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Several laboratory expenments concerning the physical
properties of sunscreens have appeared in this Jonrnal dur-
ing the last decade (7/-3) These include quantficanon of
commercial formulations by liquid chromatography (1) and
ultraviolet (UV) spectrophotometry (2—4). The photochem-
istry of sunscreens has also been reviewed (6). Significantly,
a student procedure focusing on multstep sunscreen synthesis
and spectroscopic analysis has not, to our knowledge, been
reported. Given the current high profile nature of slan can-
cer (/) and media attention towards sunscreens, we designed
a two-step synthetic pathway towards an analog of a com-
mercially available UV light blocker. This methodology 1s in-
corporated into a third-year underpraduate organic synthesis
course at the University of Toronto.

Esters denived from trans-4-methoxyannamic acid (R =
H, Fipure 1) are effective absorbers of UV radiation (8). The
2-ethylhexyl ester 2 (commonly called octyl methoxy-
cinnamate) 1s a high boiling point hquid found in many sun-
screen preparations such as Bain de Soleil All Day Sunblock,
Coppertone Sport, and Solbar Shield. For ease of 1solaton
we chose to generate an analog of 2 (ethyl ester 1, absent in
sunscreens), which 1s obtained as a low melting point solid
in two four-hour laboratory periods. Esters of rrans-4-
methoxyannamic acid are showcased in several introductory
organic chemistry textbooks (9). These highly conjugated
compounds absorb UVB radiation between 290-320 nm and

are oil soluble. UVB radianon promotes dermal cell DINA
damage, causing skin cancer {10,
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Figure 1. UV light absorbers derived from trans-4-methoxycinnamic
acid.
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A vwo-step procedure using 4-methoxybenzaldehyde as
the starting material (Scheme I) synthesizes ethyl rrams-4-
methoxycinnamate 1. In the first laboratory session students

are exposed to an important carbon—carbon bond forming
condensation reaction. The Verley—Doebner modification of
the Knoevenapel condensation (71) affords facile synthesis
of rmansi-4-methoxycinnamic acid, which 15 1solated and char-
actenzed. Dunng the second period, estenfication 1s effected
by a cestum base mediated O-alkylation approach. This ex-

emplifies the so-called “cesium effect” (1.2} and the useful-

ness of cesium carboxylates as nucleophiles 1in 532 reacnions.

In addition to sumulating class enthusiasm towards syn-
thetic chemistry, this expernment impresses many organic
pedagogical concepts, both practical and theorencal. Students
become reacquainted with laboratory techmiques such as heat-
ing under reflux, extraction, vacuum filtration, and thin-layer
chromatography. Melung point measurements and spectro-
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Scheme |. Synthesis of ethyl frans-4-methoxycinnamate.
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scopic methods ("H and *C NMR, MS, UV, IR) readily
characterize both carboxylic acid and ester products. Of es-
pecial interest is the '"H NMR spectrum of ethyl trans-4-
methoxycinnamate 1, which illustrates exceprional examples
of proton shielding—deshielding and spin—spin sphtting. Stu-
dents may be challenged to deduce the alkene geometry in
rrans-4-methoxycinnamic acid by calculanon of proton cou-
pling constants. As this compound i1s commeraially available,!
the esterification reaction can be undertaken if only a single
laboratory session 1s accessible in the curnculum.

Synthetic Overview
Wn&r Synthesis of trans-4-Methoxycinnamic

trans-4-Methoxycinnamic acid, (£)-3-(4-methoxy-
phenyl)-2-propenoic acid, 1s synthesized by adapting and scal-
ing up the microscale procedure described by Kolb et al. (73).
In a 25-ml. round-bottomed flask, 4-methoxybenzaldehyde
(0.804 mL, 6.61 mmol), malonic aad (1.75 g, 16.8 mmol)
and f-alanine (0.1 g, 1.12 mmol) are dissolved in pyndine
(3 mL, 37.1 mmol). The mixture 1s heated under reflux for
90 min. After cooling to room temperature and then in an
1ce bath, 8 mL of concentrated HC 15 added slowly causing
a white precipitate to form. This solid 1s collected by vacuum
filtration, washed with cold water (2 x 10 ml), and dned
thoroughly to typically yield 0.8-1.1 g pure product (68—
93%).

mp 169-171°C [lic. (14) 170-172°C].

