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ABSTRACT 

 
Nauclea pobeguinii is a plant in the Rubiaceae family endemic to the swamp forest region of the world. 

Its extract is widely used in traditional medicine for the treatment of a wide variety of ailments such as 
malarial, Jaundice, gonorrhea, fever, and stomach discomfort. While other parts of the plant have been 
examined for the bioactive principles responsible for the medicinal properties, limited information is 
available in the literature as regards the leaves, hence this study. N. pobeguinii leaves were collected, air-
dried, and pulverized. The pulverized sample was extracted with solvents (n-hexane, ethyl acetate, and 
ethanol) of varying polarity to obtain the crude extracts. Repeated column and thin layer chromatographic 
separation of the crude extracts afforded three compounds, which were characterized by their IR, 1H, 13C-
NMR, and 2D-NMR spectral data. A comparison of the data with literature confirmed the compounds to be 
2-hydroxylstigmastane acetate (1), Ergosta-5,6-epoxy-22-en-3-yl-acetate (2), and β-sitosterol (3). 
Compounds 1 and 2 are novel to N. pobeguinii. 
Keywords: 2-hydroxylstigmastane acetate; Nauclea pobeguinii; purification; Rubiaceae 
 

INTRODUCTION  
The use of medicinal plants to combat 

diseases and ailments is regaining momentum, 
especially in developing and underdeveloped 
countries of the world. This is due to their 
perceived safety, affordability, and easy access 
when compared to conventional drugs (Islam & 
Lucky, 2019). According to the World Health 
Organization (WHO), 80% of the world's 
population uses herbs to treat a variety of diseases 
as well as other healthcare requirements (Ribeiro 
et al., 2017; Samoisy & Mahomoodally, 2015). 

The genus Nauclea and other species of the 
family Rubiaceae is the largest family of woody 
plants with over 13,000 species, and they belong to 
the Cinchonoideae sub-family. They are commonly 
found in tropical regions of the world, including 
Africa and Asia (Haudecoeu et al., 2018). Nauclea 
pobeguinii (Hua ex Pobég) Merr is a deciduous 
shrub native to swamp forests around the world. It 
is also known locally as Opepe ira in Western 
Nigeria. The plant extract is used in the treatment 
of Jaundice, gonorrhea, fever, stomach discomfort, 
and epilepsy, among others (Ambe et al.,               
2015; Njoya et al., 2017; Mac Donald and 
Olorunfemi, 2000; Mesia et al., 2005). The water 
decoction of the stem bark has also been       
reported in  antihelminthic  treatment  (Bett, 2002;  
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Luzakibanza, 2012; Mesia et al., 2005). 
Preparations from the stem bark of Nauclea 
pobeguinii also had analgesic, anti-inflammatory, 
and anti-arthritic (monoarthritis) properties 
(Mbiantcha et al., 2018).  

Extracts of this plant are very rich in 
secondary metabolites, such as tannins, flavonoids, 
steroids, saponins, alkaloids, and terpenoids 
(Haudecoeu et al., 2018; Adepoju et al., 2020). 
Previously isolated compounds from Nauclea 
pobeguinii include strictosidine, naucleidinal, 
naucleofficine, kelampayoside, magniflorine, 
Augustineone (Xu et al., 2012), β-sitosterol, 7-
hydroxystigmast-22-en-3.6-dione, and 3β, 24(S)-
dihydroxycholesta-5, 25-dien-7-(Adepoju et al., 
2022). In continuation of our search for new 
bioactives from this plant, we hereby report two 
novel steroids and another known one in this 
study. 

