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Abstract: The genus Ferula L. (Apiaceae) has 130
species, widespread in the Caucasus, Central Asia,
Siberia, China (Xinjiang), Afghanistan, Iran and North
Africa. There are eight species of this genus in the
Republic of Azerbaijan. The main part of the chemical
substances of the plants of genus Ferula species are
sesquiterpene coumarins, lactones, alcohol esters and
essential oils. For the first time, a crystalline substance
with the composition C,H, O, with a melting point
of 157-159°C was isolated from an ethanol extract
of Ferula persica roots collected in the phase of full
ripening of seeds using column chromatography. Based
on spectral (UV)-ultraviolet, (IR)-infrared, (NMR)-
nuclear magnetic resonance PMR and '*C NMR, DEPT
and two-dimensional experimental methods COSY,
HSQC, HMBC and physical indicators (polarometry,
melting point) data, it has been proven that this substance
has a structure identical to mogoltavidin. To determine
the configuration of a substance in the PMR spectrum,
were used which is a classical method the chemical shift
and the value of the spin-spin interaction constant. The
purpose of the current study was to identify the coumarin
content of F. persica roots. Obtained results in the
future can be assessed for identifying chemotoxonomic
position of the species within the genus.

Keywords: chemical shift, sesquiterpen lactone, spin-
spin interaction constant, Woodward-Fieser rules, UV,
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INTRODUCTION

Ferula persica Willd. is a perennial herb belonging to
the family Apiaceae (Umbelliferae), widely distributed
in Central Asia, Iran, China, Afghanistan, Siberia and
North Africa. The family is represented by 10 species in
the Caucasus and eight species in Azerbaijan [Karyagin,
1955]. As it is known, F. persica is rich in biologically
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active compounds such as essential oils [Kerimli et
al., 2024; Javidnia et al., 2005], alkylated coumarin,
complex esters, sterol [Kerimov et al., 1992], sulfur-
containing compounds [Iranshahi et al.,], sesquiterpene
coumarins [Kerimli et al., 2023], sesquiterpene coumarin
glycosides [Iranshahia et al. 2008], sesquiterpene
germacrene [Iranshahi et al., 2003] and eudesmanolide
lactones [Karimli et al. 2023], phenol compounds
[Stetskov et al. 1980; Nasri et al. 2018], etc. F. persica
species is widely used in traditional medicine due to the
richness of biologically active substances in its extract.
Extracts and isolated compounds obtained from this
species are used in cytotoxic, antibacterial, antifungal,
leishmaniasis diseases, cancer chemoprevention [Sattar
et al., 2017; Hashemi et al., 2021]. The dried juice of
the plant is taken in the form of tincture, emulsion, pill,
which is used in medicine as an antispasmodic in asthma,
in diseases of the nervous system of various origins,
homeopathy and folk medicine [Zemlinsky, 1958].
Osthol coumarin obtained from this species increases
blood pressure, stimulates the respiratory system, has
an antibacterial and is poisonous to fish [Kuznetsova,
1967].

This genus in Azerbaijan is distributed in Dzhangi
of Gobustan district, Dzheyrankechmaz, Arabgadim,
Maraza; Beshbarmag of Siyazan district, Pirekeshkul,
Nardaran settlement, Gyuzdek of Absheron district,
Daridagh of (Julfa, Nakhchivan AR) of Azerbaijan
[Flora of Azerbaijan, 1955; Karimli et al., 2023]. The
purpose of the current study was to identify the coumarin
content of F. persica roots. Obtained results can be
assessed for identifying chemotaxonomic position of the
species within the genus.

MATERIAL AND METHODS
The research object. The roots of Ferula persica
were collected from the Jangi area (40°30'03.04” N
49°15'33.11" E; 356 m) of Gobustan settlement in the
vicinity of Baku city. The specimens were collected
during fruiting period on July 21, 2021.

