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bis-Sigmodiol: a new prenylflavanone dimer from Erythrina sigmoidea
Hua (Fabaceae) of Nigeria
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A new prenylflavanone dimer named bis-sigmodiol was isolated from Erythrina
sigmoidea, along with six known constituents isobavachin, lupiwighteone, orientanol
A, ergosta-4, 6, 8 (14), 22-tetraen-3-one, lupenyl acetate, and p-hydroxybenzoic acid.
These known constituents have not been reported so far from E. sigmoidea. Their
structures were elucidated by spectroscopic methods.

Keywords: bis-sigmodiol; prenylflavanone; dimer; Erythrina sigmoidea; Fabaceae

1. Introduction

The genus Erythrina (Fabaceae) comprises

100 species distributed in the tropical and

subtropical regions [1,2]. Erythrina species

have a significant medicinal history and are

used for the treatment of diseases such as

stomach pain and gonorrhea [3]. More than

340 secondary metabolites have been

isolated from various Erythrina species.

These include flavonones [4], isoflavonones

[5], isoflavones [6], isoflavans [7], isofla-

vanones [8], esters [9], phenolics [10],

coumarins [11], triterpenes [12], triterpe-

noidal saponins [13], alkaloids [14],

proteins [15], and pterocarpans [16].

About 30 of these secondary metabolites

are reported to have antimicrobial [17–19],

antifungal [20,21], anti-inflammatory [22],

and cytotoxic [23] properties; they also act

as phytoalexins [24] and phospholiphase A2

inhibitors [25].

Continuing our investigations for the

search of new secondary metabolites from

Erythrina species [26,27], E. sigmoidea of

Nigeria was investigated. E. sigmoidea is

an erect woody tree that is about 17 feet

tall with a thorny stem and hairy leaves. As

a result of this investigation, a new

prenylflavanone dimer named bis-sigmo-

diol (1) was isolated and characterized

along with six known constituents iso-

bavachin (2) [28], lupiwighteone (3) [29],

orientanol A (4) [30], ergosta-4, 6,

8(14),22-tetraen-3-one (5) [31], lupenyl

acetate (6) [32], and p-hydroxybenzoic

acid [33] (Figure 1). The known constitu-

ents obtained have not been reported so far

from E. sigmoidea.

2. Results and discussion

The methanolic extract of the stem bark of

E. sigmoidea afforded 1 as a yellowish

amorphous powder. The optical rotation

was found to be almost zero in chloroform.

The UV spectrum showed an absorption

maximum at 284 nm (log 1 4.24) typical
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for a flavanone skeleton. The IR spectrum

of 1 displayed three prominent absorp-

tions; an absorption band at 3449 cm–1

was due to the hydroxyl functions in the

molecule, while the remaining two bands

at 1660 and 1606 cm–1 were assigned to

a,b-unsaturated ketone and aromatic

C ¼ C, respectively. The molecular ion

peak was observed in the ESI-MS at m/z

681 ( þ ve mode) and the formula

associated with this peak was determined

as C40H41O10 (m/z 681.2694) in the high-

resolution mass spectrum with 218 of

unsaturation in the molecule. The other

fragments that appeared in the ESI-MS are

reported in Section 3.

The NMR spectra of 1 displayed

characteristic signals of flavanone skeleton

[28] that is a signal at d 190.7 in the 13C

NMR spectrum due to an a,b-unsaturated

ketone, a methylene carbon signal at d 43.3

(C-3), an oxymethine carbon at d 79.5 (C-

2); a pair of double-doublets at d 2.78

(J ¼ 16.8, 3.2 Hz) and 3.00 (J ¼ 16.8,

13.2 Hz) in the 1H NMR spectrum due to

H-3a and H-3b, an oxymethine proton at d

5.40 (br d, J ¼ 13.2 Hz, H-2) and a pair of

ortho-coupled proton doublets at d 7.33

(2H, J ¼ 8.4Hz, H-20 & H-60) and 6.87

(2H, J ¼ 8.4Hz, H-30 & H-50).

