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A straightforward two-step synthesis of resveratrol is described, with total isolated yields in the 
range of 75–80%. The key synthetic step, a Heck–Mizoroki C–C cross-coupling reaction, is 
efficiently promoted by a heterogeneous catalyst consisting of palladium nanoparticles
supported on a synthetic clay. This solid catalyst is quite handy and displays high stability and 
robustness under reaction conditions. The catalyst can be easily recovered and reused at least ten 
times, which improves the overall catalytic efficiency of the system. Moreover, the use of 
solvents is limited, and the reaction procedure allows a facile separation and purification of the 
desired product, free from the concomitant ionic by-product and from palladium contamination. 
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1. Introduction 

Resveratrol ((E)-5-(4-hydroxystyryl)benzene-1,3-diol, 1, Fig. 
1) is a naturally occurring polyphenolic non-flavonoid 
compound, representative of a family of substances, known as 
phytoalexins, which promote the plant protection against attacks 
by fungi and bacteria. Resveratrol has been isolated from a 
variety of plants, grape skin, vine bark, nuts, peanuts and berries, 
among other. This compound has attracted much attention in the 
last years because the various health benefits it has been claimed 
to produce, including preventive effects against cancer, 
inflammation, aging, obesity, cardiovascular diseases, and 
neurodegeneration, many of them connected to its antioxidant 
activity.1–3 

 
Fig. 1. Molecular structure of resveratrol. 

As a consequence, there is a current interest in the 
development of efficient methods for the synthesis of resveratrol 
and their derivatives. Several synthetic approaches have been 
described for the synthesis of the title compound. As a trans-
stilbene derivative, resveratrol synthesis can proceed through 
Wittig4–7 or Horner–Wadsworth–Emmons8 reactions, Perkin 
condensations,9–11 and also through metal-catalysed processes, 
such as cross-metathesis12 or cross-coupling reactions.13–23 

Among them, the latter constitute one of the most 
straightforward methods to obtain either the target compound or 
its fully methylated precursor in high yields. Overall yields of the 
target compound above 70% have been reported. In most cases, 
the palladium catalyst necessary for the cross-coupling step is 
used in homogeneous phase in proportions ranging from 1 to 4%. 
Studies on the use of recoverable palladium catalysts, however, 
are rather scarce, in spite of the undeniable interest of minimizing 
the effective use of palladium. Very recently, Bouchard and co-
workers have described the use of a Pd-imine complex 
immobilized on a MOF as heterogeneous catalysts for the 
synthesis of the resveratrol precursor (E)-1,3-dimethoxy-5-(4-
methoxystyryl)benzene.13 This catalyst can be used at least ten 
times, keeping good activity and selectivity. Previously, Ikegami 
and co-workers had described the use of immobilized palladium 
species (poly{dichlorobis[(N-isopropylacrylamide)5-co-(4-di-
phenylstyrylphosphine)]palladium}).19 Unfortunately, the 
recoverability and reusability of this catalyst was not tested in the 
case of resveratrol synthesis. 

Our group has recently described the use of palladium 
nanoparticles (PdNP) immobilised on laponite (a synthetic clay) 
as an efficient and highly recoverable heterogeneous catalysts for 
Heck–Mizoroki reactions.24–26 Up to 75 catalyst uses have been 
achieved in the case of the reaction between iodobenzene and 
butyl acrylate, and yet without arriving to an irreversible catalyst 
deactivation.26 In this paper, we describe the use of this catalyst 
for the synthesis of resveratrol, putting particular emphasis on its 
recovery and reuse.
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Scheme 1. Pd-catalyzed cross-coupling between 1-iodo-3,5-dimethoxybenzene (2) and 4-methoxystyrene (3) 

 

2. Results and Discussion 

Pd nanoparticles were prepared by reduction of H2PdCl4 with 
ethanol, in the presence of polyvinylpyrrolidone (PVP), 
according to previously described procedures.24,27,28 The resulting 
PVP-stabilised PdNP were impregnated on laponite clay, using 
the previously described protocol.26 The solid catalyst thus 
prepared is a free-flowing light-grey solid that can be handled 
and used without particular precautions. The palladium content 
of this catalyst is as low as 3·10–3 mmol g–1.26 This catalyst was 
used to promote the C–C cross-coupling between 1-iodo-3,5-
dimethoxybenzene (2) and 4-methoxystyrene (3) (Scheme 1). 

