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Abstract—Quantum chemical study of conformational isomerization of 2-methyl-5-alkyl- and 5-aryl-1,3,2-
dioxaborinanes using RHF/6-31G(d) method led to the conclusion that the equilibrium between equatorial and
axial sofa conformers is shifted to the latter form. Based on the experimental and theoretically calculated
vicinal coupling constants Jyy the quantitative conformational composition and the values of AG® for

substituents at the C° ring atom were established.
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Interest to 1,3,2-dioxaborinanes is caused by ever-
increasing importance of these compounds in fine
organic synthesis (synthesis of enantiomeric alcohols
and polyenes), a complex of practically useful
properties (biologically active compounds, inhibitors
of corrosion, components of polymer and lubricating
materials), as well as their specific structure (electronic
and steric intramolecular interactions) [1-11]. Earlier
[1, 5], based on the NMR spectroscopy data, it was
shown that in conformational equilibrium of 2,5-
dialkyl-1,3,2-dioxaborinanes the equatorial conformer
predominates. By the use of empiric and semiempiric
calculations it was found that the potential energy
surface (PES) of the molecules of the studied
compounds contained the equatorial and axial sofa
conformers (Ce u Ca), which are interconverted via
the transition state of the 2,5-twist-form (2,5-7) [12].
The goal of this work was to study the conformational
isomerization and to determine quantitatively the
conformational composition of 2-methyl-5-alkyl- and
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R = Me (I), Et (II), i-Pr (IIT), allyl (IV), Bu (V), i-Bu (VI),
#-Bu (VII), Ph (VIII), Bz (IX).
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S-aryl-1,3,2-dioxaborinanes (I-IX) using the non-
empirical approximation RHF/6-31G(d) as imple-
mented in the HyperChem softwar [13], as well as the
"H NMR spectroscopy data.

The calculated parameters for the conformational
equilibrium of the studied compounds are given in
Table 1.
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According to the obtained results, the differences in
energy between the Ce and Ca forms (AFE) are from 0.6
to 3.4 kcal mol ', being minimal for the benzyl group.
Alkyl substituents, except for #-Bu, are characterized
by the AE value of 1.2-1.3 kcal mol ™. Introduction of
an olefinic fragment (allyl group) slightly decreases
this value, while for the phenyl group it is maximal. At
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the same time, the relative energy of the transition state
(AE?) is less sensitive to the nature of the substituent at
the C° atom of the ring and for the majority of the
studied cyclic boron esters falls within the interval
7.8-8.2 kecal mol ™', that practically coincides with the
known values of the experimental barriers of
interconversion for compounds of this class [14, 15].
Only 5-tert-butyl- and 5-benzyl-substituted analogs
have lower values of AE”.

The relative content of the conformers and the
values AG® of conformational equilibrium for esters I-
IX were estimated by the use of the experimental
(from the '"H NMR spectra: 3T 3JBX) and theoretical
(J4a IBa» J4e JBe) Vicinal spin-spin coupling constants
of the conformers with the relative content of N and 1-
N, respectively [16]:

Ui+ ey = NJao + Jpa) + (1 = N + T30,
AG’=—RTIn[N/(1 — N)].

Theoretical coupling constants, in turn, can be
determined from the modified Carplus equation [17],
using the torsional angles between the corresponding
protons in the conformers involved in the binary
equilibrium (Q45 Oy Pser 9. for the optimized
geometry). For esters II-IX, because of asymmetry of
substituent R with respect to the methylene protons at
the C* and C° atoms of the ring, these angles are
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Table 1. Energy (kcal mol™") parameters of conformational
equilibrium for esters I-IX and torsional angles between the
ring protons in the equatorial and axial conformers (deg)

Comp.
R AE | AE"| Qi | ©sa Pae | Pse

no.
1 CH;3 1.2 | 81 | 1743|552 | 481 | 71.1
II C,H;s 1.2 |79 1741 | 55.2 | 482 | 71.0
1742 | 54.8 | 49.0 | 70.2
mr |i-CsHy 1.3 |82 |173.0| 53.6 | 47.6 | 71.9
173.0 | 53.6 | 52.2 | 66.7
IV |CH,~CH=CH,| 0.9 | 7.8 | 173.8 | 54.8 | 49.8 | 69.2
173.7| 542 | 482 | 71.0
A% n-C4Hog 1.2 | 8.0 | 174.0 | 55.1 | 48.5 | 70.7
174.0 | 54.6 | 48.4 | 70.8
VI |i-C4Hy 1.3 | 82 ]175.0| 56.0 | 49.1 | 70.0
1745 | 55.1 | 47.3 | 71.9
VII |t-C4Hy 22 1691781579 | 456 | 72.6
178.1| 57.9 | 40.3 | 78.2
VIII | C¢Hs 34 | 7.8 | 1755 | 56.2 | 41.6 | 77.0
1755|562 | 41.5 | 77.1
IX |CH,—C¢Hs 0.6 | 63 |174.1| 551 | 481 | 71.1
1743 | 549 | 49.5 | 69.8

