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Abstract

The molecular mechanism of elimination of the trimethylsilyl bromide (2) from 2-(trimethylsilyloxy)-3-bromo-3-methyl-
isoxazolidines (1a-d) has been analyzed within the molecular electron density theory using density functional theory
calculations at the M06-2X(PCM)/6-31+G(d) computational level. These elimination reactions take place via a two-step
mechanism involving an intermediate. Bonding evolution theory analysis allows to set apart seven phases along the reac-
tion path. Elimination of trimethylsilyl bromide starts with rupture of the C1-Br2 bond of 2-(trimethylsilyloxy)-3-bromo-
3-methyl-isoxazolidine (1a). Thereafter, we observed the formation of the N5—C1 double bond and the last step of this
elimination is associated with formation of a new Br2—Si3 bond and breaking of the Si3—O4 bond.

Keywords Elimination - Trimethyl bromide - Isoxazolidines - Molecular electron density theory - Bonding evolution

theory - Electron localization function

1 Introduction

Thermal elimination reactions are the most universal strat-
egy for the stereoselective formation of unsaturated C=C
systems. For this purpose, processes of the decomposition of
amine N-oxides (Cope reaction) [1, 2], ammonium hydrox-
ides (Hoffman reaction) [1], xanthates (Chugaev reactions)
[1, 3, 4], alkyl carboxylates [5, 6], nitrocompounds [7, 8] as
well as fluoroazoxy compounds [9, 10] can be applied. In the
academic literature, it is generally assumed that these types
of processes proceed according to the “concerted” mecha-
nism via six- or five-membered, pericyclic transition state.
Howeyver, the last discoveries in the field of molecular mech-
anisms of organic reactions undermine this insight [11]. For
example, the comprehensive exploration in the framework
of the MEDT study [12] shows without any doubts that the
benzoic acid elimination from nitroalkyl esters should be
treated as the one-step, multistage pseudocyclic reaction
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[13, 14]. For similar conclusion, is provided in the quantum
chemical studies of nitrous acid [7, 8] and fluorodiazo acid
[10] eliminations. On the other hand, in thermal conditions,
any ionic mechanism may not compete with the one-step
mechanism. For this purpose, the presence of Lewis acids
[15, 16] or cations of the ionic liquids [17] is necessary.

Recently, loffe and co-workers [18] described interest-
ing strategy for the preparation of five-membered, internal
nitronic esters which is based on the elimination of the tri-
methylsilyl bromide (2) from 2-(trimethylsilyloxy)-3-bromo-
3-methyl-isoxazolidine systems (1la—d).

This process is realized under relatively mild conditions
and without intervention of toxic reagents. So, it may be
attractive alternative for traditional protocol for prepara-
tion of five-membered, internal nitronic esters based on the
transformations of mercuric nitroform salts [19-22]. Unfor-
tunately, the molecular mechanism of the transformation
described by loffe [18] is unknown. Therefore, we decide to
shed light on the nature of the mentioned elimination. This
can be better understand the factors, which may be deter-
mined scope of the applications of title reaction, and, in the
consequence more optimal planning of organic syntheses if
widely range of five-membered, internal nitronates.

In order to understand the energetics as well as molecular
mechanistic aspects of the elimination, a MEDT study [12]
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of the title reaction was carried out at the M06-2X(PCM)/6-
314G(d) computational level, in which a combination of:
(i) a DFT study of molecular mechanism of elimination
of trimethylsilyl bromide (2) from 2-(trimethylsilyloxy)-
3-bromo-3-methyl-isoxazolidines (la—d) (Scheme 1), (ii)
ELF topological analysis of 2-(trimethylsilyloxy)-3-bromo-
3-methyl-isoxazolidine (1a) and (iii) a BET analysis of the
elimination reaction of trimethylsilyl bromide (2) from 1a,
was employed. This approach, as we have proved, is effective
tool for studying the molecular mechanism of various types
of reactions [13-17].

