC-8a,C-1,C-2,C-3 torsional
angle, which in turn is directed by the absolute configuration
of the fused ring (Fig. F22). Snatzke and Ho developed a so-called
helicity rule for the benzene chromophore of chiral tetralin
derivatives (Fig. 2),12 according to which if the benzene ring
is not further substituted, P helicity of the nonaromatic ring
leads to a positive CE within the 1Lb band and, vice versa, M
helicity is manifested in a negative one.
Snatzke et al.13,14 also showed that achiral substituents of

the benzene ring with large spectroscopic moment {e.g.
qOMe = +21 [(cmmol)/L]-1/2}15 in specific positions inverted
the helicity rule. This inversion was attributed to the change
of the direction of the sum spectroscopic moment15–18 vectorFig. 1. Structure and key 2D NMR correlations of ligukangtinol (1).
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TABLE 1. 1H and 13C NMR data (400/100MHz) for com-
pound 1 in CDCl3

Position δC
a δH

a (multi, J in MHz)

1 70.6 (CH) 4.67 (1H, br s)
2 25.7 (CH2) 1.50 (1H, d, 13.0)

2.41 (1H, dt, 13.0, 4.0)
3 30.8 (CH) 2.12 (1H, m)
4 34.7 (CH2) 2.66 (1H, d, 18.0)

2.95 (1H, dd, 18.0,6.9)
5 120.7 (C) —

5a 138.5 (C) —

6 153.2 (C) —

7 112.8 (CH) 6.65 (1H, d, 8.0)
8 128.2 (CH) 6.96 (1H, d, 8.0)
8a 127.0 (C) —

9 36.0 (CH) 1.59 (1H, m)
10 62.8 (CH2) 3.19 (1H, d, 12.0)

3.47 (1H, dd, 12.0, 3.6)
11 18.7 (CH3) 1.26 (3H, d, 7.6)
12 10.7 (CH3) 2.14 (3H, s)
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which gives the electric transition moment vector (μ); i.e., the
translation of the electron charge during the transition. In
Snatzke’s terminology, achiral ring substituents can induce
the inversion of the original helicity rule, which is the
consequence of rotating the electric transition moment by
approximately 30°. FigureF3 3a shows a polarization diagram of
the tetralin chromophore in which the addition of the spectro-
scopic moments oriented the electric transition moment along
the direction of the C-2 axis of the chromophore, which gives a
positive 1Lb-band CE for P helicity of the nonaromatic ring

(helicity rule of unsubstituted tetraline). In contrast, when
tetralin has only one methoxy or hydroxy group at C-6, the
sum of the spectroscopic moments rotates the electric transi-
tion moment by approximately 30°, which leads to a sign
inversion as shown in Figure 3b. It was demonstrated that
5,8- and 6,7-disubstituted and 5,6,7-trisubstituted tetralins
follow the same helicity rule as the unsubstituted tetralin,
while 6-monosubstituted, and 5,6- and 5,7-disubstituted
tetralins obey the inverse one (Fig. F44).13,14

Since the C-5 methyl group has low spectroscopic moment
and it does not interfere with the helicity rule, compound 1

Fig. 3. Polarization diagram of the 1Lb band, direction of the overall spec-
troscopic moment and helicity rule of (a) tetralin, (b) 6-hydroxytetralin.

Fig. 4. Effect of achiral ring substituents of large spectroscopic moment
(e.g., OMe) on the tetralin helicity rule.

Fig. 2. Snatzke’s helicity rule or correlation between the sign of the second
sphere contribution of tetralin and the 1Lb band CE. The arrow indicates the
direction of the overall spectroscopic moment. P and M helicity refer to the
absolute conformation of the nonaromatic ring.

Fig. 5. Low-energy conformers (>1%) of trans-(1S,3R,9S)-1 optimized at B3LYP/TZP level of theory with PCM model for MeCN.
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should follow the same inverse helicity rule as chiral 6-hy-
droxy tetralins. Thus, the measured positive 1Lb band CE de-
rives from M helicity of the fused carbocyclic ring and trans
relative configuration of the equatorial C-3 substituent and
the axial 1-OH implies (1S,3R) absolute configuration. The

remote C-9 chirality center has negligible influence on the
ECD spectrum and hence it does not disturb the helicity rule.
In order to confirm the application of the inverse tetralin

helicity rule for the configurational assignment of 1, TDDFT
ECD calculations were carried out on the computed solution

Fig. 6. Experimental and B3LYP/TZVP ECD spectra of (a) trans-(1S,3R,9S)-1 and (b) cis-(1S,3S,9S)-1 obtained as the Boltzmann-weighted average of the
computed low-energy solution conformers. Bars represent rotational strength of the lowest-energy conformer.
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Fig. 7. Low-energy conformers (>1%) of cis-(1S,3S,9S)-1 optimized at B3LYP/TZP level of theory with PCM model for MeCN.
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conformers of trans-(1S,3R,9S)-1. Above 2% population, nine con-
formers of trans-(1S,3R,9S)-1were identified after reoptimization
at the B3LYP/TZVP level of theory with PCM solvent model for
acetonitrile (Fig.F5 5). In all the conformers, the fused carbocyclic
ring hadM helicity (ωC-8a,C-1,C-2,C-3 =�48.4° for the lowest-energy
conformers) with axial 1-OH and equatorial C-3 substituent. The
conformers differed in the orientation of the C-3 substituent.
Then ECD spectra of the conformers were calculated using
various functionals (B3LYP, BH&HLYP, PBE0) and the TZVP
basis set, which consistently reproduced the experimental
solution ECD spectrum including the characteristic positive 1Lb
band (Fig.F6 6). Thus, the (+)-(1S,3R) absolute configuration of 1
and the effect of the C-6 hydroxyl group on the 1Lb band CE of
1 was unambiguously confirmed.
Since solution conformers of cis-(1S,3S,9S)-1 had been

already computed to aid the assignment of the relative config-
uration, their TDDFT-ECD calculations were also performed
(Fig. 5). Above 1.0% population, 10 conformers were obtained,
in all of which the C-3 substituent was equatorial and except
for conformer F (5.3%), the 1-OH also adopted the equatorial
position (Fig.F7 7). Thus, except for conformer F, the fused
carbocyclic ring of the conformers had P helicity with ωC-8a,

C-1,C-2,C-3 = 49.9° for the lowest-energy conformer (35.8%). In
accordance with the inverse tetraline helicity rule, the
Boltzmann-weighted TDDFT-ECD spectra of cis-(1S,3S,9S)-
1 produced a negative 1Lb band CE, opposite to that of the
experimental one, while positive CEs were computed in the
250� 200 nm range (1La and 1B) but their relative intensities
were different from the experimental ones.

CONCLUSIONS
The TDDFT-ECD calculations of (+)-lugikangtinol (1)

confirmed that the sign of the 1Lb band CE is characteristic of
the helicity and hence the absolute configuration of the fused
nonaromatic ring and the semiempirical helicity rules of chiral
substituted tetralins are useful in determining the absolute
configuration when the effect of the aromatic substitution
pattern on the sign of the 1Lb band CE is properly considered.
The substituted chiral tetralin chromophore is found in
pharmacologically active derivatives, the absolute configura-
tion of which could have been readily determined by means
of the tetralin helicity rules.19–24
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