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Summary 

The crystal and molecular structure of the title compound have been deter- 
mined by a single-crystal X-ray diffraction study. The structure consists of 
monomeric units. The titanium atom is pseudotetrahedrally coordinated by 
two $-cyclopentadienyl groups, one carbon of the aryl ligand (Ti-C 2.22 a) 
and a nitrogen atom of the dimethylamino group. The Ti-N distance of 2.46 a 
is 0.3 A shorter than the expected Van der Waals distance, which indicates a 
strong interaction between Ti and N. 

Introduction 

The observation that the compound Cp,Ti[2-{(CH,),NCH,}CsH,] (I) is ther- 
mally much more stable than the related compounds Cp,TiR (II) in which R is 
an unsubstituted or m- orp-substituted aryl group, was explained by assuming 
internal coordination of the amino group to the metal atom [1 J _ Such occupa- 
tion of the vacant reactive coordination site on the titanium atom effectively 
blocks low-activation-energy decomposition pathways (cf. e.g. [Z]). However, 
coordination of the amino function to the titanium atom could not be deduced 
unequivocally from the spectral and magnetic properties of the compound. 
Therefore an X-ray diffraction study was undertaken to determine the complete 
three-dimension&l configuration of the molecule. 

Results and discussion 

The crystal structure consists of monomeric units (C5H5)2Ti[ 2 ((CH3)2NCH2} 
C,&]. There are no distances shorter than the sum of the relevant Van der 
Waals radii between the individual molecules. A stereopicture of the molecule 
is shown in Fig. 1 and a more detailed view of the surroundings of Ti is given in 
Fig. 2. From these figures and from the bond lengths and angles in Table 1 we 
see that the Ti atom in (I) is pseudotetrahedrally coordinated. The coordinating 



l%L 1. StemoPicture of the CP2Ti[Z-((CH3)2EiCH*)CgH41 molecuIe with numbking scheme. 
.- 

ligands -are the two $-cyclopentadienyl groups, one carbon atom (C(l-1)) of the 
aryl group and the nitrogen.atom of the N(CH& group, 

The Ti atom is closely surrounded by the four ligands. It is noteworthy that 
the distance Ti-N of 2.46 A is some 0.3 A shorter than the iurn of the Van der 
Waals radii (r(Ti) = l-35, r(N) = 1.5 A), indicating a strong interaction between 
Ti and N. Althougb the Ti atom is coordinately not completely saturated (it is 
a 17 electron species) the ciose surrounding of the metal by the ligands may 
explain the inertness of the molecule with.respect to thermal decomposition 
and .to complexation. with &nitrogen or ligands such as RCN [1,3]. In this 
rescect the. m-escnt Ti compound (I) differ&from the related compounds (II) 
mentioned in the-introduction, which readily-undergo the above reactions 
because of the presence of a.vacant and-accessible coo&h&ion site. 

~. Although the structure of (I) is not sufficiently accurate to permit a detailed 
comparison,with bond lengths and angles in related compounds, some com- 
ments can be made. The conformation of the molecule shows signs of quite 
strongsteric interactions between the ligands bonded to Ti. Comparison with 
less density packed Cp,TiR, compounds (Table 2)shows that in the Cp,Ti moi- 
ety of (I) the (staggered) Cp rings are pushed away from the metal by the 

The coordination around ktanium.. 
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TABLE 1 

BONDLENGTHSANDANGLESOFTHEMOLECULE" 

(a) Atomic distancesin A 

Ti-C<l) 2.40<3) C<l)--c<2) l-41(4) 
ThC<Z) 2.40(3) C(2k--a3) l-52(3) 
Ti-C(3) 2.45(3) C(3FC(4) l-48(4) 
Ti-C<4) 2.44(3) C<4FC(5) l-30(4) 
Ti-C<5) 2.37(3) C(5PC(l) l-46(4) 
Ti-C<G) 2.45<5) C(6)-CG') l-49(6) 
Ti-C(7) 2.33(3) C(7FW8) l-35(4) 
T&C(8) 2.36(3) C<8)--c<9) l-35(3) 
TkC(9) 2.41(3) C(9FalO) l-33(5) 
!ri-C(lO) 2.47(4) C<lO)--c(6) l-35(4) 
Ti-c(ll) 2.22<3) Ti-RC<I)b 2.08 
Ti-N 2.46(2) Ti-RC(II) 2.09 

