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New Flavone from the Leaves of Neea theifera (Nyctaginaceae)
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Neea theifera Oerst. (Nyctaginaceae) ¢ amplamente utilizada na medicina popular brasileira
para tratamento de ulceras gastricas e inflamag@o. A investigagdo fitoquimica das folhas de
Neea theifera permitiu o isolamento e identificacdo da nova flavona luteolina-7-O-[2"-O-(5"'-
O-feruloil)-B-D-apiofuranosil]-f-D-glucopiranosideo (1) além dos oito compostos conhecidos
vitexina, isovitexina, isoorientina, orientina, vicenina-2, crisoeriol, apigenina ¢ luteolina. A
identificacdo quimica foi realizada por métodos espectroscopicos incluindo RMN-2D, bem
como analises no UV e IES-EM.

Neea theifera Oerst. (Nyctaginaceae) is widely used in Brazilian folk medicine for the
treatment of gastric ulcers and inflammation. Phytochemical investigation of the leaves of
Neea theifera afforded the isolation of the new flavone luteolin-7-O-[2"-O-(5"-O-feruloyl)-B-
D-apiofuranosyl]-B-D-glucopyranoside (1) besides the eight-known compounds vitexin,
isovitexin, isoorientin, orientin, vicenin-2, chrysoeriol, apigenin and luteolin. Their chemical
identification was established by NMR spectroscopic methods including 2D-NMR, as well as
UV and ESI-MS analyses.

Keywords: Neea theifera, Nyctaginaceae, flavone, luteolin-7-0-[2"-O-(5"-O-feruloyl)-B-

D-apiofuranosyl]- B-D-glucopyranoside

Introduction

The Nyctaginaceae family comprises around 300
species in 30 genera.! Phytochemical investigation with
plants from this family is still scarce. Previous
phytochemical studies of Boerhavia coccinea and B.
erecta led to the isolation of tannins and saponins,? while
B. diffusa yielded dihydroisofuranoxanthone,® rotenoids*
and lignans.® Betacianins and flavonoids were isolated
from Bougainvillea glabra,® already flavonoids and
phenolic compounds were isolated from B. spectabillis.”*
Saponins were isolated from Colignonia scandens Benth.’
and from Pisonia umbellifera.'°

In our search for bioactive natural products from Séo
Paulo State, Brazil, we have examined the leaves of Neea
theifera Oerst. This species is popularly known as ‘Capa-
rosa-do-campo’ that grow wild in cerrado lands of Brazil.!
They are used in folk medicine for the treatment of gastric
ulcers and inflammation." To the best of our knowledge,
we could not find any previous phytochemical
investigation with plants belonging to this genus.

*e-mail: vilegasw(@gmail.com

The present paper describes the isolation, purification
and structure elucidation of the nine compounds from the
leaves of N. theifera.

Experimental
Plant material

Neea theifera Oerst. was collected in March 2005, at
Corumbatai, Itirapina city, Sao Paulo State, Brazil, and
authenticated by Prof. Dr. Jorge Yoshio Tamashiro from
the Instituto de Biologia, Unicamp, Sdo Paulo. A voucher
specimen (HUEC 1396) is on file of the Herbarium of the
Universidade Estadual de Campinas, Brazil.

Extraction and isolation

The dried leaves of N. theifera (953.5 g) were
powdered and extracted successively with CHCI, and
MeOH. The methanolic extract (3.0 g) was subjected to
RP-C18 CC (40.0 cm x 2.5 i.d.) eluted with H O:MeOH
(9:1), H,0:MeOH (1:1) and MeOH giving 3 fractions: fr.
9:1 (1.8 g), fr. 1:1 (0.86 g) and fr. MeOH (0.34 g),
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respectively. The fr. 1:1 was chromatographed on
Sephadex LH-20 with H O:MeOH (1:1) as eluent.
Fractions (4.0 mL) were collected and checked by TLC
[Si gel plates, CHCI,:MeOH:n-PrOH:H,O (5:6:1:4),
organic phase] giving 426 fractions. Fractions 53-58, 59-
61, 66-68, 162-170, 190-206, 233-254 and 284-301 were
identified as vitexin (12 mg), isovitexin (26 mg), orientin
(16 mg), vicenin-2 (8 mg), chrysoeriol (5 mg), apigenin
(4 mg) and luteolin (4 mg), respectively. Fraction 74-82
(60 mg) was further purified by semi-preparative HPLC
and afforded to obtain pure isoorientin (6 mg) and pure
compound (1) (8 mg).

