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Abstract: Isoamyl (E)-3-(3,4-dimethoxyphenyl)acrylate (1) was obtained 95% yield by 2-methyl-6-nitrobenzoic
anhydride (MNBA)/4-dimethylaminopyridine (DMAP)-catalyzed reaction at room temperature for 190
minutes in dichloromethane. The structure of isoamyl (E)-3-(3,4-dimethoxyphenyl)acrylate (1) was established
by NMR, FTIR, and the high resolution of mass spectroscopies. In vitro sun protection factor evaluation
exhibited value of 37.10 + 0.03 which indicates that isoamyl (E)-3-(3,4-dimethoxyphenyl)acrylate (1) as a
sunscreen agent with high protection.
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1. Introduction

Cinnamate derivatives are widely used in cosmetics as fragrance [1], sunscreen [2], skin
lightening [3] and anti-aging [4]. Esters of 4-methoxycinnamic acid namely isoamyl 4-
methoxycinnamate and 2-ethoxyethyl 4-methoxycinnamate are compounds used in commercial
sunscreens [5]. Photoprotection ability of sunscreen compounds can be enhanced by adding methoxy
group to increase the coverage of protection [6]. Photoprotective efficiency of a sunscreen can be
determined by the value of the sun protection factor [7]. Ester as cinnamate derivatives are generally
synthesized by esterification involving thionyl chloride as a coupling agent, however thionyl chloride
is included in the Chemical Weapons Convention list [8]. Synthesis of esters can also be carried out
using N,N'-dicyclohexylcarbodiimide (DCC) and organocatalyst 4-dimethylaminopyridine (DMAP)
as coupling agent [9]. However DCC is irritant, allergent, harm internal organs [10], and N,N'-
dicyclohexylurea as its byproducts only moderately soluble in many organic solvents and insoluble
in water resulting in a difficulty in purification [11]. On the other hand, the synthesis of carboxylic
esters using 2-methyl-6-nitrobenzoic anhydride (MNBA) as a coupling can be carried out one pot at
room temperature in high yields and good chemoselectivity [12]. Herewith, we reported
MNBA/DMAP-catalyzed synthesis of isoamyl (E)-3-(3,4-dimethoxyphenyl)acrylate (1) and
investigated their photoprotective ability by determining the SPF value.

2. Results and Discussion

2.1. Chemistry

Synthesis of isoamyl (E)-3-(3,4-dimethoxyphenyl)acrylate (1) involved reaction of 3,4-
dimethoxycinnamic acid and isoamyl alcohol at room temperature in the presence of MNBA and
DMAP in dichloromethane (Scheme 1). The crude product was purified by column chromatography
to yield isoamyl (E)-3-(3,4-dimethoxyphenyl)acrylate (1) as a yellowish liquid in 95% yield. The 'H
NMR spectrum of the product confirmed the absence of the carboxylic proton signal of the 3,4-
dimethoxycinnamic acid and showed the presence of isoamyl group signals. The 'H NMR spectrum
of the synthesis product confirmed the absence of the carboxylic proton signal of the 3,4-
dimethoxycinnamic acid; and showed the presence of isoamyloxy group protons of the ester (1). The
spectrum showed a doublet signal at a chemical shift (6) 0.95 (] = 6.8 Hz) ppm was a signal of six
protons from two methyl groups coupled to proton of the methine group which gave a multiplet
signal at 0 1.72-1.74 ppm. A quartet signal at 5 1.60 (J = 6.8 Hz) ppm was the signal of two methylene
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group protons coupled to two neighboring methylene group protons which gave a triplet signal at d
4.23 (] = 6.8 Hz) ppm. A singlet signal at d 3.91 ppm is the signal of six proton from the two methoxy
groups, and a doublet signal at d 6.30 (J = 16,0 Hz) ppm is the signal from an alkene proton coupled
to a neighboring alkene proton which gave a doublet signal at d 7.62 (] = 16,0 Hz) ppm. The aromatic
protons gave two doublet signals at 0 6.86 (/] =8.0 Hz) and 7.05 (J = 2.0 Hz) ppm, also a doublet doublet
signal at 7.10 (J = 2,0; 8,0 Hz) ppm. The 3C spectrum showed fifteen signals corresponding to the
number of carbon types present in compound (1). Signals at d 22.59 and 25.18 ppm were those of the
methyl and methine carbon groups, respectively. Signals at d 37.55 and 63.19 ppm respectively were
signals of two methylene group carbons, and signals at o 55.95 and 56.05 ppm are signals of two
methoxy group carbons. The signals at © 109.59, 111.06, 116.05, 122.68, 127.52, 144.57, 149.26, and
151.12 ppm were the signals of alkene and aromatic carbons. Signal at d 167.43 ppm was the signal of
the carbonyl ester carbon which was reinforced by the presence of strong absorption at wave number
1702 cm! in the infrared spectrum, and absorption at wave number 1157 cm! showed absorption of
the C-O ester. The high-resolution mass spectrum further supported the synthesis product as isoamyl
(E)-3-(3,4-dimethoxyphenyl)acrylate (1) by showing a peak ion [M+Na]* with the molecular formula
CisH1sO2Na at m/z 301.1418 which was almost the same as the calculation result of 301.1416.

o}
MeO CO,H MeO /\)\
x 2 /\/k MNBA, DMAP © X o
+ HO >
MeO Et;N, DCM, RT, 1h

MeO 1)

Scheme 1. Synthesis of isoamyl (E)-3-(3,4-dimethoxyphenyl)acrylate (1).

