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Abstract: The phytochemical analysis of the butanolic extract from the leaves of date palm of Saudi
origin resulted in the isolation of three major constituents, oleanolic acid (1), vanillyl alcohol (2), and
β-sitosterol-3-O-β-D-glucoside (3), which had not been isolated from this plant or previously reported.
Together, compounds 1 and 2 account for 1.0% of the butanol extract, which represents 0.4% of the
mass of the dried leaves. The isolation of other known compounds for this plant such as fatty acids,
lutein, and sucrose was also achieved in this study. The characterization and identification of the
isolated compounds were conducted on the basis of Fourier-transform infrared spectroscopy (FTIR),
1H and 13C nuclear magnetic resonance (NMR), liquid chromatography–mass spectrometry (LC–MS),
and gas chromatography–mass spectrometry (GC–MS) analyses. The findings of the current study
will definitely increase the knowledge about the contribution of the constituents of this plant to its
well-known nutrition, corrosion inhibition, and antimicrobial properties.

Keywords: characterization; date palm; isolation; phenolic; terpenes

1. Introduction

Research work on plants continues to provide valuable information on the compounds
that can be applied in various fields, such as medicine, taxonomy, environmental pollution,
corrosion protection, and nutrition. Date palm (Phoenix dactylifera L.) is among the best-
known and extensively cultivated plants of great economic importance in Saudi Arabia.
This plant belongs to the Arecaceae family and has been cultivated in the Middle East and
North Africa for at least 5000 years [1]. The kingdom of Saudi Arabia has about 23 million
date palms of over 400 cultivars, and its dates production is estimated to account for 17% of
the total global production [2]. The different parts of this plant have been used extensively
in traditional medicine to treat various disorders, such as memory disorders, inflammation,
fever, loss of consciousness, diabetes, hypertension, and neurological disorders [3]. The
interesting pharmacological activities of the date palm are attributed to its bioactive non-
nutrient phytochemical constituents.

Earlier studies have reported that the date palm is very rich in various constituents,
including fatty materials, carotenoids, polyphenols (e.g., phenolic acids, isoflavones, lig-
nans, and flavonoids), tannins, and sterols [4,5]. The identification of some of the existing
constituents in this plant was achieved based on the GC–MS (for the fatty constituents) [6],
LC–MS (for the phenolic compounds) [5,7], or FTIR (for the lignans) [8] analyses. The focus
of many researchers was devoted to the study of the phytochemical composition of date
palm fruits and the effect of the date maturing period on its chemical constituents and
functional composition [2,9,10]. However, less attention was paid by the researchers to the
phytochemical composition of date palm leaves as they are of less economical, nutritional,
and pharmacological importance than date fruits [11,12]. In some date palm-growing
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countries, palm leaves are considered to be waste materials left in agricultural lands or
treated by burning [12].

Very recently, our research group reported potential applicability for the butanolic
extract of date palm leaves as an inhibitive pigment for the corrosion of steel substrates in
various acidic media [13–15]. The promising corrosion inhibition properties of the plant
extract can be attributed to one or more of the individual constituents of this plant and
possibly to the synergetic effect of these constituents. This encouraged us to conduct, in this
study, a phytochemical analysis and identification of the chemical constituents available in
the butanolic extract of the leaves of the date palm (Phoenix dactylifera L.) of Saudi origin.

2. Results and Discussion

Motivated by the interesting reported studies on the promising corrosion inhibition
efficiency of various extracts of the date palm [13,14,16], we conducted in this study the
phytochemical analysis of the butanolic extract of this plant. Regardless of the good number
of phytochemical constituents reported in the literature for this plant [3,7,17], our research
on this plant led to the isolation of constituents from this plant that are reported here for
the first time. The characterization and identification of the isolated compounds in our
study were as follows:

2.1. Fatty Acid Mixture

The addition of methanol to F1 of the CC of the butanolic extract yielded a white solid
which was analyzed by the NMR technique. The obtained 1H and 13C NMR spectra of
the solid (Figures S1 and S2) indicated clearly the fatty material nature of this solid, as the
observed resonances were in agreement with the literature data [18]. In order to determine
the molecular mass of the components of this fatty material, we analyzed it using the
GC–MS technique. The chromatogram of this sample (Figure 1) showed the presence of
five major peaks identified, based on their mass spectral data, as tetracosane, pentacosane,
hexacosane, heptacosane, and octacosane. The MS spectrum of octacosane (Figure S3)
showed peaks corresponding to the cleavage of several –CH2– (m/z 14) linkages, which
is a characteristic fragmentation pattern for fatty alkanes and acids. The identified fatty
alkanes in this study were reported previously from this plant [6] and the genus Phoenix [1]
using the GC–MS analysis of the plants’ extracts.



