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Chapter 4 Reactivity studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter contains investigations on the reactivity of the novel magnesium hydride 

clusters. The results are subsequently compared to the reactivity of zinc and calcium 

hydride complexes. Based on the prior observations a calcium-catalyzed hydrosilylation as 

well as a magnesium-catalyzed hydroboration is presented and potential catalytic cycles are 

proposed. 

 

 

Parts of this chapter will be submitted for publication: 

J. Intemann, S. Harder, manuscript in preparation. 

J. Intemann, S. Harder, manuscript in preparation. 

  



 Chapter 4  

 

 

126 

4.1. Introduction 

The strongly polar character of the M-H bond in main-group metal hydrides makes them a 

real or latent source of hydride anions which are one of the most powerful bases and known 

reducing agents. The heterolytic cleavage of the M-H bond can be brought about in three 

different ways: through nucleophilic substitution, oxidative addition of the hydride to an 

unsaturated substrate and protonolysis. This is the basis for the reducing, metalating, 

activating or drying properties for which main-group metal hydrides are well known.[1] 

Alanes, particularly LiAlH4, are widely used as powerful and to a greater or lesser extent 

selective reducing agents in organic as well as inorganic synthetic chemistry.[2] However, 

zinc hydride complexes of the type M[R2ZnH] (M = alkali metal, R = organic group) present 

a convenient alternative as they are powerful yet very selective reagents for the reduction of 

carbonyl groups in aldehydes and ketones as well as esters and amides.[3] 

Metal hydride complexes, and in particular transition metal hydride complexes, are valuable 

homogeneous catalysts. These form key intermediates in hydrogenation catalysis. A crucial 

feature to the reactivity of metal hydride complexes is the solubility of the reagent. On 

account of low solubility, calcium and magnesium dihydride are considered largely inert 

except for their reaction with water, which is very slow in the case of magnesium dihydride. 

For this reason magnesium dihydride is not even considered a drying agent, in contrast to 

calcium dihydride. 

The reactivity of a reagent can also be strongly influenced by the way it is prepared. 

Compact magnesium dihydride obtained from the uncatalyzed reaction of the elements with 

each other is an essentially air-stable compound[4] whereas finely divided MgH2 isolated 

from pyrolysis of diethyl magnesium reacts violently with water and ignites in air.[5] In 1978, 

Ashby et al. were able to show that a slurry of active MgH2 can be prepared by reaction of 

diethyl- or diphenylmagnesium with lithium aluminium hydride in diethylether. After 

separation of the ether soluble LiAlH2R2; THF has to be added to the ether wet MgH2 to 

obtain an active slurry.[6] 

Active MgH2 slurries were found to be capable of the reduction of several functional 

groups,[7] most noteworthy, the stereoselective reduction of cyclic and bicyclic ketones.[8] In 

addition, active MgH2 did not only dissolve in but also reacted with pyridine to form a 

mixture of 1,2- and 1,4-dihydropyridide (DHP) magnesium complexes. The 1,4-DHP 

magnesium complex was found to be the thermodynamically favored product and after four 

hours at 60 °C pure 1,4-DHP was isolated (Figure 4.1). The intermediate 1,2-

dihydropyridide magnesium complex could not be isolated purely.[9] A similar observation 

was made for ZnH2 which also reacted with pyridine to form pure 1,4-dihydropyridide zinc 
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complexes (Figure 4.1). In this case, the formation of 1,2-DHP zinc complexes was 

excluded on account of a D-labeling study: reaction of ZnH2 with pyridine-d5 gives 

exclusively products with H in 4-position.[10] 

 

Figure 4.1 Reaction of Mg and Zn hydride with an excess of pyridine. 

The formed bis(1,4-dihydropyridide) metal complexes could be successfully applied in the 

selective reduction of ketones, aldehyde, enones, imines and nitrogen containing 

heterocyclic compounds.[11,12] 1,4-Dihydropyridine is a crucial building block in the 

coenzyme nicotinamide adenine dinucleotide (NADH) and is responsible for reduction 

processes in biological systems. Therefore the synthesis of pure 1,4-dihydropyridine is 

important for the design of NADH-mimics. Alternative sources for 1,4-dihydropyridine 

moieties are e.g. Hantzsch esters.[13] 

 

Recently, Hill et al. demonstrated the dearomatization of pyridine and its derivatives with 

DIPP-Mg(n-Bu) and phenylsilane under formation of 1,2- and 1,4 dihydropyridide ß-

diketiminate magnesium complexes (Figure 4.2). The 1,2-dihydropyridide magnesium 

complex was determined to be the kinetic product, while the corresponding 1,4-

dihydropyridide complex is the thermodynamic one (heating the reaction mixture to 60 °C 

resulted in complete conversion to 1,4-DHP).[14,15]  
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Figure 4.2 Dearomatization of pyridine by DIPP-Mg(n-Bu) and PhSiH3. 

The dearomatized pyridine derivatives are interesting substrates for homogenous catalytic 

transformations, however, reports are scarce. Those are limited to an initial report of a 

titanocene-based pyridine hydrosilylation by Harrod et al.,[16,17] followed by the description of 

a ruthenium-catalyzed process by Nikonov et al..[18,19] 

Recently, it has been shown that the organomagnesium complex, DIPP-Mg(n-Bu), is able to 

catalyze the hydroboration of pyridine and pyridine derivatives. In most cases preference for 

the 1,4-dihydropyridine product was observed but in other cases mixtures were found 

(Figure 4.3).[20] 

 

Figure 4.3 Magnesium-catalyzed hydroboration of pyridines. 

The dearomatization of pyridine was achieved when using bis(allyl)calcium Ca(C3H5)2,
[21] 

herein the reaction of pyridine with the polar allyl calcium bond resulted in the regioselective 

1,4-insertion. However, when methyl groups in ortho- or para-positions were present, 

metalation of the methyl groups was preferred over dearomatization of the pyridine ring.[22] 

A comparable 1,4-selective insertion of pyridine was also observed for the corresponding 

alkali metal zincate [K(18-crown-6)][Zn(η1-C3H5)3] and magnesate K2[Mg(η1-C3H5)4]. In these 

cases the reaction was even shown to be reversible (Figure 4.4).[23] 

 

Figure 4.4 Schematic representation of the dearomatization of pyridine by metal allyl complexes. 
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A further example of enhanced reactivity by increasing the solubility is the first soluble 

calcium hydride complex [DIPP-CaH·THF]2 introduced by Harder et al..[24] Whereas solid 

CaH2 hardly reacts with any organic functional group and is therefore primarily used as 

drying agent for organic solvents, the soluble calcium hydride shows smooth reactivity for a 

large scope of substrates (Figure 4.5).[25] Additionally, [DIPP-CaH·THF]2 could also be 

applied in the alkene hydrogenation with molecular H2 (20 bar).[26] The calcium hydride 

complex was applied for the hydrosilylation of ketones, however, a detailed study of each 

step of the proposed catalytic cycle indicated that homoleptic R2Ca species are more 

efficient catalysts than heteroleptic LCaR complexes.[27]  

 

Figure 4.5 Reactions of the [DIPP-CaH·THF]2 complex (for simplicity represented as a monomer). 

Metal hydrides are also valuable precursors for the synthesis of metal amidoboranes from 

ammonia borane. For example, Ca(NH2BH3)2 can be synthesized by ball-milling of CaH2 

and NH3BH3 at room temperature (Figure 4.6). 
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Figure 4.6 Synthesis of Ca(NH2BH3)2 by ball-milling of CaH2 and NH3BH3. 

As mentioned before, metal hydrides are known to react with water forming the respective 

metal hydroxides. In a similar fashion, well-defined main-group metal hydroxide complexes 

could be obtained by the controlled hydrolysis of appropriate precursors. However, 

organometallic hydroxide complexes of group 2 elements are still scarce. This is due to the 

relatively weak ionic M-OH bond which results in fast ligand exchange and formation of 

insoluble M(OH)2.  

Four examples of magnesium hydroxide complexes have been reported to date. The first 

well-defined Mg-OH complex [TpAr,MeMg(µ-OH)]2 (Tp = tris(pyrazolyl)hydroborate, Ar = p-(t-

Bu)C6H4) was prepared by Parkin et al. by hydrolysis of the according magnesium methyl 

precursor.[28] Another magnesium hydroxide complex [DIPP-Mg(µ-OH)]2 was discovered by 

unintentional hydrolysis of the DIPP magnesium allyl complex and later reproduced by the 

controlled hydrolysis at low temperature of a corresponding DIPP magnesium amide.[29,30] 

The analogous [DIPP-Ca(µ-OH)]2 and [DIPP-Sr(µ-OH)]2 complexes were prepared via the 

same route.[31] Recently, a novel magnesium hydroxide cubane encapsulated by a 

polypyrrolic Schiff base macrocycle L (L2-[Mg4(µ-OH)4(OH)4]) has been reported. It was 

obtained by the slow hydrolysis of a binuclear magnesium “Pacman”-shaped complex.[32] 

 

4.2. Goal 

As main-group metal hydride complexes have previously shown numerous interesting 

reaction pathways, we were intrigued to study the behavior of the discovered magnesium 

and zinc hydride clusters towards a range of different substrates. We chose to investigate 

the reactivity of [NN-(MgH)2]2, [NN-(ZnH)2]2 and PARA3Mg8H10 towards ammonia borane 

and various pyridine derivatives. Controlled hydrolysis of the metal hydride clusters was 

also part of the studies (Figure 4.7). Since no results on reactivity with some of the 
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substrates had been previously reported, DIPP-ZnH and [DIPP-CaH·THF]2 were studied as 

well. 

 

Figure 4.7 Schematic representation of the studied reactivities. 

In connection with observed reactivities, the applicability of main-group hydride complexes 

for catalytic transformations is part of the investigations as well. 

4.3. Results and discussion 

4.3.1. Magnesium hydride complexes 

[NN-(MgH)2]2 

The reaction of the tetranuclear magnesium hydride complex [NN-(MgH)2]2 with ammonia 

borane led to full conversion of the starting materials. However, from the resulting reaction 

mixture, no defined product could be isolated and fully characterized. In case the desired 

magnesium amidoborane was formed initially, the product could undergo a range of 

different follow-up reactions e.g. partial hydrogen elimination. These follow-up reactions 

resulted in the formation of multiple species which hampered the separation of the product 

mixture. 

To achieve a controlled hydrolysis of the magnesium hydride complex, various approaches 

have been tested. Addition of hydrated metal salts (CaCl2·2H2O, MgSO4·H2O) or hydrolysis 

by slow diffusion of water through a layer of hexane did not allow for the isolation of the 

desired hydroxide complex. In most cases over-hydrolysis under formation of protonated 

NN-H2 was observed as the main reaction product. 

Addition of water (1M solution in THF) to a toluene solution of [NN-(MgH)2]2 at −50 °C 

(Figure 4.8) resulted in the isolation of rhombic shaped orange crystals suitable for X-ray 

diffraction (Figure 4.9). The magnesium hydroxide complex [NN-(MgOH)2]2 forms a dimeric 

structure that is comparable to the tetranuclear hydride compound  
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[NN-(MgH)2]2. The structure has a two-fold crystallographic symmetry and contains one 

molecule of toluene and THF each, which are both disordered and non-coordinating. 

 

Figure 4.8 Synthesis of [NN-(MgOH)2]2. 

 

Figure 4.9 Crystal structure of [NN-(MgOH)2]2 and the corresponding Mg-OH core; i-Pr groups are 

omitted for clarity. 

Two of the magnesium centers (Mg2, Mg2’) are interacting each with three oxygen atoms 

(O1, O2, O1’), while the other two magnesium atoms (Mg1, Mg1’) are only coordinated to 

two oxygen atoms (O1, O2). Whereas in [NN-(MgH)2]2 the Mg atoms span a tetrahedron, 

the current structure shows strong deviation from such a geometry: Mg···Mg distances 

range from 2.970(8) Å to 3.742(1) Å. Around the penta-coordinated magnesium atoms 

(Mg2) two nitrogen atoms (N12, N22) and three oxygen atoms (O1, O2, and O1’) are 

located to form a tetragonal pyramid. The differing coordination mode of Mg2 and Mg2’ in 

comparison to Mg1 and Mg1’ results in strong variation in Mg···Mg distances which are 

generally shorter than in [NN-(MgH)2]2 (Table 4.1).  

The average Mg-N (2.047(7) Å) and Mg-O (2.018(3) Å) bond lengths are comparable to the 

values that were reported for [DIPP-Mg(µ-OH)]2 (2.1688(18) Å and 1.9878(17) Å, 

respectively).
[29] The hydrogen atoms of this structure were located in difference Fourier 

maps and the O−H bond length for [NN-(MgOH)2]2 (0.96 Å) appears elongated in 
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comparison with [DIPP-Mg(µ-OH)]2 (0.77(4) Å),[29] taking into account the fact that hydrogen 

atom positions in X-ray diffraction studies are always approximate positions. 

