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Abstract

Phytochemical investigation of the methanolic extract of the dried roots of Ferula persica resulted in four sesquiterpene coumarin
glycosides, persicaosides A-D, and two known phytosterol glucosides, sitosterol 3-O-B-glucoside and stigmasterol 3-O-B-glucoside.
The structures of these compounds were elucidated by extensive spectroscopic methods including 1D-("H and '*C) and 2D NMR exper-
iments (DQF-COSY, HSQC, HMBC, and ROESY) as well as ESIMS and TOFMS analyses.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The genus Ferula (Apiaceae) is represented by more
than 150 species, and members of this genus are widespread
throughout central Asia (Pimenov and Leonov, 2004). Sev-
eral species of the genus Ferula are used in traditional med-
icine. The chemical constituents of plants in the genus
Ferula have been studied by many groups (Murray et al.,
1982). The compounds typically found in this genus are ses-
quiterpenes (Valle et al., 1987; Miski and Jakupovic, 1990),
sesquiterpene coumarins (Abd El-Razek et al., 2003), and
sulphur-containing compounds (Al-said et al., 1996; Iran-
shahi et al., 2003a). A few sesquiterpene coumarin glyco-
sides have also been reported from Ferula species (Abd
El-Razek et al., 2003). Up to now, almost all research
has focused on identifying non-polar constituents of Ferula
species (Abd El-Razek et al., 2003). The roots of Ferula
persica have been used in folk medicine to treat diabetes
(Afifi and Abu-Irmaileh, 2000). The chemistry of F. persica
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has previously been studied and different non-polar com-
ponents from the aerial parts (Iranshahi et al., 2003b)
and the roots (Iranshahi et al., 2003a, 2004) of the plant
have been identified. However, the polar constituents of
this medicinal plant have not been determined. Here we
report the isolation and structure elucidation of four new
sesquiterpene glycosides from a methanol extract of the
roots of F. persica.

2. Results and discussion

Dried, powdered roots of F. persica (250 g) were sequen-
tially extracted with chloroform and methanol. The meth-
anol extract was fractioned initially by silica gel column
chromatography, and further separation was carried out
by reverse-phase (C,;g) preparative thin layer chromatogra-
phy to give sesquiterpene coumarin glycosides (Fig. 1).

Compound 1 was determined to be a sesquiterpene cou-
marin glycoside by the presence of diagnostic peaks in the
"H NMR and '*C NMR spectra (Tables 1 and 2). The '*C
NMR spectrum of compound 1 displayed 36 carbon
signals, nine being typical of an umbelliferone skeleton,
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Fig. 1. Compounds 1-4 isolated from Ferula persica.

15 signals ascribable to a sesquiterpene moiety, and 12 sig-
nals to a sugar moiety. HSQC spectrum classified the car-
bon signals to four aliphatic methylenes at dc 19.5, 24.0,
36.7 and 39.9, to a primary alcoholic carbon at dc 69.1
characteristic for C-11’, to ten methines, five of them for
umbelliferone moiety at dc 113.4 (C-3), 145.8 (C-4), 130.5
(C-5), 114.3 (C-6) and 102.1 (C-8) and to four methyls at
dc 17.2, 249, 29.2, and 31.4. The 'H NMR and *C
NMR (CD;0D, Tables 1 and 2) spectra of 1, which were
assigned by HSQC, HMBC, and COSY experiments, show
signals assignable to two B-glucopyranosyl moieties [0 4.43
(d, J=17.5 Hz, H-1") and 4.49 (d, J=17.5 Hz, H-1")],
together with an aglycone moiety. Long-range HMBC cor-
relations from the proton signal at oy 1.26 (Me-12') to the
carbon resonance at dc 58.8 (C-9’) and from the protons of
the primary oxygenated carbon C-11’ to the same carbon
C-9' revealed the location of a tertiary methyl group
(Me-12') at C-8'. A third HMBC correlation between the
singlet methyl (Me-15’) at oy 1.37 and the carbon reso-
nance at dc 58.8 (C-9’) allowed a singlet methyl to be
assigned at C-10’. The remaining methyl groups (Me-13’

