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Fractionation and purification of the methanolic extract of the leaves of Spathodea
campanulata P. Beauvais cultivated in Egypt afforded six compounds identified as: 1-O-
caffeoyl--D-glucopyranoside (1), kaempferol 3-O-(2-O-p-D-xylopyranosyl)-S-D-galacto-
pyranoside (2), kaempferol 3-O-(6-O-a-L-rhamnopyranosyl)-g-D-galactopyranoside (3),
acteoside (4), kaempferol 3-O-(6-O-a-L-rhamnopyranosyl)-s-D-glucopyranoside (5) and
guercetin  3-O-(2-O-3-D-xylopyranosyl)-S-D-galactopyranoside (6). The structures of the
isolated compounds were determined by physical, chemical and spectroscopic methods. All

these compounds have been isolated for the first time from the genus spathodea.

INTRODUCTION

Soathodea campanulata P. Beauvais
(Bignoniaceae) is widely distributed in
Africa®?, known as African tulip tree and
cultivated in Egypt as an ornamental plant. It is
used in folk medicine as diuretic and anti-
inflammatory in kidney diseases; for treatment
of dysentery, edema, ulcers, filaria, gonorrhoea
in addition to healing of wounds and burns"*®.
Reviewing the current literature revealed the
presence of anthocyanins in the flowers,
sterols, triterpenoides and a cerebroside in the
leaves and stem bark®*?, phenolic ester (methyl
p-hydroxy benzoate), phenolic acids (p-
hydroxy benzoic, caffeic, ferulic, gallic,
protocatechuic, chlorogenic and p-coumaric),
flavonoids (kaempferol 3-O-glucoside, quer-
cetin 3-methyl ether, 8-methoxy kaempferol 3-
O-glucoside, apigenin, luteolin, diosmetin,
dihydrokaempferol-7-O-(2"-O-formyl)-3-D-
glucopyranoside, quercetin, quercetin-3-O-
glucoside and quercetin-7-O-glucoside)®™*°
and iridoids in the roots and leaves®™. The
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insecticidal, hypoglycemic, anticomplement,
anti-HIV, antimaarial, antioxidant,
antibacterial, antifungal, analgesic, anti-
inflammatory and molluscicidal activities in
addition to wound and burn healing were
studied®>***2?*%  The present study includes
isolation and structural elucidation of six
known compounds (1-6) including four
flavonoids and two phenyl propanoids. All
compounds which are reported here for the first
time in this genus were obtained from the
methanolic extract of the air-dried powdered
leaves of Spathodea campanulata and
characterized by different  spectroscopic
methods.

EXPERIMENTAL

General experimental procedure

Optical rotation was measured on Union
PM-101 automatic digital polarimeter. 'H-
NMR (400 MHz) and *C-NMR (100 MHz)
spectra were measured on JEOL JNM A400
spectrometer using TMS as an internd



standard. UV spectra were determined on
Evolution 300 UV-VIS spectrophotometer
(England). Column chromatography was
performed on Kieselgel 60 (60-230 mesh,
Merck), Lichroprep RP-18 (Merck) and Diaion
HP-20 (Mitsubishi). Preparative HPLC was
carried out on a column of ODS (150x20 mm
i.d, YMC) with JASCO PU-1580 Pump,
JASCO UV-975 UV/visible detector and
TOYO SODA RI-8000 refractive index
detector. TLC was carried out with silicagel 60
precoated plates F-254 (Merck).

Plant material

The leaves of Spathodea campanulata P.
Beauvais were collected in October 1999 from
Aswan Botanical Garden, Aswan, Egypt in the
flowering stage. The plant was kindly
identified by Prof. Dr. Naeem El-Keltawy,
Prof. of Horticulture, Faculty of Agriculture,
Assiut University, Assiut, Egypt. A voucher
sample (No. 20091) was kept in the Herbarium
of Pharmacognosy Department, Faculty of
Pharmacy, Assiut University, Assiut, Egypt as
reference material.

