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Abstract

Khat belongs to the family Celastraceae, genus Catha, and species edulis. More than 200 compounds have previously been identified in
Khat leaves, including: 40 alkaloids, terpenoids and sterol, flavonoids, glycosides, tannins, amino acids, vitamins and minerals.
Researchers have spent their effort and time merely on study of the alkaloidal components (mainly the stimulant agents, cathinone and
cathine) of Khat both qualitatively and quantitatively. The two principal Khat stimulant compounds, cathinone and cathine, by now are
well established. But, on the contrary, previous studies on the non-alkaloidal constituents of the plant were limited. The objective of this
work was therefore to isolate and characterize compounds from non-alkaloidal fractions of the plant’s leaves. In this work, two non-
alkaloidal compounds (KNA-1 and KNA-2) were isolated and characterized from the acid-EtOAc extract of fresh and oven-dried leaves
of Khat (Catha edulis). From the present study, it is possible to conclude that investing more effort and time on searching additional non-
alkaloidal principles from the leaves of Khat is so necessary. And further works could be done in the future to isolate extra non-alkaloidal

compounds from the leaves and other parts of Khat and evaluate their biological activity.
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INTRODUCTION

Khat (Catha edulis) belongs to the family of
Celastraceae and genus of Catha. It is an evergreen
shrub growing to a bush or a large tree. The first
scientific description and the name Catha edulis was
given by the Swedish botanist Peter Forskal. The plant is
known by a variety of names, including: Abyssinian tea,
African salad, chat, jaad, mirra, gat, etc. The name Khat
is commonly used for C. edulis (Lamina, 2010).

Khat is used commonly for mastication and its
sympathomimetic actions. Consumption of Khat leaves
is common in Yemen, Madagascar, Saudi Arabia and
east African countries (Kenya, Ethiopia, Djibouti,
Somalia, Uganda, and Tanzania). Regardless of
sociodemographic characters, the number of Khat
chewers in Ethiopia is increasing from time to time
(Belwal and Teshome, 2011; Mathewson et al.,2013)

Beyond its deep rooted sociocultural tradition, Khat
is also used to some extent as medicine. Processed
leaves and roots of Khat, for example, are used to treat
influenza, cough, gonorrhea, headache, asthma and other
chest problems (Numan, 2003). And the leaves have
been used for the treatment of depression, gastric ulcers,
hunger, obesity, and tiredness (Mathewson et al., 2013;
Numan, 2003; Lemessa, 2001). Moreover, Khat plays an
important role in the economy of Ethiopia. It has
become the source of livelihood for millions of people

and is sometimes considered as a rival of coffee for
income generation to Ethiopia (Ambaye, 2012).

Regarding the chemistry aspect, there are more than
200 compounds that have been identified in Khat leaves
(Szendrei, 2004), including: 40 alkaloids, terpenoids and
sterol, flavonoids, glycosides, tannins, amino acids,
vitamins and minerals (Lamina, 2010). The chemical
constitute of Khat have been studied since the late 19th
century, in which an alkaloidal fraction was found in
this plant by Fluckiger and Gerok and called it “katin”.
This was followed by the isolation of many other
substances and it was not until the year 1975 that the
most important component of Khat was isolated and
named cathinone (S (-)-alpha-aminopropiophenone)) at
the United Nations Laboratories (Dhaifalah and’$ntavy,
2004). The compounds reported so far from Khat can
generally be classified into five main compound classes,
namely, flavonoids, terpenoids and sterol, alkaloids,
amino acids, and vitamins. Some of the representative
compounds reported from Khat plant so far are:
Dihydromyricetin (Szendrei, 2004; Al-Meshal et al.,
1985; Ermias et al., 1984), Dihydromyricetin-3-O-
rhamnoside (Szendrei, 2004; Al-Meshal et al., 1985;
Ermias et al., 1984), Kaempferol (Szendrei, 2004; Al-
Meshal et al., 1985; Ermias et al., 1984), Myricetin
(Szendrei, 2004; Al-Meshal et al., 1985; Ermias et al.,
1984; Bredholt, 2010),