 
MATERIALS AND METHODS 
Collection and preparation of plant material 

The leaves of Naucleapobeguinii were 
collected from the Forest Research Institute of 
Nigeria (FRIN), Jericho, Ibadan, Oyo State, South 
West, Nigeria. It was identified and authenticated 
with the herbarium number FHI 108529. The plant 
sample was air-dried, after which it was milled into 
powder with the aid of an electrical grinder and 
finally stored in a moisture-free en   m      vironment. 
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Extraction of Phytoconstituents 
Extraction was performed by continuously 

soaking the dried ground leaves (1333.5 g) with a 
range of solvents: n-hexane (5.5 L), ethyl acetate 
(5.0 L), and ethanol (4.5 L). Sequential extraction 
was adopted by using n-hexane first to remove 
non-polar organic compounds, waxes, and fats. The 
extract was filtered out after one week, and the 
residual plant sample was extracted with ethyl 
acetate and ethanol, respectively, to remove more 
polar compounds. Each extract obtained was 
concentrated in vacuousing a rotary evaporator. 
After the solvent had been removed, gumming 
solids were obtained. The weight of each extract 
was recorded for the crude extract of hexane, ethyl 
acetate, and ethanol (Das et al., 2010; Hesham et al., 
2016). 
 
Isolation of Phytoconstituents from the crude 
extracts 

Ten grams (10 g) of ethanol leaves crude 
extract (ETL) obtained from the leaves of N. 
pobegunii was chromatographed in a silica gel 
column and eluted with a mobile phase of different 
polarities and strength; n-hexane 100 %, 
Hex/CHCl3 9:1, Hex/CHCl3 8:2, Hex/CHCl3 7:3, 
Hex/CHCl3 6:4, Hex/CHCl3 5:5, Hex/CHCl3 4:6, 
Hex/CHCl3 3:7, Hex/CHCl3 2:8, Hex/CHCl3 1:9, 
CHCl3 100 %, CHCl3/MeOH 95:5, CHCl3/MeOH 9:1, 
CHCl3/MeOH 8:2, CHCl3/MeOH 7:3, CHCl3/MeOH 
6:4, CHCl3/MeOH 5:5, CHCl3/MeOH 4:6, 
CHCl3/MeOH 3:7, CHCl3/MeOH 2:8, CHCl3/MeOH 
1:9 and MeOH 100 %. Equal volume of eluates (100 
mL) was collected for each fraction, concentrated 
in vacuo, and analyzed for purity using analytical 
TLC to give a total of 97 fractions. Fractions with 
similar compositions were combined. Fractions 
28-32 gave a single spot on the TLC plate with 
solvent system CHCl3 100%when viewed under the 
UV lamp at 254 nm.The fractions were combined 
and coded as ETL128-32.It formed white powder on 
evaporation, and the isolated compound was 
labeled as compound 1and the spectroscopic data 
was recorded. The data suggested compound 1 to 
be 2-hydroxylstigmastane acetate. 

Fraction ETL233-46 of the above fractionation 
of the crude ethanol extract of leaves of N. 
pobeguinii were combined and chromatographed 
using hexane and chloroform (Hex/CHCl3 1:9, 
CHCl3 100 %) and assigned as ETL33-46. Ten 
fractions of 30 ml each were afforded, and fractions 
4-6 (100 % chloroform) were combined because of 
a similar TLC profile and coded as ETL22-4. Fraction 
ETL22-4  was    further    purified    using    a   
smallercolumn (25 cm x 2.1mm). This 
fractionation also afforded 14 fractions of 30 ml 
each with mobile phase (Hex/CHCl3 1:9, CHCl3      

100 %). Fraction 3 gave two spots on the TLC plate, 
which were very close and coded as ETL23. Further 
purification of ETL23 with a smaller silica gel 
column (25 cm x 2.1mm) was done by eluting with 
mobile phase Hex/CHCl3 1:9, CHCl3 100 % and 
coded as ETL3. Fourteen fractions were afforded. 
Fraction 9 gave a single spot on the TLC plate when 
viewed under UV light (254 nm). The isolated 
compound was obtained as a white powder 
assigned ETL29 and labeled as compound 2. The 
spectroscopic data was recorded. The 
spectroscopic data suggested compound 2 to be 
Ergost-5,6-epoxy-22-en-3-yl-acetate. 

