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and copper were used as catalyst and cast off as waste thereafter.
Continuous efforts were made in our laboratory to improve those
catalytic systems in consideration of environmental protection as
well as materiel economy. And the heterogeneous catalysis was
thereupon incorporated in our speculations for her virtues as
recyclability, easy separation, and non-residue of catalytic metal
such as palladium.

As a matter of fact, plenty organic (mainly organic polymers),
inorganic (silica, zeolites, metal oxides, etc.) and hybrid organ-
ic—inorganic (mainly grafted silica) supported palladium
nanoparticles have been used as catalysts for chemical trans-
formations.** >’ However, a serious defects that reduces the
activity of heterogeneous catalyst is the palladium-leaching. This
would mainly rest on the size of palladium, and the formation of
inactive large particles (even bulk Pd) during the catalytic
reactions.”®

In the past decade, natural biomacromolecules as chitosan,
cellulose,®’ wo0l,°>7% etc. were reported as supporters for the
palladium catalysts and applied in several important reaction
processes. In our previous studies, a biomacromolecule-PdCl,
complex catalyst was prepared via simple methods.®®~ %8 This wool-
anchored palladium catalyst was successfully used in multiple
catalytic processes like Suzuki, Sonogashira, Heck, photocatalysis
and photodegradation coupling reactions. Wool fibre, natural bio-
polymer of ordered amino acids that were cross-linked by S—S
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bonds, is covered with many hybrid pores on the surface. This
feature anchors a high dispersion of palladium particles and pre-
vents the aggregation of palladium-black. Due to their bio-
degradability, biocompatibility, ready availability, and low cost,
wool attracted growing interest as environment friendly sub-
stitutes for classical organic inorganic and polymer supports. But
still, this catalyst remains the practical drawbacks like low TONs
and low-activity for the heteroaromatic compounds. In reply to
these problems, we prepared a new generation of wool-Pd(OAc),
complex catalyst.

So far, this biomacromolecule-Pd(OAc); complex catalyst, re-
mains spaces unexplored, can be applied as excellent catalyst for the
C—C cross-coupling reactions under Suzuki conditions and for the
desulfurative coupling reactions. In this paper, therefore, as a part of
our ongoing research in desulfurative C—C coupling reactions, we
introduce the similar processes of disulfides catalyzed by a re-
cyclable wool supported Pd(OAc); complex catalyst (Scheme 1).
Notably, the preparation of this novel heterogeneous catalyst is easy
to operate, with the wool-Pd(OAc); produced as a stable complex
with high catalytic activities (the total TONS is 916). Subsequent
analysis indicated negligible palladium leaching of the catalyst,
which can be reused in cyclicity for at least 10 rounds recovered.
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Scheme 1. Wool-Pd(OAc), catalyzed C—C coupling reactions of disulfides.

2. Results and discussion
2.1. Synthesis and characterization of the catalyst

The typical route of wool-Pd(OAc), complex synthesis
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Fig. 1. (a) Wool ar 00l-Pd(OAc), complex catalyst.

The detailed electronic configurations of wool-Pd(OAc), com-
plex was examined by means of X-ray photoelectron spectroscopy
(XPS) measurements (Table 1). It was realized that Pd3q peaks are
consisted of two components with binding energy at 343.75 eV
(Pd3g3/2) and 338.38 eV (Pd3qs)2) in Pd(OAc)y, and 343.08 eV (Pd3q3,
2) and 337.71 eV (Pdsgsp2) in wool-Pd(OAc), complex, respectively,

Table 1
XPS date of the Pd(OAc),, wool and wool-Pd(OAc), complex®
XPS peaks Binding energy (eV) AEp(eV)
Pd(OAc), Wool Wool-Pd complex
Pdsq Pd3q 312 343.75 343.08 -0.67
Pd3q 512 338.38 337.71 -0.67
Nys —NH, 400.37 399.83 —0.54
—NH—-CO— 400.05 399.73 -0.32
Sap —SOx— 169.63 169.08 -0.55
168.18 167.96 -0.22
—S—S— 165.05 164.33 -0.72
—SH 163.8 163.33 -0.47
Oy 531.93 532.08 0.15
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Fig. 2. XPS spectra of (a) wool-Pd(OAc), complex, (b). Pd(OAc),.

In order to further investigate the chemical structural changes
from wool to wool-Pd(OAc);, Fourier transform infrared spectros-
copy (FT-IR) measurements was performed (Fig. 5). In Fig. 5 (a), the
absorption bands at 1689 and 1510 cm™' are attributed to C=0
stretching and —CHj3 bending vibration of Pd(OAc),, respectively. In
the wool, the peak at 3410 cm™! can be assigned to the character-
istic the —NH stretching vibration bands of —NH>, and the bands at
1529 cm~! and 1648 cm™! can be attributed to the —NH and C=0
bending vibration of -NH—CO—. And in wool-Pd(OAc);, the —NH
stretching vibration bands of —NH, has shifted to a higher wave
number (3423 cm™'), indicating a decrease in the —NH, group
fraction. Furthermore, the —NH bending vibration bands of
—NH—CO— has moved from 1529 cm~! to 1514 cm™ . Therefore, it
can be confirmed in further that in the wool-Pd(OAc), complex,
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