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Genipa  americana  L.,  Rubiaceae,  is a  plant  native  from  Brazil  popularly  known  as  “jenipapo”.  Two  iri-
doids,  1-hydroxy-7-(hydroxymethyl)-1,4aH,5H,7aH-cyclopenta[c]pyran-4-carbaldehyde  (1),  and  iridoid
7-(hydroxymethyl)-1-methoxy-1H,4aH,5H,7aH-cyclopenta[c]pyran-4-carbaldehyde  (2)  were  isolated
and identified  in the  leaf  extract  of  G. americana.  Compounds  1 and  2  were  identified  for  the  first  time
eywords:
enipa americana
ubiaceae

enipapo
eaves

in  G.  americana,  and  1  has  not  been  yet  described  in  literature.  These  substances  were  analyzed  by  spec-
troscopic  techniques  such  as  infrared,  high  resolution  mass  spectrometry, 1H and 13C  1D;  as well  as  2D
nuclear  magnetic  resonance.  Moreover,  the  presence  of flavonoids  was  detected  by  a  preliminary  analysis
by Thin  Layer  Chromatography.

©  2017  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
he  CC
ridoids access  article  under  t

ntroduction

Genipa americana L., Rubiaceae, is native plant from Brazil
Zappi, 2016) and popularly known as “jenipapo” or “jenipapeiro”.
t is found in Central America, South America and widely distributed
n Brazil (Lorenzi and Matos, 2008). In folk medicine the extracts
f leaves have been used to treat syphilis (Corrêa, 1978) and liver
iseases (Agra et al., 2008).

The majority of the phytochemical and pharmacological studies
ere carried out with G. americana fruits. The chemical constituents

f these fruits are mainly iridoids (Djerassi et al., 1960; Tallent,
964; Ueda and Iwahashi, 1991; Hsua et al., 1997; Ono et al.,
005; Ono et al., 2007). These compounds are not widely dis-
ributed in the plant kingdom. Thus, they have been identified
n a few families such as Apocynaceae, Loganiaceae, Lamiaceae,
crophulariaceae and Verbenaceae (Villaseñor, 2007). Specifically
o leaf extracts of G. americana was described the presence of
eniposidic acid (Guarnaccia et al., 1972) and genipatriol (Hossain
t al., 2003). Currently, only one report indicated the presence of
avonoid quercetin in fruits by HPLC analysis (Omena et al., 2012)
nd another work described flavonoids and tannins in its fruits by

olorimetric methods (Nogueira et al., 2014).

Some pharmacological trials showed antibacterial (Tallent,
964), antitumoral (Hsua et al., 1997), anti-inflammatory (Koo
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et al., 2004) and antioxidant (Omena et al., 2012) activities in the
fruit extracts. The leaf extract of G. americana has only two stud-
ies reported. Ethanolic and hexanic extracts of that leaves showed
antidiabetic effect by the inhibition of �-glucosidase enzyme
(30.44 ± 0.10% and 12.44 ± 0.02%, respectively), which is compared
with kojic acid, the positive control (De Souza et al., 2012). In the
second study, the aqueous leaf extract showed anthelminthic activ-
ity at 100 mg/ml. The lethal concentrations (LC90) of this aqueous
extract for hatching and L3 larvae development inhibition were
79.8 and 28.7 mg/ml, respectively. The extract was  more effective
in larval development inhibition than in hatching (Nogueira et al.,
2014).

Therefore, this study aimed to perform a phytochemi-
cal study with the leaves extract of G. americana,  since as
few studies were identified in literature. According to this
study, the iridoids 1-hydroxy-7-(hydroxymethyl)-1,4aH,5H,7aH-
cyclopenta[c]pyran-4-carbaldehyde (1) and 7-(hydroximethyl)-
1-methoxy-1H,4˛H,5H,7˛H-cyclopental[c]pyran-4-carbaldehyde
(2) were identified for the first time in this plant, and 1 has not
been yet described in literature.

