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Abstract. Four chalcone derivatives containing chloro and methoxy substituents were synthesized and
pre-evaluated as broad-spectrum UV protector with intrinsic antioxidant activity. UV absorbance of
chalcones 1-4 showed a wide range of UV absorbance values in UVB and UVA regions
(Amax= 310-360 nm) and molar absorptivity values (&= 14,000-20,000 M-cm™). Chalcones 3 and 4
showed better photostability than chalcones 1 and 2 because the lowering of their absorbance was
smaller and slower under UVB irradiation. A combination of the spectra of chalcone derivatives 1-4
indicated that a formulation containing all four will provide a broad-spectrum sunscreen protecting the

skin from UVA and UVB.
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Introduction

It is well known that exposure to UV
radiation induces the formation of reactive oxygen
species that further cause oxidative stress in the
epidermis and dermis layers of skin. The presence
of oxidative stress leads to various negative
effects on skin such as erythema or inflammation
[1], skin cancer [2,3], and photoaging [4].
To protect from these undesirable effects, the skin
needs a double protection system that protects the
skin not only from outside by using sunscreen
compound that acts as protective shield from
UV radiation but also from inside utilizing
antioxidant that quenches the reactive oxygen
species formed [5-7]. Commonly, both of these
functions are generated by two different active
compounds by adding an antioxidant such as
ascorbic acid or tocopherol/tocotrienol into the
sunscreen formulation [8]. However, the use of
two or more active compounds with different
physicochemical properties in one formulation
complicates the formulation process since there
are several factors that need be considered such as
compatibility, stability, penetrability, and amount
of added antioxidant [6]. Therefore, further
development and optimization is required in order
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to obtain the active compounds that have ideal
sunscreen characteristics (broad-spectrum, higher
molar absorptivity and photostability, and
lower toxicity) and antioxidant activity
(higher antioxidant capacity and stability, and
lower toxicity).

Chalcones are a group of compounds
that have high antioxidant activity, particularly
for the skin [9-12]. They can be easily
synthesized and functionalized to form derivatives
that have a broad range of Amax (280-365 nm)
and relatively high  molar  absorptivity
(&= 20,000-30,000 M*cm™) [13-15]. Besides that,
chalcones also have relatively low toxicity to
human dermal fibroblast cells [16], and various
positive effects related to skin health such as
antipigmentation [17-23], anticarcinogenic [24]
and antitumor [25]. Therefore, they are quite safe
to be applied on the skin surface. These benefits
highlight that chalcones have great potency and
can be developed as broad-spectrum sunscreen
with intrinsic antioxidant properties. Furthermore,
modification of the chalcones by incorporating
electron withdrawing and donating groups can be
implemented easily to shift the Amax to UVA,
UVB, or UVC regions. It is hypothesized that
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combining the chalcones with different Amax in a
formulation would definitely produce a broad-
spectrum sunscreen.

This paper describes the
synthesis of (E)-chalcone, (E)-4'-chlorochalcone,
(E)-4-methoxychalcone and (E)-3,4-

dimethoxychalcone, as well as investigation of
their potency as sunscreen compound through
measurement of their UV spectra either as a single
compound or a mixture of chalcones, calculation
of their sun protection factor (SPF) values, and
their photostability study under the influence of
UVB radiation. The results obtained in this study
would show the potency of chalcones as
sunscreen compounds.

Experimental
Generalities

All materials were purchased from Merck
(Darmstadt, Germany) and used directly without
any purification unless otherwise indicated.

Reaction monitoring and purity test were
conducted through thin-layer chromatography
(TLC) analysis on aluminum sheets silica gel
60 Fzss plates (Merck) with UV lamp (Sigma-
Aldrich) at 254 nm as detecting unit (eluent:
n-hexane/ethyl acetate in 3:2 ratio).

Melting point values were measured on an
Electrothermal 9100 and are uncorrected.

IR spectra were recorded on a FTIR
Shimadzu Prestige-21. GC-MS analyses were
performed using a GC-MS Shimadzu QP-2010S.

NMR spectra were obtained on a JEOL
JNM-ECA500 *H 500 MHz and C 125 MHz.

