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Two new prenylated flavanones, pazentin A (30,40-dihydroxy-6,20-diprenylpinocembrin, 1) and pazentin B
[40-hydroxy-20-methoxy-50-(1000 , 1000-dimethylallyl)-6-prenylpinocembrin, 2] together with two known
ones (3 and 4) previously isolated from other Dalea species were obtained from the benzene extract of
Dalea pazensis Rusby roots. The compounds were evaluated in vitro for their inhibition on mushroom
tyrosinase enzyme and in relation to their effect on melanogenesis in B16 murine melanoma cells, by
using a spectrophotometric method. The information obtained could be relevant to the knowledge of
the structure-activity relationship for these flavonoids with the aim to explore the rational design for
skin-whitening agents.

� 2017 Elsevier Ltd. All rights reserved.
Dalea L. (Fabaceae) is an exclusively American genus with more
than 172 species.1 Its habitat extends from the central region of
Argentina and Chile to the south-western United States.2 Previ-
ously, we reported chemical and biological activity studies of two
species of this genus from different geographical regions: Dalea ele-
gans with habitat within the Andean region of Argentina and Boli-
via, and Dalea boliviana whose presence extends from Argentina to
southern Peru.3 From both species we have isolated ten flavonoids,
mostly belonging to the prenylated flavanones group,4–6 with
several biological activities, such as antioxidants,7 toxic effects on
isolated rat liver mitochondria and human tumor cells,7

antimicrobials,8–11 tyrosinase inhibitors.5,6 The promising results
of phytochemical and bioactivity studies of this genus encouraged
us to begin the investigation of an endemic species of Bolivia: Dalea
pazensis Rusby. This species is a shrub with yellow tap roots and
violet flowers growing to about 1.30 m in height in the Andean
region between 1000 and 3500 m. From the root benzene extract
four compounds were isolated,12,13 two new prenylated flavanones
(1 and 2), and the two known ones (3 and 4) previously isolated
from other Dalea species: D. scandens var paucifolia and D. elegans,
respectively. Their structures were established by 1D and 2D NMR
spectroscopy as well as HRMS analysis. Furthermore, all the com-
pounds were evaluated in vitro for their activity on mushroom
tyrosinase and B16 murine melanoma cell line melanogenesis.
The results obtained led us to establish a structure-activity rela-
tionship for both activities of the isolated compounds.

Compound 1 was isolated as a yellow amorphous solid, and its
molecular formula was established as C25H28O6 from the analysis
of its HRMS and NMR spectroscopic data. The UV absorption max-
ima at 293 and 330 (sh) nmwere indicative of the presence of a fla-
vanone skeleton.14 1H and 13C NMR data allowed the complete
structure elucidation of 1 (Table 1). The 1H NMR spectrum showed
a signal at dH 12.48 (1H, s) that corresponds to a proton-bonded to
the C-5 hydroxyl group. The presence of one aromatic proton sin-
glet at dH 6.02 suggested a trisubstituted A-ring. The B-ring substi-
tution was confirmed by two additional aromatic signals [dH 7.11
(1H, d, J = 8.4 Hz), 6.50 (1H, d, J = 8.4 Hz), which were assigned as
H-50 and H-60, respectively. Furthermore, the spectrum showed sig-
nals for two prenyl moieties, which were unambiguously estab-
lished to be attached at C-6 and C-20, by the detection of HMBC
correlations, as well as two broad singlets at dH 8.36 and 9.53 cor-
responding to 30 and 40-OH, respectively. Correlations between H-
100 (dH 3.24) belonging to the prenyl group, and H-50 (dH 7.11) with
C-30 (dC 153.4) and C-40 (dC 156.2), both linked to hydroxyl group,
were observed in B ring. Additionally, H-60 (dH 6.50) is correlated
to C-10 (dC 117.0) and C-20 (dC 115.9). Moreover, in the A ring cor-
relations between H-100 (dH 3.24) belonging to the prenyl group
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Table 1
1H (400 MHz) and 13C (100 MHz) NMR data for compounds 1, 2, 3 and 4 [(CD3)2CO].

