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Introduction 

                  In Africa and other developing countries, it is 

estimated that 70 to 80% of people use plants as sources of remedies 

for their healthcare.
1
 Plants continue to provide lead molecules with 

multiple properties for adoption in the pharmaceutical industry 
2, 3

 

because they are associated with secondary metabolites that are 

effective, chemically unique, and with minimal side effects as 

compared to synthetic drugs.
4
 These compounds, often referred to as 

phytochemicals, have been associated with the antioxidant, anticancer, 

antimicrobial, anti-inflammatory, antiulcer, antidiabetic, 

antispasmodic, and antihypertensive properties of plants.
5
 Medicinal 

plants contain most of these phytochemicals which make them a vital 

antimicrobial agent in traditional medicine. Cola is one of the largest 

genera in the family Sterculiaceae and is related to the South 

American genus Theobroma.
6
 Members of the Cola genus have played 

a significant role in traditional herbal medicine to manage various 

ailments for centuries.
7, 8

 For example, the leaves, trigs, and the bark 

of both C. nitida and C. acuminata were used as a remedy for 

dysentery, coughs, diarrhea, and vomiting.
9
 The genus is made up of 

moderately sized trees that are evergreen and often growing to a 

height of 20 m with glossy ovoid leaves up to 30 cm long.
6
 The 

majority of Cola species are found in West and Central Africa.
10

 The 

genus is almost entirely restricted to moist evergreen and semi-

deciduous forest formations.
11

 The leaves of Cola species are very 

simple, entire, and narrowed or rounded towards the base.
9
  Despite 

the wide pharmacological activities of the plants from the Cola genus 

reported in the literature, and due to the lack of any phytochemical 

investigations of Cola minor, this present study was carried out to 

establish the secondary metabolites in the stem of Cola minor. 
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Materials and Methods 

Plant collection and identification 

The stem of Cola minor was collected in May 2017 from Nzombo 

forest in Kwale County along the coastal region in Kenya 

approximately 35 km from Mombasa city. The plant was then 

identified by Mr. Patrick Mutiso, the chief taxonomist of the 

University of Nairobi Herbarium where a voucher specimen, TKM 

2017/001, was deposited. The plant material (8 kg) was air-dried to 

obtain 3.5 kg under a shade in the Department of Chemistry, 

University of Nairobi, Kenya. Thereafter, the dry material was ground 

into a fine powder using an electrical grinder. 

 

General  

NMR experiments were performed in either CDCl3 or CD2Cl2 at room 

temperature using a Bruker 500 MHz spectrometer (Avance I) using 

TMS as the internal standard. TopSpin was used to acquire and 

process the NMR spectra data. Spectra referencing were done using 

the residual solvent peaks. Chemical shifts are given in  (ppm), and 

coupling constants are reported in Hz. Silica gel 60 F254 and Silica gel 

60 were used for analytical TLC and column chromatography, 

respectively, while Sephadex LH-20 was used for gel 

chromatography.  

Extraction and isolation 

The fine powder that was weighing 3.5 kg was extracted by cold 

percolation using a mixture of 1:1 CH2Cl2/MeOH at room temperature 

for 72 hours. The extract was then filtered and concentrated in a 

vacuum on a rotary evaporator at 30 °C and combined to give a total 

weight of 99 g of extract, which was 2.83 percent of the total plant 

material. The extract obtained using 50% MeOH in CH2Cl2 was 

adsorbed into an equivalent amount of silica gel and loaded onto ten 

times the quantity of silica gel packed column using 100% n-hexane. 

The column was then eluted in a gradient of increasing polarities from 

5% then 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, up 

to 100% ethyl acetate (EtOAc),
12

 with different fractions collected of 

500 mL each, using conical flasks. 

