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Insertion Reactions of Silylenoid PRSiLi(OBu-t) into X—H Bonds (X = F, OH, and NH))

Ju Xie, Dacheng Feng,* Maoxia He, and Shengyu Feng
Institute of Theoretical Chemistry, Shandong Lémsity, Jinan 250100, People’s Republic of China

Receied: June 19, 2005; In Final Form: September 13, 2005

The insertion reactions of silylenoidt§ft-butoxy)diphenylsilyl]lithium PBSiLi(OBu-t) into HF, H0, and
NHs molecules have been studied by using density functional theory at the B3LYP/6-31G(d) level. To better
understand the reactivity of silylenoid fiLi(OBu-t), its two most stable isomers, tipecomplex @) and

the three-membered rin@) were selected for reactants. Natural bond orbital (NBO) analysis has been

performed to study the effects of charge transfer and to understand the nature of different interactions between

atoms or groups. The results indicate that (i) the insertion e8RH{OBu-t) into X—H bond proceeds in a
concerted manner via a three-membered-ring transition state to form substituted sik&ildXPvith
dissociation of LIOBUE (ii) the activation barrier increases in the order of HH,O < NHjz, and the barrier
heights of thel insertions are higher than those of thénsertions, respectively; (iii) both and 2 display
ambiphilic character in their insertion reactions.

1. Introduction in chemical reactions. So, structuresnd2 were adopted for
this study. We hope to obtain a detailed understanding of the
mechanism and the reactivity of silylenoid insertion into the
polar bonds.

Silylenoid (RR2SiMX), a compound in which an electro-
positive metal (M) and a leaving group (X) are bound to the
same silicon atom, have been confirmed to be existent and to
be one of the important active intermediates in organosilicon 2 computational Methods
chemistry. Therefore, silylenoid has received more and more
attention, both experimental and theoretical. In 1980, Clark et
al! studied the isomers of lithoflurosilylenoicbBiLiF by using
ab initio calculations for the first time. During recent years, we
have systematically studied some silylenoids by using quantum
chemistry methods, investigating their structures and reacfivity.

Optimized geometries and energies for the stationary points
were obtained by using density functional theory at the B3LYP/
6-31G(d) leveF The corresponding harmonic vibrational fre-
guency calculations at the same level were carried out in order
to verify whether the stationary points are local minima or saddle

In 1995, Tamao et dreported the first experimental study of points. To verify tha_t transiti(_)n states actually connect to th_e
silylenoid chemistry, detecting the existence of silylenoier expec_ted reactants, mtermedlates, or products, intrinsic reaction
butoxy)diphenylsilylJlithium, PESILi(OBu-t). They found that coordinate (IRC) calculations were performed at the B3LYP/

e : - . 6-31G(d) level with a step size of 0.1 (ar¥@)bohr. Natural
PhSIiLi(OBu-t) behaves as a silylenoid in some reactions. Most . o
recently, Lee et al.reported the syntheses of stable halosilyle- bond orbital (NBO)® analyses at the B3LYP/6-31G(d) |¢V8|
noids (Tsi)%SiLi (Tsi = C(SiMe)s, X = Br, CI) at room were then used to demonstrate the charge transfer during the

insertion reactions. Th@aussian 03eries of prograni$were

temperature. Since then, further experimental studies on silyle- i .
employed in all calculations.

noids have been carried cuthe results of both experimental
and theoretical research show that silylenoids exhibit ambiphilic 3 Results and Discussion

character, nucleophilicity and electrophilicity, and can take part Table 1 list th | and relati . lculated h
in many reactions. Such reactions as insertion, addition, and __' & '7 Ist tde|t0ta| an rﬁ atlvehenﬁrgles calculated at the
polymerization were recognized as important and effective B3LYP/6-31G(d) level together with the zero-point energies

methods for preparation of the new silicon-bonded and hetero- (ZPES). The term ‘“relative energy” in the following means the
cyclic silicon compounds. energy of a species relative to the reactant in the same reaction.

