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ANALYSIS OF THE CONFORMATIONAL
COMPOSITION OF THE 4,5- AND 5,6-DIMETHYL-
1,3,2-OXAZABORINANE STEREOISOMERS

V. V. Kuznetsov

An energy for the molecules of cis and trans 4,5- and 5,6-dimethyl-1,3,2-oxazaborinanes, and of model
1,3,2-oxazaborinanes and tetrahydro-1,3-oxazines with full geometric optimization has been calculated
using empirical (MM2) and semiempirical (AM1) methods. From a comparison of experimental and
calculated coupling constants and the relative energies of individual conformers it follows that molecules
of the cyclic boron esters form a multicomponent equilibrium system, comprizing sofa and half-chair
Jorms with an equatorial orientation of the N—-H bond.

Systematic stercochemical investigations of substituted 1,3,2-oxazaborinanes have shown that a sofa or an
equilibrium state between sofa invertomers is the preferred conformation for the majority of these compounds
[1.2]. The possibility of one of the flexible forms participating in a conformational equilibrium has been assumed
for the interpretation of the NMR data in several studies [2-5]. The complexity of assessing the relative stability of
such forms within the framework of CNDO [6], due to incomplete estimates of the energy of electron exchange in
the heteroatomic fragment [7,8], makes it probable that conformational assignments based on NMR data are
mistaken. The aim of the present work was therefore to investigate the conformational composition for molecules
of individual sterecoisomers of 4,5- and 5,6-dimethyl-1,3,2-oxazaborinanes (I,II) and of model oxazaborinanes (III-
V) and tetrahydro-1,3-oxazines (VI-X) by the methods of MM2 molecular mechanics [9] and SSP MO LCAO in
AM | parametrization [10,11] in combination with NMR data [3].

IX=B-H,R=R'=Me,R*=H; I X=B-H,R=H,R'=R*=Me; lI X=B-H,R=R*=H,R' = Me:
IVX=B-H,R=Me,R'=R*=H; VX=B-H,R=R'=H,R’=Me; VI X=CH>, R=R’=H, R' = Me:
VI X =CHs, R=Me, R'=R*=H; VIl X=CH>,R=R' =H, R’ =Me; [X X = CH», R=R' = Me, R® = H;

X X=CH»,R=H,R'=R*=Me

As a result several minima were observed on the potential energy surface of ester molecules 1 and I
corresponding to a sofa (S), half-chair (HC-1, HC-2), and also 14-, 3,6-, and 2,5-twist (1,4-, 3,6-, and 2,5-T)
conformers, with dicquatorial (ec, trans) or cquatorial—axial (ea, ¢is) orientation of substitucnts.
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All the forms, apart from S, were obtained with fixed torsion angles CyNBO and C,OBN, otherwise they
were 1somerized into the sofa form. The 2,5-T conformer was converted into a half-chair in the course of
minimization by the AM1 approach even under these limitations.

S HC-1 HC-2
o] N, —N o N
S < O .
/B /B o "
14T 36T 25T

From the values of the endocyclic torsion angles for the most stable conformers of the cis and trans
isomers (ester I as example, Table 1) it follows that the HC-1 and HC-2 forms differ in the degree of distortion o
the CyNBO and COBN fragments. It is also necessary to note the large flattening of the sofa according to AM|
compared with the MM2 results. Calculated values of the bond lengths and valence angles of this form correspond
with the experimental data [12,13].

The relative energies for the conformers of esters I and 11 (Table 2) show that their stability decreases in
the series S > HC > 1,4-T > 3.6-T > 2.,5-T. For the trans isomers, HC-1 (almost degenerate in cnergy) and HC-2
exist in the neighborhood of the basic minimum (S4e5¢ or S5e6¢). Conformer S4a5e (or S5e6a) are the most stable
of the cis-isomers, however several local minima (S4c5a, S6¢5a, and a group of half-chairs) with differences in

TABLE 1. Endocyclic Torsion Angles (deg) of the Individual Conformers of
the Ester I Molecule

RN
Me /B—II
N\
Me H
Configu- | Calculation| cognformer| 1-2-3-4 | 2-34-5 | 39-5:6 | 4-5-6-1 | 5-6-1-2 | 6-1-2-3
ralion method
cis- MM2 S 4ase 49 | 302 | sss | -sse 279 | 33
S desa s8 | 312 | 574 | -seu 328 | -64
HC-15¢ | 20 | -196 | 505 | -60.4 370 | <73
HC-15a | 14 | 218 | 529 | -627 390 | -79
HC25¢ | -63 327 | 570 540 | -250 1.6
HC25 | -80 379 | -61.1 542 | 228 | w06
AMI S 4ase 07 | 212 | 458 | -s36 337 | 6.7
S 4esa 29 | 203 | 460 | -s32 320 | 23
HC-15¢ | 25 | -168 | 439 | -s55 370 | <79
HC-15a | 42 | -162 | 436 | -553 369 | 64
HC25 | -56 282 | 485 | 496 | -27. 4.
HC-235a | -57 323 | -50.3 461 | 208 | 12
trans- MM2 S dese 23 277 | 555 588 | -319 43
HC-1 35 | 89 | 507 | -61.9 86 | -7
HC-I 7.5 370 | -60.0 532 | 216 | -15
AMI S 4eSe 26 194 | 4.2 512 | -305 28
HC-I 58 | 125 | 400 | -536 369 | -6.8
HC-1 5.1 309 | 487 455 | 210 | -04
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TABLE 2. Relative Energies for Conformers of Compounds I-X (kcal/mole)

