


 
 

 
 
 
 
 
 

 
 
 

INFORMATION FOR AUTHORS 
 
Full details of how to submit a manuscript for publication in Natural Product Communications are given in Information for Authors on our Web site 
http://www.naturalproduct.us. 
 
Authors may reproduce/republish portions of their published contribution without seeking permission from NPC, provided that any such republication is 
accompanied by an acknowledgment (original citation)-Reproduced by permission of Natural Product Communications. Any unauthorized reproduction, 
transmission or storage may result in either civil or criminal liability. 
 
The publication of each of the articles contained herein is protected by copyright. Except as allowed under national “fair use” laws, copying is not permitted by 
any means or for any purpose, such as for distribution to any third party (whether by sale, loan, gift, or otherwise); as agent (express or implied) of any third 
party; for purposes of advertising or promotion; or to create collective or derivative works.  Such permission requests, or other inquiries, should be addressed 
to the Natural Product Inc. (NPI). A photocopy license is available from the NPI for institutional subscribers that need to make multiple copies of single 
articles for internal study or research purposes.  
 
To Subscribe:  Natural Product Communications is a journal published monthly. 2014 subscription price: US$2,395 (Print, ISSN# 1934-578X); US$2,395 
(Web edition, ISSN# 1555-9475); US$2,795 (Print + single site online); US$595 (Personal online). Orders should be addressed to Subscription Department, 
Natural Product Communications, Natural Product Inc., 7963 Anderson Park Lane, Westerville, Ohio 43081, USA. Subscriptions are renewed on an annual 
basis. Claims for nonreceipt of issues will be honored if made within three months of publication of the issue.  All issues are dispatched by airmail throughout 
the world, excluding the USA and Canada.  

NPC Natural Product Communications

 
EDITOR-IN-CHIEF         
 

DR. PAWAN K AGRAWAL           
Natural Product Inc.  
7963, Anderson Park Lane, 
Westerville, Ohio 43081, USA 
agrawal@naturalproduct.us 

 
EDITORS 
 

PROFESSOR ALEJANDRO F. BARRERO 
Department of Organic Chemistry, 
University of Granada, 
Campus de Fuente Nueva, s/n, 18071, Granada, Spain 
afbarre@ugr.es 
 

PROFESSOR ALESSANDRA BRACA  
Dipartimento di Chimica Bioorganicae Biofarmacia, 
Universita di Pisa, 
via Bonanno 33, 56126 Pisa, Italy 
braca@farm.unipi.it  
 

PROFESSOR DEAN GUO 
State Key Laboratory of Natural and Biomimetic Drugs, 
School of Pharmaceutical Sciences, 
Peking University, 
Beijing 100083, China 
gda5958@163.com 
 
 

PROFESSOR YOSHIHIRO MIMAKI 
School of Pharmacy, 
Tokyo University of Pharmacy and Life Sciences, 
Horinouchi 1432-1, Hachioji, Tokyo 192-0392, Japan 
mimakiy@ps.toyaku.ac.jp 
 

PROFESSOR STEPHEN G. PYNE 
Department of Chemistry 
University of Wollongong 
Wollongong, New South Wales, 2522, Australia 
spyne@uow.edu.au 
 

PROFESSOR MANFRED G. REINECKE 
Department of Chemistry, 
Texas Christian University, 
Forts Worth, TX 76129, USA 
m.reinecke@tcu.edu 
 

PROFESSOR WILLIAM N. SETZER 
Department of Chemistry 
The University of Alabama in Huntsville 
Huntsville, AL 35809, USA 
wsetzer@chemistry.uah.edu 
 

PROFESSOR YASUHIRO TEZUKA 
Faculty of Pharmaceutical Sciences  
Hokuriku University  
Ho-3 Kanagawa-machi, Kanazawa 920-1181, Japan  
y-tezuka@hokuriku-u.ac.jp 
 

PROFESSOR DAVID E. THURSTON  
Department of Pharmaceutical and Biological Chemistry,  
The School of Pharmacy,  
University of London, 29-39 Brunswick Square,  
London  WC1N 1AX, UK 
david.thurston@pharmacy.ac.uk 