Material and methods

The nuclear magnetic resonance (NMR) spectra were performed

on a Bruker Avance DRX-500 (500 MHz  for 1H and 125 MHz
for 13C) spectrometer equipped with 5 mm inverse detection
z-gradient probe. Chemical shifts are given in ppm relative to resid-
ual DMSO-d6 (2.5), and to the central peak of the triplet related to

ora Ltda. This is an open access article under the CC BY-NC-ND license (http://
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Table 1
1H and 13C NMR  chemical shift compounds 1 and 2 (ı in ppm, J in Hz).

C 1 2

ıC ıH (mult., J in Hz) ıC ıH (mult., J in Hz)

1 96.89 4.95 (d, 5.5) 102.1 4.86 (d, 5.5)
3  163.2 7.58 (s) 162.5 7.57 (s)
4  123.08 – 123.7 –
5  33.2 2.98 (q, 8.0) 32.0 2.99 (m)
6  37.2 2.68 (m) H˛; 1.98 (m)  Hˇ 37.1 2.00 (d, 14.7) H˛; 2.67 (m) Hˇ

7 125.54 5.65 (s) 126.1 5.65 (s)
8  144.83 – 143.6 –
9  46.8 2.53 (m) 45.9 2.51 (m)

10 59.6 3.98 (d, 14.8)4.09 (d, 14.8) 59.2 4.04 (d, 15.0; d, 13.5)
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11  190.9 9.26 

12  – 7.55 (OH) (s) 

MSO-d6 carbon (39.5 ppm). The Fourier transform infrared (FT-IR)
pectra were obtained on a Perkin Elmer Spectrum 1000 spec-
rometer, using a universal attenuated total reflectance accessory
UATR). The high-resolution electrospray ionization mass spectra
HRESIMS) were acquired using a Shimadzu LCMS-IT-TOF (225-
7100-34) spectrometer. Specific rotations were measured on a
asco polarimeter model P-2000. HPLC preparative analysis were
onducted on Shimadzu

®
fitted with LC-10Advp pump, UV detector

himadzu
®

SPD-10AV vp, degasser (DGU-14A), and a manual injec-
ion valve 100 �l (Rheodyne

®
) equipped with Class Vp

®
version 5.0

oftware.
The leaves of Genipa americana L., Rubiaceae, were collected in

ay 2012 in Natal, in Brazilian state of Rio Grande do Norte (lat:
 6.1278 long: – 35.1115 WGS22). The plant material was  identi-
ed by Alan de Araújo Roque (UFRN). A voucher specimen has been
eposited at Herbarium/UFRN under the reference number 12251.
he collection of the plant material was conducted under authoriza-
ion of Brazilian Authorization and Biodiversity Information System
SISBIO) (process number 35017).

The leaves of G. americana (1.8 kg) were air-dried at 40 ◦C, pow-
red and extracted in EtOH 70% (v/v) for 7 days (plant:solvent,
:10, w/v), obtaining the hydroethanolic extract (HE). After that,
he extract was filtered and submitted to a liquid–liquid extraction
ith petroleum ether (PE) (3 × 300 ml), CH2Cl2 (3 × 300 ml), EtOAc

3 × 300 ml), and n-BuOH (3 × 300 ml). The fractions were evapo-
ated under reduced pressure (temperature below 45 ◦C) and yields
ere 37 g (PE), 12 g (CH2Cl2), 19 g (EtOAc), 56 g (BuOH) and 145 g

residual aqueous fraction).
In the phytochemical screening the HE and fractions were

nalyzed by Thin Layer Chromatography (TLC) using aluminum
heets, coated with silica gel F254 as absorbent and toluene:ethyl
cetate:formic acid (5:5:0.5, v/v/v) (system I); ethyl acetate:formic
cid:water:methanol (10:1.5:1.6:0.6, v/v/v/v) (system II) and ethyl
cetate:formic acid:acetic acid:water (10:1.1:1.1:2.6; v/v/v/v) (sys-
em III) as mobile phases. The chromatograms were analyzed under
54 and 365 nm ultraviolet (UV) light and then sprayed with i.
anillin sulfuric acid (4%) and ii. Natural Product Reagent (0.5%)-
P Reagent. The retention factors (Rf) and colors of the spots were
ompared with chromatographic profiles of standards described in
iterature (Wagner and Bladt, 2001).