Molecules 2021, 26, 4192 3 of 10
Molecules 2021, 26, x FOR PEER REVIEW 4 of 10 
 

 

 
Figure 1. GC–MS chromatogram of the F1 solid. 

3.2. Oleanolic Acid (1) 
The early CC fractionations of the crude butanolic extract showed precipitation of an 

impure yellowish major solid, which was further purified by crystallization from metha-
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Figure 2. Chemical structure of 1. 

The 1H NMR spectrum of 1 (in DMSO-d6, Figure S4) displayed singlet signals in the 
region δ 0.75–0.96 ppm assigned to various methyl groups in 1. The signal of the olefinic 
proton at C-12 appeared at 5.23 ppm as a multiplet while the methine one at C-3 had a 
doublet of doublets (dd) multiplicity and a chemical shift value of 3.20 ppm. The 13C NMR 

Figure 1. GC–MS chromatogram of the F1 solid.

2.2. Oleanolic Acid (1)

The early CC fractionations of the crude butanolic extract showed precipitation of an
impure yellowish major solid, which was further purified by crystallization from methanol
to yield a white pure solid identified as terpenic acid 1 (Figure 2).
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Figure 2. Chemical structure of 1.

The 1H NMR spectrum of 1 (in DMSO-d6, Figure S4) displayed singlet signals in the
region δ 0.75–0.96 ppm assigned to various methyl groups in 1. The signal of the olefinic
proton at C-12 appeared at 5.23 ppm as a multiplet while the methine one at C-3 had a
doublet of doublets (dd) multiplicity and a chemical shift value of 3.20 ppm. The 13C
NMR spectrum of 1 (Figure S5) provided more structural details by showing the presence
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of peaks corresponding to a compound of 30 carbon atoms. The peaks at δ 179.1, 144.3,
121.9, and 77.3 ppm were characteristic signals of the terpenic acid’s chemical skeleton.
The existence of ten CH2 groups in 1 which could be deduced from the DEPT-135 NMR
spectrum of 1 (Figure S6) confirmed that our isolated compound was the oleanolic acid
terpene and not its analog, the ursolic acid. The analysis of the correlation signals in
the 1H–1H COSY NMR spectrum of 1 (shown in Figure S7) provided further support
for its elucidated structure. The NMR data of 1 (Table 1) were in agreement with the
published values [19]. It is worth mentioning here that compound 1 is known to have
anti-inflammatory, antihyperlipidemic, and hepatoprotective in vivo effects. It has also
been found to have antiviral and antitumor actions [20], which suggests a contributing role
for compound 1 to the well-known pharmacological activities of this plant.

Table 1. Experimental 13C and 1H NMR data for compound 1 and data from the literature.

Position
Experimental Literature [19]

13C 1H 13C 1H

C-1 38.5 1.62 (m) 38.5 1.63 (m)
C-2 28.6 1.59 (m) 28.1 1.59 (m)
C-3 77.3 3.20 (dd; J = 4.0; 8.0 Hz) 79.1 3.20 (dd; J = 4.5; 10.0 Hz)
C-4 38.5 - 38.8
C-5 55.2 0.66 (m) 55.2 0.71 (m)
C-6 18.5 1.54 (m) 18.2 1.54 (m)
C-7 32.9 1.47 (m) 32.9 1.48 (m)
C-8 38.8 - 39.4
C-9 45.9 1.54 (m) 47.5 1.54 (m)

C-10 37.1 - 37.0
C-11 23.4 0.93 (m) 23.5 0.94 (m)
C-12 122.0 5.23 (m) 125.8 5.23 (d; J = 22.5 Hz)
C-13 144.3 - 137.9
C-14 41.8 - 41.9
C-15 27.7 1.61 (m) 27.9 1.61 (m)
C-16 23.8 0.96 (m) 24.1 0.96 (m)
C-17 47.5 - 47.8
C-18 41.2 - 41.9
C-19 46.1 - 47.5
C-20 30.9 - 30.6
C-21 38.8 1.62 (m) 38.8 1.63 (m)
C-22 33.8 1.31 (m) 36.9 1.31 (m)
C-23 27.6 0.99 (s) 28.1 0.96 (s)
C-24 16.5 0.75 (s) 16.9 0.75 (s)
C-25 15.6 0.91 (s) 15.4 0.91 (s)
C-26 17.2 0.76 (s) 17.0 0.76 (s)
C-27 27.4 1.13 (s) 27.2 1.06 (s)
C-28 179.0 - 181.2
C-29 33.3 0.90 (s) 36.7 0.84 (s)
C-30 23.3 0.93 (s) 23.2 0.93 (s)