UV spectra were measured with Milton
Roy Spectronic 3000 Array spectrophotometer
and chloroform was used as the solvent. Before
measuring the UV absorbance of samples, a
background correction was performed using
guartz cuvettes of 1 cm path length (L) filled with
blank solvent. Photostability tests were conducted
using UVB lamp with energy distribution of
0.2678 mW/cm?.

General procedure for the synthesis of chalcones

Acetophenone (3.65 mmol) in ethanol
(3 mL) was added to aqueous KOH (6.5 mL
13% wi/v) solution and the mixture was stirred
until homogenous. The mixture was added
dropwise to benzaldehyde (3.65 mmol) in ethanol
(3 mL) and stirred for 20 hours at room
temperature. The reaction mixture was poured
into ice-water and acidified using 10% HCI (v/v)
solution until pH 3. The precipitate formed was
collected through vacuum filtration and
recrystallized from ethanol. The product was
dried and characterized.

(E)-chalcone 1. The reaction was conducted using
the general procedure described above by using
acetophenone (0.44 g, 3.65 mmol), benzaldehyde
(0.39 g, 3.65 mmol), and KOH (0.85 g, 15 mmol)
affording a pale yellow solid (0.57 g, 75%),
m.p. 52-53°C; IR (KBr pellet, cm™): 1658 (C=0),
972 (C=C trans); UV (CHCI3) Amax= 310 nm;
'H-NMR (CDCls) 6 8.03 (d, 2H, J= 14.9 Hz);
7.80 (d, 1H, J= 15.6 Hz); 7.63 (dd, 1H, J=
14.9 Hz and 15.6 Hz); 7.57 (t, 1H, J=7.5 Hz and
10 Hz ); 7.52 (d, 1H, J= 14.9 Hz); 7.49 (d, 2H,
J=15.6 Hz); 7.41 (t, 2H, J= 5 Hz and 7.5 Hz);
13C-NMR (CDCls) & 190.89 (C=0), 145.11
(C=C trans), 138.10 (Car), 134.81 (Car), 133.02
(Car), 130.72 (Car), 129.03 (Car), 128.73 (Ca),
128.60 (Car), 128.57 (Car), 122.00 (C=C trans);
MS: m/z calcd. 208.26; found 208.00 (M*).
(E)-4'-chlorochalcone 2. The reaction was
conducted using the procedure described
previously by using 4-chloroacetophenone
(0.56 g, 3.65 mmol), benzaldehyde (0.39 g,
3.65 mmol), and KOH (0.85 g, 15 mmol)
affording a pale yellow solid (0.54 g, 61%),
m.p. 91-93°C; IR (KBr pellet, cm™): 1658 (C=0),
979 (C=C trans), 763 (C-Cl); UV (CHClIy)
Amax= 313 nm; *H-NMR (CDCls) § 7.96 (d, 2H,
J=15.6 Hz); 7.80 (d, 1H, J= 16.3 Hz); 7.64 (dd,
1H, J= 15.6 Hz and 16.3 Hz); 7.47 (t, 3H,
J=7.50 Hz and 7.50 Hz); 7.42 (t, 3H, J= 2.50 Hz
and 5.00 Hz); BC-NMR (CDCl;) & 189.20
(C=0), 145.43 (C=C trans), 139.30 (C-CI),
138.55 (Car), 134.76 (Ca), 130.87 (Ca),
130.03 (Car), 129.11 (Car), 129.03 (Car), 128.64
(Car), 121.51 (C=C trans); MS: m/z calcd. 242.70;
found 242.00 (M*).