Nevertheless, theoretical studies on reactions of silylenoids UNI€SS stated otherwise, the reported energies in this paper are
are still quite limitecBa<6 Feng et afaPreported two insertion computed on the B3LYP/6-31G(d).IeveI, which do not include
reactions of silylenoids FSILiF and RSILICI into Ha. To the ZPEs. Table 2 lists the NBO analysis results, the natural charges
best of our knowledge, there is no systematic study of silylenoid for_ atoms or groups, and the occupancy numbers O.f the lone-
insertion into the polar bonds of small molecules. In this paper, P&l (LPs) and anti-lone-pair (LR;) orbitals on the Si atom.
the first experimentally detected silylenoid #3hLi(OBu-t) is The_ frontier mqlecular orbital analyses (HOMO and LUMO)
chosen to investigate the mechanism of its insertion into HF, O_f S|Iyler!e PhS, thep—_compl_ex O gn_d the three-me_mber_ed-
H.0, and NH; by using theoretical methods. Most recently, we N9 (2) isomers of silylenoid PIBILI(OBu-), are given in

theoretically studied the structures and isomerization of silyle- Figur_e 1. The structures of the stationary points along the
noid PhSILi(OBu-t).2¢ It is indicated that thep-complex () reaction paths (see Scheme 1), the reactants, precursor com-

and the three-membered-ring) (structures are the two most plexes, transition states, insertion intermediates, and products

stable isomers, in which RBILI(OBu-t) exists and takes part ~ &re displayed in Figures 3 and 4 (fbr+ XH reactions) and
Figure 6 (for2 + XH reactions). The potential energy curves

* Corresponding author. Tek86-0531-8836-5748; Fax86-0531-8856-  are shown in Figure 5 (fok + XH reactions) and Figure 7 (for
4464. E-mail address: fdc@sdu.edu.cn. 2 + XH reactions).
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TABLE 1: Total Energies E (au) and Relative Energies (in
parentheses, kJ/mol) of Various Structures at the B3LYP/
6-31G(d) Level

E ZPE E + ZPE
1 —993.45696 0.31066 —993.14630

1+HF ~1093.87713 (0.0)  0.319721093.55741 (0.0)
1FC1 —1093.89842{55.9) 0.32230—1093.57607{49.0)
1FT —1093.87761¢1.3)  0.31891—1093.55870 (3.4)
1FC2 —1093.96824{239.2) 0.32341—1093.64484{229.5)
Ph,SIHF+3*  —1093.94601180.8) 0.32083-1093.62518{177.9)
1+H50 —1069.86591 (0.0)  0.33183-1069.53408 (0.0)
10C1 —1069.87877433.8) 0.33444—1069.5443326.9)
10T —1069.83261 (87.4)  0.330321069.50229 (83.5)
10C2 —1069.91741{135.2) 0.33419-1069.58322{129.0)

Ph,SIHOH+3 —1069.90579¢104.7) 0.33180—1069.57398+¢104.8)

1+NH; —1050.00491 (0.0)  0.34526-1049.65971 (0.0)

INC1 —1050.01251420.0) 0.34714—1049.66537£14.9)
INT —1049.94102 (167.7)  0.341091049.59993 (157.0)
INC2 —1050.02786460.3) 0.34620—1049.68166+57.6)

Ph,SiHNH+3 —1050.02280447.0) 0.34432—1049.67848(49.3)
2 —993.44520 0.31097 —993.13422

2+HF —1093.86537 (0.0)  0.32003-1093.54534 (0.0)
2FC1 —1093.87975437.8) 0.32260—1093.55715431.0)
2FT —1093.86884{9.1)  0.31887—1093.54997{12.2)
2FC2 —1093.95449{234.0) 0.32304-1093.63146{226.1)
PhoSIHF+3  —1093.94601{211.7) 0.32083-1093.625184209.6)
2+H.0 —1069.85415 (0.0)  0.33214-1069.52201 (0.0)

20C1 —1069.86533{29.4) 0.33492—1069.53041{22.1)
20T —1069.82715 (70.9)  0.33036-1069.49680 (66.2)

Ph,SIHOH+3 —1069.905794135.6) 0.33180—1069.573984136.5)
2+NH3 —1049.99314 (0.0) ~ 0.3455%1049.64764 (0.0)
2NC1 —1049.99536{5.8)  0.34772—1049.64763 (0.0)
2NT —1049.94078 (137.5)  0.341961049.59882 (128.2)
PhoSiHNH 43 —1050.02280477.9) 0.34432—1049.67848481.0)

a3 = LiOBu-t.