Myricetin-3-O-2D-galactoside (Szendrei, 2004; Al-
Meshal et al., 1985; Ermias et al., 1984), Myricetin-3-O-
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rhamnoside (Szendrei, 2004; Al-Meshal et al., 1985;
Ermias et al., 1984), Quercetin (Szendrei, 2004; Al-
Meshal et al., 1985; Bredholt, 2010), Quercetin-3-O-2D-
galactoside (Szendrei, 2004; Al-Meshal et al., 1985;
Ermias et al., 1984), Celastrol (Bredholt, 2010; Brossi,
1990); Baxter et al., 1979), Iguesterin (Brossi, 1990;
Baxter et al., 1979), Pristimerin (Bredholt, 2010; Brossi,
1990; Baxter et al., 1979),Tingenin A (Bredholt, 2010;
Brossi, 1990); Baxter et al., 1979), Tingenin B (
Bredholt, 2010; Brossi, 1990; Baxter et al., 1979),
Friedeline (Brossi, 1990; Baxter et al., 1979), Sitosterol
(Bredholt, 2010; Brossi, 1990; Baxter et al., 1979), (+)-
Cathine (Brossi, 1990;Wabe and Mohammed, 2012;
Feyissa and Kelly , 2008), (-)-Cathinone (Brossi, 1990;
Wabe and Mohammed, 2012; Feyissa and Kelly, 2008),
3,6-Dimethyl-2,5-diphenyl pyrazine (Brossi, 1990;
Wabe and Mohammed, 2012; Feyissa and Kelly, 2008),
Merucathine (Brossi, 1990; Wabe and Mohammed,
2012; Feyissa and Kelly , 2008), Merucathinone (Brossi,
1990; Wabe and Mohammed, 2012; Feyissa and Kelly ,
2008), Cathedulins E2- E6 (Szendrei, 2004; Dhaifalah et
al., 2004; Brossi, 1990; Wabe et al., 2012; Baxter et al.,
1979), Cathedulin K1 (Szendrei, 2004; Dhaifalah et al.,
2004; Brossi, 1990; Wabe et al., 2012; Baxter et al.,
1979), Cathedulin K2 (Szendrei, 2004; Dhaifalah et al.,
2004; Brossi, 1990; Wabe et al., 2012; Baxter et al.,
1979), Cathedulin K6 (Szendrei, 2004; Dhaifalah et al.,
2004; Brossi, 1990; Wabe et al., 2012; Baxter et al.,
1979), Cathedulin K12 (Szendrei, 2004; Dhaifalah et al.,
2004; Brossi, 1990; Wabe et al., 2012; Baxter et al.,
1979), Cathedulin K15 (Szendrei, 2004; Dhaifalah et al.,
2004; Brossi, 1990; Wabe et al., 2012; Baxter et al.,
1979), Alanine (Feyissa et al., 2008; Halbach, 1972),
+Aminobutyric acid (Feyissa et al., 2008; Halbach,
1972), Arginine (Feyissa et al., 2008; Halbach, 1972),
Asparaginic acid , (Feyissa et al., 2008; Halbach, 1972),
Choline (Feyissa et al., 2008; Halbach, 1972), Glutamic
acid (Feyissa et al., 2008; Halbach, 1972), Glycine
(Feyissa et al., 2008; Halbach, 1972), Histidine (Feyissa
et al., 2008; Halbach, 1972), Isoleucine (Feyissa et al.,
2008; Halbach, 1972), Leucine (Feyissa et al., 2008;
Halbach, 1972), Ornithine (Feyissa et al., 2008;
Halbach, 1972), Ascorbic acid (Feyissa et al., 2008;
Halbach, 1972), Niacin (Feyissa et al., 2008; Halbach,
1972), Riboflavin (Feyissa et al., 2008; Halbach, 1972)
and Thiamine (Feyissa et al., 2008; Halbach, 1972).
Although the above mentioned classes of compounds
were reported from the stimulant green plant, Khat,
researchers have spent their effort and time merely on
study of the alkaloidal components (mainly the stimulant
agents, cathinone and cathine) both qualitatively and
quantitatively. As a result, the two principal Khat
stimulant compounds, cathinnoe and cathine, are now
well established. But, on the contrary, previous studies
on the non-alkaloidal constituents of the plant were
limited. It therefore became apparent that it is necessary
to undertake a phytochemical study in order to give an

attention to the chemical constituents of Khat other than
the most studied alkaloidal one. The objective of this
work was therefore to isolate and characterize
compounds from non-alkaloidal fractions of the plant’s
leaf.

