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The zincation of (2-pyridylmethyl)(triisopropylsilyl)amine (1)
gives dimeric methylzinc (2-pyridylmethyl)(triisopropylsilyl)-
amide (2). Further addition of dimethylzinc to a toluene solu-
tion of 2 at raised temperatures yields the C−C coupling
product [1,2-dipyridyl-1,2-bis(triisopropylsilylamido)ethane]-
bis(methylzinc) (3). Heating of molten 2, or UV irradiation of
2, results in the formation of 3 and zinc bis[(2-pyridylmethyl)-
(triisopropylsilyl)amide] (4). The reaction between the zinc
dihalide complexes of 1 [5a (X = Cl) and 5b (X = Br)] and
methyllithium yields the C−C coupling product 3 and the het-
eroleptic complex 2, observed by NMR spectroscopy. During
this reaction, zinc metal precipitates. The magnesiation of 1
with dibutylmagnesium gives magnesium bis[(2-pyridylme-
thyl)(triisopropylsilyl)amide] (6) in a quantitative yield. Sub-
sequent addition of dimethylmagnesium results in a dismuta-
tion reaction and the formation of heteroleptic methylmag-
nesium (2-pyridylmethyl)(triisopropylsilyl)amide (7). Treat-
ment of 1 with dimethylmagnesium also gives 7. This
complex slowly undergoes an intramolecular metalation
during which dark red single crystals of (tetrahydrofuran)-
magnesium 2-(triisopropylsilylamidomethylidene)-1-azacy-
clohexa-3,5-dien-1-ide (8) precipitate. In this compound the
aromaticity of the pyridyl fragment is abolished. The magne-
siation of (tert-butyldimethylsilyl)(2-pyridylmethyl)amine (I)
proceeds quantitatively to give methylmagnesium (tert-bu-
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tyldimethylsilyl)(2-pyridylmethyl)amide (9). This compound
also undergoes an intramolecular metalation reaction, which
results in the loss of the aromaticity of the pyridyl substituent
and the formation of (tetrahydrofuran)magnesium 2-(tert-
butyldimethylsilylamidomethylidene)-1-azacyclohexa-3,5-
dien-1-ide (10). The metalation of 1 with tin(II) bis[bis(trime-
thylsilyl)amide] yields [bis(trimethylsilyl)amido]tin(II) (2-pyr-
idylmethyl)(triisopropylsilyl)amide (11). The elimination of
tin metal occurs even at room temperature, and the C−C
coupling product [1,2-dipyridyl-1,2-bis(triisopropylsilylami-
do)ethane]tin(II) (12) is formed. The metalation of (tert-butyl-
dimethylsilyl)(2-pyridylmethyl)amine with Sn[N(SiMe3)2]2

gives [bis(trimethylsilyl)amido]tin(II) (tert-butyldimethylsi-
lyl)(2-pyridylmethyl)amide (13). Within a few minutes, pre-
cipitation of tin metal takes place and the C−C coupled prod-
uct [1,2-bis(tert-butyldimethylsilylamido)-1,2-dipyridyl-
ethane]tin(II) (14) is produced. In order to examine the im-
portance of the pyridyl ligand for the C−C coupling reactions,
zinc bis[N-(tert-butyldimethylsilyl)benzylamide] (15) was
prepared by means of the metathesis reaction between li-
thium N-(tert-butyldimethylsilyl)benzylamide and zinc(II)
halide. Treatment of 15 with dimethylzinc yields heteroleptic
methylzinc N-(tert-butyldimethylsilyl)benzylamide (16). Re-
fluxing of 16 with an excess of dimethylzinc in toluene does
not give any C−C coupling reactions.

(I) has been found.[1] The metalation of amine I with di-
methylzinc yielded dimeric methylzinc (tert-butyldimethylsi-
lyl)(2-pyridylmethyl)amide (II), according to Scheme 1.
Either thermal decomposition or the addition of another
equivalent of dimethylzinc at elevated temperatures then re-
sulted in the oxidative C2C coupling reaction and hence in
the formation of [1,2-bis(tert-butyldimethylsilylamido)-1,2-
dipyridylethane]bis(methylzinc) (III) and the precipitation
of zinc metal. The thermal decomposition of II also re-
sulted in the formation of amine I, which was zincated by
II still present to give zinc bis[(tert-butyldimethylsilyl)(2-py-
ridylmethyl)amide] (IV), according to Scheme 2.[1]
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Scheme 1

Scheme 2

The reaction between N,N9-di(tert-butyl)-1,4-diazabutad-
iene and dialkylzinc offered three different possible reaction
pathways:[2,3] C-alkylation (A),[4,5] radical formation (B),[6,7]

and N-alkylation (C)[4,5] after a homolytic Zn2C bond
cleavage. An overview of these reactions is given in
Scheme 3. The radicals B were in equilibrium with the di-
meric species, as shown in this reaction diagram.[2,8,9] Mech-
anistically the formation of the C2C-coupled dimer can be
explained by recombination of radicals.

This mechanism is not transferable to the oxidative C2C
coupling reaction described here, for several reasons. Dur-
ing the zincation and subsequent C2C coupling, no rad-
icals were detected by ESR spectroscopy and neither was a
monomer2dimer equilibrium observed. In order to invest-
igate the mechanism of the oxidative C2C coupling reac-
tion shown in Scheme 1, it was necessary to address several
questions: the influence of the steric hindrance of the N-
bonded trialkylsilyl group, the standard potential E0(M/
M21) of the metalation reagent, and the role of the pyri-
dyl substituent.
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Scheme 3

Results and Discussion

Synthesis and Mechanistic Studies

It has already been shown that methylzinc (tert-butyl)(2-
pyridylmethyl)amide undergoes a monomer/dimer equilib-
rium favoring the dimeric molecule VI (Scheme 4),[2,8]

which has also been structurally characterized.[9] The sub-
stitution of the tert-butyl group for a trialkylsilyl substitu-
ent results in drastic changes in the chemical and physical
behavior of these molecules. On one hand, the N-trialkylsi-
lyl substitution prevents the monomerization process, while
on the other a novel synthetic route to these tetradentate
ligands in a quantitative yield is possible, by means of the
C2C coupling reaction.

Influence of the Size of the Trialkylsilyl Substituents

The lithiation of 2-(aminomethyl)pyridine and the sub-
sequent metathesis reaction with chlorotriisopropylsilane
yields (2-pyridylmethyl)(triisopropylsilyl)amine (1). The
zincation of 1 gives dimeric methylzinc (2-pyridylmethyl)-

Scheme 4
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(triisopropylsilyl)amide (2), with a central Zn2N2 ring. The
addition of dialkylzinc to a solution of 2 in toluene at raised
temperatures results in a C2C coupling reaction and the
formation of [1,2-bis(triisopropylsilylamido)-1,2-dipyridyl-
ethane]bis(methylzinc) (3). Heating of molten 2, or UV irra-
diation of 2, yields 3 and zinc bis[(2-pyridylmethyl)(triiso-
propylsilyl)amide] (4) in an equimolar ratio, together with
zinc and methane. Compound 4 represents a structure sim-
ilar to IV, the only difference being the substituents at the
silicon atom.

The quantitative synthesis of 3 is achieved by means of a
reaction between 1 and at least 1.5 equiv. of dimethylzinc.
The mechanistic picture is presented in Scheme 5. The first
step is the complexation of dimethylzinc by 1, as described
below for the zinc dihalide complexes and similar to already
published adducts.[6,10] Subsequently, the amine moiety is
zincated. The methylene groups are then metalated by a
methylzinc moiety. Whether this zincation step happens in-
tramolecularly (monomolecular) or intermolecularly (bimo-
lecular or even higher order) is uncertain, especially in view
of the fact that the compounds described above are dimeric
both in the solid state and in solution. The relaxation of
the anionic charge produces a bis(amide). However, this in-
termediate forms only at higher temperatures and was not
observable in the zinc-mediated C2C coupling reaction. At
these temperatures, the zinc atom could be eliminated as
Zn0, with (pyridylmethylidene)(trialkylsilyl)amine being
formed. In the presence of additional dimethylzinc and an-
other equivalent of 2, the C2C coupling occurs immedi-
ately with evolution of methane (mass spectrometric identi-
fication) and precipitation of zinc metal (proof by X-ray
powder diffraction[1]). Because of the dimeric nature of 2,

Scheme 5
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only the (R,R) and the (S,S) isomers of 3 are formed, and
no meso isomer is observed. The steric demand of the trial-
kylsilyl groups influences the conformation of the dimeric
methylzinc (2-pyridylmethyl)(trialkylsilyl)amide as shown in
Scheme 6 (structure types D and E), but not the reactivity
towards dimethylzinc.

Scheme 6. Schematic drawing of the two possible conformations D
and E for the dimeric derivatives of the type
[R2M2N(SiRR92)CH22py]2 with M as Zn (2 and II) and Mg (7
and 9)

Mixing of compounds III and 3 in toluene does not af-
ford the mixed compound with a triisopropylsilyl group at
one nitrogen atom and a tert-butyldimethylsilyl substituent
at the other, which we also interpret as support for the ionic
mechanism. However, irradiation of this mixture does pro-
duce this mixed derivative, most probably through a C2C
bond cleavage, as shown for the equilibrium in Scheme 4
for the N-tert-butyl derivative.