and Me-14') were established at C-4’ from the HMBC cor-
relations between the carbon resonance at oc 39.5 (C-4'),
and the proton signals at éy 0.86 (Me-14’) and 1.08 (Me-
13’). The inter-glycosidic linkage was defined on the basis
of the long-range correlations between C-1" and H-2"
and between C-2” and H-1"”. The ROESY experiment sup-
ported the relative configuration of the stereogenic centers
at C-3', C-5', C-8’, C-9’, and C-10'. In particular ROEs H-
11’/H-5" and Me-13’/Me-15’, H-3'/H-5', Me-12'/CH,-11"
established an a-orientation for both Me-13’ and Me-15',
and a p-orientation for H-3’, H-5', H-11’, Me-12’ and
Me-14'. The main ROEs effects observed are depicted in
Fig. 2. ESIMS analysis of 1 showed the positive and nega-
tive ion peaks at m/z 747 [M+Na]" and 759 [M+CI]", cor-
responding to the molecular formula of C3;¢H5,0,5 for 1,
respectively. On the basis of the above results, the structure
of 1 was elucidated as 3’-O-[B-glucopyranosyl-(1 — 2)-B-
glucopyranosyl]ferukrin and named persicaoside A.
Compound 2 was determined to be a sesquiterpene cou-
marin glycoside by the presence of diagnostic peaks in the
'"H NMR and '*C NMR spectra (Tables 1 and 2). The
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Table 1
'"H NMR data (3y) for compounds 1-4 (500 MHz, MeOH-d,, mult., J in Hz)
Position 1 2 3 4
2 _ _ _ _
3 6.23 d (9.5) 6.24 d (9.5) 6.25 d (9.5) 6.25d (9.5)
4 7.87 d (9.5) 7.86 d (9.5) 7.88 d (9.5) 7.88 d (9.5)
5 7.52 d (9.5) 7.50 d (9) 7.52 d (8.5) 7.55 d (8.5)
6 6.90 dd (9.5, 1.5) 6.89 d (9) 6.91 dd (8.5, 2.5) 6.86 dd (8.5, 2.5)
8 6.91 d (1.5) 6.90 s 6.88 d (2.5) 6.84 d (2.5)
Iy eq 1.40 dt (13.5, 3.5) ax 1.48 m 4.66 d (6.5) 4.68 d (6.5)
ax 1.47 dr* eq 1.719 m
2/ 1.80 m 1.66 m 5.46 t (6.5) 5.48 1 (6.5)
3’ 3.32% 3.17¢
4’ 2.12 ¢ (6.5) 2.12 1 (6.5)
5 1.47% 1.45 d (10.5) 2.17 1 (6.5) 2.17 1 (6.5)
6 eq 1.56 m 4.07 ddd (10.5, 5.0, 5.0) 5.15 ¢ (6) 5.15 ¢ (6)
ax 1.75m
7 eq 1.67 dd (13.5, 4) ax 2.17 dd (13, 5) like ¢
ax 1.74* eq 291 dd (13, 5)
8’ 1.97 m 1.97 m
221 m 221 m
9’ 1.56 dd (3.5, 2.5) like brs 2.29 dd (7.5, 4.5) 1.35m 1.35m
1.57 m 1.57 m
10’ 3.43 dd (10.5, 1.5) 3.48 dd (10.5, 1.5)
11’ 4.15dd (11, 3.5) 4.21 dd (9.5, 7.5)
4.17 dd (11, 2.5) 4.27 dd (9.5, 4)
12/ 1.26 s 4.62, 4.97 brs 1.78 s 1.78 s
13’ 0.86 s 1.30 s 1.61s 1.60 s
14/ 1.08 s 1.06 s 1.18 s 1.19 s
15 1.37 s 091 s 1.21s 1.26 s
1" 443 d (17.5) 4.39 d (8) 4.49 d (8) 4.59 d (8)
2" 3.40 dd (9, 7.5) 340 m 3.151¢(8) 3.25dd (9.5, 8)
3" 3.50% 3.17m 3.46% 3.37%
4" 3.30% 3.30° 3.31°7 3.287
5" 3.16% 3.37% 3.35% 3.31%
6" 3.60 dd (12, 6) 3.57 dd (11, 2) 3.71 dd (11.5, 6) 3.74 dd (11.5, 5.5)
3.79 dd (12, 5) 3.98 dd (11, 2) 4.11 dd (11.5, 2) 4.11 dd (11.5, 2)
1" 4.49 d (7.5) 4.97 d (1.5) 4.33 d (8) 4.35d (8)
2 3.23% 3.87d(1.5) 3.20 dd (9, 8) 3.20 dd (9.5, 8)
3" 3.36% 3.35% 3.37%
4" 3.36% 3.74 d (10) 3.27% 3.30%
3.93 d (10)
5" 3.24% 3.58 s 3.27% 3.28%
6" 3.71 dd (12, 5) 3.66 dd (11.5, 5) 3.66 dd*
3.81 dd (12, 2.5) 3.85dd (11.5,2.5) 3.85 dd*
" 4.61 d (7)
21 3.41dd (9, 7)
3//// 3'378
4//// 3‘363
5//// 3.583
6" 3.64 dd*
3.84 dd*

