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Achiral {2-[2-(n’-cyclopentadienyl)-2-methylpropyl]-1H-imid-
azolyl-kN'}bis(N,N-diethylamido-«N)titanium(IV), [Ti(C,-
H;oN)»(CpH4N,)], (I), and closely related racemic (SR)-
{2-[(n’-cyclopentadienyl)(phenyl)methyl]-1H-imidazolyl-« N'}-
bis(N,N-diethylamido-«kN)titanium(IV), [Ti(C4H(N),(C;s-
H;N,)], (II), have been prepared by direct reactions of
Ti(NEt,), and the corresponding 1H-imidazol-2-yl side-chain
functionalized cyclopentadienes. In compound (II), there are
two crystallographically independent molecules of very similar
geometries connected by a noncrystallographic pseudosym-
metry operation akin to a 2; screw axis. All Ti-ligating N atoms
in both (I) and (II) are in planar environments, which is
indicative of an additional N—Ti pr—dn donation. This fact
and the 18¢ nature of both (I) and (II) are additionally
supported by quantum chemical single-point density func-
tional theory (DFT) computations.

Comment

1H-Imidazol(in)-2-yl side-chain functionalized cyclopenta-
dienes (Cp) were introduced as ligands into the organo-
metallic chemistry of the Group 4 transition metals not long
ago (Krut’ko et al., 2006; Nie et al., 2008). However, in all of
the Ti (and Zr) complexes described in these papers, the
imidazol(in)e part of the ligands possesses methyl groups at
the N1 atoms and the M—N bonds are, in actual fact, coor-
dination ones. The present contribution reports the prepara-
tion and molecular structures of the first two ‘geometry-
constrained’ Ti"V 18& n’-Cp-tris(sec-amido)-type complexes
derived from 1H-imidazol-2-yl side-chain functionalized
cyclopentadienes, namely achiral {2-[2-(1°-cyclopentadienyl)-

1 Part of 2009 Masters degree thesis, North-West University of Xi’an, People’s
Republic of China.
§ Part of 2010 Masters degree thesis, North-West University of Xi’an, People’s
Republic of China.

2-methylpropyl]-1H-imidazolyl}bis(N,N-diethylamido)titan-
ium(IV), (I), and closely related racemic (SR)-{2-[(n’-cyclo-
pentadienyl)(phenyl)methyl]-1H-imidazolyl}bis(N,N-diethyl-
amido)titanium(IV), (II).

(Vyor(IV)

Ti(NEt2)4
Toluene

353K

NEt;
(1) or (1) (rac-)

(D) and (V): Z= CH,, R'= R*=Me
(1) and (IV): Z= none, R'= H, R?= Ph

Complexes (I) and (II) have been prepared by direct
reactions of Ti(NEt,), and the corresponding 1H-imidazol-2-
yl side-chain functionalized cyclopentadienes (see scheme).
Both (I) and (II) crystallize in centrosymmetric space groups
(P2y/n and P1, respectively).

In compound (II), there are two crystallographically inde-
pendent molecules, denoted (ILA) and (ILB), of very similar
geometries, connected by a noncrystallographic pseudosym-
metry operation (see below). Ellipsoid plots of molecules of
(I) and (II) are presented in Figs. 1 and 2, respectively.

The principal geometric parameters for (I), (ILA) and (II1B)
are rather similar (see Table 1 and supplementary material).
The coordination polyhedra of the Ti atoms in all cases are
distorted tetrahedra (assuming that each Cp ring occupies one

Figure 1

A view of the molecule of compound (I). Displacement ellipsoids are
shown at the 50% probability level and all H atoms have been omitted for
clarity.
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Figure 2

Views of the two crystallographically independent molecules (I1A) (top)
and (IIB) (bottom) of compound (II) (both S enantiomers). Displace-
ment ellipsoids are shown at the 50% probability level and all H atoms
have been omitted for clarity. Both molecules have been oriented in a
similar way to demonstrate their similarity.

