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Insertion Reactions of the Silylenoid H,C=SiLiBr to RH
(R=F, OH, NH,)
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(“ Science and Engineering College of Chemistry and Biology, Yantai University, Yantai 264005)
(® State Key Laboratory of Theoretical and Computational Chemistry, Jilin University, Changchun 130021)

Abstract The insertion reactions of the silylenoid H,C=SiLiBr to RH (R=F, OH, NH,) were studied by
using the DFT B3LYP and QCISD methods. The geometries of the stationary points on the potential energy
surfaces of the reactions were optimized at the B3LYP/6-311+G (d,p) level of theory. The calculated results
indicate that the mechanisms of the insertion reactions of H,C =SiLiBr to HF, H,O, and NH; are identical to
each other. The QCISD/6-311+ +G(d,p)//B3LYP/6-311+G(d,p) calculated potential energy barriers of the
three reactions are 148.62, 164.42, and 165.07 kJ/mol, and the reaction energies for the three reactions are
—69.63, —43.02, and —28.27 klJ/mol, respectively. Under the same situation, the insertion reactions
should occur easily in the following order H—F>H—OH>H—NH,.
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TS1 1, F—H ##(0.1267 nm) Lt HF ' F—H %#(0.0922 nm)
£ 0.0345 nm; TS2 #', O—H(3)%#(0.1300 nm)tt H,O
O—H ##(0.0962 nm){: 0.0338 nm; TS3 ', N—H(3)%
(0.1414 nm) Lt NH; "1 N—H £#(0.1015 nm) K 0.0399 nm.
R—H 8 K T S 1 KRR I BRI
Si—H 1 Si—X B ZIE L.

WAy vk SR, AN I WA A A7 A E— 1 R
M. {¥ B3LYP/6-311+G(d,p)/K°F- L, TSI, TS2 F1 TS3 ()
FEAISY 500 1368.71, 1532.4i F1 1553.1i em . IRC 1H513%
W], RS R NS R, TSR TSI, TS2 Al
TS3 ARXS T4 8 A 9K AR S 4510 (Q) I A X fE 1t 73 3 Ay
148.62, 164.42 F1165.07 kJemol ' (WL 1).
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Table 1 The relative energies (kJemol ') of reactants, precursor
complexes (Q), transition states (TS), intermediates (IM), and

products”

Species R=F R=OH R=NH,
H,C=SiLiBr+RH 12.67 7.29 3.16
Q 0.00 0.00 0.00
TS 148.62 164.42 165.07
M —191.05 —165.86 —143.01
H,C=SiRH+LiBr —56.96 —35.73 —25.11

“at the QCISD/6-311+ +G(d, p)/B3LYP/6-311+G(d,p) level and including
vibrational zero-point energy (ZPE, without scale) corrections determined at
B3LYP/6-311+G(d,p) level.
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(0.2128 nm) % 0.0499 nm; IM2 ' Si—H %#(0.1479 nm)
b TS2 1 Si—H ##(0.1641 nm)%i 0.0162 nm, Si—O
(0.1655 nm) b TS2 ' Si—O %#(0.1917 nm) %4 0.0262
nm; IM3 ' Si—H $#(0.1475 nm)Lt TS3 ' Si—H %
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Figure 1 The geometries of the stationary points calculated at B3LYP/6-311+G(d,p) level (bond lengths in nm, bond angles in degree)
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Figure 2 Potential energy and bond distances profile along the
reaction coordinates for the reaction of H,C =SiLiBr and HF
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