Another possibility for the synthesis of 3 is shown in
Scheme 7. Treatment of 1 with zinc dihalides yields the cor-
responding adducts 5a (X 5 Cl) and 5b (X 5 Br), which
are only partly soluble in common organic solvents. The
addition of methyllithium to 5b results in the formation of
the C2C coupling product 3 and the heteroleptic complex
2, as observed by NMR spectroscopy. During this reaction,
zinc metal precipitates in accordance with the proposed
mechanism.

Influence of the Standard Potential E0(M/M21)

If the reaction were to be performed with other metals,
other pathways should be followed, depending on the po-
tential E0(M/M21), which for zinc is 20.7626 V.[11] In order
to investigate the reaction mechanism, the less noble mag-
nesium [E0(Mg/Mg21) 5 22.356 V[11]] and the nobler tin
[E0(Sn/Sn21) 5 20.137 V[11]] were applied. The magne-
siation of 1 with dibutylmagnesium gives magnesium bis[(2-
pyridylmethyl)(triisopropylsilyl)amide] (6) in a quantitative
yield. Subsequent addition of dimethylmagnesium results in
a dismutation reaction and the formation of heteroleptic
methylmagnesium (2-pyridylmethyl)(triisopropylsilyl)amide
(7). Treatment of 1 with dimethylmagnesium in an equimo-
lar ratio gives mainly 7; the reaction solution turns dark,
however. Reduction of the volume and cooling to approx-
imately 5 °C results in the precipitation of dark red, single
crystals of (tetrahydrofuran)magnesium 2-[(triisopropyl-
silyl)amidomethylidene]-1-azacyclohexa-3,5-dien-1-ide (8)
in a rather low yield, embedded in a dark oil. The first reac-
tion step is clearly the metalation of the amine 1, followed
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Scheme 7

by a further metalation of the methylene group. The anionic
charge is then transferred to the pyridyl nitrogen atom, thus
forming a bis(amide) as shown in Scheme 8. The stronger
metalation power[12] of a magnesium-bonded methyl group
allows intramolecular H abstraction and the breakdown of
the aromaticity of the pyridyl moiety at lower temperatures.
The reduced aromatic character of C-bonded pyridyl moiet-
ies is already well known in the case of [bis(2-
pyridyl)methyl]lithium.[13215] No precipitation of magnes-
ium metal is observed in the course of this reaction. During
the zincation of 1, no similar zinc bis(amide) was detected,
because on the one hand elevated temperatures are neces-
sary for the metalation of the methylene fragment and on
the other hand the reduction of the zinc dication is more
easily accessible than that of the magnesium dication. Com-
plex 8, if dissolved in common organic solvents, decom-
poses into a variety of as yet unidentified products, which
prevents spectroscopic characterization.

The magnesiation of (tert-butyldimethylsilyl)(2-pyridyl-
methyl)amine (I) proceeds quantitatively, to give methyl-
magnesium (tert-butyldimethylsilyl)(2-pyridylmethyl)amide
(9). Even though this metalation is performed in THF, 9
crystallizes from a toluene solution isotypically to the cor-
responding zinc derivative,[1] as a dimer without coordina-
tion of further neutral coligands. This compound undergoes
an intramolecular metalation reaction, which results in the
loss of the aromaticity of the pyridyl substituent and the
formation of (tetrahydrofuran)magnesium 2-[(tert-butyldi-
methylsilyl)amidomethylidene]-1-azacyclohexa-3,5-dien-1-
ide (10). In a concentrated THF solution, dark red crystals,
containing both the compounds 9 and 10 in an equimolar
ratio, precipitate at 5 °C within 3 d. This magnesiation step
occurs even in the dark and at low temperatures. Attempts
to crystallize pure 10 were not successful. Thanks to this
cocrystallization during the intramolecular magnesiation
process, 9 and 10 were removed from the reaction solution
environment, which allowed their molecular structures to
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Scheme 8

be crystallographically determined, since the crystalline
material constituting 10 decomposes very slowly in the solid
state. In solution, however, as yet unknown decomposition
reactions occur.

The metalation of 1 with tin(II) bis[bis(tri-
methylsilyl)amide][16220] yields a green solution of [bis-
(trimethylsilyl)amido]tin(II) (2-pyridylmethyl)(triisopropyl-
silyl)amide (11). The elimination of tin metal occurs even at
room temperature, as proven by X-ray powder diffraction
analysis (Figure 1). In an equimolar quantity, the C2C
coupling product tin(II) 1,2-dipyridyl-1,2-bis(triisopropylsi-
lylamido)ethane (12) forms according to Scheme 9. Because
of the size of the Sn21 cation and the stereochemical activ-
ity of the lone pair, only one metal center is coordinated to
this tetradentate ligand, through three nitrogen atoms. The
magnetic equivalence of both pyridyl groups can be ex-
plained by a fast (on the NMR timescale) exchange reac-
tion. NMR spectroscopic investigation of the crystals shows
the presence of a small amount of the meso isomer 129,
because the fixation of the geometry is less restrictive in
regard to the reaction pathway due to the mononuclearity
of these tin(II) complexes.

The smaller tert-butyldimethylsilyl group at the amide
moiety gives products similar to those described above. The
metalation of (tert-butyldimethylsilyl)(2-pyridylmethyl)-
amine I with Sn[N(SiMe3)2]2 gives [bis(trimethylsilyl)-
amido]tin(II) (tert-butyldimethylsilyl)(2-pyridylmethyl)-
amide (13). Within a few minutes, the precipitation of tin
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Figure 1. X-ray powder diffractogram of tin that precipitated dur-
ing the C2C coupling reactions (top) and the reference line spec-
trum (bottom)

Scheme 9

metal and the C2C coupling reaction begin. Thanks to the
less crowded trialkylsilyl substituent, the (R,R) and (S,S)
isomers 14 are formed together with a small quantity of the
meso form 149.
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All these C2C coupling products are colorless and no
equilibrium similar to the reaction described in Scheme 4
was observed. Solutions of these derivatives in toluene and
heptane showed no EPR signal, and so there was no indica-
tion of a radical mechanism. We interpret all these findings
in terms of the involvement of a polar reaction mechanism.

Importance of the Pyridyl Fragment

The pyridyl substituent could be important for this reac-
tion in two ways. On the one hand, it might function as an
anchor group to bind dimethylzinc and thus to enforce a
close contact between the metalating reagent and the amine.
On the other, the reaction mechanism involves a step in
which the aromaticity of the pyridyl substituent is disturbed
and a bis(amide) is formed. Therefore, the use of an N-
silylated benzylamine (formal replacement of the pyridyl ni-
trogen atom by a CH fragment) was investigated. This
change strongly decreased the reactivity of (benzyl)(tert-bu-
tyldimethylsilyl)amine towards dimethylzinc. The zincation
did not offer access to the corresponding zinc amides.

In order to examine the importance of the pyridyl ligand
for the C2C coupling reactions, zinc bis[(benzyl)(tert-butyl-
dimethylsilyl)amide] (15) was prepared by lithiation of
(benzyl)(tert-butyldimethylsilyl)amine (V)[21] and the sub-
sequent metathesis reaction with zinc(II) halide according
to Scheme 10. Treatment of 15 with dimethylzinc yielded
heteroleptic methylzinc (benzyl)(tert-butyldimethylsilyl)am-
ide (16).[22]

Scheme 10

Compound 16 behaves as a characteristic heteroleptic al-
kylzinc amide, as is well known for a wide variety of com-
pounds of the general type R2Zn2NR9R99 (see examples
in the literature[23226]). No C2C coupling reaction between
16 and excess dimethylzinc was observed, even in refluxing
toluene.

From these observations, we conclude that a derivative
with a disturbed aromatic character in the pyridyl fragment
seems to play the key role in this mechanism. For the C2C
coupling reaction, the presence of the methylpyridyl moiety
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is essential, whereas the steric demand of the N-bonded tri-
alkylsilyl substituent is only of secondary importance. The
standard potential determines the reaction conditions for
the C2C coupling. Whereas mild conditions are sufficient
for the use of tin(II), the reaction solutions had to be heated
to perform the coupling with zinc(II). Magnesium was not
able to initiate the C2C bond formation but we were there-
fore able in this case to determine the crystal structures of
molecules that most probably serve as intermediates in the
metalation reactions with zinc(II) and tin(II) reagents.

Structural Investigations

Figure 2 shows the molecular structure and numbering
scheme of 2. The crystallographic C2 axis generates the se-
cond half of the molecule; the symmetry-related atoms are
marked with primes. Scheme 7 shows the possible con-
formations for dimeric methylzinc (2-pyridylmethyl)(trialk-
ylsilyl)amides. Whereas type D is already known for the N-
(tert-butyldimethylsilyl)-substituted derivative II,[1] com-
pound 2 crystallizes in structure type E. However, the con-
formation of the dimer is without importance for the react-
ivity in the C2C coupling reaction. The central feature is
the slightly folded Zn2N2 ring (folding angle 167.1°) with
Zn2N bond lengths of approximately 211 pm (Table 1).
The transannular Zn1···Zn19 contact lies at 284.7 pm.

Figure 2. Molecular structure of 2; the ellipsoids represent 40%
probability; atoms generated by the crystallographic C2 symmetry
(2x, y, 2z 1 1.5) are marked with apostrophes; the hydrogen
atoms are omitted for clarity, with the exception of those at C6/C69

Figure 3 represents the molecular structure of 3. The
numbering scheme coincides with that of 2 and thus offers
the possibility of direct comparison of the structural para-
meters (Table 1). The C2C coupling of the bidentate anions
results in the formation of both the (R,R)- and the (S,S)-
1,2-bis(pyridyl)-1,2-bis(triisopropylsilylamido)ethane dian-
ions. Thanks to the crystallographically enforced inversion
center, both of these isomers are included in the investigated
single crystals, whereas no (R,S) isomer was observed either
in the crystalline state or in solution.

