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Reaction Mechanism for the Alkoxylation of a Silyl Ligand in the Silyl-
(silylene)ruthenium Complex: A Density Functional Theory Study

Zhou, Li“ Li, Yang” Lin, Furong” Tian, Diying”
Lei, Qunfang” Fang, Wenjun’ Xie, Hujun™®*
(“ Department of Applied Chemistry, Zhejiang Gongshang University, Hangzhou 310018)
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Abstract The mechanism for the reaction of a silyl(silylene) ruthenium complex Cp*Ru(CO)(=SiMes,)SiMe; with metha-
nol was investigated via the density functional theory (DFT) calculations. The mechanism includes four steps. (1) The reaction
initiates via the 1,2-addition of methanol to the Ru=Si bond, followed by Mes,Si(OMe)H elimination to give
Cp*Ru(CO)SiMes; (2) A methyl group of the silyl ligand migrates to Ru center via 1,2-Me migration, together with
1,2-addition of methanol, which is followed by the CH, release to form Cp*Ru(CO)Si(OMe)Me,; (3) Step (2) repeats twice to
give the fully alkoxylated product Cp*Ru(CO)Si(OMe);. (4) Coordination of isonitrile affords final product
Cp*Ru(CO)(CN'Bu)Si(OMe);. The first step involving the 1,2-addition of methanol to the Ru=Si double bond is the
rate-determining step for the whole reaction with a free energy barrier of 35.3 kcal/mol. The mechanism for the reaction of a
silyl(germylene)ruthenium complex with methanol was also considered. The rate-determining step has relatively lower barrier
of 31.8 kcal/mol in contrast to the silyl(silylene) ruthenium complex.

Keywords DFT calculation; reaction mechanism; silylene complex; germylene complex
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B MRAERNE S 1 KA )
Figure 1 Optimized structure with selected bond lengths (A)
and angles (°) for complex 1

The bond lengths and angles in parentheses are obtained from the crystal
structure. The hydrogen atoms have been omitted for the purpose of clar-
ity
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1A Cp*Ru(CO)(=SiMes,)SiMe; (1)5 FEEAE i =
FAEIE R JE iE B9 Cp*Ru(CO)(CN'Bu)[Si(OMe);]
Al Mes,Si(OMe)H. Tobita 22 Fy135 [ SL 6 45 3, 32
7 —AATRER S ML (B 3). A4S RN . iR
B, 3 UUESLAZ T 1,2-HHTRE . FEE 1,2 A
FEERIREBCD IR, A EC A5 B e B AL . AEAR L
t, JAH DFT 507 3R PRAN LR I B ) S R L

ii.
I r.t.
(6]

~_..~Mes + MeOH + t-BuNC —
excess 1.5 equiv. 3MeH

Mes = mesityl

N7 )
* + Mes,Si(OMe)H

% \\CNt-Bu
Si(OMe),

B2 EEFSECAY 1 AR ER N

Figure 2 The reaction of complex 1 with methanol
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Figure 3 Possible mechanism for the reaction of complex 1
with methanol proposed by Tobita and co-workers
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Figure 4 Free energy profiles of the methanol addition and first
alkoxylation of the silyl ligand for the reaction of complex 1 with
methanol

The solvation-corrected relative free energies are given in kcal/mol

Cp*Ru(CO)(CN¢-Bu)Si(OMe)s.

B, FAWIIT T FEEE Ru=Si XU 1,2 IR
2. WnE 4 FR, AWECE LR, b R TR AL
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Figure 6 Free energy profiles of the third alkoxylation of the
silyl ligand and the coordination of isonitrile for the reaction of

complex 1 with methanol
The solvation-corrected relative free energies are given in kcal/mol

F11.305 A(K 7). FEJE, Mes,Si(OMe)H MEC &4 2 N
BEARECEY 3, B 15.9 keal/mol HifitE. EHEE
KA 1,2- GRS IONE, 755 IR B RE 35 22 (T S;4)
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Ru—C Fl C—Si Z [H] I BE 5 73531 4 2.266, 2.252 F112.572
A 7). 2J5, B EEEE ERE R TR
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IREIR 10.4 keal/mol R, 1931 1 &I H A1) 6a.
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Figure 7 Optimized structures with selected bond lengths (A)
for the species shown in Figure 4

All hydrogen atoms except methanol are omitted for clarity
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B8 ALALAFRIRI IR 5 v s i — L RC S 1 LA 5 1 A
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Figure 8 Optimized structures with selected bond lengths (A)

for the species shown in Figure 5
All hydrogen atoms except methanol are omitted for clarity

B9 MRAIFRIRI NP 6 th s i) — el S W LT 45 kg A
£(A)
Figure 9 Optimized structures with selected bond lengths (A)

for the species shown in Figure 6
All hydrogen atoms except methanol are omitted for clarity
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Figure 10 Free energy profiles of the first alkoxylation of the

silyl ligand for the reaction of complex 1a with methanol
The solvation-corrected relative free energies are given in kcal/mol
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Figure 11 Free energy profiles for the second alkoxylation of

the silyl ligand for the reaction of complex 1a with methanol
The solvation-corrected relative free energies are given in kcal/mol
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Figure 12 Free energy profiles for the third alkoxylation of the
silyl ligand and the coordination of isonitrile for the reaction of

complex 1a with methanol
The solvation-corrected relative free energies are given in kcal/mol
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Figure 13 Optimized structures with selected bond lengths (A)

for the species 1a and TS;,.,, shown in Figure 10
All hydrogen atoms except methanol are omitted for clarity
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Figure 14 The natural charge analysis of the transition state
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Figure 15 Optimized structures with selected bond lengths (A)

for the rotation transition state of complex 1
All hydrogen atoms are omitted for clarity
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