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Abstract
Reaction of ketiminate ligand 1 with an excess of LiAlH4 generates an aluminum 
hydride complex 2, which was ready react with carbon dioxide at room temperature in 
dichloromethane to yield a novel aluminum formate complex 3.
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中文摘要
酮胺配位基 1 與過量之 LiAlH4 反應產生一鋁氫化合物 2。化合物 2 再室溫下
於 CH2Cl2 中與二氧化碳反應得到一不常見甲醯基錯化合物 3.
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The emission of carbon dioxide is considering as the largest source for the global 
warming.  Hence, the re-using carbon dioxide as a C1 source is a current research 
area which is not only in reducing the dependant of fossil fuel consuming but also in 
reducing the global greenhouse effect.1  Various methods have been developed for 
the CO2 activation and the using transition metal complexes as catalysts are in 
common.2  One way to convert CO2 into functionalized organic molecules is by 
inserting the CO2 into transition metal hydride bond.  Reactions between CO2 and 
transition metal hydride bonds have been reported in many metals, which mainly are 
focus on late transition metals.3  The reaction of CO2 with lithium aluminum hydride 
to form a reduced formic acid was known,4 however, the insertion of CO2 into 
aluminum hydride bond and structure characterized has not been seen.  In this report, 
we present the synthesis and characterization of aluminum hydride complexes 
containing substituted ketiminate ligands and their reactions with carbon dioxide.

Compound 1 can be easily synthesized in high yield via imine condensation by 
reacting 1:1 ratio of 2,4-pentandione and 2,6-diisopropylaniline in methanol.5
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 The reaction of compound 1 with excess of LiAlH4 in diethyl ether at − 78 °C 
and stirred at − 10 °C for 2 h generates 2 in 76 % yield after a re-crystallization of the 
reaction solution in diethyl ether at –20 °C (eq 1).6  The 1H NMR spectrum of 
complex 2 in C6D6 exhibits a C2 symmetry with the two methyl resonances of the 
ligand backbone appeared at δ 1.50 and 1.32, respectively.  The N−Ar rotation of 
complex 2 in solution at ambient temperature is slow due to highly steric hindrance of 
the isopropyl and the methyl group of the backbone of the ligands.  The 1H and 13C 
NMR spectra of complex 2 clearly present the results as shown by two sets of 
isopropyl resonances.   However, the hydride resonance was not observed, 
presumably due to the interaction of hydrogen with Al (I = 5/2).7  Solid state IR 
spectrum indicates that the νAl-H stretching frequency appeared at 1788cm-1.  
Moreover, a deuterated complex 2, 2-D, synthesized by reacting LiAlD4 and ketimine 
1, exhibits exactly the same 1H NMR spectroscopic data with complex 2 and the 
stretching frequency of νAl-D shifted to 1297 cm-1, which was estimated at 1287 cm-1

by calculation.  Complex 2 can be recrystallized from diethyl ether solution at – 20 
°C, which crystal structure was determined.8  The ORTEP plot and selected bond 



lengths and angles of complex 2 were depicted in Figure 1.   The structure of 
complex 2 exhibits a five−coordinated trigonal bipyramidal structure, with the two 
nitrogen atoms of ketiminate backbone occupying the axial positions while the two 
oxygen atoms and hydride taking the trigonal planar.  Complex 2 is not thermal 
stable, which decomposed at 80 °C in C6D6 forming an un-identified compounds.