TABLE 2: Natural Charges for Atoms or Groups and
Occupancy Numbers for the Lone-Pair Orbital (LPs;) and
Anti-Lone-Pair Orbital (LP* sj) on Si Atom in Various
Structures at the B3LYP/6-31G(d) Level

Php Si (0] But H X LPsi LP*s
1 —1.220 1.009—1.019 0.345 1.844 0.237
LiOBu-t —1.113 0.238
X=F
HF 0.536 —0.536
1FC1 —1.164 0.987—1.009 0.355 0.512-0.574 1.791 0.259
1FT —1.078 1.345-1.017 0.360 0.121-0.639 0.301
1FC2 —1.055 1.781—1.045 0.313—-0.238 —0.679
Ph,SIHF ~ —0.932 1.795 —0.239 —0.624
X =0H
H>0 0.466 —0.466
10C1 —1.195 0.974-1.014 0.350 0.480-0.483 1.834 0.252
10T —1.082 1.366—1.023 0.348 0.082-0.598 0.321
10C2 —1.046 1.748—1.039 0.303—0.248 —0.641
Ph,SIHOH —0.925 1.744 —0.239 —0.580
X =NH;
INH3 0.370 —0.370
INC1 —1.211 0.986—1.013 0.344 0.388-0.381 1.842 0.242
INT —1.082 1.381—-1.026 0.341 0.029-0.548 0.346
INC2 —1.162 1.756—1.017 0.332—0.293 —0.537
Ph,SiHNH> —0.915 1.663 —0.237 -0.511
2 —1.026 0.863—1.023 0.341 1.806 0.261
2FC1 —1.046 0.864—1.023 0.342 0.559-0.550 1.816 0.259
2FT —0.979 1.303—-1.038 0.350 0.125-0.637 0.299
2FC2 —1.009 1.874—1.048 0.308—0.381 —0.672
20C1 —1.025 0.843—1.021 0.346 0.479-0.477 1.798 0.272
20T —0.992 1.333—-1.036 0.337 0.091-0.582 0.322
2NC1 —1.057 0.847—1.025 0.324 0.391-0.312 1.807 0.287
2NT —1.013 1.318-1.033 0.321 0.085-0.519 0.348

We will first describe and discuss the results Jofand 2
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1 is the most stable isomer of four isomers of silylenoid-Ph
SiLi(OBu-t). 1 can be regarded as a complex of the singlet Ph
Si with LiOBu-t (see Figure 1). The lone pair 2p electrons of
the O atom in LiOBut donate toward the unoccupied p orbital
(LUMO) of Si atom in PBSi. In 1, there also exists an
interaction between the positive Li atom and two benzene rings.
These effects make stable. As shown in Figure 1, the main
component of the HOMO concentrate on the Si atom (the
orbital LPs; with occupancy number of 1.844) and that of the
LUMO concentrate on the Li atom with a part of it on the Si
atom (the p orbital LP% with occupancy number of 0.237).
Namely,1 can exhibit ambiphilic character, nucleophilicity in
its o orbital direction, and electrophilicity in its p orbital
direction. In addition, ther orbital on the Si atom is exposed,
and there exists enough space under the Si atom where the
insertions ofl into X—H bonds takes place.

