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Abstract

As part of an ongoing study of the medicinal plants of the Yucatec Maya, Casimiroa tetrameria was investigated for its phyto-
chemistry. From an ethyl acetate partition of an ethanol extract of the leaves, eight flavonoids and a furanocoumarin were isolated
and characterised as 5,6,2",3’,5',6’-hexamethoxyflavone, 5,6,2',3’,6’-pentamethoxyflavone and 5-methoxy-8-(3”-hydroxymethyl-but-
2"-enyloxy)-psoralen using a combination of 'H, '*C NMR and NOESY spectroscopy.

© 2004 Elsevier Ltd. All rights reserved.

Keywords: Polymethoxyflavones; Furanocoumarin; Yucatec Maya; Rutaceae

1. Introduction

The Yucatec Maya (Mexico) use Casimiroa tetrame-
ria Millsp. (Rutaceae), which is commonly known as
Yuy, for treating gastrointestinal problems, especially
diarrhoea, dysentery and gastrointestinal cramps. The
usage of this plant as well as those of numerous other
species was documented in a detailed ethnobotanical
study (Ankli et al., 1999). The closely related C. edulis
yields an economically important fruit known as white
sapote or Mexican apple. Currently six species are
recognised in the genus, but a systematic re-evaluation
would be desirable and therefore, a detailed comparative
phytochemical analysis of these species may be of rele-
vance for such an evaluation. C. tetrameria is relatively
well circumscribed, with its characteristic five lobed
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leaves in combination with a fruit which contains only
one 13-14 mm long seed (Martinez, 1951). This study
is part of an ongoing project on the indigenous use of
medicinal plants in the Lowlands of México (Heinrich,
1998, 2003; Leonti et al., 2003).

2. Results and discussion

The phytochemical investigation focused on the ethyl
acetate partition of an ethanolic extract of the dried
leaves of Casimiroa tetrameria (Heneka, 2002; Heinrich
etal., 2005). Further fractionation of this extract resulted
in the isolation of 13 compounds, two new and six known
polymethoxylated flavonoids (1-8), four flavonoid gly-
cosides (9-12) and one new furanocoumarin (13).

The eight polymethoxylated flavonoids were not all
obtained in pure form, but two of them could be identi-
fied from a mixture. The structures of the two new com-
pounds 5,6,2",3’,5',6’-hexamethoxyflavone (1, 9 mg) and
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5,6,2',3',6'-pentamethoxyflavone (2, 13 mg obtained as a
mixture together with 6, zapotin, 5,6,2’,6'-tetrameth-
oxyflavone) were elucidated using 'H NMR, 'H-'H
NOESY, "*C NMR and EI-MS.

EI-MS indicated a molecular ion of m/z 402
(C,1H»,0g) for compound 1. Fragments at m/z 165 and
137 support the dimethoxy substitution of ring A (cf.
Meyer et al., 1985). The "H NMR spectrum exhibited
only four signals in the aromatic region, and four signals
corresponding to six —OCHj; groups. These data sug-
gested a hexamethoxylated flavonoid. The base peak
at m/z 387 indicated the elimination of a methyl group
(—~CH3) and the facile loss of this group in the mass spec-
trum has been suggested by Dreyer and Bertelli (1967) to
indicate a methoxyl group at position C-5 of the flavo-
noid nucleus. This methoxyl group (dy 3.98) gave an
NOE correlation to a further methoxyl (at C-6, 3.91, s)
which had a further NOE correlation to an aromatic pro-
ton at oy 7.26 (d) placed at C-7 of the A-ring of the fla-
vonoid. In the COSY spectrum this proton had an ortho
coupling to a further aromatic proton (éy 7.17, d,
J = 9 Hz) which was assigned as H-8 and therefore com-
pleted the A-ring of the flavonoid. In addition, the data
for the A ring of compound 1 were nearly identical with
those for zapotin (5,6,2',6'-tetramethoxyflavone, 6).