@)BondangIcs(Indegrees) 

C~ll)--c<12) l-42(3) 

C~2)--c(13) l-47(5) 
C(13)-C(14) 1.22(5) 

C(l4Fal5) l-32(5) 

C(l5)--c(l6) l-34(5) 

C(l6)--c(ll) 1.39(3) 
C(16)-_c(17) 1.57<3) 

C(17)-N l-46(4) 
C<18)--N 1.51(3) 

C(19)-N 1.59(3) 

C<llPC<12l-C(13) 
C(12)-C(13jC(14) 

C(l3)---c(l4~(15) 
C(14)-C!(15)--C(16) 

'3(15)--c(16)--c(11) 
C(l6~(ll)--c(l2) 

C(l)-f.X2)-C(3) 
C(2)_C(3)--c(4) 
C<3)_C<4)--c(5) 
C(4)--c~5)--c(l) 
C<5FC(U-C(2) 

C(ll)-'IX-N 
C(ll)-Ti-RC(I) 
C<ll)-Ti-RC(II) 
N-Ti-RC(1) 
N-Ti-RC<ii) 
RC(I)--Ti-RC<II) 

X6(2) 
126(3) 
120(40 

121(3) 
124(2) 

114(2) 

llO(2) 
103(3) 
109(3) 
115(3) 
104(2) 

73(l) 

109 
107 
111 
109 
131 

W%-CU)--c<8) 109(2) 
C<V-W%+X9) lOi(3) 
CW-‘WW-C~1o) llO(3) 
~(9)--c(l6)--c(6) 112(2) 
C(l6)-c(6)--c(7) 102(2) 

C(17)_N-C(18) 10-f(2) 

C(17)-N-C(l9) 109(Z) 
C(17)-N-Ti 102(l) 
C(18)-N-TI 113(l) 
C<lS)-N-Ti 112(l) 
C(l8)-~-~(19) 113(2) 

132(2) 
114(2) 
112<2) 

127(2) 
118(Z) 

<cl Diiedral angles 

Ring1 A TiC(ll)N 26 
Ring II A TiC(ll)N 27 

c Atomsarenumberedaccordingto Fig-l. Standard deviationsinparentI-.escsareinunitsoftheIast 

decImalpIace_ b RC denotes Ring-Centroid 

TABLE2 

LENGTHSOFT~--C<~)~ONDS(A)ANDGEOMETRYOFCP~T~GROUPSINSOMEORGANOMETAL- 
LICCOMPOUNDS 

Compound Ti-C(O) Ti-RC= Ti-c<CP) RC<I)-Ti-RC<II) Ref. 

(I) 2.22 2.08 2.40 131° Present work 
cp2T+s(~yI) 2.06 2.40 132 c41 

[CP2TiC#.&H3P12N2 2.22 2.05 2.37 138 L51 

Cp2Ti-2.6-ryl~l 2.18 2.03 2.35 141 C61 

CpZTiR, 2.055 b 171 

oRC=centroid Cpringb Averagevalue forthel8compounds givenin Table 5 ofref. 171. 
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Fig. 3. Potential energy due to non-bonded interaction as a function of RC(I)-Ti-RC(1I) (p)_ 