& Overlapped with other signals.

NMR spectroscopic data of 2 were similar to those of 1, the
main differences between the two compounds being the sig-
nals assigned to the sesquiterpene and the sugar units.
Regarding this portion and with respect to persicaoside
A, the HSQC spectrum shows the occurrence of three ter-
tiary methyls and one olefinic methylene, while the HMBC
spectrum revealed the occurrence of two oxygenated meth-
ines and one olefinic quaternary carbon at C-3’, C-6' and
C-8', respectively. The '"H NMR and '*C NMR spectra

(CD30D, Tables 1 and 2) of 2 show signals assignable to
a sesquiterpene coumarin moiety [0 1.30, 1.06, 0.91 (all s,
Hs-13, 14, and 15), 1.56 (dd-like brs, H-9’), 3.17 (H-3'),
4.07 (ddd, H-6"), 4.21, 4.29 (both dd, H,-11'), 4.62, 4.97
(both s, H,-12') 6.24, 7.86, 7.50, 6.89 (all d, H-3, 4, 5,
and 6, see Table 1 for coupling constants)], one glucopyr-
anosyl moiety [0 4.43 (d, J=17.5 Hz, H-1")], and one
apiofuranosyl moiety [6 4.97 (d, J=1.5, H-1"), 3.87 (d,
J=1.5, H-2", 3.74 and 3.93 (both d, J =10, H,-4", and
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Table 2

13C NMR data (6¢) for compounds 1-4 (125 MHz, MeOH-d,).

Position 1 2 3 4

2 163.4 163.3 163.3 163.5
3 113.4 113.3 113.2 113.2
4 145.8 145.8 145.9 145.9
5 130.5 130.4 130.4 130.4
6 114.3 114.3 114.5 114.5
7 163.5 163.9 163.9 163.8
8 102.1 101.3 102.5 102.5
9 157.2 157.2 157.1 157.1
10 114.1 114.2 113.9 113.9
Iy 36.7 38.6 66.6 66.6
2/ 24.0 28.1 120.4 120.4
3’ 85.8 79.6 142.9 142.9
4’ 39.5 40.9 40.5 40.5
5! 50.0 59.2 27.1 27.1
6’ 19.5 76.6 125.1 125.1
7 39.9 44.0 136.5 136.5
8’ 73.9 145.3 37.8 37.8
9’ 58.8 55.8 31.0 31.0
10’ 38.9 39.4 77.4 83.9
1 69.1 67.1 81.9 82.4
12/ 31.4 109.6 16.8 16.8
13’ 29.2 314 16.2 16.2
14/ 17.2 15.9 21.7 22.1
15 24.9 17.2 23.8 234
1 100.1 102.2 98.0 105.9
2" 83.2 76.5 75.2 76.0
3 77.6 75.3 76.6 77.9
4" 71.9 71.9 71.6 71.6
5" 77.5 78.2 78.1 78.6
6" 62.9 68.9 70.0 69.9
1" 105.5 110.9 104.7 104.8
2" 76.5 78.0 75.1 75.1
3" 77.4 80.3 77.9 71.7
4" 71.3 75.1 71.6 71.2
5" 78.4 66.0 78.0 78.0
6" 62.5 62.7 62.7
i 96.4
2//// 76.8
3//// 76'8
4m 71.2
5//// 78'0
6//// 62.7