MATERIALS AND METHODS

Plant Material

Khat plant (C. edulis) was collected from the province
known as Sebeta, 20 km far from the capital city, Addis
Ababa, Ethiopia. Two types of leaves are easily
recognized in Khat plant; the chewable and “non-
chewable”. The chewable parts are usually shiny tender
greenish young leaves found on the tip of a branch. The
“non-chewable” leaves known locally as “Geraba” are
found on the lower part of a branch and are much older,
harder and deep green in color. The fresh chewable
leaves were used for immediate extraction and the “non-
chewable” leaves were oven-dried (50 °C).

Chemicals, Apparatuses and Instruments

Chemicals such as visualizing agent (vanillin/MeOH/
conc.HzS04), HCI (37%), EtOAc, MeOH and acetone
were used. Besides, apparatuses and instruments
including TLC plate (pre-coated aluminum sheet silica
gel 60 F254), chamber, capillary tube, shaker 3020,
NMR (BRUKER AVANCE 400 MHz spectrometer),
vacuum oven (SV40), rotavapor (R-114), sonicator
(3210 BRANSON), UV lamp (CC-8), UVMNis
spectrophotometer (T60) and digital melting point
(Electrothermal 1A 9200) were employed in the present
study.

Isolation of non-alkaloidal compounds from khat
leaves

The fresh chewable Khat leaves (60 g) were extracted
with 0.IN HCI (300 mL) and filtered by suction
filtration. The filtrate was extracted with EtOAc (100
mL) and separated the organic phase by separatory
funnel, concentrated by rotavapor affording 140 mg.

The plant extract (140 mg) was dissolved in MeOH
(10 mL) and adsorbed on 1 g silica gel (230 - 400 mesh
size). The adsorbed sample was chromatographed by
applying on top of column chromatography packed with
silica gel (12 g). Elution was carried out using EtOAc/
Acetone with increasing polarity and five fractions were
collected (Table 1).

Table 1. Collected fractions of acid-EtOAc extract of chewable leaves.

Fraction Solvent system Volume Amount
No. (mL) (mg)
1 EtOAc (100%) 5 4
2 « 10 15
3 20 15
4 EtOAc/ Acetone (2:1) 20
5 “« “« 14
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As shown from the TLC profile (Figure 1) of the
above fractions (Table 1), fraction 4 (KNA-1) was seen
as a better spot; it was then concentrated (20 mg) and
obtained as yellow solid; mp 190-192°C (literature value
192-195°C, Dictionary of Natural Product); Rs in TLC:
0.6 (EtOAc/ MeOH/ AcOH; 4.5: 0.5: 1) sprayed with
vanillin/ MeOH/ con. H,SO4 (0.3: 95: 5); UV (MeOH)
Amax 293 nm. H NMR (400MHz, MeOD): H 5.01
(1H, br s, H-2), 4.56 (1H, d, H-3), 5.93 (1H, br s, H-6),
5.92 (1H, br s, H-8), 6.54 (2H, s, H-2’, 6°), 4.10 (1H, br
s, H-17), 3.61 (1H, br s, H-2), 3.70 (1H, d, H-3"), 3.33
(1H, br s, H-4”), 4.28 (1H, m, H-5"), 1.22 (3H, d, H-6").
13C NMR (400MHz, MeOD): 8C 82.68 (C-2), 77.06 (C-
3), 95.99 (C-6), 94.89 (C-8), 106.25 (C-2’, 6°), 100.69
(C-17), 70.36 (C-27), 70.74 (C-37), 72.43 (C-47), 69.11
(C-57), 16.51 (C-6"). DEPT-135: 8C (194.53 (C-4),
164.06 (C-5), 167.17 (C-7), 162.65 (C-9), 101.05 (C-
10), 126.99 (C-17), 145.63 (C-3°,5”), 133.68 (C-4").