(E)-4-methoxychalcone 3. The reaction was
conducted using the procedure described
previously by using acetophenone (0.44 g,
3.65 mmol), 4-methoxybenzaldehyde (0.50 g,
3.65 mmol), and KOH (0.85 g, 15 mmol)
affording a pale yellow solid (0.53 g, 61%),
m.p. 69-70°C; IR (KBr pellet, cm™): 1658 (C=0),
1265 (C-0-C), 979 (C=C trans); UV (CHCl,)
Amax= 340 nm; *H-NMR (CDCls) & 8.00 (d, 2H,
J=15.60 Hz); 7.77 (d, 1H, J= 14.1 Hz); 7.60 (d,
2H, J= 14.1 Hz); 7.56 (t, 1H, J= 7.75 Hz and
7.25 Hz); 7.48 (t, 2H); 7.40 (d, 1H, J= 15.6 Hz);
6.93 (d, 1H, J = 14.1 Hz); 3.86 (s, 3H); B*C-NMR
(CDCl3) & 190.65 (C=0), 161.79 (-O-Ca),
144.82 (C=C trans), 138.57 (Car), 132.70 (Ca),
130.37 (Car), 128.68 (Car), 128.52 (Car), 119.80
(C=C trans), 114.53 (Car), 55.40 (OCHs) MS:
m/z calcd. 238.29; found 238.00 (M"*).
(E)-3,4-dimethoxychalcone 4. The reaction was
conducted using the procedure described
previously by using acetophenone (0.44 g,
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3.65 mmol), 3,4-dimethoxybenzaldehyde (0.61 g,
3.65 mmol), and KOH (0.85 g, 15 mmol)
affording a bright yellow solid (0.86 g, 88%),
m.p. 81-82°C; IR (KBr pellet, cm™): 1651 (C=0),
1265 (C-0-C), 979 (C=C trans); UV (CHCI,)
Ama= 354 nm; 'H-NMR (CDCls) & 8.01 (d, 1H,
J= 15.6 Hz); 7.77 (d, 1H, J= 14.9 Hz); 7.59 (t,
2H, J= 7.75 Hz and 7.25 Hz); 7.52 (t, 2H); 7.40
(d, 1H, J= 14.9 Hz); 7.24 (d, 1H, J= 15.6 Hz);
7.16 (d, 1H, J= 2.5 Hz); 6.91 (d, 1H); 3.95 (s,
3H); 3.93 (d, 3H); ®C-NMR (CDCls) & 190.69
(C=0), 151.44 (-O-Car), 149.24 (-O-Ca), 145.06
(C=C trans), 138.48 (Car), 132.59 (Car), 128.58
(Car), 128.15 (Car), 127.86 (Car), 123.22 (Ca),
120.07 (C=C trans), 111.09 (Car), 110.01 (Ca),
56.09 (OCHs), 56.02 (OCHs); MS: m/z calcd.
268.31; found 268.00 (M*).
Determination of the absorbance profile

The UV spectroscopy measurements was
performed using a UV-Vis spectrophotometer to
obtain the absorbance profile, Amax, & and SPF
values for each synthesized chalcone derivative.
Before measuring the absorbance of each
compound, optimization of concentration was
conducted by preparing three solutions of
different concentrations i.e. 50, 40, and 25 mg/L.
The absorbance values of these three solutions
were scanned in the range of 200-400 nm using
lcm quartz cuvettes against CHCI; as the blank
solution. The concentration that produced a
smooth line curve was selected for further
measurement and calculation of Amax, & and SPF
values. Egs. (1,2) were used to calculate & and
Sun Protection Factor (SPF) values, respectively
[26]. Calculation of SPF value was conducted by
utilizing the absorbance (A) of compounds in
chloroform without preparing any formulation.

A=CXxeXc @

where, ¢- molar absorptivity, Mcm;
L - path length of UV cm';

¢ - molar concentration, M.

1
A= —log (ﬁ) = log SPF 2)

Photostability test

Photostability tests were conducted based
on the procedure developed by Chawla, H.M. et
al. [27] with several modifications. A solution of
the chalcone in CHCIlz with optimized
concentration was placed in a sealed quartz
cuvettes of 1 cm path length and irradiated with
UVB (energy distribution of 0.2678 mW/cm?) for
0, 5, 15, 30, 60, and 90 minutes, respectively. The
absorbance of solution was then recorded for each
irradiation time in the 200-400 nm wavelength
range. The results were analysed by comparing
the lowering of absorbance at each irradiation
time.

Results and discussion
Characterization of chalcones derivatives

Synthesis of chalcone derivatives as
outlined in Scheme 1 was performed through
Claisen-Schmidt condensation reaction by mixing
an equimolar quantity of benzaldehyde and
acetophenone derivatives in ethanolic KOH for
20 hours at room temperature. The chalcones
were produced in moderate to good vyield,
and characterization of the reaction products
were conducted using IR, GC-MS, 'H and
13C-NMR data.

The chalcones showed the presence of a
conjugated double bond and carbonyl group
(enone group) between two phenyl rings. The IR
spectra of the products showed the lowering of
absorbance from 1691-1692 cm™ in acetophenone
and 4-chloroacetophenone [28] to 1651 cm™ in
chalcone 4 and 1658 cm? in chalcones 1-3
indicating extension of the carbonyl group by the
formed enone groups.

