
1

Synthesis and application of dual chiral [2.2]paracyclophane-based 
N-heterocyclic carbene in enantioselective β-boration of acyclic 

enones

Lei Wang,†a Zhen Chen,†a Manyuan Ma,b Wenzeng Duan,c Chun Song,*b and Yudao Ma*a

a Department of Chemistry, Shandong University, Shanda South Road No. 27, Jinan 250100, China. E-mial: ydma@sdu.edu.cn; 
Tel: +8653188361869
b School of Pharmaceutical Sciences, West Wenhua Road No. 44, Jinan 250012, China. E-mail: chunsong@sdu.edu.cn 

cSchool of Chemistry and Chemical Engineering, Liaocheng University, Hunan Road No. 1, Liaocheng 252000, China.
† These authors contributed equally to this work.

1. General information                                              2

2. Copies of 1H NMR and 13C NMR Spectrums                           3

3. HPLC spectra                                                    7

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2015



2

1.General information
All manipulations of oxygen- and moisture-sensitive materials were conducted with a 
standard Schlenk technique under a purified argon atmosphere. Solvents were reagent 
grade and purified by standard techniques. 1H NMR and 13C NMR spectra were 
recorded on a 300 MHz spectrometer. Chemical shifts were reported as δ values in 
ppm and referenced to using tetramethylsilane as an internal.All reactions were 
monitored by TLC with silica gel-coated plates and visualized with a UV light at 254 
nm. Optical rotations were reported as follows: [α]D

T (c = g/100 mL, solvent). 
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