coordination site). N atoms ligating to Ti atoms are all in
planar environments (see Table 2). The same is true of head-
of-bridge imidazole-fragment atom C1, Cp-ring atom C11 and
phenyl-ring atom C41 [in (II)] [see Table 2; here and
throughout the text atoms are named as for compound (I); for
atom names in molecules (ILA) and (IIB), the appropriate
suffix A or B is appended]. Imidazole and Cp rings are all
nearly planar; Til—PL1 distances in all moieties are
approximately identical (PL1 denotes the C11-C15 Cp-ring
r.m.s. plane; see Table 3). Atoms C4 and Til deviate slightly
from the imidazole ring planes PL2 (PL2 denotes the imida-
zole N1/C1/N2/C2/C3 r.m.s. plane; see Table 3). Of interest in
all moieties in question, Til atoms deviate considerably from
the bisectrices of the outer C21—N3—C23 and C31—N4—
C33 angles (see Table 1). Also noteworthy is the fact that the
imidazole fragments in (I), (IIA) and (IIB) exhibit distinctly
alternating single and double bonds (compare the C1—NI1,
C2—N1, C3—N2 bond lengths with the C1 —N2 and C2—C3
bond lengths; see Table 1). Thus, atom N1 should be formally
assigned an amido-type nature.

The presence of an additional CH, group in the hydro-
carbon linkage of (I) causes certain differences in its structure

Figure 3

Perspective view of the unit cell along the direction of the ¢ axis showing
the noncrystallographic pseudosymmetry in (II). For clarity, non-H atoms
are drawn as circles and all H atoms have been omitted. Phenyl-ring C
atoms are eclipsed. Clockwise rotation of crystallographically indepen-
dent molecule (IIA) around axis X1A-X1B by 179.4°, followed by
translation along vector X1A-X1B, results in a nearly complete overlap
of the image (depicted with dashed lines) and molecule (I1B). Parameters
of the symmetrical transformation were optimized to minimize the sum of
squared deviations of the image and molecule (IIB) atoms (all atoms
were considered; no weighting scheme was applied).

compared with that of (IT). Thus, while in (II) the bridging C4
atoms deviate from plane PL1 towards the same side as atom
Til, related atom CS in (I) is shifted to the opposite side of the
ring plane from the metal centre (see Table 3). In comparison
with (II), the imidazole fragment plane PL2 in (I) is less
steeply inclined to plane PL1 [compare the dihedral PL1—
PL2 angle of 62.58 (8)° in (I) with values of 77.52 (8) and
75.03 (8)° in (IIA) and (IIB), respectively]. The greater
rigidity of the C; linkage in (II) than the C, linkage in (I) also
results in a different positioning of the Til atoms with respect
to the C1—N1—C2 outer angle bisetrices (compare the C1—
N1—Til and C2—N1—Til angles in Table 1). The same ‘C,-
linkage effect’ brings methyl atom C7 in (I) nearly into the
PL1 plane [torsion angle C7—C5—C11—C12 = —3.7 (3)°].
As was mentioned above, molecules (ILA) and (IIB) [for
convenience, the two reference molecules in the model were
chosen with the same chirality (S)] are connected by a
noncrystallographic pseudosymmetry. Thus, rotation of mol-
ecule (ITA) around the X1A-X1B axis (passes through the
middle of the TilA-Til B vector and makes angles with the a, b
and c axes of 71.4, 1.1 and 88.4°, respectively; Fig. 3) by 179.4°
followed by translation by (-0.003, —0.282, —0.004) results in a
nearly complete overlap of the image with molecule (IIB)
[mean squared deviation = 0.05 (1) A% (all H atoms included)].
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This symmetry transformation is very close to a one-step
rotation around a 2; screw axis nearly parallel to the b axis of
the unit cell with a period close to a quarter of the b-axis
length.

Analysis of the Cambridge Structural Database (CSD;
Version 5.27, release February 2009; Allen, 2002) reveals 16
structurally characterized Ti complexes of a similar 7°-CpTi-
tris(sec-amido) type (22 independent fragments) (Rhodes et
al., 2002; Li et al., 2003; Seo et al., 2001; Kunz et al., 2001, 2002;
Carpenetti et al., 1996; Bertolasi et al., 2007; Wu et al., 2006;
Cano et al., 2005; Martin et al., 1994). It is noteworthy that,
except for n’-Cp*-Ti(NMe,); (Martin et al., 1994), all these
complexes, as in the case of compounds (I) and (IT), contain at
least one amido functionality linked to the Cp ring with a
flexible bridge. Bond distances and angles around the Ti
centre in (I) and (II) are all within the ranges reported
previously.

