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1 1R, 2 R-cyclohexyl-P:N, EDA
Table 1 Selectivity Cyclopropanation of Styrene with EDA Catalyzed by Ruthenium
Complex of 1R, 2 R-Cyclohexyl-P;N,

reaction temperauture /K yield/ %" trans: cis”
298 0 0
2 298 73.3 48:52
3¢ 273 54.2 43:57

a: AgOTf (3 equiv based on catalyst) was added prior to EDA addition.
b: Determined by GC.
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Table 2 Selected Geometry Parameters of Model M1 Calculated by MM
bond lengths /A
Ru-P1 2.560 Ru-P2 2.616 Ru-N1 2.112
Ru-N2 2.088 Ru-C 2.033 Ru-O 2.086
N1-N2 2.784 P1-P2 3.983 P1-N2 3.210
P2-N2 3.360
bond angles/ (°)
0O-Ru-C 170. 1 N1-Ru-N2 83.0 P1-Ru-P2 100. 6
P1-Ru-N1 86.2 P2-Ru-N2 90. 5 P2-Ru-N1 172. 4
P1-Ru-N2 167.8
3 5 M1
0. 2kcal- mol !
3
M1 s - 0. 73kcal-

mol ! M1
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3 M1
Table 3 Energy of Non-Bond Complex Formed from Intermediate M1 Interactions with

Styrene to Give the Cis- and Trans-Products

energy / (kcal- mol ")

different interaction types of interaction .
cis-products trans-products
valance terms bonds 1. 66 1.76
angles 1.38 1.28
torsions 0.96 1. 19
nonbonding terms van der waals -0.73 4.78
electrostatic 4.81 1.58
total energy 8.08 10. 59

3 M1
Fig. 3 Optimized geometry of M1 by molecular mechanics
A: Ball-stick model.

B: Ball model, the central atoms of Ru and carbene carbon are highlighted

4 Ml

Fig. 4 Optimized geometries of non-bonding complexes from the interaction of M1 with
styrene to give cis- and trans-products

A: to cis-product; B: to irans-product
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The Exploration of Novel Ruthenium Catalytic System for Cyclopropanation (I
Preliminary Investigation on Selectivity of Trans: Cis Controlled by
Stereochemistry of N, P-ligand
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A novel ruthenium catalytic system with 1R, 2R-cyclohexyl-N,P, as ligand for the asymmetric
cyclopropanation of styrene was investigated. Abnormal trans: cis phenomenon was found when the
catalytic system was pretreated with AgOTf (silver triflate). The trans: cis is near 1: 1, but the cis-
products has a little advantage. The molecular mechanics/dynamics were used to study this phe-
nomenon. The geometric energies of two approaching states, which resulting in trans- and cis-
products were compared. The results reveal that the energy of valence terms is not the major factor to
decide the trans: cis ratio of cyclopropanation products because the difference on the energy of
valence terms is very little (about 0. 2kcal- mol~') . The theoretical calculation by molecular me-
chanics was in agreement to this result. But as for energy of nonbonding terms, the interaction of Van
der waals between intermediate M1 and styrene to give the cis-products is so strong ( — 0. 73 kcal-
mol ™) that it offsets the disadvantage caused by elcetrostatic energy. So the total energy of inter-
action between M1 and styrene is favorable to give cis-products. But the difference of total energy for
interaction of M1 and styrene to give trans- and cis-products is small. It is about 2. Skcal- mol ~'.
This ensures the trans: cis ratio of cyclopropanation products is near 1: 1, which is consistent with

experimental results and decided by stereochemistry of N, P-ligand.
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