General experimental procedures

Melting point was measured on a digital MQ APF-
301 (Microquimica®, Brazil) apparatus. UV spectrum was
recorded on a HACH UV-Vis DR/4000 spectrophotometer
in MeOH. IR spectrum was obtained using Shimadzu FT-
IR 8300 spectrophotometer in KBr disk. NMR analyses
and 2D experiments were run on Varian® INOVA 500
operating at 500 MHz for 'H and 125 MHz for *C (11.7
T), using TMS as internal standard. The ESI-MS spectra
were obtained with a Fisons Platform spectrometer in
negative mode (70 V). The samples were dissolved in
MeOH and injected directly. HREIMS was performed by
using an ultrOTOFQ-ESI-TOF Mass Spectrometer Bruker
Daltonics® instrument. The compound (1) was dissolved
in MeOH, mixed with the internal calibrant, and
introduced directly into the ion source by direct infusion.
TLC analyses were performed on silica gel 200 um
(Sorbent Technologies®) and visualized using UV light
(254 and 365 nm).

Semi-preparative HPLC analysis

Semi-preparative HPLC analysis was obtained on a
HPLC Varian® ProStar 210 system equipped with a Varian®
330 photodiode array detector with a Phenomenex® Luna(2)
RP18 column (40 x 2.5 cm , 10 ng) and Reodyne injector
of 100 puL.

Abinary gradient elution system with solvent A (0.05%
TFA in H,0) and solvent B (0.05% TFA in CH,CN) was
applied with linear gradient formation initially with 68:32
(A:B) at 35 min, and then it was changed to 55:45 (A:B)
at 5 min, and finally 55:45 (A:B) at 30 min. The flow-rate
was 4.7 mL min™'.

Luteolin-7-O-[2"-O-(5""-O-feruloyl)-B-p-apiofuranosyl]-
B-b-glucopyranoside
Yellow amorphous powder. mp 250-252 °C. UV
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(MeOH) A__/nm: 206, 249 and 334. IR (KBr) v, _/cm™:
3433, 1655 and 1605. ESI-MS m/z: 755 [M-H]", 579 [M-
E-feruloyl-HJ", 561 [M-E-feruloyl-H,O-H]", 447 [M-£-
feruloyl-apiose-H], 285 [M-E-feruloyl-apiose-glucose-
H]". HRESIMS [M-H] m/z 755.1902 (calculated for
C,H, O, —H, 755.1823). For 'H and *C NMR analyses

360736 18

see Table 1.
Results and Discussion

The methanolic extract of the dried powdered leaves
of N. theifera was purified by column chromatography
(CC) on a Sephadex LH-20 column followed by
purification by HPLC-DAD, afforded the isolation of the
new compound (1). In addition, eight-known compounds
were identified by comparison of their spectroscopic
properties with published data: vitexin, isovitexin,
isoorientin, orientin, vicenin-2, chrysoeriol, apigenin and
luteolin.'>'*

Compound (1) was isolated as a yellow solid (mp
250-252 °C). The UV spectral data showed absorption
bands at 249 nm and 334 nm. The IR spectrum presented
bands at 3433 cm™' (OH), at 1655 cm™' (C=0) and 1605
cm! (C=C).

The molecular formula of compound (1) was
calculated as C, H, O, from its HRESIMS, which
showed a [M-H]™ at m/z 755.1902 (calculated for
C,H,0,-H, 755.1823). The negative ESI-MS (70 V)
exhibited the pseudomolecular ion [M-H] at m/z 755.
Key fragmentation ions occurred at m/z 579 [M-E-
feruloyl-H]", m/z 561 [M-E-feruloyl-H,O-H]", m/z 447
[M-E-feruloyl-apiose-H]™ and m/z 285 [M-E-feruloyl-
apiose-glucose-H].