Same extraction method as above was applied for the
vacuum oven dried powder “non-chewable” (25 g) Khat
leaves and afforded 150 mg of EtOAc extract for the
acid extract. The plant extract (150 mg) was dissolved in
MeOH (10 mL) and adsorbed on 1 g silica gel. The
adsorbed sample was chromatographed by applying on
top of a column chromatography packed with silica gel
(13 g) and eluted using EtOAc/ MeOH with increasing
polarity. Six fractions were collected (Table 2).

Table 2. Collected fractions of acid-EtOAc extract of “non-chewable”
leaves.

Fraction Solvent system Volume Amount
No. (mL) (mg)
1 EtOAc (100%) 10 10
2 « 15 15
3 20 40
4 10 20
5 “ 30 15
6 EtOAc/ MeOH(4:1) 25 20

As shown from the TLC profile (Figure 2) of the
above fractions (Table 2), different spots were observed
in the chromatogram after it was subjected to UV lamp
at 254 nm. Among the fractions, fraction 1(KNA-2) was
concentrated (10 mg) and obtained as an orange solid;
mp 165-168°C; UV (MeOH) Amax 292 nm; Rs in TLC:
0.8 (EtOAc/ MeOH/ AcOH; 4.5: 0.5: 0.1) sprayed with
vanillin/ MeOH/ con. H;SO4 (0.3: 95: 5). *H NMR (400
MHz, MeOD): 8H 4.86 (1H, d, H-2), 4.49 (1H, d, H-3),
5.90 (1H, brs, H-6), 5.93 (1H, br s, H-8), 6.54 (2H, brs,
H-2°, 6”). 13C NMR (400 MHz, MeOD): 5C 83.90 (C-2),
72.28 (C-3), 94.85 (C-6), 95.87 (C-8), 106.61 (C-2’, 6°).
DEPT-135: 8C 196.93 (C-4), 163.91 (C-5), 167.30 (C-
7), 163.05 (C-9), 100.41 (C-10), 133.51 (C-1°), 145.47,
145.47 (C-3°, 5°), 127.66 (C-4").

RESULTS AND DISCUSSION

Two types of leaves are easily recognized in Khat plant;
the chewable and “non-chewable”. The chewable parts
are usually shiny tender greenish young leaves found on
the tip of a branch. The “non-chewable” leaves known
locally as “Geraba” are found on the lower part of a
branch and are much older, harder and deep green in
color. In the present work, these leaves were analyzed to
isolate non-alkaloidal components.

In order to isolate non-alkaloidal components, the
Khat leaves were first extracted with 0.1N HCI, filtered,
and extracted with EtOAc. This EtOAc extract was
fractionated to isolate the non-alkaloidal compounds as
described in the experimental section.

Characterization of Two Khat Non-Alkaloidal
(KNA-1 and KNA-2) Compounds
The EtOAc extract of fresh chewable Khat leaves (see
section 2.3) was chromatographed by applying on top of
column chromatography packed with silica gel. Elution
was carried out using EtOAc/ Acetone with increasing
polarity and five fractions were collected (Table 1).
Similarly, the EtOAc extract of vacuum oven dried
“non-chewable” Khat leaves (see section 2.3) was
chromatographed on column silica gel using EtOAc/
MeOH with increasing polarity and six fractions were
collected (Table 2).

Thin - Layer Chromatographic (TLC) Analysis
Using EtOAc/ MeOH/ AcOH (4.5: 0.5: 0.1) as
developing solvent, the fractions (Table 1) were spotted
and chromatogramed on a TLC plate. The TLC plate
was then sprayed with vanillin/ MeOH/ conc. H.SO4 (1.
95: 5). As shown from the TLC profile (Figure 1),
fraction 4 (KNA-1) was seen as a better spot,
concentrated (20 mg) and characterized.

