
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

Boron-Nitrogen Analogues of Cyclobutadiene, Benzene and
Cyclooctatetraene
Peter Paetzolda

a Institut für Anorganische Chemie, Technische Hochschule, Aachen, Germany

To cite this Article Paetzold, Peter(1994) 'Boron-Nitrogen Analogues of Cyclobutadiene, Benzene and Cyclooctatetraene',
Phosphorus, Sulfur, and Silicon and the Related Elements, 93: 1, 39 — 50
To link to this Article: DOI: 10.1080/10426509408021797
URL: http://dx.doi.org/10.1080/10426509408021797

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509408021797
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, SuCr .  andSilicon 1994. Vol. 93-94. w. 3 M 0  
Reprints available directly from the publisher 
Photocopying permined by license only 

8 1994 OPA (Overreas Publishes Aswiation) Amsterdam 9. V. 
Published under license by Gordw and Breach Science Publishers SA 

FTinted in Up United Stales of America 

BORON-NITROGEN ANALOGUES OF CYCLOBUTADIENE, BENZENE 
AND CYCLOOCTATETRAFNE: INTERCONVERSIONS 

PETER PAETZOLD 
Institut f i r  Anorganische Chemie, Technische Hochschule Aachen, Germany 

Abstract Iminoboranes RB=NR', isoelectronic with akynes, cyclooligomerize to 
give B-N rings (RBNR'), that are either analogues of cyclobutadienes (n = 2) or 
benzenes or Dewar benzenes (n = 3) or cyclooctatetraenes (n = 4), depending on 
the ligand set R/R' and on conducting the oligomerization either thermally or 
catalytically. Cyclodimers and cyclotetramers may either undergo reversible in- 
terconversions or cyclotetramers are formed irreversibly from cyclodimers. The 
(4+2) cycloaddition of cyclodimers and iminoboranes yields cyclotrimers. Cyclo- 
trimers may thermally be converted into cyclodimers, and poly(iminoboranes), 
isoelectronic with polyalkynes, can thermally be depolymerized into cyclotrimers. 
&-Cluster derivatives of N2BqH6, arachno-cluster derivatives of N2B3H7, 
four-membered rings N~BZR~R' ,  or five-membered rings N2B&R' are 
isolated, when three-membered rings NB2R3, isoelectronic with cyclopropenyl 
cations, either dimerize or add aminoboranes H2B=NR'z or insert nitrenes R'N 
(from R'N3) or insert iminoboranes R'B=NR into the B-B bond, respectively. 

INTRODUCTION 

It goes back to the twenties that chemists became aware of the isoelectronic analogy of 
a carbon-carbon and a boron-nitrogen couple. An early explored example in the world 
of rings is the analogy between benzene and borazine. Six planarly arranged ring bonds 
of equal lengths in both of these rings, settled in a range between s i d e  and double bond 
lengths, demonstrate the structural Similarity, which corresponds to a striking analogy in 
some physical properties; the chemical reactivity, however, turned out to be distinctly 
different. This difference, like differences in the chemistry of C-C and B-N analogues 
generally, can be explained mainly by the difference in the bond strengths of the C-C and 
the B-N bond, as far as the cleavage of these bonds is concerned. For comparison, the 
standard enthalpy for the dissociation of the diatomic molecules C2 and BN into atoms 
amounts to 607 and 389 kJ/mol, respectively. - Figure 1 presents selected boron-nitro- 
gen rings of type 1 - 6. The selection in Figure 1 presents those boron-nitrogen rings for 
which interconversions have become known, recently. Owing to their greater reactivity, 
more such interconversions are known for boron-nitrogen than for the corresponding 
carbon rings. 
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FIGURE 1 Selected BN rings. 

MINOBORANES: BASIC UNITS OF BORON-NITROGEN RINGS 

Rings of type 3 - 6 (Figure 1) can be formed from imino(organo)boranes R-BdR'  as 
the basic units1. We do not consider amino(imino)boranes R~N-BENR' in this context2, 
because imino(organo)boranes are much more versatile in forming boron-nitrogen rings. 
The thermal stability of iminoboranes towards cyclooligomerization is comparable to 
that of polar alkynes, e.g. FCKtBu3, i.e. iminoboranes are metastable and storable at 
more or less low temperature, but cyclooligomerize at ambient temperature, provided 
there are no huge ligands that prevent oligomerization. The half-life time of tBu-B=N- 
~ B u ,  which is one of the best investigated iminoboranes, is about 3 d at 5OoC. The 
structure of this particular iminoborane is compared to that of tBu-C=C-@u in Table 1. 
Apparently, the CC triple bond is shorter and stronger than the BN triple bond. This 
difference as well as the polarity of the iminoborane, which, though small, is not 
negligible, contribute to the distinctly higher reactivity of the iminoborane. 