The isolation of the HE compounds from G. americana was
tarted from EtOAc fraction (5 g). Thereby, this fraction was
ubmitted to silica gel vacuum liquid column (10 × 15 cm)  and
luted with CH2Cl2:EtOAc (50:50,40:60, 40:60, 30:70, 20:80 and
:100; v/v) and EtOAc:MeOH (90:10, 70:30, 50:50 and 0:100;
/v). This procedure resulted in seven fractions. Fraction 3 (40 mg)

CH2Cl2:EtOAc, 30:70; v/v) was chromatographed further on a silica
el column (30 × 2.2 cm), eluted with CHCl3:H2O:MeOH (9:0.1:0.9;
/v; 2.0 ml  min−1) and 100% MeOH, affording eight fractions (FLC-1
o FLC-8). Fraction FLC-7 (40 mg)  was submitted to preparative
191.1 9.25 (s)
56.5 3.50 (OMe)

HPLC by isocratic elution: 8% MeCN in H2O, 4.5 ml  min−1 flow,
using Waters RP 18 column (250 × 10 mm,  10 �m),  and UV
254 nm,  to afford 1, 8 mg  (tR 8.8 min) and 2, 5 mg (tR 21.5 min).

Results and discussion

The present work was  conducted in order to evaluate the chemi-
cal composition of HE of G. americana leaves. TLC analysis of extract
and fractions of G. americana with specific spray reagents indicated
the presence of flavonoids and iridoids. Phytochemical screening
(system I) of the HE and fractions, exposing with vanillin sulfu-
ric acid, showed two brown zones (Rf = 0.9 and 0.95). These results
suggest iridoids in that sample, which are common in Genipa fruits
(Djerassi et al., 1960; Tallent, 1964; Ueda and Iwahashi, 1991; Hsua
et al., 1997; Ono et al., 2005; Ono et al., 2007). Furthermore, in liter-
ature two papers reported only geniposidic acid (Guarnaccia et al.,
1972) and genipatriol in the leaves (Hossain et al., 2003). TLC plate
of the CH2Cl2 fraction was  developed with system I and sprayed
with NP, showing green and orange fluorescent spots (Rf = 0.46 and
0.54), suggesting flavonoids. In TLC plates analysis of the AcOEt frac-
tion was  employed the system II and to BuOH fraction, system III
as the mobile phase. These plates were exposed by NP reagent,
under UV 365 nm showing many yellow and orange spots (Rf = 0.43
and 0.51 and Rf = 0.22, 0.42 and 0.47), respectively. These colors
imply flavonoids. In residual aqueous fraction were visualized spots
with Rf and color featuring flavonoids, except brownish zone at
the point of application with exposure of sulfuric vanillin, prob-
ably indicating the presence of sugars (Wagner and Bladt, 2001).
As described before, most studies demonstrated iridoids in Genipa
genus, especially to G. americana. However, only one report indi-
cated the presence of flavonoid quercetin by HPLC analysis (Omena
et al., 2012) and another described the presence of in its fruits by
colorimetric methods (Nogueira et al., 2014).

In the phytochemical study, EtOAc (5 g) was fractionated by

chromatographic procedures to afford 1 (8 mg,  tR 8.8 min) and 2
(5 mg  tR 21.5 min). Color spots observed in TLC analysis, 1H and
13C-NMR, ESI-MS and FT-IR confirmed the compounds 1 and 2 as
iridoids (Fig. 1 and Table 1).
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ig. 1. Key 1H–1H COSY and HMBC of 1-hydroxy-7-(hydroxymethyl)-
H,4aH,5H,7aH-cyclopenta[c]pyran-4-carbaldehyde (1).