In addition to the signals due to

flavanone skeleton in the NMR spectra,

the 1H NMR spectrum of 1 displayed two

methyl singlets at d 1.33 (H-400) and 1.12

(H-500), together with a methylene doublet

at d 3.18 (J ¼ 9.6Hz, H-100) and a methine
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Figure 1. Structures of compounds 1–6.
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triplet at d 4.72 (J ¼ 9.6 Hz, H-200)

confirming the presence of a prenyl moiety

in the molecule. This moiety was recon-

firmed by 13C NMR spectrum. The

carbons associated with the prenyl frag-

ment appeared at d 27.5 (C-100), 91.5 (C-

200), 71.9 (C-300), 26.2 (C-400), and d 22.7

(C-500). The downfield shift of prenyl

oxymethine signal at d 91.5 may be due

to the b-effect. However, the position of

attachment of this moiety to the flavanone

skeleton was depicted with the aid of

HMBC experiment (see Figure 2). A

complete picture of 1H and 13C NMR

spectral data of 1 is given in Tables 1 and

2. Assignments of various protons were

made with the aid of COSY experiments

(see Figure 2) and their associated carbons

were correlated by HMQC experiments.

Finally, all the assignments were cross

checked by HMBC correlations (Figure 2).

A known prenylated flavanone named

isobavachin (2) was also isolated from

the same source which was previously

isolated by Syrov et al. [28] from Vexibia

alopecuroides roots. Through a compara-

tive NMR spectral analysis of 1 with 2

(see Tables 1 and 2), it was concluded that

1 is also a prenylated flavanone while the

dimeric nature of 1 was attested by means

of mass spectra (ESI-MS and HR-ESI-MS)

showing the molecular mass 681 a.m.u.

(þ ve mode) and formula C40H41O10,

respectively. However, the joining mode

of both the monomeric units was con-

cluded as shown in 1 with the aid of

O

O

HO
O

O

O

O

OH

OH HO

Figure 2. Important HMBC (H ! C) and COSY (Z) correlations in 1.

Table 1. 1H NMR spectral data of bis-sigmodiol (1) and isobavachin (2).

1 2

H # d ppm J in Hz d ppm J in Hz

2 5.40 br d, 13.2 5.22 dd, 12.8, 2.0
3a 2.78 dd, 16.8, 3.2 2.62 dd, 16.8, 2.0
3b 3.00 dd, 16.8, 13.2 2.85 dd, 16.8, 12.8
5 7.80 d, 8.8 7.49 d, 8.8
6 6.51 d, 8.8 6.39 d, 8.8
20 & 60 7.33 d, 8.4 7.17 d, 8.4
30 & 50 6.87 d, 8.4 6.72 d, 8.4
100 3.18 d, 9.6 3.18 d, 7.2
200 4.72 br t, 9.6 5.06 t, 7.2
400 1.33 s 1.50 s
500 1.12 s 1.48 s

Note: CDCl3 þ CD3OD, 400MHz.
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magnitude of optical rotation which was

found to be almost zero. The zero optical

rotation is only possible when both the

monomeric units cancel the rotation of

opposite directions as their mirror images

are superimposable. Stereochemistry of

chiral centers could not be determined by

Mosher’s and Horeau’s methods due to the

fact that each unit had more than one chiral

centers. The chemical shifts of C-5, C-6,

and C-7 in 13C NMR spectrum of 1 were

found to be a bit different when compared

with 2 (see Tables 1 and 2). This may be

due to the fact that both the monomeric

units in 1 are quite close by facing their

mentioned carbons (C-5 to C-7). On the

basis of the spectral information obtained,

the structure of the compound discussed

above is elucidated as 1 and named as bis-

sigmodiol. This compound is a new

addition in the natural dimers of prenylated

flavanones.

In addition to bis-sigmodiol (1) and

isobavachin (2) [28], five known constitu-

ents lupiwighteone (3) [29], orientanolA (4)

[30], ergosta-4, 6, 8(14), 22-tetraen-3-one

(5) [31], lupenyl acetate (6) [32] and p-

hydroxybenzoic acid [33] have been iso-

lated and characterized (Figure 1). Their

brief spectral data are given in Section 3.

The known constituents obtained have not

been reported so far from E. sigmoidea.