TABLE 1 Structural properties of the CC and IBN triple bond4. 

- bond length wave number force constant dipole moment 
J,BuC=CJ,BU 117.9 pm 2244 cm-l 15.9 N/cm 0.00 D 
tBuB=NtBu 125.8 um 2018 cm-l 13.3 N/cm 0.20 D 

- 

Though different in velocity, the reactions of iminoboranes and alkynes are comparable: 
cyclooligomerizations, that may be catalytically governed, polymerization, addition of 
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B-N ANALOGUES OF CARBOCYCLES: INTERCONVERSIONS 41 

polar and unpolar molecules to the triple bond, cycloadditions from the (2+1) to the 
(2+4) type, and reactions in the coordination sphere of transition metals1. A difference 
in the area of cycloadditions is that (2+2) cycloadditions are rare with alkynes, but are 
quite common with iminoboranes; in contrast to unpolar alkynes, the two-step mechan- 
ism for a (2+2) cycloaddition is reasonable for the slightly polar iminoboranes, whereas 
the suprafacial one-step mechanism violates the principle of conservation of orbital sym- 

metry in both cases. 

STRUCTURE AND STABILITY OF BORON-NITROGEN RINGS 

The parent molecule NB2H3 (la) in the azadiboriridine series (1; Figure 1) is the 
analogue of cyclopropenyl cation. It may be discussed in terms of a Huckel2n-electron 
system with a large resonance energy, but only a modest B-B n-bond contribution5. An- 

other description starts from a diborane(2) HB=BH, which donates n-electrons to a 
nitrene NH via a o-bond and accepts nitrene p-electrons into antibonding worbitals, 
thus exhibiting a modified Dewar-Chatt-Duncanson model of the coordination of alk- 
enes or alkynes to later transition metals6. The calculated B-B bond length and the angle 
H-B-B of la (Table 2) approach those of diborane(2) HB=BH (151 pin, 180°)7 as 
compared to diborane(4) H2B-BH2 (171 ~ m ) ~  or cyclotriborane B3H3 (173.2 pm, 
1 50.0°)6. The observed data for crystalline [-(!Bu)B-B(@u)-N(Mes)-] (1 b)8 underline 
this bonding model (Table 2). - Type 1 three-membered rings R"B2R2 are unstable 
with respect to the formation of clusters R12N2B21Q, unless bulky groups R prevent 
such a dimerization, e.g. R/R' = tBu/Mes (Ib), tBu/@u (Ic). 

TABLE 2 Calculated and observed structural data of type 1 rings 

B-B BN H-B-B/C-B-B 
la (calc.) 162.1 pm 142.1 pm 168.3" 
Ib (obsd.) 155.8 pm 137.3/135.6 pm 1 76.0/172.3" 

The analogues of cyclobutadienes with a rectangular diene structure are the 1,2,3,4-di- 
azadiboretidines (2; Figure I), which may have a trapezoid diene structure. They are not 
formed by head-head cyclodimerization of RBtNR'. Because of their polarity, 
iminoboranes undergo head-tail cyclodimerization exclusively. No structural data are 
available for the rings 2, which have a short life-time in solution at O'C, but can be 
trapped by insertion of oxygen (from Me3NO) or nitrene (flom azides) into the B-B 
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42 P. PAETZOLD 

bond9. The notorious tendency of rectangular cyclobutadienes to undergo (4+2) 
cycloadditions with themselves seems to be also true for rings of type 2 (see below). 

Much more is known of the rhombic 1,3,2,4-diazadiboretidines 3 (Figure 1). 
They are analogues of those rhombic cyclobutadienes, which are stabilized by clockwise 
opposed electronic effects of the ring ligands. Such electronic "push-pull effect'' is per- 
formed by the ring atoms themselves in the case of the B-N rings 3 . The planar, rhom- 
bic ring skeleton with acute angles at the nitrogen is structurally well documented1. The 
BN bond lengths are found in the range of 143 - 146 pm, i.e. between BN double bonds 
(138 - 141 pm) and single bonds (148 - 15 1 pm), which are formed by three-coordinated 
B and N atoms with coplanar or orthogonal coordination planes, respectively. - Rather 
large ligands are necessary to make the four-membered rings 3 isolable and storable. 
- ten-Butyl groups at both ring N atoms are sufficient, but four primary alkyl groups as 
ligands would not allow to isolate such rings. 

