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1. Optimimization of some reaction parame-
ters

To find the optimum conditions of the reaction, it
was decided to apply a Central Composite Design +
star. This is a useful response surface methodology
to build a second order model for the response vari-
able. The temperature (A), the time (B) and the con-
centration of the TSIL (C) were chosen as the vari-
ables of study through 16 experiments. The results
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of the design show that the optimum conditions are
the followings: temperature (120 °C), time (24 h), and
TSIL concentration (18%). However, as we can see in
the Pareto chart, the three variables are not critical,
so it was decided to use commitment conditions to
perform the reaction under milder conditions. These
commitment conditions are the following: tempera-
ture (80 °C), time (17 h), and TSIL concentration (5%)
(Figure 1). The presence of ligand 1 is crucial for the
reaction completion.
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Figure 1. Pareto chart obtained from the application of Central Composite Design + star (CCD + star) to
our Tsuji–Trost process.

2. 1H and 13NMR spectra
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3. Characterization of the catalytic system
1·Pd(dba)2

The data from the complex 1-Pd(dba)2 are the fol-
lowing: 1H RMN (δ, ppm, 300 MHz, CDCl3): 7.75–
7.20 (m, 40H, HC=CHN, 2×CH=CH, ArH), 4.20–4.12
(m, 2H, NCH 2CH2CH2CH3), 3.93 (s, 3H, NCH3), 2.04
(s, 3H, MeCO), 1.84 (m, 2H, NCH2CH 2CH2CH3),
1.42–1.30 (m, 2H, NCH2CH2CH 2CH3), 0.95 (t, 3H,
J = 7.3 Hz, NCH2CH2CH2CH 3). 13C RMN (δ, ppm,
100 MHz, CDCl3): 209.3, 193.3, 188.9, 136.5, 132.8,

132.1, 131.9, 131.4, 130.7, 130.6, 129.1, 128.9, 128.8,
128.6, 126.8, 123.5, 121.9, 49.7, 36.1, 31.8, 29.6, 20.7,
13.2. 31P RMN (δ, ppm, 162 MHz): 19.22 (s, Pd-PPh2),
−144.31 (sept, PF−

6 ). MS (ESI) m/z: 752 (12-Pd), 575
(1·Pd-dba), 429 (1·Pd), 323, 312, 144. IR (neat, ATR)
υmax: 2961, 2925, 2865, 1655, 1432, 1466, 1342, 1269,
1038, 998, 843, 670 cm−1. XPS revealed the presence
of palladium(0) species and TEM showed the exis-
tence of nanoparticles. Apparently, the recovered cat-
alyst has the same morphology and spectroscopic
data.
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Analysis after the second cycle with the same catalyst
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