2.2. In Vitro Sun Protection Factor Evaluation

Sun protection factor (SPF) value indicates a quantitative measure of the effectiveness of a
sunscreen formulation. SPF scoring is defined in four categories based on their protection abilities:
low (SPF 6-14.9), moderate (SPF 15-29.9), high (SPF 30-50), and very high (SPF 50-100) [13]. Sunscreen
agent with SPF value of 15 or more helps protect skin from UVA and UV B sun ultraviolet radiation,
thereby further reducing the risk of skin cancer and premature skin aging [14]. SPF value was
determined by the Mansur equation using spectrophotometry in the ultraviolet region at 290-320 nm
[15]. Isoamyl (E)-3-(3,4-dimethoxyphenyl)acrylate (1) showed SPF value of 37.10 + 0.03 in the range
of 30-50 which indicates as a suscreen agent with high protection. It was caused by the presence of
aromatic ring conjugated with C=C and C=O group, and two methoxy group as auxochrome attached
to the aromatic ring [16]. This compound has three possible mechanisms when exposed to UV photon
energy: (i) conformational molecular changes; (ii) emission of radiation at longer wavelengths; or (iii)
release of incident energy as heat [17,18]. When the molecules absorbed UV radiation, it causes the
photoexcitation into a form that has higher energy. Cinnamates adopt a stable trans (E) form in the
electronic ground state (So) which then isomerizes to the cis (Z) form. And when this molecule returns
to its initial state, energy is emitted in a form that is lower than the energy absorbed so that it can
provide sunscreen activity [19-21].

3. Materials and Methods

The chemicals and solvents were purchased from Sigma-Aldrich (St. Louis, MO, USA), Merck
(Rahway, NJ, USA), and Fluka (Charlotte, NC, USA) and were used without further purification.
Thin layer chromatography was carried out on Merck 0.20 mm precoated silica gel aluminum plates
(Kieselgel 60, F254) and was visualized using a UV lamp at 245 nm. Dry column flash
chromatography was carried out on Merck 60H. Nuclear Magnetic Resonance spectra were obtained
in CDCl: on a Jeol JNM-ECS400 spectrometer (400 MHz). A high-resolution mass spectrum was
recorded on a Thermo Scientific TSQ Vantage Triple State Quadrupole, and an infrared spectrum
was obtained on a Shimadzu 8400S FTIR spectrophotometer.
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3.1. Synthesis of isoamyl (E)-3-(3,4-dimethoxyphenyl)acrylate (1)

A solution of 3,4-dimethoxycinnamic acid (0.31 g, 1.50 mmol), DMAP (0.018 g, 0.15 mmol),
MNBA (0.62 g, 1.80 mmol) and triethylamine (0.46 mL, 3.30 mmol) in dichloromethane (15 mL) was
stirred for 10 min at room temperature. Isoamyl alcohol (0.16 mL; 1.50 mmol) was than added, and
the solution was stirred further for an additional 190 minutes (the reaction was monitored by TLC
with ethyl acetate/n-hexane (1/2) eluant. The solvent was removed under reduced pressure, and the
crude product was purified using “dry-column” flash column chromatography with ethyl acetate/n-
hexane (1/20) eluant to afford isoamyl (E)-3-(3,4-dimethoxyphenyl)acrylate (1) as a yellowish liquid
(0.40 g, 95%). '"H NMR (400 MHz, CDCls) 0 0.95 (d, ] = 6.8 Hz, 6H); 1.60 (q, | = 6.8 Hz, 2H); 1.72-1.74
(m, J=6.8 Hz, 1H); 3.91 (s, 6H); 4.23 (t, ] = 6.8 Hz, 2H); 6.30 (d, ] =16.0 Hz, 1H); 6.86 (d, ] =8.0 Hz, 1H);
7.05 (d, | =2.0 Hz, 1H); 7.10 (dd, ] = 2.0; 8.0 Hz, 1H); 7.62 (d, ] = 16.0 Hz, 1H). *C NMR (100 MHz,
CDClIs)  22.59, 25.18, 37.55, 55.95, 56.05, 63.19, 109.59, 111.06, 116.05, 122.68, 127.52, 144.57, 149.26,
151.12, 167.43. FTIR (KBr) v (cm™) 1702 (C=0 ester), 1157 (C-O ester). HRESIMS m/z (pos): 301.1418
CisHisO2Na (calcd. 301.1416) (Supplementary Materials).

3.3. In Vitro Sun Protection Factor Determination

Determination of sun protection factor (SPF) value of isoamyl (E)-3-(3,4-
dimethoxyphenyl)acrylate (1) was carried out by the ultraviolet-visible spectrophotometry method
described by Mansur et al. [15]. Solution of compound (1) was prepared at a concentration of 1
mg.mL~ in 96% ethanol, then the absorbance was measured at 290-320 nm. SPF values were
determined using Equation (1):

SPF = CF x Y329 EE (A) xI (A)xAbs(A) (1)

where CF stands for correction factor (10); EE(A) is the erythemogenic effect of wavelength radiation
(A); I(A) is the intensity of solar radiation in the wavelength (A); and Abs(A) is the spectrophotometry
reading of the absorbance of sunscreen solution in the wavelength (A).

5. Conclusions

Isoamyl (E)-3-(3,4-dimethoxyphenyl)acrylate (1) was successfully synthesized through
MNBA/DMAP-mediated esterification in 95% yield. Compound (1) exhibited SPF value of 37.10 +
0.03 in the range of 30-50 which indicates as a suscreen agent high protection.

Supplementary Materials: The following supporting information can be downloaded online, Figure S1: IR
spectrum of compound (1); Figure S2: "TH NMR spectrum of compound (1); Figure S3: 3C NMR spectrum of (1);
Figure S4: High Resolution Mass spectrum of compound (1).
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