In all the fragments mentioned above, except for the Ti
complex reported by Cano et al. (2005), the amido N atom
environments are planar and these N atoms are usually
treated as sp>-hybridized. The question of the electron count
at the Ti atom and the ability of an N-heterocyclic system to
participate in an N—Ti pr—dn donation was discussed in an
earlier work (Seo et al., 2001), where the structure of a close
1°-Cp-Ti-(sec-amido)s-type counterpart of complexes (I) and
(IT) derived from a (pyrrol-2-yl)methyl side-chain functiona-
lized cyclopentadiene, namely [2-[(n’-cyclopenta-2,4-dien-
ylD)methyl]-1H-pyrrolyl-« N]bis(N,N-dimethylamido-«N)titan-
ium(IV), (III), was reported. The main features of the metal
centre environment in (I), (II) and (III) are very similar, with
the environments of all amido N atoms in (III) also being
planar. However, since the Til—N1 bond in (III) is about
0.16 A longer than other Ti—N bonds [the same is true for (I)
and (II)], Seo et al. (2001) considered complex (III) to be
formally a 16e system, suggesting that the aromatic hetero-
cyclic moiety is exclusively a o- but not a w-donor, only on
the basis of a noticeable but noncritical Til —N1 bond elon-
gation.

To investigate this further, we performed single-point
density functional theory (DFT) computations for the
experimentally established geometries of (I) and (ILA) (see
Experimental for details). The highest occupied molecular
orbitals (HOMO; m-binding, two node surfaces) in both (I)
and (ITA) are fully located at the imidazole rings. The next two
lower molecular orbitals in energy (HOMO-1 and HOMO-2)
in both (I) and (IIA) are evidently responsible for the pr—dn
donation from the —-NEt, groups towards the metal centre.
However, in the case of (I), the HOMO-3 to HOMO-6 orbitals
all exhibit distinct pr—dm overlap of the N1 and Til atomic
orbitals, with the node surface passing through the Til and N1
atom centres being present in all of these cases. Lower energy
orbitals in (I) (HOMO-7, HOMO-9, HOMO-10 and HOMO-
12) provide o-binding of all three amido-type groups to the
central atom. A similar situation is observed in the case of
(ILA). Taking all this into consideration, there is no doubt
about the presence of the pm—dn donation to the Ti centre
from all of the adjacent N atoms in both (I) and (II) [and,

surely, in (III)], and all of these complexes should be treated as
18e systems.

In solution, compound (I) exhibits fluxional behaviour.
NMR data (see Experimental) in both C¢Dg and THF-dg (THF
is tetrahydrofuran) are indicative of the pseudo-C; symmetry
of (I) at ambient temperature. This fluxional behaviour is
rather typical for the class of compounds to which complex (I)
belongs (see, for example, Krut’ko et al., 1996a,b, 1998, 2003,
2004, 2005, 2006; Nie et al., 2008) and is, actually, a degenerate
interconversion of the Til—C11—C5—C4—C1—N1—(Til)
six-membered pseudo-metallacycle. The ‘remains’ of this
flexibility, of interest, are also noticeable even in the solid
state, where this interconversion is ‘frozen’ and (I) is repre-
sented by two enantiomorphic conformers. The atomic
displacement ellipsoids of C13/C14 and C12/C15 are all
‘stretched’ in directions close to the Cp-ring plane, with the
length of the maximal principal axes of C13 and C14 being
considerably greater than those of C12 and C15. This may be
interpreted by assuming that in the ‘geometry constrained ’
(I), the Cp ring is involved in a ‘slipping’ movement over the
Til atom and may be best described as a rotational vibration
of the whole Cp ring around an axis approximately normal to
the Cp plane and crossing it close to atom C5.

Experimental

All operations were performed in all-sealed evacuated glass vessels
with application of a high-vacuum line (the residual pressure of
noncondensable gases within the range 1.5-1.0 x10 ~2 Torr; 1 Torr =
133.322 Pa). Ti(NEt,), was prepared as described previously (Biirger
& Diammen, 1974; Bradley & Thomas, 1960). 2-{[Cyclopenta-1,3-
dien-1(or 2)-yl]phenylmethyl}- and 2-{2-[cyclopenta-1,3-dien-1(or 2)-
yl]-2-methylpropyl}-1 H-imidazole, (IV) and (V), respectively, were
prepared as described by Wang er al. (2009). Toluene and hexane
were purified by distillation over an Na-K alloy. CsDg was dried
similarly. THF-dg was stored with disodium benzophenone ketyl.
Both THF-dg and C4Dg¢ were transferred into NMR sample tubes on a
high-vacuum line by trapping their vapours with liquid N,. NMR
spectra were recorded on a Varian INOVA-400 instrument. For 'H
and *C{'H} NMR spectra, the residual proton resonances of the d-
solvents [0y = 7.15 and é¢ = 128.0 (C4Dg); 6y = 1.73 and 6¢ = 25.3
(THF-dg)] were used as internal reference standards.

