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Reaction of 3 equivalents of ZrCU-2Et20 (1) with 1 equivalent of (Et^N ^Zr in diethyl ether
readily affords crystalline (Et2N)ZrCl3-2Et20 (2) in almost quantitative yield. The product was
characterised by elemental analysis and by 1H. 1 C NMR, and MS techniques. The reactivity of
this reagent towards C-H acidic compounds has been studied using cyclopentadiene as a C-H
acid. The crystal structures of both 1 and 2 have been determined by X-ray diffractometry. The
coordination polyhedra reveal a nearly perfect octahedral geometry with a trans Et20 ligation
for 1 and a cis one for 2.

Introduction

Results and Discussion

Amido derivatives of the early transition m et
als, originally described by Bradley and Thomas
[ 1 ] and further investigated and introduced into
organometallic synthesis by Lappert et al. [2, 3],
enjoy a renaissance as very efficient reagents for
the synthesis of numerous cyclopentadienyl com 
plexes, especially of racemically pure ansa-metallocenes. Thus, the results obtained in the research
groups of Jordan and Herrmann [4 - 8 ] demonstrate
the power of the amine-cyclopentadiene exchange
reactions for the synthesis of a«.sa-zirconocenes
and hafnocenes, which are of great current interest
as Ziegler-Natta catalysts for olefin polymerisation
processes. In our own research we studied the reac
tions of zirconium amides with phosphorus and ni
trogen substituted cyclopentadienyl derivatives [9].
In order to combine both methods, viz. the “clas
sic” metathetical reactions and the “amido” route,
we synthesised mixed amido-halogenido deriva
tives of zirconium by a simple comproportionation
of ZrCU and the respective amount of the zirconium
tetraamide.
In this paper we report the synthesis of
(Et2 N)ZrCl 3 (2 ) as an adduct with diethyl ether
and its reactivity towards C-H acidic compounds
using cyclopentadiene as a model substrate. The Xray crystal structures of both the starting material
ZrCl4 -2 Et 2 0 ( 1 ) and the product 2 are discussed.

The reaction of 3 equivalents of ZrCl4 -2 Et 2 0 (1)
with 1 equivalent of Zr(NEt 2)4 in Et 2 Ü led to the
formation of (Et2 N )Z rC lv 2 Et 2 0 in almost quanti
tative yield.
3 ZrCl4-2Et20 + Zr(NEt2)4 Ry ° 6d • 4 (Et2N)ZrCl.v2Et20
j

2

quant-)

This result shows that mixed zirconium amido chlo
rides can be obtained by a simple redistribution reac
tion between ZrCU and the appropriate zirconium
amide. These compounds can be useful as start
ing materials for further transformations which can
involve reactions of two types: a “normal” ligand
substitution reaction with active lithium or sodium
reagents to replace the halide substituents, and other
processes involving elimination of free amine in
reactions with C-H, O-H or N-H acidic reagents.
The adduct 2 is formed as a yellow microcrystalline
solid which is moderately soluble in polar organic
solvents, e. g. Et 2 0 , toluene etc.; in donor solvents 2
undergoes ligand exchange to afford other adducts,
e. g. a bis-adduct with THF. 2 was characterised by
analytical and spectroscopic methods. Room tem
perature 'H and 13C NMR spectra indicate a struc
ture in solution with two seemingly equivalent Et 2 Ü
molecules probably owing to an exchange reaction.
The EI-MS spectrum indicates the instability of the
adduct under standard ionisation conditions (direct
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Compound
Empirical formula
Temperature [K]
Wavelength [A]
Crystal system, space group
[A], a [°]
b [A], ß [°]
c [A ],7 [°01
Volume [A ]
Colour, habit
Crystal size [mm]
0-Range for data collection
Index ranges

1
ZrCl4-2C4HioO
223(2)
0.71073
Monoclinic, P2|/n
7.6879(6), 90
11.596(2), 107.311(5)
9.0814(6), 90
772.9(1), Z = 2
yellow block
0.35 x 0.28 x 0.20
2.93 to 25.00
-1 < h < 9
-1 < k < 13
-1 0 < / < 10
omega-scans
1852
1355 [i?(int) = 0.0390]
^-scans
1.385
0.521 /0.470
1355/111
R\ = 0.0220
wR~> = 0.0628
1.082