Fractions ETL362-66 of the above 
fractionation from ethanol crude extract of leaves 
of N. pobegunii was further chromatographed with 
a smaller silica gel column (25 cm x 2.1mm)  and 
eluted with a mobile phase of increasing polarity 
and strength represented as follows; 

Hex/CHCl3 8:2, Hex/CHCl3 7:3, Hex/CHCl3 
6:4, Hex/CHCl3 5:5, Hex/CHCl3 4:6, Hex/CHCl3 3:7, 
Hex/CHCl3 2:8, Hex/CHCl3 1:9, CHCl3 100 %. This 
gave 20 fractions of 30 ml each, and fraction 
number 6 formed white powder, which gave a dark 
blue spot on the TLC plate with solvent system 
Hex/CHCl3 3:7 when viewed at 254 nm. The 
isolated compound was assigned ETL36 and 
labeled as compound 3. The spectroscopic data 
suggested compound 3 to be β-sitosterol. 
 

RESULTS 
Three compounds were successfully 

isolated from the ethanol stem bark extracts of N. 
pobeguinii. Structural elucidation of the 
compounds was achieved through the 
spectroscopic data, i.e., FTIR, 1H-NMR, 13C-NMR, 
DEPT-135, COSY, HSQC, and a comparison of the 
spectral data with those reported in the literature. 
The spectral are presented as supplementary data. 
The nmr data are also summarized in Tables I & II.  

Compound 1 was obtained as white 
powder with Rf value of 0.4 (CHCl3 100%). IR Ʋ 
(cm-1, ATR) : 3415, 2922, 2848, 1729, 1460, 1386, 
1251, 1073, 789. 1H NMR δ (500MHz, CDCl3): 3.99 
(d), 3.75, 0.6-2.20 (s). 13C NMR δ (500MHz, CDCl3) 
39.73 , 64.14, 70.77, 27.92, 42.73, 28.20, 32.74, 
35.54, 45.84, 30.17, 21.08, 39.10, 45.34, 56.13, 
24.13, 29.70, 55.34, 12.14, 19.82, 38.07, 22.67, 
34.75, 26.58, 36.81, 31.93, 18.60, 18.24, 25.04, 
11.96, 173.78, 21.09. 

Compound 2 was obtained as white 
powder, (Rf value of 0.6 (CHCl3 100%) IR (cm-1, 
KBr): 3415, 2922, 2848, 1729, 1565, 1460, 1162, 
1073, 789. 1H NMR δ (500MHz, CDCl3) : 2.86 (d,), 
4.01 (m,), 5.3 (m,), 0.61-1.62 (s,). 13C NMR δ 
(500MHz,    CDCl3)   :   28.67,   26.19,   72.69,   34.63, 
59.11,  55.69,   33.87,   30.96,   48.97,  38.86,  18.72,  
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41.34, 47.91, 51.22, 24.03, 26.92, 60.39, 13.12, 
15.32, 34.51, 17.20, 117.15, 124.41, 44.89, 34.98, 
19.57, 19.89, 16.99, 173.06, 21.71. 

Compound 3 (Rf value of 0.3) was also 
obtained as white powder. IR (cm-1 , KBr): 3400, 
2938, 2863, 1655, 1535, 1460, 1237, 1027, 789. 1H 
NMR δ (500MHz, CDCl3) : 5.30 (d), 3.45 (m), 0.6-
0.98 (s). 13C NMR δ (500MHz, CDCl3) : 37.29, 31.66, 
72.01, 42.22, 140.96, 121.97, 31.90, 29.20, 56.06, 
36.47, 23.04, 39.87, 57.02, 57.00, 24.31, 28.26, 
49.96, 11.99, 19.85, 34.13, 18.80, 29.67, 26.09, 
45.84, 21.08, 19.41, 19.06, 17.50, 13.73 
 

DISCUSSION 
Characterization of compound 1 (ETL128-32) 

