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Transition-metal-catalyzed reactions revolutionized the field of 2 ~—
organic chemistry in the latter half of the 20th century. In
comparison, the use of transition metals to promote reactions which
generate new bonds between main group elements is an under-
developed field with considerable potenfidlVe have previously
reported the dehydrocoupling of phosphinand amine-borane 3
adducts by late transition metal (e.g., Rh) catalystsThis new
chemistry is of significance from the perspective of current interest
in hydrogen storagehydrogen transfer reactiofsind the formation
of new inorganic polymers8 We have also described our detailed
studies of the mechanism of these reactions and provided evidence
that in the case of the dehydrocoupling of phosphiberane

adducts the mechanism is a homogeneous process while that for A J
amine-borane adducts appears to be predominantly heterogetteous. 40 30 20 PPM 10 0 40 20
In this preliminary report, we describe the discovery thatly Figure 1. B NMR spectrum (toluene, 96 MHz) of a mixture containing
transition metal metallocene complexes can act as highly active, 1 and [CpTi] (2 mol %) after 40 min reaction time with various species
homogeneousiehydrocoupling catalysts toward amirteorane assigned. The small resonance at 28 ppm corresponds tNJhiH. >
adducts: Interestingly, another signal is generated in tHB NMR
We previously showed that Ti(IV) catalysts, such asUes, spectrum at 1 ppm during the course of the reactiorl afith
are inactive toward the dehydrocoupling of both phosphieed catalytic amounts of [GTi] and is presumably an intermediate or
amine-borane adduct¥:3 For example, treatment of MdH— byproduct (Figure 1). Moreover, this resonance splits into a triplet
BH; (1) with a catalytic amount of GFiMe, at 25°C for 160 h when theH-coupled spectrum is recordetli{_; = 108 Hz). On
resulted in no reaction b8 NMR spectroscopy? Interestingly, the basis of the proximity of the chemical shift to that of the cyclic

Corey and co-workers have developed the dehydrocoupling of horazane [MeNH-BH,]; (1B 6: —5 ppm) and the observation of
secondary silanes using [] (M = group 4 metal) catalysts  an jdentical coupling constant, we tentatively propose that this
which are generateid situ by the reaction of the appropriate £p species is the cyclic borazane [Me-BH,]; (3). Further evidence
MCI, complex with 2 equiv ofBuLi.*® To investigate if catalysts  for this conclusion is given by the fact that the difference in
of this type would be active for other systems, such as group 13/ cnemical shift betweeh and3 is equal to that between MeNHBH3

15 adducts, we treatetl with a catalytic (2 mol %) amount of g4 [MeHN-BH,]3 (14 ppm). Cyclic trimer3 may be initially
[CpTi]. In performing this reaction, extensive bubbling and H  generated before complete disproportionation occurs, affordling

release was observed, and full conversiof teas detected by'B as the more thermodynamically stable product. Significantly, a small
NMR spectroscopy in ogl4 h (Scheme 1) resonance was also noted at 37 ppm, and this can be assigned to
Scheme 1 monomeric MeN=BH,, a possible precursor to bothand 3.14
2 o . H,B—NMe We proceeded to investigate whether {Tipwould also act as
mol % [Cp,Ti] 2 2 . . .
2 Me,;NH-BH;3 | | a dehydrocoupl!ng catalyst for more sterically encumbered amine
20°C, 4 h Me,N—BH, boranes, such aBr,NH—BH3 (4). We have previously shown that
1 toluene, - 2H, 4 dehydrocouples in the presence of colloidal Rh(0) to slowly yield
2 the monomeric speciéPLN=BH, (5)'¢ over 4 days at 20C 32

Significantly, treatment ot with 2 mol % of [CpTi] resulted in
full conversion to5 in only 1 h (Scheme 2), verifying the high
catalytic activity of this early transition metal system.

The exact details of the reaction betweern,0@Il, and"BulLi
are not known with certainty, but presumably fZTBu, is
generated slowly followed by the formation of the putative Ti(ll)
product “CpTi". 12 Presumably the electron-deficient, coordinatively ~Scheme 2

unsaturated Ti center in the latter facilitates an initial reaction with ) 2 mol % [Cp,Ti] i
1 and entry into the catalytic cycle. Of potential relevance to this ProNH-BH; 0% 11 > ProN=BH,

chemistry is the report by Sneddon and co-workers that hydrobo-
ration reactions of decaborane with terminal olefins can be promoted
by a Ti(ll) catalyst, CpTi(CO),.13

4 toluene, - H, 5

The mechanism for this Ti-catalyzed process is of considerable
t University of Toronto. interest. A key initial question is whether the reaction is hetero-
* University of Bristol. geneous or homogeneotsThe previously described dehydrocou-
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Figure 2. Graph of % conversion versus time for the catalytic dehydro-
coupling of MeNH-BHj; using [ Rh(1,5-cod)¢-Cl)}2]%® (ca. 2 mol % of
Rh, toluene, 20°C, red curve, squares) and [{Ji)] (ca. 2 mol % of Ti,
toluene, 20°C, blue curve, triangles).
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Figure 3. Graph of % conversion versus time for the catalytic dehydro-
coupling of MeNH-BHj3; using Rh/AbO3% (ca. 2 mol % of Rh, toluene,
20°C, red curve, squares) and [dp (ca. 2 mol % of Ti, toluene, 20C,

blue curve, triangles). The solutions were filtered at the times indicated.

pling of 1 using Rh(l) precatalysts showed a sigmoidal-shaped
kinetic profile characteristic of a heterogeneous process with an
induction period prior to Rh colloid generatiérin contrast, for

the dehydrocoupling with [GJi], there is an initial rapid consump-
tion of 1 over 15 min followed by an approximately linear
conversion versus time plot (Figure 2).

Further insight was provided by poisoning experiments with
mercury, a well-known poison of heterogeneous metal catalysts,
owing to its adsorption onto the catalyst surface or formation of
an amalgam?® In contrast to the Rh-catalyzed dehydrocoupling of
1, which is completely halted by the addition of Hgthe
Ti-catalyzed reaction is unaffected even by a large excess of the
metal. A further indication that the latter is a homogeneous process
was provided by filtration experiments. These involved filtering
the reaction mixture through a small pore membrane in order to
distinguish between soluble and insoluble catalysisthe activity
is dramatically lowered upon filtration, then an insoluble hetero-
geneous catalyst is assumed. Significantly, for the Ti-catalyzed
reaction, filtration of the catalytically active solution through a 0.2
um filter after 80 min reaction time resulted in no detectable
suppression in activity, and the reaction still proceeded to comple-
tion after 240 mirt? In contrast, for the Rh-catalyzed case, the
reaction rate is dramatically suppressed (Figure 3).

Recently, we showed that the Rh-catalyzed dehydrocoupling of
1 can function as a transfer hydrogenation to deliver a stoichiometric

amount of H to olefins® To explore whether the Ti-catalyzed
system behaves similarl§,was treated with a catalytic amount of
[Cp.Ti] in the presence of cyclohexene. After 16 h, th@ andH
NMR spectra indicated that dehydrocoupling to yiddand
hydrogenation to cyclohexane had proceeded quantitatively. This
underscores the potential of this new early transition metal system
as a viable, highly active alternative to its Rh counterpart.
Further studies will target a full exploration of the generality
and utility of the Ti-catalyzed dehydrocoupling reaction and detailed
understanding of the mechanism which shows the signatures of a
homogeneous process.
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