Isolation of substances. The substances were isolated
by the total extraction method (ethanol), and glass column
chromatography was used to obtain the substances
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individually. Silufol-254 and silica gel 60 GF254 (Merck)
thin-layer (20 x 5) adsorbent, benzene-ethylacetate (9:1)
ratio solvent system were taken for the identification of
the individuality of the substance. Melting temperature
in Stuart SMP10 apparatus was 157-159°C. lodine
vapors and “Camag 254, 365 nm UV lamp” were used
to detect spots on the plates. The optical rotation angle
was measured with a Rudolph Reasearch Analytical
digital polarimeter (model Autopol I, USA) (A 589 nm)
at 20°C. UV-spectra were recorded on “Varian Cary 50
Scan”, IR-spectra on a “Bruker ALPHA IR-Fourier”
spectrophotometer.

NMR 'H and BC spectra (1D and 2D dimensions)
were performed on a “Bruker Fourier-300” spectrometer
at 300 MHz for 'H and "C isotope taken in CDCI,
solvent at 75 MHz. Internal standard TMS-O, chemical
shifts are given on the § scale. Chemical shifts s — singlet,
d — doublet, d.d.— doublet, doublet, m — multiplet.

RESULTS

Obtaining the sum of extractives. Two kg of dried,
crushed roots extracted with ethanol alcohol (>99%
Merck KGaA, EMD Millipore Corporation). Extraction
process performed 3 times, each time for 1 day. The
obtained extract is filtered, expelled through a rotary
evaporator on a water bath (90°C). The amount of the
obtained brown residue was 146 g. The yield for raw
materials is 7.3%. The resin of 60 g was dissolved in a
small amount of ethyl alcohol and chromatographed on a
glass column (h=Im, d=3.5 cm) filled with neutral Al,O,
with [T activity according to Brockman. The ratio of resin
and sorbent was in the ratio of 1:10. Chromatographic
column was eluted with hexane (20 fractions),
hexane+benzene (51 fractions, 9:1, 8:2, 7:3, 6:4, 1:1, 1:2,
1:3, 1:4 ratios), benzene (44 fractions), benzene+ethyl
acetate (15 fractions 4:1, 3:2, 1:1) and ethyl acetate, ethyl
acetate+alcohol (8 fractions 9:1, 8:2, 7:3).

The sesquiterpene coumarin compound was obtained
individually as a result of the separation of the sum of
extractive substances by chromatographic method.
Identified compounds were determined by comparing
spectral (UV, IR, NMR spectra) and physical constants
(melting temperature, spin angle) described in the
literature [Kerimli et al. 2023]. The studied compound
is a bicyclic coumarin and consists of five asymmetric
centers where the chiral carbon atoms belong to C3', C8!,
C9', C10', accepts R- or S-configuration. 3R, 8'S, 9'S,
10'R.

The element composition of the 55-70 th fraction
eluted with benzene of the chromatography column is
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Figure 1. Structure of mogoltavidin obtained from the
roots of Ferula persica.

C,H,,0, m.p. 157-159°C white crystalline substance
was obtained (crystallization with benzene). A (EtOH)
wavelengths of 202, 260, 325 nm in the UV-spectrum
indicate that the studied compound is an irezan-type
terpenoid coumarin, a derivative of umbelliferone (Fig.
2).

According to the Woodward-Fieser rules, the
maximum absorption wavelength of a molecule can be
calculated. Thus, due to the conjugated double bond in the
pyrone ring here, the molecule acquires the characteristic
of a cyclic enone. The maximum absorption wavelength
of the molecule can be calculated using the summation
rule for cyclic enones. If cyclic enones are 6-membered,
then the main maximum absorption wavelength of the
molecule is assumed to be 215 nm. Each additional
conjugated double bond increases by 30 nm, and alkyl
groups (ring thickness) by 10, 12, and 18 nm, depending
on the condition considering that a radical is attached to
the 9th position of the molecule. This radical causes an
increase of 18 nm. The maximum absorption wavelength
of this molecule was calculated as follows according to
L.Fiser, M. Fiser [1964].