1-Hydroxy-7-(hydroxymethyl)-1H,4aH,5H,7aH-cyclopenta[c]
yran-4-carbaldehyde (1) [˛]D

20 −80.4◦ (c 0.013, CHCl3) was
btained as a brown solid and showed the molecular formula
10H12O4 by HR-ESI-MS, based on the quasi-molecular ion at m/z
97.0795 [M+H]+ (calcd. for C10H12O4 m/z 197.0808), indicating
ve degrees of unsaturation. The 1H and 13C NMR  spectra (Table 1)
howed mostly single peaks, suggesting compound 1 as an iridoid
onomer. The IR spectrum displayed the hydroxy (3300 cm−1)

nd carbonyl (1670 cm−1) groups. The 1H NMR  spectrum showed
wo olefinic protons at ıH 7.58 (H-3, s) and ıH 5.65 (H-7, s); two

ethylene protons ıH 1.98 (H-�-6, m)  and ıH 1.98 (H-�-6, m);  two
ethine protons ıH 2.98 (H-5, q, J = 8.0 Hz) and ıH 2.53 (H-9, m);

ne oxymethylene ıH 3.98 (H-10, d, J = 14.8 Hz); one dioxymethy-
ene ıH 4.95 (H-1, d, J = 5.5 Hz) and one aldehyde proton at ıH
.26 (H-11) assignable to an iridoid framework (Joubouhi et al.,
015; Lee et al., 2016). These data were confirmed by the 13C
MR spectrum, which exhibited ten carbon signals, including to
arbonyl carbon ıC 190.9 (C-11); one hemiacetal carbon ıC 163.02
C-1); four olefinic carbons ıC 163.2 (C-3), ıC 123.08 (C-4), ıC
25.54 (C-7) and ıC 144.83 (C-8); two methylenes ıC 37.2 (C-6)
nd ıC 59.06 (C-10); and two methines 33.2 (C-5) and ıC 46.08
C-9). These signals were attributed after comparison with the
SQC and DEPT 135 spectra data.

The 1H NMR  spectrum of 1 exhibited a singlet at ıH 9.26 and cor-
elations with the carbon signal (1JCH) at ıC 190.9 (C-11) in the HSQC
pectrum, profiling a conjugated aldehyde group, giving support by
he 1670 cm−1 absorption in the FTIR spectrum and representing
ne of the unsaturations. More two unsaturation were related for
wo trisubstituted vinyl group from the typical 13C NMR  signals at
C 163.3 (CH-3), 123.1 (C-4), 125.6 (CH-7) and 144.8 (C-8) as well
s 1H NMR  signals at ıH 7.58 (H-3, sl) and 5.65 (H-7, sl) (Rao and
hary, 2013). The 1H NMR  spectrum of (1) exhibited a singlet at ıH
.55 associated with a hydroxyl group, confirmed by the 3300 cm−1

bsorption in the FTIR spectrum; even more it showed two doublets
ith geminal coupling at ıH 3.98 and 4.09 (2H-10). These signals

nferred this structure (Zeng et al., 2007).
In the COSY spectrum was possible to characterize the sequence

f these hydrogens and confirm diastereotopic protons at ıH 3.98
nd 4.09 (2H-10) in the molecule (Fig. 1). NMR data together with
he additional data spectral (Table 1) and literature data were possi-
le to establish an iridoid nucleus for compound 1 (Zeng et al., 2007;
ao and Chary, 2013; Lee et al., 2016). This structure was confirmed
y correlations shown in the HMBC spectrum for protons at ıH 9.26
H-11) with the carbons at ıC 33.2 (C-5) and 163.2 (C-3); at ıH 2.98
H-5) with the carbons at ıC 97.0 (C-1), 125.5 (C-7), 163.2 (C-3) and
90.9 (C-11); at ıH 5.65 (H-7) with the carbons at ıC 46.8 (C-9) and

9.6 (C-10). Other key HMBC correlations are shown in Fig. 1. Based
n literature and biosynthetic grounds, this iridoid shows the same
tereochemistry for the ring fused cis 5S:9S and for C-1-R, indi-
ate by the negative optical rotation (Chaudhuri et al., 1979; Dinda
macognosia 27 (2017) 641–644 643

et al., 2007a,b). The data set obtained for this compound allowed
the elucidation as 1-hydroxy-7-(hydroxymethyl)-1H,4aH,5H,7aH-
cyclopenta[c]pyran-4-carbaldehyde (1),  iridoid not described in
literature before.