Extraction and isolation

The ar-dried powdered leaves of
Soathodea campanulata P. Beauvais (4.6 kg)
was exhaustively extracted with hot methanol
by percolation. The methanolic extract was
concentrated under reduced pressure till
dryness. The residue (876 g) was suspended in
water and extracted with diethyl ether. The
agueous layer after evaporation to a minimum
volume, was subjected to a Diaion HP-20 CC
and eluted successively with water, 50%
MeOH, MeOH and finaly with acetone. 40 g
of the residue of 50% MeOH eluate (270 g)
was subjected to a silicagel CC using CH,Cl -
MeOH-H,O (90:10:1 to 60:40:10) gradient as
eluting systems to give five fractions (Fractions
| to Fraction V).

Fraction 111 (3.5 g) was chromatographed
on slica gel CC using CH,Cl,:MeOH:H,O
(80:20:2) as a solvent system, where three
fractions were obtained (Fr-111-1 to Fr-111-3).
Fraction Fr-111-1 (1.4 g) was chromatographed
on RP-18 CC using 5% to 20% MeCN gradient
as eluent, where compounds 1 (18 mg) and 7
(20 mg) were obtained. Fraction Fr-111-2 (0.8 g)
was chromatographed on RP-18 CC using 10%
to 30% MeCN gradient as eluent, where three
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subfractions were obtained (Fr-111-2-1 to Fr-111-
2-3). Fr-111-2-2 (300 mg) was chromatographed
on preparative HPLC using ODS column and
40% MeOH as a mobile phase where
compounds 2 (63 mg) and 3 (14 mg) were
obtained.  Fr-111-2-3 (166 mg) was
chromatographed on preparative HPLC using
ODS column and 40% MeOH as a mobile
phase where compounds 4 (4 mg), 5 (11 mg), 8
(65 mg) and 9 (10 mg) were obtained. Fraction
IV (3.6 g) was chromatographed on silica gel
CC using EtOAc-MeOH-H,O (90:10:1 to
80:20:2) gradient as solvent systems to yield
two subfractions (Fr-1V-1 and Fr-1V-2). Fr-IV-
2 (510 mg) was purified by preparative ODS-
HPLC using 35% MeOH as eluent where
compounds 6 (25 mg), 10 (12 mg) and 11 (40
mg) were obtained. Compounds 7-11 in
addition to compounds 12 and 13 which
obtained from fraction Il and Fr-111-2-1
respectively were identified asiridoids™.

Acid hydrolysis

10 mg of the compound was hydrolyzed
with 0.5 N HCI for 1 h. at 95°C. After
neutralization with BaCO; and extraction with
CHCI3, the agueous layer is dried and the
residue is analyzed for the sugar moiety by
silica g TLC using EtOAc (13):MeOH
(6):H20 (3):HOAC (3) as solvent system.

Compound (1): Obtained as amorphous
powder, [a]p? -21.64 (¢ 1.71, MeOH). 'H-
NMR (400 MHz, CD;OD): aglycone: & 7.64
(1H, d, J= 15.9 Hz, H-7), 7.05 (1H, d, J= 1.5
Hz, H-2), 6.96 (1H, dd, J= 1.5, 8.1 Hz, H-6),
6.77 (1H, d, J= 8.1 Hz, H-5), 6.29 (1H, d, J=
15.9 Hz, H-8), sugar moiety: o 5.56 (1H, d, J=
7.6 Hz, H-1)), 3.83 (1H, br d, J= 11.7 Hz, H-
6), 3.67 (1H, dd, J= 4.2, 11.7 Hz, H-6),
3.29~3.45 (4H, m, sugar protons). *C-NMR
(Table 1).
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Compound (2): Isolated as amorphous
powder, 'H-NMR (400 MHz, DMSO-dq):
aglycone: 6 8.11 (2H, d, J= 8.8 Hz, H-2', 6),
6.86 (2H, d, J= 8.8 Hz, H-3", 5), 6.42 (1H, br
s, H-8), 6.18 (1H, br s, H-6), sugar moiety: &
5.67 (1H, d, J= 7.6 Hz, H-1"), 454 (1H, d, J=
7.3 Hz, H-1), 3.04~3.74 (11H, m, sugar
protons). *C-NMR (Table 1) and UV/Vis.
spectral data (Table 2).

