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ABSTRACT

The biogeographical situation of Algeria, which stretches between the Mediterranean and
Africa south of the Sahara Desert, gives it a very rich and diverse flora. There are more than
3000 species. It belongs to several plant families. A small exploration of the potential of this
plant from this point in chemistry and pharmacology. This field is an important axis of scientific
research, particularly in the field of biologically active natural materials. The separation of
certain compounds from the butanol extract resulted in the isolation of several types of
products, the most common of which are flavonoids that are the subject of phytochemical and
pharmacological studies. This work allowed several spectroscopic analyses to be carried out to
determine and suggest the structure of the resulting pure materials. So, the main objective of
this project is to analyses the different spectral arrays to prove and predict the structure and
modeling of the molecule and define their QSAR descriptors.

KEYWORDS - Separation; Spectroscopic analyses; Predict the structure; Narcissin; QSAR
descriptors.

I. INTRODUCTION

Saharian plants are known by their resistance to several stress factors. Under extreme climatic
conditions, these plants could constitute a reservoir of new natural, safe and effective
biomolecules]i].

Traganum nudatum, (Chenopodiaceae family) is an herbaceous wild plant native to Algeria
and is used in medicinal plants widely used in Algerian traditional medicine. T. nudatum known
locally as ‘Damran’[ii-v].
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Phytochemical investigation of different extracts prepared from the aerial part of T. nudatum.
The chemical structure was separated from n-butanol extract. Using spectroscopic methods,
including 1D and 2D (NMR), UV-Vis and MS spectra, to identification the structure and find
QSAR descriptors for each compound.

In drug design field and medicinal chemistry, QSAR (Quantitative structure-activity
relationship) descriptors are considered as the main properties for any drug discovery, because
it attempt to predict the relationship between physicochemical properties or biological
activities of molecular from its chemical structural features, which enhance the realization of
biological phenomena and fundamental processes [vi].

Il. MATERIALS AND METHOD

I1.1. Preparation of Extract and Isolation

The aerial parts of T. nudatum were collected from Touggourt (gamaa region) in April 2013.
The plants were identified by Pr. Abdelmadjid Chehma from QOuargla University and voucher
specimens, were deposited at the Chemistry Department, University of Ouargla. The plant
materials were dried under shade and then ground and stored in closed container away from
light and moisture.

The extracts were prepared by soaking 500 g of the plant powder in a solution of EtOH/H.0
(70/30) for 24 H. The procedure was repeated three times and the filtrates were combined
before being evaporated under reduced pressure. The resulting extracts were diluted with
distilled water and left for a whole night. The filtrates were then subjected extraction by various
solvents with increasing polarity (petroleum ether, dichloromethane, ethyl acetate, and
butanol). The resulting organic phases every time they dry leach and then evaporate under
pressure and melt the deposit into methanol [vii-ix].

The butanolic extract was subjected to a series of chromatographic separation on the stationary
phase silica gel using different polar mobile phases and from one of the separated compounds;
the compound TR5I that appeared as a precipitate on a yellow powder in one of the obtained
fractions [viii, X, xi].

11.2. Physicochemical methods

11.2.1 Mass spectrometry

It is a very sensitive valuable analytical method which depends on determining the chemical
structure of the compound by defining the molecular treasure, or collecting structural
information, starting from the nature of the fragments. The result, the main advantage of it is
that it needs a very small amount of the sample, the principle of this technique is the
displacement of the sample, and there is a determination of the molecular spectra. Applying
this method to

The flavinoids allow the following information to be elaborated :

- Determining the molecular spectrum or the aggregated formula.

- The nature of the substitutions and the locations of their connection to the French structure
Also called mass spectroscopy, analytic technique by which chemical substances are identified
by the sorting of gaseous ions in electric and magnetic fields according to their mass-to- charge
ratios.

