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Abstract—Two new acetylated flavonol triglycosides: kaempferol and isorhamnetin 3-O-[2"-(4"-acetyl-
rhamnosyl)-6"-glucosyl] glucosides, were isolated and identified from the aerial parts of Ammi majus L. In
addition, three known flavonol glycosides namely; isorhamnetin-3-O-rutinoside, kaempferol-3-O-glucoside
and isorhamnetin-3-O-glucoside were detected. © 1998 Elsevier Science Ltd. All rights reserved

INTRODUCTION

Ammi majus L. is one of the most important medic-
inal plants in Egypt. The fruits contain several fura-
nocoumarin types which are used for numerous
reputed medicinal purposes [1-6], e.g. for the pro-
duction of xanthotoxin, which is one of the most
potent drugs used to treat leukodermia [7-9].
However, the non-fruiting aerial parts of this plant
have not been analysed previously. Therefore, it
was felt important to investigate these tissues for
their phytochemical constituents. The present report
deals with the isolation and identification of two
novel acetylated flavonol triglycosides as well as
three known flavonol glycosides which are reported
for the first time from this plant.

RESULTS AND DISCUSSION

Fractionation of the n-butanol aerial parts extract
of A. majus by a combination of column chroma-
tography and preparative TLC resulted in the iso-
lation of five glycosides 1-5.

The IR spectrum of 1 showed a band at
3400 cm™'(OH) and a characteristic band at
1740 cm™" specific for an ester carbonyl group. UV
spectral data obtained with usual shift reagents
before and after hydrolysis were typical for a 3-O-
substituted flavonol [10]. Acid hydrolysis followed
by TLC comparison with authentic samples
revealed the presence of glucose, rhamnose and
kaempferol.

The negative-ion FAB mass spectrum of 1
showed a peak at m/z 797 [M—H] which was con-

sistent with a molecular formula C;sH4,0,; for
a flavonol triglycoside. Fragments at m/z 635 [(M—
H) — 162 (terminal glucose)], 609 [(M-H)— 188
(terminal  acetylrhamnose)] and 285 [(M-—
H — 162 — 188 — 162) kaempferol] indicated the pre-
sence of a branched sugar moiety and one acetyl
group located on the rhamnose unit; established
from the loss of 188 mass unit.

The presence of kaempferol skeleton was further
confirmed by comparison of the 'H and *C-NMR
signals of 1 with reported values [11].

The presence of three proton signals represented
by two doublets at § 4.21 and 5.49 (J = 7.2 and
7.3 Hz), respectively, characteristic for the anomeric
protons of two f-D-glucose residues [12,13] and a
broad singlet at ¢ 5.13 characteristic for one ano-
meric proton of an o-L- rhamnosyl moiety, confirm
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the presence of three sugar units [12, 13]. This find-
ing was further confirmed by a DEPT spectrum
which revealed the presence of 18 carbon signals, of
which three represent anomeric carbon signals at ¢
103.3, 100.9 and 98.5 [12], methine carbon signals
in the region § 69.8-77.8 and two oxymethylene
carbons at § 60.8-67.8. The appearance of two
extra carbon signals at 0 20.9 and 169.9 as well as a
sharp singlet (three protons) in the '"H NMR spec-
trum at § 1.96 supported the presence of an acetyl
group. The complete assignments of the sequence of
the sugar moieties and the position of the acetyl
group, was achieved by HMBC correlations [14].
The attachment of the sugar moiety to the 3-hy-
droxyl of kaempferol was determined from the cor-
relation between the H-1 anomeric proton of the
central glucose at § 5.49 and C-3 of kaempferol at
0 132.6 (Table 1).

The interglucosidic linkage in 1 was determined
as 1 — 6 from the HMBC correlation between the
H-1 anomeric proton of the terminal glucose ¢ 4.29
and the carbon signal at ¢ 67.8 (C-6 of the central
glucose). Proof of the (1 — 2) attachment of rham-
nose to the central glucose was obtained from the
correlation between the H-1 of rhamnose at § 5.13
and the C-2 carbon signal at ¢ 77.8 of the central
glucose. A proton signal at 6 4.74 (¢, J = 9.8 Hz)
correlated with the carbon signal at 6 73.9 in the
HMQC experiment [14], indicating that the hy-
droxyl group at C-4 of the rhamnose was acetyl-
ated. This was further confirmed from the
correlation between the anomeric proton of o-L-
rhamnose (6 5.13) and carbon signals at ¢ 69.0 and

Table 1. 3C NMR spectral data of compound 1 (125
MHz, DMSO-ds, ppm from TMS as internal standard)*

C ppm C ppm

Kaempferol Rha.