2 Computational details

All calculations associated with the elimination of trimethyl-
silyl bromide (2) from 2-(trimethylsilyloxy)-3-bromo-3-me-
thyl-isoxazolidines (1a—d) were performed using the Gauss-
ian 16 package [23] in the Prometheus computer cluster of
the CYFRONET regional computer centre in Cracow. The
geometries of all reactants, transition state structures (TSs)
and products of the reactions were fully optimized using the
MO06-2X functional [24] together with the 6-31+G(d) basis
set. This computational level has already been successfully
used for the exploration of a reaction involving several dif-
ferent nitrocompounds and others [25-27]. Critical points
were characterized by frequency calculations. All reactants
and products had positive Hessian eigenvalues. All TSs had
only one negative eigenvalue in their diagonalized Hessian
matrices, and their associated eigenvectors were confirmed
to correspond to the motion along the reaction coordinate
under consideration. TSs were located using the (QST2)
algorithm. Intrinsic reaction coordinate (IRC) calculations
[28] were performed in all cases to verify that the located
TSs are connected to the corresponding minimum critical
points associated with reactants, products and intermedi-
ates. The polarity of the reaction environment was simu-
lated using a relatively simple self-consistent reaction field
(SCRF) [29, 30] based on the polarizable continuum model
(PCM) of Tomasi’s group [31, 32]. The values of enthalpies,
entropies and Gibbs free energies were calculated with the
standard statistical thermodynamics at 25 °C and 1 atm [33].

Me - BrSiMe;

Br 2 Me
[ N SiMes /[’\<N\
RN O r.t., DCM, up to 78% R0 O@
1a-d 3a-d

R =H (a), MeO (b), COMe (c), COOMe (d)

Scheme 1 General scheme of elimination trimethyl bromide (2) from
2-(trimethylsilyloxy)-3-bromo-3-methyl-isoxazolidines (1a—d)
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The topological analyses of the electron localization func-
tion (ELF) were performed with the TopMod [34] program
using the corresponding M06-2X/6-31+G(d) monodetermi-
nantal wave functions. ELF calculations were computed over
a grid spacing of 0.1 a.u. for each structure, and ELF locali-
zation domains were obtained for an ELF value of 0.75. For
the BET [35] studies, the corresponding reaction paths were
followed by performing the topological analysis of the ELF
for at least 76 nuclear configurations along the IRC paths.

3 Results and discussion

The MEDT study has been shared in three sections: In
Sect. 3.1, the reaction profiles associated with the elimina-
tion of trimethylsilyl bromide (2) from 2-(trimethylsilyloxy)-
3-bromo-3-methyl-isoxazolidines (la—d) are analyzed,
in Sect. 3.2, the ELF analysis of 2-(trimethylsilyloxy)-
3-bromo-3-methyl-isoxazolidine (1a) is performed and in
Sect. 3.3, a BET analysis of the elimination of trimethylsilyl
bromide (2) from 2-(trimethylsilyloxy)-3-bromo-3-methyl-
isoxazolidine (1a).

3.1 Study of the reaction path associated
with the elimination of trimethylsilyl bromide
(2) from 2-(trimethylsilyloxy)-3-bromo-3-me-
thyl-isoxazolidines (1a-d)

From formal point of view, the most probable sce-
nario of elimination of trimethylsilyl bromide (2) from
2-(trimethylsilyloxy)-3-bromo-3-methyl-isoxazolidine (1a)
is a one-step mechanism (Scheme 2, path A), which may
be realized via synchronical or non-synchronical transition
state. However, ionic E1-type (path B) or Elcb-type (path C)
mechanisms theoretically are also possible in some degrees.
Therefore, all of these possibilities have been explored.

In our study, we started from the analysis of reaction pro-
file of elimination from parent N-oxide 1a. Unexpectedly,
all attempts for optimization of the TS which may be con-
nected with the transition state in the channel A were not
successful. The DFT simulations show without any doubts
that between valleys of starting molecule and products exist,
not one, but three critical points, which can be connected
with two transition states (T'S1a and TS2a) and intermediate
(IPa), respectively (Fig. 1).

The conversion of starting molecule leads in the first reac-
tion stage to the energetic maximum one, which can be con-
nected with the TS1a structure. This is accompanied with
increasing Gibbs free energy about 7 kcal/mol and slight
reduction of the entropy (Table 1). Within the TS1a, the
C1-Br2 single bond is broken and the rehybridization on the
C1 carbon atom is observed. In the consequence, the N2—-C1
bond decreases to 1.32 A. So, the localized transition state
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Scheme 2 Theoretically possi- t

ble mechanisms for elimination Me
of 2 from 2-(trimethylsilyloxy)-

__-Br
N /SiMe3
dines (1a) o e

3-bromo-3-methyl-isoxazoli-

TS1a

IPa

TS2a

Fig. 1 MO06-2X/6-31+G(d) geometries of TSs and intermediate
associated with the elimination of trimethylsilyl bromide (2) from
2-(trimethylsilyloxy)-3-bromo-3-methyl-isoxazolidine (1a)
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should be connected with the E1-type mechanism according
to the channel B (Table 2).