The structural analogy between borazines 4 and the benzene family is discussed 
in textbooks. - Dewar borazines 5 (Figure l), on the other hand, have been known for 
only ten yeardo. In the bicyclic skeleton of 5 two BNJ3N trapezoids have a single-bond 
edge in common, whereas the opposite edges represent short double bondslo, 11. In the 
case of benzenes, the Dewar isomer may be kinetically stable, but thermodynamically in- 
stable, e.g. C$Uleg. Steric strain, however, can make the Dewar benzene thermodynam- 
ically more favorable, e.g. with four m u  and two MeOOC substituents. The prerequisite 
for making Dewar borazines 5 more stable than borazines 4 is steric strain again, ex- 
hibited, e.g., by three Pr and three m u  groups. In contrast to the CC analogues, Dewar 
borazines which are less stable than borazines cannot be isolated as metastable species. 
Apparently, the activation barrier for the rearrangement 5 + 4 is very small. This is in 
accord with a degenerate rearrangement in solution between three Dewar borazine iso- 
mers [Eq. (l)], that is rapid at room temperature with respect to the NMR time scale. 
The transition state of this rearrangement may have a structure closely related to the 
corresponding borazine. Such a fluctuation is unknown for Dewar benzenes. 

Cyclooctatetraenes and tetraazatetraborocanes 6 (Figure 1) have a tub-like ring 
structure in ~ o m m o n l ~ - ~ ~ .  The tub-structure of 6 is stable with respect to ring inver- 
sion. This can be deduced from the NMR spectroscopic non-equivalence of methylene 
protons (in substituents Et, Pr, BU, CH2Ph) and of methyl groups (in substituents Pr, 
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B-N ANALOGUES OF CARBOCYCLES: INTERCONVERSIONS 43 

33u)l4. As in cyclooctatetraenes, there is a system of alternating BN single and double 
bonds in the rings of type 6. Once formed, the products 6 are stable and storable. 

BORON-NITROGEN RINGS FROM MINOBORANES 

The thermal oligomerization of alkynes does not play an important role in chemistry, 
though Berthelot detected the formation of benzene on passing acetylene through a hot 
tube as early as in 186615. The catalytic oligomerization of alkynes, however, to give 
benzenes, Dewar benzenes, cyclooctatetraenes etc. is a broadly explored area in chemis- 
try. It is reasonable to distinguish between the thermal and the catalytic oligomerization 
also with iminoboranes RB4R'. "Thermal" means a temperature more or less beneath 
room temperature, depending on the steric demand of the ligands R/R'. The thermal sta- 
bilization of RBdW may give rings of type 3 - 6 (Figure 1) or polfliminoborane) 
(RBNR'X, (7). The catalytic oligomerization of iminoboranes has not yet been intensive- 
ly explored. Anyhow, catalysts may govern the oligomerization to yield four-membered 
rings 3, whereas the corresponding borazines 4 or Dewar borazines 5 are formed 
thermally. 

The thermal oligomerization of iminoboranes gives a mixture of borazines 4 and 
polymers 7 in the case of primary alkyl ligands R/R'; the ligand set Mehie, however, 
yields the borazine only. Because of the general insolubility of the polymers, the boraz- 
ines can easily be extracted from the mixture. - An alkyl ligand combination FUR' of the 
type primary/primary or secondary/secondary makes borazines available, mostly as the 
only products. In contrast to the combination FUR' = MdtBu, the reversed combination 
iBu/Me presents the only known example of a direct formation of an eight-membered 
ring 6 from an iminoborane. - Dewar borazines are formed from iminoboranes with a 
ligand set R/R', which is too large to make borazines stable, but not large enough for 
forcing the oligomerization to stop at the four-membered rings 3. - These rings of type 3 
are the products from the thermal stabilization of iminoboranes in the case of very large 
ligands R/R'. We do not understand, however, why the ligand sets FUR' = ipr/iBu, 
Ph/tBu on the one hand and the reversed sets R/R' = tBu/ipr, on the other hand 
govern the oligomerization to yield Dewar borazines or diazadiboretidines, respectively. 
The oligomerization situation is summarized in Table 3. - The oligomerization may be 
completely blocked by extremely bulky ligands, e.g. R/R' = (Me3Si)3C/tBu16, 
iprCMq/2,6-ipr2C&I3 17. 
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44 P. PAETZOLD 