Com- [ conformer MM2 AMI
pound E AE -E AE
1 2 3 4 5 6
I cis-
S daSe 5.4 0.0 1892.8 0.0
S de5a 6.0 0.6 1892.6 02
HC-1 5e 5.7 03 1892.7 0.1
HC-1 5a 6.3 09 1892.4 04
HC-2 Se 5.4 0.0 1892.5 0.3
HC-2 5a 6.4 1.0 1891.8 1.0
1.4-T Se 7.7 23 1889.9 29
1.4-T 5a 8.5 3.1 1889.9 29
3.6-T 4e 9.2 38 1889.3 35
3.6-T4a 7.9 25 1889.0 38
25T 13.1 7.7 — —
wrans-
S deSe 48 0.0 £893.9 0.1
HC-1 5.0 0.2 1894.0 0.0
HC-2 5.2 04 1893.0 1.0
1 4-T 6.5 1.7 1892.4 1.6
3.6-T 7.8 3.0 1890.5 35
25T 11.8 7.0 — —
AE Cis\CHx* 1.2 1.3
AE CafCH* 0.6 1.1
I cis-
S Se6a 33 0.0 1892.8 0.0
S 5a6e 6.0 0.7 1892.0 0.8
HC-1 5¢ 5.4 0.1 1892.7 0.1
HC-I 5a 6.3 1.0 1892.4 0.8
HC-2 5e 5.5 0.2 1892.4 0.4
HC-2 5a 6.4 1.1 1891.5 1.8
1.4-T 3¢ 7.2 1.9 1890.8 23
1.4-T 5a 8.5 32 1898.8 3.0
3.6-T 4¢ 8.5 3.2 1888.6 4.2
3.6-T4a 9.3 4.0 1887.9 49
25T 13.2 79 — —
trans-
S Sc6e T 48 0.0 1893.4 0.0
HC-1 5.1 0.3 18933 0.1
HC-2 5.1 0.3 1892.6 0.8
| 4-T 7.0 22 1891.3 2.1
3.6-T 7.3 2.5 1890.4 30
25T 1.7 6.9 — —
AE CisCHa* 1.2 1.4
AE CuCH: 0.5 0.6
1 S Se 3.3 0.0 1614.9 0.0
S sa 4.5 1.2 1614.0 0.9
v S 4c 3.3 0.0 1614.5 0.0
S da 4.0 0.7 1613.8 0.7
\Y S 6e 33 0.0 1613.7 0.0
S 6a 4.0 0.7 16134 03
\%! C 3ese 6.1 0.2 1652.6 5.0
C 3aSe 5.9 0.0 1657.6 0.0
C 3c5a 7.2 1.3 1651.6 6.0
C 3asa 7.1 1.2 1656.9 1.0
AE Ci5,CHa 1.2 1.0
AEN-H 0.1 5.0

1035



TABLE 2 (continued)

| 2 3 4 5 (]
Vil C 3ede 6.2 0.1 16514 5.4
C 3ade 6.1 0.0 1656.8 0.0
" 3eda 8.1 2.0 1652.0 4.8
C 3ada 8.0 1.9 1655.1 1.7
AE Cs/CH: 1.9 I.7
AE N-H 0.1 3.1-54
Vil C 3ebe 6.3 0.2 1651.1 5.0
C 3abe 6.1 0.0 1656.1 0.0
C 3e6a 8.6 2.5 1651.0 s
C 3aba 85 24 1655.8 0.3
AFE CoCH: 24 03
AL N-H 0.1-0.2 5.0-5.1
X trans-
C 3edeSe 7.4 0.2 1930.9 54
C 3adcSc 7.2 0.0 1936.3 0.0
cis-
C 3edeSa R.6 0.1 19298 5.5
C 3adcSa 8.5 0.0 19353 0.0
C 3edase 93 0.8 1931.0 4.3
AE CoCH: 2.0 20
AE Ci«CH: 1.3 1.0
AE N-H 0.1-0.2 3.3-5.5
X trans-
C 3eSc6e 7.4 0.1 1930.9 5.0
C 3a5e6e 7.3 0.0 1935.9 0.0
Cis-
C 3c5a6e 8.7 .1 1929.5 5.8
C 3a5a6c 8.6 0.0 1934.9 04
C 3¢Scba 9.6 1.0 1930.4 49
C 3aSc6a 9.5 0.9 19353 0.0
AL CCH: 1.3 0.0
AL CCH: 22 0.6