Further conversion of the reaction system leads to the val-
ley of the intermediate IPa. This intermediate is non-stable
from thermodynamic point of view, because its Gibbs free
energy is higher about 6 kcal/mol than in the case of the
starting molecule. Within the IPa, the distance C1-Br2 is
equal to 3 A, whereas the N5-C1 connection exhibits nature
of double bond (1.283 A). The analysis of population of the
Mulliken charges shows that this intermediate can be con-
sidered as the ionic pair. Its further conversion proceeds via
second transition state TS2a. This requires increasing Gibbs
free energy about 21.1 kcal/mol. Within this transition state,
the Si3—04 single bond is broken. At the same time, the new
Br2-Si3 single bond is formed. The IRC calculations con-
nect this critical point with the valleys of IPa (from the first
side) and products (from the second side) (Tables 1 and 2).

In the next step, the influence of the polarity solvent on
the reaction course has been examined. For this purpose,
we compared key geometrical and energetical parameters of
critical structures optimized in the simulation in the presence
of benzene (w=2.271), acetone (w =20.493), nitromethane
(w=36.562) and water (w=78.355) (Tables 1 and 2). It
was found that independently of solvent polarity, the trans-
formation of 1a molecule into 2 +3a molecular system
proceeds according to analogous mechanism. In all cases,
three critical points between valleys of substrate and prod-
ucts have been identified. So, the nature of reaction profiles
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Table 1 Key energetical parameters of trimethylsilyl bromide (2) elimination from isoxazolidines (la—-d) according to M06-2X(PCM)/6-

31+G(d) calculations

Solvent Starting molecule Transition AH (kcal/mol) AS (cal/molK) AG (kcal/mol)
Me
[N Br SiMes
R o ~0
1a-d
R
Benzene H la—TSla 6.0 —atioa3.8 7.1
la—TPa 5.8 -0.3 5.8
la—>TS2a 20.3 -2.6 21.1
la—2+3a 12.5 44.7 -0.9
Acetone H la—TSl1a 7.6 -04 7.7
la—TPa 2.7 23 2.1
la—TS2a 20.5 1.2 20.1
la—2+3a 11.3 41.1 -0.9
Nitromethane H la—TSl1a 7.7 —-14 8.1
la—1IPa 24 24 1.7
la—TS2a 20.3 1.9 19.8
la—2+3a 11.2 40.8 -1.0
Water H la—TSl1a 7.7 -2.0 8.3
la—1IPa 2.1 2.5 14
la—TS2a 20.2 2.6 19.5
la—2+3a 11.0 42.0 -15
Benzene MeO 1b— TS1b 5.5 —-1.5 5.9
1b—1IPb 5.7 6.8 3.7
1b— TS2b 223 -6.5 242
1b—2+3b 14.6 43.5 1.6
COMe lc—TSlc 94 -2.6 10.2
lc—1IPc 9.7 35 8.6
1c—>TS2c 23.7 -14 24.1
lc—2+3c 15.5 42.1 2.9
COOMe 1d—TS1d 11.0 -22 11.7
1d—1IPd 11.6 23 10.9
1d—>TS2d 25.6 0.0 25.6
1d—2+3d 16.9 47.2 2.9

of considered processes is very similar. Their quantitative
description is only different in some degrees. In particular,
the Gibbs free energies of transition states in more polar
solvent are slightly lower than in the benzene solution. On
the other hand, the more polar solvents stabilize significantly
the ionic intermediate IPa. In consequence, its Gibbs free
energy in nitromethane is 1.3 kcal/mol lower than in the
benzene solution.