3. Experimental

3.1 General experimental procedures

The UV and IR spectra were recorded on a

Shimadzu UV-240 (Shimadzu Corporation,

Tokyo, Japan) and a Shimadzu IR-460

spectrophotometer, respectively. The 1H

and 13C NMR spectra were recorded on a

Bruker AM 400 spectrometer at 400 and

100MHz, respectively. Chemical shifts are

expressed in d (ppm) relative to tetra-

methylsilane (TMS) as an internal standard

and coupling constants are given in Hertz.

The mass spectra were scanned on a Jeol-

JMS HX-110 mass spectrometer.

3.2 Plant material

The stem bark of E. sigmoidea was

collected by Dr P.A. Onocha, Chemistry

Department, University of Ibadan (Nigeria)

in June 2005, from Iseyin, Ibadan,Oyo State

(Nigeria), and identified by Mr Felix Usang

of the Forest Research Institute, Nigeria

(FRIN), Ibadan (Nigeria), where a voucher

specimen (FHI-107098) is deposited in the

herbarium.

3.3 Extraction and isolation

The fresh stem bark (7.50 kg) of E.

sigmoidea was chopped and dried under

shade for a period of 8 days. The dried

bark (4.75 kg) was then soaked, at room

Table 2. 13C NMR spectral data of bis-sigmodiol (1) and isobavachin (2).

Carbon #
1

d ppm (mult.)
2

d ppm (mult.) Carbon #
1

d ppm (mult.)
2

d ppm (mult.)

2 79.5 (d) 79.2 (d) 20 127.9 (d) 127.6 (d)
3 43.3 (t) 43.8 (t) 30 115.5 (d) 115.2 (d)
4 190.7 (s) 192.8 (s) 40 155.9 (s) 157.0 (s)
5 130.5 (d) 125.8 (d) 50 115.5 (d) 115.7 (d)
6 104.4 (d) 109.8 (d) 60 127.9 (d) 127.6 (d)
7 166.7 (s) 162.3 (s) 100 27.5 (t) 22.0 (t)
8 115.5 (s) 115.8 (s) 200 91.5 (d) 121.8 (d)
9 158.7 (s) 161.5 (s) 300 71.9 (s) 131.9 (s)
10 113.8 (s) 113.9 (s) 400 26.2 (q) 25.6 (q)
10 131.2 (s) 131.9 (s) 500 22.7 (q) 17.6 (q)

Note: In CDCl3 þ CD3OD at 100MHz.
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temperature, in methanol two times (2 £

8.0 liters) for 5 days each. The combined

extract was condensed by vacuum distilla-

tion at low temperature (388C) to avoid

thermal decomposition of natural pro-

ducts. The obtained crude brownish

gummy extract (263 g) was subjected to

silica gel (70–230 mesh) column chroma-

tography using hexane, hexane–ethyl

acetate, and pure ethyl acetate as mobile

phase. Compounds 1–6 and p-hydroxy-

benzoic acid were obtained with the

elution between 3 and 35% ethyl acetate

in hexane.

3.3.1 bis-Sigmodiol (1)

Yellowish amorphous solid, 5.0 mg.

Elution: 25% ethyl acetate in hexane.

½a�28D : ,0 (c ¼ 0.08, CHCl3,). UV

(CH3OH) lmax (log e): 284 (4.24) nm. IR

(KBr) nmax: 3449 (OH), 1660 (a,b-unsatu-

rated ketone), 1606 (aromatic CvC) cm–1.
1H NMR spectral data: see Table 1. 13C

NMR spectral data: see Table 2. ESI-MS:

m/z 681 [M þ H]þ, 341, 239, 217, 191.

HR-ESI-MS: m/z 681.2694 [M þ H]þ

(calcd for C40H41O10, 681.2700).

3.3.2 Isobavachin (2) [28]

Yellowish solid, 4.5mg. Elution: 12%

ethyl acetate in hexane. m.p.: 2058C. UV

(CH3OH) lmax (log e): 289 (4.35) nm. IR

(KBr) nmax: 3297 (OH), 1650 (a,b

unsaturated ketone), 1588 (CvC), 1472

(aromatic CvC) cm–1. 1H NMR spectral

data: see Table 1. 13C NMR spectral data:

see Table 2. EI-MS m/z: 324 [Mþ], 281,

240, 175, 148, 120, 91.
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