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Table 1 Comparison of UB3LYP/B1 optimized geometric and electronic structures for the triplet spin state *

. O Spin density Bofd (7" )(%) Bofda 200" ) (%)
Complex Do/ cm
Fe (0} Fe 0 me Fe (0] me
1 829.7 1.056 0.984 48.45 44.28 7.27 50.08 0.05 49.87
2 869.9 1.020 0.942 45.87 41.65 12.48 44.01 0.03 55.96

% B: B molecular orbital; L ligand; equ: equatorial.
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Fig.1 UB3LYP/LACVP-optimized structures with some important bond lengths for complexes 1( A)
and 2(B) for the singlet( triplet) [ quintet] spin states
The triplet state is defined as the zero of the energy and the relative energy values are given at the B2//B1 level. Bond lengths are in nm and
energies in kJ/mol. (A) dp._=0.1654(0.1651)[0.1643], dFefN?q =0.1984(0.1984)[0.2112], dy, _y, =0.2072(0.2066)[0.2092],
Pr.=0(1.056)[2.934], p5=0(0.984)[0.748 ], pysp, =0(~0.041)[0.318], Q. =0.678(0.679)[0.852], Q,=-0.342(-0.325)
[-0.318], Qnp, =1.664(1.646)[1.466], AE=7.23(0)[1.81]; (B) dy._=0.1645(0.1642)[0.1743], dFe*Ce,q =0.1969(0. 1973)

[0.2004], dy,_x, =0.2297(0.2279)[0.2756 ], py. =0(1.020)[2.623], po=0(0.942)[1.2697], p,xuc=0( -0.038)[0.108], Qp, =
0.105(0. 114)[0.302], Q,=-0.327(—0.304)[=0.425], Q,uc=2.222(2.190)[2.123], AE=6.78(0)[5.67].
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Fig.2 Energy profiles for cyclohexane hydroxylation by complex 1 for triplet and quintet spin states
Relative energies(kJ/mol) are indicated in the order of B2//B1(B2//B1+ZPE) [ B2//B1+ZPE+E_,, ]. ZPE. zero point energy.

TSy : hydrogen-abstraction transition state; TSy, : rebound transiton state; IN}; : hydrogen-adstraction intermediate.
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Fig.3 Energy profiles for cyclohexane hydroxylation by complex 2 for the triplet and quintet spin states
Relative energies(kJ/mol) are indicated in the order of B2//B1(B2//B1+ZPE) [ B2//B1+ZPE+E_,, ]. ZPE: zero point energy.
TSy : hydrogen-abstraction trarsition state; TSy : hydrogen-abstraction transition state; TSy, : rebound transition state;

INy; : hydrogen-adstraction intermediate.
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Fig.4 Geometric details of the hydrogen-abstraction transition states
(A) 1+CHTS; (B) 24CHTSy. Each datum gives two numbers corresponding to triplet and quintet[ square brackets |, respectively. Bond
lengths are in nm. (A) dy._,=0.1770[0.1688], d,_,; =0.1243[0.1655], d_,; =0.1321[0.1145], £FeOH=126.69°[176.63°],
£ OHC=171.58°[176.35°]; (B) dy,_=0.1768, do_,, =0.1173, d_; =0. 1385, £ FeOH=121.52°, /£ OHC=174.38°.
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Theoretical Design of a New N-Heterocyclic Carbene Complex Based on
Non-heme Iron Complex [ Fe" (O) (N4Py) |**
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(1. School of Biological Engineering, 2. School of Mechanical Engineering and Automation ,
Dalian Polytechnic University, Dalian 116034, China;
3. Department of Physics, Dalian Maritime University, Dalian 116026, China)

Abstract Based on non-heme iron complex [ Fe (0) ( N4Py) ]** [ N4Py =N, N-bis ( 2-pyridylmethyl ) -N-bis
(2-pyridylmethylamine) ], a new designed iron-carbene complex [ Fe" (0) (NHC), ]*" was theoretically de-
signed. The geometric and electronic structures of [ Fe" (0) + (NHC), ]** were studied via density functional
theory and B3LYP method, and the [Fe(0)( NHC), ] **catalytic properties versus cyclohexane were investi-
gated. The calculation results show that the energy of the quintet spin state of [ Fe" (0) (NHC), ]*" is ca.
4. 8 kJ/mol higher than that of the triplet ground state, suggesting that the quintet spin state can hardly partici-
pate in the reaction. The N-heterocyclic carbene( NHC) equatorial ligand was found to have stronger o-dona-
ting and greater steric hindrance than N4Py ligand, indicating that the complex [ Fe" (0) ( NHC), ]*" is more
stable than [ Fe" (0) (N4Py) ]** complex. Moreover, on the triplet spin surface, the energy barrier of
[Fe"(0) (NHC), ]** has higher activation energy than that of [Fe" (0) (N4Py) 1** by 2.0 kJ/mol via a
single-state reactivity pattern, implying that [ Fe" ( O) ( N4Py)]*" complex is more reactive than
[Fe"(0) (NHC), ]** complex.

Keywords Non-heme; N-Heterocyclic carbene; Density functional theory; Orbital coefficient; Reaction

mechanism
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