Finally, other molecular systems (1b-d) including
2-(trimethylsilyloxy)-3-bromo-3-methyl-isoxazolidine
moiety have been examined in similar type transformations
(Tables 1, 2). It was found that the nature of the substituent

@ Springer

stimulates in some degrees the quantitative description of
critical point on reaction profile. In particular, the presence
of electron-donating substituents decreases the first acti-
vation barrier and increases thermodynamical stability of
ionic pair. On the other hand, the presence of electron-with-
drawing substituents increases the first activation barrier,
with decreasing of the thermodynamical stability of ionic
pair. It should be underlined, however, that independently
of the nature of substitution of 5 positions of heterocyclic
system, the elimination of the trimethylsilyl bromide pro-
ceeds according to the same, stepwise, E1-type mechanism.
Thus, the proposed molecular mechanism can be treated
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Table2 Key geometrical parameters of trimethylsilyl bromide (2) elimination from isoxazolidines (la—d) according to M06-2X(PCM)/6-
31+G(d) calculations

Solvent Starting molecule Critical Interatomic distances [r (A)]
Me structure
ﬁ \Br,SiMe3
R o o
1a-d
R
C1-Br2 Br2-Si3 Si3-04 0O4-N5 N5-C1
Benzene H la 2.004 4.389 1.715 1.380 1.447
TS1a 2.419 3.769 1.762 1.330 1.320
IPa 2.921 3.972 1.787 1.318 1.283
TS2a 3.185 2.568 2.056 1.280 1.282
2 2.261
3a 1.241 1.297
Acetone H la 2.011 4.690 1.722 1.379 1.446
TS1a 2.320 3.695 1.756 1.338 1.340
IPa 3.087 4.116 1.787 1.318 1.281
TS2a 3.242 2.646 1.984 1.290 1.282
2 2.276
3a 1.252 1.293
Nitromethane H la 2.012 4.691 1.723 1.379 1.445
TS1a 2.315 3.691 1.756 1.339 1.342
IPa 3.095 4.125 1.787 1.318 1.281
TS2a 3.248 2.649 1.981 1.290 1.282
2 2277
3a 1.253 1.293
Water H la 2.013 4.691 1.723 1.379 1.445
TS1a 2312 3.688 1.756 1.339 1.343
IPa 3.101 4.130 1.787 1.318 1.281
TS2a 3.251 2.654 1.979 1.291 1.282
2 2.278
3a 1.253 1.293
Benzene MeO 1b 2.003 4.313 1.716 1.379 1.451
TS1b 2.586 3.811 1.772 1.324 1.302
IPb 2.988 3.910 1.787 1.317 1.281
TS2b 3.096 2.566 2.076 1.277 1.283
3b 1.237 1.295
COMe 1c 2.000 4.250 1.715 1.379 1.451
TS1c 2.642 3.879 1.778 1.321 1.296
IPc 2.990 3.907 1.790 1.315 1.281
TS2c 3.139 2.571 2.063 1.279 1.283
3c 1.239 1.296
COOMe 1d 1.992 4.699 1.721 1.375 1.451
TS1d 2.699 3.927 1.783 1.319 1.291
IPd 2.884 3.923 1.791 1.315 1.282
TS2d 3.087 2.565 2.085 1.276 1.282
3d 1.236 1.297
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Fig.2 Representation of ELF attractors together with valence basin population, ELF localization domains and the proposed Lewis structure of

la

as general scheme for some range of 2-(trimethylsilyloxy)-
isoxazolidine systems.

3.2 ELF topological analysis
of 2-(trimethylsilyloxy)-3-bromo-3-methyl-isox-
azolidine (1a)

First, we decided to analyze the electronic structure of reac-
tant. For this purpose, a topological analysis of the ELF of
2-(trimethylsilyloxy)-3-bromo-3-methyl-isoxazolidine (1a)
was performed. The ELF attractors, including the valence
basin populations, ELF localization domains and the pro-
posed Lewis structure from the ELF topological analysis
for 1a, are shown in Fig. 2. ELF topological analysis of 1a
shows the presence of four disynaptic basins: V(Si3,04),
V(N5,C1), V(C1,Br2) and V(04,N5) with electron popu-
lations of 1.50 e, 2.11 €, 1.28 € and 1.04 e. We also find
six monosynaptic basins: V(04) and V'(04), with electron
populations of 2.35 e and 2.67 e and V(Br2), V'(Br2) and
V" (Br2) with total population of 7.39 e and V(NS5) with elec-
tron population of 2.45 e.

