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Abstract: A new prenylated flavon-4-ol with a modified ring A, which we have named 
pongaflavanol (1), was isolated from the stem bark of Pongamia pinnata along with the 
known compound tunicatachalcone (2). The structure of compound 1 was elucidated on 
the basis of spectroscopic data. 
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Introduction  

 
Pongamia pinnata (Linn) Pierre (Leguminosae, Papilionacea; synonym: Pongamia glabra Vent; is 

a medium sized glabrous tree (common names: pongam, Indian beech) that grows in the litoral regions 
of South Eastern Asia and Australia. All parts of this plant have been used as crude drugs for the 
treatment of tumors, piles, skin diseases, wounds and ulcers [1]. Its extracts possess significant 
antidiarrhoeal, antifungal, antiplasmodial, antiulcerogenic, antiinflammatory and analgesic activities 
[2-6]. Previous phytochemical investigation of this plant indicated the presence of abundant prenylated 
flavonoids such as furanoflavones, furanoflavonols, chromenoflavones, furanochalcones, and 
pyranochalcones [1, 7-9]. During our continuing study of this plant, two prenylated flavonoid 
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derivatives with a modified ring A, pongaflavanol (1) and tunicatachalcone (2) [10], were isolated 
from its stem bark. Pongaflavanol was a new compound and its structure was elucidated on the basis of 
spectroscopic data interpretation. To the best of our knowledge compound 1 represents the first 
example of a naturally occurring prenylated flavan-4-ol with a modified ring A, while compound 2 
was isolated for the first time from this particular plant source. 
 
Results and Discussion  

 
Compound 1, a brown paste, gave a molecular ion [M+] at m/z 408.2310 in the HREIMS, 

indicating a molecular formula C26H32O4 (calcd. 408.2301). Together with HMQC spectra, the 1H- and 
13C-NMR spectra (Table 1) revealed signals ascribable to a monosubstituted benzene ring (δH 7.33-
7.42, 5H, m, H-2′-6′), two 3-methylbut-2-enyl units, one methylene (δH 2.45-2.48, ddd, J=13.6, 7.2, 
1.8 Hz, 1H, H-3a, δH 2.04-2.12, ddd, J=13.6, 12.2, 9.4 Hz 1H, H-3b, δC 37.9, C-3), two oxygenated 
methines (δH 4.96, dd, J= 9.4, 7.3 Hz, 1H, H-4, δC 62.2, C-4; δH 4.88, dd, J=12.2, 1.8Hz, 1H, H-2, δC 
77.9, C-2), one olefinic proton (δH 5.41, s, 1H, H-6), one methoxyl (δH 3.85, s, 3H), one conjugated 
ketone (δC 200.1, C-7), one saturated quaternary carbon (δC 57.2, C-8), one olefinic carbon (δC 108.4, 
C-10), and two downfield sp2 carbons (δC 173.5, C-5, δC 166.7, C-9). Comparison of 13C-NMR 
spectral data of 1 with those of griffonianone C [11] and tunicatachalcone suggested that the two 
downfield carbons, C-5 and C-9, were oxygenated olefinic carbons. This was confirmed by the HMBC 
spectra.  

Figure 1. Structures of compounds 1 and 2. 
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In the H1-H1 COSY spectra both the correlations of H-2 (δH 4.88) with H-3 (δH 2.45-2.48, 2.04- 