3.1.1. Precursor ComplexesVhen thes orbital (HOMO)
of XH as a nucleophile attacks the p orbital on the Si atom
from the back of the O atom, the precursor complex forms.
Meanwhile, there also exists an interaction between the positive
H atom (LUMO) of the X-H bond and ther orbital on Si (see
Figure 2 (1)). As shown in Figures 3 and 4, these precursor
complexes,1FC1, 10C1, and 1NC1, appear to have similar
structures including a loose three-centered bond Si—XHTl'he
Si- - -H distance increases in the orderldfC1 (2.234 A) <
10C1(2.583 A)< 1NC1(2.879 A), and the Si- - -X interaction
is very weak. Relative to the corresponding reactaratsd XH,
there is little variation in the structural parameters of$thi-
(OBu-+) and XH moieties in precursor complexes,. However, it
can be found from Table 2 that the donationcoélectrons of
XH into the p orbital on the Si atom does occur. In comparison
with that of 1, the positive charge of the Si atom decreases by
0.022 (LFC1), 0.035 (OC1), and 0.023 INC1), which
corresponds to the occupancy number of §;Rricreasing by
0.022 (FC1), 0.015 OC1), and 0.005 INC1), and that of
LPsi decreasing slightly. The stability energy (relative to the
corresponding reactants) decreases in the ord&FG6fL (55.9
kJ/mol) > 10C1 (33.8 kd/mol)> 1INC1 (20.0 kJ/mol). The
formation of the precursor complex is the first step in the course
of the 1 insertion reactions. The complexation energy trend
demonstrates thdt can readily undergo interaction with HF.

3.1.2. Transition StatesAs XH further approaches the p
orbital on the Si atom, the positive H atom moves toward the
o orbital on the Si atom so that the electrons are partially
donated into the antibondingf orbital (H atom) of XH to reach
the transition state (see Figure 2 (1)). The optimized transition
states,1FT, 10T, and1NT are given in Figures 3 and 4 (the
oxygen in water marked as O%*), whose single imaginary
vibrational frequency is 1084i cm(1FT), 1289i cnT(10T),
and 1301i cm*(INT). It should be mentioned that the primary
similarity in the three transition states is the three-centered
pattern involving Si, H, and the center atom of the X group.
The Si-H and Si-X distances inlFT, 10T, and INT are
(29.1%, 21.7%), (39.0%, 30.7%), and (45.9%, 36.2%) shorter
than those in the corresponding precursor complexes, respec-
tively. Additionally, the distances of the-XH bond to be broken
are 36.9% 1FT), 46.0% (LOT), and 54.7% INT) longer than
that of the corresponding precursor complexes. All these features
indicate that the HF insertion reaction arrives at the transition
state relatively early, whereas the plidsertion reaction reaches

insertion reactions in subsections 3.1 and 3.2, and then comparehe transition state relatively late. The activation energies from

the insertion reactivity ofl with that of 2 in subsection 3.3.
3.1. Insertions of 1 into X—H bonds (X = F, OH, and
NH,). The calculatiof has shown that the-complex structure

the corresponding precursor complex are in the ordetFaf
(54.6 kd/mol)< 10T (121.2 kd/mol)< INT (187.7 kJ/mol).
Also, the energies ofFT, 10T, and1NT are above those of
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Figure 1. Frontier molecular orbital analyses of the singlet silylengSPtthep-complex ) and the three-membered ring) somers of silylenoid
PhSiLi(OBu-t), HOMO (middle) and LUMO (right).
SCHEME 1
) Ph
L i Li " 7, _H
¥ 1\/0_,Bu_ , PIIITI\O/Bu-z Ph/\ /O/B“t Lin-But  ppe-Si
Phy, Phy) Phmt Phy /
PSS Phm=Si ,’S{ ™ phSia, >+
N i - T X/ LiOBu-t
X—H JH 1C1 1C2 p
X
- t-Bu
,_Bli ’B‘({) \ By Ph/,s H
0. Phw> 1
AN 0.
Ph /O\ — Phyy,, / \Li Phy, i//Li Ph, /! \ILi \X
pressi—1Li - %1 = PP\ L S A
/! e | H LiOBu-
f o2 i X" o X
X—H )é,H 2C1 2C2 x=) P

the reactants 1( + XH) by —1.3, 87.4, and 167.7kJ/mol, 0.358 (LFT), 0.392 (OT), and 0.395 INT), whereas the
respectively. On this basis, one can therefore conclude that theelectron charges of the H atom and the X group decrease by
1 insertion reaction into XH (%= F, OH) is essentially more  0.391 and 0.065 ilFT, 0.398 and 0.115 idOT, and 0.359
favorable than that into N Consequently, our theoretical and 0.167 inLNT. That is, there exists an electron transfer of
results are in complete accord with the Hammond postdfate, Si— H — X in the transition state (see Figure 2). The occupancy
which associates a reactant-like transition state with a smallernumbers of the SiH bond formed inLFT, 10T, and1NT are
barrier and a more exothermic reaction (vide infra). 1.923, 1.919, and 1.918, respectively. However, the Si- - -X
In comparison with those of the precursor complexes, the interaction is still very weak. It is indicated that the-$i bond
positive charge of the Si atom in transition states increases byformed earlier than the SiX bond

