Rhodium-catalyzed formation of boron—nitrogen bonds:
a mild route to cyclic aminobor anes and borazines
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Secondary amine-borane adducts R,NH-BH;, which are
stable to H, elimination below 100 °C, undergo efficient
catalytic dehydrocoupling at 2545 °C in the presence of Rh!
or Rh1T complexes to quantitatively form cyclic aminobor-
anes [NR,-BH,], (1: R = Me or 2: cyclo-C4Hg); under
similarly mild conditions, the analogous adducts NH;-BHj3
and MeNH,-BHj3; yield borazines [RN-BH]; (3: R = Hor 4:
R = Me) in yields limited by intermolecular coupling
reactions.

Theapplication of transition metal catalysisto organic synthesis
isof enormous current importance. In contrast, the development
of analogous methods for the formation of homonuclear or
heteronuclear bonds between main group elementsisrelatively
unexplored. Nevertheless, the discovery of new synthetic
methods, which can complement the classical reactions used in
main group chemistry such assalt eliminations, islikely to be of
key futureimportance for the general development of molecular
and macromolecular p-block chemistry. Recent work has
focused on catalytic dehydrocoupling routest and the well-
established catalytic dehydropolymerization of silanes, ger-
manes and stannanes represents a key advance2 More
recently, homodehydrocoupling chemistry has been extended to
include P—P bond formation? and catalytic heterodehydrocou-
pling reactions to form B-Si,;8 S—P° Si—N,1© and S-O
bonds!1-12 have also been reported. Recently, we reported the
first examples of the transition metal -catalyzed formation of P—
B bonds.13 Thus, dehydrocoupling of phosphine-borane ad-
ducts at 60-130 °C in the presence of a range of precatalysts
(e.g. Rh' complexes) was found to provide a new route to
phosphinoborane rings, chains and macromolecules. 1314 |n this
preliminary communication we report well-characterized exam-
plesof the use of catalytic dehydrocoupling to form new boron—
nitrogen bonds under mild conditions.15

Amine-borane adducts undergo thermally-induced dehy-
drocoupling at elevated temperaturesto afford mixtures of small
rings such as cyclic aminoboranes and borazines. For example,
dimethylamine-borane, Me;NH-BH3, eliminates hydrogen at
130 °C to quantitatively yield the cyclic dimer [Me;,N-BH;]»
1.16 However, when a solution of Me;NH-BH3 in toluene was
treated with ca. 0.5 mol% of [Rh(1,5-cod)(u-Cl)]- (1,5-cod =
1,5-cyclooctadiene) or RhCl3-3H,0 at 25 °C for 48-60 h, the
quantitative formation of the cyclic aminoborane 1 was detected
by 11B NMR spectroscopy. The reaction time was reduced to
24 hwhen the temperature wasrai sed to ca. 45 °C or the amount
of catalyst increased to 5 mol%. The iridium complex [Ir(1,5-
cod)(u-Cl)], aso catalyzed the dehydrocoupling reaction but
this precatalyst (ca. 0.5 mol%) proved less active with the
reaction time for quantitative conversionto 1 increasingto 72 h
at 45 °C. Significantly, prolonged heating of neat Me,NH-BH3
in the absence of catalyst over a period of 7 days at 45 °C
resulted in the quantitative recovery of unreacted adduct, which
clearly demonstrated the catalytic effect of the Rh and Ir
complexes.

Cyclic aminoborane 1 was isolated as a colorless, extremely
volatile yet air-stable crystalline solid.t The *H-coupled 1B
NMR spectrum showed atriplet at § 4.75 (1Jgy 110 Hz), which
was consistent with the coupling of two hydrogens to the boron
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centre. While tH and 13C NMR spectra were also consistent
with the proposed product, single-crystal X-ray diffractiont
provided definitive confirmation (Fig. 1).17 Notably, the B-N
bond lengths of 1 (1.595(4) A) closely match those of the
analogous cyclic trimer [Me;N-BHJ]; (1.61(4) A)18 and
moreover, are in the range observed for amine-boranes (ca.
1.58 A). The four-membered ring appears to be strained with
bond angles deviating significantly from the tetrahedral ideal
with values of 93.7(2) and 86.3(2)° for the N(1)-B(1)-N(1A)
and B(1)-N(1)-B(1A) angles, respectively.

Fig. 1 Molecular structure of 1. Selected bond lengths (A) and angles (°):
N(1)-B(1) 1.596(4), N(1A)-B(1) 1.595(4), N(1)-C(1) 1.478(4); N(1)-
B(1)-N(1A) 93.7(2), B(1)-N(1)-B(1A) 86.3(2).