Position 1 2 3 4

dC, subst. dH mult. (J in Hz) dC, subst. dH mult. (J in Hz) dC, subst. dH mult.(J in Hz) dC, subst. dH mult.(J in Hz)

2 78.7
CH

5.71 dd
(2.8, 13.0)

74.4
CH

5.65 dd
(3.0,13.0)

74.4
CH

5.64 dd
(2.9, 12.9)

74.8
CH

5.68 dd
(3.0,12.8)

3a 41.6 CH2 2.70 dd
(2.8, 17.3)

42.0 CH2 2.64 dd
(3.0,17.2)

42.0 CH2 2.71 dd
(3.0, 17.1)

40.3 CH2 2.75 dd
(3.0,17.1)

3b 3.20 dd
(13.0, 17.3)

3.17 dd
(13.0,17.1)

3.06 dd
(12.8,17.1)

3.12 dd
(12.8, 17.1)

4 196.9 qC* – 197.0 qC – 197.1 qC – 196.7 qC –
5 162.6 qC – 161.5 qC – 162.1 qC – 162.3 qC –
6 108.1 qC – 108.0 qC – 95.4

CH
6.02 s 95.5

CH
6.03 s

7 163.5 qC – 163.8 qC – 163.9 qC – 163.7 qC –
8 94.3

CH
6.02 s 94.4

CH
6.02 s 107.4 qC – 107.5 qC –

9 161.4 qC – 161.6 qC – 160.6 qC – 160.7 qC –
10 102.2 qC – 102.2 qC – 102.4 qC – 102.4 qC –
10 117.0 qC – 117.3 qC – 117.6 qC – 116.1 qC –
20 115.9 qC – 156.0 qC – 155.8 qC – 153.4 qC –
30 153.4 qC – 100.2

CH
6.54 s 100.1

CH
6.55 s 103.7

CH
6.48 s

40 156.2 qC – 156.6 qC – 156.5 qC – 156.3 qC –
50 124.7

CH
7.11d
(8.4)

125.8 qC – 125.7 qC – 124.9 qC –

60 107.2
CH

6.50 d
(8.4)

126.1
CH

7.38 s 125.6
CH

7.46 s 125.3
CH

7.40 s

10 0 20.5 CH2 3.24 d
(7.0)

20.7 CH2 3.24 d (7.2) 21.4 CH2 3.22 d (7.5) 21.7 CH2 3.26 d (7.3)

20 0 122.7
CH

5.23 m (7.0) 122.8
CH

5.2 t (7.2) 122.9
CH

5.23 t (7.5) 122.9
CH

5.25 t (7.3)

30 0 130.2 qC – 130.3 qC – 130.3 qC – 130.5 qC –
40 0 24.8 CH3 1.63 s 25.0 CH3 1.63 s 25.0 CH3 1.61 s 25.2 CH3 1.62 s
50 0 16.8 CH3 1.74 s 16.9 CH3 1.74 s 17.0 CH3 1.61 s 17.1 CH3 1.61 s
10 0 0 20.5 CH2 3.44 d

(7.0)
39.9 qC 39.9 qC 39.9 qC

20 0 0 122.7
CH

5.23 m (7.0) 147.9
CH

6.27 dd
(10.7,17.6)

148.0
CH

6.28 dd
(10.7,17.6)

148.2
CH

6.2 (17.8,10.5)

30 0 0 130.9 qC 109.7 CH2 5.00 d (17.6) 109.7 CH2 5.04 d (17.6) 109.7 CH2 5.00 d (17.8)
30 0 0 4.96 d (10.7) 4.96 d (10.7) 4.95 d (10.5)
40 0 0 24.8 CH3 1.64 s 26.6 CH3 1.28 s 26.6 CH3 1.48 s 26.9 CH3 1.47 s
50 0 0 16.8 CH3 1.75 s 26.5 CH3 1.46 s 26.6 CH3 1.48 s 26.9 CH3 1.47 s
5-OH 12.48 s 12.49 s 12.15 s 12.17 s
7-OH 7.38 s 8.24 s 8.17 s
20-OMe 55.0 CH3 3.77 s 55.0 CH3 3.79 s
30-OH 8.36 s
40-OH 9.53 s 9.51 s