2-[(CH,),NCH,]C,H, ligand. This results in large Ti-C(Cp) distances of about 
2.40 a, RC(I)-Ti distances of 2.03 and 2.09 ii and a RC(I)-Ti-RC(I1) angle 
of 131”. That a value of 131% sterically favorable for RC(I)-Ti-RC(I1) was 
shown by calculation of the potential energy due to non-bonded interactions 
for different RC(I)-Ti-RC(II).values leaving the rest of the structure un- , 
-changed (cf. the energy minimum at 130” in Fig. 3 and experimen’tal). The con- 
formation of the Ti[ 2-{(CH,),NCH2 )CJ&] part of (I) also indicates significant 
steric effects. The angle N-Ti-C(ll) of 73” shows good agreement with the 
corresponding angle of 73.4” in C~TY~[~-{(CH~)~NCH~)C&&]~ (III), showing 
the small bite of the bidentate ligand [S] _ A similar situation occurs at the Sn 
atom in [2-(CH,),NCH,C&&]Sn(C,H,)zBr where the angle N-%-C is 75” [9]. 

In (I) the distances Ti-N of 2.46 W and Ti--C(ll) of 2.22 A are larger than 
in (III), 2-389 and 2.197 A respectively_ That the length of the Ti-N bond 
seems to be especially sensitive to sterlc effects is also demonstrated by the 
‘T-N lengths observed in the 8-quinolinato and 2-methyl-Squinolinato deriva- 
tives Ti(OR),f, (L = quinolinato). In the latter the Ti-N distance is consider- 
ably longer than that in the former (2.35 vs_ 2.22 A), apparently because of the 
methyl group o&ho to the ligand N atom [lo]. Further the large difference 
between the two independent Ti-N distances of 2.318 and 2.214 a in TiCI - 3 
pyridine has been ascribed to steric effects fll] . 

FinalIy it is worthwhile to compare the aryl ligand [ 2-((CH3)2NCH2)C6H4] in 
(I) tith the [(CH,),C,H,] ligand in Cp,Ti-2,6-xylyl (IV). In both compounds, 
apart from the Ti-C(o) bond, there is a short distance between Ti and one of 
the atoms of the ligand, N in (I) and (methyl)H in (IV) [S]. Moreover in both 
compounds the C6 ring of the ligand shows similar deviations from a regular 
hexagonal shape. 

Experiniental 

Cp2Ti[2-{(CH&NCH2 ) C&J&] was synthesized by the method given in ref. 
[l]_ Purple crystals were grown by sublimation at llO-12O”C/O_l mmHg. Be- 
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T_4BLE 3 

CRYSTAL DATA4 AND EXPERIMENTa4L DETAILS OF THE STRUCTURE DETERMINATION OF 
CP~T~E~-{(CH~)=NCH~}C&I AT 20°C 

hlonocIinic 
space group P2, 

D = 8.00<2). b = l&92(2). 

c = 8.10(3) A. p = 112.5(2)” 
Do = 1.3 g cm-3 
2 = 4. Dx = 1.16 g cm_3 
2044 reflections with 

I(nett) > 0 
1038 independent IF(ltkZ)i 
values > 5a(lF!) 

Weissenberg photographs of zero and higher la3-;er lines. 

Observed optimized diffractometer angles 0 . g and x of 5 reflections. 
x(Mo-r;,) = 0.7107 x. 
Flotation method_ 

Automatic Nonius -l-circle diffractometer Zr filtered Mo-irradiation. 

0 - 20 scan. sin O/h < 0.70 A-‘. 
Corrections for Lorentz polarization: no absorption correction 
(jz = 4.9 o-~. dimensions crystal 0.02-0.04 cm) 

cause of the air sensitivity, the crystals were mounted in glass capillaries. Crys- 
tallographic data and details of the experimental work are listed in Table 3. 
During the data collection the intensities of the reference reflections were 
reduced to about 50% of their initial values, presumably because of decomposi- 
tion of the crystal by small amounts of oxygen and/or moisture in the capillary. 
Because of these inaccuracies in the intensities the structure determination was 
not easy. The positions of the Ti atom and the two cyclopentadienyl carbon 
rings were found from an E map calculated with the best phase set obtained by 
MULTAN [12] for 377 reflections with E > l-3. The remaining non-hydrogen 
atoms were located in successive cycles of least squares refinements and differ- 
ence synthesis calculations by making use of the information from the differ- 
ence maps and the Patterson synthesis. 