TABLE 3 Products of the thermal stabilization of RB=NR'l. 

m: Me/Me Me/IBu Et/Et Et/tBu Pr/Pr Pr/tBu $r/$r $r/tBu 
- 

Product: 4 4 4,7 4 4,718 4 4 5 

R/R' Bu/Bu Bu/@u Bu/Bu sBu/sBu @u/@u tBu/Me @u/Pr 

RiR': @u/@u @ O h  @u/Mes tBdSiMe3 CHZBL~CHZBU 

Product: 4/718 4 497 374 519 619 320 

Product: 3 320 319 319 320 

m: CH2SiMe3/CH2SiMe3 Ph/tBu CgFg/tBu 
Product: 420 51 1 3 

We explain the formation of the products 3, 4, 5, and 7 by assuming the formation of 
short-lived adducts from two iminoborane molecules as the first step, according to 
Figure 2. A linear borane of the type R-B=Y with an electron sextet, which would be a 
fi-agment of that adduct, would not be too unusual, since the borane Me-B=C(SiMe3)2, 
e.g , had been isolated22. Those adducts could either be closed to rings of type 3 or 
could add another molecule of iminoborane to give open-chain trimers. Ring closure or 
chain prolongation could be the subsequent reactions, allowing to isolate borazines 4 or 
polymers 7, respectively, as the final products. A (4+2) cycloaddition involving a cyclo- 
dmier 3 and iminoborane needs also be taken into account, yielding Dewar borazine 5 
and, subsequently, borazine 4; such cycloadditions can be performed independently (see 
section below). The final formation of one of the products 3 - 5 (Table 3) seems to fol- 
low thermodynamic control, influenced by sometimes subtle steric differences between 
the ligand sets IUR'. The singular formation of the eight-membered ring (@uBNMe)q 
from tBuBdWe is not understood. 

3 5 4 

FIGURE 2 Hypothetic mechanism of the thermal stabilization of RB=NR'. 
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B-N ANALOGUES OF CARBOCYCLES: INTERCONVERSIONS 45 

The iminoboranes RB=NIBu (It = Et, Pr, Pr ,  Bu) yield the cyclodimers 3 upon sta- 
bilization in presence of catalytic amounts of the isonitrile C=N@ul. Without this cata- 
lyst, cyclotrimers of type 4 or 5, respectively, are the stabilization products (Table 3). 
The same catalyst governs the iminoborane MeB=N@u to give the corresponding eight- 
membered ring 6; certainly, a catalyzed cyclodimerization is the first step, which is fol- 
lowed by the known dimerization of the cyclodimer of type 3 to give 6 at room tempera- 
ture (see next section). - The iminoborane iPrB=NPr, stabilized by cyclotrimerization 
thermally, undergoes a cyclodimerization in the presence of a catalytic amount of q5- 
(C5QMe)Mn(CO)2(THF); and the resulting cyclodimer @rBNPr)Z is slowly trans- 
formed into the corresponding eight-membered ring @rBNPr)4 at room tempera- 
ture21. - Nothing is known of the activated complex. Once formed catalytically, how- 
ever, the four- and the eight-membered rings are stable with respect to a conversion into 
six-membered rings, which are presumable the thermodynamically more stable isomers. 

INTERCONVERSIONS BETWEEN FOUR- AND EIGHT-MEMBERED RINGS 

A reversible equilibrium between rings of type 3 and 6 was found for two particular 
ligand sets, WR' = M a B u l  and iPr/iPr21. The equilibrium can easily be followed kinet- 
ically and thermodynamically by NMR methods13. The eight-membered ring predomi- 
nates at room temperature, the four-membered one at 70 or 100°C, respectively. Appar- 
ently, the rings of type 6 are more favorable in energy, presumably because of a lower 
ring tension, but are obviously worse in entropy than rings of type 3. We assume the BN 
analogue of bicyclo[4.2.0]octa-2,4,7-tnene and the Diels-Alder adduct of two molecules 
of 3 to be intermediates in the equilibration process 6 + 3, according to Eq. (2). Cyclo- 
octatetraene, CsH8, is known to be in equilibrium with a s d  amount of bicyclo- 
[4,2,O]octatriene; cyclobutadiene, C4H4, gives irreversibly the Diels-Alder dimer on 
thawing it in an Ar matrix. A complete reversibility as in Eq. (2) is unknown for CC ana- 
logues. 