and 3.61 (each 1H, m, H-8), 2.69 (2H,t, J= 7.1
Hz, H-7), sugar moiety: 6 4.28 (1H, d, J= 7.8
Hz, H-1'), 5.08 (1H, d, J= 1.7 Hz, H-1"),
3.20~3.81 (10H, m, sugar protons), 1.00 (3H, d,
J=6.1Hz, 6), Caffeoyl moiety: & 7.49 (1H, d,
J= 159 Hz, H-7"), 6.95 (1H, d, J= 2.2 Hz, H-
27, 6.86 (1H, dd, J= 2.2, 83 Hz, H-6),
6.68 (1H, d, J= 8.3 Hz, H-5), 6.17 (1H, d, J=
15.9 Hz, H-8). *C-NMR (Table 1).

2) R=H, R'=xylose (1- 2) galactose

3) R=H, R'=rhamnose (1- 6) galactose
5) R=H, R'=rhamnose (1- 6) glucose
6) R= OH, R'=xylose (1-2) galactose

Compound (3): Obtained as amorphous
powder, 'H-NMR (400 MHz, CDOD):
aglycone: 6 8.08 (2H, d, J= 8.8 Hz, H-2', 6),
6.87 (2H, d, J= 8.8 Hz, H-3', 5"), 6.39 (1H, d,
J= 1.5 Hz, H-8), 6.20 (1H, d, J= 1.5 Hz, H-6),
sugar moiety: 6 5.03 (1H, d, J= 7.8 Hz, H-1"),
451 (1H, br s, H-1""), 3.27~3.80 (10H, m,
sugar protons), 1.17 (3H, d, J= 6.3 Hz, H-6").
3C-NMR (Table 1) and UV/Vis. spectral data
(Table 2).

Compound (4): Occurs as amorphous powder,
'"H-NMR (400 MHz, CD;0D): aglycone: & 6.59
(1H, d, J= 2.0 Hz, H-2), 6.57 (1H, d, J= 8.1
Hz, H-5), 6.46 (1H, dd, J= 2.0, 8.1 Hz, H-6),
3.95

Compound (5): Isolated as amorphous
powder, 'H-NMR (400 MHz, CDsOD):
aglycone: 6 8.05 (2H, d, J= 8.6 Hz, H-2', 6),
6.88 (2H, d, J= 8.6 Hz, H-3", 5°), 6.40 (1H, br
s, H-8), 6.20 (1H, br s, H-6), sugar moiety: &
5.11 (1H, d, J= 7.3 Hz, H-1""), 4.50 (1H, br s,
H-1"7), 3.22~3.53 (10H, m, sugar protons),
1.11 (3H, d, J= 6.1 Hz, 6™). *C-NMR (Table
1) and UV/Vis. spectral data (Table 2).