The Zn2N bonds of the pyridine moiety are elongated
in comparison to those in the sterically unhindered (bipyr-
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idine-N,N9)zinc dichloride, with values of 206 pm.[27] In the
pyridine complex bis(1,4-dihydropyridyl)bis(pyridine-
N)zinc,[28] on the other hand, Zn2N values of 198 and 213
pm have been observed for the anionic and the neutral li-
gands, respectively. Enhanced steric demand results in a fur-
ther elongation of this bond, as shown for (bipyridine-
N,N9)bis[bis(trimethylsilyl)methyl]zinc.[29]

The C62C69 bond formation increases the intramolecu-
lar steric strain, as is also demonstrated by the C62C69
bond length of 160 pm, a value in the same range as, for
example, strongly strained [1.1.1]propellanes.[30] A slightly
smaller value was previously found by van Koten and co-
workers for compound VI [R 5 Et, 157.0(8) pm[2,9]]; the
Zn2N bond lengths to the amido ligands show a mean
value of 208.5 pm,[2,9] whereas values of 212.3 pm are ob-
served in 3. Furthermore, a strong folding of the Zn2N2

ring is imposed. Whereas the folding angle in 2 is 167.1°,
the corresponding value after C2C bond formation lies at
109.9°. Because of this folding, the triisopropylsilyl sub-
stituents are pushed apart from each other and the Zn-bon-
ded methyl groups move toward each other and con-
sequently between the iPr3Si substituents. The
Zn12N22Si1 angle is therefore enhanced. Furthermore,
the short transannular Zn1···Zn19 contact of 272.8 pm in-
creases the electrostatic repulsion between the metal cations.
In VI, a comparable metal2metal contact of 274.9(1) pm
was found.[2] The rearrangement of the aliphatic substitu-
ents gives rise to a slight contraction of most of the bond
lengths. The Zn12C7 distance is approximately 3 pm
smaller, whereas this trend is less dramatic for the Si12N2
and Si12C bonds.

Figure 4 shows the molecular structure and numbering
scheme of 8. The disordered THF molecule between these
dimeric magnesium bis(amides) is neglected, due to the lack
of short contacts between this solvent molecule and 8. De-
rivative 8 represents the key compound in explaining the
mechanism discussed above. The numbering scheme is sim-
ilar to that shown for 2 and 3; atoms generated by crystallo-
graphic inversion symmetry are marked with apostrophes.
The central feature is the Mg2N2 ring with distorted tetra-
hedrally coordinated magnesium atoms. The
N22Mg12N29 angle in this centrosymmetric ring has a
value of 95.2°. The Mg2O distances of 202.7 pm lie in the
expected region.[31,32] Selected structural parameters are
summarized in Table 1.

Special attention should be drawn to the amidomethylpy-
ridyl fragment. The aromaticity of the pyridyl moiety is
broken, and alternating long and short C2C bonds are ob-
served. The negative charge is located on both the nitrogen
atoms, thus giving a cyclic magnesium bis(amide). The
N12C5 distance of 135.9 pm represents a characteristic
value for an N2C single bond to an sp2-hybridized carbon
atom, whereas the N12C1 bond (140.7 pm) seems to be
elongated. The N22C6 distance of 145.6 pm is larger, due
to the tetrahedral environment of N2 and the steric strain
induced by the trialkylsilyl substituent. The C2C bonds of
the pyridyl fragment show a slight degree of conjugation,
as the C2C single bonds are shorter (mean value 142.6)
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Table 1. Selected bond lengths [pm] and angles [°] of 2, 3, 8, 9, and 10

2 3 8 9[a] 9[b] 10[b]Compound

M12N1 211.8(2) 210.9(3) 203.5(4) 211.8(4) 214.4(3) 203.1(3)
M12N2 210.9(2) 212.2(3) 209.6(4) 215.7(4) 213.4(2) 206.4(3)
M12N29 209.9(2) 212.2(3) 208.6(3) 211.7(3) 211.7(3) 207.0(3)
M12C7 198.4(2) 195.1(4) 202.7(3)[c] 213.2(5) 211.9(4) 199.3(3)[c]

M1···M19 284.8(1) 272.78(9) 281.9(3) 293.4(3) 293.7(2) 281.0(2)
N12C1 133.8(3) 133.5(5) 140.7(6) 134.3(5) 134.4(4) 140.1(4)
N12C5 135.4(3) 133.7(5) 135.9(6) 135.6(6) 132.2(4) 136.7(4)
C12C2 138.3(3) 137.6(6) 145.0(6) 140.3(6) 138.7(5) 144.2(5)
C12C6 151.0(3) 151.0(5) 136.2(7) 151.7(6) 150.4(5) 137.0(5)
C22C3 137.4(3) 138.3(7) 134.9(8) 136.6(7) 136.0(5) 135.8(6)
C32C4 138.3(4) 135.9(8) 140.2(8) 137.6(8) 137.0(6) 139.9(6)
C42C5 136.2(3) 137.1(7) 136.9(7) 135.6(7) 137.5(5) 135.4(6)
N22C6 147.5(3) 146.8(4) 145.6(5) 148.0(4) 148.7(4) 146.1(4)
N22Si1 174.6(2) 173.8(3) 174.4(3) 172.7(3) 173.0(2) 172.3(3)
C62C69 2 159.8(6) 2 2 2 2
M12N22M19 85.18(7) 80.0(1) 84.8(1) 86.7(1) 87.39(9) 85.7(1)
N22M12N29 94.14(7) 76.5(1) 95.2(1) 93.3(1) 92.61(9) 94.4(1)
M12N22C6 109.8(1) 94.1(2) 92.1(2) 109.4(3) 108.2(2) 99.9(2)
N22C62C1 115.7(2) 114.0(3) 123.6(5) 115.2(3) 114.9(3) 123.3(4)
C62C12N1 117.8(2) 114.7(3) 119.7(4) 119.3(4) 117.4(3) 118.9(3)
C12N12M1 113.4(1) 107.1(2) 104.9(3) 113.3(3) 112.7(2) 104.9(2)
N12M12N2 82.53(6) 83.0(1) 87.8(2) 82.2(2) 82.0(1) 88.2(1)
Si12N22C6 111.5(1) 117.8(2) 111.7(3) 114.2(2) 113.7(2) 117.4(2)
Si12N22M1 115.65(9) 128.1(2) 131.2(2) 111.6(2) 114.4(1) 128.3(2)
Si12N22M19 120.48(9) 122.3(2) 128.4(2) 124.3(2) 122.5(1) 123.8(1)

[a] Data from the solid state structure of 9. [b] Parameters from the crystal structure of 9·10. [c] Mg12O01.

Figure 3. Molecular structure of 3; the ellipsoids represent 40%
probability; atoms generated by the crystallographic C2 symmetry
(2x 1 2, y, 2z 1 0.5) are marked with apostrophes;the hydrogen
atoms are omitted for clarity, with the exception of those at C6/C69

than expected (reference value 1.48 pm[33]) whereas the C5
C double bonds (mean value 136.0 pm) are widened (refer-
ence value 1.34 pm[33]).

The Mg12N1 bond length of 203.5 pm is rather short,
due to the low coordination number of N1 and the electro-
static attraction between the nitrogen atom and the metal
center. The distorted tetrahedral surrounding and the steric
shielding of N2 produce a longer N22Mg1 bond length.
The transannular Mg1···Mg19 contact of 281.9 pm is rather
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Figure 4. Molecular structure of 8; the ellipsoids represent 40%
probability; atoms generated by the crystallographic inversion sym-
metry (2x, 2y 1 1, 2z 1 2) are marked with apostrophes; the hy-
drogen atoms are omitted for clarity, with the exception of those
at C6/C69

short, however, this is a consequence of the small endocyclic
Mg2N bonds lengths.

Figure 5 represents the molecular structure and num-
bering scheme of dimeric 9. This molecule shows point sym-
metry and so structure type D is achieved. Atoms generated
by the inversion symmetry are marked with apostrophes. In
comparison with the isotypic zinc complex II and with 2,
the metal2carbon bonds of 9 are elongated by approxim-
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ately 15 pm in accordance to the van der Waals radii differ-
ence (rMg 5 170 pm; rZn 5 140 pm[34]); however, the differ-
ence between the Mg2N and Zn2N bond lengths is far
less distinct. Because of the slightly larger metal centers, the
transannular M1···M1 contacts of 9 are larger than those
in the similar zinc derivatives II and 2. This is achieved by
widening of the Mg12N22Mg19 bond angle compared
with the corresponding values in the zinc complexes.

Figure 5. Molecular structure of 9; the ellipsoids represent 40%
probability; atoms generated by the crystallographic inversion sym-
metry (2x 1 1, 2y 1 1, 2z) are marked with apostrophes; the hy-
drogen atoms are omitted for clarity, with the exception of those
at C6/C69

Figure 6 represents the molecular structure and num-
bering scheme of 10. This molecule cocrystallizes in an
equimolar ratio with 9 as shown in Figure 7. The solid-state
structure can be regarded as a layer structure, with the mo-
lecules of 9 in (h,k,0) and those of 10 in (h,k,0.5). Both these
molecules show inversion symmetry and a nearly similar
arrangement of their substituents. The magnesium atoms
are in a distorted tetrahedral environment. The molecular
structure of 9 is similar to the structure described above
and no detailed discussion is necessary. However, 10 shows
some remarkable structural features. The center of interest
concerns the disturbed aromaticity of the pyridyl fragment,
which is similar to that in 8. Detailed discussion therefore
seems unnecessary.