'H NMR (200 MHz, CDCl;, 8): 3.85 (s, 3H), 6.33 (4,

1H, /= 15.8 Hz), 6.92 (d, 2H, J = 8.8 Hz), 7.51 (d,
2H. f=8.8 Hz), 7.75 (d. 1H, [= 16.0 Hz).

C NMR [300 MHz, DMSO-4j; (product insufficienty
soluble in CIXCly), 8]: 55.98, 115.03, 117.18, 127.51,
130.65, 144.47, 161.63, 168.58.

Synthesis of Ethyl trans-4-Methoxycinnamate

Ethyl trams-4-methoxycinnamate 1, (E)-ethyl 3-(4-
methoxyphenyl)-2-propenate, is generated by the method of

Parrish et al. {15) with some modification. rrans-4-
Methoxycnnamic aad (0.6 g, 3.36 mmol, product of Verley—
Doebner synthesis)! 15 dissolved in 10 mL of dry

N N-dimethylformamide (DMF) in a 25-ml. round-bot-
tomed flask. Cesium carbonate (1.65 g, 5.06 mmol) 15 added
followed by 1odoethane (1 ml., 12.5 mmol). The flask 1s
capped (rubber septum) and the heterogeneous mixrure is
stirred viporously at 50 "C for one hour. After this nme 4

mL of HCI (1 M) 1s added to quench the reaction. The lig-
wd 15 decanted from any sohd Cs,CO); remaining and ex-
tracted with 3:1 hexanes/ethyl acetate (2 x 10 mL). The

organic layer 1s washed with bnne (20 ml) and dned using
Mg50,. Removal of the drying agent by filtranon 1s followed

by solvent removal (under vacuum). An o1l remains that so-

lidifies on standing to form colorless pnsms (0.3-0.55 g,
43—80%).

mp 47—48.5 "C [le. (16) 49-50°C].

TLC: stationary phase, silica pel; eluent, 5:1
hexanes/ethyl acetate; Repodua = 0.48 (UY lamp, 254

nm).
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'H NMR (200 MHz, CDCls, 8):1.35 (t, 3H. J= 7.2 Ha),
3.84 (s, 3H), 4.26 (g, 2H, J = 7.2 Ha), 6.31 (d, 1H,
[ = 16.0 Hz), 6.91 (d, 2H, J = 8.6 Hz), 7.49 (d, 2H,
[ = 8.8 Hz), 7.66 (d, 1H, /= 16.0 Hz).

13C NMR (300 MHz, CDCl;, 8): 14.51, 55.50, 60.47,
114.44, 115.85, 127.31, 129.84, 144.39, 161.46,
167.49.

Hazards

All synthetic and punficanon procedures for both syn-
theses should be undertaken in an adequately ventilated fume-
hood. Pyridine has an obnoxious odor and 1s related to
long-term liver, kidney, and central nervous system damage.
This compound is toxic by ingestion, inhalation, and skin
absorption, as 1s DME DMF 1s additionally a teratogen.
Hydrochlonc acd causes severe burns. Malonic acid 15 harm-
ful if swallowed and poses a nsk of serious eye damage.
lodoethane 15 harmful by inhalation and a vesicant. 4-
Methoxybenzaldehyde, rrans-4-methoxyannamic aad, ce-
sium carbonate, and ethyl srans-4-methoxycinnamate are
irritating to the eyes, respiratory system, and skin. All hiquid
reactants and solvents are either flammable (iodoethane) or
highly flammable (pyrnidine, hexanes, ethyl acetate, DME).
Liqud reagents should be dispensed using an automanc de-
livery syringe. Students should undertake all aspects of prac-
tical work wearing protective gloves, safety glasses, and a
laboratory coat.

Discussion

A diverse range of organic chemistry concepts are under-
scored by the procedures reported. The high-yielding Verley—
Doebner synthesis of trans-4-methoxycinnamic acad 1s
illustrative of carbonyl condensation chemistry and a funda-
mental example of enolate anlon reactivity. Students are en-
couraged to discuss the reaction mechanism with respect to
the catalytic role of pyndine and p-alanine. Product alkene
geometry can be concealed from the class to introduce an in-
vestipative feature. Irans stereochemustry is readily deduced
by melung point measurements: trans 1somer mp 169-171
“(5 a5 1somer mp 64-65 °C (14). Observed vinylic proton
coupling constants (/.. nc.cp= 1318 Hz versus [ o
n= 6-11 Hz) are confirmatory evidence of peometry (17).