* AECs5\CHz = £ S 4e5a — E S 4e5e (or £ C 3ad5a — E C 3aSe; or
E C 3adeS5a — £ C 3adeSe); the least of the possible values of A are given.
Values of AE Ci4)CHz and AE C,,)CH3 were obtained analogously.

energy from 0.1 to 1.0 kcal/mole are found in the vicinity of these points. The main reason for the existence of
such flattened global minima is linked with the decrease in AEC5CH; and AEC/CH» compared with AEC;5,CH;
(compounds I and [I, model csters ITI-V, Table 2), which is characteristic of a system with a flat configuration of
thc atom in the sccond position of the ring. The values of AEC4CH: and AECy\CH: were one and a hall to two
times greater in the molecules of tetrahydro-1,3-oxazines VI-X than AEC5)CH; (with the exception of the AM1
results significantly under-estimating the size of AEC(\CH3 in compounds VIII and X). The experimental values of
AG® for the methyl group at Cu and C in tetrahydro-1,3-oxazines are unknown, however they must not be
significantly different from AG°CwCH; in I,3-dioxanes (2.7-2.9 kcal/mole [14]). At the same time the
conformational free energies of the methyl group at Gs) in oxazines and 1,3,2-oxazaborinanes are practically the
same [15]. It follows from what has been said that for molecules of the cis isomers of oxazines IX and X,
according to calculated data, the chair C4cSa (C5a6e) predominates, although the presence of alternative forms is
not excluded. For the trans isomers the respective C4e5e and C5e6e forms dominate. This is in agreement with the
NMR data [16-22]. However it is fairly complicated to single out one preferred conformation for the cis and trans
isomers of the boron esters I and II. It is also necessary to mention that conformers with an axial N-H bond are
more stable for oxazines VI-X (Table 2). This has becn confirmed experimentally [16-19,23-25]. On the other hand
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TABLE 4. Values of the Torsion Angles (deg) Corresponding to the
Experimental Coupling Constants for Esters [ and II

Comfigu- [ 11

ration Pax @ax Pax t Pox Qcx Pox EX
Cis* 140.5 (31) 53(122) 87.5(91) 145 (25) 54 (95) 91 (95)
Trans 172.0 52.0 120 157.5 61.0 96.5

* Two alternative sets of angles were determined for the cis isomers.

the distinguishing special feature of 1,3.2-oxazaborinanes is the planar configuration of the nitrogen atom,
permitting maximum p—y-electron exchange along the B-N bond [1-5]. Consequently conformers with an axial
N-H bond are absent (in the course of minimization such forms undergo rapid isomerization into a sofa form with
the N—H bond coplanar with five atoms of the ring). This indicates objectively a reduction of the transition barrier
between the different conformers, compared with oxazines IX and X, and an increase in the conformational variety
for both cis and trans isomers of esters 1 and IL.

A preferred sofa conformation was assigned previously to the trans isomers of 1,3,2-oxazaborinanes I and
I and a 2,5-T conformation to the cis isomers on the basis of 'H and ?C NMR data [3]. The low probability for the
existence of significant quantities of the latter (the most unstable form), which was evident after carrying out the
calculations, makes it necessary to compare the optimum geometric parameters with the actual structure of the
molecules of cyclic esters I and II. For this purpose calculated values of the coupling constants*Jax, > Jux, *Jex, and
*Jox were determined in the present work based on the torsion angles ¢ between the appropriate protons (optimal
gcometry data) using the equation from [26] and values of the clectronegativity of the substituent groups from [27]
(Table 3). Comparison with the experimental coupling constants [3] indicates the impossibility of choosing
unequivocally one conformer either for the cis or the trans isomers. Not one of the sets of calculated constants, as
¥| AJ] values show, correspond completely with the 'H NMR data. This is mainly explained not by errors in the
parametrization of the equation [26] and not by the absence of a correction for the effect of the medium (in each
case calculations were for an isolated molecule in vacuum), but by the impossibility of realizing the torsion angles
corresponding to the experimental coupling constants. In reality an empirical relationship exists for all values of
¢ for any conformer (Table 3), viz. @ax + @sx (o @ax — @sx) and @cx + @ox (or @cx — @ox) = 116.0-121.6°.

It is not difficult to sec (Table 4) that angles established according to the equation from [26] and satisfying
the experimental coupling constants, differ from those developed by the empirical relationship by 20-30° (with the
exception of trans 1). It therefore follows that the actual state of the ester molecules I and II corresponds to not one
but several conformers in complete agrecement with the calculated data. For the trans isomers the sofa S4e5e
(SSe6e) predominates with a possible contribution of HC-1 and HC-2, but the cis isomers, in contrast to the results
of [3], are characterized by a multicomponent equilibrium with the participation of the S4a5e (S5e6a), S4e5a
(S5a6e), and a family of half-chair forms.

The investigated compounds therefore belong to a conformationally flexible system presuming the
existence of significant quantities of geometrically nonequivalent forms in the vicinity of the minimum point
[28.,29]. The results obtained supplement the data base on the stercochemistry of 1,3,2-oxazaborinanes and afford the
possibility to predict the conformational composition of molecules for these compounds with several chiral centers.
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