The '"H NMR spectrum (Table 1) showed signals at o
7.34 (1H, d, /8.0 Hz), 6 7.35 (1H, brs) and at 6 6.88 (1H,
d, J 8.0 Hz) assigned to H-6', H-2' and H-5' respectively,
two doublets at 6 6.68 (1H, d, J 2.0 Hz) and 6 6.36 (1H,
d, J 2.0 Hz), attributed to H-8 and H-6 of the A-ring, and
one singlet at 0 6.54 (1H, s) attributed to H-3 typical of a
luteolin derivative. Signals at ¢ 6.17 (1H, d, J 16 Hz, H-
o), 7.30 (1H, d, J 16 Hz, H-B), 6 7.07 (1H, d, J 1.5 Hz,
H-2"), 6 6.69 (1H, d, J 8.0 Hz, H-5"") and 6 6.87 (1H, d,
J 8.0 and 1.5 Hz, H-6"") suggested the presence of an E-
feruloyl unit.!’> A signal at 0 3.74 (3H, s) indicates the
presence of a methoxyl group.'* NOESY experiment
showed correlation between signal at 6 3.74 (OMe) and
at 0 7.07, thus establishing the methoxyl group at position
3" of the E-feruloyl unit.

A doublet at 6 5.20 (1H, d, J 7.5 Hz, H-1") and a
singlet at 6 5.38 (1H, s) in the "H NMR spectrum revealed
the presence of two anomeric hydrogen from two sugar
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units. The TOCSY experiment with irradiation at 0 5.20
displayed the spin system of the 3-D-glucopyranoside unit,
whereas irradiation at 0 5.38 resulted only in the singlet
at 0 3.75 (1H, s) suggesting an apiofuranosyl unit. The
coupling constant of the anomeric proton at d 5.20 (1H,
d, J 7.5 Hz) indicated that the present glucose unit has a
B-configuration.'

The “C NMR experiment presented 35 signals, from
which 15 were attributed to the aglycone, 9 to the
E-feruloyl unit, 6 to the B-D-glucopyranosyl unit, and with
5 was possible determined a apiofuranosyl unit."

The apiose unit was characterized through 'H and "*C
NMR experiments compared to the literature data. In the
"H NMR spectrum, apiose unit with OH linked to C-1"
and OH linked to C-2" in trans configuration presents
constant coupling J,, 0-1 Hz, whereas cis configuration
is characterized by J , 3-4 Hz."*"” The chemical shift of
C-1 in “C NMR experiments in pyridine-d, to the o-D-
apiofuranoside is & 105 and d 112 to B-p-apiofuranoside,'®
whereas in DMSO-d, these isomers produce signals at
0 108 and 0 109, respectively.'?°2! Thus, the apiose unit
in (1) was identified as being a [3-D-apiofuranoside.

The structure and bonds of these units on compound
(1) was established from gHMQC and gHMBC
experiments. gHMQC experiment showed direct
correlations between carbons and the respective hydrogens
(Table 1). gHMBC experiments showed long-range
correlations between the hydrogen signal at ¢ 5.20 (H-1"
glucose) and the carbon signal at  162.4 (C-7 aglycone),
and between the hydrogen signal at ¢ 3.52 (H-2" glucose)
and the carbon signal at 6 108.2 (C-1" apiose). Besides,
the chemical shift of the C-2" of the glucose (0 75.8) unit
was clearly dishielded (+3) compared to the chemical shift
of the analogous carbon resonance of a non-substituted
glucose unit (0 72.9), supporting the glucose (1—2) apiose
linkage.!* The gHMBC experiment also showed
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Table 1. NMR spectral data of compound 1 (11.7 T, DMSO-d,)*

Position 'HNMR (9, BCNMR (0,) gHMBC (9,)
2 164.4 H-3

3 6.54s 103.0

4 181.7

5 12.91 161.2 H-6

6 6.36 d (2.0) 99.1 H-8

7 162.4 H-1"; H-6; H-8
8 6.68 d (2.0) 94.4 H-6

9 156.9 H-8

10 105.4 H-6; H-3; H-8
' 121.6

2' 7.35 brs 113.4 H-6'

3 149.3 H-5'

4 145.0 H-2'; H-6'
5! 6.88 d (8.0) 1159

6' 7.34 d (8.0) 119.1

Glucose

1" 5.20d (7.5) 97.8 H-2"

2" 3.52t(7.5;7.5) 75.8

3" 3.45t(7.5;7.5) 76.7 H-2"

4" 3.20t(7.5;7.5) 69.8 H-2"