Scan mode
Reflections collected
Independent reflections
Absorption correction
fj [mm-1 ]
Max. / min. transmission
Data / parameters
Final R indices [I > 2 a (I) ] a
R Indices (all d a ta )h
Goodness-of-fit on F2, S c
Absolute structure
Larg. diff. peak & hole (e A -3 ) 0 .3 5 5 /-0 .4 9 8

inlet, 70 eV), which is reflected by the formation of
merely the fragment ions which do not contain the
Et 2 0 moiety, but the monomeric (Et2 N)ZrCl3 unit.
In order to investigate the reactivity of 2 towards
C-H acidic reagents we studied its reaction with
cyclopentadiene as a model substrate. One would
expect that the reactivity of the monoamido deriva
tives of zirconium will be lower than that of the
tetraamido analogues due to the donation of the
lone electron pair from the nitrogen atom to the
Lewis acidic zirconium centre, which stabilises the
Zr-N bond. In fact, the reaction of 2 with cyclopen
tadiene under ambient conditions does not proceed
even within 1 0 h, during this period most of the cy
clopentadiene suffers Diels-Alder dimerisation. On
the contrary, when an excess of cyclopentadiene is
used and the reaction mixture is heated to reflux
for 3 h, the desired cyclopentadienyl trichlorozirconium is formed in moderate yield. A compari
son of the spectroscopic and analytical data with
the relevant literature [ 1 2 ] unambiguously confirms
the formation of the desired compound. It should
be noted that syntheses of mono(cyclopentadienyl)
zirconium complexes either proceed in low yields,
e. g. via transmetallation [15], or require expensive

2
C hC 4H]oNZr-2C4HioO
213(2)
0.71073
Orthorhombic, P2i2i2i
12.057(1), 90
12.160(2), 90
13.635(2), 90
1999.1(5), Z = 4
yellow block
0.20 x 0.15 x 0.12
2.24 to 24.88°
-1 4 < h < 14
-1 4 < k < 14
-1 6 < / < 16
omega-scans
4015
3474 [R(lnl) = 0.0310]
none
0.950

Table I. Crystal data and struc
ture refinement for 1 and 2.
a /?vv, = X |IF0I - I F CI| /X IFol;
b w R2 = [ I w(F2 - Fc2)2] /
[Iw (F 2)2 ] l/2; c S = [ I w(F02
- F c2)2] / [ I ( n - p ) ] l/2.

3474 / 292
/?, = 0.0479
wRi = 0.0706
1.045
-0.07(8)
0.483 / -0.506

starting materials, viz. C p 2 ZrCl2 [12, 15]. Further
application of this reagent in the synthesis of mixed
cyclopentadienyl zirconium complexes is the topic
of our current efforts.
The crystal structures of 1 and 2 have been de
termined by X-ray diffractometry. Crystal data are
summarised in Table I, important geometric param
eters in Table II. Molecules of 1 and 2 are presented
in Fig. 1 and 2, respectively.
The coordination geometry of 1 reveals a nearly
perfect octahedron with two trans coordinated di
ethyl ether ligands. This is the first example of a
structurally characterised zirconium tetrachloride
adduct with a tra n s ligation with oxygen contain
ing molecules. The structures of ZrCL* 2THF and
ZrCl4 -2(pinacolone), both with a cis co-ordination
of the donating ligands, have been reported ear
lier [16, 17], A molecule of 1 possesses a crystal
lographic centre of inversion, therefore, the angle
0 ( 1)Zr( 1)0(2) is exactly 180°. The other angles are
close to 90°. The Zr( 1)-0 ( 1) distance of 2.186( 1) A
is shorter than in the adduct with THF (2.23 A)
but similar to that in the pinacolone derivative with
2.19 A. An EXAFS study of ZrCl4 (THF )2 in so
lution afforded the same Z r-0 distance as in the
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Table II. Selected bond lengths [A] and angles [°] in 1 and 2.
1
Zr( 1)-0( 1)
2.186(1)
Zr( 1)-Cl( 1)
2.4263(5)
Zr(l)-Cl(2)
2.4278(5)
0( 1)-Zr( 1)-0( 1a)
180.0
0(1)-Zr(l)-Cl(l)
89.91(4)
0(la)-Zr(l)-Cl(l)
90.09(4)
0(1)-Zr(l)-Cl(la)
90.09(4)
OOa)-Zr(l)-Cl(la) 89.91(4)
Cl(l)-Zr(l)-Cl(la) 180.0