I I  II 
0 N 

R \  / R'  
N=B 

R' R 

R .. 
R' / a \  R' R R' R R' R 

N -6 N -6-N-6 

B 6 -N B -N-B-N 
R \"R R' R R' R R' 

c 

R' 

.. 

R' / a \  R' R R' R R' R 
N -6 N -6-N-6 

B 6 -N B -N-B-N 
R \"R R' R R' R R' 

c 

R' 

- 2  c 

R 
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/ \  
R'N 0 NR' 

\ /  
B 
R 
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46 P. PAETZOLD 

On the other hand, the long-known eight-membered rings (XBNR')q (X = CI, Br, NCO, 
NCS, NCSe; R' = tertiary alkyl do not undergo equilibria of type (2). They are 
thermally stable, mostly beyond their melting points. The thermal decomposition at a 
more or less high temperature is not a neat reaction, but may yield some borazine 
(XBNR')3. These eight-membered rings exhibit, by the way, an unexpected solvolytic 
stability, even when containing CI or Br atoms, which are so easily substituted in normal 
haloboranes; C1 in (CBN~BU)~ ,  e.g., cannot be exchanged by Me upon applying LiMe, 
though the requested product is easily formed from MeBSNfBu (see preceding section). 

A remarkable formation of eight-membered rings (RBNR')4 is observed, when 
azides RW3 act on four-membered rings (RBNtBu)2 [Eq. (3)]. This reaction involves 
the exchange of both NtBu fragments in the type 3 rings by NR' fragments and the 
dimerization of the intermediates (RBNR'h to give the products, which cannot be con- 
vcrted into rings of other size14. A mechanism was proposed , according to which R'N3 
acts as a 1,3 dipolar agent in the introductory cycloaddition step. Loss of the well char- 
acterized tBuN3 completes the exchange of the first ring fragment NtBu. A reaction se- 
quence of the same type and subsequent dimerization of (RBNR')2 yield the final pro- 
duct. Support for this mechanstic picture comes from the reaction of a nitrone with four- 
membered rings 3, which can be rationalized by assuming an introductory cycloaddition 
of the same type as in Eq. (3)14. 

R F 3 R '  R 
?"\.. B B 

/ \  + R'N, - tBUN3 / \  

\ /  \ \ /  
tBuN 0 NtBu - t B u d  ( 1 - tBuN 0 NR' 

B 

1 

2 
- 

R R '  
B = N  

R' / \ R  
N B 

N B 
II II 

R \  / R' 
N = B  

R' R 

I + R'N, 

- tBuN3 

R 
B 

/ \  
R'N 0 NR' 

\ /  
B 
R 

R I Et iPr iPr iPr iBu iBu iBu iBu 

R' I Ph Pr iBu CH,Ph Pr iBu Ph CH,Ph 
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Efforts to gain a four-membered ring of type 2 by condensation of a diborane(4) with di- 
ethylhydrazine give an eight-rnembered-ring, presumably via the corresponding four- 
membered ring (type 2) pq. (4)]. The product exhibits an unprecedented twist-type 
structure of & symmetry in the crystal, but, according to NMR data, not in solutiong. 

IONS INC LUDING S IX-MEMBERED RINGS 

As mentioned above, four-membered rings are formed catalytically from iminoboranes 
RB=N@u (R = Et, Pr, Pr, Bu), which yield six-membered rings by a thermal procedure. 
We found out that these particular four-membered rings undergo a (4+2) cycloaddition 
at about 5OoC, when RB=N@u is added fiom a cooled dropping h e l l  l. It can be 
concluded that the (4+2) cycloaddition is faster than the (2+2) cyclodmerization of the 
iminoborane. The borazines are formed, apparently, via the Dewar borazines as interme- 
diates. In the case of PrB=N@u, the Dewar borazine is the final product, as expected. 
The generalization of this cycoaddition might allow the synthesis of borazines with a 
mixed set of ligands. We restricted this synthesis to the reaction of the four-membered 
rings (RB=N@u)2 (R = Et, Pr, Pr, Bu) with the iminoborane iPrB=NPr pq. (5 ) ] .  