2.12) and H-3 with H-4 (δH 4.96) were observed, which indicated the presence of a CH-CH2-CH 
substructure. In the HMBC spectra, observed correlations from H-2 to C-1′ (δC 139.5) and C-2′, 6′ (δC 
125.9) indicated that C-2 was connected with C-1′ of the aromatic ring. H-3a correlated to C-10 (δC 
108.4) and H-4 correlated to C-9 (δC 166.7) and C-10. This suggested the presence of the double bond 
between C-9 and C-10, which was connected to C-4 (δC 62.2). A HMBC correlation from H-2 to C-9, 
chemical shifts of C-2 and C-9 and HRMS data disclosed the presence of an oxygen bridge between 
C-2 and C-9. Thus, the structures of the B and C rings of compound 1 were established. The HMBC 
correlations from H-1′′ (δH 2.55-2.67, m, 2H) and 1′′′ (δH 2.53, m, 2H) to C-7 (δC 200.1), C-8 (δC 57.2), 
C-9, from H-1′′ to C-1′′′ (δC 38.3), and from H-1′′′ to C-1′′ (δC 38.1) indicated that the two 3-methylbut-
2-enyls attached to the saturated alicyclic quaternary carbon C-8, as well as C-7 and C-9 attached to C-
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8 respectively. The olefinic proton (H-6) correlated with C-8, C-7, C-5 (δC 173.5), and C-10. This 
suggested that C-5 was connected to C-10, and C-6 (δC 97.1) was connected to C-7. The location of the 
methoxyl group on C-5 was revealed by the HMBC correlation between the methoxyl protons and C-5. 
The E configuration of the trisubstituted double bond between C-5 and C-6 was determined by the 
presence of a NOESY correlation between the methoxyl group protons and the olefinic one (H-6), thus 
completing the assignment of the structure of ring A.  
 

Table 1. 1D- and Selected 2D-NMR spectral data of compound 1a. 
 

position δH (J=Hz) δc HMBC H1-H1 COSY NOESY 

2 4.88 dd (12.2, 1.8) 77.9 3,4,9,1′,2′,6′ 3 3a, 4 
3a 2.45-2.48 ddd 

(13.7, 7.2, 1.8) 
37.9 4, 10,  2, 4 2, 4 

3b 2.04-2.12 ddd 
(13.6, 12.2, 9.4) 

37.9 1′, 2, 4 2, 4 4 

4 4.96 dd (9.4, 7.3) 62.2 3, 9, 10 3 3a, 3b, 2 
5  173.5    
6 5.41 s 97.1 5, 7, 8, 10  OCH3 
7  200.1    
8  57.2    
9  166.7    
10  108.4    
1′  139.5    
2′, 6′ 7.33-7.42 m 125.9 2   
3′, 5′ 7.33-7.42 m 128.6    
4′ 7.33-7.42 m 128.3    
1′′ 2.55-2.67 m 38.3 7, 8, 9, 1′′′  1′′′ 
2′′ 5.00 t (6.9) 118.5    
3′′  134.3    
4′′ 1.63 s 18.2    
5′′ 1.64 s 25.8    
1′′′ 2.54 m 38.1 7, 8, 9, 1′′  1′′ 
2′′′ 4.80 t (6.8) 118.9    
3′′′  133.7    
4′′′ 1.49 s 18.0    
5′′′ 1.59 s 25.9    
OCH3 3.85 s 56.3 5  6 
a spectra recorded in CDCl3 (500 MHz for 1H, 125 MHz for 13C); TMS was used as 
internal standard. 

 
The molecular structure of compound 1 contained two chiral carbon atoms, C-2 and C-4. The 

stereochemical relationship was established on the basis of proton chemical shifts and the associated 
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coupling constants in the 1H-NMR spectra. The chemical shifts and coupling constants of the protons 
of ring C are fully compatible with either the half-chair or sofa conformation of the heterocyclic ring in 
which the 2-aryl group is in the equatorial position. The H-3b was the high-field proton of the proton 
pair at C-3, which suggested that H-3b was in the axial orientation. The value of J2,3b (12.2 Hz) is so 
large that it can only arise from a transdiaxial coupling, which suggested that H-2 is axial and the 2-
phenyl group is equatorial. The large value of J4,3b (9.4 Hz) requires H-4 to be quasi-axial [12]. 
Therefore, it was reasonable to assign a 2,4-cis configuration to compound 1, which was thus 
identified as 4-hydroxy-5-methoxy-8,8-bis(3-methylbut-2-enyl)-2-phenyl-3,4-dihydro-2H-chromen-
(8H)-one, for which we propose the trivial name pongaflavanol. 

Compound 2 was identified as 3′,3′-di-(γ,γ-dimethylallyl)-2′,4′-di-oxo-enol chalcone (tunicate-
chalcone), which was previously isolated from Tephrosia tunicata, by comparing its NMR data with 
the published data [10]. It is conceivable that compound 2 was the biogenetic precursor of compound 1. 
The proposed pathway for this relationship is illustrated in Scheme 1 [13]. 