The obtained fractions were concentrated using the rotary evaporator 

in a vacuum under reduced pressure at 50 °C and spotted on TLC 

plates. The fractions which had the same retention factor (RF) values 
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were combined. Further purification was carried out using further 

column chromatography, preparative chromatography, and 

chromatotron under different chromatographic conditions and 

Sephadex LH-20. In a typical experiment, the fractions that were not 

fully separated with 20-35 g were again subjected to column 

chromatography. Once again, fractions that showed identical TLC data 

were pulled together and then purified using preparative 

chromatography and Sephadex LH-20. This involves Sephadex LH 20 

as the stationary phase and the mobile phase consisted of EtOAc in n-

hexane solvent system in increasing polarity. The separation is based 

on the different molecular weights of the constituent compounds. 

Much smaller samples of l g and below were purified using 

chromatotron. In this case, the sample was applied as a solution using 

n-hexane: EtOAc in the ratio of 2:3 on silica gel and centrifugally 

accelerated. The separated components formed circular bands which 

were spun off from the edge of the rotor together with the solvent. The 

structures of the isolated compounds (Figure 1) were determined by 

analyses of their spectroscopic data and comparison with those 

reported in the literature.  

 

Results and Discussion 

Silica gel chromatography of the CH2Cl2/MeOH extracts of the stem 

of Cola minor afforded four compounds which were identified, using 

spectroscopic techniques, as friedelin (1), stigmasterol (2), friedelanol 

(3), and β-armyrin (4) (Figure 1). 

Compound 1 was isolated as a white powder that crystallized out from 

ethyl acetate. The 
1
H NMR spectrum of this compound showed seven 

singlets for the methyl groups at H 0.87(s, H-23), 0.74 (s, H-24), 0.89 

(s, H-25), 1.01 (s, H-26), 1.02 (s, H-27), 1.17 (s, H-28) and 0.98 (s, H-

29); one methyl appeared as a doublet at 0.87 (d, J  5.0 Hz, H-23). 

The proton and carbon peaks were allocated based on the 
1
H-

1
HCOSY, DEPT, HSQC, and HMBC (Figures 4-6) analyses as shown 

in Table 1. From the 
13

C NMR and HSQC spectra (Figures 3 and 5), 

thirty carbons were identified, among them a ketone carbonyl group at 

c 213.4. DEPT analysis indicated the presence of seven quaternary 

carbons, four methine carbons, eleven methylene carbons, and eight 

methyl carbons. Besides, 
1
H-

1
H COSY-NMR spectrum showed 

correlations of the following protons; H3-24/H3-25, H3-26/H-18, H3-

25/H3-26, and H-18/H3-30 in association with coupling constants of 

H-10 (δ H 1.42, dd, J=3.3, 12.8 Hz) for axial–axial and axial-

equatorial coupling with H2-1 determined that A, B, C, and D ring 

fusion to be trans, and shown that H3-24, H3-26, H3-25, and H-18 

were in the same side whereas H-10, H-8, and C-27 at C-13 were in 

the opposite side. HMBC indicated correlations between C-24, C-23, 

and C-5. Based on the above spectral data and comparison with 

literature values,
13, 14

 compound 1 was elucidated as a triterpene 

friedelin.  

Compound 2 was obtained as white crystals in 15% EtOAc in n-

hexane. The compound was not sensitive to UV254 light hence was 

visualized using iodine vapor. The 
1
H NMR spectrum (Figure7) 

exhibited two olefinic protons at H 5.31 for H-6 and 5.14 for H-21, a 

hydroxymethine proton at H 3.49 (H-3) and a vinylic proton at δH 

5.35 (t,
1
H, J 3.0 Hz), 5.21 (d,d, 

1
H, J  24 Hz) assigned to protons at 

H-5 and 20 positions, respectively (Table 1). Moreover, the 
1
H-NMR 

spectrum of compound 2 showed a signal at δ 3.49 corresponding to 

the proton attached to the C-3 hydroxy group. The presence of these 

groups was confirmed by the 
13

C-NMR spectrum which showed peaks 

corresponding to δC 141.0 and 138.5, respectively. The characteristic 

methyl protons were observed at δH 0.75(s, 3H), 0.83(s, 3H), 0.85(s, 

3H), 0.87 (d, 3H) and 0.88 (d, 3H) and 1.04 (d, 3H, J  5 Hz). 