2
0(1)-Zr(l)-Cl(2)
0(la)-Zr(l)-Cl(2)
Cl(l)-Zr(l)-Cl(2)
Cl(la)-Zr(l)-Cl(2)
0(1)-Zr(l)-Cl(2a)
0(la)-Zr(l)-Cl(2a)
Cl(l)-Zr(l)-Cl(2a)
Cl(la)-Zr(l)-Cl(2a)
Cl(2)-Zr(l)-Cl(2a)

90.01(4)
89.99(4)
90.32(2)
89.68(2)
89.99(4)
90.01(4)
89.68(2)
90.32(2)
180.0

Zr(l)-N(I)
Zr( l)-0(2)
Zr( l)-0(3)
Zr(l)-Cl(l)
Zr(l)-Cl(2)
Zr( 1)-C1(3)
N(l)-Zr(I)-0(2)

2.068(4)
2.294(4)
2.263(3)
2.412(1)
2.456(2)
2.447(2)
168.3(2)

N(l)-Zr(l)-0(3)
N(l)-Zr( l)-Cl(l)
0(3)-Zr(l)-0(2)
0(3)-Zr(l)-Cl(l)
0(2)-Zr(l)-Cl(l)
Cl(3)-Zr(l)-Cl(2)
Cl(l)-Zr(l)-Cl(2)

86.3(3)
97.5(1)
82.00(1)
176.1(1)
94.3(1)
170.93(6)
92.55(6)

Fig. 1. View of a molecule of 1 with atomic numbering
scheme (thermal ellipsoids are scaled to the 50% proba
bility level).

solid state, viz. 2.22 A [18]. The average Zr-Cl dis
tance of 2.43 A is in the same range as for other
reported zirconium (IV) chloride adducts [16, 17].
The preferred cis co-ordination of oxygen contain
ing ligands in most ZrCU adducts can be explained
by the fact that chloride substituents are believed to
be stronger back-donating ligands than the weaker
7r-donors with oxygen [19, 20]. It should be noted
that a study of the complex with THF in solution
provided unambiguous evidence also for the trans
isomer. The fact that we isolated 1 in the form of its
trans adduct is not surprising. Furthermore, alterna
tive ligation modes depend obviously not only on
electronic effects but also on the steric properties of
the co-ordinating ligands.
The crystal structure of 2 shows a slightly dis
torted octahedron with the ether ligands in e x 
position with respect to each other and an amido
substituent in trans position to a diethyl ether ligand.

Fig. 2. View of a molecule of 2 with atomic numbering
scheme (thermal ellipsoids are scaled to the 50% proba
bility level). Hydrogen atoms are omitted for clarity.

The angle N( 1)Zr( 1)0(2) of 168.3(2)° and other an
gles differing from their ideal values are indicative
for this distortion. The Zr-O distances of 2.294(4)
and 2.263(3) A are considerably longer than in
1. This could be caused by steric interactions of
the ethyl groups of the ether and the amido lig
ands. The chloride ligand trans to a diethyl ether
shows a shorter Z r(l)-C l(l) distance (2.412(2) A)
than the two adjacent m -C l-Z r bonds (Zr(l)-Cl(2)
2.456(2) and Zr(l)-Cl(3) 2.447(2) A). This fact is
also well documented in the crystal structures of
ZrCl4 (THF ) 2 and ZrCl4 o(pinacolone ) 2 [16, 17], The
Zr-N distance of 2.068 A is in good agreement with
other reported amido compounds of zirconium (2.03
- 2.08 A [5 - 8 ]). The sum of angles at the nitro
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gen atom is 360.0(5)°, indicating a strong Zr-N 7rbonding.