A =215+18 (Radical)+30+30+30=323nmv__ (cm™)

v of asymmetric and symmetric valence
oscillations in the IR spectrum (cm™) 2922, 2855 (CH,,
CH, with C-H bond), 3630-3350 (OH group), 1721 (CO-
d-lactone), 1688, 1620, 1612, 1554, 1505 (double bonds of
the aromatic core) absorption bands were clarified and
compared with S.Serkerov et al. [2006] and L. Bellamy

et al. [1963] (Fig. 3).
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Figure 2. UV spectrum of mogoltavidin.

In the proton magnetic resonance (PMR) spectrum,
one-proton signals belonging to the coumarin core
are 0, 6.26-7.64 ppm. detected in the interval. The
S-protonated signals correspond to the 7-substituted
coumarin. In the diamagnetic field, singlet signals (0.85,
0.95, 0.98, 1.23 ppm.), each with an area equal to 3
proton units were detected: The singlet clarification of
the signals characterizing the methyl groups that appear
in the spectrum indicates that the methyl groups are
connected to 4-substituted carbon atoms, that is, they
are triple methyl groups. Of these, 0.85, 0.95, 0.98 ppm.

belong to 3 methyl groups signals corresponding to the
C-10 and C-4 carbon atoms, 1.23 ppm. the singlet signal
belongs to the triple hydroxyl group (C,—CH,) located in
the geminal position. The location of the hydroxyl group
at the C-3 position was determined based on the HMBC
NMR spectrum. Expanded singlet 3.43 ppm. signal (‘H)
refers to the proton of the gem hydroxyl group (H-C-OH).
Total intensity fields equal to 2 proton units, centered
(4.15 and 441 ppm.) 441 (J,, =99,], =4.5 Hz) and 4.15
(=99 Hz, J . = 57 Hz) conditions ArOCH,— group
(Fig. 4).
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Figure 3. IR spectrum of mogoltavidin.
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A BC NMR spectrum was recorded to determine
the number of carbon atoms in the molecule of the
compound. In the *C NMR spectrum 24 singlet signals
characterizing the 24 carbon atoms in the molecule were
detected (Fig.5).

In the C DEPT 135 spectrum, a total of 17 signals
indicating the number of carbon atoms in hydrogen
bonds were clarified (Fig. 6a). The carbon atoms that
are not in a bond with hydrogen in the *C DEPT 135

spectrum, as a rule, are not clarified, so the signals of
the deprotonated carbon atoms in the molecule of the
compound as detected are in the “C NMR spectrum;
37.45 (C4'); 37.88 (C10"); 72.61 (C8'"); 112.57 (C9); 155.84
(C—10); 161.28 (C7); 161.82 (C8) ppm. In the *C DEPT
135 spectrum of the substance, 5 signals belonging to
protonated olefin atoms of carbon were attributed to
the coumarin nucleus, and 4 methyl (CH,), 5 methylene
(CH,) and 3 methine (CH) groups were attributed to the
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Figure 4. PMR spectrum of mogoltavidin.
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Figure 5. *C NMR spectrum of mogoltavidin.
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Figure 6. °C DEPT 135 (a), *C DEPT 90 (b) NMR spectrum of mogoltavidin.

terpenoid part. It proves the number of double-bonded
and non-double-bonded text groups in the C DEPT.
90 spectrum (Fig. 6b). The molecule of the compound
has two hydroxyl groups. Discussing the location of the
hydroxyl (-OH) group in the molecule of the studied
substance, let us note that one of the (-OH) groups is
connected to the carbon atom of C-3 (75.61 ppm.) and
the other to C-8' (72.61 ppm.) located in the geminal
position. These are confirmed by the Heteronuclear
Multiple Bond Correlation (HMBC) spectrum.

In determining the structure of the substance and
clarifying the location of each functional group in the
molecule, 2D (Fig. 6 a) Heteronuclear Single Quantum
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Coherence (HSQC), b) HMBC, c) COSY spectra were
used (Fig. 7). The data obtained from the interpretation
of both 1D and 2D dimensional spectra are summarized
and given in the table.