Table 4.1 Selected bond lengths [Å], distances [Å] and angles [°] for [NN-(MgOH)2]2 (symmetry 

operations: X’ = 1 − x, – y, z). 

[NN-(MgOH)2]2  

Mg1–N11 2.020(9) Mg1–O2 1.993(5) Mg1···Mg1’ 3.690(1) 

Mg1–N21 2.011(8) Mg2–O1 1.955(1) Mg1···Mg2’ 3.742(1) 

Mg2–N12 2.078(9) Mg2–O2 2.064(9) Mg2···Mg2’ 3.028(9) 

Mg2–N22 2.079(2) Mg2–O2’ 2.188(1) N11-Mg1-N21 94.63(5) 

Mg1–O1 1.889(8) Mg1···Mg2 2.970(8) O1-Mg1-O2’ 86.71(4) 

The isolation of a tetranuclear magnesium hydroxide cluster underscored the ability of 

bridged bis(ß-diketiminate) ligands to stabilize main-group metal complexes with small 

secondary ligands like hydrides or hydroxides and successfully prevent ligand exchange by 

the Schlenk equilibrium.  

Following investigations towards hydrolysis, the reactivity of the tetranuclear magnesium 

hydride complex [NN-(MgH)2]2 with pyridine was studied. Addition of at least eight 

equivalents of pyridine to a solution of [NN-(MgH)2]2 resulted in an immediate change of 

color from yellow to dark red and the formation of a Mg-1,2-DHP complex (Figure 4.10).  

 

Figure 4.10 Synthesis of NN-[Mg(1,2-DHP)]2·(pyridine)2. 

By cooling of the reaction mixture to −30 °C yellow cube-shaped crystals suitable for X-ray 

diffraction could be obtained. The obtained crystal structure (Figure 4.11) shows a 

monomeric C2-symmetrical compound containing two four coordinate magnesium centers. 



 Chapter 4  

 

 

134 

 

Figure 4.11 Crystal structure of NN-[Mg(1,2-DHP)]2·(pyridine)2; i-Pr groups are omitted for clarity. 

The pseudo-tetrahedral coordination geometry is provided by the ß-diketiminate unit, a 1,2-

dihydropyridide anion and one additional neutral pyridine ligand. The 1,2-dihydropyridide 

anion is clearly defined (no disorder is found in the ring) and the expected variation in the 

bond lengths is consistent with the dearomatization of the pyridine molecule and a hydride 

transfer onto the 2-position of the ring (Figure 4.12). The nitrogen atom within the 1,2-DHP 

ring is significantly pyramidalized [Σbond angles = 351.05(8)°] in comparison to the distorted 

trigonal planar nitrogen atom [Σbond angles = 359.52(8)°] in the neutral coordinating pyridine 

molecule. This pyramidalization could be the result of a CH-π-interaction between one 

hydrogen atom on C27 and the aryl substituent on the ß-diketiminate ligand. A comparable 

pyramidalization was reported for DIPP-Mg(1,4-DHP)·pyridine (Figure 4.2) [Σbond angles = 

352.36°].[14] Also in this case a CH-π-interaction could be assumed. The difference in the 

bonding mode of 1,2-DHP (covalent/electrostatic) and the neutral pyridine (dative covalent) 

is also reflected in the respective Mg-N distances (1,2-DHP: 2.0036(9) Å, pyridine: 

2.1311(9) Å). 

 

Figure 4.12 Comparison of the bond lengths in the Mg-1,2-dihydropyridide and neutral pyridine 

fragments taken from the crystal structure of NN-[Mg(1,2-DHP)]2·(pyridine)2 (Figure 4.11). 

The two coordinating neutral pyridine molecules are facing each other (average distance: 

4.8792(5) Å), therefore π-π interactions between the respective rings could be possible. 
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Table 4.2 Selected bond lengths [Å], distances [Å] and angles [°] for NN-[Mg(1,2-DHP)]2 (symmetry 

operations: X’ = − x, y, 1/2 − z). 

NN-[Mg(1,2-DHP)]2·(pyridine)2 

Mg1–N1 2.0323(2) N4-C23 1.361(7) N1-Mg1-N2 92.98(4) 

Mg1–N2 2.034(7) N4-C27 1.478(4) N3-Mg1-N4 105.16(4) 

Mg1–N3 2.131(1) N1-N1’ 1.445(1)   

Mg1–N4 2.003(6) Mg1···Mg1’ 4.326(7)   

The observation that the isolated compound almost solely contained 1,2-dihydropyridide 

was confirmed by 1H NMR spectroscopy. Even after prolonged reaction times at elevated 

temperatures (60 °C) the 1H NMR spectrum showed less than 10% conversion of 1,2 -

dihydropyridide into 1,4-dihydropyridide which is in contrast to previously reported Mg-DHP 

compounds.  

The course of the formation of the 1,2-DHP-complex was monitored by 1H NMR and 

compared to the analogous experiment carried out using deuterated pyridine. During the 

first 30 minutes of the reaction a set of at least nine 1H NMR resonances was observed 

which clearly originated from the pyridine fragment as it was not visible in the analogue 

experiment with deuterated pyridine. These signals showed extensive magnetic coupling 

with each other and disappeared after formation of the final product (Figure 4.13). 

 

Figure 4.13 a) Sections of the 
1
H NMR spectrum ten minutes after the addition of pyridine/pyridine-d5 

to a solution of [NN-(MgH)2]2 in C6D6; b) H,H-COSY spectrum ten minutes after addition of pyridine to 

a solution of [NN-(MgH)2]2 in C6D6. 
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This intermediate could not be isolated and fully characterized until now. However, it is 

assumed that is a coordination complex in which several pyridine units coordinate to the 

metal centers in [NN-(MgH)2]2. This could be a potential explanation for the appearance of 

multiple high-field resonances for the pyridine ring. The characterization of this intermediate 

might give indications for a potential mechanism of the formation of 1,2-hydropyridide.  

In an additional 1H NMR experiment, [NN-(MgH)2]2 was reacted with fully deuterated 

pyridine. After formation of a deuterated analogue of NN-[Mg(1,2-DHP)]2·(pyridine)2 (Figure 

4.14), the behavior of this complex in solution was monitored on a daily basis. Gradually the 

1H NMR resonance that was assigned to the 2-position of neutral pyridine was increasing 

significantly while a slow decrease of the 1H NMR signal assigned to the 2-position of the 

1,2-dihydropyridide was observed. This indicates H−D exchange between the 1,2-

dihydropyridide moiety and the neutral coordinated pyridine (Figure 4.14) and reveals that 

the complex is not static. This exchange reaction is surprisingly selective for the 2-position 

in pyridine but also very slow (two weeks). 

 

Figure 4.14 Reaction of [NN-(MgH)2]2 with pyridine-d5 and subsequent H-D exchange between 1,2-

pyridide and neutral pyridine. 

The conversion of 1,2-dihydropyridide into 1,4-dihydropyridide which was observed for 

former Mg-DHP complexes at higher temperatures could also involve the hydride exchange 

between the DHP anion and the neutral pyridine ligand. This might explain the surprising 

stability of NN-[Mg(1,2-DHP)2]2·(pyridine)2. In the 1,2-dihydropyridide complex a π-π-

interaction between the neutral pyridine rings and a CH-π-interaction could hinder the free 
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rotation around the Mg centers. This might prevent on the intramolecular hydride transfer to 

the 4-position. 

Upon addition of THF to a solution of NN-[Mg(1,2-DHP)2]2·(pyridine)2, all 1H NMR 

resonances broadened and the THF molecules seemed to have replaced the coordinated 

pyridine. This was assumed as the signals corresponding to coordinated pyridine 

disappeared and were replaced by a set of signals for uncoordinated pyridine (Figure 4.15). 

 

Figure 4.15 Replacement of coordinated pyridine by THF. 

The formation of the magnesium dihydropyridide complex could be potentially reversible. 

For this reason the back-formation of a magnesium hydride was investigated. However, 

heating of solid NN-[Mg(1,2-DHP)2]2·(pyridine)2 under vacuum did not remove the pyridine 

moieties and restore the magnesium hydride complex (Figure 4.16a). Prolonged reaction 

times and extensive heating to higher temperatures only led to decomposition of the starting 

materials. A potential reversibility cannot be fully excluded, but the activation barrier for the 

back-formation of a magnesium hydride appeared to be considerably high. 

Likewise, addition of an excess of phenylsilane to NN-[Mg(1,2-DHP)2]2·(pyridine)2 did not 

trigger the formation of [NN-(MgH)2]2 after four days at 60 °C (Figure 4.16b). 

 

Figure 4.16 Attempted back-formation of a magnesium hydride complex from NN-[Mg(1,2-

DHP)2]2·(pyridine)2. 

Another interesting observation was made, when a significant excess of pyridine was added 

to a solution of NN-[Mg(1,2-DHP)]2 and the mixture was heated to 60 °C over a period of 

several days. The color of the reaction mixture changed from orange-red to dark green and 

the recorded 1H NMR spectrum indicated beginning formation of the corresponding 1,4-
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dihydropyridide magnesium complex, but all signals had broadened and some of the 

resonances could not be clearly assigned. The same color change was observed in the 

reaction of [NN-(MgH)2]2 with the pyridine derivative 2-picoline after three days of heating at 

60 °C. Potentially, bigger aggregates with bridging dihydropyridide units could form. This 

has been observed for lithium dihydropyridide complexes.[33] 

PARA3Mg8H10 

The controlled hydrolysis of PARA3Mg8H10 was attempted in several ways: by addition of 

hydrated metal salts (CaCl2·(H2O)2), by diffusion of water through a layer of hexane and 

also by addition of water in THF at lower temperatures. Unfortunately, all attempts only 

resulted in over-hydrolysis and mainly yielded protonated PARA-H2 ligand. 

The reaction of PARA3Mg8H10 with ammonia borane resulted in an immediate color change 

from bright yellow to pale yellow and the recorded 1H NMR spectrum of the clean product 

indicated the formation of an amido borane complex (Figure 4.17). However, all 

crystallization attempts that could unambiguously confirm the formation of the desired 

compound did not succeed until now.  

 

Figure 4.17 Formation of PARA-(MgNH2BH3)2. 

PARA3Mg8H10 was also reacted with 20 equivalents of pyridine (2 equivalents per hydride 

moiety). This resulted in formation of magnesium 1,2- and 1,4-dihydropyridide complexes. 

When the experiment was conducted at room temperature, a 1:1 mixture 1,2-DHP and 1,4-

DHP magnesium complexes was formed as determined by means of 1H NMR 

spectroscopy. Subsequent short heating to 60 °C led to complete conversion into the 

magnesium 1,4-dihydropyridide complex PARA-[Mg(1,4-DHP)]2·(pyridine)2 (Figure 4.18).  
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Figure 4.18 Synthesis of a mixture of PARA-[Mg(1,2-DHP)]2·(pyridine)2 and PARA-[Mg(1,4-

DHP)]2·(pyridine)2 and conversion to pure PARA-[Mg(1,4-DHP)]2·(pyridine)2 after heating. 

The complex was isolated as yellow plate-shaped crystals suitable for X-ray diffraction. The 

complex crystallizes in the triclinic space group Pˉ1 with two formula units of PARA-

[Mg(1,4-DHP)]2·(pyridine)2 in the asymmetric unit. One molecule in the asymmetric unit 

contains does not show crystallographic symmetry. At the same time, two half molecules 

with inversion symmetry were found.  

Figure 4.19 shows only the non-symmetrical molecule (residue 1). The other two molecules 

differ mainly in the orientation of the ß-diketiminate planes in respect to the central phenyl 

ring (angle between least-square planes: residue 1 [non-symmetrical] = 53.64(8)°, residue 2 

[inversion center] = 69.4(2)° and residue 3 [inversion center] = 84.76(8)°) and therefore in 

the Mg···Mg distances (Table 4.3). 

 

 

 

 

Figure 4.19 a) Crystal structure of PARA-[Mg(1,4-DHP)]2·(pyridine)2; i-Pr groups are omitted for 

clarity, b) labeling scheme for PARA-[Mg(1,4-DHP)]2·(pyridine)2. 
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In the monomeric complexes, the pseudo-tetrahedral coordination geometry around the 

magnesium centers is provided by the ß-diketiminate unit, a 1,4-dihydropyridide anion and 

one additional neutral pyridine ligand. The 1,4-dihydropyridide anions are clearly defined 

and the bonds to the CH2 fragment (C3−C4) are significantly elongated which is consistent 

with the dearomatization of the pyridine moiety and a hydride transfer onto the 4-position of 

the ring (Figure 4.20). All hydrogen atoms of the complex were located in difference Fourier 

maps. 