Method : ESI positive (+) and negative (-) / Operator: FTMS User / Instrument :

apex —1V [viii, xii, xiii]

11.2.2 Magnetic resonance spectrometry

It is one of the most important analytical methods available to you in various fields. Physical
based on magnetic and mechanical properties, such as quantitative flaking of atom. To study
molecules in terms of structure and stereotyped formation, which are applied in chemistry to
determine Formulas of compounds with various problems, as this technique is used in
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qualitative analysis each purified compound was analyzed in NMR in order to establish its
structure [vii, xiii-xv]. For this, we used :

The NMR (*H and 3C) spectra were carried out at the University of Jordan, Department of
Science and chemistry instrument model :

Bruker 500 MHz-Avance Ill, Solvent DMSO. Solvent DMSO NMR equipped with a
cryoprobe. The data are processed and exploited by Top Spin 2.1 or 3. 2 software.

The samples are prepared in analytical tubes of 5 mm diameter in Deuterated solvents DMSO-
d6 depending on the solubility of the analyzed compound

11.2.3. UV absorbance detection

The positions, types and number of substituent in the conjugated systems could be speculated
via means of UV spectrum. Most of the flavonoids in methanol possess two main absorption
bands. Band | is at 300-400 nm, which is caused by electron transition of cinnamoyl group.
Band Il is at 240-280 nm, which is caused by electron transition of benzoyl group [vii, xvi].
I1. 2.4 Quantitative structure-activity relationships (QSAR)

Used when there is little or no receptor information, but there are measured activities of (many)
compounds. It is correlate chemical/biological activities with structural features or atomic,
group or molecular (physico-chemical) properties. The Quantitative Structure-Activity
Relationships (QSAR) study has two steps :

a. Drawing of molecule : For drawing of structure of molecule the Chem-Draw software
version 18 [xvii].

b. Geometry Optimization: All molecular structure optimization calculations were performed
using HyperChem 8.08 software Professional Edition [xviii-xx].

The calculations of biological properties were accomplished using semi-empirical PM3 method
with a gradient norm of 0.01Kcal/mol and Fletcher-Reeves as an algorithm.

I1l. RESULTS

Identified by analysis using spectroscopic techniques, Ultra-Violet (UV), Nuclear Magnetic
Resonance 1D (*H-NMR,®C-NMR), 2D (COSY, HMQC, HMBC) and Mass and define their
QSAR descriptors.
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111.1. Analyse of Ms Spectra
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Fig. 1 : Mass spectroscopy ESI-MS (+) and (-) of Compound TR5I
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Fig. 3 : C NMR Spectrum of Compound TR51 in NMR (DMSO-d6).

111.3. ANALYSE of NMR. DEPT 135° and 90° spectra
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Fig. 4 : DEPT 135° and 90° of Compound TR5I.
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111.4. ANALYSE of UV

Fig. 5 : UV spectra of the compound TR5I.

111.4. ANALYSE of NMR (2D)
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Fig. 6 : COSY of Compound TR5I.
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Fig. 8 : HMBC of Compound TR5I.
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Compownd TR - vorhanmettn 3-O-rinimoside = Narerssin

Fig. 9 : Structure of compound TR5I; isorhamnetin 3-O-rutinoside = narcissin

Structure of compounds from Cham Draw 2D and 3D :

IUPAC Name: 5,7-dihydroxy-2-(4-hydroxy-3-methoxyphenyl)-3-(((2S,3R,4S,58,6R)-3,4,5-trihydroxy-6-
(((CR,3RAR,5R,68)-3 4,5-trihydroxy-6-methyltetrahydro-2H-pyran-2-yloxy)methyl)tetrahydro-2H-
pyran-2-yl)oxy)-4H-chromen-4-one

Fig. 10 : 2D and 3D structure and ITUPAC name of compound TR5I.