OB 3.1.3. Insertion Intermediateéfter getting over the transition
W u-t”

OBu-t state, the SiX bond forms gradually with the HX bond

rupturing. The LiOBuUt moiety separates gradually away from

the Si atom with the L+O distance reducing. Then, the insertion
Ph.\Sl Phl*s intermediate is formed. Geometries of three intermediates,
1FC2, 10C2, and INC2, are similar (see Figures 3 and 4).
Most of theo electrons on the Si atom are transferred to an H
/H5+ ¥ atom, causing the Si atom have 1.78FC2), 1.748 (OC2),

and 1.756 INC2) positive charges. The process from transition
Figure 2. Schematlc representations of the interactions betwegn Ph state to intermediate is also that of X reacting with Si from the
SiLi(OBu-t) (1 and2) and X—H bond. back of the O atom. In the intermediate, the-Zi distances
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Figure 3. Optimized geometries (bond length, A; bond angle, deg) of the reactiohstaXH (X = F, OH, NH,) at the B3LYP/6-31G(d) level.

have greatly shortened to 1.692 ARC2), 1.742 A (LOC?2), of intermediate increases in the orderd&fC2 (—239.2 kJ/mol)
and 1.750 A {NC2), which are almost equal to that in < 10C2(—135.2 kJ/mol)< INC2 (—60.3 kJ/mol).
corresponding product P&IHX (see Figures 3 and 4). In 3.1.4. Insertion Productahen the LiOBut moiety separates

addition, the S+O distance increases obviously, and the away completely from the Si atom, the silane®HX can be
interaction between them has become weak. So, the processbtained. The theoretical results show that all the insertion
discussed above is similar to aRZtype reaction mechanism.  products PsSiHX adopt a tetracoordinate conformation on the
In fact, the intermediate can be regarded as an electrostaticsilicon center (see Figures 3 and 4). As shown in Table 1, all
complex of silane PiSiHX with LiOBu-t. The relative energy  the insertion reactions df into XH (X = F, OH, NH,) are
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Figure 4. Optimized geometries (bond length, A; bond angle, deg) of the reactiohs-okH (X = F, OH, NH,) at the B3LYP/6-31G(d) level.

exothermic. The smallest enthalpy is the insertion reactidh of
+ NHs; system ¢47.0 kd/mol). The highest exothermicity is
predicted for thel + HF system 180.8 kJ/mol). These results
suggest even more thainsertion into HF proceed most easily
in three insertion reactions.

3.2. Insertions of 2 into X—H bonds (X = F, OH, and
NHy). The three-membered-ring structu2as the most basal

and the unoccupied p orbital of the singlet,8h(see Figure

1), respectively. The electron transfer-©Si — Li exists in2,
which makes it stable. But its energy is calculated to be 30.9
kJ/mol higher than that df at the B3LYP/6-31g(d) level. 18,

the main component of the HOMO concentrates on the Si atom
(theo orbital LPs; with occupancy number of 1.806), while that
of the LUMO concentrates on the Li atom with a little part of

isomer, and all the other isomers can interconvert with each it on the Si atom (the p orbital Ld* with occupancy number
other through &4 2 can be considered a complex of the singlet of 0.261). It is reasonable to say ti2also has amphilic property

PhSi with compound LiOBu; where the positive Li atom and
the negative O atom of LiOBtiact on the lone-paio orbital

in reactions, just likel. The three-membered ring would be a
reactive center, because each bond in it is “loose” and weak.
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Figure 5. The schematic diagrams of the potential energy curves of
thel + XH reactions (X=F, OH, NH,) at the B3LYP/6-31G(d) level.

As shown in Scheme 1, the insertion reaction @fito X—H
bonds take place under the Si atom.