According to the Lewis structures, V(N5) monosynap-
tic basin, integrating 2.45 e is associated with lone pair. It
is worth noting that two disynaptic basins V(C1,Br2) and
V(04,N5) with electron populations of 1.28 e and 1.04 e
have low electron population and should be treated as partial
single bond (Fig. 2).

3.3 BET study of the elimina-
tion of trimethylsilyl bromide (2)
from 2-(trimethylsilyloxy)-3-bromo-3-me-
thyl-isoxazolidine (1a)

The BET study of the elimination of trimethylsilyl bromide
(2) from 2-(trimethylsilyloxy)-3-bromo-3-methyl-isoxazoli-
dine (1a) indicates that this reaction is topologically charac-
terized by seven different phases. The population of the most
meaningful valence basins of the selected points of the IRC
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is included in Table 3. The attractor positions of the ELF
for the important points along the IRC are shown in Fig. 3,
while the basin population changes along the reaction path
are graphically depicted in Fig. 4.

Phase 1, 3.79 A <d(C1-Br2)<4.10 A, 8.29 A>
d(Br2-Si3) > 6.98 A and 3.24 A <d(Si3—04)<3.28 A
,begins at the P1. This point is the interrupt of the IRC from
TS toward the isolated 2-(trimethylsilyloxy)-3-bromo-3-me-
thyl-isoxazolidine (1a).The ELF picture of P1 represents
small changes in ELF valence basin electron populations of
1a. ELF analysis of P1 shows slight increase in the popula-
tion of V(Si3,04), V(O4,N5), V(N5,C1) disynaptic basins.
In other side, the population of V(C1,Br2) disynaptic basin
progressively decreases.

Phase 11, 4.10 A <d(C1-Br2)<4.57 A, 6.98 A<
d(Br2-Si3)<7.12 A and 3.28 A <d(Si3-04) <3.33 A, starts
at P2. At this point, described by fold F catastrophe, the
first noticeable topological change along the IRC occurs in
this phase. In this phase, we observed the disappearance of
the disynaptic basin V(C1,Br2). We also notice that a new
V(C1) and V’*’(Br2) monosynaptic basins integrating 0.40e
and 2.08 e are established at P2. This new V(C1) monosyn-
aptic basin is associated with the pseudoradical center at the
C1 carbon of the structure P2.

Phase III, 4.57 A<d(C1-Br2)<5.14 A, 7.12 A
<d(Br2-Si3)<7.28 A and 3.33 A <d(Si3-04)<3.37 A,
which begins at TS1a, the next significant topological
change along the reaction path takes place. In this point,
described by fold F catastrophe, we observed the disap-
pearance of a V(C1) monosynaptic basin, the disappear-
ance of V(N5) monosynaptic basin achieved the smallest
value 1.93e, and the V(04) monosynaptic basin split into
two V(04) and V’(04) monosynaptic basins, integrating
2.23 e and 2.66 e. In this phase, there is a first transition
state (TS1a) of the elimination of trimethylsilyl bromide
(2) from 2-(trimethylsilyloxy)-3-bromo-3-methyl-isoxazo-
lidine (1a); d(C1-Br2)=4.57 A, d(Br2-Si3)=7.12 A and
d(Si3-04)=3.33 A (Table 3, Fig. 3).



