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Abstract: Using classical reactions, the synthesis of seven natural esters was described, including for the first time
the synthesis of four natural
atural phenylpropanoid esters
esters-compounds
compounds that have demonstrated promising bioactivity,
proven by preliminary studies using samples obtained from natural sources. Applying the Wittig reaction, cis- and
trans-bornyl ferulates were obtained,
ined, in an unusual manner, which established an alternative for the preparation of
phenylpropanoid esters, especially in the synthesis of phenolic esters of tertiary alcohols such as the α-terpinyl
trans-caffeate.
caffeate. The compounds obtained were identified and characterized by 1H-NMR
NMR and 13C-NMR
spectroscopy.
Keywords: Wittig reaction; esterification; phenylpropanoid esters. ©2018 ACG Publication. All right reserved

1. Introduction
Phenylpropanoid esters are part of an important class of natural products. They are normally
present in aromatic essential oils, distributed throughout a wide range of plant species, and they are
often responsible for many biological activities, especially when the benzene ring is methoxylated
and/or hydroxylated.
Recently, our research group isolated the esters (–)-bornyl
(
trans- and cis-p-coumarate
coumarate ((1-2,
Figure 1) from the hexane phase of the aerial parts of Verbesina macrophylla,1 which was the first
time that these compounds had been found in this bushy plant of the Asteraceae family, commonly
known in Brazil as “assa peixe”. Similarly, the α-terpinyl trans-caffeate (3, Figure 1) was isolated for
the first time from the chloroformic extract of the dried powdered
po
leaves of Rollinia leptopetala — a
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species from the Annonaceae family that is endemic to Brazil and commonly known as "pinha
brava".2
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Figure 1. Natural benzoic and phenylpropanoid esters.
These naturally occurring compounds have displayed interesting biological activities. For
example, (–)-bornyl salicylate (4, Figure 1) and (–)-bornyl trans-p-coumarate have been reported as
having anti-inflammatory activity,3-7 while (–)-bornyl cis-p-coumarate has shown antifungal and
anthelmintic activity,8 and, (–)-bornyl trans-p-coumarate has exhibited trypanosomicidal activity.9
Despite having a simple structure, so far no reports have been found in the literature for the
synthesis of (–)-bornyl cis/trans-ferulate (5-7, Figure 1). This compound, which has anti-inflammatory
activity, has already been found in various plants such as Verbesina rupestris,10 Notopterygium
incisum,11 and Myodocarpus gracilis,12 among others. Similarly, the synthesis of the synthesis of (–)bornyl trans-3,4-(methylenedioxy)cinnamate (8, Figure 1) was described for the first time. It is a
natural compound found once in Piper methysticum, and for which anti-inflammatory activity has
been demonstrated, through the enzymatic inhibition of COX-1 and COX-2. 13 Studies done with
hydroxycinnamic esters of the (–)-borneol isolated from Verbesina turbacensis have also shown that
these substances are able to inhibit cysteine protease. 9
In view of the unprecedented character of these compounds, the extensive bioactivity history
combined with their low concentration in natural media, and the characteristics of their production via
predatory extraction from the natural environment, in this work synthetic attainment was proposed
(which is more flexible, versatile, economic, and suitable), in order to obtain the necessary quantities
and thus enable the execution of the in vivo pharmacological studies.
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2. Experimental
2.1. Synthesis of (–)-bornyl salicylate (4): General Procedure I
In a dry round-bottomed flask containing a stirring bar, (–)-borneol was weighed (1.54 g, 10
mmol, 1.0 Eq) and 10 mL of dry dioxane and salicylic acid (1.38 g, 10 mmol, 1.0 Eq) was added. A
colorless homogeneous solution was formed and 0.5 mL of thionyl chloride was added dropwise, a
heating blanket and a condenser were adapted, and after refluxing for 1 h, the blanket was turned off,
the dioxane was eliminated in a rotary evaporator, the residue was solubilized in 50 mL of ethyl
acetate, and the resulting mixture was transferred to a separatory funnel, containing 50 mL of water,
and extracted three times with 50 mL of ethyl acetate. The ethyl acetate phase was dried with
anhydrous MgSO4, filtered, and the solvent eliminated in a rotary evaporator. The resulting residue
was purified by column chromatography, with silica gel as the stationary phase and a hexane/ethyl
acetate mixture, at a ratio of 9:1, as mobile phase. Thus, 2.3 g of a colorless viscous liquid was
obtained at an 84% yield, which was subsequently proven to be (–)-bornyl salicylate.
1