0 0 0
| R? R?
KOH/EtOH O = ‘
E—
+ 20 h, rt.
R! R3 R! RrR?
Chalcone Rz R3
1 H H
2 H H
3 H OCH;,
4 OCH; OCH;

Scheme 1. Synthesis of chalcones 1-4.
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The 'H-NMR spectra also consistently
showed that the coupling constants of trans
protons were 14.9 Hz and 15.6 Hz in chalcone 1,
15.6 Hz and 16.3 Hz in chalcone 2, 15.6 Hz and
14.1 Hz in chalcone 3, and 14.9 Hz and 15.6 Hz
in chalcone 4, respectively. These values
indicated that the reaction products were formed
in trans conformation of enone groups. In the
sunscreen application, the trans-chalcones are
preferred since they have Amax in UVA and UVB
regions, higher molar absorptivity, and better
stability as compared to cis-chalcones [29]. In
addition, the mass spectral data of chalcones 1-4
showed the presence of molecular ions at m/z of
208, 242, 238, and 268, respectively, further
confirming the structures of the products.
Determination of the absorbance profile

Preliminary UV absorption evaluations
were  conducted using the  optimized
concentrations of 25 mg/L (1.20x10* M,
1.03x10* M, 1.05x10* M, and 9.33x10" M) for
chalcones 1-4, respectively. Determination of the
absorbance profile (Amax, & and SPF values) was
conducted in the 200-400 nm wavelength range
which represents three different regions of
UV radiation i.e UVC (200-280 nm), UVB (280-
320 nm), and UVA (320-400 nm). Absorbance
measurements showed that chalcone derivatives
1-4 containing chloro and methoxyl groups have a
wide range of Amx in UVB-UVA regions
(300-360 nm) and moderate molar absorptivity
(14,000-20,000 M*cm™) (Figure 1 and Table 1).

The wide variation of UV absorbance
indicated that these chalcone derivatives can be
combined together in a broad-spectrum sunscreen
formulation for skin protection against UVB and
UVA radiations as shown in Figure 2.
Furthermore, the wusage of several active
compounds from the same compound class will
simplify formulation process since they would
usually have the same physicochemical
properties.

2

Absorbance (a.u.)

0 —
240 290 340 390
Wavelength (nm)

Figure 1. UV Spectra of chalcone derivatives.

—==-Chalcone 1

= =Chalcone 2

= - Chalcone 3

Chalcone 4

Theoretically, addition of certain functional
groups in the A and B rings will affect Amax Of
each chalcone derivative by shifting HOMO and
LUMO energy levels modulating the n—m*
electron transition in absorption of UV radiation
[30]. Thus, addition of electron donating and
withdrawing groups will cause bathochromic and
hypsochromic shifts, respectively. It is known that
addition of a substituent in the B ring has a more
significant effect on the UV absorption than in A
ring [30,31]. This phenomenon can be observed in
the UV absorbances of the studied chalcones. In
chalcone 2, the presence of a chloro group (a
withdrawing group) at the C4 position in ring A
caused a small bathochromic shift with a Amax of
313 nm, while in chalcones 3 and 4, presence of
the methoxy groups (a strong electron donating
group) caused relatively significant bathochromic
shift with Amax 0f 340 and 354 nm, respectively.

Chalcones 1-4 showed lower molar
absorptivity compared to the values reported in
the literature [13,15]. This was probably caused
by solvation of the chalcones in different solvent
used in the measurement (chloroform instead of
ethanol). Generally, the usage of different solvent
will affect Amax, Mmolar absorptivity (&), bandwidth,
and band shape of absorbance spectra. In this
case, polar and non-polar solvents will increase
molar absorptivity, while semi-polar solvents will
decrease it [32].

Table 1
UV absorbance profile of chalcones 1-4.
Chalcone 1 2 3 4
Amax (Nm) 310 313 340 354

UVregion UVB UVB  UVA  UVA
A(au) 1784 1713 1960  1.848
e(Mtcml) 14,867 16,631 18,667 19,807
SPF 60.81 51.64 9120  70.47

Absorbance (a.u.)