Solutions of equimolar amounts of Ti(NEt,), and cyclopentadiene
(IV) or (V) in toluene (20 ml) were mixed and heated in a water bath
(353 K) for 8 h. The reaction mixture was then concentrated to
dryness (by trapping the volatile components in an adjacent vessel
cooled with liquid N,) and extracted with hexane (6 x 40 ml). Pure
(I) and (IT) were obtained by recrystallization from hot hexane
(50 ml). Compound (I) was prepared from Ti(NEt,), (0.984 g,
2.6 mmol) and (V) (0496 g, 2.6 mmol). Orange crystals were
obtained in a yield of 0.478 g (50%). Compound (II) was prepared
from Ti(NEt,), (1.110g, 3.3 mmol) and cyclopentadiene (IV)
(0.739 g, 3.3 mmol). Well formed yellow crystals were obtained in a
yield of 0.816 g (60%). Single crystals of (I) and (IT) suitable for X-ray
diffraction analyses were picked up directly from the isolated mate-
rials (N,-filled glove-box) and mounted in Lindemann glass capil-
laries (diameter 0.5 mm). Details of the quantum chemical
computation: the single-point DFT calculations for (I) and (IIA) were
performed using the hybrid RB3LYP functional and the valency-split
6-31+G(d,p) basis set with added diffuse and polarization functions
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(program package GAUSSIANO3W, Frisch et al., 2003). Tight criteria
on the self-consistent field convergence were applied. The wave-
functions were checked for stability. All additional computational
materials not included in the body of the paper are available from the

authors on request.

Compound (1)

Crystal data

[Ti(CaH1oN)2(C1oH14Ny)]
M, = 378.41

Monoclinic, P2°1/n
a=13729 3) A
b=14.829 (3) A
c=10.679 (2) A

B =92.749 (3)°

Data collection

Bruker SMART APEXII
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tonin = 0.868, Tinax = 0.946

Refinement

R[F? > 20(F?)] = 0.037
wR(F?) = 0.106

S =1.04

4213 reflections

232 parameters

Compound (II)

Crystal data

[Ti(CaH;oN)2(CisH1aNy)]
M, = 412.43

Triclinic, P1 .
a=9.7472 (15) A

b =14469 (2) A

¢ = 18006 (3) A

a = 89.362 (2)°

B = 76965 (2)°

Data collection

Bruker SMART APEXII
diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tmin = 0.863, Tax = 0.939

Refinement

R[F? > 20(F?)] = 0.041
wR(F?) = 0.116

S =1.00

8157 reflections

506 parameters

vV =2171.7 (8) A®
Z=4

Mo Ko radiation
=040 mm™!
T=293 K

0.36 x 0.27 x 0.14 mm

11087 measured reflections
4213 independent reflections
3287 reflections with 7 > 20(1)
Rine = 0.030

1 restraint

H-atom parameters constrained
ApPpax = 030 e A3

Apmin = =023 ¢ A3

y =72.161 (2)°

V =2350.4 (6) A
Z=4

Mo Ko radiation

# =038 mm™"
T=293K

0.40 x 0.29 x 0.17 mm

11818 measured reflections
8157 independent reflections
5573 reflections with I > 20(1)
Rine = 0.022

16 restraints

H-atom parameters constrained
Apmax =023 ¢ A7?

APmin = —027 ¢ A7

H atoms were treated as riding atoms, with distances C—H = 0.96
(CH3), 0.97 (CH,) or 0.93 A (aromatic), and Uyo(H) = 1.5U4(C),
12U.q(C) and 12U.q(C), respectively. The components of the
anisotropic displacements of atoms C13 and C14 along the C13—C14
bond in (I), C13A4 and C14A along the C134 —C14A bond in (IT), and
N4A and C31A along the N4A —C31A bond in (II) were restrained to
be the same, with standard uncertainties of 0.002, 0.01 and 0.005 AZ,
respectively. The components of the anisotropic displacements of

Table 1 .
Selected geometric parameters (A, °) for (I), (ILA) and (IIB).