Theoretical Chemistry Accounts (2019) 138:81

Page7of 10 81

Table 3 ELF valence basin

. i Structures la P1 P2 TS1a P3 IPa P4 TS2a 2+43a
populations, distances of the .
breaking and forming bonds Catastrophes F F ¢ F ¢ F
for the structures of the IRC, Phases I Jii ik v 1% VI Vil
1a—2+ 3a, defining the
seven phases characterizing d(C1-Br2) 3786 3.880  4.097  4.571 5139 5520 5.895  6.018  6.337
the molecular mechanism d(Br2-Si3) 8293 6797 6981  7.122 7283 7706 5471  4.853 4273
of the elimination of
trimethylsilyl bromide (2) from d(Si3-04) 3.240 3.265 3.281 3.329 3.367 3.378 3.527 3.885 5.375
2-(trimethylsilyloxy)-3-bromo- d(O4-N5) 2.607 2.569 2.550 2514 2.493 2.489 2.447 2.419 2.346
3-methyl-isoxazolidine (1a) d(N5-C1) 2735 2695  2.622 2495 2436 2425 2418 2424 2451
V(C1,Br2) 1.28 1.09 0.47
V(C1) 0.40
V(Br2) 1.87 2.83 3,46 1.53 1.94 2.88 4.72 447 2.32
V'(Br2) 2.82 3.42 3.01 3.03 291 2.69 3.19 3.14 2.34
V"(Br2) 2.70 1.22 1.29 2.44 2.34 3.05 242
V"(Br2) 2.08 1.41 1.31
V(Br2,Si3) 0.62 1.11 1.56
V(Si3,04) 1.50 1.54 1.57 1.49 1.48 143 1.36
V(04) 2.35 497 4.86 223 2.51 2.61 2.32 2.63 2.83
V’(04) 2.67 2.66 2.36 2.35 2.56 351 3.11
V(04,N5) 1.04 1.09 1.11 1.12 1.18 1.24 1.32 1.37 1.58
V(N5) 2.45 2.34 2.20 1.93
V(N5,C1) 2.11 222 2.37 2.76 2.33 2.13 2.17 2.12 2.16
V’(N5,C1) 2.14 2.27 2.11 2.14 223

.
Distances are given in angstroms A and electron populations in average number of electrons, e

P2 TS1a

Fig.3 ELF attractor positions for the most relevant points along
the IRC associated with the rupture of C1-Br2 bond and formation
of double bond between N5 and C1 atoms during the elimination of

Phase 1V, 5.14 A <d(C1-Br2)<5.52 A, 7.28 A<
d(Br2-Si3)<7.71 A and 3.37 A <d(Si3-04) <3.38 A, starts
at P3 and is featured by cusp C” catastrophe. In this phase,
the next most important topological change along the reac-
tion path takes place; the V(N5) monosynaptic basin disap-
pears, and a new V’(N5,C1) disynaptic basin integrating
2.14e is formed. This new V’(N5,C1) disynaptic basin is
associated with the formation of a double bond between N5
and C1 atoms.

J II

R o
“'1\/3&\ El‘ ‘—0
el

P3

trimethylsilyl bromide (2) from 2-(trimethylsilyloxy)-3-bromo-3-me-
thyl-isoxazolidine (1a)

At IPa, 5.52 A<d(C1-Br2)<5.90 A, 7.71 A>
d(Br2-Si3)>5.47 A and 3.38 A <d(Si3-04)<3.53 A, com-
mences the Phase V, which is described by fold F catastro-
phe. At this phase, the V’’’(Br2) monosynaptic basin dis-
appears. We find in this phase an intermediate (IPa) of the
studied reactions; d(C1-Br2)=5.52 A, d(Br2-Si3)=7.71 A
and d(Si3-04)=3.38 A (Table 3, Fig. 3).

Phase VI, 5.90 A <d(C1-Br2)<6.02 A, 547 A>
d(Br2-Si3)>4.85 A and 3.53 A <d(Si3-04) <3.89 A, starts
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IPa

P4 TS2a

Fig.4 ELF attractor positions and basins for the most relevant points along the IRC associated with the formation of the Br2-Si3 bond and rup-
ture of the Si3—04 bond during the elimination of trimethylsilyl bromide (2) from 2-(trimethylsilyloxy)-3-bromo-3-methyl-isoxazolidine (1a)

at P4. At this point, described by cusp C catastrophe, a new
V(Br2,Si3) disynaptic basin appears with the population
0.62e as a consequence of the disappearance of a V’’(Br2)
monosynaptic basin integrating 3.05e.

Finally, the last Phase VII, 6.02 A< d(C1-Br2)<6.34 A,
4.85 A>d(Br2-Si3)>4.27 A and 3.89 A <d(Si3-04)
<5.38 10\, begins at TS2a, which is described by fold F
catastrophe. At this point, the next significant topological
change takes place; a V(Si3,04) disynaptic basin integrat-
ing 1.36e disappears. This phase begins at second transition
state (TS2a) of the analyzed reaction; d(C1-Br2) =6.02 ;\,
d(Br2-Si3)=4.85 A and d(Si3—-04)=3.89 A (Table 3,
Fig. 4). In products of reaction 2+ 3a, we also observed the
formation of V’’(Br2) monosynaptic basin integrating 2.42e.

