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Abstract An extension of the HOMA model and Bird’s Is model for systems with B-N bonds is given.
Analysis of the aromatic characier of 11 pairs of borazine derivatives and their benzene analogues is
done based on Cambridge Structural Datahage (CSD) release using HOMA and |, indices. Borazine
derivatives exhibit less aromatic character than their benzene analogues and are much less sensitive to
the chemical and topological effects from the environment of the rings in question. In contrast to
cyclooctatetraene, 1,3,5,7-tetra-t-butyl-2,4.6 8-tetramethyl-1,3.5,7,2,4.6 8-tetraazatetraborocine does not
exhibit antiaromatic character. © 1998 Elsevier Science Ltd. All rights reserved.

Introduction

Aromaticity of heterocyclic n-electron systems is a subject of great interest.'” Quantitative measures of aromaticity
permit one to study how structural changes in n-electron systems may affect their aromaticity in both, the local and overall

mganm(rs_” A very interesting group of heterocyclic systems are those which contain B-N and B-C bonds.® In this report

. }3 and its derivatives form one of the laroset rlaccac af haran_nitronoen

1 one of the largest classes of boron-nitrogen
compounds.'' The parent compound is‘, described in the literature as ,inorganic benzene™*"! which is justified, at least partly,
due to the same number of valence electrons and comparable sums of electronegativities as well as atomic radii in the BN
and CC units. Additionally B-N bonds in borazines are of the same length,'® which rese ibles the situation in benzene.'” Its

PPN, FU.

sumlarrty {0 benzene is also visible in some pnyswal {eg. uensny, surface LeTlSiGﬁ) ' and some chemical propertie; \CE.
hexahapto ligands" in organometallic complexes), similar to those observed for benzenoid hydrocarbons.'* On the other
hand these compounds reveal distinct reactivity differences, eg. no electrophilic substitution under reaction conditions
corresponding to benzenoids,'} which is usuaily attributed to a significant difference between the electronegativities of boron
and nitrogen atoms. Moreover, recent studies on energetics of borazine and other ,benzene-like” moiecuies in agreement
with the older ones'® revealed that borazine has about half'® or even less than one third'” of the ASE value of that for
benzene. Magnetic properties of borazine also locate it as moderately aromatic'® or even non-aromatic."’
Analogousely to benzene derivatives, borazines contain a planar B;N; ring and are illustrated schematically as
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latest analyses, = equali
nitrogen atoms."

"The purpose of this paper is to discuss the analogies and differences in aromatic character of borazine derivatives in
comparison with the appropriate benzenoid systems. In order to do so, an extension of the HOMA model' and Bird’s I
model” for systems with B-N bonds is presented.

‘The HOMA index is defined as follows:’

r (¢ 4 x Vs 2 -I
HOMA =1- LE‘—L(R" R,) | 1)
where N is the number of bonds taken into summation and « is an empirical constant fixed in a way to get HOMA = 0 for

the Kekulé” structure with altemate single and double bonds for typical aromatic system, and equal to 1 for the system with

all bonds equal to The optimal value K. In order t6 define empirical constants for the B-N bond, the well detmed single and
double B-N bond lengths between relevant atoms, R(1) and R(2) respectively, are needed. For this purpose we have chosen
bond lergths from H;B-NH;* and (Pr),N=B=C(SiMe;),”' respectively and applied formula (2) for obtaining the value of
Rogl :‘