ADVISORY BOARD 
 

Prof. Viqar Uddin Ahmad 
Karachi, Pakistan 
 

Prof. Giovanni Appendino 
Novara, Italy 
 

Prof. Yoshinori Asakawa 
Tokushima, Japan 
 

Prof. Roberto G. S. Berlinck 
São Carlos, Brazil 
 

Prof. Anna R. Bilia 
Florence, Italy 
 

Prof. Maurizio Bruno 
Palermo, Italy 
 

Prof. César A. N. Catalán 
Tucumán, Argentina 
 

Prof. Josep Coll  
Barcelona, Spain 
 

Prof. Geoffrey Cordell  
Chicago, IL, USA 
 

Prof. Fatih Demirci 
Eskişehir, Turkey 
 

Prof. Dominique Guillaume 
Reims, France 
 

Prof. Ana Cristina Figueiredo 
Lisbon, Portugal 
 

Prof. Cristina Gracia-Viguera 
Murcia, Spain 
 

Prof. Duvvuru Gunasekar 
Tirupati, India 
 

Prof. Hisahiro Hagiwara 
Niigata, Japan 
 

Prof. Kurt Hostettmann  
Lausanne, Switzerland 
 

Prof. Martin A. Iglesias Arteaga  
Mexico, D. F, Mexico 
 

Prof. Leopold Jirovetz 
Vienna, Austria 
 

Prof. Vladimir I Kalinin 
Vladivostok, Russia 
 

Prof. Niel A. Koorbanally 
Durban, South Africa 
 

 

Prof. Chiaki Kuroda 
Tokyo, Japan 

 

Prof. Hartmut Laatsch 
Gottingen, Germany 
 

Prof. Marie Lacaille-Dubois  
Dijon, France 
 

Prof. Shoei-Sheng Lee  
Taipei, Taiwan  
 

Prof. Imre Mathe  
Szeged, Hungary 
 

Prof. Ermino Murano 
Trieste, Italy 
 

Prof. M. Soledade C. Pedras 
Saskatoon, Canada 
 

Prof. Luc Pieters  
Antwerp, Belgium 
 

Prof. Peter Proksch  
Düsseldorf, Germany 
 

Prof. Phila Raharivelomanana 
Tahiti, French Polynesia 
 

Prof. Luca Rastrelli 
Fisciano, Italy 
 

Prof. Stefano Serra  
Milano, Italy 
 

Prof. Monique Simmonds  
Richmond, UK 
 

Dr. Bikram Singh 
Palampur, India 
 

Prof. John L. Sorensen 
Manitoba, Canada 
 

Prof. Johannes van Staden 
Scottsville, South Africa 
 

Prof. Valentin Stonik  
Vladivostok, Russia 
 

Prof. Winston F. Tinto 
Barbados, West Indies  
 

Prof. Sylvia Urban 
Melbourne, Australia 
 

Prof. Karen Valant-Vetschera 
Vienna, Austria 
 

 

HONORARY EDITOR 
 

PROFESSOR GERALD  BLUNDEN 
The School of Pharmacy & Biomedical Sciences, 

University of Portsmouth, 
Portsmouth, PO1 2DT U.K. 

axuf64@dsl.pipex.com 



 
 

New Pseudoguaiane Derivatives from Inula aschersoniana Janka var. 
aschersoniana 
 
Antoaneta Trendafilovaa,*, Milka Todorovaa, Viktoriya Genovaa, Pavletta Shestakovaa, Dimitar Dimitrovb, 
Milka Jadraninc and Slobodan Milosavljevicd

 
 
aInstitute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of Sciences, 1113 Sofia, Bulgaria 
bNational Museum of Natural History, Bulgarian Academy of Sciences, 1000 Sofia, Bulgaria 
cCenter for Chemistry, Institute for Chemistry, Technology and Metallurgy, University of Belgrade, 11000 Belgrade, Serbia 
dFaculty of Chemistry, University of Belgrade, 11000 Belgrade, Serbia 
 
trendaf@orgchm.bas.bg 
 
 

Received: May 12th, 2014; Accepted: June 20th, 2014 
 

 
  