The aluminum hydride complex 2 is reactive toward polar functional groups 
such as carbon dioxide.  In a reaction of complex 2 or 2D with CO2 in diethyl ether 
solution, the reaction was completed within minutes after the CO2 gas was bubbled 
into the solution (eq 2).  Exothermic reaction was observed while the reaction 
proceeded and the reaction was complete after the solution temperature back to room 
temperature.  An aluminum formate complex 3 or 3D can be isolated in 93 % yield 
from the diethyl ether solution at −20 °C.9  Complex 3 is very thermal stable which 
remained unchanged under vacuum at 100 C for   h.
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The ketiminate backbone of 3 exhibits the same pattern of 1H and 13C NMR 
resonances with that of 2.  However, 1H NMR spectrum of 3 exhibits a single at δ
8.0 indicative of a formate proton, which was not observed for complex 3D.  Again 
the 13C{1H} NMR spectrum shows a singlet at δ 163.8 for the carbonyl carbon of 
formate complex 3.  A single crystal of 3 suitable for structure determination by 
X-ray crystallography was obtained from a diethyl ether/dichloromethane mix 
solution at －20 °C.10  An ORTEP drawing of 3 and selected bond distances and 
angles are shown in Figure 2. The structure of complex 3 also exhibits as a 
five−coordinated trigonal bipyramidal structure.  However, the most distinct 
structural difference of 3 from 2 is the two oxygen atoms of the two ketiminate 
backbones are taking the axial position with an angle of 171.20(8)°, while which the 
two nitrogen atoms of the two ketiminate backbones of 2 occupied the axial positions.  
Moreover, a series of ketiminate aluminum halide and alkyl compounds11 are all 
shown a O－O trans geometry, similar to that of compound 3.

The intriguing reactivity of compound 2 toward CO2 has been carefully 
calculated.  Four structures are considered and calculated for their energies, which 
are the N－N trans and O－O trans form of complex 2, and N－N trans and O－O 
trans form of complex 3 as shown in Scheme 1.
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Density functional theory, which includes Becke’s three-parameter nonlocal 
exchange potential and the nonlocal correlation functional of Lee, Yang, and Parr was 
used along with the 6-31G* basis sets.12   For compound 2, the isomer with N－N 
trans arrangement is found to be 3.14 Kcal/mole lower in energy than the O－O trans 
isomer.  The observation is consistent with the solid state packing as seen in single 
crystal structure.  Inserting CO2 into the Al-H bond of complex 2 results the 
formation of formate complex 3 and the reaction was predict to be 29.84 Kcal/mole 
exothermic.  For complex 3, the N－N trans and O－O trans isomers are very close 
in energy, with the former being 0.05 Kcal/mole more stable.  The predicted 
geometrical parameters at the B3LYP/6-31G* level13 agree reasonably well with those 
obtained from X-ray data.

In conclusion, we have synthesized aluminum hydride complexes containing 
ketiminate ligands.  The aluminum hydride complexes shows a novel reactivity 
toward CO2 insertion which has not been seen before in the main group chemistry.  
A theoretical calculation proved that the CO2 insertion product has a lower energy 
than that of corresponding aluminum hydride complexes.  The results may be 
extended to other main group metal hydride systems to help remove the accumulate 
CO2 gas in the environment.
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Figure 1.  The ORTEP drawing of complex 2 and selected bond distances and 
angles.  Al(1)－H(1) 1.61(3); Al(1)－O(2) 1.757(3); Al(1)－O(1) 1.763(3); Al(1)－
N(2) 2.064(3); Al(1)－N(1) 2.079(3); H(1)－Al(1)－O(2) 114.5(11); H(1)－Al(1)－
O(1) 111.8(11); O(2)－Al(1)－O(1) 133.6(2); H(1)－Al(1)－N(2) 99.0(1); O(2)－
Al(1)－N(2) 88.21(13); O(1)－Al(1)－N(2) 86.96(13); H(1)－Al(1)－N(1) 95.3(11); 
O(2)－Al(1)－N(1) 85.31(14); O(1)－Al(1)－N(1) 88.3(1); N(2)－Al(1)－N(1) 
165.69(13)
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Figure 2. The ORTEP drawing of complex 3 and selected bond distances and 
angles.  Al(1)－O(3) 1.798(2); Al(1)－O(1) 1.807(2); Al(1)－O(2) 1.813(2); Al(1)
－N(1) 1.956(2); Al(1)－N(2) 1.997(2); O(4)－C(35) 1.213(3); O(3)－C(35) 
1.296(3); O(3)－Al(1)－O(1) 96.95(8); O(3)－Al(1)－O(2) 91.77(8); O(1)－Al(1)－
O(2) 171.20(8); O(3)－Al(1)－N(1) 116.10(8); O(1)－Al(1)－N(1) 90.45(7); O(2)－
Al(1)－N(1) 86.73(7); O(3)－Al(1)－N(2) 108.30(8); O(1)－Al(1)－N(2) 87.00(7); 
O(3)－C(35)－O(4) 127.6(3)
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