According to B. Tashkhodzhaev et al. [2015] the
investigated compound has eight isomers (Fig. 8).

The IR spectrum of the isomers contains absorption
bands in the range at vmax (cm™) (3300-3500, 1720,
1610-1630, 1400-1550), and the mogoltavidin isomer
additionally has a characteristic absorption band in area
of 1688 cm™ S. Serkerov et al. [2006].

Based on comparisons of spectroscopy, melting
point, and polarimetry, compound 2 is an umbelliferone
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Figure 7. HSQC (a), HMBC (b), COSY (c). NMR spectrum of mogoltavidin.
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Table 1. Mogoltavidin PMR (300 MHz) and *C (75 MHz) NMR chemical shifts, spin-spin interaction
constants (CDCI,, ppm., J/Hz), HSQC, HMBC, COSY experimental data.

C HSQC s.pppr | HMBC 'H-'H
Atoms "5 (m.h.) 8x (m.h.) (J/Hs) (H—=>C) Ccosy
2 161.82 -0
3 113.06 6.25 (1H, d, J=9.6) _CH= Cc9 H-4
4 143.46 7.64 (1H, d, J=9.3) CH=  (C-2,5,10 H-3
5 128.72 7.36 (1H, d, J=9.3) “CH=  C-4,7,10, H-6
6 101.59 6.87 (1H, dd, J=9, J,=2.4) _CH= C-7,8 H-5
7 161.28 - >C= - -
8 113.20 6.89 (1H, d, J.=2.4). _CH= -
9 112.57 - >C= - -
10 155.84 - >C= - -
I 32.79 1.42, 1.69 (2H, m) —CH»- - -
2 25.13 1.9 (2H, m) —CH»- - -
, 3.43 (1H, br. s) _CH- C-1', 5 -
3 75.61 2.34 (1H, br. s, -OH) - -
4 37.45 - - - -
5 48.43 1.53 (1H, m) _CH- - -
6 19.97 134 (1dd,J; =3,7=12), 1.58 (IH,  —CH» - -
m)
7 44.14 1.59, 1.93 (1H, m) —CH»- - -
8! 72.61 2.34 (1H, br. s, -OH) el - -
9 59.33 1.88 (1H, m) _CH- - -
10 37.88 - e -
11'a 4.41 (1H, dd, Jgem= 9.9, J\is=4.5) H-11"b
1y~ 66.61 415 (1H, dd, Jpen= 9.9, Jyi=5.7) ~ ~CH0—  CE.9L100
12 24.65 123 (3H, s) —CH;  C-7,8.9' -
13' 28.43 0.98 (3H, s) —CH; C-4 -
14 22.11 0,85 (3H, s) —CH; C-5' -
15 15.99 0,95 (3H, s) —CH; C-10' -

OR

"loH
"
HO! H
4

Figure 8. Eight isomers of the investigated compound:

1. samarcandin m.p. 176-177°C, I'R,2'S,6'S ([a]D +30° (C,H,OH); 2: feshurin m.p. 183-184°C I'R,2'R,6'S [a]
D -51° (C,H,OH); 3: isosamarcandin m.p. 221°C, I'R,2'S,6'R [a]D +27° (C,H,OH); 4: nevskin m.p. 193-194°C,
I'R,2'R,6'R [a]D —-79° (CHCL,); 5. fepaldin m.p. 219-221°C, 1'S,2'S,6'S [a]D —55° (CHCL,); 6. Deacetylkellerin m.p.
134-136°C, 1'S,2'R,6'S [a]D +; 7: Episamarcandin /'S, 2'S, 6'R; 8: ferucrin 213-215°C, 'S, 2'R, 6'R +32° (C,H,OH);
mogoltavidin m.p. 159-160°C.
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ester and was identified as the sesquiterpenoid coumarin
trans-4,4,8,10-tetramethyl-3-,8-dioxydecalin-9-carbinol
mogoltavidin. This compound was previously isolated
from the roots Ferula mongolstanica and Ferula huber-
morathii [Khasanov et al. 1974; Aydogana et al. 2020].
To determine the configuration of functional groups in
the compound, chemical shifts and spin-spin interaction
constants were considered in the PMR spectrum. The
fact that the axial orientation of the C-9 (~CH,OAr)
substituent is in the trans position with respect to the
angular methyl group attached to the carbon atom at C10
is due to the determination of the chemical shift of the
methyl group in a relatively (0.95 ppm.) weak declination
paramagnetic field. The alcohol hydroxyl group in the
molecule of the substance is binary and axial (3'a-ol) at
C3' in the structure of traditional irezan sesquiterpenoid
coumarins. The fact that the configuration of the hydroxyl
group in C3' is in the a-stereoposition is evidenced by
the broadened signal of the gem-hydroxyl proton in the
NMR spectrum in the form of a triplet (t., 3.43 ppm half-
width %4 Y’ J= 5 Hs), the spin-spin coupling constant is
5 Hz, indicating that the hydroxyl group is energetically
equatorial and the methine proton is axial (Fig. 9)
relevant to the literature by T. Khasanov et al. [1974].

Figure 9. Space configuration of mogaltavidin.

CONCLUSION

For the first time, sesquiterpene coumarins were isolated
and studied from the underground part of Ferula persica
collected in Azerbaijan. From the ethanol extract we
obtained elemental composition C,,H,,O, with m.p.
157-159°C white crystalline substance. Based on
spectral data established that a substance with an
identical structure to mogoltavidin. The conformational
isomerism of the substance was determined by classical
1-dimensional PMR spectroscopic method. Also, R and
S configurations of asymmetric carbon atoms of the
compound were determined.
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Ferula persica koklarindan izold edilan seskviterpen
kumarin moqoltavidinin identifikasiyasi va
konfiqurasiyasinin 6yranilmasi

Elvin H. Korimli

Azarbaycan Tibb Universiteti, Farmakognoziya kafedrasi, Onvar
Qasimzada kii¢. 14, Baki, AZ1022, Azarbaycan

Botanika Institutu, Azarbaycan Respublikast Elm va Tohsil Nazirliyi,
Badamdar sossesi 40, Baki, AZ1004, Azarbaycan

Ferula L. (Apiaceae) cinsinin Qafqaz, Orta Asiya,
Sibir, Cin (Sincan), ©Ofqanistan, Iran vo Simali
Afrikada genis yayillmis 130 novii vardir. Azorbaycan
Respublikasinda bu cinsin sokkiz néviino rast golinir.
Ferula novlarinin torkibindoki kimyavi maddslerin asas
hissasini seskviterpen kumarinlor, laktonlar, miirokkob
efir spirtlori vo efir yaglan toskil edir. Toxumlarin
tam yetismo morholosindo toplanmis Ferula persica
koklarinin etanollu ekstraktindan siitunlu xromatoqrafiya
tisulundan istifado etmokls ilk dofs olaraq C,H,,O,
torkibli, orimo temperaturu 157-159°C olan kristallik
maddo alinmigdir. Spektral (UV)-ultrabondvsayi, (IQ)-
infraqirmizi, (NMR)-niivo maqnit rezonansi PMR va *C
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NMR, DEPT va iki 6l¢iilii eksperimental tisullar COSY,
HSQC, HMBC vo fiziki gostaricilari (polyarometriya,
orima temperaturu) moalumatlar1 asasinda todqiq edilon
maddoanin mogqoltavidinlo eyni qurulusa malik oldugu
miloyyon edilmisdir. Maddonin konfiqurasiyasinin toyin
edilmosinds PMR spektrdaki kimyovi siiriismo vo spin-
spin qarsiligh tesir konstantinin giymstindon istifads
edilmisdir. Hazirki todqiqatin moqsadi F. persica
koklorinin - kumarin torkibini miioyyan etmokdir.
Bu noticolordo golocokdo cins daxilindo noévlorin
xemotaksonomik mdvqeyini miisyyon etmok iiciin
qiymatlandirils bilar.