 

Figure 4.20 Comparison of the bond lengths in 1,4-dihydropyridide and neutral pyridine derived from 

the crystal structure of PARA-[Mg(1,4-DHP)]2·(pyridine)2 (average of all three residues). 

In contrast to previously reported structurally characterized Mg-DHP complexes, a 

pyramidalization of the nitrogen atom within the 1,4-DHP ring could not be observed within 

any of the three structures of PARA-[Mg(1,4-DHP)]2·(pyridine)2. However, the difference in 

the bonding mode of 1,4-DHP (covalent/electrostatic) and the neutral pyridine (dative 

covalent) is reflected in the respective Mg-N distances (1,4-DHP: 1.9940(15) Å, pyridine: 

2.1397(15) Å [average values of all three residues]). 

Table 4.3 Range of selected bond lengths [Å], distances [Å] and angles [°] for all three molecules in 

the unit cell of PARA-[Mg(1,4-DHP)]2 (average values in square brackets). 

PARA-[Mg(1,4-DHP)]2·(pyridine)2 

Mg–N1 
2.0240(14) − 2.0405(15) 

[2.0337(14)] 
Mg···Mg 

7.8843(8) – 8.2616(8) 

[8.0808(8)] 

Mg–N2 
2.0200(15) − 2.0362(15) 

[2.0276(15)] 
N1−Mg−N2 

90.74(6) − 91.86(6) 

[91.22(6)] 

Mg–N3 
1.9894(16)− 1.9986(15) 

[1.9940(15)] 
N3−Mg−N4 

104.23(6) − 106.00(6) 

[105.05(6)] 

Mg–N4 
2.1332(15) – 2.1464(15) 

[2.1397(15)] 
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A 1H NMR spectrum for PARA-[Mg(1,4-DHP)]2·(pyridine)2 dissolved in C6D6 displays very 

broad resonances that were not clearly assignable to the corresponding protons. In 

contrast, dissolving the complex in THF-d8 resulted in very sharp 1H NMR signals also for 

the neutral pyridine ligands. As the chemical shifts for neutral pyridine agree with 

uncoordinated pyridine in THF-d8, it was assumed that the coordinating pyridine was 

replaced by THF molecules like observed for NN-[Mg(1,2-DHP)]2·(pyridine)2. Additional 1H 

NMR resonances that are assignable to 1,4-dihydropyridide anions were observed in the 

spectrum (Figure 4.21). These likely originate from Mg(1,4-DHP)2 which is formed by 

reaction of the encapsulated MgH2 with pyridine (alternative notation for PARA3Mg8H10 = 

[PARA-(MgH)2]3·(MgH2)2). However, from the integration of the signals in comparison to the 

remaining resonances, it was concluded that not all the incorporated MgH2 was converted 

to Mg(1,4-DHP)2. This is potentially due to partial precipitation of MgH2 before a reaction 

with pyridine could occur. 

 

Figure 4.21 
1
H NMR spectrum and magnified section of PARA-[Mg(1,4-DHP)]2·(pyridine)2; signals 

corresponding to Mg(1,4-DHP)2 are highlighted in red boxes. 

4.3.2. Zinc hydride complexes 

As the reactivity of ZnH2 and MgH2 with pyridine is comparable,[10,11] zinc hydride complexes 

were also included in our reactivity studies. The monomeric DIPP-ZnH complex was 

subjected to an excess of pyridine, but no conversion of pyridine could be observed by 

means of 1H NMR spectroscopy, even after prolonged reaction times and heating to 100 °C. 

Cooling of the reaction mixture gave crystals and a structure determination revealed the 
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complex DIPP-ZnH·(pyridine) in which pyridine functions as neutral Lewis base (Figure 

4.22).  

 

Figure 4.22 Crystal structure of DIPP-ZnH·(pyridine), a) ball-and-stick representation, i-Pr groups 

have been omitted for clarity, b) space-filling model. 

The same crystal structure had been previously obtained from a comparable crystallization 

experiment as well.[34] Both structures could not be fully refined due to a poor quality of the 

data set but showed clearly that the pyridine ring is only coordinated to the zinc center and 

did not react with the hydride functionality. In the monomeric complex, the zinc center is 

tetrahedrally coordinated by the two nitrogen atoms of the ß-diketiminate unit (N1, N2), the 

nitrogen atom of pyridine (N3) and one hydride (H1). Interestingly, even with an additional 

pyridine molecule in the coordination sphere of the zinc atom, the hydride is still well 

accessible as illustrated in the space-filling model of DIPP-ZnH·(pyridine) (Figure 4.22b).  

The fact that a dihydropyridide complex could not be obtained by the direct reaction of 

DIPP-ZnH with pyridine confirmed the surprisingly low reactivity of this monomeric complex 

even though the hydride is much better accessible than in the dimeric magnesium complex 

(DIPP-MgH)2. The lower reactivity could be attributed to the more covalent character of the 

Zn-H bond when compared the mainly ionic Mg-H bond.  

It is also possible that the reaction between DIPP-ZnH and pyridine is reversible and that 

the equilibrium lies mainly to the metal hydride. In order to test this hypothesis, fully 

deuterated pyridine was added to DIPP-ZnH, resulting in formation of DIPP- ZnH·(pyridine-

d5) (A) (Figure 4.23). When the reaction with pyridine is reversible, this complex is in 

equilibrium with a DIPP-Zn(DHP) complex (B). Complex B can subsequently react back to 

DIPP-ZnH·(pyridine-d5) or alternatively the hydride can stay incorporated in the pyridine 

ligand (C) (Figure 4.23). This process can be monitored by 1H NMR as the incorporation of 

a proton in the deuterated pyridine would lead to an increase in the resonances of the 2- or 



Reactivity studies  

 
143 

 

4-position of pyridine accompanied by a decrease of the Zn-H resonance. However, after 

heating of a mixture of DIPP-ZnH and pyridine-d5 to 60 °C for 24 hours, no visible change in 

the 1H NMR spectrum was observed. Therefore a reversible reaction of DIPP-ZnH and 

pyridine is unlikely. 

Figure 4.23 Potential reversibility and equilibria for the reaction of DIPP-ZnH with pyridine-d5. 

In order to verify whether the zinc dihydropyridide is an unstable species that would 

immediately eliminate zinc hydride and pyridine, we tried to synthesize a zinc 

dihydropyridide complex by an alternative route. 

Potassium dihydropyridide, K(1,4-DHP), was obtained from the reaction of benzyl 

potassium, phenylsilane and pyridine. As this compound was previously reported to be 

sensible towards dimerization,[35] it was not isolated but generated in situ and directly 

reacted with the zinc chloride precursor DIPP-ZnCl or the iodide analogue DIPP-ZnI. It 

could be that the zinc dihydropyridide complex DIPP-Zn(DHP) once formed immediately 

decomposes into DIPP-ZnH and pyridine. Another explanation could be that the zinc 

hydride complex results from reaction of DIPP-ZnCl with unconverted KH (Figure 4.24).  

 

Figure 4.24 Attempted synthetic route towards DIPP-Zn(1,4-DHP) with in situ generated K(1,4-DHP). 

Alternatively, [Li(1,4-DHP)]2·2pyridine, which is a stable dihydropyridide complex, was 

reacted with DIPP-ZnI, but from numerous attempts under varying conditions only the 

starting materials were isolated (Figure 4.25). This is likely due to the good solubility of 

lithium iodide. 
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Figure 4.25 Attempted synthetic route towards DIPP-Zn(1,4-DHP) with [Li(1,4-DHP)]2·4 pyridine. 

In a comparable manner, [NN-(ZnH)2]2 did not show any reaction with added pyridine. A 

solution of [NN-(ZnH)2]2 in deuterated pyridine displayed a rearrangement in the cluster 

structure (see Chapter 3.3.2) but no conversion of any pyridine into dihydropyridide by 

transfer of hydride ligands was observed. 

In addition, magnesium n-butyl and zinc ethyl complexes, including Mg(nBu)2 and ZnEt2 

were added to pyridine. While all tested magnesium n-butyl compounds showed clear 

indications for a reaction with pyridine (e.g. color change to dark red, DHP resonances in 1H 

NMR), all zinc ethyl functionalities stayed untouched. Therefore it can be concluded that the 

reactivity towards pyridine highlight a considerable difference between structurally similar 

magnesium and zinc compounds. 

4.3.3. Calcium hydride complexes 

As [DIPP-CaOH·THF]2 was already prepared along the same route as the analogue 

magnesium hydroxide complex, we were intrigued to study the reactivity of [DIPP-

CaH·THF]2 towards pyridine derivatives. Addition of pyridine resulted in a fast and clean 

reaction (Figure 4.26). 1H NMR spectroscopy indicated the formation of pure DIPP-Ca(1,2-

DHP)·pyridine as the only product. 

 

Figure 4.26 Formation of DIPP-Ca(1,2-DHP)·pyridine. 

After 30 minutes, formation of DIPP2-Ca was observed by 1H NMR. Therefore DIPP-Ca(1,2-

DHP)·pyridine is not stable towards ligand exchange by the Schlenk equilibrium and no 

crystals of the complex could be obtained. For this reason the compound was only 

characterized by NMR spectroscopy (Figure 4.27). 
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Figure 4.27 Section of the 
1
H NMR spectrum of DIPP-Ca(1,2-DHP) showing the 1,2-DHP 

resonances. 

In order to find a more stable calcium dihydropyridide complex, a selection of pyridine 

derivatives was tested for the reactivity with [DIPP-CaH·THF]2 and the reaction mixtures 

were investigated by means of 1H NMR spectroscopy. All substrates showed a fast reaction 

with the hydride functionality and primarily the formation of 1,2-dihydropyridides was 

observed. All obtained complexes were very labile towards ligand exchange (Schlenk 

equilibrium) and within a period of 30 minutes to three hours only the homoleptic complexes 

were visible in the 1H NMR spectra (Table 4.4). 

Table 4.4 Reactivity of [DIPP-CaH·THF]2 towards pyridine with according products and the rate of 

ligand exchange (Schlenk equilibrium).  

 

pyridine 

derivative 
product 

Schlenk 

equilibrium 

I 1,2-dihydropyridide slow 

II 1,2-dihydro-2-picolide slow 

III 1,2-dihydro-3-picolide slow 

IV 1,2-dihydro-4-picolide fast 

V 1,2-dihydro-3,5-lutidide very fast 

VI 1,4-dihydro-2,6-lutidide fast 

VII 1,2-dihydroquinolide fast 

VIII 1,2-dihydroisoquinolide fast 

From the reaction of [DIPP-CaH·THF]2 with an excess of isoquinoline, the homoleptic 

dihydroisoquinolide Ca complex, Ca(DHiQ)2·(isoquinoline)4, could be obtained as square-

shaped dark red crystals that were suitable for X-ray diffraction. In the crystal structure an 

octahedral coordination sphere around the Ca center is provided by the nitrogen atoms of 
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two dihydroisoquinolide anions (N1, N1’) and four molecules of neutral coordinating 

isoquinoline (N2, N2’, N3, N3’) (Figure 4.28). 

 

Figure 4.28 Crystal structure of Ca(DHiQ)2·(isoquinoline)4. 

Both 1,2-dihydro-isoquinolide anions are clearly defined and the N−CH2 and C−CH2 bonds 

are significantly elongated which is consistent with the dearomatization of the isoquinolide 

moiety and a hydride transfer onto the 2-position of the ring. The bond lengths in the 

annulated phenyl ring of the 1,2-dihydroisoquinolide anions are not significantly different, 

which indicates a widely delocalized system within this ring. On the contrary the single and 

double bonds in the neutral isoquinoline units show alternating bond lengths and are 

therefore considerably more localized (Figure 4.29). 

 

Figure 4.29 Comparison of the bond lengths in 1,2-dihydroisoquinolide and neutral isoquinoline 

taken from the crystal structures of Ca(1,2-DHiQ)2·(isoquinoline)4. 

The nitrogen atom within the 1,2-dihydroisoquinolide anion is slightly pyramidalized  

[Σbond angles = 356.08(15)°], the same is observed for two of the neutral isoquinoline units 
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[Σbond angles = 355.52(1)°] while the remaining two neutral isoquinoline molecules contain a 

trigonal planar nitrogen atom [Σbond angles = 360.00(16)°]. A difference in the bonding mode of 

1,2-DHiQ (covalent/electrostatic) and the neutral isoquinoline molecules (dative covalent) is 

mainly reflected in the respective Ca-N distances (Table 4.5). 

Table 4.5 Selected bond lengths [Å], and angles [°] for Ca(DHiQ)·4isoquinoline (symmetry 

operations: X’ = − x, − y, − z). 

