Ruthenium(III) acetylacetonate Plus Oleylamine as Homogenous Catalyst for the Dehydrogenation of
Dimethylamine borane

Sibel DUMAN! and Saim OZKAR*

Department of Chemistry, Middle East Technical University, Ankara, 06531, Turkey
*E-mail:sozkar@metu.edu.tr
Abstract- Ruthenium(Ill) acetylacetonate was employed as homogenous catalyst in the dehydrogenation of dimethylamine borane (DMAB).
There exist indications for the in-situ formation of an active catalyst during catalytic reaction. The active catalyst is not stable to be isolated,
rather converted back to the precursor complex after the catalytic reaction. In order to stabilize the active catalyst, oleylamine (OAm) was added
to reaction mixture. Indeed OAm reacts with the precursor under catalytic condition to form a complex which is not stable to be isolated but also
is also acting as active catalyst in the dehydrogenation of DMAB. The new complex was isolated and characterized. Moreover, the new species
formed by coordination of OAm to ruthenium metal, has higher catalytic activity compared to that of the active catalyst in-situ formed from the
precursor in the absence of OAm. Poisoning experiments were performed to demonstrate that the dehydrogenation of DMAB catalyzed by the
Ru(acac); plus OAm system is a homogeneous catalysis. The kinetics of this catalytic dehydrogenation of DMAB was studied depending on the

catalyst concentration, substrate concentration, and temperature.
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Introduction

Modern transition-metal nanoclusters [1] can be stabilized by
anionic-ligand [2] and commonly prepared from the reduction
of a metal salt in the presence of stabilizer in solution.
However, it is favorable to have the stabilizer as ligand or
anion in the precursor compound, because of its controlled
release during the reduction. Such a controlled supply of the
stabilizer can provide the formation of nanoclusters in a
narrow size distribution [3]. Ruthenium(IIl) acetylacetonate
was used as a precursor in the dehydrogenation of DMAB [4].
Unexpectedly, Ru(acac); acts as a homogeneous catalyst in the
dehydrogenation of DMAB. The addition of OAm stabilizes
the active catalyst and also increases its catalytic activity.
Kinetics of the catalytic dehydrogenation of DMAB was
studied depending on the catalyst concentration, substrate
concentration and temperature.

Experimental

Catalytic dehydrogenation of DMAB was performed by
adding Ru(acac); catalyst into a solution of DMAB in toluene
in a jacketed reaction flask (50 mL) containing a Teflon-
coated stir bar placed on a magnetic stirrer (IKA® RCT Basic)
and thermostated to the reaction temperature by circulating
water through its jacket from a constant temperature bath
(Lauda RL6). The reactor was connected to a glass graduated
cylinder tube filled with water to measure the volume of the
hydrogen gas to be evolved from the reaction. The solution
prepared by dissolving 19.92 mg (5 mM) Ru(acac); and 294.6
mg (500 mM) DMAB in 10 mL toluene was transferred in to
the reactor. The reaction was started by closing the flask and
turning on the stirrer at 1000 rpm simultaneously and the
volumes of hydrogen gas generated was recorded every 5 min.
In some experiments 150 mM OAm was added. In poisoning
experiments, either mercury or carbon disulfide was added to
the reaction solution after 50% conversion of DMAB.

Results and Discussion

Figure 1 shows plots of hydrogen volume versus time
generated from the dehydrogenation DMAB in the presence of
Ru(acac); with and without OAm added either at the
beginning of reaction or after 50% conversion DAMB at 60 +
1 °C. When OAm is added at the beginning of catalytic
reaction, it shows an induction period of about 15 min which
is obviously required for the formation of active catalyst from
the Ru(acac); precursor and OAm under the reaction
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condition. The active catalyst formed is even more active than
the Ru(acac); precursor alone. The Ru(acac)(OAm);H formed
from the Ru(acac); precursor and OAm was isolated and
characterized. Poisoning experiments performed by using
either mercury or carbon disulfide shows that the
dehdyrogenation of DMAB is a homogenous catalysis.
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Figurel. The volume of H, versus time plots during the
dehydrogenation of DMAB catalyzed by Ru(acac); stabilized
with OAm.

Conclusions

In summary, our study on Ru(acac); catalyst stabilized with
OAm in the dehydrogenation of DMAB lead to the following
conclusions and insights (i) Ru(acac); is not suitable precursor
for the formation of nanoclusters, however, is a homogeneous
catalyst in the dehdyrogenation of DMAB, (ii) addition of
OAm causes to stabilization of the active catalyst, (iii)
Ru(acac); plus OAm is even more active in the

dehydrogenation of DMAB than the precursor complex alone.
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