* qC: quaternary carbon.
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with C-7 (dC 163.5) and C-6 (dC 108.1) were observed. In addition,
H-8 (dH 6.02) is correlated with C-7 (dC 163.5) and C-9 (dC 161.4)
(Fig. 1). Other correlations are shown in the Fig. 1.

The absolute configuration at C-2 was determined to be S
according to the positive Cotton effect at 330 nm and the negative
Cotton effect at 293 nm in the CD spectrum and the levorotatory
optical rotation.15 So, the structure of 1 was established as
(�)-(2S)-30,40-dihydroxy-6,20-diprenylpinocembrin (pazentin A).

Compound 2 was obtained as a pale yellow, amorphous solid.
Its molecular formula was determined as C26H30O6 consistent with
the analysis of its HRMS and NMR spectroscopic information. The
UV, IR, and 1H and 13C NMR spectra (Table 1) were consistent with
a flavanone skeleton. The UV absorption maxima was at 291 and
330 (sh) nm. A characteristic flavanone ABX spin system is
observed in the 1H NMR spectrum of 2 (Table 1): [dH 5.65,
J = 13.0, 3.0 Hz, H-2), 3.17 (J = 17.1, 13.0 Hz, H-3ax), and 2.64
(J = 17.2, 3.0 Hz, H-3 eq)]. The signal at dH 12.49 was assigned at
the hydrogen-bonded at hydroxy group attached at C-5. The pres-
ence of singlet at dH 6.02 (1H, s, H-8) was indicative of a trisubsti-
tuted aromatic A-ring. The aromatic 1H NMR signals of the B-ring
dH 6.54 (1H, s) and 7.38 (1H, s) were assigned to H-30 and H-60

respectively.
In addition, the spectrum showed signals for prenyl and a,
a-dimethylallyl moieties, which were located at C-6 and C-50,
respectively, based on HMBC correlations.

HMBC correlations between H-30 (dH 6.54) with C-40 (dC 156.6)
linked to hydroxyl group, and C-20 (dC 156.0) linked to methoxy
group were observed in B ring. Also, in this ring it was observed
the correlation between H-60 (dH 7.38) with C-1000 (dC 39.9) belong-
ing to the dimethylallyl group and C-2 (dC 74.4). In A ring, the same
correlations of the compound 1 were observed so, the compound 2
presents the same substitution pattern in this ring. Other consid-
ered correlations were shown in the Fig. 1. The levorotatory optical
rotation of 2 in addition to the positive Cotton effect at 330 nm and
negative Cotton effect at 291 nm in its CD spectrum indicated
a 2S absolute configuration.15 Compound 2 was therefore identi-
fied as (�)-(2S)-40-hydroxy-20-methoxy-50-(1000, 1000-dimethylallyl)-
6-prenylpinocembrin (pazentin B).

The two known compounds 3 and 4were identified by means of
spectroscopic methods including HRMS, 1D and 2D NMR analysis
and also by comparing experimental data with those previously
described in the literature as 40-hydroxy-20-methoxy-50-(1000,1000-
dimethylallyl)-8-prenylpinocembrin (3)16,17 and 20,40-dihydroxy-
50-(1000,1000-dimethylallyl)-8-prenylpinocembrin (4).6,18



Fig. 1. Structures of compounds 1, 2, 3 and 4.

Fig. 2. Key HMBC correlations of compounds 1, 2, 3.

Table 2
Inhibitory activity on mushroom tyrosinase for compounds 1–4.