Ca(DHiQ)2·(isoquinoline)4  

Ca–N1 2.4004(18) N1–Ca-N1’ 180.00(9) N1-Ca-N3 87.21(6) 

Ca–N2 2.5229(18) N1-Ca-N2 89.51(6) N1-Ca-N3’ 92.79(6) 

Ca–N3 2.5260(18) N1-Ca-N2’ 90.49(6)   

In conclusion, all stoichiometric reaction of [DIPP-CaH·THF]2 with pyridine derivatives result 

in formation of 1,2-DHP complexes. The sole exception is 2,6-lutidine, which forms a 1,4-

dihydrolutidide complex in very poor yields (< 5%). This is most likely due to the blocked 2-

position in this derivative. 

4.3.4. Catalysis with calcium hydride complexes – Hydrosilylation 

There have been various attempts to obtain N-silylated dihydropyridines from the catalytic 

dearomatization-hydrosilylation of pyridine and pyridine derivatives. Until today only 

titanocene complexes (Cp2TiMe2, CpCp*TiMe2)
[16,17] and a cationic ruthenium species 

([Cp(iPr3P)Ru(N≡CCH3)2]
+)[19] were identified as suitable catalysts. For the titanium 

catalyzed hydrosilylation-hydrogenation of pyridines two different mechanisms have been 

proposed.  

The first mechanism by Harrod et al.[16] is analogous to a mechanism for the hydrosilylation 

of imines proposed by Willoughby and Buchwald.[36] It suggests a titanium hydride as the 

active species in the catalytic process. In the first step, pyridine coordinates to the metal 

center, subsequently the hydride is transferred onto the 2-position of the pyridine and a 

metal nitrogen bond is formed. In the last step, the silane regenerates the titanium hydride 

complex via an σ-bond metathesis between Si-H and Ti-N, releasing the hydrosilylation 

product (Figure 4.30). 



 Chapter 4  

 

 

148 

 

Figure 4.30 A Ti-H based catalytic cycle proposed by Harrod et al..
[16]

 

This mechanism was supported by deuterium-proton exchange experiments that mainly 

showed exchange at the 2- and 6-position when either pyridine-d5 or PhMeSiD2 were 

utilized, however, a hydride species could never be detected at any stage of the catalytic 

cycle. 

Therefore Harrod et al. also suggested an alternative mechanism in which a titanium-silicon 

moiety carried the catalytic cycle.[16] The first step is again the coordination of the pyridine, 

followed by migration of the metal to the 2-position and simultaneous formation of the 

silicon-nitrogen bond. In the final step, the titanium-silicon species is regenerated via an σ-

bond metathesis between Si-H and Ti-C (Figure 4.31). 

 

Figure 4.31 A Ti-Si based catalytic cycle proposed by Harrod et al..
[16]

 

This mechanism was supported by the observed regioselectivities for the 2- or 6-position 

with 3-picoline as the substrate (Figure 4.32). At lower temperatures the bulky Cp2Ti group 
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moves to the 6-position (A) due to the steric hindrance. At higher temperatures, the relative 

rate of migration to the 2-position increases (B), as observed. In case of a hydride 

mechanism (Figure 4.30) little preference for the migration of H to the 2- or 6-position would 

be expected. Also the isolation of a titanocene(III)silyl pyridine complex and the fact that 

only little direct hydrogenation was observed by this catalyst as would be expected for a 

titanium hydride species support the silanide mechanism.[16] 

 

Figure 4.32 Two alternative reaction coordinates for C=N insertion into the Ti-Si bond.
[16]

 

According to the first mechanism shown, alkaline-earth metal hydride species could be able 

to catalyze hydrosilylation. Therefore we studied the capability of magnesium, zinc and 

calcium hydride complexes to obtain hydrosilylation products in a catalytic manner. 

Multiple attempts to use magnesium or zinc hydride complexes as catalysts for the 

hydrosilylation with varying reaction conditions have so far proven unsuccessful. The 

dihydropyridide complex was formed, but it did not react with the silane and the hydride 

species could not be regenerated. Over time only disproportionation of PhSiH3 into Ph2SiH2, 

SiH4 and Ph3SiH could be observed. We focused on transformation of pyridine with PhSiH3, 

which is one of the more reactive ones. Until now, no other silanes have been tested with 

magnesium or zinc catalysts. 

Finally, [DIPP-CaH·THF]2 was tested in the hydrosilylation of pyridine and pyridine 

derivatives. In various NMR scale experiments the calcium hydride complex  

(10 mol%) was able to convert pyridine derivatives into the desired N-silylated 1,2-

dihydropyridines. However, the conversion was rather low (10-20%) except for the cases of 

pyridine, quinoline and isoquinoline. 

Herein, hydrosilylation of pyridine with phenylsilane led to the formation of (1,2-DHP)2PhSiH 

(Figure 4.33). No formation of the mono(1,2-dihydropyridine) silane or N-silylated 1,4-

dihydropyridine was observed at any stage of the reaction, therefore it was assumed that 

the hydrosilylation of the second equivalent of pyridine is either very fast or both equivalents 

are hydrosilylated in a concerted process.  
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Figure 4.33 Hydrosilylation of pyridine with PhSiH3 catalyzed by [DIPP-CaH·THF]2. 

In NMR scale experiments with 10 mol% or 5 mol% of the catalyst, 80% conversion were 

determined by means of 1H NMR. In a scale-up experiment (4 mmol) less than 1 mol% of 

[DIPP-CaH·THF]2 was used and the product was isolated in 40% yield (Table 4.6). 

Table 4.6 Hydrosilylation of pyridine derivatives with PhSiH3 catalyzed by [DIPP-CaH·THF]2. 

substrate conditions product 
conv. 

[%]* 

isolated 

yield [%] 

 

0.4 mmol, C6D6, 60°C, 24 h 10 

mol% [DIPP-CaH·THF]2 

(1,2-DHP)2PhSiH 80 − 

0.4 mmol, C6D6, 60°C, 24 h; 5 

mol% . [DIPP-CaH·THF]2 
(1,2-DHP)2PhSiH 80 − 

4.0 mmol, C6D6, 60°C, 30 h;  1 

mol% [DIPP-CaH·THF]2 
(1,2-DHP)2PhSiH − 40 

 

0.4 mmol, C6D6, 60°C, 24 h,  5 

mol%.[DIPP-CaH·THF]2 
(1,2-DHiQ)2PhSiH 90 − 

0.8 mmol, 25°C, 16 h,        2.5 

mol% [DIPP-CaH·THF]2 
(1,2-DHiQ)2PhSiH − 77 

 

0.4 mmol, C6D6, 60°C, 24 h,  5 

mol% [DIPP-CaH·THF]2 
(1,2-DHQ)PhSiH2 90 − 

0.8 mmol, 25°C, 16 h,        2.5 

mol% [DIPP-CaH·THF]2 
(1,2-DHQ)PhSiH2 − 80 

*Conversion determined by 
1
H NMR 

A similar bis(1,2-dihydropyridine)silane ((1,2-DHiQ)2PhSiH) was isolated from the reaction 

of isoquinoline with phenylsilane catalyzed by 5 mol% of [DIPP-CaH·THF]2 (Table 4.6). Also 

in this case, no traces of mono(1,2-dihydro-isoquinoline)silane (1,2-DHiQPhSiH2) were 

observed.  
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In contrast, the catalytic hydrosilylation of quinoline with PhSiH3 resulted exclusively in the 

formation of mono(1,2-dihydroquinoline) phenyl silane ((1,2-DHQ)PhSiH2). When the 

catalytic transformation of quinoline and isoquinoline were performed without additional 

solvent, the catalyst loading could be reduced to 2.5 mol% (Table 4.6). 

Previously, it was observed that the heteroleptic complexes, DIPP-Ca(1,2-DHP), DIPP-

Ca(1,2-DHQ) and DIPP-Ca(1,2-DHiQ), were not very stable towards ligand exchange 

particularly at 60 °C and formed the according homoleptic complexes DIPP2-Ca, Ca(1,2-

DHP)2, Ca(1,2-DHQ)2 and Ca(1,2-DHiQ)2. For this reason, the heteroleptic calcium 1,2-

dihydropyridide complexes were suspected not to be the actual catalyst in this reaction. 

Instead, the transformation might be catalyzed by the homoleptic bis(dihydropyridide) 

calcium complexes. However, catalytic activity reactivity of independently prepared 

homoleptic complexes was low due to their insufficient solubility. Therefore, the catalyst was 

prepared in situ, by addition of Ca[N(SiMe3)2]2 to the reaction mixture (Figure 4.34). 

Figure 4.34 In situ preparation of Ca(1,2-DHP)2. 

When Ca[N(SiMe3)2]2 was used as catalyst precursor, the results of the catalytic 

hydrosilylation were comparable to those obtained with [DIPP-CaH·THF]2 as a catalyst. The 

bulky ß-diketiminate ligand was thus not necessary for the catalytic reactivity. These results 

are reminiscent of the observations made for the calcium-catalyzed hydrosilylation of 

ketones.[27]  

Analogous to the regioselectivity in the stoichiometric reactions of [DIPP-CaH·THF]2 with 

pyridine derivatives, the catalytic hydrosilylation yields always 1,2-substituted products. This 

could be an indication for a calcium hydride as the active species in the catalytic cycle. 

Therefore, we propose a mechanism based on a calcium hydride catalyst which is depicted 

in Figure 4.35. In the first step the calcium hydride complex (A) reacts with pyridine to form 

the calcium 1,2-DHP complex (B). In the next step, phenylsilane is inserted in complex B 

resulting in an ion-pair with a hypervalent silicon species (C). Hydride transfer from this 
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hypervalent intermediate C to the cationic calcium species releases the N-silylated product 

and regenerates the calcium hydride complex A. 

 

Figure 4.35 Proposed mechanism for the calcium -catalyzed hydrosilylation of pyridines, the reaction 

of only one equivalent of pyridine is shown for clarity. 

The sole formation of bis(1,2-dihydropyridine) silanes shows that addition of the second 

pyridine moiety is much faster than that of the first. This has also been observed for the Ca-

catalyzed hydrosilylation of ketones[27] and can be explained by precoordination of the 

product PhH2Si(1,2-DHP) to the Ca-1,2-DHP complex B followed by an intramolecular 

hydride exchange (Figure 4.36). Complex B reacts faster with (1,2-DHP)PhSiH2 than with 

PhSiH3 due to a complex-induced proximity effect (CIPE).[37] Further conversion of (1,2-

DHP)2PhSiH to PhSi(1,2-DHP)3 is most likely hindered for steric reasons. A steric hindrance 

could also be the reason the sole formation of (1,2-DHQ)PhSiH2 when quinoline is used as 

a substrate. 

 

Figure 4.36 Proposed route for the double-hydrosilylation of pyridine derivatives. 
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This is only the third example of an active catalyst in the catalytic hydrosilylation of 

pyridines. Until now the Ca-catalyzed hydrosilylation of pyridine-like precursors is limited to 

few substrates and phenylsilane as the silane source. However, as calcium is a cheap and 

highly abundant non-toxic metal this method could be of interest in the synthesis of natural 

products in which dihydropyridines are important building blocks. For this reason, further 

research on calcium-based catalysts for the hydrosilylation of pyridines can be anticipated.  

4.3.5. Catalysis with magnesium hydride complexes – Hydroboration 

The magnesium hydride clusters [NN-(MgH)2]2 and PARA3Mg8H10 showed a reactivity 

towards pyridine that was comparable to that of the dimeric magnesium hydride complex 

(DIPP-MgH)2. The latter complex was successfully applied as a catalyst for the 

hydroboration of pyridines by Hill et al. and they proposed the following catalytic mechanism 

(Figure 4.37).  

 

Figure 4.37 Proposed catalytic cycle for the dearomatization-hydroboration of pyridine derivatives 

with pinacol-borane catalyzed by a magnesium hydride complex. 

The magnesium hydride complex A is assumed to be the active species. Coordination of 

pyridine to magnesium is proposed to be the first step (B). Subsequently, the hydride is 

transferred to the 2-position of the pyridine derivative (C). Via an intermediate magnesium 

borate complex D, pinacol-borane regenerates the active species, the magnesium hydride, 

and the corresponding hydroboration product is eliminated. The formation of N-borylated-

1,4-dihydropyridines, although observed as a major product, is not taken into account in this 

mechanism (Figure 4.37).[20] 
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In the reaction with pyridine, (DIPP-MgH)2 is assumed to transfer its hydride onto the 2-

position of pyridine first, followed by an intermolecular hydride transfer that would result in 

formation of 1,4-dihydropyridine. The latter process is facilitated by elevated temperatures. 