" / KNA-1

»

Figure 1. TLC profile of fractions of acid-EtOAc extract of chewable
leaves.
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The same solvent system with same ratio and
spraying reagent as above were applied here for the
fractions stated in Table 2. As shown from the TLC
profile (Figure 2), fraction 1(KNA-2) was observed as a
better spot.

KNA-2

T
L

Figure 2. TLC profile of fractions of acid-EtOAc extract of “non-
chewable” leaves.

Characterization of compound KNA-1: It was
obtained as yellow solid; mp 190- 192 oC (literature
value 192-195°C, Dictionary of Natural Product); Ry in
TLC: 0.6 (EtOAc/ MeOH/ AcOH; 4.5: 0.5: 1) sprayed
with vanillin/ MeOH/ con. H2S04 (0.3: 95: 5); UV
(MeOH) Amax 293 nm. The H NMR (400 MHz,
MeOD) spectrum showed a doublet at 6 4.56 (1H, d, J =
10.8 Hz, H-3) and a broad singlet at 6 5.01 (H-2) which
were due to the two protons at C-3 and C-2 of flavanol
skeleton, respectively. The two broad singlets observed
at 8 5.92 (H-6) and 5.93 (H-8) were due to the aromatic
protons of A-ring of a flavonoid skeleton at C-6 and C-
8, respectively. The broad singlet at & 6.54 (H-2> & -6”)
integrated to two protons was due to the overlapping of
signals for the symmetric aromatic protons of B-ring at
C-2° and C-6’ of flavonoid skeleton. The oxymethinic
proton signals between dH 3.33 - 4.28, together with the
methyl proton signal at H 1.22 (3H, d, J = 6.4 Hz, H-
6”), and the oxymethinic carbon signals between 6C
69.11-100.69, including the methyl carbon signal at 6C
16.51 indicated that a rhamnoside sugar was attached.
The doublet signal at 6H 1.22 (3H, d, J = 6.4 Hz, H-6”)
was a characteristic for the rhamnoside moiety. The
three broad singlets at 6H 3.33 (H-4”), 3.61 (H-2"), and
410 (H-1") were due to the rhamnoside protons
positioned at C-4”, C-2”, and C-1”, respectively. The
methine proton at C-3” of the sugar moiety was
observed as a doublet at 6H 3.70 (1H, d, J = 9.6 Hz, H-
3”), and the muliplet signal at dH 4.28 (H-5") was
characteristic signal for the rhamnoside proton attached
at C-5” which contains a substituted methyl group. The
13C NMR spectrum showed the presence of nineteen
signals attributed to twenty-one different carbons. The

spectral region between OC 94.89-167.17 was
characteristic of aromatic carbons of A- and B-rings of
flavonoid skeleton with the exception of the signal at 5C
100.69 (C-1”) which was due to the anomeric carbon of
the rhamnoside moiety. The remaining carbon atoms of
the sugar moiety were observed in the spectral region at
dC 69.11-72.43 including the methyl carbon appeared at
dC 16.51 (C-6”). And the signal at 3C 194.53 (C-4) was
characteristic of carbonyl carbon of ketone functional
groups (Table 3). Signals at 8C 77.06 (C-3) and 82.68
(C-2) were due to a, B carbons of C-ring (pyranone), and
were compatible with a dihydroflavanol structure which
were comparable with a literature value [18] Medeiros
AAN, Medeiros FA, Queiroz TM, Tavares JF, Silva MS,
Medeiros IA (2010). From the DEPT-135 spectrum,
there were nine quaternary carbons one to a carbonyl
carbon at 6C 194.53 (C-4), and eight to aromatic
carbons of A- and B-rings. The eleven signals appeared
in the positive direction were due to the methine (-CH)
carbons containing two symmetric carbons overlapped
with each other at 8C 106.25 (C-2’, -6°), and a methyl
carbon at 8C 16.51 (C-6). The above 1D NMR data is
summarized as follows (Table 3).

Table 3. *H, **C and DEPT NMR data (5ppm) of compound KNA-1.

