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Abstract

Homogeneous catalysts dominate the organic synthesis such as hydroformylation,
asymmetric hydrogenation and Suzuki coupling reaction, but the difficulty in separation
of the precious metal catalysts from the products restrict their more extensive
applications. To overcome this issue, a series of heterogenization of homogeneous
catalysts have been developed. Porous organic polymers (POPs) have great potential
applications in heterogeneous catalysis because of the advantage of superior thermal
stability, high surface area and large pore volume. On this background, we developed
various alternative POPs, which showed excellent catalytic performance in many
important reactions.

In the second chapter, the following four vinyl-functionalized organic phosphine
ligands have been successfully synthesized.

1. 6,6-[(3,3"-di-t-butyl-5,5’-divinyl-1,1"-biphenyl-2,2’-
diyl)bis(oxy)]bis(dibenzo[d,f][1,3,2]dioxaphosphepin)hemi  ethylacetate  adduct,
denoted as Vinyl-biphephos, is synthesized from 4-bromoanisole. 4-Bromoanisole
undergoes demethylation, selective esterification, phenolic hydroxyl protection, Suzuki
coupling, deprotection of phenolic hydroxyl group and nucleophilic substitution
reaction to produce the Vinyl-biphephos. It was copolymerized with tri(4-
vinylphenyl)phosphane to prepare efficient porous organic copolymers that act as both
ligand and support for hydroformylation. The Rh/CPOL-bp&PPhs catalyst can be
reused at least 6 cycles with high activity and selectivity(l:b = 98:2).

2. 9,9-dimethyl-4,5-bisdi(4-phenyl)phosphinoxanthene is synthesized from 9,9-
dimethylxanthene through a deprotonation-lithiation/multi-step substitutions progress.
The total yield of four steps is 7%.

3. Two vinyl-functionalized chiral BINAP ligands, (S)-4,4’-divinyl-BINAP and
(S)-5,5’-divinyl-BINAP, have been successfully synthesized from (S)-BINAP. The
chiral center is remained in the oxidation, bromination, Suzuki coupling and reduction
reaction. The chiral BINAP based porous organic polymers (POPs), which were
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denoted as POL-4-BINAP and POL-5-BINAP, were efficiently fabricated by
introducing Vinyl-BINAP via copolymerization with divinyl benzene. The Ru/POL-4-
BINAP and Ru/POL-5-BINAP catalysts show high activity, enantioselectivity and
recyclability in the asymmetric hydrogenation of B-keto esters.

In the third chapter, two novel Pd-loaded porous organic polymers Pd/CMP-P-TPP
and Pd/CMP-O-TPP were effectively synthesized by one-pot Pd-catalyzed Sonogashira
coupling reactions of 1,3,5-triethynylbenzene with tris(4-bromophenyl)phosphine and
tris(2-bromophenyl)phosphine, respectively. The Pd atoms loaded into the resulting
porous polymers originated from the Pd-catalyst used in the polymerization. These
catalysts were characterized by BET, solid state NMR analysis, IR, XRD, TGA, XPS
and TEM. The results show that the Pd/CMP-P-TPP is an conjugated microporous
polymer of excellent thermal stability. To evaluate the catalytic activity of Pd//CMP-P-
TPP and Pd/CMP-O-TPP as a robust heterogeneous catalyst, we tested the different
substituents and recyclability in hindered Suzuki-Miyaura coupling reaction. The
catalytic activity of Pd/CMP-P-TPP is higher than that of Pd/CMP-O-TPP. Pd/CMP-P-
TPP shows high activity and good recyclability in hindered Suzuki reactions of aryl

bromides, it can be recycled for five cycles without losing efficiency.

Key Words: Porous Organic Polymers; Conjugated Microporous Polymers;

Heterogeneous Catalysis; Vinyl-functionalized Ligand; Triphenylphosphine
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