When (DIPP-MgH)2 was used as a catalyst for the hydroboration of pyridines, product 

mixtures of N-borylated 1,2- and 1,4-dihydropyridines were obtained. The tendency to form 

1,4-dihydropyridines as favored products at higher temperatures, was confirmed in the 

hydroboration process for the example of pyridine.[20] 

The [NN-(MgH)2]2 cluster, in contrast, showed high selectivity for the formation of the 1,2-

dihydropyridide complex. The formed complex NN-[Mg(1,2-DHP)]2 is also considerably 

stable at higher temperatures and did not form the corresponding 1,4-dihydropyridide 

complex upon heating. Therefore, its capability as a catalyst for hydroboration of pyridine 

and pyridine derivatives and its selectivity for 1,2-dihydropyridines as products was 

investigated (Figure 4.38). 

 

Figure 4.38 Catalytic dearomatization-hydroboration of pyridine derivatives with pinacol-borane. 

A set of various pyridine derivatives (I−IX) was tested as substrates for the dearomatization-

hydroboration reaction with [NN-(MgH)2]2. The experiments were first conducted at a NMR 

scale with 10 mol% of catalyst (based on Mg centers) at 60 °C.  

 

Except for 2,6-lutidine (VI), all tested substrates could be converted to the corresponding N-

borylated dihydropyridines. In a stoichiometric reaction of [NN-(MgH)2]2 with 2,6-lutidine 

(VI), no transfer of the hydride onto the pyridine derivative was observed. As both 2-

positions in this derivative are blocked by methyl groups, this is another indication that the 

dearomatization of pyridines is initiated by a hydride transfer to the 2-position of the 

pyridine. The same observation was made previously for the dearomatization-hydroboration 
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of pyridines catalyzed by (DIPP-MgH)2
[20] and for an analogous 1,2-dihydropyridine 

selective, rhodium-catalyzed ([RhCl(cod)]2, PCy3) process.[38] 

Although the addition of [NN-(MgH)2]2 to pyridines displays an extraordinary preference for 

the 2-position, we did not find such regioselectivity in the catalytic conversion. Instead, the 

results were comparable to those previously reported for (DIPP-MgH)2 (Table 4.7).
[20] In 

some cases the regioselectivity for 1,4-dihydropyridine products was even higher (Ia, III, IV) 

while in other cases the temperature and reaction time could be decreased (II, IX). These 

results indicated that the selectivity of the complex towards the formation of a 1,2-

dihydropyridide complex did not translate into an according regioselectivity in the catalytic 

hydroboration. For this reason, it was assumed that the magnesium hydride complex did not 

govern the regioselectivity in the formation of the hydroboration product. This could imply 

that the magnesium hydride is not the active catalytic species. 

Table 4.7 Dearomatization-hydroboration of pyridine derivatives with pinacol-borane catalyzed by 

[NN-(MgH)2]2; NMR scale experiments: 10 mol% Mg, C6D6, previously reported results of [DIPP-

MgH]2
[20]

 are given in square brackets. 

Substrate Conditions 1,2-product  

A 

1,4-product  

B 

Conv. 

[%] 

I 60 °C, 48 h [50 °C, 48 h] 

25 °C, 120 h [35 °C, 120 h] 

24 [45] 

45 [49] 

76 [55] 

55 [51] 

100 [90] 

60 [81] 

II 60 °C, 48 h [70 °C, 120 h] 0 [0] 100 [100] 94 [51] 

III 60 °C, 48 h [70 °C, 3.5 h] 37 [48] 63 [52] 84 [91] 

IV 60 °C, 48 h [70 °C, 23 h] 92 [81] 8 [19] 93 [91] 

V 60 °C, 48 h [70 °C, 21 h] 40 [40] 60 [60] 85 [92] 

VII 60 °C, 6 h 100*  100 

VIII 60 °C, 2 h 

25 °C, 3 h [25 °C, 5 h]** 

73 

91 [100] 

27 

9 [0] 

100 

60 [90] 

IX 25 °C, 1 h [25 °C, 3 h]** 100 [100] 0 [0] 100 [>99] 

* Two hydrides were transferred onto the substrate, product:  

** 5 mol% catalyst 
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For those reactions that proceeded cleanly, scale-up experiments (4 mmol) with reduced 

catalyst loading (5 mol%) allowed for the isolation of the 1,2- and 1,4-dihydropyridine adduct 

mixtures. They were purified either by vacuum distillation or recrystallization from hexane at 

−20 °C. The products were isolated as low-melting solids or thick oils, which were highly air 

and moisture sensitive. Most NMR scale experiments could be reproduced in a larger scale 

with minor changes in the selectivity (III, V) (Table 4.8). For the hydroboration of 4-picoline 

(IV), a significantly lower yield was observed and the catalytic hydroboration of 2-picoline (II) 

did not produce any of the desired N-borylated dihydropyridine. 

Table 4.8 Dearomatization-hydroboration of pyridine derivatives with pinacol-borane catalyzed by 

[NN-(MgH)2]2; preparative scale experiments (4 mmol): 5 mol% Mg, toluene previously reported 

results of [DIPP-MgH]2
[20]

 are given in square brackets. 

Substrate Conditions 

 

A B Yield 

[%] 

I 60 °C, 30 h [70 °C, 17 h]* 22 [37] 78 [63] 76 [59] 

II 60 °C, 20 h [70 °C, 120 h]* 0 [0] 0 [100] 0 [-] 

III 60 °C, 20 h [70 °C, 3.5 h]* 19 [48] 81 [52] 94 [62] 

IV 60 °C, 20 h [70 °C, 23 h]* 91 [81] 9 [19] 45 [68] 

V 60 °C, 20 h[70 °C, 21 h]* 20 [40] 80 [60] 95 [77] 

VII 60 °C, 6 h 100*  94 

VIII 25 °C, 20 h [25 °C, 5 h] 95 [100] 5 [0] 100 [72] 

IX 25 °C, 20 h [25 °C, 3 h] 100 [100] 0 [0] 90 [50] 

* 10 mol% catalyst 

Instead of the N-borylated dihydropyridine adduct, the pinacol-borane degradation product), 

B2(pin)3 was isolated in almost quantitative yield. This boron compound was also the major 

by-product of the hydroboration of 4-picoline (IV). Crystals of B2(pin)3 were previously 

isolated from the treatment of B2(pin)2 with 4-picoline[39] and it was observed as the 

degradation product of pinacol-borane in THF[40] or in hydroboration reactions at elevated 

temperatures.[41] 
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For comparison, also the p-phenylene-bridged magnesium hydride cluster PARA3Mg8H10 

was tested as a catalyst for the hydroboration of pyridines. This complex showed a strong 

preference for the formation of 1,4-dihydropyridide in its stoichiometric reaction with pyridine 

at 60 °C. However, it was found that PARA3Mg8H10 was almost inactive as a catalyst in the 

dearomatization-hydroboration of pyridine derivatives. This could be due to the fact that 

conversion of the magnesium hydride complex into the dihydropyridide complex is already 

slow in a stoichiometric reaction. This might be attributed to the rigid structure of this cluster. 

For this reason, the monomeric dihydropyridide magnesium complex, PARA-(MgDHP)2, 

was tested as well but it performed equally poor. It could therefore be concluded that the 

slow reaction rate is not due to the high stability of the rigid PARA3Mg8H10 cluster.  

In all cases, B2(pin)3 was isolated as major product which lowered the isolated yield of N-

borylated dihydropyridines significantly (5–10%). The catalytic hydroboration of pyridines is 

apparently much slower than the catalytic degradation of pinacol-borane into B2(pin)3. 

In order to gain more detailed insight into the formation of N-borylated dihydropyridine 

catalyzed by [NN-(MgH)2]2, the hydroboration process was monitored continuously by 1H 

NMR spectroscopy. In the first experiment the reaction was conducted at 25 °C and data 

points were collected every 30 minutes as the hydroboration proceeded slowly at this 

temperature (Figure 4.39a,b).  

As the reaction is significantly accelerated at elevated temperatures, another data series 

was recorded at 60 °C and 1H NMR spectra were collected every five minutes in this 

experiment (Figure 4.39c,d).  
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Figure 4.39 The conversion of pyridine into (1,2-DHP)Bpin and (1,4-DHP)Bpin as a function of time; 

a) at 25 °C, b) section of the first 600 min at 25 °C, c) at 60 °C, d) section of the first 30 min at 60 °C. 

A comparison of both experiments revealed that increasing the reaction temperature from 

25 °C to 60 °C accelerated the hydroboration by more than a factor of 10 (80% conversion: 

580 min (25°C), 50 min (60°C); 60% conversion: 1820 min (25°C), 170 min (60°C). In the 

initial stages of the reaction, more (1,2-DHP)Bpin than (1,4-DHP)Bpin was produced. While 

it took about 400 minutes at 25 °C until (1,4-DHP)Bpin was the major product, at 60 °C it 

required only 15 minutes to get to the same point.  

The stoichiometric reaction of [NN-(MgH)2]2 with pyridine is highly 1,2-selective while the 

catalytic hydroboration results in temperature dependent mixtures of N-borylated 1,2- and 

1,4-dihydropyridine. This observation indicates that no or only a partial hydride based 

mechanism can be formulated. Therefore we propose an alternative mechanism (left cycle 

in Figure 4.40) but it is also possible that both cycles operate simultaneously. The right 
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catalytic cycle depicted in Figure 4.40 is analogous to the previously described hydride 

mechanism (A–D).  

The second cycle starts from the magnesium borate intermediate D. Coordination of 

pyridine to the magnesium center and intramolecular hydride transfer to the 2- or 4-position 

of the pyridine ring (E) results in the release of the hydroboration product and formation of a 

magnesium (1,2-DHP) or (1,4-DHP) complex (C’). Reaction with pinacol-borane restores 

intermediate D. In this case the hydride is transferred from the borane instead of the 

magnesium hydride, therefore this catalytic reaction can either be 1,2- or 1,4-selective.  

 

Figure 4.40 Proposed mechanism for the hydroboration of pyridine catalyzed by [NN-(MgH)2]2. 

Also zinc and calcium hydride complexes were investigated for their catalytic activity in the 

hydroboration of pyridines. When the catalytic hydroboration was attempted with DIPP-ZnH 

(10% catalyst) at 60 °C, traces of the desired N-borylated 1,2-dihydropyridine (~10%) were 

observed in the crude reaction mixture. The conversion could not be increased by 

elongated reaction times or elevated temperatures. As the addition of pyridine did not result 

in any reaction with the zinc hydride complex (see Chapter 4.3.2), pinacol-borane was 

stoichiometrically added to DIPP-ZnH and the reaction was monitored by 1H NMR. This 

experiment did also not show any reaction with the hydride functionality, but the resonances 

in the 1H NMR spectrum shifted slightly. NOESY NMR spectroscopy suggested exchange 

processes between the hydride at zinc and the borane hydrogen. A subsequent addition of 

pyridine resulted in considerable broadening of the hydride resonance and NOESY NMR 

spectroscopy indicated stronger exchange signals between B-H and Zn-H (Figure 4.41a). 

After a period of 5 days at 25 °C, the signal that was assigned to the borane (due to H-B 
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magnetic coupling) had disappeared and a single resonance with the same chemical shift 

as the hydride at zinc integrating to two protons remained for the B-H and Zn-H. This could 

be explained by the formation of an ion-pair complex consisting of a pinacol-borate and a 

cationic zinc moiety stabilized by the coordination of pyridine (Figure 4.41b). 

 

Figure 4.41 a) Section of a NOESY NMR spectrum of a 1:1:1 mixture of DIPP-ZnH, HBPin and 

pyridine in C6D6; b) proposed structure of [DIPP-Zn·pyridine]
+
 [H2Bpin]ˉ. 

The involvement of pyridine in this complex was confirmed by an analogous experiment 

with deuterated pyridine. In this case the 1H NMR resonance of the protons in 2-position of 

the pyridine increased significantly over time. The source of the hydrogen atoms remains a 

subject of speculation as the signal for B-H and Zn-H did not decrease accordingly. This 

uncertainty could potentially be resolved by a crystal structure of the formed complex, 

however, to date only DIPP-ZnH·pyridine (Figure 4.22) could be isolated as crystalline 

material from various experiments. 

All attempts to catalyze the hydroboration of pyridines with [DIPP-CaH·THF]2 were 

unsuccessful and resulted mainly in the formation of the borane degradation product 

B2(pin)3. 

4.4. Conclusions 

The reactivity of a range of alkaline-earth metal and zinc complexes towards water, 

ammonia borane and pyridine derivatives has been studied. 