R, = [R() +WR(2)]/(1+w) @

NN r1

Iin most applications untii now it was accepted that w = k(2)/k(1) = 2, as empirically this quantity for most bonds
was usually close to this value.” In the case of B-N bonds the situation is definitely different. B-N bonds are strongiy poiar
and accepting the same rule as in the case of typically covalent bonds seems not to be justified. In order to investigate this
problem, ab-initio calculations™ at the level of HF/6-311G** and B3LYP/6-311G** for ethane, ethene, BH;-NH, and
BH,=NH, were calculated to get force constants for the stretching motion of C-C, C=C, B-N and B=N bonds. The
calculations were based upon the single point energies for five points: stretched by 0.01, 0.005A, the optimized geometry,
and compressed by 0.05 and 0.01A, for which the curvature (i.e. force constant) was calculated from the parabolic

approximation of the Morse curve. ¢
The resulting ratio of force constants for ethane and ethene, k(2)/k(1) = 2.35, is close to 2, within a margin of
experimental precision, This ratio for B-N bonds is markedly greater and amounts to w = 4.2, This value is accepted in

further study of aromaticity of n-electron systems with B-N bonds.

Table 1. Structural and empirical parameters of HOMA index for B-N bond containing molecules

hand |B/IY B B w -
UV I l\\l l\\L} l\op[ v (0 5
B-N | 1.564 1363 1402 42  72.03

The HOMA index is usually compared with Bird Is or I indices’ which are based principally on the value of
variance calculated from the bond orders obtained via the Gordy™* formula, and hence they represent aromatic character
due only to the geometric features. Since we have used another pair of B-N and B=N bonds for definition of reference bonds
in HOMA, we have applied the same B-N bond lengths for estimating the empirical constants of Bird’s I index,” rather



than those originally used by Gordy. u

Table 2. Empirical constants of Bird’s Is index”: a. & original Bird’s values, a’, b’ modified values.
bond |a b a’ b’
C-C |680 -171 11.79 —4.48
B-N !7.15 210 772 -2.16

Resuits and Discussion

In many cases borazine derivatives have very close analogues in the family of benzenoid hydrocarbons. In order to
show analogies and differences between derivatives of borazine and car bocyclic snc membered n-electron systems, results
families of molecules are presented in Chart I
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Bird’s I indices (original Bird’s values in italics) for all actually available

some their appropriate benzenoid analoques
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From the data of Chart I it is immediately clear that, except in a few cases, HOMA values for the borazine unit are
ways lower than those for analogous benzene rings. Two cases need some comments. (i) There is a substantial difference
between naphthalene and its BN analogue. Naphthalene has HOMA = 0.817, i.e. significantly less than benzene whereas its
BN-analogue has values between 0.925 and 0.966 (four independent geometries of the molecule) comparing to 0.942 for

fiect.

the BN analogue there is no such eiie

dramatic difference in HOMA wvalues is ¢
ring of 1,2.3,4.5,6-tris(0, 0 -biphenyiene)borazine which may be compared to the central ring in triphenylene (entry 4). They
are equal to 0.703 and 0.061, respectively. This ring in benzenoid hydrocarbons is in the Clar classification*” described as
,empty” i.e. containing less m-electrons. Its dearomatization is due mostly to the EN term (i.e. to the elongation of C-C
bonds in the ring) of the extended HOMA model.® In both cases it is observed that geometry of the borazine ring involved
in similar interactions with a molecular environment as the benzene ring changes much less and hence its aromatic character

is less lowered. 1,3,5,7-tetra-r-butyl-2,4,6 8-tetramethyl-1,3,5,7,2,4,6 8-tetra-azatetraborocine is a BN analogue of
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cyclooctatetraene. its geometry was precisely determined** and the resuiting HOMA vaiue is 0.532 comparing to —0.225 for

cycxooctatetraene' Agam, the BN analogue of the hydrocarbon exhibits much less sensitivity to structural perturbation
than the parent system.

——l ™ AT L

The equalization of B-N bond lengths in borazine is attributed to the m-electron localization at strongly
eiectronegative nitrogen atoms, the mechanism of which however does not work in the case of BN analogue of
cyclooctatetraene. Again the Huckel rule® seems to work, even if borazine is said to be weakly aromatic'” and the BN
analogue of cyclooctatetraene is less affected by the 4N number of p-electrons than the parent hydrocarbon.
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