111.6. Properties QSAR of Compound TR5I:

Table 1 : Physicochemical properties of isorhamnetin 3-O-rutinoside compound

Highest Occupied Molecular Orbital (HOMO) eV -0.54763
Lowest Unoccupied Molecular Orbital (LUMO) eV -8.85673
Energy gap (AE) eV 8.30910
Heat of formation(kcal/mol) -585.6552
Dipole Moment (Debyes) 1.781
Table 2: Net charge (left) and bond length (right) of TR51 atoms
Atom Charge Atom | Charge Bond PM3 Exp [6]
01 -0.096 034 -0.205 C5'-C6' 1.391 1.398
C2 0.109 C1» 0.185 C4'-C5' 1.397 1.394
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C3 -0.109 c2” 0.025 C3'-C4' 1.419 1.393
C4 0.395 C3” 0.019 C2'-C3' 1.394 1.391
C5 0.235 C4” 0.010 C1'-Ce' 1.393 1.403
C6 -0.303 C5” 0.023 C1'-C2 1.400 1.403
C7 0.203 C6”’ 0.037 C9-01 1.375 1.372
C8 -0.297 035 -0.245 C8-C9 1.400 1.396
C9 0.187 036 -0.308 C7-C8 1.399 1.386
C10 -0.291 037 -0.313 C6-C7 1.400 1.402
028 -0.202 038 -0.307 C5-C6 1.401 1.384
029 -0.314 Cl’” 0.200 C10-C9 1.405 1.397
030 -0.187 Cc2 0.033 C10-C5 1.416 1.402
031 -0.221 Cc3” 0.041 C4-029 1.218 1.225
Ccr -0.074 C4 0.007 C4-C10 1.478 1.482
C2 -0.124 C5” 0.043 C3-C4 1.492 1.456
C3 0.048 039 -0.260 C2-CIl' 1.475 1.475
C4 0.088 040 -0.286 C2-01 1.378 1.363
Cs’ -0.177 041 -0.306 C2-C3 1.358 1.475
C6’ -0.057 042 -0.326

032 -0.165 043 -0.326

C33 0.046 C44 -0.122

Table 3 : QSAR properties of isorhamnetin 3-O-rutinoside compound

Property Value
Hydration energy (Kcal/mol) -44.72
Log P -5.88
Polarizability (A3) 56.88
Refractivity (A3) 151.24
Molar Mass (amu) 624.55
Surface Area [Grid] (A2?) 820.51
Surface Area [Approx] (A?) 680.41
Volume (A3) 1497.21
hydrogen bond acceptor (HBA) 16
hydrogen bond donor (HBD) 9
number of rotatable bond (NRB) 7

Note : HBA, HBD and NRB calculated by Chem3D 19.0
VI. DISCUSSION

Mass spectroscopy :
The ESI MS spectrum of compound TR51 showed a [M+Na]* at m/z : 624+Na=647.(calcd 647.
55). And we confirmed with [M -H] — m/z : 624-H = 623 had the formula

NMR H :

The compound was obtained as a yellow powder. From the 1H NMR spectrum (Fig.2) signals
in the weak domain characteristic of aromatic protons can be distinguished. More precisely of
as flavonoid :
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* Anomeric protons at 4.52 ppm (d. J = 1.3 Hz) and 5.4 ppm (d. J= 7.7 Hz) with coupling
constants characteristic of the anomeric H configuration o and B respectively: Peaks at 6.90
ppm (d. J= 8.3 Hz .H-5") 7.48 (dd. J=1.9 and 8.45 Hz. H-6") and 7.99 (d. J= 1.8 Hz. H-2') are
attributable to three protons characteristic of a 3,4-disubstituted B ring.

* Two broad singletons meta coupling related H-6 and H-8 appeared at 6.27 ppm (d. J = 1.55
Hz.H-8) and 6.02 ppm (d .J =1.55 Hz. H-6) indicating the bisubstitution of ring A.

* The absence of a single peak in the weak region attributable to H-3 of ring C.

* A three proton integration singlet at 3.84 ppm, characteristic of a methoxyl group (3H, s, 3'-
OCHy).

* A three-proton integrating singlet at 1.06 ppm (d. J = 6.15 Hz.3H-6™") characteristic of a
methyl group specific to rhamnose.

NMR 13C :

In addition, the 13C NMR spectrum (Fig.3) showed 28 signals of the following carbons. As
follows : - Peaks 6 102.70 ppm (C-1")and 6 72.38 (C-2 "), 73.50 (C-3"), 68.72 (C-4 ™), 73.90(C-
5") and 65.54 (C-6 ") correspond to glucose.

- Peaks & 100.45 ppm (C-1™), 6 70.85 (C-2 "), 71.09 (C- 3 ™), 71.66 (C-4™), 68.38(C-5 ") and
18.35 (C-6") correspond to rhamnose.