The aerial parts of Inula aschersoniana Janka var. aschersoniana afforded parthenolide, diepoxycostunolide, inusoniolide, chrysosplenol C and four new 
pseudoguaiane-type sesquiterpenoids. Their structures were determined using spectral methods and relative stereochemistry by NOESY correlations. 
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Inula aschersoniana Janka {synonyms I. verbascifolia (Janka) 
subsp. aschersoniana (Janka) Tutin, I. candida (L.) Cass. subsp. 
aschersoniana (Janka) Hayek, I. conyza DC. subsp. verbascifolia 
Nyman, I. macedonica Hausskn.}, family Asteraceae, is a 
subendemic species in the Balkan peninsula and Anatolia with areas 
of distribution in Bulgaria, Greece, Macedonia, and Turkey [1a]. 
There are three varieties of I. aschersoniana in Bulgaria: 
madarense, macedonica and aschersoniana [1b,1c]. A literature 
survey revealed the isolation of four sesquiterpene lactones from 
this species: parthenolide [2a,2b], 8β-hydroxy-11α,13-dihydro 
eremanthin [2a], diepoxycostunolide and inusoniolide [2b], while 
for I. verbascifolia subsp. methanea of Greek origin are reported 
9β-hydroxyparthenolide, four esters of the latter, two guaianolides, 
inusoniolide and its 4-O-dihydroderivative [2c-2e].  
 
The phytochemical investigation of I. aschersoniana Janka var. 
aschersoniana afforded parthenolide [3], diepoxycostunolide [2b], 
inusoniolide [2b], chrysosplenol C [4] and four new pseudoguaiane 
derivatives(1-4). Compounds forming two well defined TLC spots 
were isolated (samples A and B) by PTLC. The HRESIMS            
of A displayed a quasimolecular peak at m/z 349.20085 [M+H]+ 

corresponding to the molecular formula C20H28O5. 
1H and            

13C NMR spectra (Table 1) exhibited the characteristic signals for 
angeloyloxy and senecioyloxy groups. Further, duplicate signals for 
one secondary (δH 1.05/1.06, d, 7.3 Hz) and one tertiary (δH 
1.13/1.15 s) methyl groups, one exomethylene (δH 5.65, 6.24/5.65, 
6.25), and a proton geminal to the ester residue (δH 5.35/5.40, dd,     
J 9.0 and 1.5 Hz), all of them in ratio 1:1.5 were observed. 
Obviously the studied sample A is an inseparable mixture of two 
esters (1 and 2) of one sesquiterpenoid. Analysis of the COSY 
spectrum showed the correlations H-3/H-2/H-1/H-10/H-9/H-8/H-
7/H-6 and H-10/H-14. Connection of C-3 to C-6 through quaternary 
carbons C-4 and C-5 was established by HMBC cross-peaks of C-4 
(δC 214.72/214.25) with H-3, H-2’ and H-15, and C-5 (δC 51.15) 
with H-1, H-2’, H-10 and H-15. The position of a COOH group at 
C-12 was suggested from the lack of corresponding protons and the 
correlation between C-12 (δC 171.14) with H-13 and H-13’. Finally, 
the pseudoguaiane skeleton was confirmed by the 1H-1H 
correlations observed in the TOCSY spectrum of sample A which 
displays  correlations  throughout the entire coupling  network.  The  
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Figure 1: Structures of compounds 1-4 

 
Table 1: NMR spectral data of compounds 1 and 2 in CDCl3. 
 

No H (mult.,J Hz) 1/2 C
# 1/2 HMBC (CH) NOESY 

1 2.54 ddd (5.4, 7.0, 13.5) 43.09/43.12 2, 3, 5, 9, 10, 14, 15 2’, 7, 10 
2 2.44 ddd (9.0, 13.5, 13.5) 29.73/29.86 1, 3 3, 15 
2’ 1.72 ddd (1.5, 7.0, 13.5)   1 
3 5.35/5.40 dd (1.5, 9.0) 70.87/71.47 2’ 15 
4 - 214.72/214.25 3, 2’, 15  
5 - 51.15 1, 2’, 10, 15  
6 2.34/2.35 dd (3.1,14.4) 37.32/37.40 1, 15 7 
6’ 1.68 m*   15 
7 2.75 m 36.32/36.29 6, 13, 13’,  1, 6, 8 
8 1.88 m* 31.16/31.07 6, 10  
8’ 1.60 m    
9 1.70 m* (2H) 33.86 8’, 10, 14,   
10 2.05 m 34.64/34.61 1, 2, 8, 14 1 
11 - 146.02 6, 8’, 13  
12 - 171.14 13, 13’  
13 6.24/6.25 s 124.84   
13’ 5.65 s     
14 1.05/1.06 d (7.3) 16.89  15 
15 1.13/1.15 s 21.61/21.68  2, 3, 14 
     