H-NMR (, 200 MHz, CDCl3): 8.08 (1H, d, H-6', J= 8.0 Hz), 8,05 (1H, d, H-2', J= 8.0 Hz),
7.49 (2H, t, H-3'/5', J= 8.0 Hz), 7.44 (1H, t, H-4', J= 8.0 Hz), 5.10 (1H, m, H-2''), 2.47 (1H, m, H-3''b),
2.12 (1H, m, H-6''b), 1.73 (1H, m, H-5''b), 1.66 (1H, s, H-4''), 1.42 (1H, m, H-5''a), 1.32 (1H, m, H6''a), 1.12 (1H, dd, H-3''a, J= 15 Hz and 3.5 Hz), 0.97 (3H, s, H-8''), 0.91 (3H, s, H-9''), 0.88 (3H, s, H10''). 13C-NMR (, 50.30 MHz, CDCl3): 166.84 (C1), 132.81 (C4'), 130.93 (C1'), 129.56 (C2'/6'),
128.38 (C3'/5'), 80.55 (C2''), 49.16 (C1''), 47.95 (C7''), 45.03 (C4''), 36.99 (C3''), 28.19 (C5''), 27.46
(C6''), 19.82 (C9''), 19.01 (C8''), 13.72 (C10'').

Synthesis of (–)-bornyl benzoate (5)
Following general procedure I, using benzoic acid and (–)-borneol, 2.1 g (81%) of a colorless,
oily liquid was obtained, which was proven to be (–)-bornyl benzoate.
1

H-NMR (, 200 MHz, CDCl3): 8.17 (1H, d, H-6', J= 8.0 Hz), 7.99 (1H, d, H-2', J= 8.0 Hz),
7.53 (2H, t, H-3'/5', J= 8.0 Hz), 7.41 (1H, t, H-4', J= 8.0 Hz), 5,00 (1H, m, H-2''), 2.41 (1H, t, H-3''b),
2.08 (1H, m, H-6''b), 1.78 (1H, m, H-5''b), 1.71 (1H, t, H-4'', J= 4.5 Hz), 1.40 (1H, m, H-5''a), 1.30
(1H, m, H-6''a) 1.06 (1H, dd, H-3''a, J= 15 Hz and 3.5 Hz), 0.92 (3H, s, H-8''), 0.89 (3H, s, H-9''), 0.88
(3H, s, H-10''). 13C-NMR (, 50.30 MHz, CDCl3): 166.68 (C1), 132.50 (C4'), 130.76 (C1'), 129.40
(C2'/6'), 128.22 (C3'/5'), 80.39 (C2''), 48.92 (C1''), 47.79 (C7''), 44.67 (C4''), 36.82 (C3''), 28.03 (C5''),
27.30 (C6''), 19.66 (C9''), 18.83 (C8''), 13.56 (C10'').

Synthesis of (–)-bornyl trans-p-hydroxycoumarate (1)
Following general procedure I, using trans-p-hydroxycoumaric acid and (–)-borneol, 0.9 g
(60%) of (–)-bornyl trans-p-hydroxycoumarate was obtained.
1