Acgar sozlar: kimyavi siiriisma, seskiterpen lakton, spin-
spin qarsithql tasir konstanti, Vudvord-Fizer qaydast,
UV, IR, NMR konfiqurasiyasi

NnenTudukanus u uccieroBaHue KOH(PpUrypauuu
CEeCKBHUTEPIEHOBOT0 KyMapHHa MOT0JITABH/IMHA,
BbljleJIeHHOr0 u3 KopHeil Ferula persica

OneBuH I. Kepumnu

Aszepbatioocancruil MeOuyuHcKull ynugepcumem, kageopa apmakocHosuu,
. 14, baky, AZ1022, Azepbaiioscan

Hncmumym 6omanuxu, Munucmepcmea Hayxku u Obpasosanus
Aszepbatiocanckoii Pecnyonuxu, baoamoapckoe wocce 40,

baky, AZ1004, Azepbaiioxcan

Pon Ferula L. (Apiaceae) macunutbBaeT 130 BHIOB,
pacmipoctpaneHHBIX Ha KaBkaze, B Cpemueii Aszwm,
Cubupn, Kwurae (Cunbpipsae), Adranucrane,
Hpane um CeBepuoii Adpuke. B AzepOaiipkanckoi

60

PecnyOnmke BcTpedaeTcs BOCEMb BHJIIOB 3TOrO poja.
OCHOBHYI0O YacThb XHMHYECKOTO BEIIECTBAa BHIOB
(depynbl COCTaBISIOT CECKBUTEPIICHOBBIE KyMapHHBI,
JIAKTOHBI, CJIOKHBIE 3QUPBI CIUPTOB U APUPHBIE Maca.
Bnepseie, n3 3TaHOIOBOTO 3KCTpakTa KopHed Ferula
persica, coOpaHHBIX B (pase IOJHOIO CO3PEBAHUS
CeMsIH  METOAOM  KOJIOHOYHOH  Xpomarorpadud,
BBIICJICHO  KPUCTAJUIMYECKOE BEIIECTBO  COCTaBa
C, H,,O, ¢ temneparypoii mnasinenus 157-159°C. Ha
OCHOBAaHUHU CHEKTpaIbHBIX (Y®D)-yabsTpaduoneToBbli,
(UK)-undpaxpacusiii, (SIMP)-snepHblii MarHUTHBINA
pesonanc [IMP u SIMP *C, DEPT u nByMepHbIX
skcriepuMeHTanbHbix MetonoB COSY, HSQC, HMBC
a Takke (U3NYECKHUX IOKaszareneil (HmoispoMerpus,
TEMIIepaTypa IUIABJICHHs) JOKa3aHO, YTO 3TO BEIIECTBO
HMeeT CTPOCHHE MICHTHYHOE MoronTaBuauHy. [lis
ompeneneHus KoHpurypauuu BemectBa B IIMP
CIIEKTPE, HCIOJBb30BAIICSI XUMHUUYESCKUM CABUT U 3HAYCHHE
KOHCTAHTBI CITMH-CIIMHOBOTO B3aMMOICHCTBUSI, KOTOPBIN
SIBIISIETCSL KITacCHYeCKUM MeTonioM. Llenbio HacTosero
HCCIIeOBaHUSL  OBUIO  ONpENeNIeHHE  COACPKaHMs
KymMapuHa B KopHiIX F. persica. IlomydeHHble
pe3ysbTaThl B JAJIbHEHIIIEM MOTYT OBITh OLICHEHBI JUIS
BBISBJICHUS! XEMOTOKCOHOMUYECKOTO IMOJIOKEHHUS BHIA

BHYTpPH POJa.

Knroueevie cnoea: XUMUYECKUL cosue,
CecKeUMepPNeHOBblll  IAKMOH, — KOHCMAHMA — CRUH-
CNUHOB020  83aumModelicmsus, npasuia Byosopoa-

Qusepa, YO, UK, kongueypayus AMP