Compound Inhibition at
10 mM (%)

Inhibition at
100 mM (%)

IC50 (mM)

1 2.84 ± 0.4 9.4 ± 0.3 n.d
2 0 0 n.d
3 21.5 ± 1.8 63.8 ± 4.4 49.80 ± 0.09
4 90.5 ± 5.0 95.0 ± 0.6 2.32 ± 0.01*

Positive control Kojic acid IC50 = 4.93 ± 0.01 mM. Media ± SD of at least 3
determinations.
n.d not determined.

* Peralta et al., 2014.6

M.D. Santi et al. / Bioorganic & Medicinal Chemistry Letters 27 (2017) 1789–1794 1791
The enzymatic oxidation of l-tyrosine to melanin synthesis is of
considerable importance since melanin has many functions and
alterations in melanin synthesis occur in many disease states.
Tyrosinase inhibitors perform a downregulation of melanin forma-
tion, therefore, they have become increasingly important in medic-
inal and cosmetic products.19

Different concentrations of compounds 1–3 were tested in
order to evaluate the inhibitory activity against mushroom tyrosi-
nase enzyme using l-tyrosine as substrate (Table 2).20 A concentra-
tion-response effect was studied on the flavonoids that showed
tyrosinase inhibition by more than 50% at 100 mM and were com-
pared with the activity of compound 4, previously reported by
our group and kojic acid, the reference inhibitor. All the experi-
mental conditions were reproduced (Fig. 2).

Compound 3 showed a significant inhibition on tyrosinase
enzyme at 100 mM (64 ± 4%), while 1 at the same concentration,
demonstrated very low inhibition (9.4 ± 0.3%), and 2 did not inhibit
the activity of tyrosinase (Table 2). The IC50 values for 3 and the
reference inhibitor Kojic acid were estimated using nonlinear fit-
ting of concentration–response data.21 The IC50 value for 3 was
49.80 ± 0.09 mM and for Kojic acid was 4.93 ± 0.01 mM. (Table 2
and Fig. 3).

The results obtained highlight some structural require-
ments22,23 related to the anti-tyrosinase activity previously
observed in prenylflavonoids, as the presence of the 4-substituted
phloroglucinol moiety when it is part of the A ring.5 Compound 3
shows this structural condition and exhibited moderate activity
as tyrosinase inhibitor. The activity observed for compound 3
was lower than compound 4 (Table 2) which exhibits a strong
activity as tyrosinase inhibitor, due to the presence of resorcinol
moiety in B ring22,23, and the 4-substituted phloroglucinol moiety
in A-ring in this compound.5,6

Compounds 1 and 2, having a 6-substituted phloroglucinol moi-
ety in the A ring of their structures, showed very low or inexistent
activity, respectively. This fact could be related to the absence of
the 4-substituted phloroglucinol moiety in the A ring and the 4-
substituted resorcinol moiety in B-ring, both structural conditions
already demonstrated to be important in order to observe anti-
tyrosinase activity.22,23 However, we consider that more studies
about these structural factors are necessary to reveal inhibitory
activity on tyrosinase of these compounds.

B16 murine melanoma tyrosinase has a high homology with
human melanoma tyrosinase, so that cell line offers a valid model
for the evaluation of inhibitory or stimulatory activity of tyrosi-
nase, approaching the behavior that would occur in humans.
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Fig. 3. Concentration-dependent inhibition of mushroom tyrosinase activity by compound 3 and positive control Kojic acid (N = 3).

Table 3
Inhibition of intracellular tyrosinase ofmurineB16melanoma cells for compounds 1–4.

Compound MNCC (mM) % intracellular tyrosinase inhibition

1 1.0 ± 0.3 0
2 50.0 ± 8.0 0
3 5.0 ± 0.5 0*

4 10.0 ± 1.0 34.2 ± 0.2
Kojic acid 5000.0 ± 10.0 45.4 ± 0.1

* Compound 3 showed a stimulation of 18.9 ± 0.6%. Media ± SD of at least 9
determinations.

Table 4
Inhibition of intracellular tyrosinase in murine B16 melanoma cells for compound 4
and kojic acid.