H-NMR (, 200 MHz, CDCl3): 7.62 (1H, d, H-3, J= 15.9 Hz), 7.43 (1H, s, H-2'/6'), 6.87 (1H,
d, H-3'/5', J= 8.0 Hz), 6.33 (1H, d, H-2, J= 16 Hz), 5.00 (1H, ddd, H-2'' J= 10.0 Hz, 5.5 Hz, 2.0 Hz),
2.42 (1H, m, H-3''b), 2.05 (1H, m, H-6''b), 1.78 (1H, m, H-5''b), 1.71 (1H, t, H-4'', J= 4.5 Hz), 1.401.32 (1H, m, H-5''a), 1.30-1.25 (1H, m, H-6''a), 1.06 (1H, dd, H-3''a, J= 15.0 Hz and 3.5 Hz), 0.93 (3H,
s, H-8''), 0.89 (3H, s, H-9''), 0.88 (3H, s, H-10''). 13C-NMR (, 50.30 MHz, CDCl3): 168.34 (C1),
158.16 (C4'), 144.48 (C3), 130.02 (C2'/C6'), 126.95 (C1'), 115.95 (C2), 115.88 (C3'/5'), 80.30 (C2''),
48.95 (C1''), 47.84 (C7''), 44.93 (C4''), 36.83 (C3''), 28.04 (C5''), 27.26 (C6''), 19.72 (C9''), 18.06
(C8''), 13.55 (C10'').
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Synthesis of (–)-bornyl trans-3,4-(methylenedioxy)cinnamate (8)
Following general procedure I, using trans-3,4-(methylenedioxy)cinnamic acid and (–)borneol, 0.85 g (52%) of a white solid was obtained, which was proven to be (–)-bornyl trans-3,4(methylenedioxy)cinnamate.
1

H-NMR (, 200 MHz, CDCl3): 7.57 (1H, d, H-3, J= 15.9 Hz), 7.04 (1H, s, H-2'), 7.00 (1H, d,
H-6', J= 8.0 Hz), 6.80 (1H, d, H-5', J= 8.0 Hz), 6.29 (1H, d, H-2, J= 15.9 Hz), 5.99 (2H, s, H-7''), 5.0
(1H, d, H-2', J= 9.8 Hz), 2.40 (1H, dd, H-3, J= 13.6 Hz and 10.0 Hz), 2.05 (1H, m, H-6''b), 1.77 (1H,
d, H-5''b, J= 3.8 Hz), 1.70 (1H, t, H-4'', J= 3,5 Hz), 1.35 (1H, m, H-5''a), 1.05 (1H, dd, H-3''a, J= 13.8
Hz and 3.0 Hz), 0.94 (3H, s, H-8''), 0.89 (3H, s, H-9''), 0.87 (3H, s, H-10''). 13C-NMR (, 50.30 MHz,
CDCl3): 167.39 (C1), 149.44 (C4'), 148.29 (C3'), 143.83 (C3), 128.97 (C1'), 124.22 (C6'), 116.73
(C2), 108.44 (C5'), 106.47 (C2'), 101.46 (C7'), 79.80 (C2''), 48.90 (C1''), 47.81 (C7''), 44.95 (C4''),
36.83 (C3''), 28.04 (C5''), 27.22 (C6''), 19.70 (C9''), 18.85 (C8''), 13.50 (C10'').