Mononuclear 1,2-dipyridyl-1,2-bis(trialkylsilylamido)-
ethane complexes of tin(II) preferentially form as (R,R) and
(S,S) isomers; however, a minor quantity of the meso form
is also produced from this reaction. This situation allows
these isomers to be compared in the crystalline state, and
so the numbering schemes are alike for all these derivatives.
Figures 8 to 10 show the molecular structures and num-
bering schemes of 12, 129, and 14, respectively; Table 2 con-
tains selected structural data. The backbone consists of the
stereogenic centers C1 and C2. The Sn-bonded pyridyl frag-
ment is located at C1, whereas the uncoordinated pyridyl
substituent is bonded to C2. The tin atoms are in a trigonal-
pyramidal environment formed by the three nitrogen atoms
N1, N2, and N21, whereas N22 shows no short contacts to
any tin(II) centers. The Sn2N21 bond lengths are nearly 20
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Figure 6. Molecular structure of 10; the ellipsoids represent 30%
probability; atoms generated by the crystallographic inversion sym-
metry (2x 1 2, 2y 1 2, 2z 1 1) are marked with apostrophes; the
hydrogen atoms are omitted for clarity, with the exception of those
at C6/C69

pm larger than the tin2nitrogen distances to the negatively
charged atoms N1 and N2. The sterically less demanding
tert-butyldimethylsilyl substituent allows shorter Sn2N
bonds than the N-bonded triisopropylsilyl group. A re-
markable difference concerns the newly formed C12C2
bond. Whereas this bond is extremely long in compounds
12 and 129, a characteristic value of 153.5(6) is found in 14.
However, the ring strain in 14 gives rise to an elongated
C12C11 bond. A comparison of the structural parameters
of 12 [(R,R) and (S,S) isomers] and 129 (meso isomer) show
two main differences, namely the smaller Sn2N21 bond
length and the smaller Sn2N22Si2 bond angle in 129. Both
these observations can be attributed to reduced intramolec-
ular steric strain in this isomer.

The stereochemically active lone pair at tin(II) gives rise
to the pyramidal coordination sphere at the metal center.
Similar observations are already well known for other
tin(II) amides. The Sn2N1 and Sn2N2 bond lengths are
comparable to those published for Sn[N(SiMe3)2]2.[35237] A
higher coordination number of three[38] or four[39] at the
tin(II) center results in longer Sn2N bonds.

In 14, the nitrogen atoms N1 and N2 are in a planar
environment (angle sums of N1 and N2: 359.3 and 359.7°).
The larger trialkylsilyl substituents produce distortions and
smaller angle sums at the amide moieties (12: N1 354.4°,
N2 358.1°; 129: N1 357.8°, N2 350.2°).

NMR Spectroscopy

NMR spectroscopic data for the zinc- and magnesium-
containing molecules are summarized in Table 3; the num-
bering scheme is given in Scheme 11. The influence of the
trialkylsilyl substituents on the chemical shifts of the pyrid-
ylmethyl fragments is very small. The compound classes are
therefore distinguishable by the δ values of the methylene
moieties in the proton NMR experiments: the (2-pyridylme-
thyl)(trialkylsilyl)amines 1 (R 5 SiiPr3) and I (R 5 Si-
Me2tBu) show their resonances at δ 5 4.1. Substitution of
the H atom by a methylmetal fragment (2 and II: Zn; 7 and
9: Mg) produces a low-field shift of approximately 0.6 ppm,
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Figure 7. Representation of the arrangement of the molecules of 9·10 in the unit cell; the atoms are shown with arbitrary radii (see text)

Figure 8. Molecular structure of 12; the ellipsoids represent 40%
probability; the hydrogen atoms are omitted for clarity, with the
exception of those at C1 and C2

Figure 9. Molecular structure of 129 (meso form); the ellipsoids
represent 40% probability; the hydrogen atoms are omitted for
clarity, with the exception of those at C1 and C2
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Figure 10. Molecular structure of 14; the ellipsoids represent 40%
probability; the hydrogen atoms are omitted for clarity, with the
exception of those at C1 and C2

whereas the C2C-coupled derivatives 3 and III give chem-
ical shifts of δ 5 4.0. The resonances of these methylene
moieties in metal bis[(2-pyridylmethyl)(trialkylsilyl)amide]
(Zn: 4 and IV; Mg: 6) appear at a rather low field at δ 5 4.9.
Similar tendencies are deducible from the 13C{1H} NMR
experiments; the amines 1 and I have values of δ 5 48,
whereas the metalated amines show low-field shifts of ap-
proximately 6 ppm regardless of the metal (Zn or Mg). The
C2C coupling gives chemical shifts of approximately δ 5
67 for these carbon atoms. In the NMR spectroscopic ex-
periments, the influences both of the steric demand of the
trialkylsilyl substituents and of the nature of the metal
center (Zn or Mg) seem to play a minor role regarding the
NMR spectroscopic data of the pyridylmethyl groups. The
dependence on the solvent was elucidated for compound 9;
the influence of the solvent on the NMR spectroscopic data
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Table 2. Selected bond lengths [pm] and angles [°] of 12, 129, and 14

12[a] 129[b] 14[a]Compound

Sn2N1 209.2(2) 209.9(3) 207.5(3)
Sn2N2 210.7(2) 213.1(3) 209.6(3)
Sn2N21 238.8(2) 231.8(3) 238.3(3)
N12Si1 172.2(2) 172.4(3) 170.8(3)
N22Si2 172.9(2) 173.3(3) 170.9(3)
C12C2 157.1(3) 159.3(4) 153.5(6)
C12N1 145.4(3) 145.7(4) 144.9(5)
C22N2 146.2(3) 146.7(4) 145.1(5)
C12C11 151.8(3) 150.6(5) 157.6(6)
C112N21 134.1(3) 133.8(5) 133.4(5)
N212C31 134.9(3) 133.9(5) 132.3(6)
C312C41 136.8(5) 137.1(6) 137.8(7)
C412C51 137.0(5) 138.5(6) 136.6(7)
C512C61 138.8(4) 137.8(6) 135.9(6)
C112C61 139.1(4) 138.5(5) 137.3(6)
C22C12 151.7(3) 152.1(5) 154.0(6)
C122N22 134.1(3) 133.1(4) 135.1(5)
N222C32 134.4(4) 134.3(5) 131.3(5)
C322C42 136.2(5) 137.3(6) 136.3(7)
C422C52 137.3(5) 137.7(6) 137.7(7)
C522C62 138.4(4) 137.3(6) 135.2(6)
C122C62 137.7(4) 138.8(5) 138.5(6)
N12Sn2N2 82.45(7) 82.2(1) 81.4(1)
N12Sn2N21 74.35(7) 75.4(1) 75.3(1)
N22Sn2N21 81.45(7) 82.5(1) 81.2(1)
C12N12Sn 101.8(1) 101.1(2) 102.6(2)
C12N12Si1 124.4(1) 123.4(2) 124.9(2)
Si12N12Sn 128.2(1) 133.3(2) 131.8(2)
C22N22Sn 109.8(1) 109.4(2) 110.9(2)
C22N22Si2 120.9(2) 123.6(2) 120.9(2)
Si22N22Sn 127.4(1) 117.2(1) 127.9(2)

[a] Data for the racemate composed of the (R,R) and (S,S) isomers.
[b] Parameters for the (R,S) isomer (meso form).

is of the same magnitude as that of the substitution pattern.
The NMR parameters of the tin(II) complexes are sum-

marized in Table 4. All these complexes are mononuclear,
and variations in the NMR spectroscopic data are therefore
to be expected. The solid-state structures of 12 and 14 show
that only one pyridyl group bonds to the tin center, whereas
the other one shows no short contacts to a metal atom. In
solution, both pyridyl fragments are chemically and mag-
netically equivalent; the exchange process is fast on the
NMR timescale even at low temperatures. In general, the δ
values of the methylene fragments are shifted towards lower
field, relative to the zinc and magnesium derivatives, in the
proton and 13C{1H} NMR experiments. The 119Sn{1H}

Scheme 11. Numbering scheme of the (2-pyridylmethyl)(trialkylsi-
lyl)amide ligand for the assignment of the NMR spectroscopic data
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chemical shifts were found in the characteristic region for
triply coordinated tin(II) compounds.[40242]

The 1H NMR spectroscopic data for 15 and 16[22] are
summarized in Table 5; the corresponding values for
(benzyl)(trialkylsilyl)amine (V)[21] are also included for
comparison. The low-field shift of the methylene moiety of
16 compared to 15 is contrary to the observations con-
cerning the pyridyl compounds 2 and 4 as well as II and
IV, respectively, where the 1H NMR spectra show the CH2

signals of the heteroleptic derivatives 2 and II at a higher
field.