o (11A) (I1B)
Til—N1 2.0551 (14) 2.0655 (19) 2.0485 (18)
Til—N3 1.8950 (16) 1.8857 (19) 1.876 (2)
Til—N4 1.8988 (15) 1.905 (2) 1.906 (2)
N1-Cl1 1.370 (2) 1367 (3) 1.365 (3)
N1—C2 1385 (2) 1377 (3) 1375 (3)
N2—Cl 1322 (3) 1316 (3) 1316 (3)
N2—C3 1372 (3) 1377 (3) 1374 (3)
Q-C3 1.347 (3) 1351 (3) 1351 (3)
N3—Til—N4 103.45 (7) 103.96 (8) 104.47 (9)
N3—Til—N1 104.48 (7) 107.24 (8) 107.31 (8)
N4—Til—N1 99.79 (6) 106.57 (9) 105.11 (8)
Cl-N1—-C2 104.17 (15) 103.30 (18) 103.65 (18)
C1—N1—Til 130.51 (13) 123.42 (14) 123.51 (15)
C2—NI1-Til 124.94 (12) 132.59 (15) 132.66 (16)
C23-N3—C21 111.22 (17) 112.53 (19) 113.0 (2)
C23—N3—Til 137.05 (16) 139.26 (16) 138.91 (18)
C21—N3—Til 111.72 (12) 108.13 (15) 108.05 (15)
C33—N4—C31 114.18 (16) 113.0 (2) 1131 (2)
C33—N4—Til 127.27 (14) 126.21 (19) 125.64 (18)
C31—N4—Til 118.07 (12) 119.10 (17) 119.78 (17)

For atom names in (ILA) and (IIB), suffixes A or B, respectively, should be appended.

Table 2
Sums of the valence angles (°) at atoms in planar environments for (I),
(IIA) and (IIB).

D (114) (11B)
N1 359.6 (4) 359.3 (5) 359.8 (5)
N3 360.0 (5) 359.9 (5) 360.0 (5)
N4 359.5 (4) 3583 (6) 358.5 (6)
c1 360.0 (5) 360.0 (6) 360.0 (6)
cll 360.0 (6) 359.5 (6) 359.3 (6)
c41 359.9 (8) 359.9 (8)

For atom names in (ILA) and (IIB), suffixes A or B, respectively, should be appended.

Table 3 .
R.m.s. planes and atom deviations (A) for (I), (ILA) and (I1B).

@ (ItA) (11B)
PL1t 0.0070 (13) 0.0111 (13) 0.008 (2)
PL2t 0.0031 (13) 0.003 (2) 0.005 (2)
Til—PL1 2.0555 (10) 2.0370 (10) 2.0427 (11)
Til—PL2 0.181 (3) 0.272 (4) 0.122 (4)
C4(or C5)—PL1 —0.061 (3) 0.200 (4) 0.220 (4)
C4—PL2 0.046 (4) —0.058 (4) 0.013 (4)

+ Maximum deviations of the r.m.s. plane-forming atoms. PL1 denotes the C11-C15
Cp-ring r.m.s. plane and PL2 the imidazole N1/C1/N2/C2/C3 r.m.s. plane. For atom names
in (ITA) and (IIB), suffixes A or B, respectively, should be appended.

phenyl-ring C atoms C42-C46 [both molecules (ILA) and (I1B)] along
the 1-2 and 1-3 directions were restrained to be the same, with a
standard uncertainty of 0.01 A2

For both compounds, data collection: APEX2 (Bruker, 2007); cell
refinement: SAINT (Bruker, 2007); data reduction: SAINT;
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008);
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008);
molecular graphics: SHELXL97 and OLEX2 (Dolomanov et al.,
2009); software used to prepare material for publication: SHELXL97
and OLEX2.

M258 Wangetal. « [TiC4HoN)»(C1oH 14N and [TiCaH1oN)(CosH 12N,

Acta Cryst. (2009). C65, m255-m259



metal-organic compounds

Financial support from the National Natural Science
Foundation of China (project No. B020205) is gratefully
acknowledged. The authors are grareful to Mr Sun Wei for his
help in measuring the NMR spectra. The corresponding
author is especially thankful to his former permanent co-
author and old friend, Dr Andrei V. Churakov, for his
invaluable advice in the preparation of material for this
contribution.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: BG3099). Services for accessing these data are
described at the back of the journal.