Analysis of the 
13

C NMR data further indicated the presence of a 

quaternary carbon at δC 141.0 (C-5). 
1
H-

1
HCOSY-NMR spectrum 

showed correlations of five spins spin systems: H2-1/ H-3/ H2-2/H2-4, 

H-6/H2-7/H-8/H-9/H2-2/ H2-11/H2-12/H-16/H2-15/H2-14, H-20/H3-21, 

H-22/H-23/H-24/H-25/H3-27 and H2-28/H2-29. Verifications of 
1
H 

and 
13

C assignments were done by 2D HSQC while connectivity was 

verified by HMBC. These spectral data confirmed that the hydroxyl 

was bonded to C-3 due to the long-range correspondence between C-3 

and the protons at H-1 and H-2. H-4 and H-19 showed long-range 

correlations with C-5 thus placed the double bond at C-5. H-20 and H-

21 had long-range correlations with C-22 thus placed the second 

double bond at this carbon atom. H-28 and H-29 correlations with C-

24 determined the position of the isopropyl. Based on this spectral 1D 

and 2D data (Figures 7-11), as well as corroboration with literature 

reports,
15-18

 compound 2 was identified as stigmasterol with a 

molecular formula C29H48O.  

Compound 3 was isolated as a white powder. From the 
13

C-NMR 

spectrum, 30 carbon signals were identified which included six 

quaternary carbons, five CH carbons, eleven CH2 carbons, and eight 

CH3 carbons. Noteworthy was the identification of an oxygenated 

carbon at δc 74.9. The presence of this hydroxyl group was further 

established by the characteristic hydroxyl group proton at δH 3.63 that 

corresponds to C-3. The position of this hydroxyl group was 

confirmed from the strong HMBC correlation of the hydroxyl proton 

at 3.63 with the carbon at 74.9 ppm. Furthermore, the HMBC 

spectrum of this compound showed that the proton at 1.22 ppm had a 

strong correlation with the carbons at 42.8ppm, 35.6 ppm, 29.7 ppm, 

and 32 8 ppm. HMBC correlations were also observed between the 

proton at 1.22ppm and the carbons at 28 0 ppm, 31 6 ppm, and 35 2 

ppm; between the proton at 1.05ppm and the carbons at 31.8ppm and 

36.7ppm. From the 
1
H

1
H- COSY spectrum, the proton at δH 1.53 had 

across peak with δH 0 98 while that at δH 2.35 had a cross peak with 

the one at δH 0 94 Another cross peak was observed between the 

proton at δH 1.52 and that at δH 1.32. The NMR spectral data (Figures 

12-16) for this compound suggested that is friedelanol, based on the 

good agreement of its 
1
H and 

13
C NMR data with literature reports.

19-21
 

The 
1
H-NMR spectra of compound 4 indicated that the compound 

contained eight methyl singlets at δ 0.88, 0.99, 1.03, 1.05, 1.06, 1.14, 

1.15, and 1.21. A protonated oxygen residue exhibited a signal at δ 

3.46 (s, 1H) and is placed at C-3. An unsaturated proton at δ 5.35 (t, 

1H, J3.5Hz) suggesting the presence of a double bond. The analysis 

of the 
13

C-NMR spectrum of compound 4 (Table 1) revealed the 

presence of 30 carbon signals including two olefinic carbons, ten 

methylene carbons, and four methine carbons, all suggestive of 

oleanane type triterpenoid. From the 
1
H

1
H- COSY spectrum the 

proton at δH 5.67 had across peak with δH 1.97 while the proton at δH 

1.21 had a cross peak with the one at δH 1.05. Besides, the proton at δH 

3.44 showed a cross peak with that at δH 1.68. HMBC correlations 

were also observed between the proton at δH 1.21 and the carbons at δC 

35.0, δC 40.6ppm, δC 41.8 and δC 38.8; between the proton at δH 1.05 

with carbon at δC.76.2 δC 40.6, and δC 25.2. Moreover, HSQC 

correlations were also observed between the proton at δH 5.65 and the 

carbons at δC 121.6, δC 2.1 and δC 49.7; between the proton at δH 3.46 

and the carbon at δC 76.2. Thus, the structure of compound 2 was 

identified as β-armyrin after the spectral data (Figures 16-20) 

compared favorably with those previously reported.
22-26
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Table 1: 
1
H and 