 
Scheme 1. Biogenetic pathway proposed for compounds 1 and 2. 
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Experimental  
 
General  

 
Optical rotations were measured with a Jasco 1020 polarimeter. NMR spectra were obtained on a 

Bruker AVANCE 500 spectrometer (operating at 500 MHz for 1H-NMR, 125 MHz for 13C-NMR). 
EIMS and HREIMS spectra were recorded on a Finnigan MAT TSQ 700 mass spectrometer. UV 
spectra were obtained in a Beckman DU-640 UV spectrophotometer. Semipreparative HPLC was 
carried out using a Waters Nova-pack HR C18 column (19×300mm) on a system comprised of a 
Waters 600E Multisolvent Delivery System and a Waters 996 Photodiode Array Detector.  

 
Plant Material  
 

Stem bark of Pongamia pinnata was collected in October 2002 from Hainan Province, Southern 
China. The material was identified by Prof. Si Zhang, Guangdong Key Laboratory of Marine Materia 
Medica, South China Sea Institute of Oceanology, Chinese Academy of Sciences. A voucher specimen 
is deposited at the herbarium of the South China Sea Institute of Oceanology (No. GKLMMM005). 
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Extraction and Isolation 
 

The dry powdered stem bark of Pongamia pinnata (6 kg) was extracted three times at room 
temperature for 24 h with 95% EtOH. After evaporation of the solvents under reduced pressure, the 
residue (300 g) was then divided successively into four extracts: petroleum (80 g), ethyl acetate (60 g), 
n-butanol (60 g), and aqueous (80 g). The petroleum extract was fractionated into 63 fractions by open 
column chromatography (CC) over silica gel using a gradient of mixtures of petroleum-CHCl3 (6:1) to 
CHCl3-acetone (0:1) for elution. These fractions were then pooled into 17 fractions (P-1~P-17) 
according to their similarity on TLC. The silica gel CC of fraction P-8 using petroleum-EtOAc (3:1) 
afforded 7 fractions (P-8-1~P-8-7). Fraction P-8-5 was purified by CC on Sephadex LH-20 
(Pharmacia) with MeOH-H2O (95:5) and further separated by reverse phase semi-preparative HPLC 
(ODS column, using 66:34 MeOH-H2O, 8 mL/min. flow rate, UV: 254 nm) to give compound 1 (1.9 
mg, tR=41 min). The CC of fraction P-4 using 7:1 petroleum-EtOAc afforded 50 fractions (P-4-1~P-4-
50). The fraction P-4-8 purified by CC on Sephadex LH-20 (Pharmacia, 5:1 CHCl3-MeOH) to yield 
compound 2 (3.5 mg). 

 
4-Hydroxy-5-methoxy-8,8-bis(3-methylbut-2-enyl)-2-phenyl-3,4-dihydro-2H-chromen-7(8H)-one (1). 
[α]D

25 +58.5 ° (c 0.1 , CHCl3); UV (MeOH) λmax nm  252, 314; HREIMS m/z: 408.2310 (calcd for 
C25H24O8  408.2301); EIMS m/z (rel. int., %), 408[M]+ (22), 340 (13), 339 (11), 235 (83), 221 (39), 
181 (100), 69 (67), 71 (79); 1 H- and 13 C-NMR spectra data, see Table 1.  

 
3′,3′-Di-(γ,γ-dimethylallyl)-2′,4′-di-oxo-enolchalcone (2). 1H-NMR (CDCl3) δH 7.57(2H, m, H-2, 6), 
7.41 (3H, m, H-3, 5), 7.30 (1H, d, J=15.1 Hz, H-7), 7.85 (1H, d, J=15.1 Hz, H-8), 5.52 (1H, s, H-5′), 
2.66 (4H, d, J=7.5 Hz, H-1′′,1′′′), 4.87 (2H, t, J= 7.4 Hz, H-3′′, 3′′′), 1.57 (12H, s, H-4′′,4′′′,5′′,5′′′), 3.93 
(3H, s, OCH3), 15.15 (1H, s, OH). 
 