References

Allen, F. H. (2002). Acta Cryst. B58, 380-388.

Bertolasi, V., Boaretto, R., Chierotti, M. R., Gobetto, R. & Sostero, S. (2007).
J. Chem. Soc. Dalton Trans. pp. 5179-5189.

Bradley, D. C. & Thomas, I. M. (1960). J. Chem. Soc. pp. 3857-3861.

Bruker (2007). APEX2 and SAINT. Bruker AXS Inc., Madison, Wisconsin,
USA.

Biirger, H. & Diammen, U. (1974). Z. Anorg. Allg. Chem. 407, 201-210.

Cano, J., Sudupe, M., Royo, P. & Mosquera, M. E. G. (2005). Organometallics,
24, 2424-2432.

Carpenetti, D. W., Kloppenburg, L., Kupec, J. T. & Petersen, J. L. (1996).
Organometallics, 15, 1572-1581.

Dolomanov, O. V., Bourhis, L. ., Gildea, R. J., Howard, J. A. K. & Puschmann,
H. (2009). J. Appl. Cryst. 42, 339-341.

Frisch, M. J, et al. (2003). GAUSSIANO3W. Revision 6.1. Pittsburgh, PA,
USA.

Krut’ko, D. P, Borzov, M. V., Kirsanov, R. S., Antipin, M. Y. & Churakov, A. V.
(2004). J. Organomet. Chem. 689, 595-604.

Krut’ko, D. P., Borzov, M. V., Liao, L., Nie, W., Churakov, A. V., Howard,
J. A. K. & Lemenovskii, D. A. (2006). Russ. Chem. Bull. 55, 1574-1580.
Krut’ko, D. P, Borzov, M. V., Petrosyan, V. S., Kuz’'mina, L. G. & Churakov,

A. V. (1996a). Russ. Chem. Bull. 45, 940-949.

Krut’ko, D. P, Borzov, M. V,, Petrosyan, V. S., Kuz’'mina, L. G. & Churakov,
A. V. (1996b). Russ. Chem. Bull. 45, 1740-1744.

Krut’ko, D. P, Borzov, M. V., Veksler, E. N., Churakov, A. V. & Howard, J. A. K.
(1998). Polyhedron, 17, 3889-3901.

Krut’ko, D. P, Borzov, M. V., Veksler, E. N., Churakov, A. V. & Kuz’mina, L. G.
(2005). J. Organomet. Chem. 690, 4036-4048.

Krut’ko, D. P, Borzov, M. V., Veksler, E. N., Churakov, A. V. & Mach, K.
(2003). Polyhedron, 22, 2885-2894.

Kunz, K., Erker, G., Doering, S., Bredeau, S., Kehr, G. & Froehlich, R. (2002).
Organometallics, 21, 1031-1041.

Kunz, K., Erker, G., Doering, S., Froehlich, R. & Kehr, G. (2001). J. Am. Chem.
Soc. 123, 6181-6182.

Li, H., Li, L., Marks, T. J., Liable-Sands, L. & Rheingold, A. L. (2003). J. Am.
Chem. Soc. 125, 10788-10789.

Martin, A., Mena, M., Yelamos, C., Serrano, R. & Raithby, P. R. (1994).
J. Organomet. Chem. 467, 79-84.

Nie, W., Liao, L., Xu, W., Borzov, M. V., Krut’ko, D. P., Churakov, A. V.,
Howard, J. A. K. & Lemenovskii, D. A. (2008). J. Organomet. Chem. 693,
2355-2368.

Rhodes, B., Chien, J. C. W., Wood, J. S., Chandrasekaran, A. & Rausch, M. D.
(2002). Appl. Organomet. Chem. 16, 323-330.

Seo, W. S., Cho, Y. J,, Yoon, S. C., Park, J. T. & Park, Y. (2001). J. Organomet.
Chem. 640, 79-84.

Sheldrick, G. M. (1996). SADABS. University of Gottingen, Germany.

Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122.

Wang, X., Nie, W., Li, X. & Borzov, M. V. (2009). J. Organomet. Chem.
Submitted.

Wu, C. J, Lee, S. H., Yun, H. & Lee, B. Y. (2006). J. Organomet. Chem. 691,
5626-5634.

Acta Cryst. (2009). C65, m255-m259

Wang et al. + [Ti(C4HoN)2(Ci2H 14N2)] and [Ti(C4H1oN)2(CisH12NL)]

m259