13
C-NMR chemical shift values for compounds 1-4.

a,b
 

 

Position 

1           2          3        4 

1
H 

13
C 

1
H 

13
C 

1
H 

13
C 

1
H 

13
C 

1 1.97, 1.68 22.3  37.3 0.86 17.5  38.8 

2 2.37 41.6  32.0  35.2  27.9 

3 - 213.4 3.49(tdd, 1H, J  6.5 Hz) 71.6 3.63 (dd, J  11.5 Hz) 74.9 3.46 (s,1H) 76.2 

4 2.24 58.2  42.2 3.84 49.4  39.3 

5 - 42.2 5.35(t, 1H, J  1.5 Hz) 141.0  37.3 1.15 (s,3H) 56.2 

6 1.76, 1.28 41.3  121.4 2.35 41.1 1.03 (s,3H) 18.5 

7 1.38, 1.47 18.3  31.7 0.75 14.3  32.8 

8 1.38 53.1  31.9 5.33 (t, 1H, J  2 Hz) 55.6  40.6 

9 - 37.5  50.2  37.3  47.5 

10 1.52 59.5  36.6 6.00 61.0  37.1 

11 - 35.6  21.1 1.41(d, 3H, J  5 Hz) 35.6  23.6 

12 1.33 30.5  39.8  29.7 5.65 ( t,1H, J  6 Hz) 121.6 

13 1.49, 0.94 39.7  42.3  39.7  146.9 

14 - 38.3  56.8  38.3  41.8 

15 - 32.4  24.3 2.50, 2.41 32.0  26.9 

16 1.55, 1.34 36.0  29.1 2.51(d,3H, J  10 Hz) 36.0  27.9 

17 - 30.0  56.0 1.30 29.7  32.5 

18 1.56 42.8  40.5  42.8  49.7 

19 0.95 35.1 1.04 (d, 3H, J  5 Hz) 21.7  35.0  47.5 

20 - 28.2 5.21 (dd, 1H, J  9 Hz) 138.7  28.0 1.21(s,3H) 31.8 

21 - 32.8 5.07 (dd, 1H, J  9 Hz) 129.6 2.48 32.8  37.9 

22 1.47, 0.92 39.3  46.1 0.96 39.1  35.0 

23 0.87 6.8  25.4 1.05 10.4  15.9 

24 0.74 14.7 0.75 (s,3H) 12.1 0.87 (s, 3H) 16.4 1.05 ( s,3H) 28.5 

25 0.89 17.9  29.6 1.10 (s, 3H) 18.1  15.9 

26 1.01 20.3 0.88 (d, 3H) 20.2 0.98 (s, 3H) 20.0 0.88 (s,3H) 17.2 

27 1.02 18.7 0.85 ( d,3H) 19.8 1.05 18.7 1.14 (s,3H) 25.2 

28 1.17 32.1 0.83 (s, 3H) 18.9 1.32, 2.53 (d, J  5 Hz) 32.3  28.8 

29 0.98 31.8 0.87 (s, 3H) 12.2  35.2 0.99 (s,3H) 33.9 

30 1.20 35.4 - - 1.21 31.6  23.6 

a
Assignments made based on 

1
H-

1
HCOSY, DEPT, HSQC, and HMBC correlations; 

b
Chemical shift values are in δ (ppm). 
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Conclusion 

Four compounds were isolated from the stem of Cola minor obtained 

from the Coastal region of Kenya at Nzombo forest. The structures of 

the isolated compounds were identified as friedelin (1), stigmasterol 

(2), friedelanol (3), and β-armyrin (4) based on their spectroscopic 

data. The complete 
1
H and 

13
C NMR spectral assignments of the four 

isolated compounds were made based on 
1
H-

1
HCOSY, DEPT, HSQC, 

and HMBC analyses. Although these phytochemicals are widely 

distributed in the plant kingdom, this is the first report on their 

isolation from Cola minor. 
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