Fig. 2. Important ROESY correlations of sesquiterpene part of com-
pounds 1 and 2.

3.58 (s, H-5")]. The glycoside structure and its connectivity
were confirmed by an HMBC experiment, which shows
long-range correlations between the signals of H-3’ and
C-1”, H-1" and C-3’, H-1" and C-6", and H-6" and C-1".
The B-configuration of the anomeric glucose unit was
assigned on the basis of its typical coupling constant,
J =8 Hz. The proton at the anomeric carbon of apiose
was determined by a ROESY experiment to posses § con-
figuration. The ROESY experiment also supported the rel-
ative configuration of the stereogenic centres at C-3’, C-5/,
C-6/, C-9’, and C-10’. In particular, ROEs H-9'/H-5', Me-
13'/Me-15" and H-3'/H-5’ established an a-orientation for
CH,-11’, Me-13’ and Me-15’, and a B-orientation for Me-
14’, H-3’, H-5" and H-9’. The main ROE effects observed
are depicted in Fig. 2. A COSY experiment also supported
the proposed structure for the compound 2. ESIMS analy-
sis of 2 shows the positive and negative ion peaks at m/z
715 [M+Na]" and 727 [M+CI]", corresponding to the
molecular formula of C35H450,4 for 2, respectively. Conse-
quently, the structure of persicaoside B (2), a new natural
compound, was determined as shown. This is also the first
report of apiose in the structure of a natural product from
the genus Ferula.

The 'H and '*C NMR spectra (CD;0D, Tables 1 and 2)
of 3 show signals assignable to two glucopyranosyl moie-
ties [0 4.49 (d, J = 8.0 Hz, H-1") and 4.33 (d, /= 8.0 Hz,
H-1")], together with an aglycone moiety. The proton cou-
pling constants of two glucose units were larger than 7 Hz,
which is characteristic for a B-glucose. Compound 3 dis-
played 36 carbon signals, nine being typical of an umbellif-
erone skeleton, 15 signals ascribable to a sesquiterpene
moiety and 12 signals concerning to two glucopyranosyl
moieties. The '"H NMR spectrum (CD;0D, Tables 1 and
2) of 3 shows signals at 6 1.78, 1.61, 1.18 and 1.21 (all s,
Hs-12, 13, 14, and 15), 5.46 (¢, J = 6.5 Hz, H-2") and 5.15
t (¢, J=6.0 Hz, H-6') assignable to a linear sesquiterpene
moiety. The *C NMR spectrum of 3 also displayed four
signals at 6 120.4, 142.9, 125.1 and 136.5 (C-2/, 3’, 6’ and
7') ascribable to two double bonds in the sesquiterpene
region. Long-range HMBC correlations from the proton
signals at oy 1.78 (Me-12') to the carbon resonance at dc
142.9 (C-3'), oy 1.61 (Me-13’) to dc 136.5 (C-7'), and oy
1.18 (Me-14') and 1.21 (Me-15) to oc 81.9 (C-11") revealed
the location of the methyl groups. The glycoside structure
and its connectivity were confirmed by the HMBC experi-
ment, which show long-range correlations between the sig-
nals of H-10" and C-1”, H-1” and C-10’, H-1"" and C-6",
and H-6" and C-1"”. The configurations of the double
bonds at the positions C-2" and C-6" were determined as
E on the basis of a ROESY experiment, in which cross-
peaks were observed from H-2'/H-4/, H-1'/H-12’, H-5'/
H-13’ and H-6'/H-8' pairs. ESIMS analysis of 3 shows
the positive and negative ion peaks at m/z 747 [M+Na]"
and 759 [M+CI] ", corresponding to the molecular formula
of C36H5,015 for 3, respectively. Therefore, the structure of
compound 3 was elucidated as 10’-O-[B-glucopyranosyl-
(1 — 6)-B-glucopyranosyllkaratavicinol and was named
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persicaoside C. The structure of persicaoside C is similar to
reoselin isolated from F. kirialovii, F. korshinski and F.
pseudo-oreoselinum (Abd El-Razek et al., 2003). In persi-
caoside C, the site of linkage of two glucose units to the
aglycone moiety karatavicinol is C-10’ instead of C-11' as
in reoselin. On the other hand, the inter-glycosidic linkage
of persicaoside C is 1 — 6 instead of 1 — 2 as in roseolin.