Compound 1 was obtained as a white 
powder with an Rf value of 0.4 (CHCl3 100%). The 
IR spectral (Supplementary 1) data showed an 
absorption band at 3415 cm-1 due to the presence 

of a hydroxyl group (O-H) band at 2922 – 2848 cm-

1 due to the stretching vibration of -CH3 and –CH2. 
A strong absorption band at 1729 cm-1 revealed the 
presence of carbonyl (C=O) at 1389 cm-1, indicating 
the presence of gem-dimethyl of the form –CH-
(CH3)2, at 125 cm-1 and 1073 cm-1 are due to C-O 
stretching   vibration.   Band   at  1460  showed  the  

Table I. 13C-NMR and 1H-NMR spectral values of 2-hydroxylstigmastane acetate compared with β-
sitosterol acetate in literature recorded in CDCl3 (500MHz) 

 

Carbon no Dept 13C Dept* 13C * 1H 1H* 
C-1 CH2 39.73 CH2 36.30   
C-2 CH 64.14 CH2 27.50   
C-3 CH 70.77 CH 72.00 4.49 4.67(1H,m) 
C-4 CH2 27.92 CH2 38.90   
C-5 CH 42.73 QC 138.84   
C-6 CH2 28.20 CH 123.90   
C-7 CH2 32.74 CH2 32.20   
C-8 CH 35.54 CH 31.50   
C-9 CH 45.84 CH 50.30   
C-10 QC 30.17 QC 36.30   
C-11 CH2 21.08 CH2 21.20   
C-12 CH2 39.10 CH2 39.80   
C-13 QC 45.34 QC 42.60   
C-14 CH 56.13 CH 56.20   
C-15 CH2 24.13 CH2 24.40   
C-16 CH2 29.70 CH2 28.40   
C-17 CH 55.34 CH 56.10   
C-18 CH3 12.19 CH3 12.10   
C-19 CH3 19.82 CH3 19.30   
C-20 CH 38.07 CH2 40.40   
C-21 CH3 22.67 CH3 21.50   
C-22 CH2 34.75 CH2 34.20   
C-23 CH2 26.58 CH2 26.20   
C-24 CH 36.18 CH 51.20   
C-25 QC 31.93 CH 30.00   
C-26 CH3 18.60 CH3 19.20   
C-27 CH3 18.24 CH3 21.20   
C-28 CH2 25.04 CH2 25.40   
C-29 CH3 11.96 CH3 12.20   
C-30 QC 173.78 QC 172.00   
C-31 CH3 21.09 CH3 21.20 2.2 (3H,s) 2.03 (3H, s) 

 

* The chemical shift values (δ, ppm) were compared with what was obtained by Nur et al., 2017 previously. 
Assignments were made on the basis of COSY and HSQC correlations. 

 
Supplementary 1. FTIR spectrum of 

compound 4 (2-hydroxystigmastane acetate) 
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presence of cyclic methylene group (-CH2). 
The 1H- NMR spectrum (Supplementary 2) 

of compound 1 showed signals between 0.67-3.99 
ppm. The 1HNMR integration showed the presence 
of 54 protons. The spectrum revealed seven methyl 
protons at δH 0.67, 0.70, 0.83, 0.85, 1.15, 1.20, and 
2.20, corresponding to H18, H27, H26, H29, H21, 
H19, and H31, respectively. The methyl protons      
at  (H-31)  resonated  at  δH2.20.  These  are  methyl  
protons from the acetate group. The proton at δH 
3.75 is the proton H2, which is directly attached to 
the  carbon  that  bears  the  hydroxyl  group.  At  δH 
4.49 is the proton attached to the C-O carbon of the 
acetate H-3. 

13C-NMR spectrum (Supplemetary 3) 
revealed 31 carbon atoms in compound 1, as 
shown in Table I. The important 13C signals are the 
signals at δC 173.78 (C-30), which is the carbonyl 
carbon (C=O) of acetate, δC 70.77 at(C-3) for C-O 

and signal at δC 64.14 for (C-2) that bears the 
hydroxyl group. 

The DEPT-135 spectrum (Supplementary 4) 
revealed seven methyl, ten methine, eleven 
methylene, and three quaternary carbons. The 
spectrum showed a total of twenty-eight signals on 
both sides.  