3.2.1. Precursor Complexedhe initial formation of the
precursor complex for th@ + XH insertion is facilitated by
the interaction between the low-lying p orbital (LUMO) on Si
of 2 and theo orbital (HOMO) of XH. As shown in Figure 6,
in these precursor complexe®i-C1, 20C1, and 2NC1, the
Si- - -X distance decreases in the order26iC1 (3.445 A) >
20C1(3.052 A)> 2NC1(2.711 A), and the Si- - -H interaction
is very weak. It can be found from Table 2 that the donation of
o electrons of XH into the p orbital on the Si atom does occur.
In comparison with that o2, the positive charge of the Si atom
decreases by 0.02@QC1) and 0.016 ZNC1), which corre-
sponds to the occupancy number of IsFhcreasing by 0.011
(20C1) and 0.026 ZNC1). The stability energy (relative to the
corresponding reactants) decreases in the ord2F6fl (37.8
kd/mol) > 20C1 (29.4 kJ/mol)> 2NC1 (5.8 kd/mol).

3.2.2. Transition StatesAs shown in Figure 2 (2), two

Xie et al.

insertion reaction. One is the donation of the lone pair of
electrons on X into the p orbital on the Si atom. The other is
the donation of theo electrons on the Si atom into the
antibondings* orbital (H atom of X—H bond). Then, transition
state2FT, 20T, and2NT form (see Figure 6, oxygen in water
is marked as O*), whose only imaginary frequencies are 1100i
cm Y(2FT), 1435i cnt(20T), and 1577i cmi(2NT). In
transition states, part of the electrons on the Si atom are
transferred to the XH moiety, making the Si atom more positive,
1.303 @FT), 1.333 ROT), and 1.318ZNT) (see Table 2). The
Si—H bond distances are between 1.656207) and 1.679 A
(2NT). The occupancy numbers of the-&i bond in2FT, 20T,
and2NT are 1.875, 1.868, and 1.847, respectively. This suggests
that the Si-H bond has nearly formed. On the other hand, the
Si—X distance is in the order SiF (2.278 A)> Si—0O* (2.165

A) > Si—N (2.078 A). Considering that the interaction between
the Si atom and the center atom of the X group is the ligand
effect, the Si-X distance mainly depends on the strength of
the ligand. The strongest one is nitrogen indid the weakest

is fluorine in HF. Therefore, it does not come as a surprise that
the Si-F bond distance i2FT is longer than the SiO*
distance iROT and Si-N distance i2NT. The breaking X-H
bond is stretched by 31.56%KT), 36.74% ROT), and 36.90%
(2NT) relative to its equilibrium value in XH. On the basis of
the Hammond postulaf&,2FT should have the smallest and
2NT the highest activation barrier. This was fully confirmed
by the computation of activation barriers for these insertion
reactions. The activation energies from the corresponding
precursor complex are in the order 28.7 kJ/n&H#T) < 100.3
kJ/mol QOT) < 143.3 kJ/mol 2NT). Also, the energies &FT,
20T, and2NT are above those of the reactar@s+ XH) by
—9.1, 70.9, and 137.5 kJ/mol, respectively.

3.2.3. Insertion Intermediate and ProducAdter getting over
the transition stat@FT, Si—H and Si-F are formed gradually
with the LiOBu+t moiety leaving from the Si atom and the-1#
bond breaking off. The three-membered ring2rhas been
destroyed. The insertion intermedi2feC is formed (see Figure
6). In 2FC, the O-Si distance is 2.021 A, and the-Qi bond
shortens near to that in compound LiOBWBtructure2FC can
be considered a complex of silane,BMHF with compound
LiOBu-t. The relative energy 02FC is —234.0 kJ/mol. With
LiOBu-t being dissociated apart frogFC, the product silane
PhSiHF is obtained. The sum of the relative energies of Ph
SiHF and LiOBut is —211.7 kJ/mol, and the reaction is highly
exothermic. The intermediate structure, analogouaRG, for
the 2 + XH (X = OH, NH,) system is not obtained. After
passing through the transition state, the reaction leads to the
separate products, FBiHX (X = OH, NH,) and LiOBu+. The
reaction is exothermic by 135.6 kJ/mol for the- H,O system
and 77.9 kJ/mol for th@ + NH3 system.