To this end, equimolar amounts of both reagents were 
adsorbed onto the solid catalyst in the presence of an excess of 
triethylamine. After reagents and amine adsorption, the system 
still keeps a fully solid aspect. Then the reaction was heated at 
100 ºC for 24 h. After this time, the reaction crude was extracted 
with hexane (but heptane can also be efficiently used for the 
same purpose) and analysed by gas chromatography. Complete 
disappearance of the reagents was observed, together with the 
appearance of two new peaks. The extract was then filtered 
through silica, evaporated and analysed by 1H-NMR. The NMR 
spectrum confirmed that the two only reaction products were (E)-
1,3-dimethoxy-5-(4-methoxystyryl)benzene (4) and 1,3-
dimethoxy-5-(1-(4-methoxyphenyl)vinyl)benzene (5), the latter 
appearing in a small proportion (ca. 10%). The combined 
isolated yield of 4+5 was 95% (over 85% of the desired product 
4). The resveratrol precursor 4 was isolated from this mixture by 
medium pressure column flash chromatography (Combiflash®), 
using silica gel as stationary phase and n-hexane/ethyl acetate 
99:1 as eluent, changing to pure ethyl acetate when the desired 
product appeared in the eluted fractions (Fig. 2).29 Up to 96% of 
the products introduced in the column could be recovered as pure 
samples. 

 

The recoverability of the catalyst was tested in successive 
coupling reactions. To this end, after the first reaction, the 
products were extracted following the above-described protocol, 
and the solid dried. Then, a new lot of reagents was added, and 
the reaction repeated in the same conditions. The results of the 
ten first uses of the catalyst are gathered in Table 1. 

Table 1 
Results obtained in the reaction of 2 and 3 in the successive uses of the same 
catalyst sample.a 

Run 
Conversion 

(%)b 
Isolated yield 

(4+5) (%) 
Selectivity to 4 

(%)b 

1 100 94 88 

2 100 93 87 

3 100 93 89 

4 100 96 92 

5 100 98 89 

6 100 92 91 

7 100 99 90 

8 100 99 89 

9 100 99 91 

10 100 90 91 

Average 100 95.3±3.3 89.7±1.6 
a Reactions carried out at 100 ºC for 24 h. 
b Determined as the disappearance of 2 by gas chromatography using n-
decane as internal standard. 

 

Fig. 2. Flash chromatographic purification of the resveratrol precursor 4. 
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As can be seen, the catalyst displays an excellent 
performance in the ten first uses, according with our previous 
findings, surprisingly far better than that previously found for the 
reaction between 4-methoxystryrene and iodobenzene.26 It is also 
worth noting that the concomitant product, triethylammonium 
iodide, remains deposited onto the solid together with the catalyst 
during the product extraction procedure. This helps to obtain the 
desired product in almost pure form upon extraction, making its 
isolation easier. On the other hand, after several catalyst uses the 
mass of ammonium salt exceeds that of the solid catalyst, which 
makes it difficult catalyst handling and extraction procedures. 
Fortunately, as we have demonstrated in a previous work, the 
ammonium salt can be completely eliminated by calcination at 
550 ºC under air flow, and the resulting solid still keeps good 
activity towards cross-coupling reactions. This catalyst 
reactivation procedure can be used at least three times without 
loss of catalytic activity and selectivity.26 Concerning possible 
product contamination by palladium, the ICP-MS analyses 
carried out on the reaction products after flash chromatography 
did not noticed the presence of Pd above the detection limit. This 
point is particularly interesting since it is generally accepted that 
Pd catalysed CC couplings take place in homogeneous phase, 
regardless the nature of the catalyst precursor. In the case of Pd-
NP, it has been postulated that discrete species of Pd are the true 
catalyst, and that the nanoparticle acts as a Pd(0) reservoir.30–35 
The absence of Pd in the product means that the aforementioned 
discrete species either redeposit on the Pd NP (boomerang-like 
catalyst) or remain adsorbed onto the inorganic support after 
reaction completion. 