Table II. 13C-NMR and 1H-NMR spectral values of Ergost-5,6-epoxy-22-en-3-yl- acetate compared 
with literature recorded in CDCl3 (500MHz) 

 

Carbon no Dept 13C 13C * 1H 1H* 
C-1 CH2 28.67 29.74   
C-2 CH 26.19 28.32   
C-3 CH 72.69 71.34 4.01(d,1H) 3.09(d,0.95H) 
C-4 CH2 35.63 39.72   
C-5 QC 59.11 62.52   
C-6 CH 55.70 56.27 2.86 (d) 2.43(d) 
C-7 CH2 33.87 33.35   
C-8 CH 30.96 32.43   
C-9 CH 48.97 51.02   
C-10 QC 38.86 38.01   
C-11 CH2 18.72 21.34   
C-12 CH2 41.34 38.32   
C-13 QC 47.91 42.18   
C-14 CH 51.22 56.02   
C-15 CH2 24.03 24.15   
C-16 CH2 26.92 27.20   
C-17 CH 60.39 63.54   
C-18 CH3 13.12 17.06   
C-19 CH3 15.32 12.06   
C-20 CH 34.51 34.48   
C-21 CH3 17.20 18.63   
C-22 CH2 117.15 131.22 5.3(dd, 2H) 5.02(dd,2H) 
C-23 CH2 124.41 135.13   
C-24 CH 44.89 35.04   
C-25 CH 34.89 36.68   
C-26 CH3 19.57 20.55   
C-27 CH3 19.89 20.36   
C-28 CH3 16.99 19.94   
C-29 CO 173.07 170.56   
C-30 CH3 21.71 21.92   

 

* The chemical shift values (δ, ppm) were compared with what was obtained by Hang and Dussault, 2010 
previously. Assignments were made on the basis of COSY and HSQC correlations. 

 
Supplementary 2. 1H-NMR spectrum of 

compound 4 (2-hydroxystigmastane 
acetate) 
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COSY spectrum (Supplementary 5) for the 
isolated compound 1 showed the correlation 
between protons as follows: H2-H1, H3-H5, and 
H3-H4. HSQC spectrum (Supplementary 6) also 
supported the structural elucidation of compound 
1 by showing the correlation between carbons and 
their attached protons. H18 correlated with C18 at 
δc 12.19, H19 correlated with C19 at δc 19.82, H4 
correlated with C4 δc 27.92, H2-C2 at δc 64.14 and 
H3-C3 at δc 70.77. COSY and HSQC were used for 
the assignments of carbons and protons. All the 
spectral data of this compound are in excellent 
agreement with that of β-sitosterol acetate earlier 
reported (Nur et al., 2017). The only difference is 
that there is no double bond in compound 1 and 
also the presence of hydroxyl group on carbon 2 of 
the isolated compound, which is absent in β-
sitosterol acetate. With all the spectral data and 
comparison with closely related compounds from 
the literature (Nur et al., 2017), compound 1 is 
proposed to be 2-hydroxylstigmastane acetate 
with molecular formula C31H54O3. 

Characterization of compound 2 (ETL29) 
Compound 2 Rf value of 0.6 CHCl3 100%) 

was obtained as a white powder. A single spot was 
observed under the UV lamp. The IR spectrum 
(Supplementary 7) showed the prominent 
functional group at  1729  cm-1,   which   indicates   
the   presence   of carbonyl functional group (C=O), 
1565 cm-1 shows the presence of double bond 
(C=C), band at 1460 cm-1 is for C-O bond, 3415 cm-

1 represent the presence of O-H group which may 
be due to the water introduced during sample 
preparation.  

1H- NMR (Supplementary 8) showed the 
steroidal nucleus with the δH 2.86 (d, H-6), δH4.01 
(m, H-3) and δH5.30 (dd, H-22 and H-23). 1H-NMR 
spectrum integration revealed forty-eight (48) 
protons with seven methyl groups. 