3.3. Comparison between 1 and 2 InsertionsBoth 1 and
2 insertions into X-H bonds (X= F, OH, and NH) proceed
in a concerted manner via a three-membered-ring transition state
to form the same product, substituted silane3MHX with
dissociation of LiOBUt (see Figure 2). There is a very clear
trend toward lower activation barriers and higher exothermicity
on going from NH to H,O to HF for1 and2 insertions. The
explanation is connected with the nature of the XH hydrides
and with steric effects. Electronegativity of the center atom of
the X groups is in the order F O > N. So, the H atom of the
F—H bond has more positive charge. As shown in Figure 2, it
is easier for the high-lying orbital and the low-lying p orbital
on the Si atom to interact with the-fH bond than with G-H

electron donation effects contribute to the proceeding of the and N-H bonds. This interaction results in a lower barrier height
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2278, A 229

2FC2
Figure 6. Optimized geometries (bond length, A; bond angle, deg) of the reactiohs-okH (X = F, OH, NH,) at the B3LYP/6-31G(d) level.

for HF insertion. On the other hand, it is relatively difficult for and 30.7 kJ/mol (NB), respectively (see Figures 5 and 7). That
1 or 2 to approach the NEimolecule, considering the steric s to say, structur@ is more favorable for the insertion reactions
factor, and a higher barrier is therefore expected. of silylenoid PhSiLi(OBu-t) into the X—H bonds (X=F, OH,

As shown in Figure 2, botli and 2 isomers have amphilic ~ and NH,). According to the FMO theor? the reaction should
property, nucleophilicity in the high-lying orbital direction be governed by the energy difference between the HOMO of
and electrophilicity in the low-lying p orbital direction. The one reactant and the LUMO of the other. Therefore, we
activation energies of insertions are higher than those »f examined the FMO energy difference between reactants at
corresponding insertions by 7.8 kJ/mol (HF), 16.5 kJ/mold) B3LYP/6—31g(d) level. As the results in Table 3 demonstrate,
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Figure 7. The schematic diagrams of the potential energy curves of
the2 + XH reactions (X= F, OH, NH,) at the B3LYP/6-31G(d) level.

TABLE 3: Frontier Molecular Energies (au) for the
Reactants and Their Differences between the Reactants
Computed at B3LYP/6-31G(d) Methodt

reactants HOMO LUMO| HOMOXH LUMOXH AFMOA AFMOB

1+ HF —0.16660—0.02279 —0.37623 0.06165 0.35344 0.22825
1+ H,0O —0.16660 —0.02279 —0.29118 0.06262 0.26839 0.25922
1+ NH3 —0.16660 —0.02279 —0.25240 0.07860 0.22961 0.24520
2+ HF —0.16467 —0.04221 —0.37623 0.06165 0.33402 0.22632
2+ HO —0.16467 —0.04221 —0.29118 0.06262 0.24897 0.25729
2+ NH3; —0.16467 —0.04221 —0.25240 0.07860 0.21019 0.24327

a AFMO, = energy difference between LUMOf corresponding
isomer (L or 2) and HOMQ of reactant XH (HF, HO, or NH).
AFMOg = energy difference between LUMQ reactant XH and
HOMO, of corresponding isomer.

the lower FMO energy gag\FMO,a or AFMOg) was computed
to be2 as the reactant. Therefore, thesertion barriers should
be lower than those of the correspondih@nsertions.

Xie et al.

4. Concluding Remarks

1. Both1 and2 insertions into X-H bonds (X= F, OH, and
NHy) proceed in a concerted manner to form the substituted
silane PBSIHX with dissociation of LiOBut All insertion
reactions are exothermic.

2. The order of reactivity by or 2 insertion is HF> H,0 >
NHs. The results can be easily understood in terms of electronic
and steric effects.

3. Both1 and2 isomers have amphilic property, nucleophi-
licity in the high-lying o orbital direction and electrophilicity
in the low-lying p orbital direction2 is more reactive in the
insertion reactions into XH bonds (X= F, OH, and NH).

These findings in this paper prompt us to understand the
reactivity of silylenoid. In this case, silylenoid F8iLi(OBu-t)
reacts with HF easily, considering its barrier height. So, it could
be detected just at very low temperatére.
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