The "H and '*C NMR spectra (CD;0D, Tables 1 and 2) of
4 were very similar to those observed for compound 3, con-
taining 42 carbons and 62 protons. Comparison of the
NMR spectra of compound 4 and of persicaoside C indicated
that 4 exhibited anomeric signals for a third sugar at g 4.61
(d, J=7 Hz) and d6c 96.4. The glycoside structure and its
connectivity were confirmed by the HMBC experiment,
which shows long-range correlations between the signals of
H-10" and C-1”, H-1” and C-10’, H-1” and C-6", H-6" and
C-1"”, and H-1" and C-11’. ESIMS analysis of 4 shows the
positive and negative ion peaks at m/z 909 [M+Na]" and
921 [M+CI], corresponding to the molecular formula of
C4Hgy050 for 4, respectively. Compound 4 is thus 10’-O-
[B-glucopyranosyl-(1 — 6)-B-glucopyranosyl]l 1’-O-B-gluco-
pyranosyl karatavicinol, namely, persicaoside D.

The isolated compounds were identified by comparing
their NMR and melting point data with those previously
described in the literature (Goad and Akihisa, 1997). This
is the first report of sitosterol 3-O-B-glucoside and stigmas-
terol 3-O-B-glucoside from F. persica. To our knowledge,
this is also the first report of sitosterol 3-O-B-glucoside
and stigmasterol 3-O-B-glucoside as polar metabolites from
the genus Ferula.

3. Experimental
3.1. General experimental procedures

Melting points were determined on an Electrothermal
9100 apparatus and are uncorrected. NMR spectra were
measured on a Bruker DRX 500 (Bruker Biospin, Rhein-
stetten, Germany). '"H NMR, *C NMR, DEPT, 'H-'H
COSY, HMBC, HSQC, and ROESY spectra were mea-
sured using an inverse-detection probe (5 mm). The operat-
ing frequencies were 500.13 MHz for acquiring "H NMR
and 125.75 MHz for >C NMR spectra. Samples were mea-
sured at 300 K in MeOH-d, with TMS as the internal stan-
dard. Electrospray ionization mass spectra (ESIMS) (pos.
and neg. mode) were measured with a Quattro triple quad-
rupole mass spectrometer (VG Biotech, Altrincham, Eng-
land) equipped with an ESI source. The capillary and
Ispray voltages were 4 V and 5 kV, respectively. Source
and capillary were heated at 60 °C and 200 °C, respectively.
The mass spectrometer was operated in a conventional scan-
ning mode using the first quadrupole. Full-scan spectra were
recorded from m/z 100 to 1000. High-resolution time-of-
flight mass spectra (HRTOFMS) were recorded on a QTOF
Ultima mass spectrometer (Micromass Ltd., Manchester,
UK). UV spectra were obtained from an Agilent G1315B

diode array detector in MeCN-H,0. Column chromatogra-
phy was conducted with Silica gel 230-400 mesh, Merck.
Preparative TLC was performed on RP-18 GF,s4s plates
(20 x 20 cm, Merck) and observation of plates was carried
out under UV CAMAG spectrometer (254 nm).