5" 3.48 m 77.0 H-4"; H-3"
6" a)3.50 mb) 3.71d (10.0)  60.5

Apiose

" 538s 108.2 H-2"; H-2"
A 375s 76.6

3" 71.5 H-2"; H-4"
4" a)3.78 d (9.5)b) 4.04d (9.5) 73.8 H-5"; H-2"
5" 4.06 brs 66.6 H-2"; H-4"
E-Feruloyl

o 6.17 d (16.0) 113.7 H-B

B 7.30d (16.0) 1449 H-6""; H-2""
m 125.4 H-o; H-5™
™ 7.07d (1.5) 110.9 H-6""; H-
3m 147.8 -OCH,; H-5"
4 149.3 H-6""; H-2""
s 6.69 d (8.0) 115.4 H-6""
oM 6.87 dd (8.0; 1.5) 122.9 H-2""; H-B
-OCH, 3.74s 55.5

C=0 166.3 H-5"; H-B

*Chemical shifts (0) are in ppm, and coupling constants (J in Hz) are
given in parentheses.

Figure 1. Structure of compound (1).
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correlation between the hydrogen signal at 6 4.06 (H-5"
apiose) and the carbon signal at 6 166.3 (E-feruloyl, C=0)
thus evidencing the esterification at this position. The
foregoing evidences in combination with the downfield
shift of the C-5" apiofuranosyl (0 66.6) when compared
to a non-acylated analogue (0 62.4) also supported this
conclusion. Therefore, compound (1) was identified as
luteolin-7-O-[2"-O-(5"-O-feruloyl)-p-p-apiofuranosyl]-B-
D-glucopyranoside (Figure 1).

A few reports were observed describing the presence
of flavonoids in the Nyctaginaceae family. Until now only
flavonols were related, such as kaempferol and quercetin
from the Bougainvillea glabra® and B. spectabillis.” Being
thus, Neea theifera is the unique species of Nyctaginaceae,
which produces flavones. These data are important because
reveal to be able in the future to establish a taxonomic
marker in the genus or in this species.
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Figure S1. UV spectrum of (1) (MeOH).
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Figure S2. IR spectrum of (1) (KBr disk).
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Figure S4. 'H NMR 1D-NOESY of (1) (DMSO-d,, 11.7 T, ppm).
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Figure S12. ESI-MS spectrum of vitexin (negative mode, 70 V).
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Figure S13. '"H NMR spectrum of the mixture of isovitexin and vitexin (DMSO-d,, 4.7 T, TMS, ppm).
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Figure S14. ESI-MS spectrum of the mixture of isovitexin and vitexin (negative mode, 70 V).
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Figure S15. '"H NMR spectrum of isoorientin (DMSO-d,, 4.7 T, TMS, ppm).
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Figure S16. °C NMR spectrum of isoorientin (DMSO-d,, 4.7 T, ppm).
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Figure S17. ESI-MS spectrum of isoorientin (negative mode, 70 V).
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Figure S18. 'H NMR spectrum of orientin (DMSO-d,, 4.7 T, TMS, ppm).
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Figure S19. *C NMR spectrum of orientin (DMSO-d,, 4.7 T, ppm).
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Figure S20. ESI-MS spectrum of orientin (negative mode, 70 V).
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Figure S21. 'H NMR spectrum of vicenin-2 (DMSO-d,, 11.7 T, TMS, ppm).
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Figure S22. *C NMR spectrum of vicenin-2 (DMSO-d,, 11.7 T, TMS, ppm).
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Figure S$23. TOCSY spectrum of vicenin-2 (DMSO-d,, 11.7 T, ppm, irradiation of ¢ 4.809).
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Figure S24. ESI-MS spectrum of vicenin-2 (negative mode, 70 V).
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Figure S26. UV spectrum of chrysoeriol (MeOH).
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Figure S27. '"H NMR 1D-NOESY of chrysoeriol (DMSO-d,, 11.7 T, ppm, irradiation of ¢ 3.890).
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Figure S28. ESI-MS spectrum of chrysoeriol (negative mode, 70 V).
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Figure S29. Cromatograms of the co-injections of a) apigenin isolated + apgenin Sigma® (1:1 m/m) and b) luteolin isolated + luteolin Sigma® (1:1 m/m)
(C18, 250 x 4.60 mm i. d. X 5 pm). A binary gradient elution system with solvent A (0.05% TFA in H20) and solvent B (0.05% TFA in CH3CN) was used,

with linear gradient starting from 68:32 (A:B) at 20 min and then changed to 75:35 (A:B) for 40 min. The flow-rate was 1.0 mL min-1. A 254 nm.