2.2. Synthesis of (–)-bornyl trans/cis-ferulate: General Procedure II
In a reaction tube with a dry side exit, (–)-borneol (0.5 g, 3.2 mmol, 1.0 Eq) was weighed and
2.5 mL of dry dioxane was added, which formed a colorless homogeneous solution, into which
chloroacetyl chloride (0.4 g, 3.5 mmol, 1.1 Eq) was added. The reaction tube was transferred to an oil
bath on a heating plate, a refrigerated cold finger was adapted, and reflux was maintained for 2 h.
Triphenylphosphine (0.92 g, 3.5 mmol, 1.1 Eq) was then added and reflux was maintained for an
additional 1.5 h. Solid potassium tert-butoxide (0.39 g, 3.5 mmol, 1.1 Eq) was added and the mixture
was magnetically stirred for 1 h. Solid vanillin (0.49 g, 3.2 mmol, 1.0 Eq) was then added and the
reaction mixture was again heated to reflux for 2 h. The heating was turned off, the dioxane eliminated
in a rotary evaporator, the residue solubilized in 30 mL of diethyl ether, and the resulting mixture was
transferred to a separatory funnel, containing 50 mL of brine, and extracted three times with 30 mL of
diethyl ether, and then the ether phase was dried with anhydrous MgSO4 and filtered and the solvent
eliminated in a rotary evaporator. The resulting residue was purified by preparative plate
chromatography, with silica gel as the stationary phase and a hexane/ethyl acetate mixture, at a 9:1
ratio, as mobile phase. Thus, the following were obtained: 0.1 g of a colorless viscous liquid at a 10%
yield, which was shown to be (–)-bornyl cis-ferulate; and 0.42 g of a white solid at a 40% yield, which
was the (–)-bornyl trans-ferulate.
(–)-Bornyl cis-ferulate (6): 1H-NMR (, 200 MHz, CDCl3): 7.68 (1H, d, H-2', J= 2.0 Hz), 7.14
(1H, dd, H-6', J= 8.0 Hz and 2.0 Hz), 6.89 (1H, d, H-5', J= 8.0 Hz), 6.81 (1H, d, H-3, J= 12.8 Hz),
5.88 (1H, d, H-2, J= 12.0 Hz), 4.96 (1H, ddd, H-2'', J= 9.2 Hz; 3.4 Hz and 2.0 Hz), 2.40 (1H, m, H3''b), 1.88 (1H, m, H-6''b), 1.81 (1H, m, H-5''b), 1.73 (1H, m, H-4''), 1.25 (1H, m, H-5''a), 1.21 (1H, m,
H-6''a), 1.03 (1H, dd, H-3''a, J= 13.8 Hz and 2.0 Hz ), 0.91 (3H, s, H-8''), 0.86 (3H, s, H-9''), 0.82 (1H,
s, H-10''). 13C-NMR (, 50.30 MHz, CDCl3): 167.03 (C1), 146.96 (C3'), 146.02 (C4'), 143.30 (C3),
127.51 (C1'), 125.40 (C6'), 117.03 (C5'), 113.96 (C2'), 112.82 (C2), 79.76 (C2''), 56.09 (OMe), 48.91
(C1''), 47.93 (C7''), 45.04 (C4''), 36.89 (C3''), 28.14 (C5''), 27.22 (C6''), 19.88 (C9''), 19.02 (C8''),
13.28 (C10'').
(–)-Bornyl trans-ferulate (7): 1H-NMR (, 200 MHz, CDCl3): 7.59 (1H, d, H-3, J= 16 Hz), 7.10
(1H, d, H-2', J= 1.8 Hz), 7.05 (1H, dd, H-6', J= 7.8 Hz and 2.0 Hz), 6.88 (1H, d, H-5', J= 8.0 Hz), 6.32
(1H, d, H-2, J= 16.0 Hz), 5.01 (1H, ddd, H-2'' J= 10.0 Hz, 6.0 Hz, 2.0 Hz), 2.41 (1H, m, H-3''b), 2.04
(1H, m, H-6''b), 1.78 (1H, m, H-5''b), 1.71 (1H, t, H-4'', J= 4.0 Hz), 1.34 (1H, m, H-5''a), 1.29 (1H, m,
H-6''a), 1.05 (1H, dd, H-3''a, J= 14.0 Hz and 2.0 Hz), 0.94 (3H, s, H-8''), 0.89 (3H, s, H-9''), 0.88 (1H,
s, H-10''). 13C-NMR (, 50.30 MHz, CDCl3): 167.78 (C1), 147.98 (C3'), 145.99 (C4'), 144.44 (C3),
127.19 (C1'), 123.15 (C6'), 116.16 (C5'), 114.82 (C2'), 109.43 (C2), 79.89 (C2''), 56.10 (OMe), 49.05
(C1''), 47.97 (C7''), 45.07 (C4''), 37.00 (C3''), 28.21 (C5''), 27.38 (C6''), 19.87 (C9''), 19.03 (C8''),
13.72 (C10'').
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Synthesis of -terpinyl chloroacetate
In a dry round-bottomed flask containing a stirring bar, α-terpineol (1 g, 6.5 mmol, 1.0 Eq)
was weighed and 20 mL of dry dioxane was added to form a homogeneous colorless solution, to
which sodium hydride 60% was added in mineral oil (0.5 g, 6.5mmol, 1.0 Eq). A stirring plate was
adapted and the solution was magnetically stirred for 4 h, then the reaction mixture was transferred
dropwise to another flask containing a stirring bar and a chloroacetyl chloride solution (0.6 mL, 0.85
g, 7.5 mmol, 1.2 Eq) in 10 mL of dry dioxane. This new reaction mixture was magnetically stirred for
4 h, then the dioxane was eliminated in a rotary evaporator, the residue was solubilized in 30 mL of
CH2Cl2, and the resulting mixture was transferred to a separatory funnel, containing 50 mL of water,
and extracted three times with 30 mL of CH2Cl2. The dichloromethane phase was dried with
anhydrous MgSO4 and filtered, and the solvent eliminated in a rotary evaporator. The resulting residue
was purified in column chromatography, with silica gel as stationary phase and a hexane/ethyl acetate
mixture, at a ratio of 95:5, as mobile phase. Thus, 0.8 g of a slightly yellowish liquid was obtained at a
yield of 53%, which was shown to be α-terpinyl chloroacetate.
1