C4 177.1 Cl” 100.9

Cc7 164.2 C2” 70.8

Cs5 161.2 C3” 69.0

c4 159.8 Cq4” 73.9

c9 156.7 C5” 65.7

C2 156.3 Me 16.7

C3 132.6 COMe 20.9

C2,6 130.8 COMe 169.9

Cl’ 120.8 Glc. (terminal)

C3,5 1152 Ccl” 103.3

C10 104.5 c2” 73.8

C6 98.7 c3” 76.6

C8 93.8 C4” 70.4
cs” 75.9
C6” 60.8

Glc. (central)

Cl” 98.5

C2’ 77.8

C3 75.5

Cc4” 69.8

C5” 76.8

C6” 67.8

*All carbons were assigned by *C NMR, DEPT and 2D NMR
(HMBC and HMQC).
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65.7 corresponding to C-3 and C-5 of the rhamno-
syl unit. The signal at 6 69.0 and 65.7 which is
shifted upfield by about 3 ppm from than the nor-
mal position for C-5 of the rhamnose [15], as well
as a correlation between the singlet at § 1.98 (3H)
and carbon at ¢ 73.9 pointed to an acetyl group at
C-4 of the rhamnose. Thus, 1 could be identified as
kaempferol 3-O[2"-(4"-acetylrhamnosyl)(1 — 2)-6"-
glucosyl] glucoside.

UV spectral analysis of 2 before and after hy-
drolysis gave data which were typical for a 3-O-
substituted falvonol [10]. The negative-ion FAB
mass spectrum of 2 showed a peak at m/z 827
[M—-H] which was consistent with a molecular for-
mula C3gHy4405, for the flavonol triglycoside. Other
significant peaks were observed, 665 [(M—-H)-162
(terminal hexose)], 639 [(M-H)— 188 (terminal
deoxyhexose containing an acetyl group)], 315 [(M—
H) — 162 + 188 + 162(isorhamnetin)]. Therefore, 2
was considered to be an isorhamnetin 3-O-triglyco-
side which has a branched sugar moiety containing
an acetyl group located on the deoxyhexose unit.
The 'H NMR spectrum was very similar to 1,
except the signals corresponding to the aglycone
moiety showed five kinds of aromatic protons [0
6.21 (1H, d, J = 1.98) 6.20 (1H, d, J = 1.98), 6.19
(1H, d, J = 1.98), 6.44 (1H, d, J = 1.98), 7.91 (1H,
d, J=198), 693 (IH, d, J = 8.55), 7.55 (1H, dd,
J =198, 8.55) and —OCHj3; at 3.84 (3H, s) due to
isorhamnetin. Additionally, two anomeric protons
in the f-b- form at 6 4.64 and 5.65 ppm with
J =17.19, 7.21, respectively and another one in the
o-L-form at § 522 ppm as a broad singlet. An
acetyl group was depicted from a sharp singlet at o
1.98 (3H) and one characteristic methyl doublet
signal at 0 0.98 (J = 6.5). Acid hydrolysis yielded
isorhamnetin, rhamnose and glucose. From the
above data the proposed structure of 2 is iso-
rhamnetin ~ 3-0-[2"-(4"-acetylrhamnosyl)(1 — 2)-6"-
glucosyl] glucoside.

The other known compounds were identified by
direct TLC comparison and comparison of their
spectral data with literature values [10,11,13,16—
18].

EXPERIMENTAL

General

Mps are uncorr. 'H, 3C NMR and 2D NMR
spectra (0, ppm, J in Hz) were recorded with
JEOL-EX 270/67 MHz and JEOL-JNM 500/
125 MHz in DMSO-ds with TMS as int. standard.
FAB-MS were registered in negative ion mode in
thioglycerol matrix, using a JASCO AUTOSPEC
MS. UV spectra were recorded in MeOH using
standard procedures [10]. IR spectra were recorded
in KBr discs. TLC was carried out on silica gel G
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60 F,s4 (Merck), cellulose (without fluorescent indi-
cator) Merck.

Plant material

Aerial parts of Ammi majus L. were collected
from the Delta region, Egypt in June 1995 and
identified by Professor Nabil El-Haidi, Faculty of
Science, Cairo University, Egypt. A voucher speci-
men has been deposited in the Herbarium of the
Department of Pharmacognosy (No. 1121), Faculty
of Pharmacy, Al-Azhar University.

Extraction and isolation

Air-dried aerial parts of Ammi majus L. (1/2 kg)
were defatted with petrol then percolated succes-
sively with 70% MeOH and the combined MeOH
extracts concentrated in vacuo at 45°C. Water
was added to the solid residue and the mixture
partitioned with (1) EtOAc and (2) n-BuOH. The
n-BuOH residue (15 g) was fractionated over a silica
gel column (500¢g) using CHCIl;/MeOH with
increasing polarity. Fractions which were positive
for flavonoids were combined (I-III).