After removing all the oleanolic acid precipitate, the methanolic mother liquor of the
fraction was dried to yield a yellowish oily material identified by LC–MS as the lutein
carotenoid (Figure 3). The ESI spectrum of lutein showed the molecular ion peak [M+] at m/z
568 and a substantial [M+H–2H2O] fragment at m/z 541, which is a common fragmentation
pattern for hydroxyl-containing carotenoids [21]. The lutein compound was reported
previously from the fruits (not the leaves) of this plant [4]. Carotenoids are, in general, very
sensitive to heat and light which makes their structural analysis a tedious process [21].
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2.3. Vanillyl Alcohol (2)

A major UV-active compound on TLC was obtained as a white solid from the CC of
the butanolic extract of the studied plant, which was identified as the phenolic compound
vanillyl alcohol (2). The 1H NMR spectrum of 2 (in CDCl3, Figure S8) showed the presence
of two singlet peaks at δ 3.93 and 4.63 ppm that corresponded to the presence of OCH3 and
OCH2 functionalities, respectively, in 2. The multiplicity of the aromatic protons resonating
in the region δ 6.85–6.95 ppm helped us greatly in determining the substitution pattern
around the aromatic ring of 2. The broad signal at 5.66 ppm was attributed to the Ar–OH
functionality in 2. The 13C NMR data of 2 were compared with the vanillyl alcohol standard
and a full agreement of the data of the two samples was obtained (Figure 4). The isolation
of 2 from the date palm is reported here for the first time.

It is worth mentioning here that our study found compound 2 to be a constituent
of the highest quantity in the butanolic extract of the date palm. This result and the fact
that many other phenolic compounds such as gallic acid, protocatechuic acid, caffeic acid,
and ferulic acid have also been isolated previously from this plant [3] might explain the
high lignin content identified and reported previously in the pruned Phoenix date palm
woods [8]. Phenolic compounds are considered to be the precursors of the formation of
lignin polymers in plants via a natural polymerization process that links the precursors
with ether (C–O–C) linkages and with the carbon–carbon (C–C) linkage [8].
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2.4. β-Sitosterol-3-O-β-D-Glucoside (3)

The addition of methanol to F4 of the CC of the butanolic extract resulted in a pure
white solid identified by 1H and 13C NMR analyses as glycosidic sterol 3 (Figure 5).
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Figure 5. Chemical structure of 3.

The 1H NMR spectrum of 3 in DMSO-d6 (Figure S9) showed peaks in the range δ

0.67−0.94 ppm that corresponded to the methyl groups in 3. The protons of the glucose
moiety resonated in the range δ 2.88–4.44 ppm. The anomeric proton of the glucose–sterol
linkage was observed as a doublet (J = 8.87 Hz) at δ 4.20 ppm indicating a configuration for
this linkage. The 13C NMR spectrum of compound 3 (Figure S10) confirmed the presence
of 35 signals; six were for the sugar moiety and 29 were attributed to the aglycone moiety.
The peak of the anomeric carbon resonated at δ 101.2 ppm while the signals of the olefinic
carbons of compound 3 appeared at δ 121.7 and 140.9 ppm. The NMR spectral data of
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compound 3 were in full agreement with those reported in the literature [22]. This is the
first report of compound 3 from the date palm.

Fraction F5 yielded, upon the addition of chloroform, a white crystalline material
identified by 1D and 2D NMR techniques (Figures S11–S15) as the naturally produced
sucrose sugar. The NMR data of the isolated sucrose were in full agreement with those
reported in the literature [23]. Although the fruits of the date palm are rich in various types
of natural sugars including sucrose, it is also interesting to report that such materials can
be obtained from the leaves [24].

It is worthy to note that the evaluation of the corrosion inhibition properties of the
isolated compounds in this study is ongoing and the results will be published later.

3. Materials and Methods
3.1. Chemicals

All the chemicals used in the extraction and column chromatography (CC) procedures
were of analytical grade, obtained from Sigma-Aldrich (St. Louis, MO, USA), and used
as received. HPLC-grade solvents and a 0.45 µm-filtered distilled water were used in the
preparation of the mobile phase for the LC–MS analysis.

3.2. Plant Material

Date palm leaves were collected from the city of Dhahran, Saudi Arabia, in May 2020
and kept to dry at room temperature and open to the air for one week. The dried leaves
were powdered prior to extraction.