- The low-field shift of the signal 6 65.54 ppm assignable to C-6" relative to glucose, indicates
that the C-6" carbon is the glycosylation site.

- A methoxyl group at 56.31 ppm

Ultraviolet-visible Absorption : The spectral series of the compound (Fig. 5) was carried out
by UV-visible spectrophotometry using characteristic reagents. Shows :

* Appearance of band | in methanol at Al = 360 nm leads us to a 3-substituted flavone or
flavonol and as the 1H NMR spectrum excluded a flavone structure, therefore the structure can
only be a3 substituted flavonol.

* By adding a few drops of NaOH, we notice a bathochromic shift of the I band without the
decrease of the optical density ALl (NaOH / MeOH) = 60 nm, indicating an OH group in the 4'
position. As well as the stability of the spectrum after five minutes indicates the absence of a
3,4 dihydroxy system.

* Thus, the appearance of a new peak at 320 nm, indicating that position 7 has a free hydroxyl
group. To define the position of the two substituents : methoxyl and sugar, an acid hydrolysis
(HCI, 6N) was performed. hydrolysis (HCI, N) was performed. The UV spectrum of the
aglycone recorded in methanol (Fig.5) showed two bands: All = 260 and Al = 360 nm, which
proves that the aglycone is a flavonol, where C-3 has become containing a hydroxyl group,
which shows that the released sugar was located at the C-3 position and the methoxyl at the C-
3.

COSY :

According to the COSY spectrum (Fig.6) the following correlation spots can be distinguished
: H- 2’ and H- 3’- OMe, H-6" and H-5' H-8 and H-6, H-1"" and H-2"', -H-1""" and H-2" -H-2""
and H-6"".

HMQC :

According to the HMQC experiment (Fig.7), each carbon is assigned its corresponding
proton is assigned to each carbon :

Between C- 6’ (6 122.27 ppm) and H-6 (6 7.48 ppm)

* C- 57 (6 115.63 ppm) and H-5 (6 6.89 ppm)

*C-2’(6113.81 ppm) and H-2’ (& 7.99 ppm)
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* C- 17 (56 102.70 ppm) and H-1 (5 5.4 ppm)

» C-6 (6 100.36 ppm) and H-6 (6 6.06 ppm)

* C-1" (6 100.45 ppm) and H-1" (5 3.82 ppm)

* C-8(694.79 ppm) and H-8 (5 6.27 ppm)

* C-6” (6 65.54 ppm) and H-6"(a) (& 3.6 ppm)

* C-6” (6 65.54 ppm) and H-6"(b) (5 3.3 ppm)

* C-(3’-OMe) (5 56.31 ppm) and H-(3°-OMe) (6 3.84 ppm)
* C- 6" (6 18.35 ppm) and H-6 (5 1.06 ppm)

HMBC :

The HMBC experiment (Fig.8) shows the following correlations:

* C-2 (6 156 ppm) shows 2 spots of correlations with H- 2' (6 7.99 ppm), H-6" (5 7.48 ppm)

* C-3 (8 133.29 ppm) shows 1 spot of correlation with H-1" (5 5.4 ppm)

* C-5 (5 161.43 ppm) shows 1 spot of correlation with H-6 (5 6.06 ppm)

* C-6 (5 100.36 ppm) shows 1 spot of correlation with H-8 (6 6.27 ppm)

» C-7 (5 169.18 ppm) shows 2 spots of correlation with H-6 (6 6.06 ppm)

H-8 (8 6.27 ppm)

* C-8 (5 94.79 ppm) shows 1 spot of correlation with H-6 (6 6.06 ppm)

* C-9 (8 157.22 ppm) shows 1 spot of correlation with H-8 (6 6.27 ppm)

« C-10 (6 102.75 ppm) shows 2 spots of correlation with H-6 (6 6.06 ppm), H-8 (& 6.27 ppm)
* C-1" (6 121.36 ppm) shows 2 spots of correlation with H-5" (6 6.89 ppm), H-2" (6 7.99 ppm)
between C-2’ (113.81ppm) and H-6" (7.48 ppm)

» C-3” (6 147.48 ppm) shows 2 spots of correlation with H-2” (6 7.99 ppm), H-5" (6 6.89 ppm)
* C-4’ (5 150.19 ppm) shows 3 spots of correlation with H-2’ (5 7.99 ppm), H-5" (& 6.89 ppm)
H-6’ (5 1.013 ppm)