Conclusion

The zinc-mediated C2C coupling reaction is not depend-
ent on the intramolecular steric strain introduced by the
trialkylsilyl substituents. However, the use of the triisoprop-
ylsilyl ligand permitted the crystallographic characteriza-
tion of the cyclic magnesium bis(amide) 8, which is thought
to be the intermediate in this reaction. The intermediate
with the smaller tert-butyldimethylsilyl substituent cocrys-
tallized with 9, and its fast decomposition was prevented
due to its removal from the reaction mixture. Furthermore,
the solid-state structures of 2 and II vary with the steric
demand of the trialkylsilyl group but the reactivity is all
but retained. As one would expect, this coupling reaction
is strongly dependent on the redox potential of the metal
employed in this reaction. The pyridyl substituent is neces-
sary to support the C2C coupling reaction. The key step
of the mechanism is the metalation of the methylene group
and a charge migration to the pyridyl nitrogen atom, thus
forming a cyclic bis(amide). Because of the C2C coupling,
the aromaticity of the pyridyl group is regained; this may
be the driving force for this step. This also provides an ex-
planation of why no similar molecule is observed in the
zinc-mediated reaction: the elevated reaction temperature
prevents the reaction from stopping at this step, since the
reduction of the metal is too easy.

The zinc-mediated C2C coupling reaction results in the
formation of the (R,R)- and (S,S)-isomeric 1,2-dipyridyl-
1,2-bis(trialkylsilylamido)ethane ligand. The meso form is
not observed in the course of this reaction. However, the
tin-mediated C2C coupling yields a mixture of all possible
isomers, although the demanding trialkylsilyl groups favor
the (R,R) and (S,S) forms. Whereas the zinc- and magnes-
ium-containing complexes crystallize as dimers, the mono-
nuclear tin compounds are monomeric in the solid state and
in solution.

This zinc-mediated C2C coupling reaction is novel in
zinc chemistry. However, it allows the quantitative synthesis
of a dinuclear zinc complex with the metal atoms in close
contact with one another, due to the folding of the Zn2N2

ring. Further investigations will now concentrate on the in-
fluence of the trialkylsilyl substituents on the properties of
these compounds and comparison with the tert-butyl-sub-
stituted derivatives described earlier by van Koten and co-
workers.[2,9]
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Table 3. NMR spectroscopic data of 127 and 9; data for I2IV are also given for comparison

Compound 1 2 3 4 5a 5b 6
Solvent C6D6 C6D6 C6D6 C6D6 [D8]THF [D8]THF C6D6

1H
δ(H2) 7.09 6.54 6.78 6.65 7.30 7.05 6.75
δ(H3) 7.15 6.79 6.95 6.83 7.68 7.52 6.96
δ(H4) 6.66 6.34 6.50 6.36 7.20 7.14 6.46
δ(H5) 8.48 7.75 8.06 7.91 8.44 8.41 7.91
δ(H6) 4.14[a] 4.67 4.06 4.94[b] 4.19 4.17 4.85[c]

δ(H7) 2 20.13 0.21 2 2 2 2
δ(CHMe2) 1.05 1.35 1.00 1.41 1.05 1.07 0.88
δ(CHMe2) 1.06 1.33 0.91 1.36 1.05 1.07 0.88
δ(SiMe) 2 2 2 2 2 2 2
δ(SiMe) 2 2 2 2 2 2 2
δ(SitBu) 2 2 2 2 2 2 2
δ(NH) 1.28 2 2 2 n.o.[d] n.o.[d] 2
13C{1H}
δ(C1) 163.0 166.4 168.7 166.2 158.4 157.8 169.9
δ(C2) 120.4 121.1 119.8 121.1 122.4 122.3 120.6
δ(C3) 135.6 136.7 138.3 136.6 139.6 139.6 136.7
δ(C4) 121.0 121.6 122.3 121.7 123.8 123.8 122.1
δ(C5) 149.0 145.4 146.7 145.5 147.4 147.3 145.9
δ(C6) 48.4 54.4 67.0 54.2 47.2 47.3 53.6
δ(C7) 2 214.7 211.5 2 2 2 2
δ(SiCH) 11.9 13.6 14.3 14.2 11.9 12.0 13.7
δ(CHMe2) 18.4 19.1 18.9 18.4 18.1 18.3 19.6
δ(SiMe) 2 2 2 2 2 2 2
δ(SiMe) 2 2 2 2 2 2 2
δ(SiCMe3) 2 2 2 2 2 2 2
δ(SiCMe3) 2 2 2 2 2 2 2
29Si{1H}
δ(Si) 6.04 4.09 6.66 2.49 n.o.[d] n.o.[d] 0.58

Compound 7 I II III IV 9 9
Solvent C6D6 C6D6 C6D6 C6D6 C6D6 C6D6 THF/C6D6

1H
δ(H2) 7.36 7.06 6.52 6.77 6.64 6.58 6.65
δ(H3) 7.77 7.17 6.85 6.97 6.84 6.92 6.83
δ(H4) 7.19 6.68 6.47 6.48 6.38 6.51 6.37
δ(H5) 8.14 8.47 8.25 7.98 7.95 8.28 7.91
δ(H6) 4.80 4.09 4.65 4.03 4.93[e] 4.70[f] 4.95
δ(H7) 21.21 2 20.25 20.51 2 20.72 n.o.
δ(CHMe2) 2 2 2 2 2 2
δ(CHMe2) 2 2 2 2 2 2
δ(SiMe) 2 0.01 20.11 0.40 0.34 20.12 0.29
δ(SiMe) 2 0.01 20.11 0.15 0.28 20.15 0.29
δ(SitBu) 2 0.87 1.10 0.82 1.27 1.07 1.27
δ(NH) 2 1.32 2 2 2 2 2
13C{1H}
δ(C1) 169.6 163.2 165.5 168.5 166.4 167.0 170.1
δ(C2) 121.4 120.5 121.5 119.9 121.1 121.9 120.8
δ(C3) 137.7 135.7 137.5 138.4 136.2 138.3 136.8
δ(C4) 122.4 121.0 121.7 122.4 122.0 122.1 122.4
δ(C5) 146.2 148.9 145.4 146.7 145.6 146.9 146.1
δ(C6) 53.3 48.2 54.1 67.3 54.4 51.0 54.1
δ(C7) 211.9 2 212.6 214.1 2 215.2 23.6
δ(SiCH) 13.5 2 2 2 2 2 2
δ(CHMe2) 19.2 2 2 2 2 2 2
δ(SiMe) 2 25.0 23.6 22.1 23.0 23.1 1.2
δ(SiMe) 2 25.0 23.6 23.2 23.3 24.4 1.2
δ(SiCMe3) 2 18.5 20.8 20.6 20.8 20.7 20.8
δ(SiCMe3) 2 26.3 28.6 27.7 28.1 28.2 28.1
29Si{1H}
δ(Si) 8.59 9.04 10.32 8.66 3.92 7.75 0.65
Ref. [1] [1] [1] [1]

[a] Doublet due to coupling with NH group, 3JH,H 5 7.6 Hz. [b] Mean value of an AB spin system, δA 5 4.90, δB 5 4.98, 2JH,H 5 19.6 Hz.
[c] Mean value of an AB spin system, δA 5 4.81, δB 5 4.89, 2JH,H 5 21.0 Hz. [d] Not observed (n.o.). [e] Mean value of an AB spin
system, δA 5 4.91, δB 5 4.95, 2JH,H 5 19.9 Hz. [f] Mean value of an AB spin system, δA 5 4.42, δB 5 4.98, 2JH,H 5 19.4 Hz.

Eur. J. Inorg. Chem. 2002, 3892404 399



M. Westerhausen et al.FULL PAPER

Table 4. NMR parameters of 11214

Compound 11 12 13 14
Solvent toluene/C6D6 [D8]THF toluene/C6D6 [D8]THF

1H
δ(H2) 6.61 7.77 6.53 7.69
δ(H3) 6.86 7.72 6.77 7.74
δ(H4) 6.42 7.17 6.32 7.17
δ(H5) 8.04 8.52 7.96 8.53
δ(H6) 4.99[a] 5.10 4.90[b] 5.06
δ(NSiMe3) 0.23 2 0.26 2
δ(CHMe2) 1.20 0.78/1.28 2 2
δ(CHMe2) 1.27 0.69/1.12 2 2
δ(SiMe) 2 2 0.31 20.47
δ(SiMe) 2 2 0.37 20.33
δ(SitBu) 2 2 0.96 0.49
13C{1H}
δ(C1) 167.0 167.0 166.8 166.5
δ(C2) 121.2 122.6 121.1 122.0
δ(C3) 138.4 137.0 138.3 137.0
δ(C4) 122.0 121.6 121.9 121.4
δ(C5) 144.8 146.5 145.1 146.5
δ(C6) 57.6 73.0 57.0 73.2
δ(NSiMe3) 6.1 2 6.1 2
δ(CHMe2) 13.9 13.5 2 2
δ(CHMe2) 19.4 18.1/18.2 2 2
δ(SiMe) 2 2 24.4 24.5
δ(SiMe) 2 2 22.0 23.5
δ(SiCMe3) 2 2 20.2 18.9
δ(SiCMe3) 2 2 27.4 26.2
29Si{1H}
δ(Si) 7.86 4.98 7.94 7.49
δ(NSiMe3) 22.49 2 22.55 2
119Sn{1H}
δ(Sn) 139.8 76.6 135.9 57.1

Mean value of an AB spin system, δA 5 4.75, δB 5 5.05, 2JH,H 5 18.5 Hz.

Table 5. NMR spectroscopic data of 15 and 16; the parameters of
V are included for comparison

Compound V[18] V 15 16
Solvent CCl4 [D8]THF [D8]THF [D8]THF

δ(SiMe2) 0.03 0.02 0.02 20.06
δ(tBu) 0.86 0.92 0.96 0.85
δ(CH2) 3.60 3.96 3.86 4.41
δ(Ph) 7.24 7.23 7.17 7.12
δ(ZnMe) 2 2 2 20.81
δ(NH) n.o.[a] n.o.[a] 2 2

[a] Not observed (n.o.).