3.3. Butanol Extraction and Isolation

The fine powder of the dried date palm leaves (140 g) was subjected to butanolic
extraction in the 1:3 (powder/solvent) ratio using a one-liter beaker under continuous
stirring at 200 rpm and 25 ◦C for 48 h. The crude butanolic extract was filtered with
double Whatman filter papers No. 1 and concentrated by evaporation under reduced
pressure over a water bath at 60 ◦C to afford 60 g of greenish extract. This extract was
purified by CC using ethyl acetate as an eluent and increasing polarity with methanol
to give seven fractions (F1–F7). The addition of methanol to F1 yielded 51.6 mg of a
pure white solid which was identified by NMR and GC–MS as a mixture of fatty alkanes
(tetracosane, pentacosane, hexacosane, heptacosane, and octacosane). Fractions F2 and
F4 were further purified using CC whereas F3 was purified by washing with methanol.
Fraction F2 (9.5 g) was further purified by CC using hexane as an eluent and increasing
polarity with ethyl acetate then methanol to provide five fractions according to their TLC
behavior. Subfraction F2-2 showed a UV-inactive compound which was further purified
by washing with methanol to yield 217.7 mg of a white solid identified as oleanolic acid
(1). F2-4 showed a dark yellow spot on TLC which was identified by the LC–MS analysis
as the carotenoid lutein. The addition of methanol to F3 and subfraction F2-5 afforded
373.7 mg of a UV-active compound identified as vanillyl alcohol (2). F4 showed a major
UV-inactive compound (a pink-colored spot on TLC after spraying with an anisaldehyde
TLC visualization reagent), which was further purified by washing with methanol to afford
9.2 mg of β-sitosterol-3-O-β-D-glucoside (3). Finally, the addition of methanol to F5 yielded
35.0 mg of a white material identified as the natural sugar sucrose. Fractions F6 and F7 did
not show any major spots, therefore, they were not investigated any further.

3.4. NMR Spectroscopy

All the 1H and 13C NMR spectra were recorded on a Bruker Avance 400 MHz spec-
trometer (Bruker, Billerica, MA, USA) at 400 and 100 MHz, respectively. CDCl3 or DMSO-d6
were used to dissolve the samples and the chemical shifts were recorded in parts per mil-
lion (δ) with tetramethylsilane (TMS) as an internal reference. The 2D NMR homonuclear
1H/1H correlation spectroscopy (TOCSY, COSY) and heteronuclear 13C/1H correlation
experiments (HMBC, HETCOR) were conducted using the standard Bruker pulse sequence.
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More details on the acquisition parameters of the NMR experiments conducted in this
study are listed in Table S1 in the Supporting Information.

3.5. GC–MS Parameters

The GC–MS analysis of F3 was carried out using an ISQ™ 7000 Single Quadrupole GC–
MS System (ThermoFisher Scientific, Milan, Italy). A TraceGOLD TG-5MS GC capillary
column (5% phenyl and 95% dimethylpolysiloxane) with 30 m × 0.25 mm × 0.25 µm
dimensions was equipped with the instrument. The temperature in the column was
programmed at 50 ◦C, ramped up at 10 ◦C min−1 to 150 ◦C, held isothermal for 2 min,
ramped up at 10 ◦C min−1 to 250 ◦C, and held then for 10 min. Highly pure helium
was used as a carrier gas at the flow rate of 0.85 mL min−1. The injector temperature
was 250 ◦C; the volume of samples injected was 1 µL in the split mode (50:1). Electron
ionization was effected by the electron impact (EI) with the ionization energy of 70 eV. The
interface temperature was set at 250 ◦C and the ionization source was 200 ◦C. The analyzer
is quadrupole-type (250 ◦C). The mass spectrum was recorded using the mass detector
scan mode (range, 50–800 amu). The identification of chemical compounds was performed
by comparison of their mass spectra with those registered in the NIST2017 database.

3.6. LC–MS Parameters

Some of the fractions obtained from the CC of the butanolic extracts were subjected
to the LC–MS analysis, which was performed on Agilent LCMS-6120B (Agilent, Santa
Clara, CA, USA) coupled with a diode-array detector (DAD) using a Poroshell 120 EC-C18
(4.6 × 150 mm, 4 µm) column. The temperature of the column oven was kept at 25 ◦C.
Isocratic elution was employed for the analysis, with a mobile phase consisting of 0.1%
formic acid in water (solution A, 80%) and methanol (solution B, 20%), with the post-time
of 5 min before the next injection. The flow rate of the mobile phase was 1.0 mL/min, and
the injection volume was 20 µL of the sample.

4. Conclusions

In conclusion, the isolation of six constituents from the leaves of the Phoenix dactylifera
L. plant of Saudi origin was successfully achieved in this study. Regardless of the extensive
phytochemical analyses conducted on this plant and reported previously in the literature,
our research work led here to the isolation of three compounds, triterpene, phenolic, and
sterol–glycoside, from this plant for the first time. The isolated vanillyl alcohol component
in this study suggests its incorporation in the biosynthesis of lignin polymers produced by
this plant. This study contributes to the validity of the significant role of the type of the
extracting solvent on the nature of the isolated constituents from plants. Moreover, the
phytochemicals isolated from the highly abundant date palm leaves and their potential
applications can be economically of considerable importance to the date industry. Further
studies on evaluating the corrosion inhibition properties of the compounds isolated in this
work are ongoing.
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HMQC NMR spectrum.
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