Acknowledgements 
 

The authors are grateful for financial support by the Hi-Tech Research and Development Program 
of China (2001AA62403), Guangdong Natural Science Fundation ((2003) 11), and SCSIO Doctoral 
Initial Fund. We thank Zhihui Xiao for NMR measurements. 

 
References and Notes 
 
1. Tanaka, T.; Iinuma, M.; Fujii, Y.; Yuki, K.; Mizuno, M. Flavonoids in root bark of Pongamia 

pinnata. Phytochemistry 1992, 31, 993-998. 
2. Dahanukar, S. A.; Kulkarni, R. A.; Rege, N. N. Pharmacology of medicinal plants and natural 

products. Ind. J. Pharmac. 2000, 32, 81-118. 
3. Shoba, F. G.; Thomas, M. Study of antidiarrhoeal activity of four medicinal plants in castor-oil 

induced diarrhea. J. Ethnopharmacol. 2001, 76, 73-76.  



Molecules 2006, 11  
 

 

791

4. Simonsen, H. T.; Nordskjold, J. B.; Smitt, U. W.; Nyman, U.; Palpu, P.; Joshi, P.; Varughese, G. 
In vitro screening of Indian medicinal plants for antiplasmodial activity. J. Ethnopharmacol. 
2001, 74, 195-204. 

5. Srinivasan, K.; Muruganandan, S.; Chandra, J.; Lal, S.; Tandan, S. K.; Prakash, V. R. Evaluation 
of anti-inflammatory activity of Pongamia pinnata leaves in rats. J. Ethnopharmacol. 2001, 78, 
151-157. 

6. Misra, S. K.; Sahu, K. C. Screening of some indigenous plants for antifungal activity against 
dermatophytes. Ind. J. Pharmac. 1977, 9, 269-272. 

7. Carcache-Blanco, E. J.; Kang, Y. H.; Park, E. J.; Kardono, B.-N.; Su, L. B. S.; Riswan, S.; Fong, 
H. H. S.;  Pezzuto, J. M.; Kinghorn, A. D. Constituents of the Stem Bark of Pongamia pinnata 
with the potential to induce quinone reductase. J. Nat. Prod. 2003, 66, 1197-1202.  

8. Yadav, P. P.; Ahmad, G. A.; Maurya, R. Furanoflavonoids from Pongamia pinnata 
fruits.  Phytochemistry 2004, 65, 439-443.  

9. Yin, H.; Zhang, S.; Wu, J. Prenylated Flavonoids from Pongamia pinnata. Z. Naturforsch 2005, 
60b, 356-358. 

10.  Andrei, C.; Ferreira, D. T.; Faccione, M.; de Moraes, L. A.; de Carvalho, M.; Braz-Filho, R.  C-
prenylflavonoids from Roots of Tephrosia tunicate. Phytochemistry 2000, 55, 799-804. 

11. Yankep, E.; Mbafor, J. T.; Fomuma, Z. T.; Steinbeck, C.; Messanga, B. B.; Nyasse, B.;  
Budzikiewicz, H.; Lenz, C.; Schmickler, H. Further Isoflavonoid Metabolites from Millettia 
griffoniana (Bail). Phytochemistry 2001, 56, 363-368. 

12. Pouget, C.; Fagnere, C.; Basly, J.; Leveque, H.; Chulia, A. Synthesis and Structure of Flavan-4-
ols and 4-Methoxyflavans as New Potential Anticancer Drugs. Tetrahedron 2000, 56, 6047-6052. 

13.  Wesley, B.; Otto, F.; Carl, G.; Oswald, C.; Brad, R.; Ben, B. Expression Profiling of the Maize 
Flavonoid Pathway Genes Controlled by Estradiol-Inducible Transcription Factors CRC. Plant 
Cell 2000, 12, 65-79.  

 
Sample Availability: Samples of pongaflavanol (1) and tunicatachalcone (2) are available from the 
authors. 
 
© 2006 by MDPI (http://www.mdpi.org). Reproduction is permitted for noncommercial purposes. 