The controlled hydrolysis of [NN-(MgH)2]2 led to the isolation and characterization of a novel 

tetranuclear magnesium hydroxide cluster [NN-(MgOH)2]2. Reaction of the magnesium 

hydride cluster, [NN-(MgH)2]2, with four equivalents of pyridine resulted in exclusive 

formation of NN-[Mg(1,2-DHP)]2. In comparison, the octanuclear magnesium hydride 

cluster, PARA3Mg8H10, formed a mixture of 1,2- and 1,4-dihydropyridide magnesium 
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complexes upon addition of pyridine. This mixture could be transformed into pure PARA-

[Mg(1,4-DHP)]2 at 60 °C. This behavior was analogous to the previously reported reactivity 

of DIPP-Mg(n-Bu). By addition of ammonia borane, PARA3Mg8H10 could be converted to 

PARA-(MgNH2BH3)2.  

The zinc hydride complexes DIPP-ZnH and [NN-(ZnH)2]2 did not show any reactivity 

towards pyridine and did not transfer the hydride as shown by the addition of pyridine-d5 to 

DIPP-ZnH. In these cases, coordination of pyridine and a structural rearrangement were 

observed, respectively. 

The soluble calcium hydride complex [DIPP-CaH·THF]2 reacted readily with various pyridine 

derivatives to give the according DIPP-Ca(1,2-DHP) complexes. These were not stable 

towards ligand exchange and formed the homoleptic complexes DIPP2-Ca and Ca(1,2-

DHP)2 within a short period of time. Of the latter complexes, the isoquinolide complex, 

Ca(1,2-DHiQ)2·(isoquinoline)4, could be characterized by single-crystal X-ray structure 

determination.  

The complex Ca(1,2-DHP)2 was found to be catalytically active in the hydrosilylation of 

pyridine, isoquinoline and quinoline with phenylsilane as silane source. These 

hydrosilylation reactions resulted exclusively in formation of bis(1,2-dihydropyridine)phenyl 

silane, bis(1,2-dihydroisoquinoline)phenyl silane and mono(1,2-dihydroquinoline)phenyl 

silane. The scope of the calcium-catalyzed hydrosilylation is presently still very limited and 

will require further research beyond these preliminary results. 

The investigated magnesium and zinc hydride complexes were all inactive in the 

hydrosilylation of pyridines, however, [NN-(MgH)2]2 was found to be active in the catalytic 

dearomatization-hydroboration of pyridines. The results concerning regioselectivity and 

activity in the hydroboration were comparable with the previously reported results for DIPP-

Mg(n-Bu). As [NN-(MgH)2]2 was very selective for 1,2-dihydropyridide in stoichiometric 

reactions, the regioselectivity in the catalysis was contrary to expectations. However, this 

could be an indication that the proposed mechanism for this catalytic transformation needs 

to be revised.  

DIPP-ZnH, [NN-(ZnH)2]2, PARA3Mg8H10 and [DIPP-CaH·THF]2 were almost completely 

inactive in the catalytic dearomatization-hydroboration of pyridines. For the zinc hydride 

complexes this is likely due to their lack of reactivity towards pyridine. In the other cases 

(PARA3Mg8H10 and [DIPP-CaH·THF]2) formation of the pinacol borane degradation product, 

B2(pin)3, seems to be much faster. 
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Alkaline-earth metal hydride complexes were shown to be valuable precursors for further 

substitution reactions and could compete with transition metal hydride complexes in 

catalytic transformations of pyridine. This is especially interesting as catalysts for the 

catalytic hydrosilylation and hydroboration of pyridines are very scarce and the resulting 

dihydropyridines are desired building blocks for synthetical biochemistry. 

4.5. Experimental section 

4.5.1. General 

All experiments were carried out in flame-dried glassware under an inert atmosphere using 

standard Schlenk-techniques and freshly dried degassed solvents. Pyridine and all 

derivatives have been dried on CaH2 and were freshly distilled prior to use. Pinacol-borane 

(HBpin) and PhSiH3 have been obtained commercially and were used without further 

purification. The following starting materials have been prepared according to literature: 

[NN-(MgH)2]2,
[42] (PARA)3Mg8H10,

[43]
 [DIPP-CaH·THF]2,

[24] DIPP-ZnH,[44] DIPP-ZnI,[45] DIPP-

ZnCl[45] and Li-DHP:[33] NMR spectra have been recorded on a 400 MHz or 500 MHz NMR 

spectrometer (specified at individual experiments). 

4.5.2. Synthesis of the complexes 

Synthesis of [NN-(MgOH)2]2 

A solution of water in THF (1 M, 0.18 mL, 0.18 mmol) 

was added to a vigorously stirred, cooled solution (−80 

°C) of [NN-(MgH)2]2 (100 mg, 0.18 mmol) in 25 mL of 

toluene. The reaction mixture was allowed to slowly 

warm up to room temperature, resulting in a yellow solution. Upon concentration of this 

solution to 10 mL, the color changed from yellow to orange. Subsequent addition of some 

drops of THF resulted in a further color change of the solution to red and cooling to −20 °C 

resulted in the isolation of diamond-shaped yellow crystals in poor yield. 

Yield: 15 mg, 0.03 mmol, 14% 

Due to the very low solubility of the crystals, no NMR data could be obtained. 
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Synthesis of NN-[Mg(1,2-DHP)]2·(pyridine)2 

Pyridine (280 mg, 3.6 mmol) was added to a 

solution of [NN-(MgH)2]2 (200 mg, 0.36 mmol) in 10 

mL of benzene. The reaction mixture was stirred at 

room temperature for 2 hours and the solution 

concentrated to 4 mL. The product was obtained as 

an orange solid which was isolated by 

centrifugation. Slow cooling of a slightly concentrated reaction mixture resulted in the 

isolation of orange cube-shaped crystals. 

Yield: 250 mg, 0.28 mmol, 79%. 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 0.29 (br s, 6H, i-Pr), 1.03 (d, 3JHH = 6.6 Hz, 6H, i-

Pr), 1.19 (d, 3JHH = 6.6 Hz, 6H, i-Pr), 1.44 (br s, 6H, i-Pr), 1.73 (s, 6H, Me backbone), 2.34 

(br s, 6H, Me backbone), 2.65 (m, 2H, i-Pr), 3.42 (m, 6H, i-Pr+H1), 4.40 (m, 2H, H2-DHP), 

4.80 (s, 2H, H backbone), 5.14 (t, 3JHH = 5.4 Hz, 2H, H4-DHP), 6.25 (dd, 3JHH = 5.5 Hz, 3JHH 

= 8.0 Hz, 2H, H3-DHP), 6.40 (d, 3JHH = 5.5 Hz, 2H, H5-DHP), 6.78 (m, 4H, H9), 6.99 (m, 2H, 

Ar), 7.12 (m, 4H, Ar), 7.19 (m, 2H, H8), 8.54 (m, 4H, H7). 

13C NMR (125 MHz, C6D6, 25°C) δ (ppm) = 24.2 (Me backbone), 26.2 (Me backbone), 26.3 

(i-Pr), 26.6 (i-Pr), 26.6 (i-Pr), 27.0 (i-Pr), 30.4 (i-Pr), 30.6 (i-Pr), 49.8 (C1) 93.6 (CH 

backbone), 97.9 (C2), 97.9 (C4), 125.9 (Ar), 126.0 (C7), 126.8 (C8), 127.8 (Ar), 130.2 (C3), 

144.3 (Ar), 145.6 (Ar), 147.2 (Ar), 150.9 (C5), 152.6 (C9), 169.9 (backbone), 170.3 

(backbone). 

Synthesis of PARA-(MgNH2BH3)2 

Ammonia borane (32 mg, 1.00 mmol) was added to 

a solution of PARA3Mg8H10 (200 mg, 0.10 mmol) in 

20 mL of toluene. Upon addition of the NH3BH3, gas 

evolution was visible in the suspension. After 48 

hours of stirring at room temperature, the suspension was concentrated to 10 mL and the 

solid separated by centrifugation. The product was isolated as a light yellow solid. 

Yield: 95 mg, 0.05 mmol, 45%. 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = −0.54 (br, 4H, NH2), 1.1 (d, 3JHH = 6.7 Hz, 12H, i-

Pr), 1.16 (d, 3JHH = 6.7 Hz, 12H, i-Pr), 1.66 (s, 6H, Me backbone), 1.78 (br t, 6H, BH3), 1.85 

(s, 6H, Me backbone), 3.19 (sept, 3JHH = 6.7 Hz, 4H, i-Pr), 4.77 (s, 2H, H backbone), 6.87 

(br s, 4H, Ar-H), 7.05 (br m, 6H, Ar). 
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11B NMR (160 MHz, C6D6, 25 °C) δ (ppm) = −22.1 (br, BH3). 

13C NMR (125 MHz, C6D6, 25°C) δ (ppm) = 23.8 (Me backbone), 24.4 (Me backbone), 24.5 

(i-Pr), 24.6 (i-Pr), 28.0 (i-Pr), 94.7 (CH backbone), 123.7 (Ar), 125.0 (Ar), 125.5 (Ar), 127.6 

(Ar), 142.4 (Ar), 146.5 (Ar), 146.7 (Ar), 151.6 (Ar), 166.9 (backbone), 167.9 (backbone), 

168.3 (backbone). 

Synthesis of PARA-[Mg(1,4-DHP)2]2·(pyridine)2 

Pyridine (160 mg, 2.00 mmol) was added to a solution of PARA3Mg8H10 (200 mg, 0.10 

mmol) in 5 mL of benzene resulting in a mixture of PARA-[Mg(1,2-DHP)2]2·(pyridine)2 and 

PARA-[Mg(1,4-DHP)2]2·(pyridine)2. In order to isomerize 1,2-DHP into 1,4-DHP, the yellow 

suspension was heated to 60 °C for 4 hours. During this time the solid dissolved and a clear 

orange-red solution was obtained. The solution was concentrated to 2 mL and the product 

was isolated as an orange-red solid by centrifugation. Slow cooling of a slightly 

concentrated reaction mixture resulted in the isolation of yellow crystalline plates of PARA-

[Mg(1,4-DHP)2]2·(pyridine)2 suitable for X-ray diffraction. 

Yield: 280 mg, 0.10 mmol, 97%. 

PARA-[Mg(1,4-DHP)2]2·(pyridine)2 

1H NMR (500 MHz, C6D6/THF-d8: 4/1, 25 °C) δ 

(ppm) = 0.29 (br s,6H, i-Pr), 1.17 (d, 3JHH = 6.8 Hz, 

6H, i-Pr), 1.27 (d, 3JHH = 6.8 Hz, 6H, i-Pr), 1.33 (d, 

3JHH = 6.8 Hz, 6H, i-Pr), 1.57 (s, 6H, Me backbone), 

1.75 (s, 6H, Me backbone), 3.12 (sept, 3JHH = 6.8 

Hz, 4H, i-Pr), 3.54 (br s, 4H, H3), 3.83 (br s, 4H, H3 

(Mg(DHP)2)), 4.07 (m, 4H, H2), 4.38 (m, 4H, H2 (Mg(DHP)2)), 4.84 (s, 2H, H backbone), 

5.55 (d, 3JHH = 7.1 Hz, 4H, H1), 6.21 (m, 2H, H1(Mg(DHP)2)), 6.65 (s, 4H, Ar), 6.78 (m, 4H, 

H5), 7.09 (m, 2H, H6), 7.11 (m, 2H, Ar), 8.46 (d, 3JHH = 3.8 Hz, 4H, H4). 

13C NMR (125 MHz, C6D6/THF-d8: 4/1, 25°C) δ (ppm) = 23.4 (Me backbone), 24.2 (Me 

backbone), 24.5 (i-Pr), 24.7 (i-Pr), 25.9 (C3), 26.5 (C3(Mg(DHP)2)), 28.7 (i-Pr), 93.1 

(C2(Mg(DHP)2)), 93.6 (C2), 95.3 (CH backbone), 124.4 (C5), 124.5 (C6), 125.7 (Ar), 136.8 

(Ar), 139.0 (C1), 140.0 (C1(Mg(DHP)2)), 142.8 (Ar), 145.1 (Ar), 146.6 (Ar), 150.3 (C6), 

167.7 (backbone), 169.5 (backbone). 

NMR data for PARA-[Mg(1,2-DHP)2]2·(pyridine)2 could also be obtained from the mixture of 

1,2-DHP and 1,4-DHP. 
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1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 1.04 (d, 

3JHH = 6.6 Hz, 6H, i-Pr), 1.10 (d, 3JHH = 6.6 Hz, 6H, i-

Pr), 1.16 (d, 3JHH = 6.6 Hz, 12H, i-Pr), 1.76 (s, 6H, 

Me backbone), 1.89 (s, 6H, Me backbone), 3.18 

(m, 4H, i-Pr), 3.52 (m, 4H, H1), 4.54 (m, 2H, H2), 

4.91 (s, 2H, H backbone), 5.18 (m, H4), 6.30 (m, 

2H, H3), 6.38 (m, 2H, H5), 6.65 (m, 4H, Ar), 6.72 (m, 4H, H7), 7.04 (m, 2H, H8), 7.19 (m, 

2H, Ar), 8.52 (m, 4H, H6). 