3.2. Plant material

The roots of F. persica were collected from the Alborz
Mountains, Tehran province, Iran, in May 2003. The plant
was identified by the department of pharmacognosy, Fac-
ulty of Pharmacy, Tehran University of Medical Sciences.
A voucher specimen (No. 6523) has been deposited at the
Herbarium of the Faculty of Pharmacy (TEH).

3.3. Extraction and isolation

Dried, powdered roots of F. persica (250 g) were
extracted with chloroform using soxhlet apparatus, then
three times with methanol by maceration. The combined
methanol extracts were concentrated in vacuo to give a
red extract (13.1 g). Part of the extract (5.4 g) was subjected
to column chromatography on silica gel (5 x 50 cm) using
EtOAc-MeOH-H,0 as solvent [EtOAc 500 cm®, EtOAc—
MeOH-H,0 (24:3:0.5) 1650 cm®, (18:3:0.5) 860 cm?,
(12:3:0.5) 1750 cm®, (6:3:0.5) 775cm® and (3:3:0.5)
650 cm’]. The fractions were compared by TLC (silica gel
using EtOAc-MeOH-H,O as solvent), and those giving
similar spots were combined. Seven fractions were finally
obtained. Fraction 2 afforded 1 mg white crystals of a mix-
ture of sitosterol 3-O-B-glucoside and stigmasterol 3-O-f-
glucoside. Fraction 4 was subjected to RP-PTLC
(MeOH-H,O0, 80:20) to give 1 (24.3 mg) and 2 (21.5 mg).
Fraction 5 and the residue of fraction 6 were also chro-
matographed on RP-PTLC (MeOH-H,0, 80:20) to yield
3 (7.3 mg) and 4 (25.3 mg), respectively.

3.4. 3'-0-[ p-Glucopyranosyl-(1 — 2 )-p-
glucopyranosyl [ferukrin (1; persicaoside A)

White amorphous powder; UV (MeCN-H,0) A,.x 225,
324 nm; ESIMS (pos. ionization mode) m/z 747
(IM+Na]"); ESIMS (neg. ionization mode) m/z 759
(IM+CI1]7); HRTOFMS m/z 725.3279 ((M+H]") (calc. for
Ca6Hs30,s, 725.3384); For 'H and '*C NMR data, see
Tables 1 and 2.

3.5. 3'a-O-[ B-Apiosyl-(1 — 6)-B-glucopyranosyl |-
(5'B,9'0,100)-8' (12" )-drimen-11'-yl-umbelliferone (2;
persicaoside B)

White amorphous powder; UV (MeCN-H,0) A,.x 225,
325nm; ESIMS (pos. ionization mode) m/z 715
(IM+Na]"); ESIMS (neg. ionization mode) m/z 727
(IM+CI1]7); HRTOFMS m/z 693.3102 ((M-+H]") (calc. for
C3sHuoO14, 693.3122); For 'H and '>C NMR data, see
Tables 1 and 2.
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3.6. 10’-O-[ B-Glucopyranosyl-(1 — 6 )-p-
glucopyranosyl Jkaratavicinol (3; persicaoside C)

White amorphous powder; UV (MeCN-H,0) A,.x 225,
325nm; ESIMS (pos. ionization mode) m/z 747
(IM+Na]"); ESIMS (neg. ionization mode) m/z 759
(IM+CI1]"); HRTOFMS m/z 725.3289 ((M+H]") (calc. for
CsHs301s, 725.3384); For 'H and ')C NMR data, see
Tables 1 and 2.

3.7. 10'-O-[ p-Glucopyranosyl-(1 — 6 )-f-
glucopyranosyl]11'-O--glucopyranosyl karatavicinol (4,
persicaoside D)

White amorphous powder; UV (MeCN-H,0) A,.x 225,
325 nm; ESIMS (pos. ionization mode) m/z 909 ((M+Na]");
ESIMS (neg. ionization mode) m/z 921 ([M+CI]");
HRTOFMS m/z 887.3826 ((IM+H]") (calc. for C42Hg300,
887.3913); For 'H and '3C NMR data, see Tables 1 and 2.
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