Assigning the signals for rings B and C was again
possible with the help of a '"H NOESY experiment.
The two signals at 6.29 (1H, s) and 6.67 ppm (1H, s)
and especially the two signals of methoxyl groups at
on 3.75 (6H, s) and Jy; 3.88 (6H, s), each of them repre-
senting a total of six protons, pointed to a symmetrical
structure of ring B with a single proton at C-4’. The sig-
nal at 6.67 ppm (H-4’) showed an intense NOESY
coupling with the singlet signal at dy 3.88 (methoxyls
at C-3’ and C-5’), which in turn showed an interaction
to the methoxyl signal at 3.75 ppm (methoxyls at C-2'/
C-6'). This methoxyl resonance gave a NOESY coupling
to the remaining resonance at 6.29 (s) indicating that
this is H-3. Consequently compound 1 was identified
as 5,6,2,3',5’,6’-hexamethoxyflavone, which to the best
of our knowledge has not been identified in nature.

The NMR data of 2 were similar to those of 1
although only five methoxyl groups were present and
this was isolated as a mixture with approximately 17%
of zapotin (6). The A and C-ring resonances were com-
parable with those of 1 whereas the presence of two pro-
tons at 6.65 (1H, d) and 6.98 ppm (1H, d) showing an
ortho coupling to each other (J =9 Hz) in the 'H spec-
trum suggested a different B-ring substitution pattern.
Again the NOESY spectrum was highly informative
with cross-peaks between the doublet at 6.98 ppm and
the signal of a methoxyl group at dyg 3.85 (3H, s). Addi-
tionally, a cross-peak was observed between the proton
signal at 6.65 ppm and an OCHj3-signal at 3.73 ppm (s),
which was at the highest field. This pattern established
that the two protons were positioned at C-4’ and C-5’

and that there were OCH; groups at C-2’, C-3', and
C-6'. Calculating the chemical shift with the increment
rule resulted in assigning the signal at 6.65 ppm to
H-5'. The remaining methoxyl signal at 3.83 ppm with
no interaction with other protons was assigned to a
methoxyl group at C-2’. Zapotin (6), which is also pres-
ent in the fraction, was identified by comparing the '*C
and 'H NMR data with an authentic sample and by
comparison with the literature (Dreyer and Bertelli,
1967). 2 is therefore assigned as 5,6,2’,3’,6’-pentameth-
oxyflavone and is reported here for the first time.

The main constituent 5,6,3’,4’,5'-pentamethoxyflav-
one (cerrosilin B, 4, 162 mg), and 5,6,2',3’,4’-pentameth-
oxyflavone (5, 8 mg) had identical spectra to previously
isolated material from Sargentia greggii (Dominguez
and Villegas, 1976) and Ardisia floribunda (Myrsinaceae,
Parveen and Khan, 1987), respectively. Three tetrameth-
oxyflavones (6 as a mixture with 2, 7 and 8) were iden-
tified by comparison with already published data. The
spectral data of 5,6,3’,4'-tetramethoxyflavone (7,
14 mg) and 5,6,3’,5'-tetramethoxyflavone (cerrosillin, 8,
8 mg) are identical to those from the scientific literature
(Dreyer, 1968; Parveen and Khan, 1987, respectively).

The four flavonoid glycosides [quercetin-3-O-gluco-
side (9, 8 mg), quercetin-3-O-rutinoside (10, 11 mg),
kaempferol-3-O-glucoside (11, 15 mg) and kaempferol-
3-O-rutinoside (12, 12 mg)] were also isolated from the
ethyl acetate partition and identified by comparing the
'"H NMR data with that from the literature (Strack
et al., 1989; Parker and Bohm, 1975).