13C NMR (125 MHz, C6D6, 25°C) δ (ppm) = 25.5 (Me backbone), 26.2 (Me backbone), 26.5 

(i-Pr), 26.7 (i-Pr), 30.7 (i-Pr), 88.8 (C1), 95.7 (CH backbone), 97.7 (C2), 97.9 (C4), 122.4 

(Ar), 126.3 (C7), 126.4 (C8), 127.6 (Ar), 130.9 (C3), 138.7 (Ar), 144.7 (Ar), 147.0 (Ar), 148.6 

(C5), 152.3 (C6), 169.5 (backbone), 171.7 (backbone). 

Synthesis of DIPP-ZnH·pyridine 

Pyridine (4 mg, 0.05 mmol) was added to a solution of DIPP-ZnH 

(20 mg, 0.04 mmol) in 0.5 mL of C6D6. Within 5 minutes crystals of 

DIPP-ZnH·pyridine precipitated from the solution. 

Yield: 21 mg, 0.04 mmol, 90%. 

1H NMR (500 MHz, C6D6, 80 °C) δ (ppm) = 1.13 (d, 3JHH = 6.8 Hz, 12H, i-Pr), 1.19 (d, 3JHH = 

6.8 Hz, 12H, i-Pr), 1.57 (s, 6H, Me backbone), 1.73 (s, 6H, Me backbone), 3.21 (sept, 3JHH = 

6.8 Hz, 4H, i-Pr), 4.25 (s, 1H, Zn-H), 4.99 (s, 1H, H backbone), 6.72 (m, 2H, C(3)-pyr), 7.06 

(m, 1H, C(4)-pyr), 7.12 (m, 6H, Ar), 8.53 (d, 3JHH = 4.3 Hz, 2H, C(2)-pyr). 

13C NMR (75 MHz, THF-d8, 25°C) δ (ppm) = 23.7 (i-Pr), 23.7 (i-Pr), 24.8 (Me backbone), (i-

Pr), 95.9 (CH backbone), 124.6 (C(3)-pyr), 125.8 (C(4)-pyr), 126.5 (Ar), 143.1 (Ar), 146.5 

(Ar), 151.5 (C(2)pyr), 168.9 (backbone). 

Reaction of DIPP-ZnCl with K-DHP 

Phenylsilane (35.5 mg, 0.33 mmol) was added to a solution of benzyl potassium (34.1 mg, 

0.33 mmol) in 10 mL of THF. After five minutes of vigorous stirring at 25 °C, pyridine (26.1 

mg, 0.33 mmol) was added to the green-brown suspension. Five minutes later, DIPP-ZnCl 

(200.0 mg, 0.33 mmol) was added to the brown reaction mixture. The suspension turned 

pink after 15 minutes, the reaction was stirred for additional 16 hours and the solids were 

removed by centrifugation. The pale pink solution was concentrated to 10 mL and a layer of 

2 mL hexane was placed on top, yielding white crystals that were identified as DIPP-ZnH by 

means of 1H NMR spectroscopy. 
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Reaction of DIPP-ZnI with Li-DHP 

[Li(1,4-DHP)]2·(pyridine)4 (100.0 mg, 0.20 mmol) was added to a solution of DIPP-ZnI·Et2O 

(140.0 mg, 0.20 mmol) in 10 mL of toluene and the reaction mixture was stirred at room 

temperature for 16 hours. The resulting solid was removed by centrifugation and from the 

remaining mother liquor the solvent was removed in vacuum. From the resulting green solid 

only starting materials were identified by means of 1H NMR. 

Synthesis of DIPP-Ca(1,2-DHP)·pyridine 

Pyridine (20.0 mg, 0.25 mmol) was added to a solution of [DIPP-

CaH·THF]2 (20.0 mg, 0.04 mmol) in 0.5 mL of benzene. Within 30 

seconds the color of the solution changed from yellow to bright 

orange. After 30 minutes at room temperature, the solvent was 

removed and the resulting orange-red solids were dissolved in C6D6 

for 1H NMR analysis. The complex is unstable towards ligand exchange and over the 

course of one hour homoleptic species (DIPP2-Ca and Ca(1,2-DHP)2) were detected. For 

that reason, 13C NMR data of the heteroleptic product could not be obtained. 

Yield: 24.6 mg, 0.04 mmol, quantitative 

1H NMR (400 MHz, C6D6, 25 °C) δ (ppm) = 0.99 (d, 3JHH = 6.9 Hz, 12H, i-Pr), 1.19 (d, 3JHH = 

6.9 Hz, 12H, i-Pr), 1.79 (s, 6H, CH3), 3.34 (sept, 3JHH = 6.9 Hz, 4H, i-Pr), 3.81 (d, 3JHH = 4.1 

Hz, 2H, H1), 4.52 (m, 1H, H2), 5.02 (s, 1H, H backbone), 5.16 (m, 1H, H4), 6.42 (m, 1H, H3), 

6.64 (d, 3JHH = 5.6 Hz, 1H, H5), 6.72 (m, 2H, H7), 7.03-7.08 (m, 4H, Ar + H8), 8.48 (d, 3JHH = 

4.2 Hz, 2H, H6). 

Synthesis of Ca(1,2-iDHQ)2·(isoquinoline)4 

[DIPP-CaH·THF]2 (20 mg, 0.04 mmol) was added to 2 mL of isoquinoline and the red 

solution was heated to 60 °C for 2 hours and slowly cooled to 20 °C. The product was 

isolated as extremely air-sensitive dark-red square-shaped crystals that were suitable for X-

ray diffraction. 

Due to limited solubility and high air and moisture sensitivity no NMR data could be 

obtained. 

 

 

 



Reactivity studies  

 
167 

 

4.5.3. Hydrosilylation of pyridine derivatives 

General procedure for the hydrosilylation of pyridines catalyzed by [DIPP-CaH·THF]2 

(NMR scale) 

[DIPP-CaH·THF]2 (20 mg, 0.04 mmol) was added to a solution of the pyridine derivative 

(0.40 mmol) and PhSiH3 (48.0 mg, 0.44 mmol) in 0.5 mL of C6D6 and the reaction mixture 

was heated to 60 °C for 24 hours.  

1H NMR spectra were recorded after 5 hours and after 24 hours.  

Bis(1,2-dihydropyridine)phenylsilane, (1,2-DHP)2PhSiH 

[DIPP-CaH·THF]2 (5 mg, 0.01 mmol) was added to a solution of 

pyridine (310 mg, 4.00 mmol) and PhSiH3 (300 mg, 2.80 mmol) in 2 

mL of toluene and the reaction mixture was stirred at 60 °C for 30 

hours. The solvent was removed in vacuum and the product was 

obtained as yellow, viscous oil. 

Yield: 300 mg, 1.13 mmol, 40%. 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 3.76 (m, 4H, H1), 4.92 (s, 1H, Si-H), 4.97 (m, 

2H, H2), 5.09 (m, 2H, H4), 5.86 (dd, 3JHH = 9.3 Hz, 3JHH = 5.4 Hz, 2H, H3), 6.22 (d, 3JHH = 7.1 

Hz, 2H, H5), 7.12-7.17 (m, 3H, Ph), 7.53 (d, 3JHH = 7.7 Hz, 2H, Ph). 

13C NMR (75 MHz, C6D6, 25°C) δ (ppm) = 43.6 (C1), 104.4 (C2), 111.7 (C4), 125.7 (C3), 

129.0 (Ph), 131.2 (Ph), 131.5 (Ph), 135.1 (C5), 135.6 (Ph). 

Mono(1,2-dihydroquinoline)phenylsilane, (1,2-DHQ)PhSiH2 

[DIPP-CaH·THF]2 (5 mg, 0.01 mmol) was added to a mixture of 

quinoline (205 mg, 0.80 mmol) and PhSiH3 (108 mg, 0.80 mmol) and the 

reaction mixture was stirred at 25 °C for 16 hours. Remaining PhSiH3 

and quinoline were removed in vacuum at  

40 °C and the product was obtained as a colorless viscous oil. 

Yield: 152 mg, 0.64 mmol, 80% 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 3.81 (m, 2H, H-1), 5.15 (s, 2H, Si-H), 5.37 (dt, 

3JHH = 9.5 Hz, 3JHH = 4.1 Hz, 1H, H-2), 6.26 (d, 3JHH = 9.5 Hz, 1H, H-3), 6.70 (m, 1H, H-8), 

6.79 (m, 1H, H-7), 7.09 (d, 3JHH = 7.2 Hz, 1H, H-5), 7.13 (m, 3H, Ph-H) 7.51 (m, 1H, H-6), 

7.51 (d, 3JHH = 8.1 Hz, 2H, Ph-H). 
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13C NMR (75 MHz, C6D6, 25°C) δ (ppm) = 46.8 (C-1), 117.5 (C-8), 120.4 (C-6), 122.8 (C-4), 

126.1 (C-5), 126.5 (C-2), 127.0 (C-7), 127.4 (Ph), 128.6 (C-9), 129.4 (Ph), 130.6 (Ph), 134.8 

(Ph), 145.4 (C-3). 

(1,2-dihydroisoquinoline)phenylsilane, (1,2-DHiQ)2PhSiH 

[DIPP-CaH·THF]2 (10 mg, 0.02 mmol) was added to a 

mixture of quinoline (410 mg, 1.60 mmol) and PhSiH3 (108 

mg, 0.80 mmol) and the reaction mixture was stirred at 25 

°C for 16 hours. Remaining PhSiH3 and isoquinoline were 

removed in vacuum at 40 °C and the product was obtained as colorless viscous oil. 

Yield: 226 mg, 0.62 mmol, 77%. 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 4.25 (m, 4H, H1), 5.08 (s, 1H, Si-H), 5.64 (d, 

3JHH = 7.3 Hz, 2H, H8), 6.34 (d, 3JHH = 7.3 Hz, 2H, H9), 6.64 (d, 3JHH = 7.3 Hz, 2H, H3), 6.87 

(d, 3JHH = 7.3 Hz, 2H, H6), 6.95 (m, 2H, H4), 7.17-7.02 (m, 5H, Ph-H+H5), 7.46 (d, 3JHH = 6.7 

Hz, 2H, Ph-H). 

13C NMR (75 MHz, C6D6, 25°C) δ (ppm) = 47.6 (C1), 105.2 (C8), 123.6 (C6), 125.7 (C5), 

126.4 (C4), 127.8 (C3), 128.2 (Ph), 129.1 (C7), 131.7 (Ph), 134.4 (C9), 135.1 (C2), 135.6 

(C5), 135.6 (Ph). 

4.5.4. Hydroboration of pyridine derivatives 

General procedure for the hydroboration of pyridines catalyzed by magnesium 

complexes (NMR scale) 

[NN-(MgH)2]2 (11.2 mg, 0.02 mmol) was added to a solution of the pyridine derivative (0.40 

mmol) and pinacol borane (56.3 mg, 0.44 mmol) in 0.5 mL of C6D6 and the reaction mixture 

was heated to 60 °C for 1-120 hours (Table 4.7).  

The reaction was regularly monitored by 1H NMR spectroscopy at room temperature until 

complete conversion of the reactants. 

General procedure for the hydroboration of pyridines catalyzed by magnesium 

complexes (preparative scale) 

[NN-(MgH)2]2 (56.0 mg, 0.1 mmol) was added to a solution of the pyridine derivative (4.00 

mmol) and pinacol borane (563.0 mg, 4.40 mmol) in 5 mL of toluene and the reaction 

mixture was heated 60 °C for 6 - 30 hours (Table 4.8).  
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All volatiles were removed in vacuum and the product was purified by vacuum distillation or 

recrystallization from hexane at −20 °C.[20] 

The obtained 1H NMR data were according to those previously reported by Arrowsmith  

et al..[20] 

Hydroboration of pyridine 

NMR scale: 32.0 mg pyridine 

Preparative scale: 320 mg pyridine 

The product mixture was isolated by recrystallization of the crude 

reaction mixture in hexane at −30 °C as light yellow low-melting 

crystals. 

Yield: 630 mg, 3.04 mmol, 76%. 

N-[B(OCMe2)2]-1,2-dihydropyridine 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 0.98 (s, 12H, CH3), 4.14 (dd, 2H, 3JHH = 4.2 Hz, 

3JHH = 1.6 Hz, CH2), 5.09 (m, 1H, CH), 5.78 (m, 1H, CH), 6.69 (s, 1H, CH). 