Compound (6): Obtained as amorphous
powder, 'H-NMR (400 MHz, DMSO-dy):
aglycone: 6 7.74 (1H, dd, J= 2.0, 8.5 Hz, H-6"),
7.51 (1H, d, J= 2.0 Hz, H-2"), 6.81 (1H, d, J=
8.5Hz, H-5), 6.38 (1H, br s, H-8), 6.17 (1H, br
s, H-6), sugar moiety: 6 5.68 (1H, d, J= 7.6 Hz,
H-17), 454 (1H, d, J= 7.3 Hz, H-17),
3.01~3.77 (11H, m, sugar protons). *C-NMR
(Table 1) and UV/Vis. spectral data (Table 2).
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Table 1: *C-NMR data of compounds 1-6 (100 MHz) in CD;OD.
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c 1 2" 3 4 5 6"
¢ (mult.) ¢ (mult.) 3¢ (mult.) dc (mult.) | 3¢ (mult) | Oc (mult.)
1 | 127.6(9 - - 131.5(s) - -
2 | 115.2(d) | 155.3(156.7)(s) | 158.5(156.5)(s) | 116.3(d) | 1585(s) | 155.3(s)
3 | 149.9(s) | 132.9(134.3)(s) | 135.7(1334)(s) | 144.7(9 1355(s) | 133.1(s)
4 | 146.9(s) | 177.5(178.6)(s) | 179.6 (177.4)(s) | 146.2(9 179.4(9 | 177.4(s
5 | 1165(d) | 161.3(160.5)(s) | 163.0(161.2)(s) | 117.1(d) | 163.0(s) | 161.3()
6 | 1232(d) | 98.3(99.3)(d) 100.0 (98.9)(d) | 121.3(d) | 100.0(d) 98.4(d)
7 | 1484(d) | 164.3(1635)(s) | 166.1(164.9)(5) 36.6(t) 166.0(s) | 164.2(s)
8 | 114.4(d) | 93.6(94.8)(d) 94.9 (93.9)(d) 72.3(t) 94.9(d) 93.5(d)
9 | 167.7(s) | 156.3(157.7)(s) | 159.4 (156.6)(s) - 159.4(5) | 156.2(s)
10 - 103.8 (104.2)(s) | 105.6 (103.8)(s) - 105.6(s | 103.8(s)
1 95.8(d) | 120.9(121.8)() | 122.7(120.9)(s) | 104.2(d) | 122.7(s) | 121.2(9
2 74.0(d) | 131.0(131.6)(d) | 132.5(130.9)(d) | 76.2%d) 132.3(d) | 115.3(d)
3 78.8(d) | 115.2(115.7)(d) | 116.1(115.1)(d) | 81.7(d) 116.1(d) | 145.0(5
4 71.1(d) | 160.0(159.2)(s) | 161.6 (160.0)(s) | 70.6°(d) 161.4(s) | 148.6(s
5 78.0(d) | 115.2(115.7)(d) | 116.1(115.3)(d) | 76.1%d) 116.1(d) | 115.8(d)
6 62.3() | 131.0(131.6)(d) | 132.5(130.9)(d) | 62.4(1) 132.3(d) | 122.3(d)
1 98.7 (100.9)(d) | 1055 (102.2)(d) | 103.0(d) | 104.6(d) 98.7(d)
2 79.7 (78.8)(d) 73.0 (71.2)(d) 72.4(d) 75.7(d) 79.9(d)
3 73.6 (73.9)(d) 75.1 (73.0)(d) 72.1(d) 78.1(d) 73.7(d)
4 67.8 (69.3)(d) 70.2 (68.3)(d) 73.8(d) 71.4(d) 67.8(d)
5" 73.9 (74.3)(d) 75.4 (73.6)(d) 70.4°(d) 77.2(d) 74.0(d)
6" 60.0 (61.0)(t) 67.4 (65.4)(t) 18.4(q) 68.5(t) 60.0(t)
1 104.6 (104.9)(d) | 101.9(100.0)(d) | 127.7(s | 102.4(d) | 104.7(d)
2 75.9 (75.5)(d) 72.3(70.7)%(d) | 114.7(d) 72.3(d) 75.9(d)
3 76.2 (76.3)(d) 72.1 (70.5)%(d) 149.8(s) 72.1(d) 76.2(d)
4 69.4 (70.1)(d) 73.9 (72.0)(d) 146.9(s) 73.9(d) 69.5(d)
5 65.8 (65.9)(t) 69.7 (68.1)(d) 116.5(d) 69.7(d) 65.7(t)
6 18.0 (17.9)(q) 123.2(d) 17.9(q)
7 148.0(d)
8 115.2(d)
9 168.3(s)

T Measured in DMSO-ds
Data between parentheses are in D,O for 2 and DM SO-dgfor 3
2P chemical shifts in each column maybe interchangeable

Table2: UV data of compounds 2,3,5 and 6 in MeOH and with different ionizing and complexing

reagents.
MeOH NaOMe NaOAc AlCl; AICly/HCI

C. Band Band | Band | Band Mmx | Band | Band | AA\mx | Band | Band | AAmex | Band | Band | A

1l | 1l | in 1l | in Il | in I | in
band | band 11 band | band |
2 267 350 275 397 +47 274 376 +7 275 396 +46 276 396 +46
3 267 349 276 399 +50 275 382 +8 275 397 +48 275 396 +47
5 266 349 275 398 +49 275 384 +9 275 397 +48 275 397 +48
6 256 356 272 407 +51 274 381 +18 275 432 +76 269 406 +50
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RESULTSAND DISCUSSION