Compound Concentration (mM) % intracellular tyrosinase inhibition

4 0.05 20.6 ± 2.0a

Kojic acid 500 21.6 ± 1.2a

4 5 31.8 ± 4.0b

Kojic acid 1000 28.6 ± 2.8b

Media ± SD of at least 9 determinations.
a,bp > 0.05, the values are not significantly different statistically.
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The cellular viability in the presence of these natural com-
pounds was first determined, and subsequently the effect on
tyrosinase and melanin biosynthesis on B16 murine melanoma
cells was tested.24,25 After 24 h culture of melanoma cells with
the compounds 1–4 at different concentrations, the cell viability
was determined using 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) colorimetric assay,26 and the maxima
no cytotoxic concentration (MNCC), was estimated.21 The descend-
ing order of their MNCC was 2 (50.0 ± 8.0 mM), 4 (10.0 ± 1.0 mM), 3
(5.0 ± 0.5 mM), and 1 (1.0 ± 0.3 mM). Kojic acid proved to be cyto-
toxic at (5000.0 ± 10.0 mM). All the compounds were cytotoxic in
a concentration-dependent manner.

Later, the inhibition of melanin production in B16 cells was
examined.27 The concentration of the flavonoids and the reference
inhibitors that induced the 50% inhibition of melanin production
can be sort as continue: 1 (0.75 ± 0.2 mM) > 4 (1.0 ± 0.4 mM) > 2
(5.0 ± 1.0 mM) = 3 (5.0 ± 1.8 mM) > Kojic Acid (2000.0 ± 5.0 mM).

In the above conditions, compound 1 was shown to be two
thousand and seven hundred fold more active than the reference
inhibitor, while compound 4 proved to be approximately two
thousand fold more active. Compounds 2 and 3 were four hundred
fold more active than kojic acid. These results showed the relevant
activity on the inhibition of the melanin biosynthesis in B16 mela-
noma cells by these compounds, which present in their structures
two prenyl groups and hydroxyl groups on both A and B rings.
These findings are according with those informed by Arung et al.,
(2007),28 who suggested that both prenyl and OH groups, as well
as the type of substitution pattern in flavones, are crucial for the
inhibition of melanin production in B16 melanoma cells, and their
potency was related to the number of isoprenoid moiety
substitutions.

Additionally, in order to investigate the possible mechanism
that involves the diminished melanin content, we evaluated the
inhibitory effect of different concentrations of 1–4, on tyrosinase
intracellular activity in murine B16 melanoma cells after 24 h of
incubation.29 Table 3 shows the intracellular tyrosinase inhibition
of flavanones 1–4 and the reference inhibitor, at their MNCC con-
centration. Compound 4 exhibited inhibition activity on intracellu-
lar tyrosinase.

As can be shown, flavanone 4 and kojic acid produced a tyrosi-
nase inhibition of 34.2 ± 0.8% and 45.4 ± 0.1%, respectively at their
MNCC. In order to compare the activity between 4 and kojic acid, in
Table 4 we indicate several concentrations at the same % of tyrosi-
nase inhibition for these compounds. At concentrations 0.05 mM
and 5 mM compound 4 exerted 20.6a% and 31.8b% of inhibition of
intracellular tyrosinase, respectively while kojic acid produced
the same inhibition (21.6a% and 28.6b; a,bp > 0.05, the values are
not significantly different statistically) at 5 mM and 1000 mM,
respectively.

This fact indicates that 4 is more active than kojic acid and the
tyrosinase inhibition could be related with the decrease observed
in melanin production in B16 melanoma cells in presence of 4.

On the other hand, it was observed that compounds 1 and 2
were inactive on intracellular tyrosinase and compound 3, pre-
sented a slight stimulation (Table 3). Interestingly, compounds 1,
2 and 3 diminished extracellular melanin, but in an independent
tyrosinase manner. Other stages related to the melanin biosynthe-
sis, such as protein or/and transcriptional expression of the
enzymes that regulate its biosynthesis (Tyrp1 and Tyrp2) or signal-
ing pathways could be implicated in the action of compounds 1–3.
Further studies should be carried out in order to establish the
mechanisms through which these compounds would exert their
action.