In the least squares refinement anisotropic temperature factors were used for 
Ti and isotropic temperature factors for C and N. During the final cycles the 
hydrogen atoms were taken into account with fixed geometrically reasonable 
values for their positions and isotropic thermal parameters. We used the weighting 
scheme w = [w;’ + O.O121Fl’] -I, w, being the weight based on counting statis- 
tics. The residuals R = Zl4Fl/ZZlF,l and R, = [~wl4Fl’/~wlF,l’]“* decreased 
to 0.14 and 0.18 respectively for the 1038 reflections considered in the refine- 
ment_ The final parameters of the non-hydrogen atoms are given in ‘l’able 4. A 
list of observed and calculated structure factors is available on request. The 
computations were done on a Cyber 74-16 with the X-ray 1975 [13] system. 

To check whether a value of 131° is sterically favorable for the angle 
RC(I)-Ti-RC(I1) (9) the potential energy due to non-bonded interactions was 
calculated as a function of y with the program WMIN [ 143. Equation 1 was 
applied for the non-bonded energy Ez$’ between two atoms i and j. 

EEb= (A, +Aj) exp[(A, + Ai)-I?,/(& +I$)]- CjCJR,P, (1) 

with R, = distance between i and j_ The constants A, I3 and C were taken from 
ref. [15] for carbon and hydrogen and from ref. [lS] for nitrogen. The angle 
RC(I)-Ti-RC(I1) was varied by rotating r-in, fl I and ring II by amounts of +$a~. 

and -$4l3 around the normal through Ti unto the plane RC(I)-Ti-RC(II). 
Apart fio_m this, the structure was kept unchanged_ Fig. 3 shows that the energy 
has a minimum for cp = 130”. 



n 

c<ii 
0.!!616(5) 0.4190(2) 0.9260(4) 

l-046(4) O_356(2) l-221(4) 

C(2) . O-9134(3) O&4(2) 

5.9(7) 

l-226(3) 4.7(6) .~ 

C(3) O.784(5) 0.451(3) -1.099(5) 4.4(5) z 
C(4) O-741(4) 'O-369(2) l-038(4) 5.9(7) 

C(5) O-886(4) O-309(2) 1.099<4) 5-l(7) 

CC61 l-173(3) O-501(2) 0:828(S) 8.400). 

C(7) l-172(4) O-535(2) l-602(4) 6.7(8) 

C(8) 1.011(4) 0.575<2) 0.970<3) 4.9<6) 

C(S) O-911(4) 0.567(2) 0_792(4j 5.7(7) 

C(lO> l-008(4> 0.526(2) O-712(3) 6.5(8) 

COl) l-28(3) O-309(2) O-880(3) 4.0(5) 

.C(12) l-287(4) O-270(2) 1.008<3) 4.9(6) 

C(l3) 1.372(4) 0.200(2) O-939(4) 6.6(8) 
C(14) .. l-317(5) O_li4(2) O-782(6) 7.1(S) 

C0.5) l-167(5) 0.209(3) O-662(5) 7.6<lO) 

-C(l6) l-074(3) O-273(2) O-708(3) 4_5(6j 

C(lij O-901(3) 0.318(2) 0.568(3) 4.7(6) 

Ci18) O-692(3) O-256(2) 0.682(4) 4.7(6) 

C(l9) 0.622(4) O-408(3) O-513(4) 6.7(7) 

N O-770(2) 0.3420) O-647(2) 3_6(4) 

Ull 0 u22 U33 u12 u13 u23 

n 3.6(2) 2.1(l) 2.5(l) -1.6(2) 1.6(l) -O-4(2) 

= T(fikI)=exp[-2n2(h2af=U11 +.__i- 2kc*kb*U12+_J1- 
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