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INTRODUCTION

Proton, hydrogen and hydride transfer reactions play important roles in many chemically and biologically important processes, such as enzyme catalysis. Due to the light mass of the transferring hydrogen atom, nuclear quantum effects such as tunneling and zero-point energy (ZPE) may play a significant role. Recent experimental and theoretical studies showed occurrence of hydrogen tunneling in reactions of enzyme catalysis even at physiological temperatures [1]. In many cases tunneling can enhance chemical reaction rates for systems with very high or thin reaction barriers, and determines the magnitude of experimentally measured kinetic isotope effect (KIE), which is a ratio of rates kH/kD for hydrogen (H) and deuterium (D) transfer. KIEs have been proven to be very useful experimental tools for analyzing mechanisms of the rate-limiting H-transfer step in various reactions of enzyme catalysis. KIEs greater than 7 usually indicate involvement of significant quantum effects [2]. KIEs up to 100 have been experimentally observed in enzymatic systems [2]. Development of an adequate theoretical approach for quantitative prediction of KIEs is of much interest for understanding the mechanisms involved in enzyme catalysis and thus the origin of the high efficiency of enzymes as catalysts. 
THEORY
Semiclassical instanton formulation of reaction rate theory [3] is integrated with on-the-fly ab initio computations of reactive PES. The approach provides accurate estimates of quantum reaction rate constants and KIEs in a wide range of temperatures and rigorously incorporates nuclear quantum effects such as multidimensional tunneling and zero-point energies. The approach requires knowledge of reactive potential energy surface (PES) in a limited number of points (nuclear configurations) which is almost independent of dimensionality of the system of interest. The latter allows one to calculate PES on the fly, using highly accurate ab initio methods. The method allows very efficient parallelization. 
RESULTS

The proposed method is used to predict reaction rate constants and KIEs of H-transfer reactions in several multiatomic systems. Intramolecular H-transfer reactions in 13-atomic cis-1,3-pentadiene and 23-atomic 7-Methylocta-1,3(Z),5(Z)-triene are used as examples.  Due to the importance of skeleton motions and possible dynamical effects of environment on hydrogen transfer step in reactions of enzyme catalysis, these multiatomic systems may serve as a prototype of hydrogen transfer in enzyme reactions. The experimentally measured KIEs are available for these systems, which are compared to the calculated KIEs in the present work. All 33 and 63 internal degrees of freedom, respectively, are treated quantum mechanically with rigorous account of multidimensional tunneling. Reactive PES was calculated on-the-fly using MP2 and mPWB1K electronic structure methods. Good agreement of calculated and experimental results is observed. The developed method thus serves as a new tool for automated prediction of reaction rates with significant nuclear quantum effects, with potential applications in many Argonne research areas from catalysis to combustion chemistry.  

[image: image1.emf] Figure 1: KIE in cis-1,3-pentadiene with PES calculated at the ab initio MP2 level.
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