Analysis for C i2H 3oN0 2 C l3Zr (417.94)
Calcd C 34.49 H 7.23 N 3.35%,
Found C 34.12 H 7.34 N 3.23%.

Experimental

Reaction o f 2 with cyclopentadiene

General procedures

2 (1.77 g, 4.23 mmol) was dissolved in THF (100 ml)
at 0 °C. Cyclopentadiene (0.66 g, 10 mmol) was added
via a syringe. The reaction mixture was stirred at room
temperature for 20 min and then maintained under reflux
for 1 h. The colour of the reaction mixture turned to deep
yellow. All volatiles were removed in vacuum and the oily
residue was washed twice with /j-pentane (2 x 20 ml). A
pale yellow microcrystalline solid was obtained (0.75 g,
4 3 .5 % ).1H NMR (300 MHz, CDCI3): 6 6.64 [s, 5 H, Cp],
4.03 [m, 8 H, THF], 1.94 [m, 8 H, THF]. 13C {'H } NMR
(75.43 MHz, CDCI3): 6 118.9 [Cp], 72.4, 25.9 [THF],
Lit. [12]: 'H NMR (CD2CI2): <5 6.66,4.03, 1.92.13C {'H }
NMR (CD2CI2): 120.3, 72.4, 25.9.

All manipulations were carried out under ar
gon with strict exclusion of moisture using standard
Schlenk vacuum-line techniques. Solvents were appro
priately dried and saturated with argon. Zr(NEt2)4 and
ZrCl4-2Et20 were synthesised according to the literature
procedures [5, 11].
NMR spectra were recorded at 25 °C on a Bruker
AC300 spectrometer in CDCI3 solutions using the protio impurity of the solvent as the reference for the 'H
spectra and the solvent l3C resonance as a reference for
the l3C NMR spectra. Mass spectra (EI-MS) were mea
sured on a Varian CH-7a device using electron impact
with an ionisation energy of 70 eV. Elemental analy
ses were performed by the Microanalytical Laboratory
of the A. N. Nesmeyanov Institute of Organoelement
Compounds.
Diethylamido-bis-(diethyl ether)-trichloro
zirconium (2)
ZrCL(Et20)2 (1) (3.81 g, 10.0 mmol) was suspended
in Et20 (150 ml) at room temperature. Zr(NEt2)4 (1.27 g,
3.33 mmol) was added to this suspension via a syringe.
The reaction mixture was stirred overnight and then let
stand for a week. The yellow microcrystalline precipi
tate was filtered off, washed with n-pentane (20 ml) and
dried in vacuum to give 4.01 g of (Et2N )ZrCfv2Et20
(96%). Crystals suitable for diffractometric measure
ments were obtained upon recrystallisation from Et2Ü
at -30°C. EI-MS (70 eV) m / z [assign., rel. int.]: 265
[M - 2 Et20 +, 2.1], 235 [Et2NZrCl2+, 3.4], 196 [ZrCl3+,
8.1], 73 [C4H90 +, 21], 72 [C4H 10N, 13], 58 [C3H60 +,
100%]. 'H NMR (300 MHz, CDCI3): b 3.82 [br. q + q
(V(H -H ) = 6.9 Hz), 1 2 H ,-O C H 2CH3,-N C H 2CH3], 1.28
[br. t, 12 H, -OCH2C H 3], 1.11 [t OV(H-H) = 6.9 Hz),
6 H, -NCH2C H 3]. ,3C {'H } NMR (75.43 MHz, CDC13):
6 67.0 [br., -OCH 2CH 3], 43.4 [-NCH2CH3], 14.0 [br.,
-OCH 2C H 3], 12.5 [-NCH2CH3].
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