Literature value
(Medeiros et al.,
2010)

Isolated compound (KNA-1)
(2, 3-
dihydromyricetin-
3-O-rhamnoside)

CH ™ B DEPT-135  'H B

2 501,brs 8268  -CH- 486,d  83.20
3 4.56,d 7706 CH-O- 461,d  76.80
4 19453 C=0 (Q) - 194.30
5 16406 Q - 165.40
6 593,br s 9599  =CH 590,d  96.00
7 16717 Q - 166.90
8 592,brs 9489  =CH 587,d  95.00
9 16265 Q - 162.10
10 101.05 Q - 101.00
1 12699 Q - 126.80
2 654, 10625 =CH 6.50, s 108.00
3 14563 Q - 145.80
4 13368 Q - 135.20
5 14563 Q - 145.80
6 654, 10625 =CH 6.50, s 108.00
1" 410,brs 10069 CH-O- 4.07,s 100.00
2°  36lbrs 7036 CH-OH 3.36,brs  70.10
3 370,d 70.74  CH-OH 341,dd  70.40
4 333,brs 7243  CH-OH 3.20,dd 7160
5  428,m 6911 CH-O- 388,m  68.90
6  1.22,d 1651  -CHs 0.92,d 17.60

The extensive 2D NMR experiments involving H-
'H COSY, HMQC, HMBC spectra supported the 1D
NMR data above for the proposed structure of KNA-1.
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The COSY spectrum of KNA-1 is used to determine 1H-
1H correlations. As stated in Table 4, except the protons
at 6H 5.93 (H-6), 5.92 (H-8), and 6.54 (H-2’, 6’) which
showed a correlation only with themselves, all the rest
protons of the rhamnoside moiety and the pyranone (C-
ring) made a correlation more than one bond. The two
protons at 6H 5.01 (H-2) and 4.56 (H-3) are coupled
through vicinal (3J) coupling with each other. The
anomeric proton of the rhamnoside moiety at 6H 4.10
(H-17) is correlated with the proton at 6H 3.61(H-2”).
The methyl group of the rhamnoside at 6H 1.22 (Me-6")
showed a correlation with a proton at 6H 4.28 (H-57).

Table 4. COSY, HMQC and HMBC data of compound KNA-1.

The HMQC spectrum of KNA-1 is utilized to
determine direct *H-3C correlations (Table 4), while the
HMBC correlations described the long range 1H-13C
connectivities. The H-2 proton of the C-ring at 6H 5.01
displayed HMBC correlations with C-2°, 6* (6C 106.25)
and C-1’ (8C 126.99) of the B-ring. The H-3 proton at
OH 4.56 showed a correlation with C-1” (8C 100.69),
which indicated the rhamnoside moiety is attached at C-
3 position. The symmetric protons of the B-ring at 6H
6.54 (H-2’, 6’) showed a correlation with C-2 of the
pyranone (C-ring).

Proton No. COSY HMQC HMBC

2 H-2 <«—» H-3 H-2 «» C-2 H-2 €« C-1’,C-2,C-6
3 H-3 <—p H-2 H-3 «» C-3 H-3 € C-1

6 H-6 «» C-6 H-6 €» C-8, C-10
8 H-8 «» C-8 H-8 €«» C-6,C-9
2 H-2’€«» C-2 H-2" «» C-2

6 H-6' « C-6 H-6" €« C-2

1" H-1" «— H-2 H-1"4» C-1 H-1" <4 C-3

2 H-2" 4« H-1", H-3 H-2" 4 C-2’ H-2" <% C-3", C-4"
3 H-3" 4 H-2', H-4" H-3" 4> C-3° H-3" 4 C-2’, C-47
4 H-4" 4« H-3', H-5’ H-4" 4 C-4° H-4" <% C-2’, C-6"
5 H-5" 4 H-4", H-6’ H-5"4> C-5’ H-5" < C-2", C-6”
6 H-6" 4 H-5 H-6" 4> C-6’ H-6" <% C-2', C-5’

COSY correlation

The structure of KNA-1 was deduced as 2, 3-
dihydromyricetin-3-O-rhamnoside  (Figure  3) in
comparison of the data with the literature and then
confirmed by the 2D NMR data. This compound
belongs to a group of secondary metabolites called
flavonoids.