Compound 1

Inspection of the *C and DEPT “*C-NMR
spectral data (Table 1) revealed the presence of
fifteen signals equivalent to fifteen carbon
atoms. Six signals at ¢ 95.8, 78.8, 78.0, 74.0,
711 and 62.3 with their * H-NMR data
suggested the presence of glucose moiety?4*°,
The 'H-NMR spectrum aso showed the
presence of five peaks in the aromatic region,
three of them at &, 7.05 (1H, d, J= 1.5Hz), 6.96
(1H, dd, J= 1.5, 8.1 Hz) and 6.77 (1H, d, J=
8.1 Hz) indicated the presence of trisubstituted
benzene ring with ABX system; the other two
peaks with their large coupling constant at oy
764 and 6.29 (each 1H, d, J= 159 Hz)
indicated the presence of trans olefinic protons.
These five peaks with the signal at dc 167.7 in
addition to the remaining 8 signals in the **C-
NMR spectrum indicated the presence of trans
caffeoyl moiety. The glucose is confirmed to
be in [-configuration from the coupling
constant of the anomeric proton at o4 5.56 (1H,
d, J= 7.6 Hz) while the attachment between
glucose and caffeoyl moiety was confirmed
from HMBC experiment where a correlation
peak was observed between the anomeric sugar
proton at oy 5.56 and the carbonyl carbon &c
167.7 and from the reported data of a related
compound®.

From the above mentioned data compound
1 was identified as 1-O-trans-caffeoyl-f3-D-
glucopyranoside™ and isolated here for the first
time from the genus Spathodea.

Compound 2

The *C-NMR spectrum of the compound
showed the presence of 24 signals equivalent to
26 carbon atoms. The DEPT “C-NMR
spectrum showed the presence of 9 quaternary,
15 methine and 2 methylene carbon atoms.
Thirteen signals equivalent to 15 carbon atoms
were identical to aflavonoid skeleton®& 33 and
the remaining 11 signals for sugar moiety. The
flavonoid skeleton was confirmed from the
characteristic two bands (band | and band I1) in
the UV/Vis. spectrum® and the UV/Vis.
spectral data (Table 2) of the compound with
different ionizing and complexing reagents
which revealed the presence of free hydroxyl
group at C-4° position from the bathochromic
shift in band | by 47 nm in presence of sodium

methoxide comparing with MeOH, free
hydroxyl group a C-7 position from the
bathochromic shift in band Il by 7 nm in
presence of sodium acetate, presence of free
hydroxyl group at position C-5 and absence of
ortho-dihydroxy groups from the bathochromic
shift in band | by 46 nm in presence of AlCl;
and the stability of the AICI; complex after
addition of HCI*. The '"H-NMR data revealed
the presence of two peaks at oy 8.11 and 6.86
(each 2H, d, J= 8.8 Hz) indicating the presence
of p-disubstituted benzene ring which is
confirmed by the signals in the “C-NMR
spectrum a &c 160.0 (1C-s), 120.9 (1C-9),
131.0 and 115.2 (each 2C-d). These signals in
addition to peaks at &y 6.42 and 6.18 (each 1H,
br s) with dc 93.6 and 98.3 respectively and 3
signals at &¢c 155.54 (1C-s), 132.9 (1C-s) and
1775 (1C-s) confirmed also the presence
kaempferol moiety®.

The 'H-NMR spectrum suggested the
presence of the two sugars in (3- configuration
from the two anomeric protons with their large
coupling constants at o4 5.67 (1H, d, J= 7.6
Hz) and 4.54 (1H, d, J= 7.3 Hz). The ®*C-NMR
data showed the anomeric carbons at dc 98.7
(d) 104.6 (d) while other atoms were observed
a & 79.7, 76.2, 75.9, 73.9, 73.6, 67.8, 69.4
(each 1C-d) for the oxygenated methines and at
Oc 60.0, 65.8 (each 1C-t) for the two methylene
groups.

From the above chemical shifts and
comparing with the literature®™*®, the sugars
were suggested to be galactose and xylose and
confirmed by acid hydrolysis* followed by
TLC aongside authentic sugars in the
previously mentioned solvent system and other
solvent systems.