Experimental Section

General Remarks: All experiments and manipulations were carried
out under argon. Reactions were performed with standard Schlenk
techniques and dried, thoroughly deoxygenated solvents. (tert-
Butyldimethylsilyl)(2-pyridylmethyl)amine (I),[1] tin(II) bis[bis(tri-
methylsilyl)amide],[16220] (Benzyl)(tert-butyldimethylsilyl)amine,[21]

and dimethylmagnesium[43] were prepared according to literature
procedures. NMR spectra were recorded with Jeol GSX270 and
EX400 spectrometers. A Nicolet 520 FT-IR spectrophotometer was
used to record the IR spectra; solid substances were measured in
nujol between KBr plates (vs very strong, s strong, m medium
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strong, w weak, vw very weak, sh shoulder). The low carbon and
nitrogen values of the elemental analyses are the result of carbide,
carbonate, and nitride formation during combustion of the com-
pounds. The NMR parameters are listed in Tables 325.

2-(Triisopropylsilylaminomethyl)pyridine [(2-Pyridylmethyl)(triiso-
propylsilyl)amine] (1): 2-(Aminomethyl)pyridine (3.24 g, 30.0 mmol)
was dissolved in THF (20 mL). At 278 °C, a hexane solution of
n-butyllithium (2.5 , 12.0 mL, 30.0 mmol) was added dropwise.
After complete addition, chlorotriisopropylsilane (6.42 mL,
30.0 mmol), dissolved in THF (5 mL), was added to the still cooled
solution. The solution was then slowly warmed to room temper-
ature and all volatile materials were removed under vacuum. Pent-
ane (15 mL) was added to the remaining pink suspension and all
insoluble solids were removed by filtration. After that, all volatile
materials were distilled again in vacuo at 120 °C. The remaining
oily liquid consisted of analytically pure 1, which turned brown
immediately upon exposure to air; yield: 7.25 g (27.4 mmol, 91%).
IR: ν̃ 5 3373 m, 3091 w, 3011 sh, 2942 vs, 2892 vs, 2863 vs, 2758
vw, 2722 w, 1700 vw, 1646 vw, 1592 s, 1571 s, 1464 vs, 1434 s, 1407
s, 1387 m, 1382 m, 1366 w, 1342 w, 1319 vw, 1294 vw, 1255 w, 1249
w, 1213 w, 1145 sh, 1125 s, 1094 m, 1084 m, 1070 m, 1047 m, 1013
m, 994 m, 952 vw, 918 w, 883 vs, 841 w, 799 m, 752 s, 728 w, 680
s, 639 m, 830 m, 602 w, 553 w, 502 w, 462 w, 404 vw cm21. MS
(EI): m/z (%) 5 265 (11), 264 (46) [M1], 263 (100) [M1 2 H], 223
(5), 222 (19), 221 (70) [M1 2 C3H7], 220 (11), 219 (10), 136 (5),
135 (29), 134 (9), 87 (5), 73 (6), 59 (10). C15H28N2Si (264.48): calcd.
C 68.11, H 10.67, N 10.59; found C 67.19, H 10.29, N 10.72.
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Methylzinc (2-Pyridylmethyl)(triisopropylsilyl)amide (2): A toluene
solution of dimethylzinc (2.0 , 11.5 mL, 23.0 mmol) was added to
1 (6.03 g, 22.8 mmol) in 10 mL of toluene. After 10 h, the volume
of the dark solution was reduced to a few milliliters. At 5 °C, color-
less 2 (5.10 g, 7.41 mmol, 65% of the dimer) precipitated. M.p.
72274 °C. IR: ν̃ 5 3393 vw, 3138 vw, 3081 vw, 2764 vw, 2726 vw,
2269 vw, 1987 vw, 1922 vw, 1868 vw, 1842 vw, 1635 vw, 1603 s,
1571 m, 1541 vw, 1507 vw, 1486 m, 1471 sh, 1463 m, 1431 s, 1406
w, 1389 w, 1383 w, 1357 w, 1320 vw, 1284 m, 1245 w, 1207 vw, 1151
m, 1123 w, 1100 w, 1054 m, 1063 vs, 1016 m, 1011 m, 1003 m, 995
m, 987 m, 972 sh, 917 m, 883 vs, 846 sh, 836 s, 823 m, 803 vs, 794
vs, 754 vs, 723 m, 647 vs, 625 s, 562 w, 508 s, 487 m, 471 m, 460
m, 445 m, 412 m cm21. MS (EI): m/z (%) 5 341 (3) [M1/2], 263
(7) [M1/2 2 ZnMe], 222 (21), 221 (100) [263 2 C3H6], 219 (94),
135 (24), 134 (14). [C16H30N2SiZn]2 (687.78): calcd. C 55.88, H
8.79, N 8.15; found C 55.19, H 8.64, N 8.13.

[1,2-Dipyridyl-1,2-bis(triisopropylsilylamido)ethane]bis(methylzinc)
(3): A toluene solution of dimethylzinc (2.0 , 7.5 mL, 15.0 mmol)
was added dropwise to a solution of 1 (1.63 g, 6.16 mmol) in tolu-
ene (5 mL). After 1 h, the green solution was heated under reflux
for an additional 20 h. The volume of the solution was then re-
duced to half of its original amount. At 5 °C colorless crystals of
3 (1.18 g, 1.72 mmol, 56%) precipitated. M.p. 250 °C (dec.). IR:
ν̃ 5 3099 m, 3077m, 2711 w, 1993 vw, 1956 vw, 1920 vw, 1601 vs,
1571 s, 1474 vs, 1439 vs, 1410 sh, 1388 s, 1382 sh, 1365 w, 1345 m,
1331 w, 1288 s, 1254 s, 1241 sh, 1233 sh, 1210 w, 1158 sh, 1148 vs,
1105 s, 1070 sh, 1050 sh, 1041 vs, 1019 vs, 994 s, 970 w, 918 vs, 884
vs, 847 m, 780 vs, 753 s, 721 vw, 686 sh, 671 vs, 654 vs, 644 vs, 631
sh, 607 s, 565 m, 529 vs, 512 vs, 477 s, 417 m, 392 vw, 331 w, 283
cm21 w. MS (EI): m/z (%) 5 265 (23), 264 (81) [C15H28N2Si], 263
(100) [C15H27N2Si], 221 (16) [263-C3H6], 220 (13), 219 (19), 135
(15). C32H58N4Si2Zn2 (685.76): calcd. C 56.04, H 8.53, N 8.17;
found C 55.52, H 8.40, N 7.63.

Zinc Bis[(2-pyridylmethyl)(triisopropylsilyl)amide] (4): An n-hexane
solution of n-butyllithium (2.5 , 2.8 mL, 7.0 mmol) was added
dropwise to 1 (1.85 g, 7.0 mmol) in THF (10 mL) at 278 °C. The
solution was then warmed to 0 °C and zinc(II) bromide (0.79 g,
3.5 mmol) was added. After this had been stirred for 10 h, all volat-
ile materials were removed in vacuo at room temperature. From the
remaining oil, 0.89 g of colorless waxy crystals of 4 (1.51 mmol,
43%) were isolated.

[(2-Pyridylmethyl)(triisopropylsilyl)amine-N,N9]zinc(II) Chloride
(5a): A suspension of zinc(II) chloride (1.14 g, 8.37 mmol) in THF
(7 mL) was added to a solution of 1 (2.22 g, 8.39 mmol) in THF.
After 10 min of stirring, the solution was cooled to 220 °C and a
colorless precipitate of 5a (2.15 g, 5.38 g, 64%) formed. M.p. 203
°C. MS (EI): m/z (%) 5 363 (77) [M1 2 Cl], 307 (16), 263 (13)
[M1 2 ZnCl2], 221 (64) [263 2 C3H6], 207 (30), 155 (27) [SiiPr3 2

H2], 154 (100), 136 (72), 105 (33) [263 2 HSiiPr3], 91 (43) [263 2

HNSiiPr3], 43 (48) [C3H7]. C15H28N2SiZnCl2 (400.764): calcd. C
44.95, H 7.04, N 6.99; found C 41.84, H 6.45, N 7.32.

[(2-Pyridylmethyl)(triisopropylsilyl)amine-N,N9]zinc(II) Bromide
(5b): Zinc(II) bromide (1.61 g, 7.15 mmol) was added at 0 °C to
a solution of 1 (1.77 g, 7.15 mmol) in THF (10 mL). The brown
suspension was stirred for 12 h. The precipitate was collected and
washed with several portions of pentane. After drying in vacuo,
colorless 5b (3.12 g, 6.36 mmol, 89%) was isolated. M.p. 236 °C
(dec.). IR: ν̃ 5 3216 m, 1608 s, 1572 m, 1473 m, 1444 m, 1433 m,
1397 w, 1383 m, 1366 vw, 1353 vw, 1284 w, 1253 w, 1227 vw, 1213
w, 1157 vw, 1105 w, 1069 w, 1054 w, 1029 s, 1007 m, 983 m, 964 w,
914 m, 883 s, 842 w, 826 vw, 802 vw, 768 s, 753 s, 723 s, 673 s, 653
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w, 605 w, 552 vw, 488 w, 473 vw, 445 w, 414 w, 398 vw, 368 vw, 339
cm21 vw. MS (EI): m/z (%) 5 409 (2) [M1 2 Br], 263 (1) [M1 2

ZnBr2], 222 (68), 221 (100) [263 2 C3H6], 136 (49).
C15H28N2SiZnBr2 (489.664): calcd. C 36.79, H 5.76, N 5.72, Br
32.63; found C 34.98, H 5.48, N 5.51, Br 33.5.