* C-5” (6 115.63 ppm) shows spot of correlation with H-6 (3 7.48 ppm)

* C-6’ (6 122. 27 ppm) shows 2 spots of correlation with H-2” (6 7.99 ppm), H-5 (6 6.89 ppm)
* between C- "6 (65.54) and H- "1 (4.43)

On the basis of these data, the compound is assigned as isorhamnetin 3-O-rutinoside or
isorhamnetin 3-O-a —L- rhamnopyranosyl - (1 6)-p- D- glucopyranoside also called Narcissin.
The chemical structure of TR5I is shown in (Fig.9). was elucidated using spectroscopic data
such as MS, UV-VIS, NMR 1D (*H, **C) and NMR 2D (COSY, HMQC, HMBC) are in
agreement with the literature [ixx-xxiii].

The separation of this compound is reported for the first time from the species T. nudatum

Structure activity relationships:

Through modeling, we were able to calculate some physic-chemical properties and identify the
QSAR descriptors, shown in the table.1, 2 and 3.

According to table 1, compound TR51 has significant gap of energy (AE = 8.3091 eV), which
calculated by E;ymo - Enomo- In fact, low gap of energy makes the molecule less stable which
allows electrons to flow easily and became more reactive. As an electronic descriptor, dipole
moment (1.781) represents the electronic information of molecular, and reveals the separation
of average charge in a compound [xiv], relatively, can reflect molecular polarity.

From table 2 (left), the lowest electron densities are located at C3 that shows the maximum
positive charge (0.395). This carbon, relatively, could be attacked by nucleophile. While, O3
is relative to the preferential electrophilic attack for having a minimum negative charge (-
0.326), because of the highest electron densities are located on it, the atoms with low charge
have strong ability to electron-donating, and more capable to form hydrogen bonds with other
molecules. For the general structure of TR51 compound (flavone), the bond length values
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calculated by the PM3 method are not in good agreement with experimental values, particularly
when considering substitutions (OH, CH3, and rutinoside) effects. However, the C2-C1' bond
length (1.475 A) matches the experimental value. On the other hand, bond lengths C9-O1, C6-
C7,C2'-C3', C4'-C5', and C1'-C2' are too close to each other, as shown in table.

QSAR properties of isorhamnetin 3-O-rutinoside compound (Fig. 9) were studied are:
Hydratation energy, the Octanol/Water partition coefficient (LogP), refractivity, molecular
weight (MW), Molecular volume (MV), Molecular surface (MS), polarizability, hydrogen
bond acceptor (HBA), hydrogen bond donor (HBD), number of rotatable bond (NRB). The
results are listed in Table 3.

The octanol/water partition coefficient (LogP) is used to predict the oral drug solubility which
should be under 5. The solubility in water increases if LogP decreases, so is the absorption, and
that could be noted for TR51 LogP value (-5.88). A negative value for LogP reveals that the
TR51 compound is too hydrophilic. Whereas, compounds withO< LogP<3 value considered as
better drug for oral bioavailability [vi]. But, molecular weight, H-bond donors (demonstrated
as the sum of NHs and OHs, and H-bond acceptors (expressed as the sum of Os and Ns) are
624.55 DA, 9 and 16, whereas they should be less than 500 DA, 5 and 10, respectively, and
that is according to Lipinski rules [xxv], for a good absorption and permeability of drugs. So
is Veber et al [xxvi, xxvii] identified two other descriptors, they are: Number of Rotatable
bonds (NRB) are under 10 that is validated for TR51 (NRB = 7), and Polar surface area (PSA)
is under 140 A2,

V.CONCLUSION

In this study, We known the flavonoid (Isorhamnetin 3-Orutinoside) were identified by analysis
using spectroscopic techniques, Ultra-Violet (UV), Nuclear Magnetic Resonance 1D (H-
NMR,*C-NMR), 2D (COSY, HMQC, HMBC) and Mass and define their QSAR descriptors.
This compound isolated from the (n-butanol) extract, of the aerial parts of plant T. nudatum.
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