Iridoids are very reported in the Genipa genus, especially genipin
in fruits (3) (Djerassi et al., 1960; Dewick, 2002). Based on these
data, the structure 1 was proposed to be a new genipin derivative,
with a reduction in the carbonyl group C-11, compatible with the
biogenesis proposed by Dewick in 2002 for iridoids.

The compound 2 [˛]D
20 −22.2◦ (c 0.05, CHCl3), exhibited spec-

troscopic data very similar to compound 1, every 1H and 13C NMR
signals were similar except for an additional signal at ıC 56.5 in
the compound 2 that demonstrated correlation with hydrogen at
ıH 3.50 in the HSQC spectrum, indicating a methoxyl group in 2
(Table 1). Based on these findings and comparing with the literature
values, the compound 2 was characterized as the iridoid garedenal-
I, isolated previously from Gardenia jasminoides Ellis fruits (Rao and
Chary, 2013). Detailed data of compounds 1 and 2 are as follow
(Fig. 1). However, they are the first time reported at G. americana.

Iridoids are valuable for pharmaceutical applications due
to various bioactive properties. Phytochemical studies showed
the pharmacological potential of iridoid nucleus molecules in
numerous trials, mainly anti-inflammatory, antimicrobial, antivi-
ral, anticancer and hypoglycemic activities (Hsua et al., 1997; Koo
et al., 2004; Hanh et al., 2016; Milella et al., 2016). Additionally,
the iridoids may  be responsible for plant defense by insect rela-
tions (Lohaus and Schwerdtfeger, 2014), and they are precursors
of monoterpenoid indole alkaloids, such as vincristine and vinblas-
tine used in the treatment of cancer (Van Moerkerckea et al., 2015).
Herbal drugs commercialized as Harpagophytum procumbens coin-
tain iridoids as chemical markers (Mncwangi et al., 2012). Genipin
is used as crosslinking in nanotechnological formulations and other
applications (Li et al., 2015). Thus, molecules of this class assemble
medicinal, biological, and commercial value.

1-Hydroxy-7-(hydroxymethyl)-1H,4aH,5H,7aH-cyclopenta[c]
pyran-4 carbaldehyde (1): brown solid; Brown spot Rf 0.52
after spraying the plate vanillin sulfuric acid; CHCl3:H2O:MeOH,
(9:0.1:0.9; v/v/v); [˛]D

20 −80.4◦; IR (KBr) �max/cm−1 3350, 2930,
2870, 1670, 1600, 1100. 1H NMR  (300 MHz, DMSOd) and 13C NMR
(75 MHz, DMSOd) see Table 1. Positive HRESIMS (positive mode)
m/z, calcd. for C10H12O4 [M+H]+: 197.0795, found: 197.0808.

7-(Hydroxymethyl)-1-methoxy-1H,4aH,5H,7aH-cyclopenta[c]
pyran-4-carbaldehyde (2): brown solid; Brown spot Rf 0.62
after spraying the plate vanillin sulfuric acid, CHCl3:H2O:MeOH
(9:0.1:0.9; v/v/v); [˛]D

20 −22.2◦ (c 0.05, CHCl3). 1H NMR  (500 MHz,
DMSOd) and 13C NMR  (1255 MHz, DMSOd) see Table 1.

Conclusion

In G. americana leaves was  possible identified two iridoids: 1-
hydroxy-7-(hydroxymethyl)-1,4aH,5H,7aH-cyclopenta[c]pyran-4
-carbaldehyde (1) and 7-(hydroxymethyl)-1-methoxy-1H,4aH,
5H,7aH-cyclopenta[c]pyran-4-carbaldehyde (2). Observing, thus,
the presence of flavonoids in the leaves extract and fractions
by TLC. It is so important to continue the phytochemical study
to identify more secondary metabolites and investigate new
biological applications for this extract and these molecules.
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