Magnesium Bis[(2-pyridylmethyl)(triisopropylsilyl)amide] (6): A so-
lution of 1 (2.57 g, 9.7 mmol) in pentane (50 mL) was cooled to
0 °C. A hexane solution of dibutylmagnesium (1.0 , 4.85 mL,
4.85 mmol) was added dropwise. After 24 h of stirring at room
temperature, the volume of the solution was reduced to a few milli-
liters and toluene (30 mL) was added. Colorless needles of 6
(2.53 g, 4.61 mmol, 95%) precipitated within hours. Dec. 100 °C.
IR: ν̃ 5 1661 w, 1630 w, 1592 s, 1570 m, 1464 vs, 1435 s, 1407 s,
1382 m, 1366 w, 1343 w, 1319 vw, 1292 vw, 1214 w, 1150 sh, 1124
s, 1094 s, 1072 s, 1047 s, 1013 s, 995 m, 918 w, 882 s, 841 w, 798 s,
753 m, 728 w, 673 s, 653 m, 639 m, 602 m, 553 m, 501 m, 404 cm21

w. MS (70 eV, EI): m/z (%) 5 503 (10), 429 (20), 355 (31), 281 (46),
221 (100) [py2CH22SiiPr2]. C30H54MgN4Si2 (551.26): calcd. C
65.36, H 9.87, N 10.16; found C 59.55, H 9.79, N 8.00.

Methylmagnesium (2-Pyridylmethyl)(triisopropylsilyl)amide (7). 2
Method A: Compound 1 (1.85 g, 7 mmol) was added dropwise at 0
°C to a THF/dioxane solution of dimethylmagnesium (7 mL, 1.0
), dissolved in 25 mL of additional THF. After 3 d of stirring at
room temperature, the volume of the solution was reduced and
needles of 7 precipitated at 5 °C in a quantitative yield. 2 Method
B: Compound 6 (2.7 mmol) was dissolved in THF (20 mL), and a
THF/dioxane solution of dimethylmagnesium (2.7 mL, 1.0 ) was
added at 0 °C. After stirring for 3 d, the same workup procedure
as described for Method A was applied. This compound was char-
acterized by NMR spectroscopy, due to its slow decomposition
even at room temperature.

Methylmagnesium (tert-Butyldimethylsilyl)(2-pyridylmethyl)amide
(9): Toluene (10 mL) was added to a THF/dioxane solution of di-
methylmagnesium (1 , 2.42 mL, 2.42 mmol) at 0 °C. (tert-Butyldi-
methylsilyl)(2-pyridylmethyl)amine (0.54 g, 2.42 mmol) was now
added dropwise to this solution. After 72 h of stirring at room
temperature, the volume was reduced to a few milliliters. Colorless
crystals of 9 (0.53 g, 1.03 mmol, 85%) precipitated at 5 °C. Slow
dec. at room temperature. IR: ν̃ 5 1654 w, 1601 s, 1592 sh, 1569 s,
1472 s, 1435 s, 1408 m, 1388 m, 1360 w, 1294 vw, 1284 vw, 1251 s,
1210 vw, 1150 sh, 1116 s, 1100 s, 1048 s, 1018 m, 1007 m, 941 m,
908 w, 830 vs, 806 sh, 775 s, 758 sh, 661 m, 643 sh, 629 w, 566 w,
534 m, 523 m, 497 m, 416 w, 405 w, 370 w, 334 cm21 vw. MS
(70 eV, EI): m/z (%) 5 221 (100) [py2CH2NSiMe2tBu], 207 (11)
[py2CH2NSiMe2tBu 2 Me], 191 (4) [py2CH2NSiMe2tBu 2 2
Me], 165 (83) [py2CH2NSiMe2], 134 (37) [py2CH2NSi], 57 (21)
[tBu]. C26H48Mg2N4Si2 (521.48): calcd. C 59.88, H 9.28, N 10.75;
found C 58.31, H 9.26, N 10.01.6

Bis[(trimethylsilyl)amido]tin(II) (2-Pyridylmethyl)(triisopropylsilyl)-
amide (11): Compound 1 (1.1 g, 4.1 mmol) was added at room tem-
perature to a solution of of tin(II) bis[bis(trimethylsilyl)amide] (1.62
mL, 4.1 mmol) in 20 mL of toluene. After stirring for 6 d, the
volume was reduced to a few milliliters and 5 mL of THF was
added. Cooling to 220 °C afforded colorless crystals of 11. This
compound slowly underwent the C2C coupling reaction and so
only the NMR spectroscopic data are presented in Table 4.

[1,2-Dipyridyl-1,2-bis(triisopropylsilylamido)ethane]tin(II) (12): Tin-
(II) bis[bis(trimethylsilyl)amide] (4.5 mL, 11.7 mmol) was added at
room temperature to a solution of 1 (3.1 g, 11.7 mmol) in toluene
(40 mL). During heating of this solution, the precipitation of tin
metal was observed. After decantation, the volume of the solution
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Table 6. Crystallographic data of 2, 3, 8·0.5THF, 9, 9·10, 12, 129, and 14 as well as details of the structure solution and refinement proced-
ures

Compound 2 3 8·0.5THF 9

Empirical formula C16H30N2SiZn C32H58N4Si2Zn2 C45H76Mg2N4O2Si2 C26H48Mg2N4Si2
Formula mass [g·mol21] 343.88 685.74 809.90 521.48
T [K] 173(2) 293(2) 193(2) 193(2)
Crystal system monoclinic monoclinic triclinic triclinic
Space group[46] C2/c C2/c P1̄ P1̄
a [pm] 1619.3(2) 2179.2(5) 1014.8(3) 856.7(2)
b [pm] 1549.2(1) 945.2(1) 1023.8(3) 1013.2(3)
c [pm] 1523.5(2) 1855.7(2) 1168.9(3) 1056.1(3)
α [°] 90 90 79.262(4) 71.290(4)
β [°] 110.38(1) 104.40(1) 79.695(5) 83.638(4)
γ [°] 90 90 84.677(4) 68.268(4)
V [nm3] 3.5828(7) 3.702(1) 1.1717(5) 0.8065(4)
Z 8 4 2 1
dcalcd. [g·cm3] 1.275 1.230 1.148 1.074
µ [mm21] 1.432 1.385 0.142 0.168
F(000) 1472 1464 442 284
Scan range [°] 5.9 , 2θ , 50.0 4.5 , 2θ , 48.5 3.6 , 2θ , 57.9 4.1 , 2θ , 56.9
Measured data 12279 5740 6683 4612
Unique data (Rint) 3130 (0.1071) 2679 (0.0330) 3521 (0.0228) 2426 (0.0281)
Absorption. correction none semiempirical SADABS SADABS
Transmission, max./min. 2/2 1.000/0.806 0.986/0.972 1.000/0.538
Parameters 301 188 247 250
Restraints 0 0 0 0
wR2

[a] (all data, on F2) 0.0813 0.1287 0.1950 0.2038
R1

[a] (all data) 0.0367 0.0593 0.0839 0.0863
Data with I . 2σ(I) 2810 2187 2869 1666
R1 [I . 2σ(I)] 0.0315 0.0457 0.0713 0.0700
Goof s[b] on F2 1.057 1.070 1.116 1.009
Residual density [e·nm23] 765/2492 628/2683 395/2278 537/20.436
CCDC-[47] -138790 -138791 -155098 -155099

Compound 9·10 12 129 14

Empirical formula C58H104Mg4N8O2Si4 C30H52N4Si2Sn C30H52N4Si2Sn C24H40N4Si2Sn
Formula mass [g·mol21] 1155.09 643.64 643.64 559.47
T [K] 193(2) 200(3) 200(3) 200(2)
Crystal system triclinic triclinic monoclinic monoclinic
Space group[46] P1̄ P1̄ P21/n P21/n
a [pm] 969.42(9) 1116.7(1) 1660.0(4) 1050.15(7)
b [pm] 1083.2(1) 1156.5(1) 892.3(1) 2311.4(2)
c [pm] 1769.5(2) 1410.1(1) 2305.9(4) 1202.79(9)
α [°] 100.987(2) 89.31(1) 90 90
β [°] 105.153(2) 80.55(1) 101.84(3) 105.948(8)
γ [°] 97.908(2) 67.72(1) 90 90
V [nm3] 1.7258(3) 1.6582(3) 3.343(1) 2.8072(4)
Z 1 2 4 4
dcalcd. [g·cm3] 1.111 1.289 1.279 1.324
µ [mm21] 0.165 0.867 0.860 1.013
F(000) 628 676 1352 1160
Scan range [°] 2.4 , 2θ , 58.2 3.8 , 2θ , 51.8 4.9 , 2θ , 52.0 5.0 , 2θ , 51.8
Measured data 10154 13104 15298 14494
Unique data (Rint) 5340 (0.0320) 5998 (0.0250) 6166 (0.0837) 4314 (0.0650)
Absorption. correction SADABS numerical numerical numerical
Transmission, max./min. 1.000/0.810 0.907/0.878 0.893/0.640 0.942/0.862
Parameters 520 542 334 440
Restraints 0 0 0 0
wR2