Characterization of compound KNA-2: It was
obtained as an orange solid; mp 165-168 °C; UV
(MeOH) Amax 292 nm; Rt in TLC: 0.8 (EtOAc/ MeOH/
AcOH; 4.5: 0.5: 0.1) sprayed with vanillin/ MeOH/ con.
H2S04; 0.3: 95: 5.

H HO H
Selected HMBC correlation

Figure 3. Suggested chemical structure of compound KNA-1
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The H, 8C, and DEPT NMR spectral values of
KNA-2 are tabulated and compared with literature value
(Jr et al., 2009) as follows (Table 5).

Table 5. 'H, ¥*C and DEPT NMR data (5ppm) of compound KNA-2.

Literature value

Isolated compound (KNA-2) (Jr etal., 2009)

2, 3-

dihydromyricetin)
CH H 18BC DEPT-135 'H 1BC
2 4.86,d 83.90 -CH- 496,d  84.40
3 4.49,d 72.28 -CH-OH 457,d 7290
4 - 196.93 C=0(Q) - 197.9
5 - 16391 Q - 164.00
6 5.90,brs  94.85 =CH 5.94,s 95.70
7 - 16730 Q - 167.60
8 5.93,brs  95.87 =CH 5.98, s 96.80
9 - 16305 Q - 164.8
10 - 10041 Q - 101.40
1 - 13351 Q - 134.00
2 6.54,br s 10661 =CH 6.62, s 107.90
3 - 14547 Q - 146.10
4 - 12766 Q - 128.90
5 - 145.47 Q - 146.10
6 6.54,brs 106,61 =CH 6.62, s 107.90

Depending on the above NMR data along with the
literature value, the structure of KNA-2 was suggested
as 2, 3-dihydromyricetin (Figure 4) which belongs to a
group of secondary metabolites called aglycones
flavonoid. This compound was first reported in Khat
leaves in 1980 (Szendrei, 2004). It was also isolated
from a plant known as Elderberry (sambucus nigra L.) in
2009 and has biological activities as anti-virus and anti-
influenza (Jr et al., 2009).

Figure 4. Suggested chemical structure of compound KNA-2

CONCLUSION

From the present study, it is possible to conclude that
investing more effort and time on searching additional
non-alkaloidal principles from the leaf part of Khat is so
necessary. And further works could be done in the future
to isolate extra non-alkaloidal compounds from the leaf
and other parts of Khat and evaluate their biological
activity.
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Figure S1. UV (MeOH) spectra of KNA-1 and KNA-2.

Scan Spectum Curve

2500

KNA-1, Anax = 293 nm

1875

1.260
Abs

0625

0.000

21000 300,00 500,00

wavelength(nm]

Scan Spectum Curve

600.00

2000

1.600

KNA-2, Amax = 292 nm

1.000
Abs

0.500

0.000

300,00 40000 G00.00

wavelengthrm]

20000

Figure S2. *H NMR (400 MHz, MeOD) spectrum of KNA-1.
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Figure S3. *C NMR (400 MHz, MeOD) spectrum of KNA-1.
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Figure S4. DEPT-135 spectrum of KNA-1.
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Figure S5. COSY spectrum of KNA-1.
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Figure S6. HMQC spectrum of KNA-1.
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Figure S7. HMBC spectrum of KNA-1. Figure S9. *C NMR (400 MHz, MeOD) spectrum of KNA-2.
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Figure S8. *H NMR (400 MHz, MeOD) spectrum of KNA-2. Figure S10. DEPT-135 spectrum of KNA-2.
g mamm  gpmoee E faiz s g
= ..V../. II? T - e 338 =& L
¥ o iy w w
¥ & i@ & ]
T T T T T T T
u.'il'#n an 50 a i 0 1
T T T T T T T
Ll 19 100 L1l 1]

pm )



THIS PAGE INTENTIONALLY LEFT BLANK