0

240 260 280 300 320 340 360 380 400
Wavelength (nm)

Figure 2. UV spectrum of the chalcones 1-4 mixture.
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The calculated SPF values for each
chalcone in the given concentration (25 mg/L)
which were in the range of 51.6-91.2 in the UVB
and UVA regions was a good indication for the
potency of the synthesized chalcones as sunscreen
compounds.

Photostability test

The photostability test was performed by
observing and comparing the UV absorbance
profile of the chalcone derivatives before and
after UV irradiation (energy distribution of
0.2678 mW/cm?) at different times (0, 5, 15, 30,
60, and 90 minutes). Figure 3(a),(b) and
Figure 4(a),(b) show the UV spectra of four
chalcone derivatives as a function of irradiation
time. It is clear that the irradiation of chalcones 1
and 2 showed a quick lowering of absorbance at
310 and 313 nm, respectively, and a smaller
increment at approximately 250-260 nm in the
first 5 minutes (Figure 3 (a),(b)). These results
indicate that chalcones 1 and 2 have a relatively
low stability as compared to the other two
chalcone derivatives that experience relatively
smaller and slower changes in their UV spectra
for even at 90 minutes. Several publications have
reported that the interaction between the chalcone
derivatives and UV radiation in solution possibly

=5 minutes

L= .."-. — -+ 15 minutes

= =30 minutes

= + =60 minutes

Absorbance (a.u.)

= = 90 minutes

240 290 340
Wavelength (nm)

(@)

causes photoisomerization as indicated by the
increment in absorption at 250-260 nm
[13,29,33], and photodimerization to form
cyclobutane derivatives [34,35].

There are at least two theories that can be
used to explain higher photostability of chalcones
3 and 4 (Figure 4(a),(b)) compared to chalcones 1
and 2 (Figure 3(a),(b)). Firstly, chalcones 3 and 4
contain at least a methoxy group (strong electron
donating group) at position 4 that contributes to
the conjugated enone group present in these two
compounds. This extension of the conjugated
system changes the bond order in double and
single bond between the two phenyl rings that
eventually restricts and prevents the rotation in
the cis-trans photoisomerization process [29,33].
On the contrary, the conjugation system in
chalcone 2 is not very effective at increasing
rigidities of the bonds between the two
phenyl rings due to the lower ability of chloro
group to participate in conjugation. Secondly,
photoisomerization and photodimerization of
chalcones are highly depended on the wavelength
of UV radiation in which UVB or UVA radiation
will  significantly affect the stability of
chalcone derivatives that absorb at the same
wavelength [35].

------- 0 minute
T =5 minutes
— - 15 minutes

7 o \ — =30 minutes

=+ =60 minutes

= = 90 minutes

Absorbance (a.u.)

240 290 340
Wavelength {nm)

(b)

Figure 3. Photostability test of chalcone 1 (a) and chalcone 2 (b).

3 0 minute
—5 minutes
— : 15 minutes

2 P — -30 minutes
FOONY - 60 minutes

= = 90 minutes

Absorbance (a.u.)

240 290 340 390
Wavelength (nm)

(@)

....... 0 minute
—— 5 minutes
— : 15 minutes
—— =30 minutes
=+ =60 minutes
= = 90 minutes

Absorbance (a.u.)

240 290 340 390
Wavelength (nm)

(b)

Figure 4. Photostability test of chalcone 3 (a) and chalcone 4 (b).
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UV radiation used in this experiment was in
the range of UVB, therefore only chalcones 1 and
2 (absorb in the UVB region) were strongly
affected by this irradiation as compared to
chalcones 3 and 4 that absorb in the UVA region.
However, to confirm the validity of these
arguments, more experiments need to be
conducted.

Conclusions

Four chalcone derivatives that show a wide
range of Amax covering UVB and UVA with
moderate  molar  absorptivity have been
synthesized in 61-88% yield. Chalcones 1, 2, 3,
and 4 showed Amax respectively at 310, 313, 340,
and 354 nm and gave promising SPF values in the
range of 51.6-91.2 in the concentration of
25 mg/L. Chalcones 3 and 4 containing a
4-methoxy group were found to be more
photostable in  which absorbance reduction
was smaller and slower compared to
chalcones 1 and 2.

Present studies indicate that a combination
of these four chalcones could be used in a
sunscreen formulation with a broad-spectrum of
UV absorbance to protect the skin from UVB and
UVA radiations.
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