The formation of the cyclic dimer 1 via meta-catayzed
dehydrocoupling of a secondary amine-borane adduct repre-
sents a new, mild route to boron—nitrogen rings. We found that
the strategy can be extended to other adducts such as
pyrrolidine-borane, (CH,)4,NH-BH3. Thus, the addition of
catalytic (ca. 0.5 mol%) amounts of [Rh(1,5-cod)(u-Cl)], or
RhCl3-3H,0 to a solution of the adduct (toluene, 25 °C, 24 h)
similarly led to the quantitative formation of the cyclic
aminoborane 2 (Scheme 1). Cyclic 2 was also characterized by
multinuclear NMR spectroscopyt and by single-crystal X-ray
diffraction.1®

The catalytic dehydrocoupling methodology is not restricted
to secondary amine-borane adducts. Thus, in the presence of
[Rh(1,5-cod)(u-Ch)]2> (1.5 mol%), the parent ammonia—borane
adduct NH3-BH3 was found to eliminate two equivalents of
hydrogen to form borazine 3 (diglyme or tetraglyme, 45 °C,
72 h) by 11B NMR (Scheme 2).20 However, isolation from the
reaction mixture by vacuum fractionation proved difficult; pure

Rh(1) or Rh(11) catalyst H\ ;
H\B N’R
ca. 0.5 mol%
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3 wasisolated in only ca. 10 % yieldt with the major products
being non-volatile, oligomeric species.21.22

Current preparations of borazine (e.g. from NaBH, and
(NH4)2S0,4) require rather forcing conditions (elevated tem-
peratures of 140-160 °C),23 and, in our hands, are aggravated by
similar difficulties in isolation. If optimized, the metal-
catalyzed route may be advantageous, which is potentialy
significant as borazine and borazine oligomers have been shown
to be useful precursors to cyclolinear polymers, boron nitride
ceramics and nanotubes,24-27

In an attempt to minimize the intermolecular dehydrocou-
pling reactions, we also investigated the catalytic elimination of
H, from N-methylamine-borane adduct. Indeed, we found that
MeNH,-BH3 undergoes dehydrocoupling in the presence of
[Rh(1,5-cod)(u-Cl)]2 (5 mol%), under similarly mild conditions
(monoglyme or diglyme, 45 °C, 60 h) to afford N-trimethylbor-
azine 4 by 11B NMR. Pure 4 was isolatedt in moderate yield
(ca. 35-40%) by vacuum fractionation.21.22 Previously devel-
oped routes to 4 typically involve high temperature dehydroge-
nation reactions such as the thermolysis of MeNH,-BH; at
100 °C to give the cyclic trimer (MeNH-BHy,)3, followed by
further pyrolysis at 200 °C.28 Interestingly, through monitoring
of the Rh catalyzed reaction by 1B NMR, dehydrocoupling to
form the cyclic aminoborane (MeNH-BH,)s wasfound to occur
first (6 —5.1, 1Jgy 108 Hz; lit. 6 —5.4, 1Jgy 107 Hz),2° followed
by further loss of hydrogento yield 4. Theisolation of aca. 50%
yield of non-volatile residue, indicates that intermolecular
coupling also occurs in this case.22 This process may involve
catalytic dehydrocoupling of the intermediate (MeNH-BH,)s.

In summary, amine-borane adducts undergo B-N bond
formation reactions under mild conditions in the presence of
rhodium dehydrocoupling precatalysts (Schemes 1 and 2).
Future work will involve an expansion of the scope of this new
chemistry, which offers the prospect of improved routesto B-N
compounds, and mechanistic investigations.
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Notes and references

T Selected spectroscopic data: for 1: yield (isolated) (0.18 g, 62%). *H
NMR (300 MHz, CDCls): 6 3.2-2.0 (q, br, BHy), 2.42 (s, CH3). 13C{1H}
NMR (75 MHz, CDCl3): 6 52.0 (s, CH3). 1B NMR (160 MHz, CDCl3):
4.75 (t, Wgn 110 Hz, BH,). For 2: yield (isolated) (1.22 g, 73%). 1H NMR
(300 MHz, CDCl3): 6 3.2-2.0(q, br, BH), 2.84 (t, br, NCH,CH,), 1.70 (m,
NCH,CH). 133C{*H} NMR (75 MHz, CDCl3): 6 60.1 (s, NCH,CH,), 23.7
(s, NCH,CH>). 11B NMR (160 MHz, CDCl3): § 2.56 (t, 1Jg 110 Hz, BH,).
For 3: yield (isolated) (0.57 g, ca. 10%). 1H NMR (300 MHz, CgD¢): 6 5.54
(t, br, NH), 4.45 (g, br, BH). 1B NMR (160 MHz, CgDg): 6 30.2 (d, 1Jgn
141 Hz, BH). For 4: yield (isolated) (0.39 g, 40%). *H NMR (300 MHz,
CeDg): 64.65 (q, br, BH), 2.96 (s, CH3). 13C{1H} NMR (75 MHz, CgDg):
6 38.5 (s, CHs). 11B NMR (160 MHz, CgDg): 6 33.2 (d, 1Jgn 132 Hz, BH).
EI-MS (70 eV): 122 (M* — H, 100%).

t Crystal data for 1: C;H16B2N2, M = 113.81, triclinic, space group P1, a
= 5.8330(7), b = 6.0290(10), ¢ = 6.2400(10) A, o = 80.372(8)°, B =

81.533(10)°, y = 65.942(8)°, U = 196.80(5) A3, Z = 1, D, = 0.960 Mg
m-3, u = 0.055 mm-1, F(000) 64, T = 103(1) K, A(Mo-Ka) = 0.71070
A, crystal size 0.30 x 0.30 x 0.25 mm, 895 independent reflections, 3782
collected. Goodness-of-fit on F2 = 1.162, final Rindices[l > 20(1)], Ry =
0.0963, wR, = 0.2866. Refinement was by full-matrix least squares on F2
using al data. All hydrogens were included in calculated positions and
refined isotropically.

CCDC 160965. See http://www.rsc.org/suppdata/cc/bl/b102361f/ for
crystallographic data in .cif or other electronic format.
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