The next step for the synthesis of resveratrol consists of 
methyl deprotection of 4 to obtain the free phenol hydroxyl 
groups, which can be easily accomplished through the use of a 
Lewis acid, such as boron tribromide, in dichloromethane 
(Scheme 2). This step proceeds smoothly and with high yields. 

 
Scheme 1. Deprotection of (E)-1,3-dimethoxy-5-(4-methoxystyryl)benzene 
(4) leading to resveratrol (1). 

3. Conclusion 

In conclusion, resveratrol can be straightforwardly prepared in 
pure form in two steps, with a total isolated yield of ca. 75–80%. 
The key synthetic step, a Heck–Mizoroki C–C cross-coupling 
reaction, is efficiently promoted by a heterogeneous catalyst, 
consisting of Laponite-supported palladium nanoparticles, which 
can be prepared in a straightforward way, is easy to handle and 
use, and shows a high stability and robustness in reaction 
conditions. Furthermore, as this catalyst can be easily recovered 
and reused the catalytic efficiency of the system is very high 

(with only ten uses the effective catalyst concentration per 
reaction is already as low as 0.1%, and it can be further 
improved). Moreover, the use of solvent is limited, and the 
reaction procedure allows a facile separation and purification of 
the desired product, free from the concomitant ionic by-product. 

4. Experimental section 

All reagents were purchased from commercial sources 
(Sigma- Aldrich) and used without further purification, unless 
otherwise indicated. Although 1-iodo-3,5-dimethoxybenzene (2) 
is commercially available, it was synthesised from 1-bromo-3,5-
dimethoxybenzene according to the procedure described in the 
Supplementary Material. Deuterated solvents were purchased 
from Aldrich. All analytical pure reagents were used as the only 
solvents in the reactions. Laponite® clay was obtained from 
Rockwood Additives Ltd. Conversions and reaction yields were 
determined by gas chromatography using Agilent 6809A and 
7890A gas chromatographs, provided with FID detectors. 
Compounds were characterised by NMR spectrometry on a 
Bruker Avance 400 MHz spectrometer. 

4.1. Preparation of the solid catalyst. 

In a 100 mL flask, a 2 mM H2PdCl4 solution was prepared by 
mixing 35.4 mg of PdCl2 (0.2mmol), 2mL of 0.2 M HCl, and 98 
mL of H2O. A mixture of 140 mL of H2O, 94 mL of ethanol, 
444.6 mg of poly(vinylpyrrolidone) (PVP) and 100 mL of the 2 
mM H2PdCl4 solution was refluxed in a 500 mL flask for 3 h 
under air to synthesise the palladium nanoparticles (PdNP) 
protected by PVP. The black solution was then evaporated at 
reduced pressure, and the remaining black solid was dissolved in 
66 mL of ethanol. The result was a black stable 3 mM colloidal 
suspension of palladium nanoparticles in ethanol. 1 mL of this 
colloidal suspension was added, together with 6 mL of 
dichloromethane, to a 20 mL Schlenk flask containing 1 g of 
Laponite. The resulting mixture was magnetically stirred for 20 
min. After that ethanol and dichloromethane were removed under 
reduced pressure. The result was a powdered light grey solid 
consisting of the PdNP supported onto the Laponite clay. The 
ICP-MS analysis of this solid renders a Pd content of 0.305 mg g–
1, which is close to the expected theoretical value of 0.318 mg g–
1. 

4.2. Procedure for the Heck coupling reactions. 

The reaction mixture, consisting of 79.2 mg (0.3 mmol) of 1-
iodo-3,5-dimethoxybenzene (2), 67.1 mg (0.5 mmol) of 1-
methoxy-4-vinylbenzene (3) and a 219.6 mg of triethylamine, 
was prepared in a 5 mL vial, and then transferred to a 20 mL 
Schlenk flask containing 1 g of the solid catalyst, where the 
reaction mixture got completely adsorbed. The whole system was 
then heated to 100 ºC for 24 h. After this time, the reaction was 
cooled until 65 ºC and then washed with hexane (first 2×10 mL 
and then 2×5 mL). Finally, the residual solvent on the solid 
catalyst was removed at reduced pressure. The resulting solid 
was then ready for further reuse. The hexane extract was 
analysed by gas chromatography and, after solvent removal, by 
NMR. 