H-NMR (, 200 MHz, CDCl3): 5.33 (1H, s, H6'), 3.94 (1H, s, H1), 2.02 (1H, m, H-4'), 1.94
(1H, m, H-5'), 1.81 (1H, m, H-2'), 1.62 (3H, s, H-7'), 1.46 (3H, s, H-10'), 1.44 (3H, s, H-9'), 1.30 (1H,
m, H-3'). 13C-NMR (, 50.30 MHz, CDCl3): 166.10 (C2), 133.91 (C1'), 127.20 (C1), 122.11 (C6),
119.98 (C6'), 87.70 (C8'), 42.63 (C4'), 41.98 (C1), 30.67 (C2'), 26.22 (5'), 23.70 (C3'), 23.22 (C9'),
23.12 (C10'), 22.86 (C7').

Synthesis of α-terpinyl trans-caffeate (3): General Procedure II
Following general procedure II, using caffeic acid and α-terpineol, 0.2 g (20%) of a viscous
colorless liquid was obtained, which was shown to be α-terpinyl trans-caffeate.
1

H-NMR (, 200 MHz, CDCl3): 7.45 (1H, d, H-7, J= 16 Hz), 7.09 (1H, d, H-2, J= 2.0 Hz),
6.93 (1H, dd, H-6, J= 2.0 Hz and 8.0 Hz), 6.85 (1H, d, H-5, J= 8.0 Hz), 6.17 (1H, d, H-8, J= 16 Hz),
5.40 (1H, s, H-6'), 2.07 (1H, m, H-4'), 1.98 (1H, m, H-5'), 1.79 (1H, m, H-2'), 1.65 (3H, s, H-7'), 1.52
(3H, s, H-10'), 1.49 (3H, s, H-9'), 1.26 (1H, m, H-3'). 13C-NMR (, 50.30 MHz, CDCl3): 167.56 (C9),
146.59 (C4), 144.30 (C3), 144.13 (C7), 133.97 (C1') 127.20 (C1), 122.11 (C6), 120.23 (C6'), 116.98
(C8), 115.32 (C5), 114.17 (C2), 85.63 (C8'), 42.75 (C4'), 30.85 (C2'), 26.41 (5'), 23.92 (C3'), 23.49
(C9'/C10'), 23.36 (C7').

3. Results and Discussion
There is a wide range of strategies for the synthesis of esters, and in the specific case of
phenylpropanoids it would be no different. However, two main features differentiate these aromatic
esters from their similar aliphatic and alicyclic counterparts. The first is in relation to the presence of
the conjugated propenoid system, which can transmit to the terminal ester group the influence of the
substituents attached to the benzene. The second difference concerns the possible presence of phenolic
hydroxyls, which in many cases require the use of protector groups.
In addition to the classical direct esterification, there are numerous ways to prepare
phenylpropanoid esters, a highlight being the Mizoroki-Heck reaction, which requires the prior
preparation of a suitable acrylic ester. Thus, it is possible in some cases to circumvent the need to use
protector groups for phenolic hydroxyl.14 The use of Knoevenagel-Dobner condensation is also
common, in which it is possible to obtain tertiary alcohol ester, making it react with a beta-diester like
Meldrum acid in the presence of a suitable phenolic aldehyde.15-16
In this work, the direct esterification of non-free phenolic phenylpropanoid acids with primary
and secondary alcohols has proven to be quite advantageous. The trans-3,4-(methylenedioxy)-
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cinnamate of (–)-borneol (Entry 1, Table 1) was obtained by direct esterification of (–)-borneol with
trans-3,4-(methylenedioxy)cinnamic acid in the presence of a small amount of thionyl chloride. Using
the same protocol, (–)-bornyl trans-p-hydroxycoumarate and (–)-bornyl salicylate were obtained at a
good yield (Entries 2 and 3, Table 1).
A common alternative in the production of esters is to convert carboxylic acids into acid
chlorides or acid anhydrides, which are more reactive. Thionyl chloride not only contributes to
converting the phenylpropanoid acid in the corresponding acid chloride, it also eliminates the residual
water and the water formed during esterification. Thus, thionyl chloride represents a way of producing
anhydrous hydrochloric acid, which acts as a catalyst and protonates carbonylic oxygen and
contributes to the esterification reaction. Using benzoyl chloride and (–)-borneol, (–)-bornyl benzoate
was obtained, which is a natural ester found in the essential oil of Alpinia galangal (Entry 4, Table
1).17
Table 1. Synthesis of the cis/trans bornyl ferulate via Wittig reaction.