Table 2. Calculated and experimental spin—spin coupling constants (Hz), constant of conformational equilibrium and energy
parameters of substituents at the C* atom of the ring (kcal mol ")

Calculated spin-spin coupling constants Experimental 1,3-Dioxanes
Comp. no. R coupling constants N AG°
ia /3 e *Tpe *Jax *Jsx AH AG°
I CH; 11.6 4.8 3.4 2.6 10.0 4.8 0.85 1.0 0.8-1.1 | 0.6-1.0
II C,Hs 11.7 4.8 3.4 2.6 10.3 43 0.82 0.9 0.7-0.8 | 0.7-0.8
11.7 4.9 3.3 2.7
I i-C;H; 11.7 5.1 3.5 2.5 10.0 4.5 0.79 0.8 1.0-1.2 1.1
11.7 5.1 29 3.2
v CH,-CH=CH, | 11.7 4.9 32 2.8 10.2 3.8 0.75 0.7 - -
11.7 5.0 3.4 2.6
A% n-C4Hy 11.7 4.9 3.4 2.7 10.2 43 0.80 0.8 - -
11.7 4.9 3.4 2.6
VI i-C4Hy 11.7 4.7 33 2.7 10.7 3.7 0.80 0.8 - -
11.7 49 3.6 2.5
A% 11 -C4Hy 11.6 44 3.8 24 10.9 4.1 0.9 1.3 1423 | 1.4-1.8
11.6 44 4.6 1.9
VIII C¢Hs 11.7 4.7 4.4 2.0 10.1 4.9 0.86 1.1 - 1.0
IX CH,-C¢Hs 11.7 49 3.4 2.6 10.8 4.5 0.88 1.2 - -
11.6 49 3.2 2.8
RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 80 No. 5 2010
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somewhat different (Table 1); in this case additional
terms were introduced to the right part of the equation
for calculation of N, and the sum of the experimental
coupling in the left part was doubled.

The obtained results (Table 2) show that the value
of AG" for the majority of the alkyl substituents at the
C’ in 1,3,2-dioxaborinanes vary within 0.8—
1.0 kcal mol ™, and for the Ph and #-Bu groups is equal
to 1.1 and 1.3 kcal mol', respectively. These data are
very close to the observed values of AH and AG” in the
similarly substituted nonboron analogs, 1,3-dioxanes
[18]. The lowest value of the free conformational
energy is observed for the 5-allyl derivative (ester IV).
It should be noted that according to the 'H and “C
NMR analysis, 2-oxy-5-methyl-1,3,2-dioxaborinane is
characterized by a lower concentration of the
equatorial form (75%) [2]. This is in agreement with a
lower, as compared to the present work, value of AG°
for methyl group (~0.7 kcal mol’', 298 K).
Nevertheless, the obtained data allow to conclude that
the character of interaction of the substituents at the C°
atom with the heteroatom fragment of the ring is
identical both in 1,3-dioxanes and in 1,3,2-
dioxaborinanes. The main difference between these
two classes of heterocyclic compounds consists in a
larger conformational flexibility of the molecules of
the six-membered cyclic boron esters due to the
absence of steric interactions in the heteroatomic
fragment of the ring [1, 10, 15].

EXPERIMENTAL

Boron-i-Pr and boron-i-Bu analogs of esters I-IX
are described in [19], and some 'H NMR spectra — in
refs. [5, 12]. NMR spectra for esters II and VIII were
registered on a AM-250 Bruker spectrometer with
working frequency 250 MHz for 10% solutions in
CDCl; with TMS as an external standard.

Simulation of conformational isomerization was
performed by optimization of geometry of the mole-
cules of esters I-IX with variation of the endocyclic
torsional angle OCCC within +50°. The route of
interconversion and the values of potential barriers
were found using the procedure for search of transition
states as implemented in the HyperChem software
[13]. The stationary points on the PES as transition
states (form 2,5-7) were confirmed by the presence of
one imaginary frequency of the Hessian matrix.

The modified Carplus equation has the form [17]:

3JHH = Plcosz(p + Pycosp + P;
+ XAY[Ps + Pscos (&0 + PelAxi))],

where Ay; is the difference of electronegativities
between the substituents of the corresponding ethane
fragment and hydrogen, ¢ is the calculated torsional
angle between the interacting protons, &; is equal to +1
depending on the orientation of the substituents at the
carbon atoms of the ethane fragment, P,—P¢ are
parameters depending on the degree of substitution in
the fragment. For its solution the numerical values of
parameters P—P; for fragments with three substituents
were used: P, = 13.22, P,=-0.99, P;=0, P,= 0.87,
Ps = 246, Ps~=19.9°, as well as the values of
electronegativities from [20]. The AG® value was
determined for temperature 298 K, at which the 'H
NMR spectra were registered.
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