Compound 13 was isolated from the ethyl acetate
partition using Sephadex LH 20 eluting with MeOH
(100%) and a two-step RP;3;-HPLC (MeOH-H,O 50-
100 and ACN/MeOH/H,O — 42.6/5.3/52.1) separation.
Four proton signals in the aromatic regions formed a
pair of two AB systems (H-3, dy 6.27, d and H-4,
8.11, d) and (H-3', 6y 6.98, d and H-2’, dy 7.61, d) con-
firmed the typical pattern of a linear furanocoumarin
(Stavri et al., 2003). The strong downfield shift of one
of these protons (H-4) indicated the presence of O-sub-
stitution at C-5 (Razdan et al., 1987) and this was con-
firmed by a signal of an OCHj3-group at 4.16 ppm shown
to be in close proximity to H-4 by a correlation in the
NOESY spectrum. The remaining four '"H NMR signals
[0n 1.85 (3H, methyl, s), oy 4.24 (2H, hydroxymethyl, s),
ox 4.86 (2H, oxymethylene, d), dy; 5.71(1H, olefin, 7)]
were characteristic of a prenyloxy group, in which one
of the methyl groups had been oxidised to an hydroxy-
methyl. This hydroxymethyl group was cis with respect
to the oxymethylene group of the prenyl substituent
on the basis of a NOESY correlation between the two
moieties. As C-5, C-6 and C-7 of the coumarin nucleus
are all substituted, the prenyloxy group must be placed
at position C-8. The base beak of m/z 316 suggested a
molecular formula of C;;H;(0O¢ and compound 13
is therefore identified as the new furanocoumarin
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5-methoxy-8-(3"-hydroxymethyl-but-2"-enyloxy)-psoralen
(21 mg), which is described here for the first time.

3. Experimental
3.1. General experimental procedures

All solvents with the exception of those used in
HPLC were of laboratory grade and purchased from
Merck (Darmstadt, DE) or Roth (Karlsruhe, DE). Sev-
eral TLC-systems were developed. For the flavonoids
EtOAc/MeOH/H,O (8:2:1) on silica gel 60F,54 (Merck)
was used. For chromatographic separations the follow-
ing adsorbents were used: Sephadex LH 20 (Pharmacia,
Uppsala), MCI-gel (Mitsubishi Chem. Ind.), RP-18 and
silica gel (Merck, Darmstadt).

GC-MS: All experiments were conducted on a Finn-
igan GC/MS 4000 using an Optima-1 column with he-
lium (8 psi) (detector and injector: 160 °C, split ratio
24:1, detection flame ionisation detector (FID)). NMR
experiments were performed using a Bruker AM-400
(‘H NMR (400 MHz), '*C NMR (100 MHz)) and a
Bruker Avance (‘H NMR (500 MHz), '*C NMR
(125 MHz)), respectively.

3.2. Plant material

C. tetrameria was collected from the villages and sur-
roundings of Chikindzonot, Ekpeds and Xcocmil, Yuca-
tan, Meéxico (1994-1995). Authenticated voucher
specimens were deposited at the Herbarium of the Na-
tional Herbarium of México (MEXU), the Centro de
Investigaciones Cientificas de Yucatan (CICY) in Mérida,
the Instituto Nacional Indigenista (INI) in Valladolid,
Yucatan, the ETH Zurich and the Centre for Pharma-
cognosy and Phytotherapy, The School of Pharmacy,
London. The plant was identified by A.A. in collabora-
tion with researchers at CICY.

3.3. Extraction and isolation

The air dried and powdered leaves (530 g) were ex-
tracted under reflux once with EtOH, 96% (5300 ml,
30 min) and twice with EtOH 70% (5300 ml, 30 ml).
The filtrates were combined and the organic solvent
was removed under reduced pressure with a rotary evap-
orator. The resulting residue was freeze-dried yielding
122 g crude extract. Of this extract 110 g were redis-
solved in H,O (1500 ml). For further separation this sus-
pension was first extracted with equal amounts
(1500 ml) of petrol ether for several times. Afterwards
the extraction procedure was repeated in the same way
with ethyl acetate. The liquid-liquid separation resulted
in an H,O-fraction (80 g), an ethyl acetate fraction
(20 g) and a petroleum ether fraction (10 g, respectively.

The ethyl acetate fraction was further separated using
various systems of column chromatography: (a) Sepha-
dex LH 20 (MeOH, 100%), (b) RP;s (MeOH, 50-100%),
(c) RP;g ACN/MeOH/H,0, 42.6/5.3/52.1, 44.6/6.7/48.7
and 51.7/9.5/38.8, respectively), (d), Silica gelg
(EtOAc/toluene, 45/55).