The position of the sugar moiety was
deduced to be at C-3 of the kaempferol moiety
from the following: the free hydroxyl groups at
C-4°, C-5 and C-7 deduced from the UV/Vis
spectral data (Table 2); the dark purple colour
of the compound under UV lamp changed to
yellow with NHg; the upfield shift of C-3 (-2.7
ppm), downfield shift of C-4 (+1.5 ppm) and
pronounced downfield shift of C-2 (+8.5 ppm)
comparing  with  kaempferol®®*.  The
attachment of xylose to C-2"" of galactose was
determined from the downfield shift of C-2"" of
gal actose comparing with kaempferol-3-O-3-D-
galactopyranoside (trifolin)®.
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From these data and comparing with the
literature®**, compound 2 was identified as
kaempferol 3-O-(2-O-f3-D-xylopyranosyl)-3-D-
galactopyranoside and to the best of our
knowledge this compound is isolated here for
the first time from the genus Spathodea.

Compound 3

The ®C-NMR spectrum of compound 3
showed certain similarity to compound 2 where
25 signals were observed equivalent to 27
carbon atoms. 19 of them equivaent to 21
carbon atoms are identical with that of 2
indicating the presence of kaempferol and
galactose sugar moieties and as in compound 2
the keampferol moiety was confirmed from the
UV/Vis. data in MeOH and with different
ionizing and complexing reagents (Table 2).
The remaining signals were observed at o4 4.51
(1H, br s) with & 101.9 and at &4 1.17 (3H, d,
J= 6.3 Hz) with & 18.0 in addition to 4
oxygenated methine signals at oc 72.3, 72.1,
73.9 and 69.7 indicated the presence of a-
rhamnose sugar moiety®™. The attachment
between the two sugars was confirmed to be
between C-6 of galactose and C-1 of rhamnose
from the downfield shift of C-6 of galactose (d¢c
67.4) comparing with kaempferol-3-O-3-D-
galactopyranoside (trifolin)®. The sugar is
attached to C-3 of the kaempferol moiety asin
compound 2.

From the abovementioned data, compound
3 was assigned as kaempferol 3-O-(6-O-a-L-
rhamnopyranosyl)-B-D-gal actopyranoside®**
which is isolated here for the first time from
the genus Spathodea.

Compound 4

The 'H and “C-NMR spectra including
DEPT mode measurements revealed the
presence of two sugar units most probably (3-
glucose and a-rhamnose from the signals at &c
104.2 with &y 4.28 (1H, d, J= 7.8 Hz) for the
anomeric carbon and proton of the p-glucose
unit and at ¢ 103.0 with &4 5.08 (1H, d, J= 1.7
Hz) and at dc 18.4 with &4 1.00 (3H, d, J= 6.1
Hz) for the anomeric carbon and proton and
methyl group of  a-rhamnose  unit
respectively®’.

The 'H-NMR revedled the presence of
eight signals in the aromatic region including
two trisubstituted benzene rings with ABX
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system and two olefinic protons; these signals
were observed at oy 6.59 (1H, d, J= 2.0 Hz), o4
6.57 (1H, d, J= 8.1 Hz) and &4 6.46 (1H, dd, J=
2.0, 8.1 Hz) for the first trisubstituted benzene
ring and at &y 6.95 (1H, d, J= 2.2 Hz) &y 6.86
(1H, dd, J= 2.2, 8.3 Hz) and &, 6.68 (1H, d, J=
8.3 Hz) for the second trisubstituted ring; the
olefinic protons were confirmed to be in trans
configuration from the large coupling constant
that observed at &y 7.49 and 6.17 (each 1H, d,
J=15.9 Hz).

The °C, DEPT *C-NMR (Table 1) and *H
NMR data revealed the presence of an ethylene
group at dc 36.6 with &y 2.69 (2H, t, J= 7.1 Hz)
and &c 72.3 with &, 3.61, 3.95 (each 1H, m)
and a carbonyl carbon at &: 168.3 which in
addition to the signals of the two benzene rings
and the trans olefinic protons suggested the

presence of  3,4-dihydroxy  phenethyl
alcohol®® and caffeoyl moieties®
The attachment of  3,4-dihydroxy

phenethyl acohol to C-1° of glucose was
confirmed from the chemical shift of the
methylene group at 8¢ 72.3 and rhamnose to C-
3" of glucose from the downfield shift of this
carbon to &¢ 81.7 and caffeoyl to C-4° from the
reported data of acteoside.