Fraction I (1.5g) gave 2 major spots on TLC.
Rechromatography on silica gel CC using CHCl;/
MeOH (8:3) yielded 35 mg isorhamnetin 3-gluco-
side(5) and 10 mg of kaempferol 3-glucoside(4), R;
0.65 and 0.62 in CHCI3/MeOH (7:3), respectively.

Fraction II (400 mg) afforded isorhamntin 3-
rutinoside (3), R; 0.55 CHCIl;/MeOH (7:3).

Fraction I (250 mg) was purified by CC on
Sephadex LH-20 with 70% MeOH as eluent. The
flavonoids containing fraction gave only one spot
on TLC using several different solvent systems.
However, TLC on cellulose in EtOAc/HCOOH/
H,O (33:7:10) gave a major spot and one minor
spot. Final separation was performed using this sys-
tem. The two main bands were eluted with MeOH,
and purified through Sephadex-LH-20 (90% aq.
MeOH), to yield 1 (22 mg) and 2 (3 mg).

Acid hydrolysis of 1-5

Each compound (1mg) was refluxed in 0.1 N
H,SO4 (10ml) for 4h. The aglycones were
extracted with EtOAc and identified by comparison
with authentic samples of isorhamnetin and kaemp-
ferol on (TLC silica gel, CHCl;/MeOH 9:1, EtOAc/
Petrol 1:1). The aq. layer was neutralized with
NaHCOj;. After freeze dried sugars were extracted
with pyridine, the solvent evapd, the residue dis-
solved in a small amount of MeOH and run
on silica gel TLC in EtOAc/MeOH/H,O/HOAc
(57:13:13:17) using p-anisidine phthalate as detec-
tion agent.

Kaempferol 3-O-[2"-(4"-acetylrhamnosyl)(1 — 2)-
6"-glucosyl] glucoside (1); amorphous yellow pow-
der, m.p.: 196-198°C (MeOH/EtOAc 1:3) IR 7y,ax
cm™': 3400, (OH); 1740 (MeCO); 1650 (C=0); UV
JMOH m (loge): 352 (3.98), 271 sh (4.01), 267

max
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(4.31) (AlIClz) 407, 368, 303 sh, 273
(AICI; + HCD)411. 348, 300, 274 (NaOMe) 388, 327,
277 (NaOAc) 371, 302, 274 (NaOAc + H3;BO;)
352, 268; negative-ion FAB-MS [glycerol | m/z (rel.
int.):797(10) [M-H], 755(3) [M-acetyl group—H],
635(6) [M—glc—H],609(4) [M—acetyl rhamnose—H],
285(30) [kaempferol-H]~, [M-glc—acetyl rha—glc—
HJ; '"H NMR(500 MHz, DMSO-dy;, TMS, ppm): §
793 (2H, d, J = 8.8 Hz, H-2', H-6), 6.81 (2H, d,
J = 8.8 Hz, H-3', H-5"), 6.33 (1H, d, J = 1.95, H-8)
and 6.12 (1H, d, J =195, H-6), 421 (IH, d,
J = 7.2Hz, Glc H-1), 5.49 (1H, d, J = 7.3 Hz, Glc
H-1), 5.13 (1H, brs, H-1 Rha), 1.98 (3H, s,
CH;CO). 0.98 3H, d, J = 6.5 Me-Rha.), ’C NMR
(Table 1).

Isorhamnetin 3-O-[2"-(4"-acetylrhamnosyl)(1 — 2)-
6"-glucosyl] glucoside (2). Yellow amorphous pow-
der; UV AMOH nm (log ¢): 355 (3.88), 268 sh (3.95),

255 (4.22); (+AICly) 407, 370 sh, 302, 267,
(+AICI;+HCl) 400, 358, 268; (+NaOMe)
405, 327, 269; (+NaOAc) 379, 320, 276;

(+NaOAc + H3BO;) 355, 255; negative-ion FAB-
MS [glycerol | m/z (rel. int.):827 (8) [M—H], 665(6)
[M—glc—H]~, 639(4) [M-acetyl rhamnose—H]J". 315
(30) [isorhamnetin—H]™ [M—glc—acetyl rha—glc-H];
'"H NMR (500 MHz, DMSO-d;s, TMS, ppm);  6.21
(1H, d, J = 1.98) 6.20 (1H, d, J = 1.98), 6.19 (1H,
d, J=198), 644 (1H, d, J = 1.98), 791 (1H, d,
J=198), 6.93 (IH, d, J = 8.55), 7.55 (1H, dd,
J = 1.98, 8.55) and —OCHj; at 3.84 (3H,s), 4.64 (1H
d, J="71.19Hz, Glc H-1), 565 (IH d, J=1.
21 nHz, Glc H-1), 522 (1H, brs, Rha H-1). 1.98
(3H, s, CH;CO), 0.98 (1H, d, J = 6.5, Me-Rha).
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