 Angeloyl    
1” - 167.27 3, 5”  
2” - 127.33   
3” 6.10 qq (7.3, 1.2) 138.95 4”, 5”  
4” 1.97 dq (7.3, 1.2) 15.93    
5” 1.90 dq (1.2, 1.2)* 20.58   
     
 Senecioyl    
1”’ - 165.73 3, 4”’  
2”’ 5.73 brs 115.32 4”’, 5”’  
3”’ - 158.47   
4”’ 2.17 d (1.2) 20.42    
5”’ 1.90 d (1.2)* 27.51   

#Assignment determined by HSQC and HMBC.*overlapped signals. 
 

overall analysis of the spectral data of A confirmed the 
pseudoguaiane structure of 1 and 2 with a C-3 connected ester side 
chain, C-4 carbonyl and C-12 carboxyl groups. The literature 
survey revealed that the obtained compounds were 3-acyloxy 
derivatives of damsinic acid [5a]. The relative configuration of 1 
and 2 was determined by NOESY correlations. Assuming, on 
biogenetic grounds, a β-orientation of the C-7 side chain and 
NOESY (Table 1) cross peaks of H-7/H-1, H-1/H-10, H-15/H-3 and 
H-15/H-14 revealed a β-disposition of the C-10 and C-5 methyl 
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groups, an α-orientation of the C-3 ester residue and a trans-fusion 
of the 5/7-membered rings in the pseudoguaiane structure. The 
newly isolated compounds were identified as 3α-angeloyloxy- and 
3α-senecioyloxydamsinic acids. It is worthy of note that only 
eudesmane sesquiterpene acids have been isolated from Inula 
species so far [5b]. 
 
Table 2: NMR spectral data of compounds 3 and 4 in CDCl3. 
 

No H (mult., J Hz) 3/4 C
# 3/4 HMBC (CH) NOESY 

1 2.51 m 44.70/44.74 2’, 6’, 9, 9’,14, 15 2’, 7,10 
2 2.34 m* 30.15/30.12 1  
2’ 1.82/1.86 ddd (1.4, 6.9, 14.6)   1 
3 5.21/5.25 dd (1.4, 9.0) 71.83, 71.24 2’ 2, 15 
4 - 215.81/215.41 2, 2’, 3, 6, 15  
5 - 52.04/52.08 1, 2, 2’, 6, 6’, 7,15  
6 2.32 m* 38.46/38.62 1, 7, 8, 8’, 9, 10,15  
6’ 1.96 m*    
7 3.21 m 36.78/36.86 6, 6’, 8, 8’, 9’, 13 1 
8 2.11 m* 26.89 6, 6’, 7, 9, 9’  
8’ 1.96 m*    
9 1.96 m* 32.23/32.20 7, 14  
9’ 1.59 m   13, 14, 15 
10 2.13 m* 32.96/32.91 1, 2, 6, 8, 9’, 14   
11 - 157.53 7  
12 - 173.80 7, 13  
13 8.45/8.46 d (0.9) 147.57/147.62 7 9’, 14, 15 
14 0.99/1.00 d (7.3) 17.24/17.26 1, 9 9, 13 
15 1.04/1.05 s 19.02 1, 6, 6’ 3, 9’, 13 
     
 Angeloyl    
1” - 166.81 3  
2” - 127.10   
3” 6.12 qq (7.3, 1.2) 139.36   
4” 1.97 dq (7.3, 1.2) 15.96   
5” 1.90 dq (1.2, 1.2)* 20.57   
     
 Senecioyl    
1”’ - 165.34 3  
2”’ 5.68 brs 115.04   
3”’ - 158.90   
4”’ 2.17 d (1.2) 27.54   
5”’ 1.90 d (1.2)* 20.43   