From the abovementioned data and the
reported data®“*, compound 4 was assigned as
3,4-dihydroxyphenethyl acohol 8-O-[(4-O-
caffeoyl)-3"-O-a-L-rhamnopyranosyl-(1 - 3)]-
3-D-glucopyranoside (acteoside). This
compound is isolated here for the first time
from the genus Spathodea.

Compound 5

The NMR spectral data of 5 including 'H,
3C and DEPT *C mode measurements were
also similar to some extent to that of 2 and 3.
Thirteen signals in the ™ C-NMR spectrum
equivalent to 15 carbon atoms having the same
chemical shifts with the UV/Vis. spectral data
(Table 2) suggested the presence of the
kaempferol moiety®**. The remaining 12
signals with their chemical shifts at &: 104.6
(1C-d), 102.4 (1C-d), 68.5 (1C-t), 17.9 (1C-q)
and oxygenated methines in the region between
Oc 69.7 and 78.1 (each 1C-d) (Table 1)
indicated the presence of two sugar units most
probably glucose and rhamnose comparing
with the reported data®™**. The *H-NMR data
revealed the presence of glucose in [3-



configuration from coupling constant of the
anomeric proton which appears at &y 5.11 (1H,
d, J= 7.3 Hz) and rhamnose in a-configuration
at &y 4.50 (1H, br s). The attachment between
the two sugar units was confirmed to be
between C-6 of glucose and C-1 of rhamnose
from the downfield shift of C-6 of glucose and
comparing with the reported data®**%*. The
sugar is attached to C-3 of the kaempferol
moiety as in compound 2.

From the previous data, compound 5 was
identified as kaempferol  3-O-(6-O-a-L-
rhamnopyranosyl)-3-D-glucopyranoside and to
the best of our knowledge; this compound is
isolated here from the genus Spathodea for the
first time.

Compound 6

The *C-NMR data (Table 1) showed the
presence of 26 signals equivalent to 26 carbon
atoms. 11 signals with their "H-NMR data were
identical to that of 2 indicating the presence of
galactose and xylose sugar moieties, these
signals appeared at dc 104.7, 98.7 with &y 4.54
(1H, d, J= 7.3 Hz) and 5.68 (1H, d, J= 7.6 H2)
for the anomeric carbons and protons of xylose
and galactose respectively, the other sugar
atoms appeared at dc 65.7, 60.0 for the two
methylene groups and seven oxygenated
methines between &c 67.8 and 79.2 with &y
3.01-3.77 for the remaining protons. The
attachment between the two sugar units were
confirmed to be between C-2"" of galactose and
C-1 of xylose from the resemblance to
compound 2 and from the reported data™.

The remaining 15 signals in the *C-NMR
spectrum with their 'H-NMR data were
assigned as a flavonoid®. The presence of 5
protons in the aromatic region, 3 of them with
ABX system at &4 7.51 (1H, d, J= 2.0 Hz),
6.81 (1H, d, J= 8.5 Hz), and 7.74 (1H, dd, J=
2.0, 8.5 Hz) and two broad singlets at &y 6.17
and 6.38 (each 1 H) indicated the presence of
quercetin  nucleus®. The UV/Vis. data in
MeOH and with different ionizing and
complexing reagents (Table 2) confirmed the
quercetin nucleus from the following: the
bathochromic shifts in presence of sodium
methoxide and sodium acetate for the free
hydroxyl groups at C-4" and C-7 respectively
as in compound 2; the presence of free
hydroxyl group a C-5 and ortho-dihydroxy
group at C-3° and 4 from the bathochromic

shift in presence of AICl; and hypsochromic
shift but not to the original value as in MeOH
after addition of HCI. and as in 2 the sugar is
attached to C-3 of the quercetin moiety.

Comparing with the reported dat
compound 6 was identified as quercetin 3-O-
(2-O-B-D-xylopyranosyl)-B-D-gal actopyrano-
side and this compound was isolated here for
the first time from the genus Spathodea.
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