From the BET analysis of this elimination of trimethylsi-
lyl bromide (2) from 2-(trimethylsilyloxy)-3-bromo-3-me-
thyl-isoxazolidine (1a), some interesting conclusions can be
drawn: (i) BET analysis allows to distinguish seven phases
along the reaction path which have been grouped into four
Groups A-D (Table 4); (ii) Group A, which includes Phases
I-I1, is associated with the rupture of the C1-Br2 bond of
2-(trimethylsilyloxy)-3-bromo-3-methyl-isoxazolidine (1a);
(iii) the rupture of this bond leads to formation of two C1
and Br2 pseudoradical centers; (iv) Group B, containing
Phases III-V, is mainly associated with the formation of
the N5—C1 double bond; (v) Group C, including Phase VI,
is related to formation of a new Br2-Si3 bond. It is worth

@ Springer

noting that when the Br2-Si3 bond is formed, the Si3—04
bond is not broken yet. (vi) The breaking of the Si3—04 bond
takes place in the last Phase VII, which is included in the
last Group D. In this group, we also observed the formation
of the products of reaction 2 and 3a.

4 Conclusions

The reaction of elimination of trimethylsilyl bromide (2)
from 2-(trimethylsilyloxy)-3-bromo-3-methyl-isoxazolidines
(1a—-d) has been studied using DFT methods at the M06-
2X(PCM)/6-31+G(d) computational level through the com-
bination of the exploration and characterization of the reac-
tion profiles associated with the elimination of trimethylsilyl
bromide (2) from 2-(trimethylsilyloxy)-3-bromo-3-methyl-
isoxazolidines (1a—d) and analysis based on MEDT theory.
The title elimination reactions of trimethyl bromide (2) from
2-(trimethylsilyloxy)-3-bromo-3-methyl-isoxazolidines
(1la—d) become via a El-type two-step mechanism. BET
analysis of the elimination of 2 from 1a indicates that this
reaction begins with rupture of the C1-Br2 bond. Succes-
sively, we observed the formation of N5—C1 double bond
and next the bond between atoms Br2 and Si3. And the last
stage of the reaction is the rupture of the Si3—04 bond.
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Table 4 Sequential bonding changes takes place the elimination of trimethylsilyl bromide (2) from 2-(trimethylsilyloxy)-3-bromo-3-methyl-isox-
azolidine (1a), showing the equivalence between the topological characterization of the different phases and the chemical processes occurring
among them. Distances are given in angstroms, A

Me ... Me . Me
\Br \ B \ B
C1 | Co I C Il
r s © ==
O/NE’ ‘4./S|Me3 O/N\\__/SIMeg O/Ns\ /SIM83
Q Q
P1 P2 TS1a
Me B Me Me
\ ‘Br: \ :Br: \ B
G IV C " v ¢ B VI
e e G N W
O/N‘ (_j/Sll\/le3 O/N‘ 5 .SiMe3 o—N-_.._-SiMe;
P3 IPa P4
Me M?
C :EISr: VI C :||3r:
\ SiM r|\|1 SiM
N iMe iMe
o— '~ ‘.C')i 3 o— \O 3
TS2a 2+3a
Group Phases d,(C1-Br2) Topological Chemical process
d,(Br2-Si3) characterization
d5(Si3-04)
A - 3.88<d,<4.57 Disappearance of the V(C1,Br2) disynaptic basin and formation of Rupture of the C1-Br2 bond
6.80<d,<7.12 V(C1) and V’*’(Br2) monosynaptic basins
3.27<d;<3.33
B -V  4.57<d,<5.90 Formation of the V’(N5,C1) disynaptic basin and disappearance of Formation of the N5-C1 double bond
7.12<d,<5.47  V(N5) monosynaptic basin
3.33<d;<3.53
C VI 5.90<d,;<6.02 Formation of the V(Br2,Si3) Formation of the Br2-Si3 bond
7.47>d,>4.85 disynaptic basin
3.53<d;<3.89
D Vil 6.02<d,<6.34 Disappearance of the V(Si3,04) disynaptic basin and formation of the Rupture of the Si3—O4 bond

485>d,>4.27
3.89<d;<5.38

V’’(Br2) monosynaptic basin in product of reaction
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