An interconversion of rings 3 into thermodynamically more favorable rings 4 has never 
been observed in the absence of iminoboranes, apparently because of a high activation 
barrier. Differences in the delocalization of n-electrons and ring-strain arguments may be 
discussed as reasons for the lower energy of rings 4, as compared to rings 3. But the 
four-membered should be better in entropy than the six-membered rings. Is there a tem- 
perature, at which rings 4 could be converted into rings 3 for thermodynamic reason, 
high enough to allow the interconversion kinetically, but low enough to prevent uncon- 
trolled radical reactions of the organic ligands? We first conducted the thermolysis of the 
borazines (RBN@u)3 (R = Me, Et, Pr, Bu) in the gas phase and found out a tempera- 
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48 P. PAETZOLD 

ture of 650°C to be necessary in order to decompose the borazines completelyl1. 
Iniinoboranes RB=N@u were found as the products in a cooled trap at the end of the 
hot tube. We suppose a (4+2) cycloreversion [reverse of Eq. (5 ) ]  to be the first step and 
the (2+2) cycloreversion of intermediate four-membered ring to be the second step of 
the over-all fragmentation. Independent experiments with (RBNtBu)2 showed that these 
rings undergo such (2+2) cycloreversions at 650°C in the gas phase1 l .  - The situation is 
different when the same borazines 4 are decomposed in their melt. Diazadiboretidmes 3 
are then isolated as the main products at 200-320°C. The same is true for the Dewar 
borazines (RBN~Bu)~ (R = Pr, Ph)ll. Again we suppose the reverse of Eq. ( 5 )  to be 
the first step of this interconversion, followed by the cyclodimerization of iminoborane. 

Poly(iminoboranes) 7, formed from iminoboranes RB=NR with primary alkyl 
groups R, can be thermally converted into the corresponding borazines (RBNR)3 at 
temperatures that range from ca. 150°C (R = Et) to 250°C (R = Bu). A comparable 
process is unknown for the conversion of the isoelectronic polyacetylene into benzene, 
though both processes seem to be thermodynamically favored. 

BORON-NITROGEN CLUSTERS FROM THREE-MEMBERED NBB RINGS 

Whereas azadiboriridines R"B2R2 (1) are stable at room temperature if protected by 
large groups R/R' (e.g. R/R' = @u/tBu, @u/Mes), they may otherwise be identified at 
-78°C by NMR methods, but dimerize at higher temperature or even at -78"C, forming 
hexaalkyl derivatives of diaza-&-hexaborane N2BqH6, according to Eq. (6). This 
azaborane is the isoelectronic BN analogue of the carbaborane CqB2I+j, which, as well 
as the boranes B5H9, C2BqH8, and C3B3H7, was found to have a pentagonal-pyrami- 
dal structure. Both structures, that of CqB2H6 and N2BqHg derivatives, are derived 
from the pentagonal bipyramid as the corresponding --structure by removing a 
higher coordinated apical or - generally less favorable - a lower coordinated equatorial 
vertex. The structural difference can be qualitatively explained by assuming the cluster 
skeletons to be built up from localized (2c2e) and (3c2e) bonds and by assuming also 
that (3c2e) bonds are not favorable for the electronegative N atom. Such bonds can be 
restricted to the two B3 triangles in the N2BqHg structure, leaving four (2c2e) bonds 
for each of the ammonium-type N atoms. In a pentagonal pyramid, on the other hand, 
one of the N atoms would necessarily take part in an unfavorable (3c2e) bond. 
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R' 

I R'  R R" R'  R R" 

IPr IPr IPr tBu Et tBu 
iPr IPr tBu tBu IPr IPr 
tBu Me Me tBu IPr tBu 
fBu Me tBu Me# IPr IBu 
tBu Et IPr 

R '  

RB-BR" 
2 /:\ - 

I 
R" 

Upon the addition of the aminoborane H2B=BEt2, the stable azadiboriridine NBflu3 
can be transformed into a derivative of dim-arachno-pentaborane, N2B3H7, isoelec- 
tronic with arachno-BgH11 [Eq. (7))Z5. The one (3c2e) bond, which needs be attributed 
to N2B3H7 in a localized bond description, can be restricted to the one B3 triangle. A 
(2c2e) z-bond, that is deduced from that description, corresponds to an observed B-N 
bond length of 138.2 pm. 

The three-membered ring NBztu3  can be expanded by cleaving its B-B bond, 
either by a nitrene unit fiom azides R'N326 or by an imhob~rau&~. Four-membered 
rings of type 3 [Eq. (8); R' = Pr, Bu, Ph, PhCH2, PQB] or five-membered rings with 
an N2B3 skeleton mq. (9)] are formed, respectively. Bond lengths of 140.4 and 140.6 

pm in the five-membered ring indicate the presence of two B-N double bonds. 

R' R 
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