Cesium carboxylate O-alkylation highlights an alterna-
tive mode of estenification rather than the traditional Fischer
approach (18). Advantages of undertaking a reaction under
mild, irreversible conditions are made apparent. The “cesium
effect” 1s a supplemental point of interest. Cesium carboxy-
late salts (RCOOCs*) have enhanced solubility in polar apro-
tic solvents (e.g., [JMF) compared to other alkali metal
carboxylates (12). Cesium salts are almost entirely dissoa-
ated as free 10ns or solvent separared 10n pairs. Polar aprotic
solvents solvate canions much more effecavely than amons
(19). The carboxylate anions in RCOO™Cs™ are consequently
considered as being “naked” and hence highly reactive nu-
deophiles 1n 5,2 processes. This contrasts with sodium car-
boxylate sales that are much less soluble in polar apronc
media. Ester formation 1s monitored by thin-layer chroma-
tography, which imitially reveals to students UV light absorp-

tion by such compounds.
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Figure 2. UV absorption spectra of equimolar trans-4-
methoxycinnamic acid and ethyl trans4-methoxycinnamate (5%
CaHsOH).

Aspects of spectroscopic analysis can be combined into
the cntique of expernimental results. Contrasting IR spectra
of 4-methoxybenzaldehyde, mans-4-methoxyannamic aad,
and ethyl mans-4-methoxycannamate 1 indicates different car-
bonyl-contaiming funcrional groups absorbing radianon at
distinct wavenumbers (1698 cm, 1686 cm !, and 1705 cm’!,
respectively). Students can rationalize lowered C=0 stretch
absorptions (~30 cm ') compared to nonconjugated carbo-
nyl funcnionalines. UV spectroscopy stimulates appreciation
of why a cinnamate ester, 2, 1s chosen as a sunscreen compo-
nent rather than the precursor carboxylic acid. Compounds
1 and 2 have greater molar extinction coefhicents between
290320 nm than rrans-4-methoxyannamic acid and there-
fore absorb UVB radiation more effectively (Figure 2).

The proton NMR of ethyl srens-4-methoxyannamarte
has several features of note. A forutous absence of peak over-
lap produces a clear, unambiguous spectrum that facilirates
analysis (Figure 3). An excellent oppormunity exists to review
concepts of proton spin—spin splitting and shielding—
deshielding. A charactenstc tnplet (OCH,CH4, & 1.35) and
quartet (QOCH,CHs5, & 4.26) splitting pattern reveals ethyl
esterification has taken place. Methoxy protons are deshielded
(6 3.84) as predicred. Two aromatic doublets (& 6.91 and &
7.49, [ = 8.8 Hz) are indicative of para-disubsnmtion with
an electron donating (shielding) —OCH; motety and an elec-
tron withdrawing (deshielding) —CH=CH— group at-
tached. Each alkene proton appears as a doublet (& 6.31 and
& 7.66, /= 16 Hz) with rrans geometry again evident.

This experiment motivates the class to connect their syn-
thetic product structure with its ability to act as a UVB lighe
absorber. Importantly, 1t is stressed that ethyl ester 1 1s not
an ingredient of commercaal sunscreens. Students are 1n-
formed that 2-ethylhexyl ester 2 15 the cinnamate commonly
present in over-the-counter lotions, and can be challenged
to explain why expenimentally. Most decide to obtain a UV
spectrum of 2,* which indicates that 2 has a greater molar
extinction coefhicient (£4,5,,, = 30,100 M cm™) than 1
(£310nm = 24,700 M cm™) in the UVB range. Addinonally,
the larger hydrocarbon chain in 2 (compared to 1) imparts
greater lipophilic properties to the 2-ethylhexyl ester. This
significantly increases oil solubility and water resistiviry, al-
lowing the sunscreen to remain on skin longer.
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Figure 3. 'TH NMR spectrum of ethyl frans-4-methoxycinnamate
[CDCl,, 200 MHz).

Summary

The preparation and analysis of a sunscreen analog 15 a
welcome inclusion to a middle-year organic chemistry labo-
ratory. Students are fascinated with a compound of the type

that has such pertinence in the world today.

WSypplemental Material

Instructions for the students, notes for the instructor,
and spm:tms-mpic information are available in this 1ssue of

JCE Online.

Motes

1. trans-4-Methoxycinnamic acid is available from Sigma-
Aldrich, product no. M1,380-7.
2. 2-Ethylhexyl trans-4-methoxycinnamate is available from

Sigma-Aldrich, product no. 43,717-4.
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