In conclusion, this is the first chemical and biological activity
study of D. pazensis. Four compounds were isolated: two new
prenylated flavanones: pazentin A (1) and pazentin B (2) together
with the known flavanones (3 and 4). The mushroom tyrosinase
inhibition activities of compounds 1–3 were evaluated. Compound
3 showed a moderate inhibition on tyrosinase activity while 1 and
2 were inactive. Recently, we informed that 4 showed a strong
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inhibition on tyrosinase activity two times more active than Kojic
acid.6

Furthermore, we have provided data concerning to the activity
of these prenylated flavanones on melanogenesis on murine B16
melanoma cells. With regard to decreased extracellular melanin,
it was observed that all natural compounds were significantly
more active than the reference inhibitor kojic acid. In terms of inhi-
bition activity on intracellular tyrosinase, we observed that the
most active was compound 4 compared to the reference inhibitor;
compounds 1 and 2were inactive and compound 3 showed a slight
stimulation. Although these compounds displayed cytotoxicity at
concentrations greater than their MNCC, could be necessary other
studies in order to demonstrate safety in their clinical use as
whitening agents in cosmetic products.

The results herein provide additional information related to
the structure-activity relationship for flavonoids showing
inhibition of mushroom tyrosinase and melanin biosynthesis in
an in vitro system, in order to explore the rational design for
skin-whitening agents.

(�)-(2S)-30,40-Dihydroxy-6,20-diprenylpinocembrin (1) was
obtained as a yellow amorphous solid; [a]D25 �17 (c 0.1, MeOH);
UV (MeOH) kmax (log e) 293 (3.69), 330 (sh) (3.13) nm; CD (c
0.004, MeOH) [h]293 �0.46, [h]330 +0.05; IR (KBr) mmax 3644, (OH),
2921, 1644 (C@O), 1601, 1455 (C@C) 2852 (OCH3), cm�1; 1H
NMR (acetone-d6, 400 MHz) and 13C NMR (acetone-d6, 100 MHz),
see Table 1. HRMS m/z 447.1775 [M+Na]+ (calcd. for C25H27O6,
447.1778).

(�)-(2S)-40-Hydroxy-20-methoxy-50-(1000,1000-dimethylallyl)-6-
prenylpinocembrin (2) was obtained as a pale yellow amorphous
solid; [a]D25 -23.2 (c 0.095,MeOH); UV (MeOH) kmax (loge) 291
(4.08), 330 (sh) (3.38) nm; CD (c 0.002, MeOH) [h]293 �0.18,
[h]330 +0.03; IR (KBr) mmax 3454 (OH), 2925, 1635 (C@O), 1604,
1453 (C@C), 2854 (OCH3) cm�1; 1H NMR (acetone-d6, 400 MHz)
and 13C NMR (acetone-d6,100 MHz), see Table 1. HRMS m/z
461.1944 [M+Na]+ (calcd. for C25H27O6, 461.1935).

(�)-(2S)-40-Hydroxy-20-methoxy-50-(1000,1000-dimethylallyl)-8-
prenylpinocembrin (3) was obtained as a white needles; m.p 80–
82 �C; [a]D25 -16.5 (c 0.075,MeOH); UV (MeOH) kmax (loge) 290
(4.72), 330 (sh) (4.04) nm; CD (c 0.001, MeOH) [h]290 �0.41,
[h]330 +0.56; 3733, (OH), 2929, 1635 (C@O), 1504, 1445 (C@C),
2858 (OCH3), cm�1; 1H NMR (acetone-d6, 400 MHz) and 13C
NMR (acetone-d6,100 MHz), were coincident with those previ-
ously reported;14,15 HRMS m/z 461.1922 [M+Na]+ (calcd. for
C25H27O6, 461.1935).
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