The (E)-1,3-dimethoxy-5-(4-methoxystyryl)benzene (4) 
product was purified by medium pressure column 
chromatography (Combiflash®) using a silica gel column and a 
mixture hexane /ethyl acetate 99:1 as eluent until the desired 
product appeared in the collected fractions, and then changing to 
pure ethyl acetate as eluent. The desired product was isolated 
(69.3 mg, 86%) as a white solid and characterized by NMR;36 
[Found C 75.28 H 6.64 requires C, 75.53, H, 6.71]; GC 
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conditions: Agilent J&W CG Column HP-5 30 m×25 mm×0,25 
µm, helium as carrier gas, 230 ºC injector T, 250 ºC detector T, 
20 psi head column pressure, 2 mL min–1 flux, oven temperature 
program 70 ºC (1 min), 20 ºC min–1, 250 ºC (7.5 min), retention 
time 11.3 min.; δH (400 Mhz, CDCl3) 7.35 (d, 2H, J= 8.7 Hz), 
6.95 (d, 1H, J= 16.2 Hz), 6.83–6.80 (m, 3H), 6.57 (d, 2H, J= 1.9 
Hz), 6.29 (t, 1H, J= 1.8 Hz), 3.73 (s, 9H); δC (100.6 Mhz, CDCl3, 
APT) 161,0 (C), 159,4 (C), 139,7 (C), 130,0 (C), 128,8 (CH), 
127,8 (CH), 126,6 (CH), 114,2 (CH), 99,7 (CH), 55,3 (CH3); m/z 
(EI) 270 (M+). 

4.3. (E)-5-(4-hydroxystyryl)benzene-1,3-diol (resveratrol, 1) 

To a solution of 4 (270 mg 1 mmol) in 20 mL of anhydrous 
dichloromethane at –78 ºC, 4.5 mL of a solution 1M of boron 
tribromide in dichloromethane was added dropwise.37 The 
resulting solution was magnetically stirred at –78 ºC for 2 h. 
After this time, the solution was let to reach room temperature, 
and then it was poured onto brine. The organic phase was 
separated and the aqueous phase was extracted with acetonitrile 
(4×30 mL). The combined organic phases were dried with 
anhydrous MgSO4, filtered and the solvent was removed at 
reduced pressure. The resulting product was purified by medium 
pressure column chromatography (Combiflash®) using a silica 
gel column and a mixture hexane /ethyl acetate 1:1 as eluent, 
leading to a colourless solid (210 mg, 92%) characterized by 
NMR;38,39 [Found C 73.35 H 5.36 requires C, 73.67, H, 5.30]; 
GC conditions: Agilent J&W CG Column HP-5 30 m×25 
mm×0,25 µm, helium as carrier gas, 230 ºC injector T, 250 ºC 
detector T, 20 psi head column pressure, 2 mL min–1 flux, oven 
temperature program 70 ºC (1 min), 20 ºC min–1, 250 ºC (7.5 
min), retention time 12.9 min.; δH (400 Mhz, acetone-d6) 7.30–
7.27 (m, 2H), 6.88 (d, 1H, J= 16.3 Hz), 6.75 (d, 1H, J= 16.3 Hz), 
6.71–6.69 (m, 2H), 6.41 (d, 2H, J= 2.2 Hz), 6.14 (d, 1H, J= 2.2 
Hz), 3.64 (s, 1H), 2.88 (s, 2H); δC (100.6 Mhz, acetone-d6, APT) 
159.0 (C), 158.2 (C), 140.9 (C), 130.0 (C), 129.1 (CH), 128.7 
(CH), 126.6 (CH), 116.4 (CH), 105.7 (CH), 102.7 (CH); m/z (EI) 
228 (M+). 
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