[a] (all data, on F2) 0.1453 0.0642 0.1033 0.0731
R1

[a] (all data) 0.0904 0.0291 0.0543 0.0507
Data with I . 2σ(I) 2900 5234 4832 3190
R1 [I . 2σ(I)] 0.0503 0.0224 0.0406 0.0318
Goof s[b] on F2 0.856 1.076 0.938 0.920
Residual density [e·nm23] 281/-272 517/-345 1028/-1778 682/-396
CCDC-[47] -155100 -154568 -154569 -154570

[a] Definition of the R values: R1 5 (Σ||Fo| 2 |Fc||)/Σ|Fo|; wR2 5 {Σ[w(Fo
2 2 Fc

2)2]/Σ[w(Fo
2)2]}1/2 with w21 5 σ2(Fo

2) 1 (aP)2. [b] s 5
{Σ[w(Fo

2 2 Fc
2)2]/(No 2 Np)}1/2.

was reduced and 3.57 g of colorless crystals (5.56 mmol, 95%) pre-
cipitated at 220 °C. M.p. 102 °C. IR: ν̃ 5 1690 vw, 1663 vw, 1621
vw, 1599 vs, 1588 vs, 1565 vs, 1474 s, 1432 vs, 1387s, 1358 m, 1335
s, 1285 s, 1268 m, 1248 s, 1228 sh, 1207 vw, 1158 m, 1140 m, 1105
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sh, 1086 vs, br, 1063 vs, br, 1045 vs, br, 1011 vs, 994 vs, 950 vs, 918
s, 896 sh, 883 vs, 861 vs, 820 s, 781 vs, 749 vs, 681 vs, 661 vs, 640
vs, 624 vs, 610 vs, 571 m, 538 m, 524 vs, 508 vs, 486 m, 476 m, 443
s, 421 m, 405 s, 315 w, 284 cm21 m. MS (70 eV, EI): m/z (%) 5 644
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(0.2) [M1], 601 (0.2) [M1 2 iPr], 527 (0.2) [M1 2 Sn], 483 (1.1)
[M1 2 Sn 2 iPr], 448 (0.2) [M1 2 Sn2py], 382 (32) [M1 2

py2CHNSi(iPr)3], 263 (100) [py2CHNSi(iPr)3], 219 (100)
[py2CHNSi(iPr)2], 134 (63). C30H52N4Si2Sn (643.64): calcd. C
55.97, H 8.14, N 8.70; found C 55.97, H 8.33, N 8.54.

[Bis(trimethylsilyl)amido]tin(II) (tert-Butyldimethylsilyl)(2-pyridyl-
methyl)amide (13): Amine I (0.77 g, 3.46 mmol) was dissolved in
toluene (20 mL). At room temperature, tin(II) bis[bis(trimethylsilyl-
)amide] (1.35 mL 3.46 mmol) was added. After 6 d of stirring, the
volume of the solution was reduced and 13 precipitated quantitat-
ively at 5 °C as a polycrystalline material, which decomposed slowly
even at room temperature. IR: ν̃ 5 2953 vs, 2894 vs, 2850 vs, 2799
w, 1993 vw, 1905 vw, 1854 vw, 1608 s, 1570 m, 1505 sh, 1485 m,
1470 s, 1440 s, 1420 m, 1387 m, 1358 w, 1281 s, 1251 vs, 1180 w,
1155 m, 1099 s, 1050 s, 1005 m, 993 m, 946 vs, 901 vs, 863 vs, 832
vs, 777 s, 757 s, 716 m, 700 m, 668 vs, 582 vw, 490 w, 463 vw, 416
vw, 361 w.

[1,2-Bis(tert-butyldimethylsilylamido)-1,2-dipyridylethane]tin(II)
(14): Tin(II) bis[bis(trimethylsilyl)amide] (2 mL, 5.12 mmol) was
added at room temperature to a solution of I (1.14 g, 5.12 mmol)
in toluene (20 mL). Heating for 3 d at 80 °C resulted in the precip-
itation of tin metal. After removal of the metal, the volume of the
solution was reduced. At 220 °C, 1.40 g of colorless crystals of 14
(2.55 mmol, 98%) precipitated. M.p. 143 °C. IR: ν̃ 5 1684 sh, 1656
w, 1601 s, 1587 s, 1567 s, 1470 vs, 1462 vs, 1440 s, 1432 s, 1416 m,
1410 m, 1356 m, 1338 w, 1319 m, 1285 m, 1252 vs, 1208 sh, 1154
m, 1141 m, 1102 s, 1090 vs, 1071 vs, 1046 s, 1014 s, 1005 s, 994 s,
969 vs, 958 s, 937 m, 922 s, 903 s, 886 vs, 829 vs, 807 vs, 776 vs,
767 vs, 748 vs, 673 m, 660 s, 641 s, 622 m, 606 s, 573 w, 545 m, 522
s, 490 m, 456 w, 415 m, 393 m, 371 w, 357 w, 335 vw, 323 vw, 300
vw, 283 cm21 w. MS (70 eV, EI): m/z (%) 5 441 (21) [M1 2 Sn],
383 (18) [M1 2 Sn-tBu], 356 (26) [M1 2 py], 252 (30), 221 (100)
[1/2M1 2 Sn], 163 (68) [1/2M1 2 Sn -tBu], 149 (28) [1/2M1 2 Sn
2 tBu-Me], 107 (13), 75 (100), 59 (11) [tBu]. C24H40N4Si2Sn
(559.48): calcd. C 51.52, H 7.21, N 10.01, found C 51.29, H 7.45,
N 9.72.

Zinc Bis[(benzyl)(tert-butyldimethylsilyl)amide] (15): A hexane solu-
tion of butyllithium (2.5 , 3.95 mL, 9.88 mmol) was added drop-
wise at 278 °C to (tert-butyldimethylsilyl)(2-pyridylmethyl)amine
(1.93 g, 8.99 mmol) in pentane (10 mL). During the warm-up, a
colorless solid precipitated. This suspension was stirred at room
temperature for an additional 8 h. At 218 °C the lithium salt crys-
tallized and was isolated by decanting the mother liquor. This crys-
talline material was redissolved in pentane (25 mL) at 0 °C. Zinc(II)
bromide (1.00 g, 4.44 mmol) was then added and the solution was
stirred at room temperature for several days. A colorless precipitate
formed and was separated. The volume of the solution was reduced
to afford an oily residue. At 218 °C, 1.25 g of colorless crystals
of 15 (2.47 mmol, 55%) grew in the oil. M.p. 65 °C. 1H NMR
([D6]benzene): δ 5 7.17 (m, 5 H, Ph), 3.86 (s, 2 H, CH2), 0.96 (s,
9 H, tBu), 0.02 (s, 6 H, SiCH3). 13C{1H} NMR ([D6]benzene): δ 5

148.21 (Cq, Ph), 129.36 (Ph), 127.29 (Ph), 126.79 (Ph), 51.92 (CH2),
27.31 (CCH3), 19.76 (CCH3), 23.63 (SiCH3). 29Si{1H} NMR
([D6]benzene): δ 5 7.05. IR: ν̃ 5 3409 vw, 3087 vw, 3067 w, 3028
w, 2954 vs, 2926 vs, 2899 vs, 2883 vs, 2855 vs, 2806 sh, 2799 w,
2718 vw, 1680 sh, 1650 vs, 1619 sh, 1605 m, 1583 m, 1568 sh, 1537
vw, 1509 sh, 1494 m, 1471 vs, 1463 s, 1453 s, 1389 s, 1361 m, 1306
w, 1292 vw, 1252 vs, 1209 w, 1199 w, 1166 vw, 1115 s, 1102 s, 1070
m, 1028 m, 1007 m, 973 vw, 938 w, 912 vw, 898 w, 845 vs, 831 s,
814 s, 774 vs, 749 s, 728 m, 696 s, 663 m, 586 w, 561 w, 482 m, 420
w, 369 w, 334 cm21 vw. MS (EI): m/z (%) 5 504 (1) [M1], 489 (1)
[M1 2 Me], 447 (47) [M1 2 tBu], 367 (14), 353 (29), 165 (17)
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[C13H22NSi-C4H8], 164 (100) [C13H22NSi 2tBu], 162 (32), 148 (13),
135 (58), 91 (29) [Bzl], 73 (25) [SiMe2tBu 2 C3H6], 59 (41) [Si-
Me2tBu 2 C4H8], 57 (13) [tBu]. C26H44N2Si2Zn (506.225): calcd.
C 61.69, H 8.76, N 5.54, found C 61.95, H 9.17, N 5.42.

Crystal Structure Determinations: Data were collected with a
STOE-IPDS diffractometer (compounds 2, 12, 129, and 14) and a
Siemens P4 diffractometer with a Siemens SMART-CCD area de-
tector (compounds 8·0.5THF, 9, and 9·10) using oil-coated, rapidly
cooled single crystals.[44,45] The data for 3 were collected with a
Nonius CAD4 diffractometer using a single crystal sealed in a glass
capillary. In all cases, graphite-monochromated Mo-Kα radiation
(λ 5 71.073 pm) was used. Crystallographic parameters, details of
data collection, and refinement procedures are summarized in
Table 6.

The structures were solved by direct methods and refined with the
software packages SHELXL-93 and SHELXL-97.[48] Neutral scat-
tering factors were taken from Cromer and Mann[49] and those for
the hydrogen atoms from Stewart et al.[50] The non-hydrogen atoms
were refined anisotropically. The H atoms were considered with a
riding model under restriction of ideal symmetry at the correspond-
ing carbon atoms or refined isotropically. Crystallographic details
can be obtained from the Cambridge Data Centre quoting the
CCDC numbers given in Table 6.[47]
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