When the acids present free phenolic hydroxyls, and spatially-shielded tertiary alcohols like αterpineol are used, esterification normally demands more energetic conditions, which results in the
formation of by-products, thus leading to low yields and difficulties in the purification of the desired
ester. In order to avoid these inconveniences, it is usually recommended to protect the phenolic groups
before proceeding with esterification.
The use of protector groups requires two additional reactions — one for protection and the
other for deprotection — and involves the use of additional reagents, which besides being expensive
also cause a reduction in the total yield. Despite knowing that phenolic groups are barely tolerated in
the Wittig reactions, it was decided to investigate their use for obtaining unsaturated alpha-beta esters.
Low-yield reactions could probably be compensated by the reduction in the number of steps needed to
obtain the final product. Using a suitable aldehyde and the corresponding alkyl chloroacetate,
obtainment of the desired phenylpropanoid esters was proposed.
In order to test this proposal, bornyl ferulate was initially prepared — in this case, bornyl
chloroacetate was treated with triphenylphosphine, which resulted in the respective phosphonium salt,
and in the presence of potassium tert-butoxide in dry dioxane this led to the formation of the
corresponding triphenyl phosphonium ylide (often called a Wittig reagent), which provided the bornyl
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trans/cis ferulate mixture at a ratio of 8:2 and at an acceptable yield, when treated with anhydrous
vanillin (see Scheme 1).

Scheme 1. Synthesis of the cis/trans bornyl ferulate via Wittig reaction.
With the good results confirmed, the next step was to apply the same methodology to the
esterification of caffeic acid, which has two phenolic free hydroxyls groups, with the α-terpineol that
is a tertiary alcohol.
The α-terpinyl chloroacetate was obtained by direct esterification of the sodium salt of the αterpineol with chloroacetyl chloride, and the resulting chloroester was treated with triphenyl phosphine
to furnish phosphonium salt, which in the presence of catechol aldehyde and potassium tert-butoxide
selectively provided the trans isomer of the α-terpineol caffeate, whose synthesis was described for the
first time. Using α-terpineol sodium salt, it was also possible to prepare α-terpinyl benzoate, which is a
natural aromatic substance present in Perilla frutescens (see Scheme 2).18
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Scheme 2. Synthesis of the α-terpineol trans-caffeate via Wittig reaction.
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4. Conclusion
Many important natural phenylpropanoids which possess diverse and promising bioactivity are
the subject of relevant studies and publications. Despite the relative structural simplicity, several of
these bioactives have not yet been synthesized, and those that have been studied in vivo, and which
normally require significant amounts of the active ingredient, are unviable. Thus, this work contributes
contribu
to the offer of alternative routes to extraction activity, by describing for the first time the synthesis of
some phenylpropanoids.
Due to the difficulties in obtaining hydroxy phenylpropanoid esters from tertiary alcohols via
direct esterification reaction,
ction, this proposal represents an alternative to be explored for cases in which
other methods do not provide better results. Instead of phenylpropanoid acids, which are generally
more expensive, the Wittig reaction uses aldehydes, which are generally more affordable. Similarly,
the esterification reaction may be done in the presence of an excess of low-cost
low cost chloroacetyl chloride,
which can be used as solvent. Another benefit includes avoiding the presence of phenolic hydroxyls at
the moment of esterification,
on, which only occurs in the presence of acid chloride and the corresponding
alcohol. Another thing to be taken into account is that the phosphonium salt formed is a stable solid
that can be stored and used when needed.
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