13C-NMR spectrum (Supplementary 9) 
showed a total of thirty carbon atoms. In contrast, 
the DEPT-135 spectrum (Supplementary 10) 
revealed the different types of carbon atoms 
present as follows: seven methyl (-CH3), eleven 
methines (-CH), eight methylene        (-CH2) and four 
quaternary carbons. These quaternary carbons 
were not shown on the spectrum. The major 13C 
signals, as shown in     Table II, are the signal at 
δC173.07 which shows the presence of carbonyl 
carbon, 117.15 and 124.41 due to C-22 and C-23, 
respectively, and the signal at 72.69 corresponds to 
the oxymethine carbon (C-3). Comparing all the 
spectral data obtained with the literature (Hang 
and Dussault, 2010), compound 2 is proposed  to  
be  Ergost-5,  6-epoxy-22-en-3-yl-acetate with 
molecular formula C30H48O3. 

 
Characterization of compound 3 (ETL36 G) 

Compound 3 from ethanol leave extract (Rf 
value of 0.3 Hex/CHCl3 3:7) was also obtained as a 
white powder. All the spectral data were similar to 
that of β-sitosterol previously characterized and 
reported on ethyl acetate stem bark extract of N. 
pobegunii (Adepoju et al., 2022; Ododo et al., 2016). 
Therefore, compound 3 is confirmed to be β-
sitosterol from ethanol extract of leaves of N. 
pobegunii. The 13C-NMR data and important 1H-
NMR spectra are shown in Table III. 
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Supplementary 3. 13C-NMR spectrum of 

compound 4 (2-hydroxystigmastane 
acetate) 

 
Supplementary 4. Expanded 13C-NMR 

spectrum of compound 4 (2-
hydroxystigmastane acetate) 
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Supplementary 5. DEPT spectrum of 
compound 4 (2-hydroxystigmastane 

acetate) 

 
Supplementary 6. COSY spectrum of 
compound 4 (2-hydroxystigmastane 

acetate) 
 

 
Supplementary 7. HSQC spectrum of 
compound 4 (2-hydroxystigmastane 

acetate) 

 

 
 

 
Supplementary 8. FTIR spectrum of 

compound 5 (Ergost-5,6-epoxy-22-en-3yl 
acetate) 

 

 
Supplementary 9. 1H-NMR spectrum of 

compound 5 (Ergost-5, 6-epoxy-22-en-3yl 
acetate) 

 

 
Supplementary 10. 13C-NMR spectrum of 

compound 5 (Ergost-5, 6-epoxy-22-en-3yl 
acetate) 
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CONCLUSION 
The established chemical and spectral 

evidence and comparison of the present results 
with the previous data, the isolated compounds are 
confirmed to be 2-hydroxylstigmastane acetate 
(1), Ergost-5, 6-epoxy-22-en-3-yl-acetate (2) and 
β-sitosterol (3). Compounds 1 and 2 are being 
reported for the first time in N. pobeguinii to the 
best of our knowledge 
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C-7 CH2 31.90 31.93   
C-8 CH 29.20 31.93   
C-9 CH 56.06 50.16   
C-10 QC 36.47 36.51   
C-11 CH2 23.04 21.11   
C-12 CH2 39.87 39.80   
C-13 QC 57.13 42.34   
C-14 CH 57.00 56.79   
C-15 CH2 24.31 24.33   
C-16 CH2 28.26 28.27   
C-17 CH 49.96 56.08   
C-18 CH3 11.99 11.89 0.60(s) 0.7(s) 
C-19 CH3 19.85 19.42 0.94(s) 1.03(s) 
C-20 CH 34.13 36.17   
C-21 CH3 18.82 18.84   
C-22 CH2 29.67 33.98   
C-23 CH3 26.09 26.11   
C-24 CH 45.84 45.86   
C-25 CH 21.08 29.19   
C-26 CH3 19.41 19.84   
C-27 CH3 19.06 19.06   
C-28 CH2 17.50 21.10   
C-29 CH3 13.73 12.01   

 

* The chemical shift values (δ, ppm) were compared with what was obtained by Adepojuet al., 2022;       
Ododo et al., 2016 previously. Assignments were made on the basis of COSY and HSQC correlations. 
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