N-[B(OCMe2)2]-1,4-dihydropyridine 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 1.01 (s, 12H, CH3), 2.82 (m, 2H, CH2), 4.57 (m, 

2H, CH), 6.51 (s, 2H, CH). 

Hydroboration of 2-picoline 

NMR scale: 37.3 mg 2-picoline 

Preparative scale: 373 mg 2-picoline 

Only B2pin3 could be crystallized from hexane. 

N-[B(OCMe2)2]-1,4-dihydro-2-methylpyridine 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 0.98 (s, 12H, CH3), 2.03 (s, 3H, CH3), 2.82 (m, 

2H, CH2), 4.45 (m, 1H, CH), 4.68 (m, 1H, CH), 6.65 (m, 1H, CH). 

Hydroboration of 3-picoline 

NMR scale: 37.3 mg 3-picoline 

Preparative scale: 373 mg 3-picoline 
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The product mixture was isolated as a thick pale yellow oil by vacuum distillation at 70 °C, 

0.1 mbar. The obtained oil crystallized after several hours as a low-melting solid. 

Yield: 830 mg, 3.74 mmol, 94%. 

N-[B(OCMe2)2]-1,2-dihydro-3-methylpyridine 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 1.04 (s, 12H, CH3), 1.43 (s, 3H, CH3), 4.09 (m, 

2H, CH2), 5.04 (m, 1H, CH), 5.52 (m, 1H, CH), 6.57 (s, 1H, CH). 

N-[B(OCMe2)2]-1,4-dihydro-3-methylpyridine 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 1.01 (s, 12H, CH3), 1.40 (s, 3H, CH3), 2.72 (m, 

2H, CH2), 4.64 (m, 1H, CH), 6.37 (m, 1H, CH), 6.61 (s, 1H, CH). 

Hydroboration of 4-picoline 

NMR scale: 37.2 mg 4-picoline 

Preparative scale: 373 mg 4-picoline 

The product mixture was isolated by recrystallization of the crude 

reaction mixture in hexane at −30 °C as a colorless crystalline solid. 

Yield: 400 mg, 1.80 mmol, 45%. 

N-[B(OCMe2)2]-1,2-dihydro-4-methylpyridine 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 1.05 (s, 12H, CH3), 1.58 (s, 3H, CH3), 4.21 (m, 

2H, CH2), 4.88 (m, 1H, CH), 4.99 (m, 1H, CH), 6.76 (s, 1H, CH). 

N-[B(OCMe2)2]-1,4-dihydro-4-methylpyridine 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 1.00 (s, 12H, CH3), 1.42 (s, 3H, CH3), 3.32 (m, 

2H, CH2), 4.60 (m, 2H, CH), 6.62 (s, 2H, CH). 

Hydroboration of 3,5-lutidine 

NMR scale: 42.9 mg 3,5-lutidine 

Preparative scale: 428 mg 3,5-lutidine 

The product mixture was isolated as colorless oil by vacuum 

distillation at 90 °C, 0.1 mbar. The oil crystallized as a low-melting 

solid. 

Yield: 895 mg, 3.80 mmol, 95%. 
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N-[B(OCMe2)2]-1,2-dihydro-3,5-dimethylpyridine 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 1.06 (s, 12H, CH3), 1.47 (s, 3H, CH3), 1.62 (s, 

3H, CH3), 4.03 (s, 2H, CH2), 5.43 (s, 1H, CH), 6.40 (s, 1H, CH). 

N-[B(OCMe2)2]-1,4-dihydro-3,5-dimethylpyridine 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 1.04 (s, 12H, CH3), 1.47 (s, 6H, CH3), 2.56 (s, 

2H, CH2), 6.42 (s, 2H, CH). 

Hydroboration of pyrazine 

NMR scale: 32.0 mg pyrazine 

Bis-N-[B(OCMe2)2]-2,3-dihydro-pyrazine 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 1.04 (s, 24H, CH3), 3.48 (s, 4H, CH2), 6.13 (s, 

2H, CH). 

13C NMR (75 MHz, C6D6, 25°C) δ (ppm) = 24.8 (CH3), 42.5 (CH2), 82.7 (Cq), 111.1 (CH). 

Hydroboration of quinoline 

NMR scale: 51.7 mg quinoline 

Preparative scale: 517 mg quinoline 

The product mixture was isolated by recrystallization of the 

crude reaction mixture in hexane at −30 °C as a colorless 

crystalline solid. 

Yield: 1040 mg, 4.00 mmol, quantitative. 

N-[B(OCMe2)2]-1,2-dihydroquinoline 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 1.04 (s, 12H, CH3), 4.14 (m, 2H, CH2), 5.58 (dt, 

1H, 3JHH = 9.6 Hz, 3JHH = 4.1 Hz, CH), 6.26 (d, 1H, 3JHH = 9.6 Hz, CH), 6.81 (m, 1H, CH) , 

6.83 (m, 1H, CH), 7.10 (m, 1H, CH), 7.83 (d, 1H, 3JHH = 8.1 Hz, CH). 

N-[B(OCMe2)2]-1,4-dihydroquinoline 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 0.97 (s, 12H, CH3), 3.28 (m, 2H, CH2), 4.79 (dt, 

1H, 3JHH = 8.0 Hz, 3JHH = 3.7 Hz, CH), 6.75 (m, 1H, CH), 6.85 (m, 1H, CH), 6.92 (m, 1H, 

CH), 7.12 (m, 1H, CH), 8.15 (d, 1H, 3JHH = 8.4 Hz, CH). 

 

 



 Chapter 4  

 

 

172 

Hydroboration of isoquinoline 

NMR scale: 51.7 mg isoquinoline 

Preparative scale: 517 mg isoquinoline 

The product mixture was isolated as thick colorless oil by vacuum distillation 

at 110 °C, 0.1 mbar. The oil crystallized as a low-melting solid. 

Yield: 915 mg, 3.57 mmol, 90%. 

N-[B(OCMe2)2]-1,2-dihydro-isoquinoline 

1H NMR (500 MHz, C6D6, 25 °C) δ (ppm) = 1.03 (s, 12H, CH3), 4.65 (s, 2H, CH2), 5.65 (d, 

1H, 3JHH = 7.4 Hz, CH), 6.74 (d, 1H, 3JHH = 7.4 Hz, CH), 6.82 (d, 1H, 3JHH = 7.4 Hz, CH) , 

6.86 (d, 1H, 3JHH = 7.4 Hz, CH), 6.90 (dt, 1H, 3JHH = 7.4 Hz, 3JHH = 1.4 Hz, CH), 7.00 (dt, 1H, 

3JHH = 7.4 Hz, 3JHH = 1.4 Hz, CH). 

4.5.5. Crystal structure determination 

Structures have been solved and refined using the programs SHELXS-97 and SHELXL-97, 

respectively.[46,47] All geometry calculations and graphics have been performed with 

PLATON.[48] The crystal data are summarized in Table 4.9.  

Crystal structure determination of [NN-(MgOH)2]2 

Reflections were measured on a Bruker Kappa Apex II diffractometer with sealed tube and 

Triumph monochromator ( = 0.71073Å). Intensities were integrated with Eval15.[49] 

Absorption correction was performed with SADABS.[50] The structures were solved with 

Direct Methods using SHELXS-97[46,51] and refined with SHELXL-97[47,51] against F2 of all 

reflections. Non-hydrogen atoms were refined freely with anisotropic displacement 

parameters. Hydrogen atoms were located in difference Fourier maps. All hydrogen atoms 

were refined with a riding model. The cocrystallized toluene molecule was refined with a 

disorder model using restraints for distances, angles, flatness, and isotropic displacement 

behaviour. 

Geometry calculations and checking for higher symmetry were performed with the PLATON 

program.[48,52] 

Crystal structure determination of NN-[Mg(1,2-DHP)]2·(pyridine)2 

Reflections were measured on a Bruker Kappa Apex II diffractometer with sealed tube and 

Triumph monochromator ( = 0.71073Å). Intensities were integrated with Eval15.[49] 

Absorption correction was performed with SADABS.[50] The structures were solved with 
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Direct Methods using SHELXS-97[46,51] and refined with SHELXL-97[47,51] against F2 of all 

reflections. Non-hydrogen atoms were refined freely with anisotropic displacement 

parameters. Hydrogen atoms were located in difference Fourier maps. All hydrogen atoms 

were refined freely with isotropic displacement parameters. 

Geometry calculations and checking for higher symmetry was performed with the PLATON 

program.[48,52] 

Crystal structure determination of PARA-[Mg(1,4-DHP)]2·(pyridine)2 

Reflections were measured on a Bruker Kappa Apex II diffractometer with sealed tube and 

Triumph monochromator ( = 0.71073Å). Intensities were integrated with Eval15.[49] 

Absorption correction was performed with SADABS.[50] The structures were solved with 

Direct Methods using SHELXS-97[46,51] and refined with SHELXL-97[47,51] against F2 of all 

reflections. Non-hydrogen atoms were refined freely with anisotropic displacement 

parameters. Hydrogen atoms were located in difference Fourier maps. All hydrogen atoms 

were refined with a riding model.  

Geometry calculations and checking for higher symmetry was performed with the PLATON 

program.[48,52] 

Crystal structure determination of Ca(1,2-iDHQ)2·(isoquinoline)4 

Reflections were measured on a Bruker D8 Venture diffractometer with Apex II detector. All 

hydrogen atoms have been located in the difference-Fourier map and were refined 

isotropically. No solvent has been included in the structure. Due to the small size of the 

crystal we could obtain only data up to Θmax = 65.68° (CuKα). The crystals were also 

extremely air-sensitive. 
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Table 4.9 Crystal structure data. 

Compound [NN-(MgOH)2]2 NN-[Mg(1,2-DHP)]2·(pyridine)2 

Formula C68H100Mg4N8O4 C54H70Mg2N8 

M 1355.04 879.80 

Size (mm³) 0.56 x 0.39 x 0.33 0.51 x 0.34 x 0.15 

Crystal system tetragonal monoclinic 

Space group I−42d C2/c 

a (Å) 19.3381(3) 30.8482(15) 

b (Å) 19.3381(3) 9.9089(4) 

c (Å) 41.2526(11) 17.3175(7) 

α 90 90 

β 90 108.364(2) 

γ 90 90 

V (Å³) 15426.9(5) 5023.9(4) 

Z 8 4 

ρ (g.cm-3) 1.1669(1) 1.1632(1) 

μ (MoKα) (mm-1) 0.102 0.092 

T (°C) −170 −170 

Θ (max) 65 65 

Refl.total, independent 
Rint 

178194, 8861 

 

54579, 5768 

 

Parameter 470 429 

R1 0.0339 0.0324 

wR2 0.0873 0.0877 

GOF 1.060 1.043 

min/max remaining e-
density (e·Å-3) −0.34/0.44 −0.22/0.31 

 

 

 

 

 

 

 

 

 



Reactivity studies  

 
175 

 

Compound 
PARA-[Mg(1,4-DHP)]2 

·(pyridine)2 
DIPP-ZnH·pyridine 

Formula C60H74Mg2N8 C34H47ZnN3 

M 955.89 707.26 

Size (mm³) 0.54 x 0.22 x 0.15  

Crystal system triclinic triclinic 

Space group P-1 P-1 

a (Å) 17.5689(5) 8.9674(5) 

b (Å) 17.9591(4) 12.2222(7) 

c (Å) 18.5527(7) 19.4575(12) 

α 88.951(2) 76.744(3) 

β 74.838(2) 78.633(3) 

γ 89.377(2) 87.929(3) 

V (Å³) 5649.0(3) 2034.9(2) 

Z 4  

ρ (g.cm-3) 1.1240(1) 1.1543(1) 

μ (MoKα) (mm-1) 0.087 0.637 

T (°C) −120  

Θ (max) 65  

Refl.total, independent 

Rint 

125751, 25855 

  

Parameter 1285  

R1 0.0466  

wR2 0.1226  

GOF 1.020  
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Compound Ca(DHiQ)·(quinoline)4 

Formula C54H44CaN6 

M 817.04 

Size (mm³) 0.2 x 0.1 x 0.05 

Crystal system triclinic 

Space group P-1 

a (Å) 9.1289(2) 

b (Å) 10.4139(3) 

c (Å) 11.6294(3) 

α 89.847(2) 

β 72.802(2) 

γ 86.777(2) 

V (Å³) 1054.36(5) 

Z 1 

ρ (g.cm-3) 1.287 

μ (CuKα) (mm-1) 1.633 

T (°C) −170 

Θ (max) 65.68 

Refl.total, independent  

Rint 

11399, 3432 

0.0454 

Found refl. (I > 2σ(I)) 2680 

Parameter 365 

R1 0.0427 

wR2 0.1015 

GOF 1.050 

min/max remaining e-
density (e·Å-3) 

−0.12/0.15 
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