#Assignment determined by HSQC and HMBC.*overlapped signals 
 

The HRESIMS of sample B showed a quasimolecular peak at m/z 
331.19050 [M+H]+ corresponding to a molecular formula C20H26O4. 
Comparison of 1H and 13C NMR data of B (Table 2) with those of A 
(Table 1) established close similarity. Sample B also contained two 
components (3 and 4), the same as sample A. The main difference 
between A and B in their 1H NMR spectra is related to the C-7 side 
chain. Instead of signals for geminal vinyl protons H-13 and H-13', 
a signal for an olefinic proton appeared as a pair of doublets at δ 
8.45/8.46 ppm, with J = 0.9 Hz. The IR absorptions at 1830 and 
1580 cm-1, the presence of a carbonyl function (δC 173.80) and its 
-effect on the chemical shift of the olefinic proton confirmed the 
presence of a cyclopropenone ring. The relative stereochemistry of 
3 and 4 was determined from the correlations in NOESY spectrum 
(Table 2). These compounds were named aschersonianone A (3) 
and aschersonianone B (4). To the best of our knowledge, only few 
compounds with a cyclopropenone ring have been isolated from 

natural sources – two acids (alutacenoic acids A and B) from fungi 
[5c] and four sesquiterpene derivatives (3 eremophilanes and one 
eudesmane) from Telekia speciosa [5d] and I. lineariifolia[5e]. 
 

Experimental 
 

General: IR, Bruker Tensor 27 FT-IR spectrometer; NMR, Bruker 
Avance II+ 600 NMR spectrometer; HRESIMS, Agilent 6210 
LC/ESI TOF System;CC, Silica gel 60(230–400 mesh); TLC, silica 
gel 60 F254 plates; compounds were visualised by spraying with 
conc. H2SO4 followed by heating. 
 

Plant material: Wild growing I. aschersoniana was collected in 
July 2013 from eastern Rhodope Mts in Bulgaria. A voucher 
specimen (SOM169980) has been deposited in the Herbarium of the 
Institute of Biodiversity and Ecosystem Research, Sofia, Bulgaria. 
 

Extraction and isolation: Dried and powdered plant material (41 g) 
was defatted with n-hexane and then successively extracted by cold 
maceration with CHCl3. After filtration, the solvent was evaporated 
under vacuum at low temperature (40°C) to give the crude extract 
(2 g), which was submitted to CC on silica gel. Elution with a 
mixture CHCl3/acetone with increasing polarity afforded 6 fractions 
(TLC monitoring). Four main TLC spots were observed. PTLC 
(silica gel, n-hexane/diethyl ether, 1:1) of portions of Fr. 2 (528 mg) 
and Fr. 3 (205 mg) afforded parthenolide (47.4 mg) and 
diepoxycostunolide (10 mg), respectively. PTLC (silica gel, n-
hexane/Et2O, 1:1) of Fr. 4 (5 mg) gave 1.1 mg of inusoniolide. 
Further, 1/2 (5.0 mg) and 3/4 (2.2 mg) were isolated from Fr. 5 (100 
mg) by PTLC (n-hexane/acetone, 2:1). PTLC (n-hexane/acetone 
2:1) of Fr. 6 (45 mg) afforded chrysosplenol (20 mg). 
 

3α-Angeloyloxydamsinic acid (1) and 3α-senecioyloxydamsinic 
acid (2) (mixture) 
Colorless oil. 
IR (film) νmax cm-1: 1756 (C=O, 5-membered ring), 1717, 1695 
(C=O, ester), 1651 (C=C). 
1H (600 MHz, CDCl3) and 13C NMR (150 MHz, CDCl3): Table 1.  
HRESIMS (positive mode) m/z:349.20085 [M+H]+ (calculated for 
C20H28O5, 349.20088). 
 

Aschersonianone A (3) and aschersonianone B (4) (mixture) 
Colorless oil. 
IR (film) νmaxcm-1: 1830, 1580 (cyclopropenone), 1753 (C=O, 5-
membered ring), 1718 (C=O, ester), 1650 (C=C). 
1H (600 MHz, CDCl3) and 13C NMR (150 MHz, CDCl3): Table 2.  
HRESIMS (positive mode) m/z:331.19050 [M+H]+ (calculated for 
C20H26O4, 331.19030) 
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