3.4. 56,235 6'-Hexamethoxyflavone (1)

Yellow amorphous solid; UV (MeOH) A,,,x nm: 229/
328; 'H NMR (CDCly): & 7.26 and 7.17 (1H, d,
J=9Hz, H-7 and H-8), 6.67 (1H, s, H-4'), 6.29 (1H,
s, H-3), 3.98 (3H, s, OCH3-5), 3.91 (3H, s, OCH3-6),
3.88 (6H, s, OCH3-3’ and OCH3-5"), 3.75 (6H, s,
OCH;-2' and OCH;-6'); '*C NMR (CDCly): 6 177.8
(C-4), 158.6 (C-2), 152.4 (C-8a), 149.9 (C-6), 149.2 (C-
3’ and C-5), 148.1 (C-5), 140.9 (C-2' and C-6'), 119.5
(C-4a), 119.2 (C-8), 114.5 (C-3 and C-4'), 113.6 (C-7),
101.7 (C-1'), 62.0 (OCH3-5), 61.8 (OCH;3-2' and
OCH;-6"), 57.3 (OCH3-6), 56.7 (OCH3-3' and OCHs-
5') [C-1"-absent]; EI-MS: m/z (intensity%) 402 [M]"
(96), 387 [M — Me]* (100), 372 [M-2Me]* (17), 357
(74), 342 (6), 327 (7), 313 (9), 186 (17), 165 (15), 149
(20), 137 (15), 97 (13), 85 (13), 83 (22), 71 (21), 69
(19), 57 (32), 55 (15), 43 (20).

3.5. 5,6,2",3',6'-Pentamethoxyflavone (2)

Yellow amorphous solid; UV (MeOH) A, nm: 233/
333; 'H NMR (CDCls): § 7.26 and 7.18 (each 1H, d,
J=9Hz, H-7 and H-8), 6.98 (1H, d, J=9 Hz, H-4'),
6.65 (1H, d, J=9Hz, H-5"), 6.27 (1H, s, H-3), 3.97
(3H, s, OCH3-5), 3.91 (3H, s, OCHs-6), 3.85 (3H, s,
OCHj3;-3'), 3.83 (3H, s, OCH;-2"), 3.73 (3H, s, OCHj5-
6'); *C NMR (CDCly): 6 178.0 (C-4), 158.5 (C-2),
152.6 (C-8a), 151.8 (C-6'), 149.8 (C-6), 148.6 (C-5),
147.15 (C-2’) 132.1 (C-3'), 119.5 (C-4a), 119.1 (C-8),
115.2 (C-3), 115.0 (C-4"), 113.7 (C-7), 106.3 (C-5),
62.0 (OCHs-5), 61.6 (OCH3-2'), 57.4 (OCH3-6), 56.7
(OCH5-3'), 56.3 (OCH3-6') [C-1'-absent]; EI-MS: m/z
(intensity%) 372 [M]* (81), 357 (100), 342 (11), 327
(35), 312 (3), 297 (3), 177 (13), 165 (19), 150 (14), 149
(97), 137 (19), 85 (28), 83 (39), 71 (21), 57 (34), 44
(21), 43 (19).

3.6. Methoxy-8-(3"-hydroxymethyl-but-2-enyloxy )-
psoralen (13)

Colourless amorphous solid; UV (MeCN-H,O-
MeOH, 41.7:52.0:6.3, HPLC-DAD) . nm: 224/246/
266/314; '"H NMR (CDCls):  6.27 and 8.11 (each 1H,
d, J =10 Hz, H-3 and H-4), 7.61 and 6.98 (ecach 1H, d,
J=3Hz, H-2" and H-3'), 5.71 (1H, ¢, J=7.5 Hz,
H-2"), 486 (2H, d, J=17.5Hz, CH,-1"), 4.24 (2H, s,
CH»-5"), 4.16 (3H, s, OCHs-5), 1.85 (3H, s, CH3-4");
13C NMR (CDCly): 6 160.7 (C-2), 150.7 (C-5), 145.3
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(C-2"), 143.1 (C-8a), 139.7 (C-4), 122.2 (C-2"), 114.6
(C-6), 112.82 (C-3), 107.7 (C-4a), 105.3 (C-3'), 69.3
(C-1"), 61.8 (C-5"), 60.8 (OCH;-5), 21.5 (C-4") [C-3',
C-7, C-8'-absent]; EI-MS: m/z (intensity%) 233 (85),
232 (100), 217 (98), 189 (32), 161 (20), 133 (10), 105
(11),95(9), 77 (14), 63 (9), 53 (8), 43 (28), 41 (13), 39 (13).
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